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LOI NOI PAU

Héa hoc Vé co hay Héa hoc Dai cuong 1a gido trinh gidng day cho sinh vién ndm ddu & cdc truong
Dai hoc. Gido trinh bao gém mét khéi luong ngdy cang phong phit cdc kién thite ; nhitng quy ludt co bdn
ciia hda hoc va tdt cd nhiing don chdt, hop chdt cua nhiing nguyén 16 trong bdng tudn hoan. MGt khdc gido
trinh nay con xdy dung mét co s6 viing chdc cho viée gidng day nhiing gido trinh Héa hoc Phdn tich vda
Héu hoc Hitu co & nhiing ndm sau. Dé 1a nhitng dge diém dwge luu § trudc tién khi bién soan cuén Héa
hoc Vé ca nay.

Sdch gido khoa vé Héa hoc V6 co, & trén thé gidi dd cé rdt nhiéu tde gid viét. Mgt s6 it cubn sdch d6
dd duge dich ra riéng Viét. Mdy chuc ndm gdn ddy ludn ludn cé nhitmg cdi cdch trong viée gidng day héa
hoc va thuémg ddn dén nhitng bién d6i nhiéu nhdt & gido trinh Héa hoc Vo ca. »

Truede tinh hinh d6, céng véi nhiing thanh tue méi cia Héa hoc vé Ii thuyét va vé nhing dp dung
trong kT thugt ciia mdy chuc ndm gén ddy va dya vao kink nghiém gidng day nhiéu ndm gido trinh Hoa hoc
Vé co cho sinh vién nganh Héa hoc & truémg Dai hoc Td’ng hop Ha Noi, t6i bién soan lai gido trinh nady
nhdm phuc vu kip thoi viéc hoc tdp cila sinh vién ciing nhu viée tham khdo réng rdi ctia nhiéu ngudi mudn
hiéu biét vé Héa hoc Vo co.

Cucdn Héa hoc V6 co gém 3 tdp : tap I trinh bay Ii thuyét dai cuong vé héa hoc nhim chudn bi nhiing
kién thitc cdn thiét d€ khdo sdt ede nguyén 16 héa hoc trong bdng tudn hoan, 1dp II xét nhiing don chdt va
hop chdt cia cde nguyén 18 dién hinh (nguyén 16 khéng chuyén tiep) theo thir ty cdc nhom nguyén 16 s dén
cde nhém nguyén t6 p, tap HI xét nhitng don chdt va hop chdt cia cde nguyén 16 chuyén tiép theo thit e
cd¢ nhém nguyén t6 d dén cdc ho nguyén 16 f va mot s6 vdn dé li thuyét cé lién quan nhidu voi nguyén 16
chuyén tiép 1a héa hoe cdc phite chdt va héa sinh hoc vé co. Dé tién sit dung, cubn sdch ndy chit chuyén

hét nhing don vi do lucng sang hé SI.

Viéc liwa chon dugc nhiing kién thice voi s& lugng va mite d¢ thich hgp A€ dap dng duoc
nhitng yéu cdu tinh co bdn va hién dai cia Héa hoc Vé co vén dd khé khdn, trong diéu kién
hién nay céa nudc ta lai cang khé khdn hon nhiéu. Bdi vy chdc chén rdng cuén Héa hoc |
Vé co nay khéng trdanh khdi nhitng thiéu sét. T4t chdn thanh cdm on céc gido sw déng
nghiép & cdc trudng Pai hoc Su pham, Dai hoc Bar.h khoa va Pai hoc Téng hop Ha Néi da
déng gbép mot 58 $ kién quy bdu cho cubn sdch nay va mong doi nhdn duge nhiéu y kién
chia cdc ban déng nghiép khdc dé cuén Héa hoc Vé co duge hodn mi hon.

Ha Ngi ngay '1 thang 1 ndm }994
Tac gia



CHUONG |

NHUNG KHAI NIEM CO BAN TRONG HOA HOQC

Hoéa hoc 12 mon khoa hoc nghién ciyu vé€ cdc chdt vd sit bi#n héa cha ching. -
Chdt

Cha4t c6 hai dic tinh quan trong 1i déng nhit vid c¢6 thanh phdn xdc dinh. Déng
nh4t & day nghia 12 tinh ch&t clia ch4t trong toin bo déu nhu nhau. G, bé téng va thép
khi dugc soi trong kinh hién vi thdy rd chiing gém mét s& cfu tir, nghia 12 khong déng
nhdt nén khéng phai la chit ma duge goi 1a vdt lidn. Tuy nhién, chi rigéng tinh déng nhit
chua dd d€ xdc dinh nén mét chit. Ching han nhu ddu héa 14 mot chit long déng nhit
nhung khéng phai 12 mot chat vi né khong ¢6 thanh phin xdc dinh. That vay, ddu hoa 12
hén hop cia nhidu chdt ¢é tinh chdt khdc nhau vd cé thé dugc tdch riéng ra ting chét
khi chung cit. Trong khi 46 muéi in, dudng, khi cacbonic 1a nhirng chit. Ching khong
nhitng ¢6 tinh déng nhéit ma cdn ¢é mét thinh phén xdc dinh.

Moi ch4t déu do cdc nguyén t c4u tao nén, nhitng nguyén tit ciing loai c¢du tao nén
don chdt va nhitng nguyén tir khdc loai cfu tao nén hop chdt. Vay nguyén tir 1a gi ?

Nguyén tu

Nguyén tit !d hat nhd nhdt cia nguyén 168 héa hoc khéng thé chia nhé hon dugc
nita vé€ mdt héa hoc.. '

Nguyén tl cia cdc nguyén t§ c6 kich thwéc, khéi lugng v6 cing bé nhd va khic
nhau. Chdng han, n€u coi nguyén tir nhr mét hat hinh cdu thi nguyén tir cia nguyén té

. o e
hidro <6 bdn kinh bing 0,34 A (mot anstrém A bing 10* ¢m), nguyén tl cla nguyén

" t§ iot c6 ban kinh bing 1,33 A. Khéi ltgng cua nguyén tir hidro la 1,673.10%¢, cia

nguyén tir iot 12 2,107,103,

Trong cic qué trinh héa hoc, nguyén ti¥ clia cdc nguyén t8 vin dugc bio todn vé
khéi lugng, bdi vay “Khéi lugng cia cde chdt trong moi qud trinh hdéa hoc la luén ludn
khéng d3i”. D6 ta ndi dung cta dinh ludt hdo toan khéi lugng do nhi héa hoc ngudi
Phip 1a Lavoadié (A.L.Lavoisier, 1743 - 1794) dé€ ra nim 1785.

Tuy nhién, vé mit vat 1i, nguyén tir khong phii 12 hat nhé nhdr khong thé chia
nho hon duge nita ma 132 mat hat c6 cfu tao- phic tap. Trong nguyén tlir ¢6 cdc electron
mang dién tich 4m vh hat nhan mang dign tich duong. Cdc dign tich naysbhd trir nhau nén
nguyén tir khéng mang dién.



. Electron (e} c¢6 kh&i lugng r4t bé so v6i khdi lugng cia nguyén 1l va b.fllig
9,11.102%g, nghia 12 bing —1& khé&i lvgng cha nguyén tir hidro. Dién tich cia electron
12 -4,8.107' don vi tinh dién, nghia 12 mét don vi dién tich.

Hat nhan nguyén tir do cdc hat proton (p} va notron (n) ciu tao nén. Proton cé

kh&i lugng 12 1,671.10%%g va dién tich 12 +4,8.107'° don vi tinh di¢n, nghia la mot don-

vi dién tich. Notron ¢6 khéi lugng 1a 1,675.10° Mg vh khong mang dién. S§ proton quyé&t
dinh dién tich duong cia hat nhin va bing s6 electron cda nguyén tir. Téng s& proton va
notron duge goi 12 s6 khdi va quyét dinh khéi lugng cia nguyén tir.

Nguyén t6 héa hoc. Thé gidi bao quanh chiing ta gom cé nhiéu chdt, nhitng chét
nay do nhiéu loai nguyén tir khdc nhau tao nén. Méi logi nguyén tir ¢6 hat nhdn mang
citng mét dién tich duong dugc goi la nguyén t6 héa hoc. '

Nhiéu nguyén t& 12 hédn hop cla cdc ddng vi. Nhilng nguyén tir cia cdc déng vi
clla m6t nguyén t6 ¢6 cing s§ proton nén ¢6 cing mét dién tich hat nhin va cing s&
electron nhung ¢6 s& notron khdc nhau nén khic nhau vé s6 khéi va do d6 vé khéi lugng
nguyén tir.

Vi du. Nguyén t6 oxi thien nhién 13 hén hgp clia ba déng vi g_O . ]%O vi 150 vii

ti 1& nguyén tir 3150 : 1 : 5. Chir cdi O chi nguyén tir clia nguyén td oxi, céc chir s6 16,
17, 18 ghi phia trén ben trdi ciia ki hidu chi sé khé&i clia cdc nguyén tlt déng vi, chir 56
ghi & phia dudi bén trdi ciia ki hiéu chi s6 proton. Nhy vay mdi nguyén ti& cua ba dong
vi clia oxi déu c¢6 8 proton nhung ¢6 s notron khdc nhau : 30 ¢6 8 notron, 30 c6 9

notron va 1%0 ¢ 10 notron.

Kh{ hidro thién nhién 12 hén hop ciia hai déng vi JH (goi 1a proti) va jH(gei 1a
doteri va con ki hieu 13 ID) véi ti 1¢ nguyén tir 5000 : 1

Ngay nay ngudi ta dd bi&t dugc trén 105.nguyén té. ba s6 nguyén té ¢d & trong
thién nhién, mét s6 dugc téng hgp nhan tao (bing cdc phan dng hat nhan x4y ra khi
dung cdc hat proton, notron, hat nhan ciia cdc nguyén tir doteri, heli bin vao nguyén ti
cdc nguyén t6). MAi mat nguyén t6 duge ki hi¢u bing mot chir cdi ddu hay hai chi cdi
trong tén La tinh clia nguyén t6 d6. Nhitng chir ¢di d6 duge goi 12 ki hiéu héa hoc.

Vi du. Cac nguyén t& hidro, oxi, clo, sit c6 tén La tinh la hydrogcmum,
oxygenium, chlorum, ferrum duoc ki higu H, O, Cl, Fe. Mai ki hiéu cha nguyén td dong
thei cing chi mot nguyén tit cia nguyén t§ d6.

Mot nguyén t6 ¢c6 thé tao nén mét s6 don chdt khic nhau. D6 la hién tugng thi
hinh va céc don chit d6 clia mot nguyén t8 duge goi 12 deng tha hinh cia nguyén ts dé.
Vi dy nhu hai dang thid hinh cha nguyén t8 oxi la oxi va ozon, hai dang thi hinh cha
nguyén té cacbon 13 kim cueng va than chi.

T4t ci cdc nguyén td héa hqc' duoc sdp x€p ¢ hé théng trong bdng tudn hoan do
‘nha héa hoc ngudi Nga 1a Mendeléep (D.I.Mendeleev, 1826 - 1910) lin ddu tién dua ra
nam 1869 vi vé sau duge bé sung thém cdc nguyén td nhu bing 1A. M6i nguyén 16
chi€m mét 6 trong bang. M&i 6 dugc dénh s6 thd tw tit 1 dén 105 va hon nita khi ¢
nguyén t6 mdi dugc tdng hgp. Con s8 nay goi 1a 56 thit tw nguyén tir. 56 th ty nguyén
tit lai chinh 12 s& dién tich cha hat nhan nguyén ti, s6 proton trong hat nhin vi s6
electron trong nguyén tir cha nguyén t6.
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Phén tir - _

Phan t@ /a hat nhd nhdt cha mgt chdt cé tar cd tinh chdr héa hoc céda chdt 46. Phan tir
¢6 thé c6 tir hai d€n hang ngan nguyén tir lién k&t véi nhau (trlr ¢cdc khi hi€m tén
tai dudi dang nguyén tir ty do). Nhitng nguyeén tir cha cing mot nguyén t8 lien két véi
nhau tao nén phén tir cia don chat. Vi du nhu phan tir cia cic khi hidro, oxi va nito do
_hai nguyén tr H, O vi& N tao nén. Céc nguyén tir cla cic nguyén t8 khdc nhau lién k&t
véi nhau tao nén phan tir cia hop chét. V{ du nhu phan tr khi cacbonic do mot nguyén
tir C va hai nguyén tir O tao nén, phan t&r nudc do mot nguyén tir O va hai nguyén tt H
tao nén.

Méi phan tir duge tao nén tir mét s6 nguyén ti nhat dinh nén ludén luén cé thanh
- phdn xdc dinh. B&i vay, “mor hop chdt héa hoc di duge diéu ché bdng phuong phdp nao

cing ludn ludn 6 mgt thanh phdn xdc dinh”. D6 11 noi dung cla dink ludt thanh phdn

khéng 46i do nha héa hoc ngudi,Phép 12 Pordt (J.L.Proust, 1754 - 1826) dé ra nam 1799,

Trong héa hoc, ngu&i ta biu din phan t& cha chit bang cdng thitc héa hoc.
Coéng thitc héa hoc bao gém ki hiéu héa hoc cha cic nguyén td tao nén phan ti cliing véi
cdc chi s6 ghi & phia dudi va bén phai ki hieu d€ chi s6 lugng nguyen tir ciia nguyén t&
trong dng.

Vi du. Cong thitc héa hoc ciia khi hidro 1a H,, khi oxi la 02, nude la H,O, khi
cacbonic 1a CQ,, khi amoniac 12 NH;.

Mot hop chit liéa hoc ludn luén cé thanh phin xdc dinh, nhung cdn chd ¥ ring
mot thanh phdn x4c dinh khong phéi luén Iudn chi éng véi mét hgp chat nhdt dinh. Vi
dy nhu rugu etylic va dimetyl oxit 12 hai hgp chét khdc nhau nhung ¢é cing mot thanh
phén 12 C,H 0. Nhitng hop chdt khdc nhau nhung ¢é cung mot thinh phdn héa hoc duge
goi 12 nhitng chdt déng phdn. Nhu vay chi riéng thinh phin chwva di dé dinh nén meot
hop chdt héa hoc ma cdn phai k€ dé&n cdu tao phan tir clia né niva. Trong héa hoc, nhit 13
trong héa hoc hitu co, d€ bidu difn mot cich ddy dit hon mot hgp chdt héa hoc ngudi ta
dung céng thic cdu tgo thay cho céng thic binh thudng.

Vi dy. Cong thic ciu tao clia amoniac, rugu etylic va dimetyl oxit 13 :

H H H H H
l ™~ | N yd
H—N, H—C—C—O0—H, H—C—0—~C—H
| ~ | e AN
H H H H H
NH, C,H,0H (CH,),0

Ngay nay ngodi nhitng hop chat héa hoc c¢é thanh phdn xic dinh ngudi ta con
biét mét s6 hop chit c6 thanh phdn big€n ddi. Nhiing hop chit dé dugc goi 1a hop chdr

khong hop thic. Mot s§ oxit, sunfua va nitrua cita kim loai 13 hop chat khéng hop thirc.. -

Vi du nhy titan oxit (TiO) c¢6 thanh phin bién déi nir TiOg 5, d€n TiO, ,,. Nhitng bién déi
vé thanh phdn nhu th& khéng ¢é anh hudng dén tinh ch4t héa hoc¢ ciha tinh thé titan oxit
vi trong tinh thé khéng c¢6 titng phan tir TiO riéng ré nén su bi€n ddi cha ti 1& nguyén tir
khong lam cho kién tric tinh thé thay d8i. Tuy nhién, nhitng tinh chdt vat Ii cia tinh thé
nhu nhitng tinh chit dién va quang thi bién d6i manh theo thanh phin.
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Trong chdt khi, cdc phén tlr ¢6 déng ning trung binh nhu nhau cho nén cunz mot
s& phan tit cha bat ki khi nio cling déu chi€ém mot thé tich nhu nhau & cling céc diéu
kign vé& nhiat do vi dp sudt.

Nim 1811 nhi héa hoc ngudi Italia 13 Avogadré (A.Avogadro, 1776 - 1856) di
dua ra mét gid thuy€t vé sau dwge thia nhan va goi 13 dinh lud: Avégadré : “Cdc thé
tich bdng nhau ciia moi chdt khi & cing cde diéu kién nhiét d¢ va dp sudt dén chita cing
mot 56 phdn 1",

Dinh luat niay di giai thich dugc ti 1& thé tich ciia cdc khi do nha bdc hoc ngudi
Phdp 132 Gay Luyxac (J.L.Gay-Lussac, 1778 - 1850) rit ra nam 1808 khi do thé€ tich cac
chit khi trong phan Gng héa hoc : “Thé tich ciia cde khi tham gia vdo phdn itng ti 1¢ voi
nhau va 17 1é véi thé tich cde sdn phdm khi ciia phdn #éng theo nhitng s& nguyén don
gidn”. D& \a dinh lugt ti 1¢ thé tich.

Vi du. Mot thé tich khi oxi phan Gng v&i hai thé tich khi hidro tao nén hai thé
tich hoi nugc. Ti 18 gita nhitng thé tich dé 12 1:2: 2.

Mot thé tich oxi + hai thé tich hidro -+ hai thé tich hoi nuée.

Ap dung dinh luat Avbgadré ta th&y rdng néu trong mot thé tich oxi ¢é n phan tor
0O,, thi trong hai thé tich hidro ¢6 2n phan tir H, vi phin Gng tdt phai sinh ra 2n phan t
H,O, nghia 12 hai thé tich hoi nude. '

Khoi lwong nguyén ti, khoi luong phén tit va mol

Nhu d3 thdy o trén, nguyén tit ¢6 kh&i lugng v6 cling nhé bé, cho nén dé thuin
tién ngudi ta it dung cdc don vi théng thudng cha khé&i ivgng ma ding mét don vi dic
biét goi 1& don vi khéi luong nguyén tir. Trude Kia ¢o s& don vi kh&i lugng nguyén tir 12
khéi lugng cha nguyén tir H v sau dé6 12 kh6i lugng cia nguyén 1o O. Tir nim 1961 dén
nay, don vi khé&i lugng nguyén tir duge lay théng nhit bing 1/12 kh&i lugng cda nguyén
tir déng vi 'C clia cacbon. N6 bing 1,6603.107*%.

Khéi lvgng nguyén tlir cia mot nguyén t6 la khdi lugng trung binh cda mgt
nguyén tit nguyén t& 46 tinh bdng don vi khéi lugng nguyén ti.

Vi dy. Kh6i lugng nguyén ti cha H 13 1,0079, cia N la 14,0067, cia O la
15,9994, c¢ha Fe (sdt) 12 55,847, cia Cu (déng) la 63,546 (xem thém & bang 1). Chi § :
Do céch quy udc don vi kh6i lugng nguyén t& nhu trén cho nén khi néi khéi lugng
nguyén tir cda nguyén td chdng ta cdn hidu 12 khdi lwgng nguyén tir twong d6i cia
nguyén t6 (so véi nguyen tir '*C).

Khéi lugng phan ti clia mot chét la khéi lugng cda mét phdn it chdt d6 tinh
hdng don vi khéi lugng nguyén ti va bdng téng khéi lugng nguyén tk ciia cdc nguyén 16
trong phdn Hr.

Vi dy. Kh6i lugng phan tir cia H,0 12 18,0152, ciia NH, 12 17,0304,

]
Chi ¥ : Cac gid tri vé kh6i lugng nguyén tit va kh&i lugng phan tir thudng khong
ghi kém theo chit don vi khéi lugng nguyén.tit nhung luén ludn duge hiéu 1a tinh béng
don vj dé. '

Trén thuc t& ngudi ta ti€p Xc v&i nhitng lugng ch&t khong phai tinh bing don vi
khé&i lugng nguyén tir, nghia 13 bing 10?%, mi tinh bing g, kg, hodc 16n hon nia. Boi
vay, trudc day trong héa hoc xudt hién cdc dai lugng nguyén tit gum, phdn tir gum.



Nguyén tir gam [a fugng ciia mét nguyén t& diwgc tinh bdng gam ¢6 gid tri vé s&

hdng khéi lugng nguyén ti cia nguyén 16 dé.

Vi du. Mét nguyén tit gam clha hidro 14 1,0079g (thudng ldy tron la 1,008g) cia
oxi ta 15,994g (thwdng I4y trdn 1a 16g) va clia d6ng 63,546¢ (thudng 1dy trdon 12 63,5g)-

Phan t&k gam la lwgng chdt dugc tinh bdng gam va cé gia trj vé 56 bdng khoi
lirong phan ti cia chdt dd.

Vi du. Mot phan tir ga'm nude 13 18,0152 (thudng ldy tron 13 18g), mot phéan tir
gam amoniac la 17,0304g (thuong ldy tron 1a 17g).

Ngiy nay ngudi ta ding mét dai lugng chung hon la mol thay cho nguyén tit
gam, phin tr gam. Nguyén tl gam dugc goi la mol nguyén te v phan & gam duge gei 13
mol phéan ti. Cin chil ¥ ring mdt mol nguyén tir hidro 1a 1,0079¢ hidro nhung mét mol
khi hidro, nghia 12 mét mol phan tir td 2,0158¢ hidro.

Tir dinh nghia mol va dinh luat Av6gadré ngudi ta rit ra mot két qua quan trong
v& thé tich chi€m bdi mot mol chat khi.

Mot mol cla bAt ki khi ndo (don chdt hay hgp chit) déu chi€ém mot thé tich nhu
nhau dudi cung cdc didu kién nhiét d6 va dp sudt. ¢ didu kien chudn, tdc 1a 0°C va
760mmHg, thé tich d6 bing 22,4/ (chinh xdc 1a 22,4147). Thé tich nay dugce goi la thé
tich mol clia khi.

So Avégadré
Thuc nghiém cho thdy s& nguyén tit ¢é trong moét mol cacbon hay ddng ciing

bing s6 phan tit ¢6 trong mot mol khi hidro hay khi oxi hay nuéc va bing 6,023.10%.
Con s6 d6 duge goi la s6 Avdgadro.

Nhu vay ¢6 thé m& rong dinh nghia mol 12 lugng chdt ¢é s6 Juong hat bing sé
Avogadrd. Hat d6 c6 thé 12 nguyén tir, phan tir, ion, proton, electron v.v...

Nhiéu phuong phap vat 1f khic nhau dd dugc dung d€ xdc dinh s§ Avogadrd va
cho cédc k&t qua r4t phu hgp véi nhau. Pay 12 mot con s6 khéng 16 d&n mhc khé ma
tudng tugng dugc. DE hinh dung con s6 d6 ching ta 1am vai phép tinh san : né€u lay mét
mol nudc (18g) réi bing cdch ndo d6 rii 1én khiap bé mit cla qud dat ¢ dién tich 510
trigu km’ thi trén lem® bé mit dé s& ¢é hon 100000 phan tir H,O. Trai Dit & cich Mat
Trang 1,5.10%m hay 1,5.10"'m. N&u bing cdch ndo dé ¢ thé x€p cdc nguyén tu cacbon,
dudng kinh 1,5.10"%m sit nhau thanh mot dudng dai thi véi mét mol cacbon (l”g) ta
dugc mot dudng dai gdp 600 idn khodang cdch tir Trdi bit dgn Mat Tring.

Biét s6 Avogadré ngudi ta cé thé xdc dinh duge khdi lugng va kich thude cia
‘nguyén tir va phén ti,

Vi dy. Khéi lugng cia phan tlr O, :
31,9988 : 6,023, 10” 5,312.10°%%g *

Ti kh&i ciia oxi rdn 14 1,426 nén mof mol oxi rdn c6 thé tich :
32 : 1,426 = 22,44cm’

Thé tich ciia mo6t phan tr O, :

22,44 : 6,023.10% = 3,7.10Pcm’
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NE€u coi phan tit O, 1a mot hat hinh cdu thi bdn kinh clia né la :

s 337107
47

Phuong phdp xdc dinh kh6i lugng phdn ti

a
r = =2.05.10%m=2,05 A

Hién nay chua c¢é nhitng phuong phdp cho phép x4c dinh kh&i lugng phin tir cda
ch&t tén va chft 16ng néi chung ma chi cé nhitng phuong phdp xde’ dinh khdi lugng phan -
tir ciia ch&t khi, ctia cdc chdt 1dng va rédn d& bay hoi va clha chit tan duge. Sau day 14 hai

- phuyong phdp thudng ding dé xdc dinh khé&i lugng phan tir clia chédt khi, cla cde chit

ldng va rin d& bay hoi.

Xdc dinh khéi lugng phan tir theo ti kh&i ctia chidt khi. Tir dinh Iuat Avégadro
ngudi ta suy ra ring khéi lugng cha hai thé tich khi bing nhau do & cling céc diéu kién
nhiét do va 4p suft ti 1¢ v&i khéi lugng phan tlr clia hai khi dé.

Vi du. Mot thé tich V & cic didu kién nao d6, cua khi A véi kh&i lugng phéan tir
M, can nédng m,g va mot thé tich V bing 4y & ciing cdc diéu kién nhu trén cia khi B véi
khdi lugng phan tir My can ning Mgg.Cd hai thé tich‘khi bing nhau dé déu chida ciing
mét s& phan tr, ching han n phan tir, ta ¢6 .

m, = .M,

my = n.Mg -

nén : r—n—“’L:ﬁ"‘—
my My
ma A 13 ti kh&i d cha khi A d6i véi khi B.
mg _

Vay : MA = MB . d
Nn_'fu khi B 14 hidro :

M, =2,0164

N&u khi B 12 khong khi (dugc coi 12 mdt khi ¢6 kh6i
lugng phan tir 1a 29) thi : '

M, = 29d (chinh x4c hon 1a M, = 28,95d)
Nhu vay, muén xdc dinh khéi lvgng phan tir cia mot
khi, thudng chi cdn biét khéi lugng cha mgt thé tich cha khi

46 va kh6i lugng ciia mot thé tich bing Ay khi hidro hay -
khéng khi & ching cdc diéu kién nhiét do va dp suft.

Phuong phap ti khéi nady cling cho phép xdc dinh
khoi lugng phan tir clia cdc chdt long vi rin d& bay hoi.
Muén the ngudi ta dung dung cu (Hinh 1) cia Victo Maye
(Victor Meyer).

"Hinh 1 - Dung cy cia
' Vicie Maye

Binh A dyng mét chit ldng cé nhiét do séi cao hon nhiét d¢ so6i cia chit dugc
khao sat (chit cdn duoe xdc dinh khéi lugng phan ti).
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Dit binh B vao binh A. Khi dun néng binh A, chft léng trong binh s& lam néng
binh B. L&y chit duge khio sdt vio mét dmpun C nhd bing thiy tinh méng réi han kin.
D¢ dmpun nly lén tren dia thiy tinh' D ndm & trong mét nhdnh ngang cda binh B. Khi
binh B da dli néng, khé& ritt diia thay tinh ra mét it (diia vin néi kin v&i nhanh ngang cua
binh B nh& doan Sng cao su) dé cho ampun roi xuéng ddy binh B va v& ra. Hoi sinh ra
cha chit duge khdo sdt s& ddy mot thé tich tuong duong cila khong khi sang 6ng nghiém
E dung ddy nudc vi ip nguge trén chau thiy tinh. Bi€t kh6i lugng ciia chit duge khio
sdt va thé tich cha khong khi duge d&i ché, cé thé tinh ti khéi cia hoi d6i véi khéng khi
va tir 46 tinh kh&i lugng phan tir cha cht cdn duge xdc dinh khéi lugng phan tir.

Xde dinh khoi lugng phan tir theo thé tich mol. Biét khdi luong riéng cia khi &
cdc diéu kién chudn, cé thé tinh duge khé&i lugng phan tit ctia khi d6. Khéi lugng phin ti
cua moi chdt khi vé& gi4 trj 12 bing khdi lugng rieng cha khi d6 & cdc didu kién chuin
nhin véi thé tich mol.

Vi du. 0,7924g khi clo chlé’m mét thé tich 250m! & didu kién chuz’m thi kh&i
lugng phan ti ciia clo 13 :

_ 07924224
0,250

Trong thyuc nghiém ching ta thu¥ng thu duge thé tich khi khéng phai & cic didu
ki¢n chudn cho nén phii dwa thé tich dé t¥ cde didu kién thyc nghiém vé cdc diéu kién
chuin. Mu6n vay ta dp dung céng thitcc Boi-Mariét (Boyle, 1627 - 1691, Mariotte, 1620
- 1684)-Gay Luyxic : '

PV PV,
T T,

V 1a thé tich khi & 4p sudt P v nhiét do tuyét d61 T ; Vo 'Ia thé tich khi & cdc diéu kign

chuan nghia 12 & dp sudt Py = 760mmHg vi & 0°C (T, = 273°K).

Vi dy. 380m! khi & 4p sudt 800mmHg vi nhiét d6 27°C s& chiém mét thé tich &
cdc diéu kién chudn 13 :

v. o PVTo _ 800380273 . ol
°" TP,  760(273+27)

Khi cédn tfnh tryc ti€p kh&i lugng phan tir cia khi ta c6 thé dung céng thic sau
diy don gian hon :
| POVO

P6i véi mot mol khi, dai lugng trong c6ng thic trén day s& li hing s6.

Q
Pat hang s6 d6 1a R, coéng thic trén s& cé dang :

PV = RT

bay 1a phuong trinh trgng thdi cia (."hd't khi v@d R goi la hdng & khi. Tuy thudc
vio don vi do cha thé tich va 4p sudt, hing s§ khi c¢é cdc gid tri khic nhau, néu P, dugce
do bang atmotphe (arm) va thé tich V, do bing lit (/) thi :
1224

R = =0,0821.atm/mol.d6.
273

i

Néu P, duge do bing mmHg v thé tich V, bing ml thi :



PR

)
“‘E‘S

i) |
R = -?—6-(—)%&=6240,0mmHg.mUmo!. do.

B6i véi mot s6 mol khi, phuong trinh ¢6 dang :
PV = nRT

n la s¢ meol khi va bing khdi lwgng m ciia khf tinh bing g chia cho kh&i ilrgng M cia
mét mol khi d6 :

PV = ZRT
M

Cong thic nay cho phép tinh truc ti€p khéi lugng phan tir cta khi khi bi€t khéi
luong ctia mot thé tich khi & cdc didu kién b4t ki hoc nguge lai.

Vi dy. 304ml khi A & nhiét 46 25°C va dp sufit 745mmHg can nang 0,78y thi
khdi luong phan tir clia khi A 13 ;

M T pp _ 0.7862400(273+25)
PV 745.304

=64

Phuong phdp xdc dinh khéi luong nguyén tir

D&t véi cdc don chét [d chit khi nhu oxi, rite, clo, khéi lugng nguyén tir ciia
nhilng nguyén t6 d6 cé thé dugc xdc dinh d& dang bang c4ch |4y khéi lugng phan t chia
cho s& nguyén tir c6 trong mét phén tir.

Vi du. Khéi lwgng phin tir cta clo 13 70,9 thi kh6i lvgng nguyén tir cia clo 12
70,9 : 2. =35,45,

b&i vai nhiing nguyén t& khdc ngudi ta dung nhimng rhuong phap san ddy :

Phuong phap Cann!zar(‘) (§.Cannizzaro, 1826 - 1910). Phuong phép nay dugc
dp dung d€ xdc dinh khéi lugng nguyen tir cha céc nguyén t6 c¢é kha ning tao nén nhiéu
hop chét khi hodc 1éng va rin dé& bay hoi, ching han nhv cacbon. Cannizaré liy mot sé
hop chidt ciia nguyén t& duge khio sit d€ xdc dinh khéi lugng phan t¥r réi bing phuong
phdp phéan tich héa hoc 6ng xdc dinh s& don vj khéi lrgng nguyén tir cia nguyén t§ d6
¢é trong méi phan tir cha hop chit. Gii tri bé nhdt s& 12 khéi lugng nguyén tir cla
nguyén té vi trong mot phan 1& hop chit khéng thé ¢é it hon mét nguyén tir clla nguyén
16 do.

Vidu. Véi nguyén t6 cacbon, Cannizaré 4¢3 thu duge cdc két qua sau ;

Cédc hop chit Khéi lugng Phin trim 86 don vi kh61 lugng
phan tx khéi lugng cua C nguyén 1 ciia C
Cacbon dioxit ' 44 27,27 12
Cacbon oxit 28 . 42,86 12
Axetilen 26 92,31 24
Cacbon disunfua - 16 ‘ 15,76 12
Benzen 78 92,31 72
Naphtalen 128 93,75 120

Tir d6 suy ra khéi lugng nguyén tir cia C ta 12,
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Phueng phdap Puylong Poti. P8i véi nhitng nguyén t§ khong tao nén cidc hogp
ch4t d& bay hoi, ching han nhu kim loai, muén xdc dinh gin diing khéi lvong nguyén tir
cua chiing ngudi ta ding quy tic do hai nha héa hoc ngudi Phdp 12 Puyléng vi Poti
(L.Dulong, 1785 - 1838 va A.Petit, 1791 - 1820) tim ra béng thyc nghiém nim 1919 :
“Nhiét dung nguyén tir clia mét don chdt rdn, nghia 1a tich cia nhiét dung riéng va khoi
luong nguyén tiw, gdn bdng 26Jimol”.

Quy tic nay cho phép tinh khéi lugng nguyén tir gidn diing cla nguyén t& khi biét
nhiét dung riéng cia don chdt ma nhiét dung riéng c¢6 thé xdc dinh bing thuc nghiém.
Nhiét dung riéng ciia mét chit 12 lugng nhiét cdn thiét d€ d6t néng mot gam chdt d6 1én
mot do.

Vi du. S8t c6 nhiét dung riéng 12 0,463J/g nén khéi lugng nguyén tir sit 1a 3

26
— =356,1
0,463
Tir khéi lugng nguyén tr gdn ding nay ngudi ta cé thé tinh khdi lugng nguyén ti
chinh xdc cha nguyén t& (xem muc dudng lugng).

Tuy nhién quy tic Puylong Poti ¢hi 4p dung duge cho nhitng nguyén t6 cé khéi
lugng nguyén ti khong dudi 30. :

Phuong phip quang phdé Kkhéi. -
Ngay nay nhd mdy quang phé khéi
ngudi ta ¢6 thé xdc dinh rit chinh
xdc khéi lugng nguyén tir cla cic

nguyén t6. Nguyén tic cla phuong 1th
phdp nay la don gian nhung thig&t *

bi va k1 thuat thac hanh khd phic Ngudn
tap. _ : ion

Dudi day la so d6 cia mdy :
quang phé khé&i don gidn (Hinh 2)..

Nhing nguyén tir cin dudc
xd¢ dinh kh6i lugng sau khi dia
dugc ion héa (bing cdc electron
phdt ra tir sgi day dét néng) dudi
tic dung cha mot dién trudng s& chui qua mot s6 khe di vdo 6ng cong. Trong &ng nay
dudi 46 chan khéng cao, cdc ddng ion duong chiu téc dung clia mot tir trudng. Tir trurdng
nay lam cho cdc ion di theo dudng tron véi ban kinh tudn theo hé thic
1/r*=(B/2V)(e/m), trong d6 B 1a cudng do ciha tir trudng, V 13 th€ hidu cha dién trudng,
e/m 1a ti s6 cha dién tich va kh&i lvgng. Nhing ion duong c¢6 cing ti s6 e/m s& di theo
cing mét dudng trdon, nhitng ion duogng cé ti s6 e/m bé hon di theo dudng tron cé bidn
kinh 16n hon. Hinh anh cia cic ion duong duge ghi lai trén kinh anh, nhitng vét den trén
kinh anh 13 vi tri v cudng d6 cia nhilng dong ion cho phép tinh bidn kinh r cla dudng
tron clia dong ion va ti s6 e/m. '

T trutng

Hinh 2 - S0 46 cida mdy quang phé khéi

M4y quang phé khdi cho phép xdc dinh chinh xdc khéi Iugng nguyén tir cia cdc
déng vi clla mét nguyén t6. D€ xdc dinh khéi lugng nguyén tr cha nguyén t6 con cin
phai xdc dinh ti 1& cia cdc déng vi clia nguyén t8 d6. Mudn viy ngudi ta thay kinh anh
bing bo phan do cudng d9 cla dong ion.
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Vi du. Bing miy quang phé khéi ngudi ta xdc dinh duge nguyén t& cacbon thién
nhién gém cé 98,89% nguyén tir cia dong vi 12C v 1,108% nguyén tir clia déng vi '°C -
vi kh&i Iugng nguyén ti ciia déng vi '2C 12 12,0000 va cia déng vi 13C 12 13,00335.

Vay khé&i lugng clia nguyén tir coa Cla:

2 ,892 -

Nhu vay khé&i lugng nguyén tif cia mét nguyén td 1a khé&i Twgng trumg binh ciia
mot nguyén ti ciia tdt cd cdc déng vi thién nhién ¢6 tinh dé€n ti 1& cua ching trong
nguyén td da.

Puong luong

Duong lugng 12 mot khai niém tuong ty cdc khdi niém khé&i lugng nguyén tir vi
khéi lugng phan ti. '

Puong lugng ¢ha mot nguyén té la s6 phdn khoi luong cia nguyén 16 dé kér
hop véi 1,008 phdn khéi lugng ciia hidro hodc 8 phdn khoi lugng ciia oxi hodc thay thé
nhitng lugng dé & trong hop chdt. :

Vi du. Duong lugng cda hidro 12 1,008, cua oxi 12 8,0 cua cacbon 12 3,0, cha nitg
la 4,6, cita nhoém 1a 9,0, cha natri 13 23,0...

Trong phan tng héa hoc “cdc nguyén 18 két hop véi nhau hodc thay thé nhau
theo cdc khéi lugng ti 18 véi dwong lugng ciia ching”. PO la dinh ludt duong lugng do
nha vat i va héa hoc ngudi Anh 13 Danton (J.Dalton, 1766 - 1884) d& ra ndm 1792.

Dinh luat nay cho phép tinh mot cdch don gidn duong luong cha modt nguyén td
khi biét duong lugng ciia nguyén t§ khdc tdc dung v6i né.

Vi du 7. Khi oxi héa cdn than 0,253 magie, duge 0,420g magie oxit. Tinh duong
lugng cla magie.

Ta bi&t 0,253% magie k&t hop vdi 0,420 - 0,253g oxi va duong lugng clta oxi la 8.

Vay dugng lugng clia magie la:

80,253
0167

=12,15

Vi du 2. Xhi phan tich sit oxit, thdy ti 1 cia sit 1a 70% v& khdi lugng., Vay
duong lugng cia sit trong oxit d6 1a - :
370 _ 1363
30
Cé nhitng nguyén t& khi k&€t hgp véi nguyén 16 khéc ¢6 thé cho hai hay nhiéu hop
chit khéc nhau, nghia 1a nhing nguyén t8 dé ¢6 hail hay nhiéu duong lugng.

Vi du . Puong luong cta C trong phan tir CO 14 6, trong phén tir CO, 1a 3 ; duong lugng cia Cu
trong CuO 14 31,8, trong Cu,0 14 63,6. -

Viy duong luong ciia nguyén t§ ¢é quan hé nhu thé nao vai kh&i lugng nguyén tu
clia nguyén t6 d6 ? Thyc nghiém cho thdy ring khéi lugng nguyén tlt cia nguyén t6 ludn
luén 13 mo6t s6 nguyén ldn cia duong lugng ciia nguyén 16°d6. S8 nguyén dé cé thé 1a I,
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-2, 3, 4., Nhitng con s6 d6 chinh 13 hda tri cia nguyén t§ sé duge xét trong muc tiép
sau. ' ' '

Dua vao duong lugng ciha nguyén t§ ngudi ta cé thé xdc dinh chinh x4c khéi
lugng nguyén tir cha nguyen t6 dé.

Vi du. Bing thuc nghiém ngudi ta xdc dinh dugc dwong lugng ciia kim loai indi
(In} 1a 38,25 va nhiét dung riéng cila_ kim loai do6 14 0,221J/g. Tinh khé6i lugng nguyén
tr cilia indi. : :

Ap dung quy tic Duylong Poti, ta ¢6 kh&i lugng nguyeén tir gdn ding cia indi la:

26
=117,64
0,221
Héa tri clia indi I3 :
117,64 -3
3825

Vi héa tri 1a nhitng s& nguyén trén, nén & day héa tri clia In l1a 3. Vay khéi lugng
nguyén ti chinh xdc cta indi 12 :

38,25 x 3 =114,75
Khiai niém duong lwong ciing duwgc mé rong cho cdc hop chat :

Duong lugng cia mot hop chit la 54 phdn khoi lugng cia hop chdt dé phdn ing
khong thira khéng thi€u véi mot duong lugng cia hep chdt khic.

Duégi day 1a quy téc tinh duong lugng clia mot s& loai hgp chit trong cic ph?xn
itng trao ddi.

Duong lugng cia mér oxit kim logi bing khéi lugng phéan tir clia oxit d6 chia cho
tong héa tri cia kim loai trong oxit dé.

Vi dy. Puong lugng ciia Al,O, 1a :
102 X
——=17 (Al ¢é héa tri 3)
32 _
Duwong lugng ciia mét axit bing khdi lugng phan ti cha axit chia cho s6 nguyen
tit H duge thay thé & trong phan tir axit dé.

Vi dy. Duong lugng ciia H,50, khi hai nguyén tir H trong phan tir axit dugc thay

thé 1a ;
B _
”

va khi mét nguyén tir H duge thay the 13 : 98

Duong lugng ciia mét bazo bing khoi lugng phan tir ciia bazo chia cho héa trj
cha nguyén tir kim loai trong phan tir. ’

Vi du. Duong lugng c¢lta NaQH 11 ;
2
Duong licong cidu mét mudi bing kh6i luong phan tir cia mu6i chia cho téng héa
tri clia cdc nguyén tir kim loai trong phén tir,

i3

PN
O;Q:g;.:,:



Vi du. Duong lugng cla mudi nhom sunfat Al;(S0,), 12

342
32

=57

Trong tinh todn héa hoc ngudi ta rit hay diing dai lugng duong lwgng gam gidng
nhu dai luong nguyén tir gam vi phén t¥ gam ma ngay nay dugc thay bing mol :

Puong lugng gam ciia mot don chdt hay hgp chét 13 lwgng chdt d6 duge tinh
bang gam va c6 gid tri bdng duong lugng cia nd.

Hda tri

Khai niém héa tri d3 c6 trong héa hoc vao gilta the€ ki thg XIX. Chinh Mendéléep
ciing 43 xdc 14p quan he gita héa tri clia .nguyén t6 va vi tri cba né trong bang tudn
hoin. Ngudi ta ciing tim thiy quan h¢ gifa héa tri, dwong lugng va kh&i lugng nguyén ti
cha nguyén tg :

Khé&i lugng nguyén tir

Héa tri = .
Duong lugng

Trudc day héa tri cha nguyén t8 duge coi 12 kha ning cia mot nguyén tlr cla

nguyén t& c6 thé k&t hgp hay thay th€ bao nhiéu nguyén tlf hidro hodc bao nhiéu nguyén
tir khdc tuong dwong. '

Vi du. Clo ¢6 hoa tri 1 trong HCI, oxi ¢6 héa tri 2 trong H,0, nitg cé héa tri 3
trong NH,, cacbon c6 héa tri 4 trong CH,. D6 1a héa tri cha céc nguyén td trong hgp
chét v4i hidro duge tinh theo s& nguyén tit H k&t hop.

Trong céc hgp chédt v&i oxi, héa tri cla nguyén 16 duge tinh theo oxi ma oxj ¢6
héa tri hai trong nhidu hgp chit.

Vi du. Cacbon cé héa tri 2 trong CO vi c6 héa tri 4 trong CO,, nite cé6 hda tri 4

trong NO, va héa tri 5 trong N,Oyg, luu hu)‘znh cé hda tri 4 trong SO, va héa tri 6 trong
S0,. '

Qua céc vi dy trén ta thiy héa trj clia mot nguyén t6 tinh theo hidro ¢6 thé khéc
héa tri ctia nguyén t6 d6 tinh theo oxi v mét nguyén 16 c6 thé c6 cdc héa iri khac nhau.

Vi dy. Luu huynh c6 héa tri 2 trong H,S nhung c6 héa tri 4 trong SO, va héa tri
6 trong 50;.

Tuy nhién téng cdc héa tri cha mot nguyén t§ tinh theo hidro vi héa tri cac nhit
ciia nguyén t§ dé tinh theo oxi bang 8.

Vidu. V@i clo cé 1 + 7 trong HCI va C1,0,, véi luu huynh ¢6 2 + 6 trong H,S va
SO;, v6i nitg ¢6 3 + 5 trong NH; va N,O;, vdi cacbon c¢6 4 + 4 trong CH, va CO,.

Ngiy nay héa tri cua mét nguyén 16 duge xdc dinh bdng s& lién két héa hoc ma
mot nguyén tir ciia nguyén 16 d6 tao nén trong phdn tiz. Nhy vy muén xdc dinh héa tri
cin bift cong thite cdu tao cha phan tit.

Vi du. Trong phan t& N, (N = N), nito ¢é héa tri 3 ; trong phan tax H,O
(H-O-H), oxi c6 héa tri 2 ; trong phan tit CO, (O = C = O) cacbon ¢é héa tri 4. '

Nhitng nam gin day, song song v6i khdi ni¢m héa tri ngudi ta hay dung moét khdi
niem khéc goi 12 sé oxi héa cia nguyén t8. Tuy khong c6 ¥ nghia vat Ii cu thé nhu héa
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tri, khdi niém s6é oxi héa ¢6 nhidu tién loi vé mat thyc hanh ching ta s& xét & chuong
sau. '

Phdn ting héa hoc

Phan @ng hé6a hoc I qud trinh bién d8i nhiing chdt ndy thanh nhitng chdt khdc
¢é thanh phdn va cdu tgo khdc véi cdc chdt ban ddu. Trong phan dng héa hoc, nhiing
chidt ban ddu, goi 12 chdt phdn itng, duge bi&n thanh nhitng chit khic, goi 1a sdn phdm
p.-’:ffn wng.

Theo dinh luat bao toan khéi luong, trong b4t ki mot phan ftng héa hoc nao, téng
kh&i lugng cla t&t ca cdc chdt ludon ludn khong déi nén phan dng héa hoc duge biéu
dién bing mot phuong trinh héa hoc . & v& bén trai c¢iia phuong trinh, ngudi ta viét ki
hiéu va cobng thic héa hoc cua cdc ch&t phan @ng va o v€ bén phai 12 ki higu va céng
thic cha cdc san phim phin Ung clng véi cdc hé s6 thich hgp clia mdi chat.

V{ dy. Phuong trinh cia phan Ung téng hop nudc tir cic don chdt 1a :

2H, + O, = 2H,0
Phuong trinh ciia phan Ung axit clohidric hoa tan kém la :
Zn + 2HCl = ZnCl, + H, '

Méi ki hiéu hay céng thitc trong phuong trinh héa hoc khang nhitng chi ¢é tinh
chdt dinh tinh ma cén cé tinh chdt dinh lugng nua.

Vi du. Phuong trinh phan dng téng hop nude trén day ¢6 nghia 1a cif hai phan tir
hidro thi k&t hgp véi mot phan ti oxi tao thanh hai phan tit nudc hodc ci hai mol khi
hidro (4,032g) k&t hop véi mot mol khi oxi (32g) tao thanh hai mol nudc (36,032g)...

Céac phéan Gng héa hoc khi x4y ra thudng kém theo nhing hién tugng phét ra hay
hdp thy mét lugng nhiét. Loai phin ng thir nhit goi la phdn iing phdt nhiét va loai phan
ng thd hai goi 1a phdn iing thu nhiét. Mot phan @ng thu nhiét theo chi¢u nay s& phat
nhiét theo chiéu nguge lai. Lugng nhiét duge phéat ra hay thu vao caa phin dng goi la
nhiét phdn ing va ki hi¢u la AH (bién thién entanpi) cia phan éng. Phan tng phét nhiét
¢6 AH < 0 va phin ¢ng thu nhiét cé AH > 0. Nhiét phan ng thudng dugc tinh bang jun
(J), kilojun (kJ) hay calo (cal), kilocalo (keal) va tinh theo mol chit (lcal=4,184J).
Vi du. Phan ung téné hop nude tir don chit 1a phéan itng phdt nhigt :
2H, + 0, = 2H,0, AH = - 241,8kJ/mol

Phan fing tdng hop khi NO tit don chét 12 phan ing thu nhiét :
N, +Q, =2NO , AH=180,5 kiimol

Trén thuc t&€ phin dng thu nhigt it gap hon phan dng phat nhiét.

Cic phén ung héa hoc thudng dugce chia thanh ba loai : phan Ung trao déi, phin
tng oxi héa - khir va phan ing tao phic.

Phan dng két tia, phan Gng thuy phan, phin ng trung hoa... 13 nhitng phdn ing
truo ddi. Pdc diém ciéa phdn ing trao d8i la phdn ing xdy ra khéng ¢ si chuyén
electron ti chdt nay sang chdt khdc nén khong lam hién d8i s6 oxi héa cia cdc nguyén
16,
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Khéc vdi phin ting trao ddi, trong phdn idng oxi héa-khiv ¢6 su chuyén electron tit
chdt nay sang chdt khdc nén lam hién d6i 56 oxi héa cia cdc nguyén 5.

Trong thuc t& ching ta gap phé bi€n cdc phan ¥ng oxi hda - khir. Cdc qud trinh
san xudt nhiing sidn phdm héa hoc quan trong nhdt d6i vdi cong nghié¢p va ki thuat nhu
amoniac, axit nitric, axit sunfuric, cdc kim loai déu 1a phan Gng oxi héa - khe. Cdc qua
trinh d6t chdy nhién liu, ho hip, quang hap va nhiéu qud trinh khéc x4y ra trong cd thé
sinh vat déu 13 phén &ng oxi héa - khi.

Phdn ttng tao phitc 1d phdn ing rrong ‘d6 ¢é sw chuyén nhitng cdp electron dé tgo
thanh nhitng 1ién két cho-nhdn, trong d6 s6 oxi hoa ciia cde nguyén td 6 thé bién adi
hodc khbng.

Chiing ta s& ldn lugt xét cdc loai phan dng trén day & cdc chuong sau cia cudn
sdch nay. '
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CAU TAO NGUYEN TU

Co s& thuc nghiém cida 1i thuyét vé ciu tao nguyén ti 12 quang phd cha cdc
nguyén t8 héa hoc. Truéc khi tim hiu ciu tao cha cdc nguyén tlr, chiing ta xét so luge
vé quang phé. ' '
Cdc loai quang phé

Cho chiim 4nh siang Mit
Cse tia héng ngogi > 10004

Trdi di qua mot ling kinh, sau A;: 2 héne » 00
lang kinh chim d6 téch thash sang Dg caro 6200-5500
nhitng tia cé mhuu sic cha ciu tréng _ {:::n g?gg:gégg
véng (Hinh 3). M6i mét tia nay Chim :gggjggg
cé mot budc séng A xdc dinh. s} Clac tia t ngoal < 4000

hai bén vang quang phé

trong thiy con cé cdc tia khong Hinh 3 - Quang phd ctia dnh sdng Mdt Troi

tréng thiy, d6 12 céc tia héng ngoai va cic tia ti ngoai. Vang quang phd tréng thdy chi
f2 mot viing rdt hep trong quang phé cla cdc bitc xa dign tir (Hinh 4). ' _

: Quang phd cia dnh
sdng Mt Trai la quang
phé lién tuc, nghia la
quang phé gbém mot

- T - . diy lién nhau cla moi
2 & g § TaXx budéc séng thudc cic
Séng vé tuyén S = 2 va ) £ ¢ ¢
< 5 5 = tiay ving tréng thiy, héng
1 1 T o, . : ngoai va tir ngoai. Cic
1 - & n - *
A 108 104 10? 102 10% 108 10% 10"0em Ch‘f" ran va °h,ﬁ‘ l°“_-‘-‘
: ) khi dugc d6t ndéng dén
: _ trang thdi néng 46 déun
Hinh 4 - Quang phd cita cde bite xg dién i . phéit ra quang phé lién

tuc.

Nhitng nguyén ti ty do & trang thdi khi hay hoi khi duge d6t néng hodc duge
phéng dién qua, phdt ra quang phé gém mot s& vach nhdt dinh, mdi vach cé6 mot budc
séng xdc dinh.

Vi du. Mot trong c¢dc vach quang phé cla nguyén tlir natri 13 vach D (hay vach

vang) o6 budc séng 4 = 5893 A. Chinh vach nay quyét dinh maun vang sinh ra khi dua
mudi natri vao ngon lira. Hoi clia kim loai kali cho quang phd gém ba vach : hai vach 46
va mot vach tim, hei cia kim loai canxi cho quang phé gém mot s& vach dé, vach vang
va vach lue, '
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: Nhitng quang phé nhu vay dugc goi la quang phé vach. Nguyén ti clia mdi
nguyén t& cho mét quang phé vach dac trung. Phuong phdp phédn tich quang phd dua vio
quang phd vach dic trung cha cdc nguyén té dé x4c dinh dinh tinh va dinh lugng thanh
phdn cla mét chat.

Nhitng loai quang phé trén day dugc phit ra tit cdc chédt goi 12 guang phd phdt
xa. Ngoai ra cbdn cé quang phd hdp thu. Khi cho anh séng ¢6 quang phd lién tuc di qua
chdt hoi gém nhitng nguyén ti cta modt nguyén t8 nio d6, s& thiy trong quang phd lién
tuc bién m4t nhifng budc séng nhat dinh. Ching han néu hoi dé 1a cia kim leai natri thi
trong céc budc séng thidu s& cé bude séng cila vach vang di néi & trén. Nhitng vach bi
h4p thu nhu vay xu&t hién dudi dang nhifng vach t8i & trén mot nén sdng cla quang pho
lien tuc. Thudng thuém'g nhitng vach hdp thu ¢é bude séng Gng ding véi nhitng vach ciia
quang phd phdt x3. Néi chung s6 vach trong quang phdé hip thu it hon sé vach trong
quang phé phdt xa, nghia 12 quang phé hdp thuy don gian hon quang phé phit xa.

Nhu nguyén t{, phan tir ¢ling ¢é thé phdt ra hodc hip thu Anh sdng tao nén guang
phé phdn ti. Quang phé phan tit phic tap hon quang phé nguyén t&r. Quang phd hip thu
phan tl c6 mot vai trd dic biét quan trong trong vigec x&c dinh cdu tao cua phan tu.

DE khao sit quang phé ngudi ta ding cdc kidu mdy quang phé khic nhau tiy theo
titng ving quang phé.
Quang phd ciia nguyén ti hidro

Pon gidn nhét trong
quang phd nguyén tir cia

6563.1

4861.3
4340.5
41017
9646

cdc nguyén t8& hoéa hoc la
quang phé ciéia nguyén ti
hidro. Quang phdé dé6 gdém
mot s& vach nidm trong

viing héng ngoai, ving . Hy - Hp Hy Hs Ho
trong thiy vi ving v ' '

ngoai. Nhifng nhém vach .

trong quang phé nguyén Hinh 5 - Quang phd ciia nguyén 1i& hidro (ddy Banme)

tir cua nguyén té dugce '

gol ta ddy quang phé. Didy Banme (J.Balmer, 1825-1891, ngudi Thuy S71) trong quang
phd hidro gém ¢6 4 vach ré nim trong viing trong thay va mot sé vach nim trong ving
tit ngoai gén (Hinh 5). '

Vach thi nhit H, trong diy Banme cé budc séng 1¢n nh&t ndm & ving do ctia
quang phé trong thdy, vach Hy ndm & ving xanh lam va hai vach H, va H, ti€p theo nam
& viing tim. Cang cdch xa vach H, vé phia séng ngin (budc séng bé), khoang cdch gita
hai vach ké nhau cang bé ddn nén nhitng vach & cudi diy nim rit sit nhau khé trong thdy
duge. :

Budc séng cia bén vach ddu trong ddy Banme la :

H, H, H, ' H,
A =6563,1 4861,3 4340,5 4101,7 A



Nhitng budc séng nay cé thé€ tinh dutc trong céng thic thyc nghié¢m cha Banme
(nim 1885) : '

1 1
— = R(———=):n=3,4,5,6...
: (22 nz)

4 day R = 109679,43cm™' goi 12 hing s6 Ritbe (R.Rydberg, 1854-1891, ngudi Thuy
Dién), n 1a s6 nguyén 16n hon 2. Thay n = 3, tinh dwgc budc séng (béng ¢m) cha vach
H,; thay n = 4, tinh dugc budc séng cha vach Hg v.v..,

Ngoai nhitng diy Banme, trong quang phé cla nguyén tit hidro cdn cé6 b6n diy
khdc nita ; diy Laiman (Lyman) & trong ving t¥ ngoai va ba didy Pasen (Paschen),
Bracket (Brackett), Pofun (Pfund) & trong ving héng ngoai. Nhiing diy nay tugng tng
véi cdc cong thic sau day, tugng e véi cong thitc Banme trén :

,. . 1 1 1 _
diy Laiman i R(F“n_z) ;n=2,3,4
1 1 1 .
diy Pasen —=R{(—~—=) ;n=4,5,6...
y x (32 2
1 1 1
diy Bracket —=R(—=-—=);n=35,6,7
a PR
1 1 1
diy Pof —=R(——-—=);n=6,7
y Pofun 7 ~RGG—)

(J day R ciing c¢6 cling gid tri nhy trong cong thic Banme. Nhu vay cid 5 ddy déu
tuong ing v4i mot cong thic chung : '

1 I 1
TR
trong d6 n, vd n;; 12 nhiing s6 nguyén va n, > n,
Thuyét luong ti , \
Anh sdng, nhu d& bi&t, 12 mot séng dién tir lan truyén trong chan khong véi t6c 4o
C = 3. 10'° ¢cmfs vd duge dic trung bing budc séng A hay tdn s6 dao dong v=% hay

s6 séng v' =%. Khi di qua moi trudmg vat chdt, t6c do dnh sing gidm xudng nhung tin s&

khong thay déi.

Thuyé&t s6éng cha 4nh séng gidi thich dvge nhiing hién twgng cé lién quan véi sg
truyén séng nhu sy giao thoa v su nhi€u xa nhung khéng gidi thich dugc nhitng dit kién
thuc nghiém vé su h&p thu vi su phét ra dnh sdng khi di qua moi truéng vat ch4t. Dé giai
thich diac diém nay cla 4nh sing, nha vat li ngudi Dac 12 Polang (M.Planck, 1858- 1947,
giai thudng Nobel vé vat Ii nam 1918) di 4p dung quan ni¢ém nguyén ti cha cédc chét vao
qué trinh nang lugng vd nam 1900 dd dva ra gid thuy&t 12 ndng lugng cia dnh sdng
khéng cé tinh chdt lién tuc ma hao gém ting lugng riéng biét nhd nhdt goi la lugng 1. Mot
lugng tik cia dnh sdng (goi ld photon) ¢é ndng lugng ti 1¢ véi tdn s& cia bic xg :

E =hv
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E i ning lugng ciia photon, v la tin s6 bic xa, h 12 hdng s6 Poldng bing 6,625.10%ec.s.

Nhu vay ning lugng clia mdt vat chi bi€n d4i nhitng dai lugng 12 boi s& cia hy
gifng nhu dién tich chi bi€n déi nhiing dai lugng 12 boi s6 chd dién tich clia electron.
Chd khdc nhau & day la dién tich cla electron khong bi€n déi c¢on ning lugng cia hat
photon bi&n déi theo tdn s& cha birc xa. '

Tém lai, thuyét lugng tir cha Polang néi 1én ban chit hat cia dnh sdng. Nam 1905
nha vat i ngudi Diwc 12 Anhstanh (F.Einstein, 1879-1955, gidi thudng Nobel vé vat If
nam 1921) dp dung thuy&t lugng tit di giai thich dugc hoin toan théa déng hién rugng
quang dién 43 biét trude day (nidm 1890). Bin chit cia hién tugng quang dién 1a c¢éc kim
loai kiém & trong chan kho6ng, khi duge chi€u sdng s& phdéng ra electron ; nang luong cla
cdc electron d6 khong phu thuéc vio cudng d6 cda dnh sdng chigu vao ma phu thude vao
tin s6 clUa 4nh sdng. Anhstanh cho ring khi dugc chi&u t6i bé mit kim loai, méi photon
véi ning lugng hv s& truyén nang lugng cho kim loai. Mét phdn ning lugng E, dugc
ding dé lam bat electron ra khoi nguyén tir kim loai va phdn con lai tré thanh dong ning
1 3 s '
5 mv- c¢lia electron :

[}

hvy = E, + my

13—

Vgi nhithg bic xa c6 budc séng cang bé, nghia 1a tin s6 cang 16n, ning lugng cla
electron dugc phéng ra sé cing l6n. Nhing bic xa c¢6 tdn s bé hon tdn sé gidi han
E

Vo = —l-:~ s& khong gy nén hién tugng quang dién.

Nhu vay hién tugng quang dién 13 mét bing ching thuc nghiém xdc minh thuyé&t
luong tit Polang.

Ap dung thuyét ll.rq'ng tit Poling vao nguyén tir, nha vat If ngudi Pan Mach la Bo
(Niels Bohr, 1885-1962, giii thudng Nobel vé vat 1i nam 1922) da thanh cong trong viéc
dua ra mdu nguyén t hidro. '

Mdu nguyén ta hidro cia Bo

Nim 1911 nha vat i ngudi Anh la Rozopho (E.Rutherford, 1871 - 1937, giai
thudng Nobel v& héa hoc niam 1908) dua ra miu nguyén td& hanh tinh @ electron quay
chung quanh hat nhdn nguyén 1t giéng nhu hanh tinh quay chung quanh Mdt Tréi.

Nhung theo dién déng lyc hoc thi mét hat mang di€én nhu clectron khi quay
chung quanh hat nhan s&é phét ra ning lugng dudi dang bic xa. N&u ding nhu thé
electron lién tuc m4&t nang lugng thi cudi cling roi vao hat nhan va nguyén tir khéng tén
tai.

Dé gidi quyét b€ tic d6, nam 1913 Bo git nguyén miu nguyén tir hanh tinh cia
Rozapho va k&t hgp v4i thuy€t lugng tir Polang di dwa ra mdu nguyén tit hidro v&i cdc
dinh dé sau : C '

— Trong nguyén ti, electron khéng thé quay theo quy dao bit ki nio ma chi dugc
quay theo s6 quy dao nh#t dinh. Mbi quy dao “dugc phép” ndy Ung vdi mét nang luong
xdc dinh. :

— Khi quay theo cdc quy dao “dugc phép”, electron khéng méat ndng luong, nghia
12 khéng phdt ra bitc xa, nhung chi phdt ra bdc xa khi electron tor mét quy dao ¢6 nang
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lwong cao nhiay vé mot quy dao c¢é mic nang luqng th4p vi ning lugng hv cia buc xa
bing hidu cda hai mitc ndng lugng dé.

— Khi quay theo cdc quy dao “dugc phép” electron ¢6 momen déng lugng la mot

. h
s6 nguyén ldn cua e
Bén kinh cha cdc quy dao “dugc phép” va ning lugng cla electron quay theo cédc
quy dao d6 duge tinh mot cdch don gian nhu sau : :

Electron ¢é kh&i lugng m, khi quay véi t6c d6 v theo qu¥ dao ¢6 ban kinh r, tao
nén mot lyc li tam :

Giita electron véi dién tich -¢ va hat nhan vé&i dién tich +e ¢4 luc hidt Culéng
{Coulomb) :

[*3

Fr=2

[EY

r

Electron chuyén déng duge trén quy dao 12 nh& su cAn bing gifta lyc li 1am va (DS

Culbng :
mv’ ¢
rr?
hay © mvir=e’

Theo dinh &é trén vé momen dong lugng cua electron :

h
mvi=zan —;n=1,2,3
2n
1, 1
) n"h*
Rt ra : 1= —5—7
: 4n“me

Thay n bing cdc gid tri 1, 2, 3... ta tinh dugc bin kinh cha cdc qu¥y dao duge
1] : 1
phép trong nguyén tu hidro. Khi n=1, 1,=0,529A ; n=2,1,=2,112A; n= 3,
t,= 4,77 A. Ti 1€ gifta cdc ban kinh 1, 1T, 1 13 = 1:2%: 3%

. ' . 1 . .
Nang lugng toan phén clia clectron 12 téng cia dong ning ;rrw2 vi th& ning

l - e?
E= —my - —
2 T
Thay mv® b&ng -— di rit ra o trén ta ¢o
1 e e? e’
E=—~-—— - — == —
2 0 r 2r
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Thay gid tri cha r ta duge :

2n*me’

E= -
n’h?

G day n =1, 2, 3... dugc goi 14 56 lwgng tit chinh.
V&i nhitng ion ¢6 mot electron nhung cé dién tich Z > 1 nhrr He*, Li** thi :

2n*me*Z?

E =
n’h?

Heé thitc nay cho thfy rdng chi cé mot s§ gid tri nhét dinh cda nang lugng & trong
nguyén tir. Nhitng ning lugng nay déu c6 gid tri Am vi ning lugng cla electron & bén trong
nguyén t& bé hon nang luong cia electron & vé cuc, ndng lugng ndy quy uéc bing
s6 khong. '

Binh thudng mot electron trong nguyén tr hidro & mdc nang lugng thdp nh&t, nghia la
fing véi n = 1, ngudi ta néi nguyén & & trang thdi co bdn. S6 lygng tir n téing lén, gid tri am
clia ndng lugng electron trd nén bé hon. Khi nguyén 1 hidro ¢é electron chiém cdc gid tri
nang lugng ndy, ngudi ta néi rdng nguyén n¥ & trang thdi bi kich déng. Khi n = =, E=10,
electron tdch khodi hat nh&n mot khodng v6 cuc, nghia 1 nguyén tir hidro duge ion héa.

Khi phéng dién qua khi hidro, electron trong cdc nguyén tir hidro dwge cung cdp nang
Iwgng s& nhdy tir quy dac ¢6 mic nang lugng thdp nh&t (qu§ dao K, n = 1) 1&n cic qu¥ dao xa
¢6 mitc nang lugng cao hon (qu¥ dao L, n=2; quy daoM,n=3,quy dao N, n =4 v.v...). Vi
c6 vo s6 nguyén 1 H nén ¢6 vo s6 cdch nhdy nhu vay. Nguyén tir H & trang thai bi kich dong
nhr vay rdt khong bén, cdc electron & trong d6 c¢6 xu huéng nhanh chéng chuyén vé cic
trang thédi bén hon, nghia 1a cdc qu§ dao ¢é mitc ning lugng thdp hon.

Theo dinh 4& thd hai cia Bo, qud trinh electron chuyén nhir vady phit ra nang lugng
du6i dang bitc xa, do dé cho céc vach quang phé.

Gid st mdt electron & qu§ dao xa c¢6 mitc nang lrgng E;; nhdy vé quy dao gin ¢é
mic nang lugng E, thl lugng tir phdt ra s& c¢6 nang lwgng E :

2n°me* 2n°me’
E=hv=E;-E, = - - (-
S nZh? ( n’h? )
2n’me’ 1 1
E=—7( =)
h b ng
va tdn s8 v cua bic xa :
2n'me’ 1 1
= (= - =)

3
h np Ny

Theo dinh nghia vé s6 séng v' = % mi yv= % nén v'=%. Mubn tim s6 séng ta chia
<

ding thic trén cho c.
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Ta tinh duge hing s6 Ritbe :

2 4
R = 221 109737
ch’ -

Gié tri ndy phi hogp vdi gid tri rit ra tir thyc nghiém.

Nhu vay If thuy&t ciia Bo rét phdl hop v6i céc k€t qué thyc nghi¢m vé quang phd.

Nhitng vach trong diy Banme cia guang phé nguyén t& hidro sinh ra khi electron
nhiy t¥ quy dao @ng v6i n 2 3 vé quy dao ung v6i n = 2. Diy Laiman sinh ra khi
electron nhay tir cdc qu¥ dao dng véi
n 2 2 vé quy dao tng v6i n = 1. Day
Pasen sinh ra khi electron nhay ti cic
qu¥y dao ung vdi n 2 4 vé€ qu¥ dao ing
v6i n = 3. Didy Bracket sinh ra khi
electron nhdy t cdc qu¥ dao dWng vdi
n > 5 vé quy dao tng voi n = 4. Dy
Pofun sinh ra khi electron nhiy tir céc
quy dao tng v6i n = 6 vé€ quy dao dng
v4i n = 5 (Hinh 6). Con cudng 4o clia
vach trong céc day quang phé phu
thudc vao xdc suft nhdy cua electron
tit quy dao nay vé qu¥ dao kia.

Dd ring nhing dinh dé duge
dua mot cdch doc dodn, thuyét Bo da
gidi thich r&t thanh coéng quang phd
clia nguyén tir hidro va cia nhitng ion
twong tu (nghia 13 chi ¢6 mot
electron). D&i v&i nhing ion ndy cdc
cong thic cia Bo vin 4p dung duge v6i L
diéu kien c6 tinh dén khGi lugng va Hinh 6 — Sy pht sinh cdc day quang phé

. . , nguyén t hidro theo thuyét Bo
dién tich cia hat nhan cla ching.

-

Nhung thuy& Bo khong gidi thich duge hi¢u Gng Ziman (Zeeman) nghia la sy
phirc tap ciia quang phd khi dat nguyén tir trong tir trudng. D& khic phyc khé khan dé,
nha vat 1f ngudi Dic 12 Xommofen (A.Sommerfeld, 1868 — 1951) di bé sung thuyé&t Bo
bing cdch dua thém nhitng quy dao elip ngodi quy dao tron va dua ra céc s6 lugng tir
" khic ngodi s& lugng tir chinh d€ mo ta trang thdi ning lugng cua clectron trong nguyén
t va da gidi thich dugc hiéu ¢ng Ziman. Tuy nhién thuyét Bo — Xommofen khong gidi
thich dwgc that chi ti€t quang phd cia cdc nguyén tit nhiéu electron. Bdi viy méu
nguyén tir clia Bo cdn dugc thay th€ bing nhitng quan diém hign dai cha co hoc lugng tir.
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Mu6n hiéu duge cdc quan diém ndy, ching ta tim hiéu trude hét ban chdt hai mat clia cic
hat vi mo,

Bdn chdt séng va hat cua cde hat vi mo
Photon vira ¢6 ban chat séng, nghia 12 c6 tdn s§ dao dong v va t6c dO chuyén dong
¢, vira c6 ban ch4t hat, nghia 13 c6 khdi lugng m va cing téc do chuyén dong c.
Theo hé thifc tuong quan gifra khéi lugng va ning luong cha Anhstanh :
E = m¢? '

va thuyé&t lugng ti E=hv

ta c6 : hv = me?
.C 2
hay : h—=m¢
¥ _ Y
Vay 7L=l.
: me

Hé thiic nay cho thiy bdn chat séng va hat ciia birc xa. Cau hdi dat ra 12 c6 phai dé
14 tinh ch4t riéng cha photon hay khéng ?

Ti€p tuc phét trién thuy&t lwgng t&, nam 1924 nha vt 1f ngudi Phép 12 Po Broi
(L. de Broglie, 1892 — 1987, gidi thudng Nobel v& vat If nam 1929) dua ra gid thuyét 1a
khdng phdi chi c6 photon méi ¢é bdn chdt séng ma nhiing hat vi mé, nhu electron chdng
han ciing cé tinh chdt d6. Chuyén dong cla cdc hat vi mo6 6 thé xem 12 chuyén dong séng,
budc séng cha chuyén dong d6 tuin theo mot h¢ thic gi6ng v6i h¢ thic cda photon vé sau
&irge gei 14 hé thire Do Broi . '
h

A=— hay 7L=—11, p=mvy
mv P

3 day, v 12 t6c do chuyén dong ca hat, p 12 xung lugng.

Vi du : Electron cé khi lugng 12 9,11.107%g & 300°K chuyén dong vdi téc do
1,2.10%cmls, s& c6 budc séng 61A.

V&i nhitng hat vi moé, nghia 13 hat mét trong thiy duge, chdng han nhu hon bi hodc
ca d&n hat bui, do kh&i lugng cla ching qué Idn so v6i electron nén budc séng cla chiing
bé dén mic khong thé do duge. '

Ba ndm sau, quan niém vé bdn chdt séng cda electron di dugc bevixon va Giecmo
(C.Davisson va L.Germer) ching minh bang thuc nghi¢m. Khi chi€u chim electron qua bin
tinh thé r4t méng cla kim loai, hai éng nhan thdy c6 hi¢n tugng nhiu xa electron ging
nhu khi chi€u tia Ronghen qua tinh thé. Ngdy nay hién tugng nhiéu xa cia chiim electron
di trd thanh mot phuong tién duge ddng rong rai dé nghién cgu ki&n tric cia céc chét.
Hién tuong nhidu xa electron ciing nhu hién tugng giao thoa chia né chi c6 thé gidi thich
dugc khi thira nhan tinh chat séng cia electron. Hon nita budc séng ciia electron mi ngudi
ta quan s4t duge bing thyc nghi¢m lai rdt phd hgp véi bude séng tinh theo h¢ thitc Do
Broi. Thanh tyu vé kinh hién vi dién tir 1a bing ching manh mé nh#t cho th&y bén chét
séng clia chuyén dong electron. '

27



Va-y electron ciing cé ban chit séng - hat nhu photon. Tinh chat hai mat d6 sé&
dwge thdy rd hon qua nguyén 1i bdt dinh do nhad vat i ngudi Duc la Hayxenbe
(W.Heisenberg, 1901 - 1976, gidi thudng Nobel vé vat 1i nam 1932) dé ra nim 1927.

Nguyén I bdt dinh Hdayxenbe

D& hinh dung cu thé nguyén 1f bat dinh Hayxenbe, ching ta lam moét thi nghiém
tudng tuong nhu sau :

Gia sit ¢6 mét chum electron 1i tudng cé thé bin ra chi mét electron duy nhdt
theo hudng ndm ngang va chia vio mét budng chan khéng tuyét d6i véi mot téc dé nao
dé. Gia sit ¢6 mot ngudn sdng cing If tudng, nghia 13 c6 thé phéng ra photon v6i nang
lugng va s6 lugng tiy ¥ mudn cla ching ta vd ¢é mot kinh hién vi Ii tuéng cho phép
quan sit electron duy nh#t dé (Hinh 7a).

Thoat ddu electron chuyén dong theo dudng parabon dudi tic dung cua trong
trudng. Khi va cham phii photon ¢6 khdi lugng gin twong dwong, electron s& di chéch
dudng va thay d8i tdc d9. Quan sdt electron sau nhitng khoéng th¥i gian k& ti&€p nhau 58
thiy né chuyén déng theo dudng zic zic vi cham phai nhiéu photon.

Gidm nang lugng (hv) ciia photon ta ¢6 lam giam anh hudng clia nhitng va cham
dé. Nhung nhu vay budc séng A cla bifc xa ting 1én va viéc xdc dinh vi tri ciia electron
tré nén kém chinh xdc hon vi kha nang cho phép clia kinh hién vi gidm xu6ng (sai s6
nhidu xa s& 1én d6i vai bic xa cé buéc séng 16n hon). Vay dung bitc xa cé tdn s& thip,
ngudi ta ¢6 thé bi€t duge chinh xdc t6c dd electron nhung khéng bigt dwge chinh xde vi
tri cia né (Hinh 7b).

Mit khéc dung
bic xa c¢6 budc séng -
bé, nghia la gébm P ---~._ 7 4

y
i
-
o g
-,

/

nhitng photon ¢é nang ~
lugng 1én, sai s6 nhiéu b
xa trong kinh hién vi . hN

s& khong lon, nhung _ N ' v
méi va cham véi Y
photon ¢6 adnh hwdng ' \ | oProton ‘ :
“lén dén téc do cua »| e Electron

\ gt

e
)
\

electron. Viy ding bifc a - b
xa d6, ngudi ta cé thé )

biét duge chinh xidc vi
tri cua electron nhung —a~

khéng bi€t chinh xdc A s
tdc d6 cua nd (Hinh7c). <

Tuong ty nhu !
trén, bitc xa cdé budc

séng trung binh chi
lam thay déi mét it t6c : -
ddé cha electron v Hink 7 - Thi nghiém tudng tugng vé nguyén Ii bdt dinh

duding di cua né ciing ' '

¢6 thé xdc dinh duge tuong d6i chinh xdc hon, nén chi con lai mét gidi bdt dinh hep
(Hinh 7d).
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Hayxenbe ching minh ring tich ctia dé b4t dinh vé vi trf (At) va do bat dinh vé
t6c do (Av) khéng thé bé hon % :

AT.A\'ZE
m

Theo Hayxenbe, trong quy mo nguyén 1 khong nén néi mot cdch chinh xdc todn
hoc ring dudng di cha hat ma phai c6 moét gidi bat dinh trong d6 hat chuyén dong khip
todn ving cua cdc vi tri c¢6 thé ¢6 duge. Bdi thé chi nén néi d€n xdc sudi tim thiy hat
3 chd nao, tai lic nao d6 vi nguyén 1i bdt dinh Hayxenbe c6 thé dugc phat bidu :
"Vé nguyén tdc khéng thé xdc dinh chinh xdc cd vi tri ldn 16c d¢ cia cdc hat thuge
quy mé nguyén tir". Ching han n€u chding ta muén xdc dinh vi tri cia electron v@i do
chinh xdc 1a 0,05 A thi theo nguyén i d6 do b4t dinh vé tc do s& 1a :

~27
Av = __6_}0— ~ 10 emfs

5.10710 9 20728

D¢ bat dinh vé t6c d¢ cla electron & day géin bing t8¢c do cla 4nh sdng, nghia 12
bang hodc 18n hon t8c d6 that ma electron ¢6 thé c¢6. Tém lai, t6c do cia electron xéc
dinh dugc 12 khong chfnh x&c cho nén khéng thé néi rdng ¢é mot dudng di rd rang nhy
thuyét Bo. Theo nguyén li bdt dinh, khii niém qu$ dao electron ciia Bo vi Xommofen tré
thanh v6é nghia va d6i véi electron chi nén n61 d&n xdc sufit tim thdy electron & ché nao,
tai mot lic nao dé6. :

Co hoc luong tik va phuong trinh séng Scrodingo

Cong trinh cla Do Broi dd dit nén mdéng cho mén co hoc méi duge goi 1a co hoc
lirong nr. Co hoc lugng ti nghién ¢tu chuyén dong cia cdc hat vi mo, nd khiac véi moén
cd hoc nghién citu chuyén déng cta cdc hat vi mé goi 12 ce hoc ¢ dién. Co 88 cla co
hoc ¢é dién 1a nh@ng dinh luat cia Niuton (I.Newton, 1643 - 1727, nha vat 1f nguoi
Anh) nén moén co hoc ndy duge goi la co hoc Ninton. Con co sd cla cd hoc lugng tir 12
phuong trinh séng do nha vat I ngudi Ao 12 Scrédingo (E.Schrodinger. 1887 - 1961,
giai thuong Nobel vé vat If nam 1933) dé ra nam 1926. Toan bo van dé 1i thuy€t hién dai
vé nguyén i va phan tir 12 gidi phuwong trinh séng Scrédingo cho cdc hé dé.

Phuong trinh séng Scrédingo mo ta chuyén dong cia mot hat trong khong gian
¢6 dang nhy sau :

& l|1+321|.f+32\p‘ 811: m
&yt or
3 day h 12 hing s6 Polang, m 12 khéi lugng cha hat, V 12 thé nang cia hat, E 1a
ning lugng todn phan, x, y, z 12 cdc toa d9, v (poxi) 12 ham séng. Ban than ham séng y
khéng c6 y nghia vat 1i gi nhung y? ¢6 mot ¥ nghia quan trong 13 xdc sudt tim th&y hat
tai mét diém nao d6 trong khéng gian.

(E~-V)y=0

D6i véi nguyen tir hidro, nguyén tir don gidn nhdt gém bat nhan mang mét dién
tich duong +e vd mot electron mang mot di¢n tich am -e, phuong trinh séng c6 dang :

2

2 2 2
3\|J+§_Lp &y 8nm(E+_)w 0

o o

Gdayrila khodng cdch tir electron dén hat nhén.
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Giai phuong trinh séng Scrodingo ¢6 nghia la tim cdc ham séng W thich hgp thoa
min phuong trinh séng dé va cdc gid tri E tuong ¥ng. Bai todn nay chi ¢é-thé gidi dwge
mot cdch chinh xdc cho trudng hgp nguyén tir hidro va cic ion tuong ty ¢é mot electron
con d6i v&i nguyén tir va phan tit ¢é nhiéu electron, bai todn trd nén rdt phic tap va chi
c6 thé gidi dugc mot cich gin dung. Cic két qua thu duwoc déu phi hop vdi thyc nghiém.

Cic s8 lugng tit trong thuyét Bo-Xommofen duwoc dua ra mot cdch gid thi€t con
trong c¢o hoc lugng tir cdc 56 lugng tir 12 nhitng k&t qua todn hoc xudt hién hién nhién khi
gidi phuong trinh séng Scroédingo. Cdc s lugng tit d6 1a :

S$6 lvong t&r chinh n. Diy 13 nhitng s6 nguyén trdn, duong va gbém tir 1, 2, 3, 4
tré 1én. 86 luong t nady xdc dinh nang lugng cua electron trong nguyén tir hidro theo
mot cong thic gidng v&i cong thic cia Bo trude day :

24
2" me

B=- nzh?

S6 lugng tir phu 1. S6 lugng tir phy 1 xdc dinh momen dong luong M c¢ia electron
(M = mvr) theo cong thic ;

h

M= _)—,ﬂl(l-i—l}

2r
N6 gém cdc gia tri tir 0 d&n n-l', aghia la : 0, 1..., n-1. Nhu vay dng vdi mot gia

tri-ca n s& c6 n gid tri cua l.

.  Viduy: Khin=1,cémétgidtricial =0 ; khin=2, ¢é hai gid tri cualla

l=0val=1v.uwv.

84 lugng tir ty m. Nhu chiing ta di bi€t momen ddng lugng cua electron 1a mot
vectd. Hudng cia vecto duge xdc dinh bdi s lugng tir ti. Hinh chi€u M, cita momen
dong lugng cla electron 1&n trén méot tryuc ¢é cdc gid tri : - :

h

= —m
.Y

S6 lugng tir tr m gém cdc gia tri tr -1 d€n +1 k€ cd s khong, nghia 13 : -1,
-1+ 1,...0. L., 1-1, 1. Nhu vy dng véi mot gid tri 1 ¢é 21 + 1 gid tri coa m.

Vidu :Khil=1,mcé thé cé ba gid tri : -1, 0, +1 khi | = 2, m ¢6 thé c6 nam gi4
tri : —2,"—1, Q, +1, +2,

Tém lai, tng v&i mot gié tri cha n.¢6 n’ gid tri cla m.

Nhu viay mdi trang thdi cla electron & trong nguyén tit dugc dic trung bing ba so
lugng tir n, | vd m. Trong thuyét Be, mdéi mét bd ba s6 lugng tit dé xdc dinh mot quy dao
trén hay elip cia electron. Co hoc lugng tit cho phép xdc dinh chinh xdc¢ xdc suft tim
thdy electron & hai di€m b4t ki trong nguyén tir nhung khong chi ra cdch ddi ché cla
electron tir diém nay sang diém kia. N6i cdch khdc, co hoc lugng tlir khéng chip nhan
khai niém quy dao cla electron ma thay khdi niém d6 bing cdch mé td nhing chd ma
electron cé xdc suit tim thdy 1&n nhit. Ving khéng gian cla nguyén tir ma & dé cd xdc
suit tim thdy electron 16n nhat dugc goi 12 obitan nguyén tir. M&i obitan nguyén tu nay
duoc dic trung bing mot bo ba s6 lugng ti n, | v m. Ngudi ta phan biét cdc obitan dua
vao cdc gid tri cGa n vi |. D€ khoi nhdm 14n, ngudi ta thay cdc gid tri cha | bing cdc chir
cii:
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chir cdi

0 1
8 P

3
h

B6n chir cdi s, p, d va f 11 nhitng chir cai déng ddu bén’tinh tir ti€ng Anh ma cdc
nha quang phé dung dé mé ta-cdc diy hoan toan khdc nhau chia quang phé : sharp nghia
la ré, principal 13 chinh, diffuse 1a khuy&ch tin, fundamental 12 co ban. Nhung & day
nhitng chi c4i d6 chi dung d€ phan biét chi khong néi 1én § nghia nio cha obitan ca.
Nhitng chit g, h ti€p theo dugc 18y theo thy tyr ding sau f trong bing chir cdi.

Bdng 2
Céc so lugng tir va cdc obitan nguyén tu
n 1 obitan m S6 obitan
1 0 1s 0 1
2 0 2s 0 1
1 2p +1, 0, -1 3
3 0 3s 0 1
1 3p +1, 0, -1 3
2 3d +2, +1, 0, -1, -2 5
- 4 0 4s 0 1
i 4p +1,0, -1 3
2 4d +2, 41,0, -1, -2 5
3 4f +3, +2,+1,0,-1, -2, -3 7

Obitan nguyén tu

DE hidu 16 khéi nién obitan, ching ta xét mot s& k€t qua quan trong ¢ dugce khi
giai phuong trinh séng Scrodinge cho nguyén tif hidro (Bang 3).

Bdng 3
Nhitng obitan quan trong nh&t cia nguyén tir H
obitan R (1) P 8. )
ls 2¢7F 7\1’—
24n
1 -rfz 1
- 3. 2 —
2s ZJE( ne N
2p, —j—cosﬁ
T
2p 1 re’ 2 —3-sin Bcos
) 26 4n ®
) 3 .
=Py Z—;sm 8 sin @
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r la khodng cidch tir electron dén hat nhan nguyén wt, tinh bing don vi nguyén tor {(mot

don vi nay bing 0,529 )"\).

' z
f
Nhitng ham séng duge bidu di&n bing ham toa do k
cdu ma g&c 13 hat nhan nguyen tir (hinh 8).
Mé&i ham séng 13 tich caa hai phén ;
Rnl(r) -Vé' ¢lm (99 ‘P)' o
R, (r) goi 1a phdn bédn kinh vd phu thudc vio 0 —
khodng cdch 1 chia electron dén hat nhan ¢, (8, ¢) goi 13 i L7 X
phdn géc va phu thude vio cdc géc @vayp. 2 N et
Vi ham séng W clia céc obitan nguyén tir 12 hui. y :
khong gian ba chiédu, né phu thudc vio ba biénr, 8 va p Hinh 8-Quan hé gitu toa d¢
nén ching ta khong thé mot lic v& dudng biéu didn cha cdu va iga dg Décac

obitan nguyén tir,
ngudi ta ding hal
cdch: vé riéng dudng
biéu dién clha phéin ban
kinh khi phin géc
khong dbi vh v& riéng
dudng bifu di&n cha
phdn géc khi phdn bdn
kinh khéng d6i.

Trong cdch thit
nhit, ngudi ta chia
khong gian & Xung
'quanh hat nhén nguyén
td ra lam nhing lép
cdu dac. Lop cdu nay
cé dien tich 1a 4zr? (r
I3 bdn kinh cla ldp
cdu) va ¢6 bé day 1a dr
nén c¢6 1thé tich la
4zridr. X4c suft tim
thiy electron & trong
cde 16p cdu d6 i
47xr’R¥dr.  Xong  véE
dudng biéu dién sy phu
thudc chia xéc suflt do
theo r (Hinh 9a). Cic
k&t qud duge trinh by
trén hinh 9b.

- Céc duding cong
& trén hinh 9b biéu
dié&n sy phan b8 xdc

32

x = rsinfeosp
todn bo ham séng d6. Muén hinh dung cu thé hon cdc y = rsinbsing

z = reost

anPR? anr’R?

f 3

n=1
R
0 20 3,0

™~ h (o]
o o
% n=1 I=0 %
-t .o
1s
] 4
n=2 1=0 n=3 I=1
28 3p
I ] f
n=2 =1 ' n=3 |=2
2p ~._ 3d

b)

Hink 9 - Si phdn b§ xdc sudt tim thdy electron theo khodng edch
d‘é‘n hat nhédn d6i vaéi cde obitan nguyén tir



W
o

sufit tim théy electron theo khodng céch d&n hat nhan nguyén tir. Khoang cich tai 46 cb xéc
suft cuc dai 12 @ng v6i bdn kinh cla quy dac Bo ciia electron trong nguyén tir H.

; 0
Ching han cuc dai cha xdc sudt ctia obitan 1s @ng v&i r bing 0,529 A 1a bén kinh
cia quy dao trdn c6 nang lugng bé nh4t trong nguyén tir H.

Dang ciia obitan nguyén ti

Trong cdch thd hai,
ngudi ta v& dudng bidu dién
sy phu thudc cha phén géc
gciia ham séng vdo cdc gbc
0 va o khi r khong déi. O day
r duge chon nhu thé nao dé bé
mat duge biéu din s& gidi
han mot thé tich bao gém 90 -
95% x4c suft tim thdy
electron. Céc k€t qua duwgce
trinh bay trén hinh 10.

_ Céc két qud cho thiy
sy phan b8 xdc sufit m théy
electron vA céc mit gidi han thu
dugc ciling chinh 12 hinh dang
ciia cdc obitan nguyén ti.
Ham séng cla obitan
nguyén t& s khong phu thude
vao géc nén céc obitan s ¢b
dang hinh cdu, tam & hat
nhan cha nguyén tlr, nghia 13
gbc clia toa do. Céc obitan p
déu c6 dang hai qud cdu ti€p
gidp v6i nhau & géc toa d¢
cha ching lan lugt ndm trén
cdc truc X, y, z. Obitan py
nim doc theo truc x, obitan
pyndm doc theo truc ¥y va

obitan p, ndm degc theo truc

z. Trong 5 obitan d ba obitan
dyy, dyz VA dyy giong v6i nhau
hon <¢on hai obitan dzz va

d,2 o thi hoi khic. Ba obitan

dyy, dyz V2 dy, déu gﬁm 4 qud
. . . 3 ) dx’--yz dzz
cdu tifp gidp v6i nhau & gdc _

toa 40 trong d6 ci hai qua '
cdumdt c6 tam ném trén

dudng phan gidc cla cdc goc

tao nén bdéi hai tryc toa

d46. Vidu nhu t&m cia

b6n qud cdu cda obitan d,, Hinh 10 - Hinh dang ciia edc obitan nguyén ti
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ndm trén hai dudng phan gidc cla cdc go6¢ tao nén b&di truc x va truc y.Obitan

dxg_yzf:ﬁng gém c6 bén qui chu tiép gidp véi nhau & g6c toa do, nhung tim cla ching

nim ngay trén truc X va truc y. Con obitan z* gém c6 hai qua cin ti€p gidp véi nhau &
g6c toa d6, tam ndm trén truc z va mét vanh tron nim trong mit phing xy.

Trén cic mit gidi han biéu dién hinh dang cia cdc obitan nguyén tir ngudi ta
thudng ghi ddu + va - cha hdm séng y. Viéc ghi ddu nay ¢6 ¥ nghia quan trong khi xét
lien k€t héa hoc giitacdc nguyén tir. :

Nguyén tit nhiéu electron

Nhu trén di nhin xét, phuong trinh séng Scrédingo khong thé giadi duge chinh
xéc cho nguyén tit ¢é tir hai electron tré lén ma chi ¢é thé gidi mét cdch gin ding. Céc
k&t qui thu duge cla phép gidi gin ding ciing phit hgp véi thye nghiém. Ngudi ta nhén
thdy céc obitan cla pguyén ti nhiéu electron <o hinh dang twong tu cdc obitan cia
nguyén tir hidro, chi khic vé 46 16n va ning lugng. Mbi mét obitan cling duge dic trung
bing mot bo ba s6 lrgng tir gidng nhu trudng hop nguyén tir hidro. S6 luwong tir chinh n
cling c6 vai trd quyét dinh ndng lugng cta obitan nguyén tif, s lugng tir 1 cling xdc dinh
hinh dang cila obitan nhung c¢hé khdc nhau & day 1a trong nguyén tir mot electron, s0
lugng tir phu 1 khéng x4c dinh ning lugng cha obitan nguyén tit nhung trong nguyén tir
nhiéu electron thi ¢6 dnh hudng d&€n ning lugng. Bi vay trong nguyén tr nhidu electron,
obitan 2s c¢6 nang lugng bé hon obitan 2p, obitan 3s ¢6 ning lugng bé hon obitan 3p,
obitan 3p <6 ning lugng bé hon 3d. :

Néi chung ning lugng cha cdc obitan trong nguyén t nhiéu electron duoc sip
x&p theo thi ty gdn ding dudi ddy :

s 2s 2p 3s 3p 4s 3d 4p 3s 44 Sp 6s 54 4f 6p

_ Nghién ¢fu quang phé ciia cdc nguyén t§ ngudi ta thdy cén gia thiét thém ring
clectron c6 mét dic diém nita 12 sy ty quay chung quanh tryc riéng cia né. Chuyén dong
d6 dugc goi 1 spin vi 1am cho clectron ¢6 mot momen dong lugng riéng. Pay 1a mot dac
diém co ban cda electron gidng nhu dién tich va khéi lugng cita né. Thuc nghiém cho
thay ring hinh chi€u cia momen déng lugng riéng cla electron chi ¢é thé cé hai gid tri

1 h ) . T \ .
la + 1h va — l—  Diu + va diu — chi chidu ty quay khdc nhau cla electron. Bai
22n 22n :

vay ngoli ba s6 luong tit n, 1, m ngudi ta dua them s6 luong tit spin 5. V& sau ngudi ta_

thiy s& lugng ti spin clng la mot k&t qua todn hoc xudt hign khi giai phuong trinh séng
do nha vat Ii ngudi Anh 13 Dirac (P.Dirac, 1902 - 1984, giai thuéng Nobel vé vat 1f nim
1933) dua ra nam 1929 giéng nhu ba s6 luong td n, 1 va m xuit hién khi giai phuong
trinh séng Scrédingo, trong dé chwa chi ¥ dén thuy&t twong d6i clia Anhstanh.

Nhu vay, trang thdi chuyén dong cua electron trong nguyén tir dugc phan dnh mot
cdch ddy d0 qua bén s6 lugng tu, vé hinh thitc gidng nhy dia chi clla mot ngudi xdc dinh
chd & cha ngudi dé.

Trang thii cha electron trong nguyén tit nhiéu electron tuin theo mot dinh luat
clia co hoc luong tit do nha var 1i ngudi Thyy Si la Paoli (W.Pauli, 1900 - 1958, giai
thudng Nobel vé& vat i nim 1945) dé ra nam 1925 goi la nguyén i ngoai trir Paoli. Theo
nguyen li dé “trong mét nguyén tir khong thé ¢6 hai electron cé cang bén 56 lugng rit
nhu nhaw”. Nhu vay dng véi mot obitan nguyén tur chi c6 thé cé t6i da hai electron cé sd

L 1. - . . .
legng tr spin + = va — —i— Nhing obitan nguyén tir ¢6 ciing 56 lugng tu n hop thanh

- -
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mét 16p electron, trong dé nhitng obitan ¢6 cing mot sé lugng tir | hop thanh mét phan
lép electron. Phan 1dp s ¢6 moét obitan, phén 1&p p ¢6 3 obitan, phan 1¢p d ¢ 5 obitan,
nghia 12 mét 16p dng véi mot gid tri cla n ¢6 n® obitan. Vay sd electron t6i da trong
mot 16p (ng véi mot gid tri clha n 12 2n.

Vidy : Khin =1, lép cé mét obitan va ¢é t8i da 2 electron.
Khin = 2, 16p cé 4 obitan va ¢ t&§i da 8 electron.

Khi n = 3, 16p cd 9 obitan va c6 téi da 18 electron v.v...Cdc ldp electron thudng
dugce ki hidu bing cdc chit cdi K, L, M, N...itng véi cdc gid tri chan 1a 1, 2, 3, 4...

]

n 1 2 3 - 4 5 6 7
Lép electron K L M N O P Q

Cdu hinh electron ciia nguyén tit va bdng tudn hoan nguyén té

Mot két qua rdt quan trong cua 1i thuyét vé nguyén ti nhiéu electron 14 1am sang
td sy bi&€n déi tinh chdt héa hoc clia cdc nguyén t& theo s electron clia nguyén tit va
rihitng mdc nang lugng twong d6i cla cdc obitan nguyén th. Muén hiéu ré didu dé, trude
hét ching ta xét cdu hinh electron cila nguyén tir cdc nguyén t6 & trang thdi khi. D€ cé
cdu hinh electroh clia nguyég ti mdt nguyén t6, ngudi ta hinh dung mét hat nhan véi
mot digén tich nhdt dinh, chung quanh hat shan 1i cic obitan trdng, réi ldn luegt x&p:
electron vao cdc obitan nguyén tir d6 theo thit ty tir obitan ¢é ning lugng thip dén obitan
¢d ning lugng cao, nghia 12 theo diy thi tu ning lvgng 43 xét trén diy. Diy thid ty ning
lugng 46, vé mit dinh tinh, 12 ding cho phdn 16n nguyén t& trung hoa va ¢é thé dang dé
x4y dung ciu hinh electron cia nguyén ti cita hau hét nguyén t6. Khi dugec x&p trén
obitan, electron tuin theo nguyén li ngoai trir Paoli, nghia 1a trén mdi obitan chi ¢é t6i
da hai electron. Cin nhé ring, chung quanh nguyén tir khéng phai cé sdn nhitng obitan
tréng gid¥ng nhuw cdc “6” x&p theo moét thit ty ning lwong nhdt dinh, Khi néi ring mot
electron dugc “x€p” hay “chi€m™ mot obitan ndo d6, ta cdn hidu 13 electron & vio mét
trang thdi nang-lugng nao dé. That ra obitan nguyén tir ¢hi ¢6 khi ¢6 electron & trang

- thdi ndng lugng dé.

Sau day 12 vai vi du vé cdch xay dung c#fu hinh electron ciia nguyén tir cic
nguyén td héa hoc. Nguyén tir O cé dién tich hat nhan Z = 8, nghia 12 cé 8 electron &
xung quanh. Hai trong 8 electron duge x&€p trudc hét vao obitan 1s cd ning lugng thip
nhit, hai electron thi ba va thi tu dugec x&€p vio obifan 2s va bdn electron con lai duge
x€p vao cdc obitan 2p. CAu hinh electron clia nguyén tir O dwge viét 1a 1s*2s*2p*. Nhing
con s6 ghi & bén phdi va phia trén obitan nguyén ti chi 58 electron ¢é trén obitan dé
(trdnh nhim 14n véi s6 mi trong s6 hoc). Trudng hop khéng ghi chit s6 c6 nghia la
obitan cé mot electron. Vi du : nguyén tir natri ¢ c&u hinh electron 1s*2s?2p®3s. Véi
nguyén tir ¢cé nhiéu electron, ngudi ta thudng chi viét cdu hinh cia nhitng electron héa
tri & nhitng 16p ngodi cung. Vi du : véi nguyén ti Fe, ngudi ta chi vi€t phin quan trong
clia cdu hinh electron clia nguyén tir 1a 3d® 4s® va ngdm hidu nhitng obitan 1s, 2s, 2p, 3s
va 3p & bén trong di duge x€p du electron. Dudi day 1a cdu hinh electron clia nguyén tr
cdc nguyén t6 & trang théi khi (bing 4). :

Cdu hinh electron cia nguyén tir cdn thudng duge trinh bay cu thé hon nita bing
cdch dung 6 vuong dé€ chi obitan nguyén t&r vi mii t&n chi electron ciing véi spin cla
né. '

L)
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Bdng 4
C4u hinh electron cfia nguyén tir cia cdc nguyén té
Sé thit ty § Nguyén Ciu hinh 56 thi ty | Nguyén C#iu hinh
-nguyén té td electron nguyén té td electron
(D (2) (3) (4) (5) (6)
1 H 1s 53 1 - 44" 5s%5p°
2 He 1s? 54 Xe - 4d'° 55* 5p° |
3 Li [Hel 2s 55 Cs [Xe] 65
4 Be - 25° 56 Ba - 652
5 B - 257 2p 57 La - 5d 6s*
6 C - 25% 2p? 58 Ce - 4f* 65° '
7 N - 25* 2p° 59 Pr - 4f° 6s?
8 0 - 252 2p* 60 Nd - 4f* 62
9 F - 257 2p° 61 Pm - 4f% 65°
10 Ne - 25% 2pt 62 Sm - 4f% 65>
11 Na [Ne] 3s 63 Eu - 417 6s°
12 Mg - 35 64 Gd - 4f" 5d 6s*
13 Al - 3573 65 Tb - 4f° 65°
14 Si - 3s* 3p? 66 Dy - 41 65°
15 P - 3s* 3p® 67 Ho - 4f!t gs?
16 S - 352 3p! 68 Er - 41" 657
17 Cl - 3s% 3p° 69 ¢ Tm - 4f1% 6s°
18 Ar - 3s* sp* 70 Yb - 411 6s?
1% K [Ar] 4s 71 Lu - 4f' 54 6s*
20 Ca - 45° 72 Hf - 4f' 542 652
21 Sc - 3d 4s? 73 Ta - 4f'* 543 65
22 Ti - 3d% 452 74 W - 4f'* 54* 65
23 v - 3d* 457 75 Re - 4f'1 5d% 652
24 Cr - 3d% 4s 76 Os - 4f'% 54d° 65
25 Mn - 3d% 4s? 77 Ir - 4f'* 547 6s*
26 Fe - 3d° 4s? 78 Pt - 4f'* 5d° 65
27 Co - 347 457 79 Au - 4f'4 d5'° 65
28 Ni - 3d® 45’ 80 Hg - 4f'1 5d'% 65
29 Cu 3d'%4s 81 Tl -4f'* 54'°6s* 6p
30 Zn - 3d'0 4¢3 82 Pb - 41454 65* 6p>
31 Ga - 3d'° 45% 4p 83 Bi -4f'4 54'° 6s® 6p°
32 Ge - 3d'%4s? 4p* 84 Po -4f'* 5d'° 6s? 6p*
33 As - 34" 4s? 4p° 85 At -4f'? 541 65* 6p°
34 Se - 3d'® 45* 4p* 86 Rn - 4f'154'° 65 6p°
35 Br - 3d!° 452 4p°® 87 Fr [Rn} 7s
36 Kr - 3d'° 4s? 4p° 88 Ra - 57
37 Rb [Kr] 5s 89 Ac - 6d 7s?
38 Sr - 5g? 90 Th - 6d* 7¢*
39 Y - 44 55° 91 Pa - 52 64 7s?
40 Zr - 44d% 55° 92 U - 5f* 6d 7s?
41 Nb - 44d%5s 93 Np - 5 6d 7s*
42 Mo - 4d° 55 94 Pu - 5f¢ 7s*
43 Te - 44* 5s* 95 Am - 5775
44 Ru -4d’ 55 96 Cm - 5f7 6d 7s?
45 Rh - 4d® 55 97 Bk - 5f° 7s*
46 Pd - 44" 98 Cf - 5f1% 74
47 Ag - 44" 55 99 Es - 5177
48 Cd - 440 552 1Q0 Fm - 5612 72
49 In - 44'° 55* 5p 101 Md - 5f1% 752
50 Sn - 44'® 55* 5p° 102 No - 5f14 752
51 Sb - 44' 55% 5p° 103 Lw - 5ft* 6d 7s°
52 Te - 44" 55 5p* 104 Ku - 5% 6d* 7s?

36



Vi dg. Cu hinh electron cla céc nguyén tr H,He va O 1a:

[ owe (W], o (W] [H] [WALt

1s 1s? 1s? 2s% 2pt

(3 day cdn chi § mot quy thc nita goi 13 quy tic Hun (F. Hund, nha vat 17 Dtc
sinh nam 1896} : “Cdc electron trong mét nguyén (i vé xu hudng chiém khdp cdc obitan ¢é
néng lugng nhu nhau nhu thé'nao dé téng psin cua ching la cuc dai”

Ching han nhu trong cfu hinh electron Is? 252 2p? cla nguyén ti C, hai electron 2p
dugc x€p trén hai obitan 2p va dugce coi 12 ¢6 spin nhu nhau :

c |H K bt

182 2s? 2p?

trong cfu hinh electron ls? 2s® 2p® cdia nguyén tr N, ba electron 2p dugc x&p trén ca 3
obitan 2p va dugc coi 14 spin nhu nhau :

N i P

1g? 2g? 2p?

C#u hinh electron cia nguyeén tit 1am sdng td dinh ludt tudn hodn cdc nguyén ¢ hda
hoc do Mendeéléep dua ra nam 1869. Ngiy nay dmh luat 46 ¢ thé dugc phat bidu mét cich
chinh xdc nhu sau :

“Tinh chdt cid don chdt ciing nhu tinh chdt va dang cia hop chdt cia cde nguyén td
héa hoc bién d8i tudn hodan theo.dién tich hat nhdn".

Biéu hién cu thé clia dinh luit ndy 13 bdng tudn hodn cdc nguyén t& cling do
Mendéleep dua ra ciing nim d4. Liic bdy git ngudi ta chi mdéi biét duge 63 nguyén 16, Tuy vay
trong bang tudn holda cla minh 6ng 43 manh dan trir ra cdc 6 tréng danh cho nhitng nguyén
16 chua bi€t va tai tinh nhat 12 dva vdo dinh luat cia minh Ong d3 tién dodn rdt chi ti€t tinh
chit clia mét s§ nguyén t6 chua bi€t. Sau &6 cdc nguyén t6 niy 14n lugt duge tim ra v
nhing tinh chdt chi tiét cla ching rdt phd hgp v6i 13 tién dodn cia Mendeléep. DS 12
.nhiing nguyén t6 gali, scandi va gecniani. Bing tufin hoan céc nguyén t6 héa hoc duge sit
dung rong rdi ngdy nay, vdi trén 105 nguyén t8 (bang lA), vé co ban gidng voi bang tudn
hoin do Mendéléep dua ra trudc day.

Bang gém c6 7 chu ki nguyén t6. Chu ki | 1a. mot chu ki ddc biét cé haj nguyén’
t6. Nhung chu ki 2 vd 3 12 chu ki bé, mdi chu ki ¢6 8 nguyéa t4. Mdi chu ki trén day
duge x€p trén médt hing ngang. Nhitng chu ki 4 vad 5 {& chu ki 160, méi chu ki cé6 18
nguyén té va dugc x€p trén hai hang ngang. Chu ki 6 ciing 1& chu ki 1én ¢é 32 nguyén t§
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va dugc x&p trén hai hang ngang. Mu&i b6n nguyén t6 méi xuit hién & chu ki nay dugc
x€p vao cling mot 6 véi nguyén t6 La va goi 12 cdc lanranoit. Chu ki 7 giéng véi chu ki
6, nghia 12 cling c¢6 thém 14 nguyén t6 méi xuidt hién dugc x€p vao clng mot 6 véi
nguyén t6& Ac v goi 13 cdc actineit, nhung chu ki nay chua két thiic. Cdc lantanoit va

actinoit thudng dwgce vi€t thanh hai hang riéng & phia dudi cia bing tudn hoadn cdc
nguyén té.

Do cdch sip x€p cdc chu ki nguyén t& nhu vy bang tudn hoin cé 8 cot ding duge

dinh sd tir I d€n VIII. Cdc nguyeén td o trong mot cOt goi 14 nhdm nguyén t&. Mbi nhém.

duge phan ra lam phan nhém chinh (A) va phan nhém phu (B). Hai phan nhém dugce viét
tdch rieng & hai phia clia ¢6t ditng. Phan nhém A bao gém nguyén t8 ctia chu ki bé v
~ chu ki 1én nén gém ¢6 nhidu nguyén t6 hon phian nhém B chi bao gém nguyén t8 cha chu
ki 1én (thudng 13 3 nguyén t6).

Vidy : Trong nhém I, phan nhém IA gém céc kim loai kiém Li, Na, K Rb, Cs va
Fr ; phan nhém IB gém cdc kim loai Cu, Ag va Au.

D& hiéu 15 ofu tao clia bing tudn hoin cdc nguyén t6, ching ta dang dai bang d6
sao cho mdi chu ki dix bé hay 1én dugc x€p trén mot hang ngang. Tuy nhién d€ cho bing
khoéng qud dai, ngudi ta viét riéng cdc lantanoit va actinoit thanh hai hang ngang & phia
dudi ciaa bang (1B). Bang dai nay gém 18 c6t, mbi c6t vdn gil s& thi tv nhu trong bang
ngin. Nhifng nguyén té x€p trong cling modt cot hop thinh mét nhém. Nhém nguyén t6
trong bang dai ¢6 nghia tuong dugng voi phin nhém nguyén té trong bﬁng ngin. Bing
tudn hoan dang dii ndy ngdy nay dugc sit dung rit phé bién.

Nhin vao cdu hinh electron ciia nguyén tlit cdc nguyén t& trén bang tudn hoin dé
ta thdy méi chu ki bat ddu tir viec x&€p electron vao obitan s. Chu ki 1 c¢hi ¢é hai nguyeén
t6 la H vA He vi electron cila nguyén tir ciia ching duge x&€p 1idn lugt vio obitan 1s, mbi
obitan ¢o t8i da 2 electron. Electron thd ba clia nguyén tir Li dugc x&p vao obitan 2s vi
mé& ddu mét chu ki méi. Lép obitan thit hai ndy (Idp L, n = 2) ¢6 mot obitan 2s va 3
obitan 2p, nghia 13 ¢6 t8i da 8 electron. Boi vay chu ki 2 ¢d 8 nguyén t& bat ddu tir Li
véi cdu hinh electron cila nguyén tir 1s® 2s dén Be, B, C, N, O, F va k&t thic & Ne véi
cfu hinh electron c¢tia nguyén tit 1s?2s*2p° Chu ki 3 ciing ¢6 8 nguyén t6 bit diu tit Na
véi cdu hinh electron ¢ha nguyén tit 15*2s*2p*3s va k&t thic & Ar v&i cdu hinh electron
nguyén tir 1's*25?2p®3s?3p®. Nhin vio diy thi ty ning lugng cdc obitan nguyén tir ta thiy
obitan 45 ¢c6 nang lugng bé hon obitan 3d nén nguyén t8 ti€p theo sau Ar (¢6 Z = 19) 12
K {(c6 Z = 20) ¢6 cdu hinh electron clla nguyén tir 12 15*25?2p*35?3p4s va K md ddu chu
ki tht 4 mic diu lgp obitan tht 3 (lép M, n = 3) chua duge x&€p du electron. Pén Ca,
electron dugc x€p di vio obitan 4s, sau d6 cdc electron l4n lugt x€p vho cdc obitan 3d.
Nam obitan 3d cé t8i da 10 clectron, cho nén 10 nguyén t6 kim loai 11 Sc, Ti, V, Cr, Mn,
Fe, Co, Ni, Cu va Zn xuit hién & trong chu ki 4 nay. Nhitng nguyén t§ nay dugc goi la
kim loai chuyén tiép (ddy thit nhdt). Sau d6 chu ki duge ti€p tyc hoan thanh do cic
electron tiép theo dugc x&€p vao cdc obitan 4p cho d&n di. B&i vay chu ki 4 gbém cd 18
nguyén t6, cdc electron trong nguyén tit dugc ldn lugt x&p dl vao cdc obitan 4s, 3d va
4p. Trong chu ki 5, cdc obitan 5s, 4d va 5p duge x€&€p du electron gidng nhu trong chu ki
4 nén chu ki nay cling ¢6 18 nguyén t4. Chu ki 6 khdc vdi chu ki 4 va chu ki § & chd sau
khi electron x€p vao obitan 6s & Cs réi Ba va mot electron ti&p theo x€p vao 5d & La thi
cdc obitan 4f duoc 14n lugt x&p d0 clectron ; ¢é tit ca 7 obitan 4f nén & day xudt hién 14
nguyén t§ tit Ce ¢&n Lu. Day nguyeén t8 nay khong tng véi diy nguyen t6 ndo & cac chu
ki trén, ¢é tinh chit rdt giéng vdi La (lantan) duge x€p cung mét & véi lantan va goi 13

33



e

&

s

<1

a ‘@w

KuaioY  eqoNT erspusyy wosyl “wesum[  juoped]  yexdeg Hnaf  pxweury]  wond]  umden uein]  jupeag oy
SOPIG Syl Sllsl psege|  psugsl saus| sipeys| s peas 28 e e M B e . A
9s2)  Jisso) (ase) |52 (¥52) {152) (2v2) ) |evdd ) CBY0IET IBZOBEZ  I6OEO'LEZ 1BE0TEZ | MOUIY s
(4T) 01 (ON)z0s | PIAT 104 1L, 001 SH 68D e  slwm) Wy ssing 6 dN e8| wleg s nr
xanT Hos1A g 303 huuoy|  soudsdg e  jopes Komn3] — weweg]  pawosd]  WwipsaN] wipoazelg uay
R T T o T I 07 W 29 7Y PEY 25940 P Ll A i B
®Y 0l ZHESROL |9Zu9)  (bOSBYOL [0520L  (#526'0SL (SZUSE  |96ig) 05! {s¢1) PIVPL (L0601 |Zi'opL [ VOvEle) 4
W QX ojuu], s 9|0 S|AQ 99 QL S/pH wny colmg 2w 19 PN o4 853D 85
OQUBINT  oEsTY lugy IPey uely
;P9 #°4 P8 &L 13
(192) {1z2) ve20'ezz  |fezel L
(SN)soi|ny .oy esley 88 Iy 8
uopey ugery o nugig 1o lel| uebudpyl] — Buep, _ugeyd =77 %) uayl  wegsonl  uelug| weH|  ueue ueg 1say
499,%0 cH8,89 419,59 299,59 298,59 198,%9 %9, PS 159, P¢ 159gPS £%9,P% TP 58PS 7¥9,Pe 9P Z¥9,PS 2%9,P5 %9 159
(zze) {i]k4] (802} vOB6'80Z (2207 Y02 (65007 |9096'061 [60'CEL ZZ'e6l 706} 20Z'98  [cg'ees 6446081 [6¥'821 SS06'8SL  (HRIEL weoezeL | 9
Ud %))V ssiod w(ig cslqd | e SH oeny & Wd ] SO %9 sim - w €L tJH e sleqg sy s
uougy| 1o nell  uowpuy T Ipuf aes 2ég PeRd Pod]  ueny mewa)| uapdion KON 10007 A  nwoag gy
95,9 598,88 95,5 e B 196,551 0, P 1564, P¥ o™ Pt ety 155,Pp e "5PY| L s50p 5P 2%, Pr 2% e
EIEL  |S069Z) [0942) (SN2 [eeeut . jzew |ovz [mesiol 901 S506'700  |w0'b0L . [z906'96  [+8'se #0626 |2Z18 6506'88 (2920 810¥'59 §
X wlT 3L g8 isjug osjul  svpD w8y Pd oYY s{ny #OL ol 2z ON WJIZ olX o] dg  s|qy s
uoduy| woig uafag uasy|  ueusag (5] wgy Guggl AN[ uegep 15| ueBuey wog|  Ipelep uen  ipuesg mues 1=y
P P3¢ P by 29v P 1¥¥,PE 2P =FPE PP ZEFPE 1SrePE TP £*rPE Pl a4 W5
o3'en wEeL  |96'8L SIZ6%:  |es'Ts ZI'69 8660 or'te |88 TEEERS  (L¥B'SS  |08EE'YS  [966'iS [miveos  losu 65SE'ty  |so'0v 860°6¢ 4
I s Ig seag  k|Sy g an) BD K UZ «€n) e&IN 0] 2 I QU 2[ID A L = 0 ie) oy ol
uoby o] yusry | oxdtoyg T WouN|  gi1 41 1 a1 A ] aI1A q1A aa gAl a1 slbep Ljey
od;5E SJEs¢e y9EZ5E gHEz5E 29,8 19,58 . =t e
a6 |esy'se [eo'ze 9i¢16'0¢ |980'82  [|K186'9z SOE'vT  jueeszz | €
v 8D oS sid SIS Wy o SIN uleNy o
ucsy 04 PO oUNT "wogoen og =g [y
gi92,%2 92,52 ] R A 19252 = a2
64107 lovess'gt [veae'st 000wt Loz gl BIZI06  [1#6D [4
N o 8O 8 N e} sdq g £ URATBU g g ¢I71 ¢
rHl VIA YA VAI VIII o VII oI
) S H o | D updnBu Budiny i S
09200'% 620852 6200'1 L4
@ updniu ngwy 1y 7
2H Z oo 0 updnOu 7y 1y 0 H '
VIH  VIIA I
(1ep BuEp) 5OH VOH QL NJANON NYOH NYNl 9NY8 g1 3upg




cic !dnranqir (hay c¢dc nguyén t6 ho lantan). Sau 14 nguyén t6 lantanoit cdc obitan 5d
duge tiép tuc x&p electron cho dén &l mudi kim loai chuyén ti€p (ddy thi hai) vi réi chu
ki duge hoan thanh nhd electron x&p di vao cic obitan 6p. S6 nguyén t6 cia chu ki 6 lép
dén 32. Chu ki 7 bit diu khi electron x&p vio obitan 7s. Sau khi mét electron x€p vio
obitan 6d & Ac (actini), cdc electron ti€p theo x€p vio cdc obitan 5f. O day cling xust
hién 14 nguyén t6 twong tv nhw & chu ki trén. Nhitng nguyén t6 nay c¢é tinh chit gigng
Ac, dugc x&p vao cling mét 6 v6i Ac goi 13 cdc actinoit (hay cdc nguyén té ho actini).
Sau ¢dc actinoit ngudi ta chi mdéi bidt duge mot s6 it nguyén t6 nhu Ku (Kusatovi), Ns
(Nienbo) v.v... Day la nhitng nguyeén t6 phéng xa khéng ¢6 trong thién nhién vi duge
‘téng hop nhan tao bing cdc phan Ung hat nhan. Ching rdt khéng bén, th¥i gian tén tai
cha ching qud ngin ngii.

Nhu vay ré ring 12 nguyén tir cdc nguyén t& trong chu ki n ¢6 n lop electron va
nguyén tir cdc nguyén té trong mot nhém, trong da s6 trudng hop, ¢é s8 electron héa tri
0 cdc 16p ngodi cing (clectron tham gia tao thinh lién két héa hoc) giéng nhau va tring
v&i 56 thit tyt cha nhém trong bang tudn hoin. Nguyén tr cdc nguyén t6 trong mot nhém

¢6 cdu hinh electron tuong ty nhau. Nhimg nguyén t6 thudéc nhém A 12 nguyén t6 s va

nguyén tS p (¢6 electron x&p vio cdc obitan nguyén tir s vi P) va duge goi 1a nguyén &
dién hinh hay nguyén t& khéng chuyén tiép. Nhimg nguyén t6 nhém B 12 nhitng nguyén
td d (¢6 electron x€p vao cdc obitan nguyén tit d) va duge goi W kim loai chuyén tiép,
Cac didy lantanoit va actinoit trong cdc day kim loai chuyén ti€p la nhitng nguyén t§ f
(co electron x&p vao cic obitan nguyen tir f) va duge goi kim loui chuyén tiép cia
chuyén tiép (tén goi nay rdt it dung, chi ding khi phan loai cdc nguyén t6 héa hoc).

Ndng luong ion héa .

Diy thd ty ning lugng cla cdc obitan nguyén tir di trinh bay trén day cho ta
thdy mot cdch dinh tinh ndng lugng twong d6i gilta cdc obitan nguyén tit trong nguyén
to nhiéu clectron. Muén hidu chi ti€t hon tinh ch&t héa hoc ciia cdc nguyén t6&, cdn phai
bi€t chinh xéc ning luong da lién k€t electron & trong nguyén tit cha nguyén t6. s 1a
ndng lugng ion hda clha nguyén tix va la ndng lugng 167 thiéu cdn d¢ tdich mor electron
ra khdi nguyén i khi va do dé bién nguyén tit thanh ion khi. Vi trong pha khi, nguyén
tit va ion déu duge loai trit h&€t moi dnh huéng bén ngodi vi ning lugng cdn dé gay nén
sy ion héa nguyén tit ding bdng ning lugng di lién k&t clectron & trong nguyén ti .
Nang lugng ion héa dang néi & d4y 12 ndng lugng ion héa thit nhdt. Nang luong ion héa
tha hai, thd ba, thi tu... ¢é duoc khi tdch electron ra khéi ion mang mét, hai, ba don vi
dién tich dwong tuong Ung. Béi vay nang lugng ion héa the nhdt luén ludn bé hon ning
lugng ion hda thit hai, nang lugng ion héa thit hai bé hon ning lugng ion héa thit ba...

Nang luong ion héa 1a mot tinh chit rit quan trong cia nguyén tir .Nang lugng
ion héa ciing nhu n3ng lugng cla electron & trong nguy&n tit ¢é thé xdc dinh dugc tir cdc
dit kién vé quang phé. Nang lugng ion héa thudng duge ki hiéu 13 I va do bing eV (leV
tuong duong vdi 23,06 kcal/mol hay 96,5 kJimol). -

Duéi day 12 nang lugng ion héa ciia nguyén tir & trang thdi khi mét sd nguyeén 16
(bang 5) nhung ¢é y nghia nh4t d&i voi héa hoc 12 ning luong ion héa thir nhit.
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Bdng 5
Nang lugng ion hoa cia nguyén t (bing V)
7z | Nguyen | I, 1, - I L, | I 1, I,
td
1 H 13,595
2. He 24,580 | 54,403
3 Li 5,390 1 75,619 122,420
4. ‘Be 9,320 | 18,206 | 153,850 217,657
5 B 8,296 | 25,149 | 37,920 259,298 | 340,127
6 C 11,264 | 24,376 | 47,864 64,476 | 391,986 | 489,84
7 N 14,54 | 29,605 47,426 | 77,450 9'}',863' 551,925
8 Q 13,614 | 35,146 | 54,934 77,394 | 113,873 | 138,080 739,114 | 871,12
9 F 17,418 | 34,98 6?.,64:6 87,23 114,214 | 157,117 | 185,139 953,60
10 Ne 21,559 | 41,07 63,5 97,16 126,4 157,91 '

nhan va mdc dé xam nhap ciia electron bén ngodi

NE&u nguyén tir chi gém cé hat nhin vi mbt electron, nin
thuéc vao dién tich
clectron trong nguyén tir H di xét trude day (xem
hat nhan Z cang 16n va sé lugng tir chinh n ca
cang khé tich ra nén ndng lugng ion héa cin
dang xét con cb cdc electron khde thi ngoai
cdn chiu lyc ddy cha cdc electron khic con lai. K&t qua la
electron d6 giam xuéng dudng nhu dién tich ctua hat nhan gidm
d6. Dai lugng gidm d6 néi lén muc do chc clectron & ¢dc 16p tron
electron dang xét, duge goi 12 hdng s¢ chdn va th
tich cé téc dung that sy cha hat nhan khong phai

dugc goi 1a dién tich hiéu dung. RG rang la sé 16p

s6 chin cang lén va dién tich hiéu dung cita hat nhan cang bé.
lugng tir, mot electron ¢6 thé & bat ki chd ndo trong khong gian clia nguyén th . Ngay
electron & lép ngodi chng cia
electron ngoai chui qua cic 1ép
vay lam ting 46 bén cha lién két gilta hat nhan va ele
xam nhap téi mot 1¢p electron giim theo trat tu s, p,
ning lugng cua obitan nguyén tif ns, np,
vi mtc ¢6 xam nhap vio cdc 10p trong sdu
_electron p, electron p manh hon electron d cha cung mét 1ap.

Ngoai cdc y&u t6 ké trén,
cing ¢6 anh hudng 16n dé€n lyc hit gi

Nang lugng ion héa ciia mdt nguyén tit phu th

uéc vho nhitng yé&u t§ : dign tich hat
nhan Z, s6 lwong tit chinh n, mic do chin cha céc electron & nhitng 16p trong véi hat

vio cAc obitan bén trong.

g lugng ion héa chi phu
hat nhan va s6 lugng tit chinh theo coéng thic tinh ning lugng cla

miu nguyén tit H cia Bo). Dién tich
electron bi hat nhan hdt cang manh,

ng bé,
g lgn. N€u trong nguyén tlr ngodi electron
luc hidt cha hat nhan clectron dang xét do

luc hit clia hat nhan dén

b&t mot dai lugng nao
g chin giita hat nhan va
wong duge ki hidu 1a §. Nhu vay dién

WZmalazZ =2Z-8; dién tich Z’

electron & bén trong cang nhiéu, hing
Mat khdc theo co hoc

nguyén tir clng ¢é lic di gin dén hat nhan, nghia 12

nd, nf 43 xét trudc da

electron bén trong di dén gin hat nhan. Sy xam nhip nhu
ctron. Ngudi ta nhan thdy muic do
d, f. Diédu nay phu hop véi trat
y. C6 thé ndéi rang chinh
hon nén electron s chin hat nhan manh hon

lyc ddy lin nhau gia hai clectron trén cling mot 18p
#a clectron va hat nhan. D6i khi ngudi ta clng goi

sy ddy nhau d% 1a sy chin. Lyc ddy dac biét manh khi hai electron cé spin ngudgc nhau &

trén cung mot obitan nguyén ti.
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Van dung nhitng y€u t6 trén day chiing ta c¢6 th€ gidi thich sy bién d6i cla nang
lugng ion héa theo cfu hinh electron clia nguyén tir . D& 1am vi du ching ta xét sy bién ddi
nang luong ion héa thi nhat cla nguyén ti cdc nguyén t6 trong hai chu ki ddu cia bang
tuin hoan.

Nguyeén t H véi cfu hinh electron Is ¢6 ning lugng ion héa khi lén (I = 13,595

eV} vi chi ¢c6 mét electron, electron nay duge toan bo dién tich hat nhan hdt. Bén He,

ning lugng ion héa 16n hon. Nhung néu ning lugng electron tuén theo cong thdc tinh
nang lugng cda electron trong céc ion tuong tu hidro dd xét trudc day, khi dién tich hat
nhin Z ting tit 1 dén 2, ddng 1€ ra ndng lugng ion héa phai ting tir 13,6 d&n 54,4 eV,
nhung thyc t& 12 24,58 V. Day la két qua ciia lyc ddy sinh ra gilta hai electron c6 spin
ngugc nhau & trén cling obitan 1s. Tt He sang Li nang lugng ion héa gidm xubng (5.390
eV), & day sy tang di¢n tich hat nhan Z tr 2 d€n 3 khong bd duge sy ting 56 lugng tit n
tr 1 d€n 2 electron 2s lai bj hai electron 1s chidn rdt manh. Sy chin d6 cong véi su ting
86 tugng t dd lam giam nang lugng ion héa & Li. Pén Be ning Iugng ion héa tang lén
(9,320 ¢V) 14 do sy tdng dién tich hat nhan. Sang B vé&i cdu hinh electron nguyén tir
1s*2s2p, dién tich hat nhan ciing ting lén nhung nang lugng ion héa giam xudng. D6 12
vi nang lugng chia elcctron 2p hoi 16n hon ning lugng cla electron 25 nén chi cén it
nang lugng hon dé tdch ra. Khi thém mot electron p thd hai, th¢ ba & cic nguyén tir C,
N, ndang lugng ion héa tang 1&n (11,264 vi 14,54 eV tuong dng) theo sy tang dién tich
hat nhan. D&n O niéng lugng ion héa lai gidm xuéng mot it ( 13,614 ¢V). Nhin vao cfu

hinh electron lsz'?.SZZp,(lZZp’,IZp,._l cita nguyén tit N ta thdy vi¢c thém mot electron ti€p theo &.

nguyén ta O vio mét trong ba obitan 2p 43 c¢6 s&n mot electron trén mdi obitan da sinh ra
tyc ddy gilra hai electron ¢6 spin nguge nhau trén ciing mét obitan p. Luc ddy d6 hoi vuot
tdc dung cila sy tdng dién tich hat nhan Z nén néng lugng ion héa hoi gidm xuéng. Khi
thém ti€p electron thi nam va thit sdu, tdc dyng clia sy ting dién tich hat nhan vugt lyc ddy

gifta hai electron trén cding obitan 2p nén ning lugng -ion héa ti€p tuc tang léen dén Ne la
cuc dai. ’ -

Ai luc electron

Ai luc electron cda mét nguyén tir la ndng lugng cha qud trink nguyén ty dé (o
trang thdi khi) két hgp thém mgt electron bién thanh ion dm. Ai luc electron thudng duge
ki hiéu 12 E va cing tinh bing cdc don vi ning lwgng nhu nang lugng ion héa. Ai luc
etectron E ¢6 gid tri duong khi qud trinh phét ra nang lugng. Viéc xéc dinh 4i luc electron
bang thic nghiém gdp nhidu khé khan hon so véi ning lugng ion héa, chi thuc hién dugc
véi mét s6 nguyeén t8 va thudng bing cdc phuong phép gidn ti€p. Dudi day 12 4i luc electron
clia nguyén tir & trang thdi khi clla mot s§ nguyén t& (bing 6).

Bdng 6
‘ Ai lyc electron E ciia nguyén t& mot s6 nguyén t& (bing eV)
Nguyén | | E, eV Nguyén E, eV Nguyén E, eV Nguyén - E, eV

143 ts 8 t8

H 0,747 C 1,24 Na 0,47 S 2,33
He - 0,19 N - 0,27 Mg - 0,32 Cl 3,81
Li 0,82 O 1,47 Al 0,52 Ar -1 -
Be - 0,19 F 3,58 Si 1,46 Br 3,56
B 0,33 Ne - 0,57 P 0,77 1 3,29

o
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Qua bing ta thdy cdc nguyén t8 F, Cl, Br va I ¢6 4i luc electron 16n nhdi. V&i cdu
hinh electron ns?np®, nguyén tl cdc nguyén t8 nay d& 14y thém | electron vao obitan héa
tri p ¢6 ban kinh tuong d6i bé 4& dat dén cdu hinh ns’np® cha céc khi hi€ém. Twong tu
nhu vay, O, S ciing ¢6 4i luc electron 16n. Ngugc lai cdc khi hi€ém nhu He véi cfu hinh
electron 2s?, Ne vd Ar vdi cfu hinh ns’np® cé 4i lyc electron am ; céc kim loai nhu Be,
Mg v6i cfu hinh electron ns? ciing ¢6 4i lyc electron am. Piéu ndy dugc giai thich béi
tdc dung chén r4t manh ciia cdc electron giita hat nhan vi electron th&ém vao va viéc x&p
electron méi d6 vao obitan cé ning lugng cao hon. Nhitng nguyén tir v4i céc obitan di
x€p 44 mét nira electron ns’np,‘np,'np,' ciing cé 4i lyc electron 4m nhu N hodc 4i lyc
electron duvong bé nhu P,

»

Nhitng tinh toén co lugng t& cho thidy khi k&t hgp 2 electron hay hon nia vao
nguyén tlr, ning lugng 44y luén ludn 16n hon ning lugng hit nén 4i luc véi 2 hay hon 2
electron déu am. Vi dy nhv 4i lye v6i 2 electron cia O 12 -_7.6 eV,cha S 1a-3,5 V.

P dién ém

Trong phén ti hai nguyén t& néu mot obitan héa tri clia nguyén t&r nay bén hon
obitan héa tri cia nguyén ti kia, ngudi ta néi obitan dé am dién hon. Khéi niém 46 dién
am di dugc nhd héa hoc ngudi M§ 13 Paolinh (L.Pauling, sinh ndm 1901, gidi thudng
Nobel vé héa hoc nam 1954, gidi thudéng Nobel vé hda binh nam 1962) dwa ra nim 1932,
D6 dién dm cia mot nguyén t6 13 khd ndng cia nguyén tk nguyén t6 dé & trong phdn i
hiit electron vé né. La tinh chdt clha nguyén tir & trong phan tr ché khong phii cha
nguyén tir ty do cho nén khdc véi cdc dai lugng niang lugng jon héa va 4i lyc electron,
vigc xdc dinh do dién 4m 1a khé khan hon nhiéu.

Paolinh giad thi€t ring n€u cdc nguyén tir A vd B c6 kha nang hit electron nhu
nhau thi nang lugng cla lién k&t A-B béng trung binh cOng ning lugng cla céc lien két
A-A via B-B (xem nang lugng cla lien két).

E, . +Em

Exp = 3

Nhung n&u d¢6 dién &m cia cdc nguyén tt A v2 B khong nhu nhau, nghia 12 electron
duge hut manh vé mot trong hai nguyeén tir va 1ién két tré nén khong thudn tdy céng héa tri,
giita nang tugng cla lien k€t A-B va trung binh c¢fng nang lugng céc lién k&t A-A va B-B cé
mdt d¢ chénh 1é&ch A:

D6 chénh l&éch A cang 16n khi d¢ dién 4m cla A va B cang chénh l{:éh nhau. Né&u
¥ VA xp 12 46 dién am cha cdc nguyén tir A vd B duge tinh bing eV va ning lugng bang
eV (leV = 96,5 kJ/imol) ta ¢é :

A
Ixa - XBI = _965 = 0,102\/3

Sau d6 Paolinh quy wéc 1§y do¢ dién am y cila H bing 2,2 1am chuén dé dinh 46 di¢n
am tuong d6i clia nguyén t8 khdc. Thang 46 dién am cla Paolinh d@ dugc st dung khé réng
rdi. Nhuge diém chinh cha phuong phdp xéc dinh d6 dién am cla Paolinh 13 nhiéu nang
lugng cua lién k&t khong thé xic dinh tryc ti€p duge.
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Ndm 1934 nha héa hoc ngudi M§ 13 Maliken (R.Mulliken, sinh nam 1886, giai
thuong Nobel vé héa hoc n&m 1966) dua ra cdch giai thich vé 44 dien am. Ong xét su
chuyén electron gita hai nguyén tir trong cﬁp nguyén tir AB.

Né&u electron chuyén tir A sang B tao thanh cip ion A*B":
A+B=A'H

qui trinh nay gdy nén sy bi&n d8i ning lugng 1, - E; trong 46 I, 12 nang lugng jon héa ciia
nguyén tir A vd Eg 12 4i luc electron cha nguyén tir B.

Tuong ty nhu vay, néu electron chuyén tir B sang A :
' B+A=BA

qué trinh n3y gay nén su bién déi ning lugng 13 I, - E, trong dé I; 12 nang mong ion
héa cha nguyeén tir B va E, 13 4i lyc electron clia nguyén tir A,

N&u qud trinh thd nhét x4y ra d€ hon qud trinh thi hai, nang lmmg cla qué trinh tha
nhdt s& bé hon qud trinh thi hai :

Io-Eg<lz-E,
hay
1, +E, < I +Ejy

Maliken cho ring téng ciia ning lugng ion héa vd 4i lyc electron clia nguyén tir
(1 + E) 1a thuéc do d6 dién Am cla nguyén t 46. Trong trufmg hop ndy, nguyén tir B c6 do
di¢n am 16n hon nguyén tir A,

Phuong phdp xdc dinh d¢ dién 4m cia Maliken tuy dua vdo mét co s& 1i thuyét
vitng vang nhung c6 nhuge diém chinh 12 ngudi ta chi bi&t duge 4i lyc electron clia mot s6
tuong d6i it nguyén 16. N€u cing ldy 40 dién 4m cda H 12 2,2 lam chufin thi d6 dién am
cia nguyén tit cdc nguyén t8 xdc dinh dwgc theo Maliken 14t phd hgp véi phuong
phép Paolinh. Duéi day 12 d¢ dién am cda cdc nguyén t§ trong ba chu ki ddu (Bang 7)
theo Paolinh (ghi & trén) va theo Maliken (ghi & duéi).

Bdng 7
Pé dién Am cila mot s6 nguyén t§
H
2,2
2,2
Li Be B C N 0 F
0,98 1,57 2,04 2,55 3,04 3,44 3,98
0,94 1,46 2,01 2,63 2,33 3,17 3,91
Na Mg Al Si P S ClI
10,93 1,31 1,61 1,90 2,19 258 | 3,16
O.,93 1,32 1,81 2,44 1,81 2,41 3,00
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V& sau dya vao nhitng tinh chit khdc cda cdc chdt, ngudi ta con dua ra nhiéu
thang d6 dién a4m khdc nita cho hdu hét nguyén t6. Néi chung cdc két qua thu duge kha
phil hop véi nhau.

Chd ¥ ring khi dang d6 dién am d€ chi khi ning ciia nguyén tir hit electron héa
tri vé né, khéng nén gin cho né mét d6 dién am khéng d6i. That ra khi ning hit
electron cia mot nguyén tlr trong phaa tir phu thudc vae mét s§ y&u t6 nhu kifu lien k&t
héa hoc, trang thdi héa tri, ban chdt cla nguyén ti lién k€t véi né. Ching han nhu
nguyén tir H trong cdc phan tir H,, H,O, HCl khéng ¢6 tinh cha&t nhu nhau. B&i vay
khéng nén néi d¢ dién am cla mét nguyén t& néi chung, ma cdn néi d6 dién im cha
nguyén t6 tao nén lién k&t héa hoc cu thé ndo, trong hop chit nio va & trang théi héa tri
nio.

Tuy vay viéc dua khdi niém d6 dién am cia cdc nguyén t& la rat cdn thiét dé hiéu
8, gidi thich ciling nhur dy dodn nhiéu tinh chét ¢ lién quan d&n lién k&t héa hoc.
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 CHUONG ili
CAU TAO PHAN TU

Trir cdc kXhi hi€m, nguyen'tlfr moi nguyén t8 khdc khong thé tén tai & trang théi tu
do ma luon ludn k&t hgp véi nhau thanh nhing cum nguyén tr. Vi du nhu khi hidro gém
nhitng cum ¢6 hai nguyén t& hidro, hoi nuée gédm nhitng cum cé hai nguyén tir hidro va
ma&t nguyén ti oxi, lwu huynh gdm nhng cum ¢4 tim nguyén t fvu huynh. Trong nhitng
trudng hgp nay, mbi cum nguyén tr 13 mét phdn ub.

Céc nguyén tir d3 ndi v6i nhau nhu thé ndo dé€ thanh phan t&r ? Diéu nay duge
sdng t0 khi ching ta xét ban chdt clha [ién két héa hoc. C6 hai ki€u lién k€t héa hoc chh
yéu ta lien k&t ion va lién k&€t cong héa tri.

Lién két ion

T&r nam ‘1916 khi miu nguyén ti Bo dwge chip nhin, nhd v4t I ngudi Dac 1a
Céxen (W.Kossel, 1888 - 1967) d3 lién hé vin dé lién két gilta cdc nguyén tr véi cdu
hinh electron ¢iia ching. '

Coéxen nhdn thiy rdng trong nhiéu hgp chéi, cdc nguyén tr ¢é6 xv hudng Kodc mét
di hodc thu vio mo6t hay viai electron dé ¢6 cdu hinh electron bén cla nguyén tir khi
hi€m dung ngay trwde hay sau ching & trong bang tufin hoan. Tir d6 6ng dua ra mot gia
thuy€t v& sy tao thanh lién k&€ héa hoc gilfa cdc nguyén t& trong phan tir. Phan i cla
hgp chédt héa hoc duge tao nén nh& sy chuyén electron héa tri tir nguyén ti niy siang
nguyén tir kia, nguyén tr mit electron bién thanh ion duong (goi 12 cation) vi nguyén tit
thu electron bi&n thanh ion 4m (goi fa union) réi cic ion mang dién tich nguge diu dé
hit nhav va lai gdn nhau. Nhung khi di d&én rdt gdn nhau, gitra nhiing ion d6 xudt hi¢n
tyc ddy sinh ra b&t twong tdc gita vé electron c¢iia cdc ion. Luc ddy dé cang ting l1én khi
céc ion lai cing gdn nhau dé€n lic luc ddy bing luc hiit, céc ion dirng lai va & cdch nhau
moét khoang nhdt dinh. Nhu vay tuong tdc gilta cdc ion trong phan tit 12 tuong tdc tinh
di¢n. :

Qu4é trinh tao nén phan t& NaCl & trang thédi khi tir céc don chit cé thé bi€u didn
nhu sau :

Na. + «Cl: - Na* + :Cl:”
25%2p°3s 25%2p°3523p° 25%2p%  3s%3p°

Qud trinh tao nén phan t&d MgCi, ¢6 1hé biéu dién nhu sau :
:Cl. +  +Mg. + -Cli = :Ci:” + Mg*™ + :Cli-

3s23p* 2s22p*3s? 35%3p° 2s%2p®  2s72p° 3s?3p®

Nhitng hgp ch4t dwgc tao nén bang cdch nhu vay goi 12 hgp chdt ion. Kiéu lién
k€t héa hoc trong cdc phan tir 46 goi 4 fién kétr ion (461 khi cdn goi 1a Tién két di cuc).
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B™ dugc phdt ra trong khi cdc ion ngugc ddu tit vo

Ning luong ciia lién két ion .

Nang lugng clia mot lién k&t héa hoc néi chung bang nang luong cln cung cho
phan tir dé lam ditt lién k€t d6. O day ndng lugng cia lién k&t ion la ndng lugng cdn.
cung cho phdn tit ion & trang thai khi dé phan hiy phdn t thanh hai nguyén 1 @ trang
théi khi. Nang lugng d6 dugc tinh nhv sau : '

Ion 12 hat mang dién, lyc hat gida céc ion mang mot don vi di¢n tich (vi du nhu
A* va B7) dugc tinh theo dinh luat Culéng 12 :

{32 .
1_2

f, =

f, 12 lyc hit gita hai ion, e 12 dién tich cha ion, 1
1a khoang céch gilta hai ion.
Ning lugng clia lien k&t gilta hai ion A" vd

cyc ti€n lai gdn nhau vd & cdch nhau moét khoang r
s& la: '

r r.2 2
U, = Jf.dr = ji—zdr == r

U, !4 nang lugng hit giira hai ion. Pudng 1 (Hinh
11) bidu dién sy phu thuoc cua U, vio khoidng céch
I.

Khi hai ion tién lai rat gdn nhau, & gifta hai
ion d6 xufit hién lyc ddy do tuong tdc gilfa cic vo
electron cha ion. Ong Boocno (M.Born, 1882 -

1970, gidi thudng Nobel vé vat li nam 1954) gia Hink 11 - Puong cong thé ndng
thiét ning lugng ddy cé thé tinh theo cong thic : cid phdn B ion
B
Ug = —
r“

U, 12 nang lugng ddy, r 1a khodng cdch gifta hai ion, n ia h¢ s8 ddy. Hé¢ s6 nidy pha thuge
viio ban chit cia ion ; vé&i nhing ion c¢é cfu hinh electron cia He, Ne, Ar, Kr va Xe h¢ 50
d6 lan lugt bang 5, 7,9, 10 va 12. Dudng 2 trén hinh 11 biéu dién sy phu thudc cua U, vao
khoang ciach r. '

Thé nang cua he 1a :

2
B
UsU, + Ug = - —+—
O
Pudng 3 trén hinh 11 biéu dién sy phy thude clha the nang U vio r va goi la dudng
cong thé ndng cia phdn 1 ion AB.

Hé s6 B trong biéu thitc tinh thé nang ¢6 thé tinh duge voi gid thi&t rang khi hai ion

_cAn bhng vdi nhau & khoang céch r, thi th€ ning U, 1a cyc tiéu. Do d6 taco:

nB

n+l
[

=0

su e
(E—) F=fy = :3——
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2 n~1
Ritra : B=2To
n
-, .
Vay U, =~ e—(l—l)
I, n

Thé& nang cyc tiéu U, khi hai ion can bdng vdi nhau & khoang cich ry 12 nang lugng
tuong tac gida cdc ion AY vi B tao thanh phan tir AB :

+ - U,
Ay + By — ABy

Trén thyc t€ phan t duge tao nén tlr cde nguyén td trung hda cho nén cin phai ké
dén nang lugng ion héa I, clia nguyén tir A va 4i luc electron E, cla nguyén ti B nita.

Theo chu trinh nhig¢t héa hoc ma ching ta s& xét sau (chuong VI) :

IA ) +

ta c6 nang lugng clia qud trinh tao thanh ciia phan tit ion AB tir cic ﬁguyén th A vh B &
trang thdi khi : '

Auy + By, —H85  AB,
13 bing :
EAB = IA - EB + UU

Ning lugng ciia lién két, theo dinh nghia, 13 ning lugng cla qué trinh phan tir
phan hiy thanh nguyén tir :

ABy, —*5 A’y + By,
S 18~ Eap: —Ejg=-Ug+Eyg—1,

eZ

1
hay - ~Epxg= —(l-=) + Bz -1,
n

Ty

Vi du : D6i v6i phan tr KCl & trang thii khi, r, = 2,67 A, E., = 3,75 eV
Iy =4,34 ¢V van =9, niang lugng lién k&t 12 :
(48.10 Y

1
— Byg = 1-—) + 3,75 - 4,34
R 267.10%16.1077 -3

2
(Chii ¥ : & day ¢ tinh bang don vi tinh dién, 1 tinh bing ¢m nén € tinh bing ec,
. T

trong cong thic nay ti s6 dé cn tinh bing ¢V nén cdn phai chia cho 1,602.107'% vi ring
leV = 1,602.1072¢¢),
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- EKCI = 4,78 + 3,75 - 4,34
~ Byer = 4,19 eV = 404,25 kJimol

Ning lugng cita lign ket trong phan tir KCI 13 404,25 kfimol gédn v6i gid tri thye
nghi¢m i 423,01 kJ/mol. '

D8i v6i phan tir gém nhitng ion mang dién tich tix hai don vi trd 1&n, nang lugng
tao thanh phan tir tir cdc jon dé 1a :

212232

fo

U, = - (1-1)
: h

Nang lugng-cha lién két la .

Z'AZBe2

.
—Exn= (1";) + Ey—-1,

To

4

trong 46 Z, va Z; 1a 568 don vi di¢n tich cha cation A v anion B, I, 12 nang lugng ion héa.
cla nguyén tir A v3 E; 12 4i luc cla nguyén tir B vdi Z; electron. C

Lién két cong héa tri

Li thuyé€t cia Coxen khéng gidi thich duge sy tao thanh mot s6 rdt 16n phan tir tao
nén bdi nguyén tir cda cling mot nguyén t6 nhu H,, O,, Cl, hoic cia nhitng nguyén té gén
giéng nhau nhu SO,, CO,, SiC. : o

_ Ciing nhu Céxen, nam 1916 nha héa hoc ngudi Mi 12 Liuyt (G.Lewis, 1875 - 1946)
xudt phdt tr chd-cic nguyén tr ¢ xu huéng dat d€n cfu hinh electron bén cta khi hi€m
nhung cho ring lien k&t duge tao nén bdng cdch nguyen tit dwa ra nhitng eleciron héa tri
clia minh dé tao thanh mét, hai hay. ba cap electron chung gilta hai nguyeén tir.

Vidu :

€l o+ oGk - 8 Ol

e e

H. + -(_"J'l: - H:(;‘:l:

Kiéd"lien k€t nay goi 12 lién két cong héa tri hay lién két nguyén tik. Trong coéng
thitc cfu tao cda phan tir, ngudi ta ki hi¢u cdp electron chung dé bing vach ngang, goi {3
vach kéa tri. Vi du nhy trong céc phan tir CI-£1, H-Cl, méi vach héa tri chi mét lién két
cong héa trj. '

N&u cip electron chung gifta hai nguyén tlr tao nén lién ket thude vé hai nguyén tir
dé véi mic 46 nhyv nhau nhu trong phan i Cl,, lién k&t cong héa tri 46 12 lién kér khong
cye. :

Né€u cap electron chung mét phin néo'dj'éh vé mot trong hai nguyén tor lien két vi

du nhir trong phan tir HCI, lién két cong héa'tfi dé goi 1a lién két ¢6 cue.

- That ra'khcng ¢6 mét ranh gi6i rd ret gilta lién két khong cue, lign két ¢6 cyc va
lién két di cue, nghia 12 gitta lien két cdng héa tri va lien két ion. Cé thé hinh dung ring
trong bdt ki trudng hop ndo, méi mat lien két héa hoc duge.tao nén truge tien bing nhiing
cdp electron, nhitng cip nay s& ding chung cho hai nguyén tfr lien ket hoaec dich vé hoac
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chuyé&n hin vé mét trong hai nguyén t d6. Mot vi dy dé cy thé héa diéu d6 1a ba phéan tir
F,, HF va NaF :

“F:F: . H :F: Na*: F:
Phan tir khoéng cuc Phan tlr ¢é cue Phan tit ion

" hu vay ¢6 thé coi lién k&t ion va lién k&t khong cyc 13 hai trudng hgp gidi han cla
lien k&t ¢6 cyc. Trén thyc t&, s6 phan ti cong héa tri khong cyc gém hai nguyen ti’nhu
nhau khéng c6 nhidu cdn s& phan tlr thuin tdy ion 13 rdt t, dai da s6 12 céc hop chdt ma
phén tir ¢6 lién k€t cong héa tri ¢6 cuc, nghia 14 ¢6 mot phén ion. Phdn ion ndy cang lén khi
4o dién am chia hai nguyén 1§ lién k€t khéc nhau cang nhiéu. That viy, dua vao sy chénh
lech vé 46 dién 4m ciia hai nguyén 18, ngudi ta ¢ thé dénh gid gﬁn diing mic dé ion cta
mét lien k&t don gifta hai nguyén t& 46 (Bang 8)

Bing 8 :
Miic d6 ion cha lién két va d¢ dién &m
%a- ¥s | Miuc d0 ion(%)cha lien két A-B | xa - xs | - Mifc d6 ion(%)cta lien ket A-B
0,0 0 1,8 55
0,2 1 2,0 63
0,4 4 2,2 70
0,6 9 2,4 76
0,8 15 2,6 82
1,0 22 2,8 86
1,2 30 3,0 ' 89
1,4 39 3,2 92
1,6 47 ' :

Lién k&t cho - nhén trong nhidu truong hop, cip electron chung cda lién k&t cong
héa trj khong phai do hai nguyén tl cing gép chung ma chi do m¢t nguyén tir duva ra. Kiéu
lién k&t cong héa tri duge tao nén bang cdch nhu vay goi la lién két cho - nhdn hodc lién
k&t phoi tri,

Vi du. Céc phan tir H,0, NH; c6 thé kél hop véi jon H' tao nén cdc ion H,0"
(oxoni), NH,* (amoni) theo so 48 :

— . =
H:0:+H - |H:0:H
H H
H B
H: N:+H' - |[H:N:H
H | B

Ch4t cho cap electron & day 12 nguyén tir O trong phén td H,0, nguyén tr N trong
phén tit NH, ; ch4t nhan cap electron trong cd hai trudng hgp 1a ion H” P& phan biét va§i
lién k€&t cong hda tri binh thudng (gép chung electron), trong céng thitc cfu tao cla ion hay
phan ti ngudi ta dang miii tén - dé chi lien két cho - nhan.
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Vi dy. Cong thirc cou tao clia ion H,0%, ion NH{ ¢6 thé dugc biéu di&n nhu sau : -

+ liI +
H- (l)—>H , H—IT‘—»H
H H- ‘

Nhung trén thuc t& ba lién k&t O-H trong ion H;O0" cfing nhu b6n lien k& N-F
trong ion NH," déu gi6ng nhau khéong ké nguén g6c ban ddu chia chiing khéc nhau. bién
tich + tr& thanh dién tich chung cta ci jon H,0% cba cd ion NH,* chi khong thuéc riéng
nguyén tlr H nao ca. B#i vay cong thic cu tao ctia ion H,0%va NH,* ¢6 thé viet 13 -

+ %—l +
H—(|)—H va: H-N-H
{
H H

trong d6 khong phan biét lién ké&t cho - nhén véi lien két cong héa tri binh thudmg.

Co hoc lugng tik va lién két cong héa tri

Thuyé€t tinh dién clia Coxen da giai thich thoa dédng ban chdt cta lién két ion. Va lai
lién ket ion chi dugc coi 1a mét trudng hgp gi6i han cla lién két cong héa tri. Thuyét cap
electron cla Liuyt dd giai thich mét cdch don gidn va so bd sy tao thanh lien ké&t cong hoa
tri nhung khéng cho bi&t nhitng chi tiét quan trong vé cu tao vi tinh chat cha chAt. Nhitng
didu ndy, vé nguyén tic, chi ¢é thé ¢6 duge khi gidi phuong trinh séng Scrédingo cho nhitng
hé iuvong dng bao gém hat nhan vi electron, Nhung nhv da bi€t & tren, phuong trinh
Scrodinga khong thé gidi duge chinh x4c déi véi nhitng hé¢ gém c6 hai electron trd lén. Boi
vdy co hoc lugng t& ding nhimg phuong phdp tinh todn gdn ddng, ké cd cdc phuong phap

bin dinh lugng va dinh tinh nita. Ngay nhiing théng tin dinh tinh thu duge ciing rdt c¢6 §
nghia d&i vé1 héa hoc.

Hai thuyét gan ding dwge si dyng rong rai dé gidi thich ban chat cha lien k€t cong
héa tri néi rieng hay ciia lien két héa hoc néi chung 13 thuyét lién két héa tri (viét tit 13
thuy&t VB) va thuyét ohitan phdn tir (viét tér 13 thuy&t MO).

Lin ddu tién, ndm 1927 hai nha vat If ngudi Dic 13 Haile (W.Heitler, sinh nim
1904) va London (F.London, 1900 - 1954) da tim céch gidi g4n ding phuong trinh séng
Scrédingo cho phéan ti H, d4t co s& khoa hoc cho lién két cong héa tri. Vé sau phuong phip
Haile v2 London ducdc cdc 6ng Slayte (J.8layter)p, Van Vlec v nhit 13 Paolinh phét trién va
duoc goi 12 thuyé&t lien két héa tri(Valence bond=VB). Thuyé&t obitan phéan t&r (Molecular
orbitals = MO) do Maliken vd Hun dé ra mudn hon so v6i thuyét lien k&t héa tri. Thuyét VB
xuflt phat t&r nh@ng luin diém co ban 13 khi tao thanh phan tir cdc nguyén tr vin gid
nguyén kién tric electron ctia minh va lien k&t duge hinh thinh nhd sy trao d8i electron
con thuy€t MO coi phan tlr 1a meét hat théng nhét trong dé cé céc electron chuyén déng
gidng nhu trong nguyeén tir.
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Ca hai thuyét déu
18y, mic .40 che phi cila
© cde ohbitan nguyén ti 1am
ti¢u chudn quan trong dé
mé td lien ké&t. Sau day la
nhitng trudng hop céc
obitan nguyén tit che phd
nhau nhidu, sy che phd
. duong (Hinh 12) l1am téng

xéc sudt tim thdy
electron ¢ ving .~ -

~ndm gitta hai hat nhan nguyén t¥, ddn dé&n
- su hit nhau gifta hai nguyén t& vi tao nén
lién k€t manh.

Nhitng trudng hgp che phi sau day
_ cha céc obitan nguyén t¥ 1am gidm xdc
sudt tim thdy electron (sy che phi am) &
ving nim’ gifta hai hat nhan, din dén sy
ddy nhau gita hai nguyeén t&r (Hinh 13) va
- lién k&t khong hinh thanh. - =~

Trong nhing tredng hgp dudi day '
(Hinh 14), tuy cé sy che phil gilta céc
obitan nguyén tir nhung khéng dua dén lwc
hit ciing nhu. lyc 44y (sy che phi triet
tiéu) giGa hai nguyén tlr , nghia 12 céc
nguyén tir § trang thdi khong lien két. '

‘Thuyét lién két héa tri (thuyét VB)

DPé trinh bay phuong phip Haile
Lond6n trude tien ching ta xét hai nguyén _
tr H,, H, & cdch nhau mot khodng cdch vo " Hinh 14 - S¢ che phii trige tidu
ciing 16n. Lic bdy gid electron 1 § nguyén
tir H, vd dugc moé ta bing v, 12 ham cla obitan 1s, electron 2 & nguyén tit H, va dugc mo
té bing w, tuong tu. Coi nhiing electron 1 va 2 chuyén dong doc 1ap v6i nhau, ham séng
chia h¢ hai clectron d6 bing v, (1) y, (2) (trong d6 (1) 12 ki hiéu chi toa 40 x,, y,, z, cha
electron 1 va (2) 12 ki hi¢u chi toa 49 x,, y,, 2, cla electron (2) va ¢é thé tim ning lugng
lién k&t gitta hai nguyén ti trong phan ti H, bidng cdch dwa ham dé vdo phuwong trinh
séng Scrédingo 18i gidm khodng cdch r gia hai hat nhan cia H, vd H, dén khodng céch
binh thuéng H — H trong phan t&. Nhung phép tinh cho th{y qud trinh 46 phét ra mot
ning lwong 12 0,2 ¢V trong khi nﬁﬁg‘ luong lien k&t trong phan t& H, 12 4,4 V. S& di cé
sy sai léch 16n nhu vay 12 vi gid thiét cho rdng electron 1 luén & nguyén tir H, v
electron 2 & nguyén tir H, 12 chua di. Va lai gita hai electron dé khong ¢6é gi khéc nhau
cd nén ngodi tich y (1) y,(2) cdn dwua them tich y,(2) w,(1) dé mé té sy trao ddi
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electron. D& dang thfy rdng ham gin ding mo ti trang thédi co ban cla hdl electron trong
phan tir H, phai 12 té hop tuyén tinh cla cd hai ham &6 :

Voa.n= —\/*5"[‘~IJ'a(1)lla_'b(2)+ W (2w, (D]

Pay 12 mot hdm ddi xing vi n€u hodn vj cic electron, him vin khong thay d6i. Ngudi ta
ciing ching minh thém rding Ung vdi ham d6i xdng 46, hai electron c¢6 spin nguge nhau
(% |) dua d€n k&t qua 12 hai nguyén tir hiit nhau tao thanh lién k€t héa hoc. Con trudng
hop hai electron cé spin song song (1 t) chi c6 thé phd hop v&i ham phan ddi xidng :

Vg @ J—[wa(l)wba) a2y (D]

din dé&n lyc ddy giita hai nguyén tir v lien k&t héa hoc khong duge hinh thanh
Nhitng k&t qua tinh toin v€ nang lugng
trong phan ti duge trinh bay trén hinh 15. E{ev)

Pudng 2 biéu dién sy phu thugc ciba ning 4
lutgng cha hé vao khodng cdch r gitta hai hat nhan 3
nguyén tif trong trudng hgp cla ham d6i xing. Khi o
hai nguyén tir ti€n lai gdn nhau, néng lugng cla he 1
giam xu8ng va d&€n mot cuc tidu réi ting l1&n nhanh 0
chéng. Dudng 3 ¢ng v6i trudng hgp ciia ham phan
d8i xing. DBudng 1 12 dudng thuc nghi¢m. Haile va

w
>

e

Léndén 43 tinh duge khodng cdch cin bing r, gifta 2r
liai hat nhan nguyén tir hay cdn goi 12 49 dai cia j i
lién k&t 12 0,869 A vi nang lugng cia lién k&t gl _
Ey, 123,14 2V. Thyc nghig¢m chinh xdc nhét cho P S R S R S
o 0 06 12 1,8 24 30 36 42
o=0,74116 A vad By, =4,7466 ¢V. V6i ham séng i)
gin ding trén, cdc k&t qua tinh todn dugc nhu vay
12 kh4 phil hgp véi thue nghiém. | Hirh 15 - 8o sdnh cdc két qud tinh

todn vé ndng lugng theo Haile
Vay tinh todn ciia Haile Londén di giai thich Londsn vas cdc ket qud thyc nghi¢m
dugc thuyét cap electron ciia Liuyt. Gid day lién k&t héa hoc duoe coi 12 duge tao nén
b&i sy ghép doi cha hai electron ¢6 spin nguge dfu nhau. Sy ghép doi d6 tao nén lign
k&t hai electron hai tdm, him séng cua cap electron lién k&t dé ¢é dang tich d6i xdng

céc obitan clia nhitng nguyén tir tao thanh lién ket

Phuong phdp mo t3 lién k&t héa hoc trong phan tir H, vira méi xét trén day c6 thé 4p
dung cho cdc phan tit khéc. Don giin nhét trong cdc phan tir d6 12 céc phan ti hai nguyén
ti & trang thdi khi cla cdc kim loai kiém. Nhiing phén ti ndy tuong ty véi phan tir H,, chd
khéc nhau & day 12 trong phén tit kim loai kiém, lién két duge tao nén khdng phai bdi céc
electron 1s ma 12 cdc electron 2s, 3s, 4s... Cic obitan nguyén t&r ndy che phi nhau kém hon
so v6i cdc obitan 1s cho nén ning lugng cla lién k&t trong cédc phan tir Liy, Na,, K; kém
hon so véi phan tit H, :

Phan tir . H, Li, Na, I(2

Nang lugnglién két, kﬂmol 430 108 71 50

Nhing vi du ¢ha phan tir H, va c'ﬁc phan tir kim loai kiém chiing 15 réng c6 thé mo td
lien k&t héa hoc trong cdc phan tif nhidu nguyén t theo phvong phdp Haile London :
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a) Lién k€t héa hoc trong phan tir ¢c6 thé duge mo ta nhu lién két hai electron lng
vai vach hda tri trong thuyé&t Liuyt.

b) M&i lién k&t hai electron dugc thuc hién nhd& cap electron ¢6 spin ngugc nhau.

Vi du. Trong phan tir PH,, lién k& P-H ¢6 thé dugc mo ta dudi dang him séng :

1
v = = Wwpya@+y,pQwud)
a2 = 3 [ ptVH pls¥WH ]
¥ (1.2 12 ham séng cla cip electron tao lién két.

p 12 ham séng cha mot trong ba obitan p héa tri clia nguyén to P (I3323p3)
W i ham séng cta obitan 1s clia nguyén tir H (1s) -

Héa tri cia nguyén t0 theo thuyét Haile Londéon

Theo thuyé&t Haile Londén, diéu kién truéc tién dé tao lien két héa hoc gilta hai
nguyén tir 13 ching c6 nhitng electron d6c than dé cé thé ghép doi duge. Vay héa tri cha
nguyén t3 chinh 13 s8 lién k& ma m6t nguyeén tit nguyén t& dé ¢ thé tao nén. N6 bing s8

electron doc than ma nguyén t¥ c6. Sau day 12 héa tri cha céc nguyeén 16 thugc chu ki hai
trong bang tudn hoan.

Liti. C&u hinh electron cta nguyén tir 12 1s% 2s :

Li H B

1g? 2s

nén liti c6 héa tri mét .
Berili. C&u hinh electron clia nguyeén tlt ia 1s? 2s?

o (1] [H

12 2¢?

$ trang théi co ban, berili c¢6 nhitag electron di -ghép ddi nén khéng cé khé ning
tao thanh lién ké€t. Khi dugc cung mdt nang lucng nao d6, nguyén tir Be chuyén sang trang
thai bj kich déng :

Be(1522s?) — oMol Be(1s22s2p)
H H — i } }
152 2s? 1s? 2s 2p

Ning lugng cin thiét d6 dugc bd thira thii bing néng lrgng sinh ra khi tao lhénh
lien k€t. O trang théi bi kich dong, Be ¢6 hai electron ddc than nén cé héa tri hai.

Bo. Cau hinh electron clia nguyén tir 1a 1s22s%2p, nguyén tir B cé mét electron doc
than nén cé héa tri mot. Nhung trang thdi héa tri mot khéng dac trung cho B vi chi mét
ning lugng khong l1dn di cé thé chuyén B sang trang théi bi kich d¢ng v B c6 héa trj ba :
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B(1s%2s%2p) B(1s%252p?)
H H { H t b
1s? 2s? 2p' 1s? 2s 2p?

Cacbon. Cfu hinh electron ciia nguyeén tir 1a 1s?2s?2p?. § trang théi co ban C ¢6 hai
electron doc than nén c6é héa tri hai. Nhung trang thai héa tri ndy khoéng dac trung cho
cacbon. Trong hdu hét hgp chdt, C ¢6 héa tri b8n vi nguyén tir C dé chuyén sang trang théi
bi kich déng. '

C(1s%2522p% __Aoomol | c(1522s2p%)

H H AR — M i A RAR

1s? 28 2p? 1¢? 2s' 2p®

Nite. Cdu hinh electron clia nguyen tir 13 1s?2s?2p®

NN H R

1s? 2s? 2p*

O trang thdi co bdn N c6 ba electron déc than nén cé héa tri ba. Chi ¥ rang N
khong thé c6 héa tri nam vi muén cé héa tri d6, electron héa tri phai duge chuyén sang l'dp
tha ba (16p M). Qué trinh ndy cdn mot nang luong 16n mA qud trinh tao thanh lién két giira
nite véi nguyén tir khic khong thé bu néi. Bdi viy khéc véi nhilng nguyén t6 cung nhém
nhu P, As, Sb, nito khéng tao nén hgp chit nhu NCl;, NBrg v.v...

Oxi. Céu hinh electron cta nguyén tir 1a 1s%2s22p* :

o N B W]

1g2 267 2p*

Nguyén t& O c6 hdi electron doc than nén c6é héa tri hai va khong thé ¢ héa tri
hon hai. Didu ndy duge giai thich gi6ng nhu trudng hgp cua nguyén tir N.

" Flo. C4u hinh electron ctia nguyeén t&r 12 1s?252p* :

F M I K

182 252 2p*

nén F chi cé héa tri méot.

55



Neon. Cfu hinh electron ciia nguyén tir 13 15°2s2p*

ve [H] (W] [HIH]H

1s? 2s? 2pt

nguyén tr neon khong cé electron d¢c than nén khéng tao nén phin tir v4i nguyen ot
cha nguyén td khdc va c6é héa tri bing s6 khéng. Muén chuyén nguyén tir Ne sang trang
thai bi kich déng, c4n m§t ning lugng rdt 16n.

. Hién tuong lai héa cia cdc’obitan nguyén tir
Thuyc nghiém cho bi€t phan t& PH; ¢6 cdu tao hinh chép tam gidc, nguyén ti P

chi€m moi dirh con ba dinh khic 1a ba nguyén tir H. Céc géc¢ HPH (301 12 g6c hda tri)
déu 13 93°.

Ap dung thuyé&t Haile London dé mo ta lien ket l.rong

phan tir d6, ngudi ta giai thich duge cdc géc héa tri cha aé. P
Nguyén t& P ¢é cfu hinh electron 3s?3p?, véi 3 electron p doc H 930\ H
than lién k&t duoc voéi ba nguyén tir H. Nhue dd biét, tryc cia

cdc obitan p ludn ludn vudng géc véi nhau nén cac géc HPH H

gdn véi 90°. Sy tang géc héa tri cha PH, lén mét viai 46 duge
gidi thich bdng lyc ddy gita cdc nguyén tr H v6i nhau hay bing luc ddy gilta cap
electron lién két ndy véi cip electron lién k&t kia.

Géc héa tri HSH 1a 92° trong phan tir H,8 ciing dugc
gidi thich twvong tu nhu trén.

Nhung trong phan tir NH,;, H,O mic du N va O 14 nhing
-nguyén t6 twong ty P va S, céc gbéc héa tri lai 1én hon nhiéu so

S véi 90°, géc HNH. 14 107° vd g6c HOH 12 105°. V4n dé cang
//32%\ khé khan hon khi gidi thich c4c phan tir chia cc hop chét tao
H H nén bdi C, Si, Be, Hg v.v...

D& lam vi du ching ta xét ki hon phan ti CH,,

Nguyén tir C & trang thédi bj kich ddng c¢6 c&u hinh 2s 2p®, nghia 12 c¢6 4 electron
doc than, ¢6 thé tac nén b6n lien k&€t C-H nh¥ sy ghép d6i mot electron 2s vi ba
eleciron 2p cita C véi I.?"Gn electron 1s cla cdc nguyén tir H. N&u cédc electron 2s va 2p
ciia C tham gia vao liegp k€t mot cdch rigng r& thi ba lién k€t C-H dudc tao nén bdi ba
electron 2p phai vuéng géc v6i nhau va lién k€t C-H th¢ tu tao nén bdi electron 2s phai
lam v&i ba lién k&t trén nhiing géc nhu nhau, nghia 13 bing 125° Nhung trén thuc té&,
bén lién k&t C-H trong phan t& CH, hoadn todn giéng nhau va 1im vé&i nhau nhitng géc
déu nhau va bing 109°28', nghia la phan tir CH, c¢6 c4u tao hinh t dién déu véi nguyén
tr C ndm & trung tdm cla t¥ dién va b8n nguyén tt H ndm & b8n dinh ciia 11t dién.

Pé giai thich nhitng sw kién trén day trong

H khudn khé cda thuyét Haile Léndén, nam 1931
Paolinh d8 dé ra guan niém lai hda cia cdc obitan

_ trong mdt nguyén tit . Theo 6ng, khi tao thanh lién

109°28'/ ¢ - ké&t, nhitng electron héa tri ciia mot nguyén tir khong

tham gia mot cdch riéng r€ v6i nhau ma cdc ham séng
H H cha ching, tic 14 cdc obitan nguyén tilr, trén 1dn vai
' nhau, hay néi mot céch todn hoc, ching t8 hogp
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véi nhau thanh nhitng td hop 16t nhdt dé c6 thé tao thanh lién k&t bén hon.Cic t8 hop 16t
nhat d6 13 c4dc ham séng tuong duong véi nhau, trong mbi ham cé mot phén gidng nhau cda
obitan ndy via moét phin giéng nhau cha obitan khéc cha nguyén td. Hién tuong té hap

gilta céc obitan treng mot nguyén tlt goi 1a hién tugng lai hdéa. Cidc ham séng tuong

duang véi nhau, duge t6 hgp nén goi 12 obitan lai héa. Nhitng obitan lai héa cia mot
nguyén tir c¢é kich thude va hinh dang hoan toan giéng nhau nhung chi khéc nhau vé
phugng & trong khéng gian.

Sir 1ai héa sp. Trude hét ching ta xét trudmg hop don gidn nhit 1a su lai héa cia
obitan s vi mot obitan p, vi du obitan p,; ching han, Gii¥a hai obitan d6 ¢6 hai té hop :

1
Wep, * —E‘(‘I’s +yp,)

Yspy, = —E (Ws—V¥p,)

Obitan s mang d4u dwong cdn obitan p, c¢é phén duong vk phén am. Céng hai
obitan nay lai s& dugc obitan lai héa th& nh4dt nim doc theo truc z, phin dvong clia né
16n ra va nim trong phdn duong cha tryc z, con phdn Am bé lai va ndm ¢rong phfn &m
cha truc z. Nguge lai t8 hgp trir cha hai obitan s va p cho mot obitan lai héa th¢ hai cé
kich thuéc va hinh dang gifng v6i obitan lai héa thi nhdt, cdng ndm trén truc z nhung
¢6 chiéu nguge lai (Hinh 16). '

g

d
C

.S Pz

SPa
+

¥

SPy

Hinh 16 - Su tao thanh hai obitan lai héa sp

Nhu vay truc cua hai obitan lai héa sp 1am v6i nhau mot géc 180°. Méi obitan dé
¢6 kich thuéc 16n hon vé mét phia cho nén ¢6 thé tao nén lién k&t bén hon so vai lién
k&t tao nén bdi riéng obitan s hay obitan p.

Kiéu lai héa sp x4y ra khi tao thanh céc mubi halogenua clia céc nguyén té nhu
Be, Zn, Cd, Hg... Nguyén tir cia nhiing nguyén t6 ndy O trang thdi co ban c6é hai
electron s da ghép doi khi duge kich déng, mot electron s chuyén thanh electron p va
nguyén tir cé hai electron doc than. D€ tao thanh lién k&t v6i cdc nguyén tir halogen, hai
ham séng clia cdc electron § va p, nghia 12 cdc obitan s va p, t6 hop véi nhau tao thanh
hai obitan lai héa sp, mdi obitan lai héa c6 modt electron doc than. Hai obitan lai héa dé
ciing ndm trén mot dudng thing s& che phi véi hai obitan p cung nim trén dudng thing
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d6 cla hai nguyén ti halogen (Hinh 17) tao thanh céc phan t c6 cdu tao dudng thing
BeX,, ZnX,, CdX,, HgX, (& day X 13 halogen). Nh& vy hai lién k&t gifra kim loai va
halogen déu giéng nhau mac dii do electron s va electron p tao nén.

Hinh 17 - Phan tit dudng thdng BeCl,

Sy lai hoa sp’. DPay 1a sy té hgp ciia obitan s va hai obitan p tao nén ba obitan

lai héa sp® giéng nhau, c6 tryc cing ndm trong mit phiang vi 1am vé&i nhau nhifing géc

120° (Hinh 18). \Y
sph
,
I
1209/ - n
T T ol
\\ ;.‘ spza X
ALY //
1 120°
¥
- : SPE
Hinh 18-Hinh dang cia ha obitan lai héa sp? Hinh 19-Phuong cia ba obitan lai héa sp?

Néu trong m&i obitan lai héa sp déu c6 %\pz va —;wg thi trong méi obitan lai

2 .
héa $p2 déu cb %\p‘g va 3“’123 Gia sl hai obitan p tham gia vao té hop 1a p, va p, va mot

trong ba obitan lai héa sp* d6 ndm trén tryc x chdng han (Hinh 19) céc obitan lai héa ¢6
cdc hdm séng nhir sau :

_b ! \F
Wspz = \6 (Ws_“ﬁ\ppx 2 Wp},) _ .

Dfu dwong & trude obitan p ndi 1&n rdng obitan lai héa cé \
phin duong cing chiéu v4i phin dwong ciia obitan p, cdn dfu am, B
nguge lai. 120°

Kiéu lai héa sp? xdy ra khi tazo thanh cdc hgp chét cia
nguyén t6 B ching han. () trang th4i bi kich-d¢ng, nguyén tir B
¢6 ba electron ddéc than : mot electron s va hai electron p. Nho su F
lai héa sp?, nguyén tir B c6 ba obitan lai héa giéng nhau c6 truc BF
cung ndm trong mét mat phdng va 1am véi nhau nhitng géc 120°. 3
MAi obitan lai héa c6 mot electron déc than s&€ che phi vdi obitan
nguyeén tit cia nguyén t6 khdc tao thanh lién két. N€u nguyén 8 _
khéc-12 F ching han thi phan ti BF, cé cfu tao hinh tam gidc déu v6i nguyén tr B &
trong tdm cflia tam gide va ba nguyeén ti F & ba dinh cla tam gidc.
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Su lai héa sp®. Pay la su té hop cla obitan s va ba obitan p tao nén bdn obitan
lai héa sp’ gi6ng nhau vé kich thuéc va hinh dang va huéng téi b6n dinh cta mot td
di¢n déu ma tam 12 hat nhan nguyén ti (Hinh 20).

Hinh 20-Hinh dang khéng gian ciia bén obitan lai héa sp’ Hinh 21-Phuong ciia 4 obitan lai héa sp’

Truc cta cdc obitan lai héa sp’ 1am véi nhau nhing géc' bing 109°28' va t dién
déu sé& c6 dugc khi ta 14y céc dinh d6i dién cha mot hinh l1ap phuong ma tam 1a hat
nhén cla nguyén tlr (Hmh 21). N€u quy udc hé toa do cta nguyen tir d6 nhu hinh 21 thi
céc obitan lai héa sp® ¢6 cdc ham séng nhu sau :

1 1
wsp3 [Ws T ¥pyit Wpy "‘szj ; Wspg T E[‘I‘s *Vpx Vpy ~ 'llfpz]
: 1 1
ol 4 5["‘5 ~Vpx T Viy +"’sz ngpyl = 5("’5 ~Vpe T ¥y “VPZJ

Kiéu lai héa sp® xdy ra khi tao thanh cdc hgp chit cia nhitng nguyén t6 nhu C,
Si, Ge... Tro lai phan tr CH, d3 n6i ¢ trén. Nguyén tir C & trang thdi bi kich déng c6
bdn electron doc than : mot electron s va ba electron p. Céc obitan dé t6 hgp véi nhau
tao thanh boén obitan lai héa sp® gi6ng nhau va huéng téi bén dinh cta t& dién déu.
Méi obitan lai héa c6 mét electron déc than s& che '
phi v4i mot obitan 1s ciing ¢c6 mot electron doc
than cta nguyén t¢r H tao nén lién k&t C-H. B&i
vay bén lién k&t C-H déu giéng nhau va lam véi
nhau nhitng gé¢ tit dién 109°28"' (Hinh 22).

Nguyén tir O trong phéan td¢ H,O va nguyén
tr N trong ph&n ti NH; ciing & trang thédi lai héa
sp’.* Trong phan t& H,O (Hinh 23) hai obitan lai
héa sp® cia O ¢6 electron doc than che phi véi hai
obitan 1s cé electron doc than tao nén hai lién két
O-H, hai obitan lai héa cdn lai cta oxi c¢é hai cap
electron tu do'khong tham gia vao lién ké&t. Trong
phan tir NH, (Hinh 24), ba obitan lai héa sp® c6’
electron doc than cta N che phli véi ba obitan 1s
c6 electron doc than clia ba nguyén tir H tao nén ba
lien k€t N-H gi6ng nhau, mot obitan lai héa sp’
con lai cia N c¢é cap electron tu do khong tham gia
vio lien két. - '

Hinh 22 - Sw tao thanh lién két trong

phdn tir tit dién CH,
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Hinh 23- Su tao thanh lién két trong phdn tir H,0 Hinh 24-Su tao thanh lién két trong phdn tir NH,

Do c6 hién tugng lai héa sp’ nén géc héa tri HOH ciia phan tit H,O va cdc géc héa
tri HNH trong phan tir NH, déu gidn véi géc ti dién hon 12 gln véi 90°. Su sai léch mot it
cia cdc géc héa tri d6 so véi géc ti dién duge giai thich nhu sau. Ciép electron tu do khéng
tham gia vao lién k€t chi€m obitan lai h6a khuéch tdn tuong d6i rong hon so véi obitan lai
héa chi€m bdi cap electron lién két (tao thanh lien két) nén cé tic dung ddy céc cap
electron khdac manh hon so v4i cidp electron lién két.

Trén day ching ta dd néi dén cic kiéu lai héa x4y ra gilta cdc obitan héa tri s va p
clia nguyén tir . Khi nguyén tr c6 obitan héa tri d thi ngodi c4c ki€u di trinh bay & trén
cdn c6 cdc kiéu lai héa khdc nhu dsp?, sp’d, sp’d? v.v...

‘Thanh tuu to 16n nhét cia thuy€t lai héa la giai thich dugc hinh dang cliia cdc phan
tr (bang 9).

Bdng 9
Hinh dang ctia mot sé6 phan tir

Kiéu phan tir | Kiéu lai héa & A | Hinh ddng phan tir { Géc héa tri | Céc phan tir vi du
AB, sp dudng thing 180° BeCl,, ZnCl,, CO,
AB, sp? tam gidc 120° BF,, BCl,, SO,
AB, sp’ ' ti dién 109°28" CH,,CCl,, NH,*
AB, dsp? vuéng 99” [PtCLJ*",[Cu(NH,),,]*
AB; sp’d | . ludng chép 90% v 120 [*PCI,

AB, - sp3a2 bat dién 90° SF, , SiF¢>
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Lién két don, lién két d6i va lién két ba

Pé di dén v4n dé nay, trudc h&t ching ta xét sy tao thinh cdc lién k&t trong phan
tlr N,. :

Nguyeén tl nito c¢6 cdu hinh electron 2s?2p*, mbi obitan 2p cé mot electron déc
than v3 cdc obitan p ludn vuéng géc v6i nhau. Khi hai nguyeén t& N lai gdn nhau, ching
han theo phwong cla truc x, hai obitan 2p, cla chiing c¢6 electron doc than s& che
ph@ nhau tac thanh lién-ké&t (Hinh z z
25).  Lién két duge tao nén bdi :
nhitng electron ma obitan. cila .
ching che phd nhau cyc dai & tai m + + -
truc ndi gia hai nguyén v X
(thudng goi 12 tryc lien két) duge u
goi 13 lién két o (xicma). Ving . N N
che phil 46 cla cdc obitan nguyén

¢ c6 truc d4i xdng 13 truc lién Y y
két, & day 13 truc x.

Hinh 25-Suw tao thanh lién k&t trong phdn tit N,
Hai obitan 2p, cGa hai nguyén t& N cé clectron déc than va phuong song song

v6i nhau s& che phi nhau theo kiéu khéc : ching che phii nhau & cé hai bén cta tryc x,
hai ving che phi & vé hai bén d6 d8i xéng v6i nhaun qua hai m#1 phing chita tryc x va
truc z (Hinh 26a). Lién k&t duge tac nén bdi nhitng electron ma obitan cha ching che
phi nhau cyc dai & hai phfa cia truc nér gifta hai nguyen tir goi 1a lién két 7 (pi).

Tuong ty nhu vy, hai obitan 2p, cia hai nguyén tit N ciing che phid nhau tao
thanh mot lign k&t « nita (Hinh 26b). '

X . X
4 + )
y ¥y _

Y.y )

Hinh 26 - Su tgo thanh nhitng lién két x trong phdn tit N,

Nhu vay trong phan ti N, c6 ba lién két : mot lién k&t o va hai lién két m (Hinh
26¢). Lién k&t héa hoc gifta hai nguyén t& N trong phén tir N, 12 lién két ba. Cong thie
c4u tao don gian nhédt cda phan th N, 13 :

‘ N=N

.Bay gits chiing ta xét lien ket tréng mét sd hop chdt quan trong cia C.

Phan t& C,H, (etan). Nguyén ti C & trang thdi bi kich thich c¢é cfu bhinh

electron:
t RER

2s 2p° 61




Trong phan ti C,H,, hai nguyén t&r C déu & trang th4i lai héa sp®, m&i mot obitan
lai héa cé mot electron doc than. & méij nguyén ti C, ba obitan lai héa sp che phi véi
ba obitan 1s ciia H c6 electron déc than tao thanh ba lién k€t C-H. Hai obitan lai héa
sp? cdn lai & hai nguyén t& C s& che phi nhau tao thanh lién k&t C-C, T4t ci nhing lién
k€t C—H vad C-C d6 1a lién k&t o va 12 lién két don. Phan tir C,Hq c6 cfu tao khéng gian:

1

- H
HY H
H H

Phan tir C,H, (etilen). Thyc nghi¢m cho thdy phan ti nay ¢é cfu tao phing
nghia 14 t4t cd cdc nguyén tirva do dé cdc lien k€t déu ndm trén mot mat phéng. Do vay
trong phan ti C,H,, hai nguyén tir C déu & trang théi lai héa sp®. Trang thdi 14di héa sp?
cia nguyen ti C cé thé duge bidu dién bing so d6 ; :

T4t cd nhitng obitan lai héa sp® chia hai nguyén 2

t§ C déu c6 electron ddc than, truc cha nhitng obitan Sp
d6 nam trong cung mot mat phing, trong trudng hop
ndy 12 mat phdng chia tryc x va truc y®Hai obitan lai _ C t f f t

. 2 ' ' . . \ .
h?a sp” cua méi ngl{yi&ln tir C che phl v'61 hfu ol_:mfm s 12 2p, pr: 2,
cua H tao thanh hai lien k€t C-H. Hai obitan lai héa [ L4
sp’con lai & hai nguyén tir C s& che phil nhau tao
thanh lien két C-C. T4t cd nhiing lien k&t C-H va C-C .
d6 déu nim trong ciing mat phing xy (Hinh 27). & méi nguyén tir C edn c6 modt obitan
2p,. vudng géc véi mat phing xy 46 va cé electron ddc than.

C,H, C,H,
Hink 27- So d6 cdc lién két trong phdn ti C,H, Hinh 28-S0 dé cde lién két trong phin tir C,H,

Hai obitan nay che phu nhau tao thinh mot liéﬁ k&t n. Nhu vay gitra hai nguyen
tir C c6 hai lien k&t : mot 1ién k€t o va mot lien k&t n. D6 13 lién két doi. Cong thic cdu
tao cia C,H, 13 : ’ ' '

H H
\C -
.
H H
Phan td C,H, (axetilen). Day 1a phan tir cé cfu tao dudng thing :

He&— C C +H *
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Trong phant

sp cua nguyén td C c6 th

T4t c4 nhitng obi
Truc cta céc obitan lai
héa sp cua nguyén tit £
con moOt obitan nita tao i

& mbi nguyeén ti C s ch

hai lién k&t m. Nhu vay gitt

két m. Do 1a lién két ba.

Phan tu C¢H, (benzen

dac biét hon @

Giéng nhu trong
C & trong phan tit CeHg

thanh hai lién két o voi
mot obitan lai hoa

v6i nguyén to H. Ca ba

déu nim trong mot mat phing va 12

géc 120°. Vi vay phén
tt CcHg c6 céu tao
phing va c¢o mach
vong cacbon hinh séu
canh. O mdi nguyén tur
C con lai mot obitan
2p khong lai héa c6
mot electron d6c than.
S4u obitan 2p d6 cua
sdu nguyeén ta C che
phu nhau (hinh 29) tao
thanh ba lién két m.
Phan tit C¢He c6 hai
dang cong thic cdu tao
hé bi€n véi nhau :

U dé,

héa d6, trong trudng hop nay,
dugc dung dé tao thanh lien k
hanh lién két o véi nguyén tit

déu O trang
obitan lai héa sp® & mdi ngu

sp? nita dung d

hai nguyén t& C déu & trang thdil
& biéu dién bing so d6 :

ai héa sp. Trang théi lai héa

t

!

n tad C déu cé electron doc than.
12 truc x. Mot trong hai obitan lai
&t giira hai nguyén ta C véi nhau,

H. Hai obitan 2p, va 2P, cd

tan lai héa sp cua hai nguyé

n lai
e phii véi hai obitan tuong ng cua n
a hai nguyén tit C cé ba lién két :
Cong t

guyén tr C kia tao thanh
mot lien két o va hai lién

hitc c&u tao cia phan tir C,H, 12 :

W O

). Phan t& nay c6 céu tao

han ti& C,H,, nhing nguyén ti
théi lai héa sp’. Hai
yén tit C duge dung dé tao
én tu C bén canh, con
¢ tao thanh lién két o
ay & mdi nguyén G
m véi nhau nhing

¥

hai nguy

lien két n

Hinh 29- Sy che phil ciia cde obitan p ciia

C trong CsHs

CH
CH

CH
CH

CH

CH HC

HC

HC

HC CH

CH
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Nhu vay ré rang khong thé xdc dinh dugc mot trong ba lign két # d6 thugc vé cidp
nguyén t¢r C ndo ma ba lién k&t z d6 tda ra khdp ci vdng séu canh cha phan tor
CsHe.Ngudi ta néi ring lién k&t x d6 12 lién két z khéng dinh ché. DE chi nhitng lién k€&t
% khong dinh chd ndy ngudi ta ding mét vdng chfm nim trong hinh sfu canh chi céc
lien k&t 7 va cong thitc cdu tao clia benzen dwge vi&t dudi dang linh hoat hon 13 :

CH
HC, CH
. HCCH
Thuyét obitan phan ti (thuyét MO) e
Trong khi thuyé€t VB vin gi® nguyén dic tinh cla nhiing ngoyen tit & trong phén

tlr, thuy€t MO coi phén-t& nhr 13 mdt hat th6ng nh4t trong d6 c6 céc electron chuyén
d9ng. Ciing nhu trong nguyen tir , m8i electron trong phan tir duge mo ta bing mot him

séng goi 14 obitan phdn ti. Obitan phah tlr c6 nhidu tinh chdt twong ty obitan nguyén .

Ché khdc nhau chinh 12 obitan nguyén t& c¢é6 mét tim (mét hat nhén nguyén t ) con
obitan phan tir ¢ nhidu tam (nhidu hat nhan nguyen tir). X4c sufft tim thdy electron

trong mot thé tich nguyén 16 dv ciia phan tir ciing 12 y® dv giéng nhy trong nguyén .
Mot obitan phan tir ciing dugc x4c dinh bing mét s6 céc s6 lvgng tit chi nang lugng va
phuong cia né & trong khong gian. Quy thc x&€p electron vio obitan phén tir ciing gi6ng
nhu trong nguyén tlr, nghia 13 mdi obitan phén tif chi c6 thé cé t6i da hai electron cé
spin ngugc nhau (nguyén Ii Paoli), electron bit dfu x€p vdo obitan phan tir cé nang

lugng thdp réi dén obitan phan tir cé ning lugng cao va cic electron cé xu huéng chiém

khdp cdc obitan phan tir c6 nang lugng nhu nhau dé t8ng spin cha ching 12 cyc dai (quy
tdc Hun). , .

' - Theo thuyét obitan phan tir, nhitng electron cGia cip tao lien két cong hda tri
dugc mo td bidng cdc hadm séng v, v y, goi 12 obitan phan tir mot electron va ham

séng chung ciia h¢ c6 thé bidu dién bing tich clia hai ham d6 :
' ¥ =W W2 _ '
Trong trudng hop téng quét, hé cé n electron, ham séng chung cta h¢ 12 :
¥V =Y . W Yy
& day y, 12 nhitng obitan phan t mét electron.

bé xéc dinh abitan phan tir mot electron trong mot he¢ phén th, ngudi ta Idy mor

cdch gdn diing bdng t8 hop tuyén tinh cia cdc obitan nguyén ti tao nén lien k€t trong
phan tir. Phuong phép gin ding d6 goi 13 phuong phép ¢4 hop tuyén tinh cdc obitan
-nguyén ti (ti€ng Anh 12 linear combination of atomic orbitals) ciia thuyé&t obitan phan oy
{thudng vi€t tat 12 phuong phép LCAO - MO). C& n obitan nguyén tir t8 hop véi nhay thi
tao nén n obitan phan tir. Diéu kién dé céc obitan nguyén tir c6 thé (6 hop véi nhaw 12
ching c6é ning luvong gdn nhau, che phi nhau mot mic do 1é rét vad c¢é ciung -kiéu d6i
xd@ng d&i v6i tryc lién k&t trong phan tir. '

Dé 1am vi dy, ching ta xér phdn tir H,. Pay 1a phan tir don gidn nhdt duge tao
nén bai hai nguyén tr H, mbi nguyén tir c6 mot electron Is. Nhirng obitan nguyén tir
tham gia tao thanh lién k€t hay cdn goi 12 obitan nguyén t&r héa tri y, cla nguyén tlr

hidro thit nhét H, va Wi, €Ua nguyén tit hidro thit hai Hy. Nhitng obitan nguyén tir nay
td hop v6i nhau cho hai obitan phan t&r cé cdc ham séng 1a
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w12 ham séng doT xitng v3 y , 12 ham séng phdn doi xitng. Du6i day 13 § nghia vat I
ciia ham séng d6i xtng va ham séng phan d6i xing.

Khi trang thai ciia electron trong phan ti duge mod td bing ham séng d6i xéng thi
x4c sudt tim thdy electron (\pf) tap trung & ving nm gi¥a hai hat nhan clla hai nguyén
tir H cho nén ddn dén lyc hit hai hat nhan lai véi nhau va lién k&t duge tao thanh. Xac
suit d6 tang 1én so véi xdc sudt 1im thdy electron & riéng mébi nguyén td H (Hinh 30a).
Obitan phan tir dugc md td bing ham séng d6i xifng Yy goi 12 obitan phan ni lién két
(thudng duge ki hiéu bang chi 1k).

Nguge lai ddi véi
ham séng phan d6i xd@ng,
xdc sudt 1im thdy electron
(\pi) & chinh gifta khodng
cdch -cia hai hat nhéan
nguyén tr H bang sé khong
cho nén dan t6i lyc day
gita hai hat nhan dé va
tien kér khong duge tao
thanh (Hinh 30b). Boi vay
obitan phan tI dugc mo t1a
bing ham séng phdn dé&i
xing ysdude goi 14 obitan
phdn tit phdn lién  két
(thudng dugc ki hiéu bang
d4u hoa thi)

Nhitng obitan phan ti lién
k&t va phéan lién k€t ¢ hinh
dang nhu dugc trinh bay
trong hinh 3la. Cé& hai
obitan phan tir d6i x¢ng dbi
véi truc lién k&t nghia la
ham séng khéng bién ddi khi
quay xung quanh truc lién
k&t. Nhifng obitan phan ti

Hinh 30-Xdc sudt tim thdy electron trong phdn tir H;
c¢d tinh d8i xitng nhu vay a) Truong hop ham xdng dii xitng
&) Truing hop ham sing phdn d8i xing

dugc goi la ebitan phdn tio. ,

Obitan phan tir lién két o¥¢6 nang lugng thdp hon obitan nguyén it 1s. Khi electron
dugc x&p vao obitan phan tif lien két d6, nang lugng ciia h¢ giam xudng nén phan tir &
bén. Nguoc lai obitan phan ti phan lien két o c6 nang lugng cac hon obitan nguyén

tir 1s. Khi electron digc X€p vao obitan phan tlr phan lién k€t nay, nang lrgng cua hé
tang lén. phan tir s& khong bén. Quan h¢ gira nhing obitan nguyén it Is,. 1s, v4i nhitng

obitan phan tir X, o} dugc trinh bay thanh gidn dé nang lwrgng (Hinh 31b).
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Hink 31-Sw tao thanh nhitng obitan phdn ti c.rl:vd cr: trong phdn tit Hy
a} hinh dang cia nhilng obitan.
b)gidn 48 ndng lugnguiia ching

Hai electron trong phan t& H, dugc x€p vao obitan phin 1851 aik do dé cdu hinh

electron cha phan tir H; 12 (o)

Khi ¢é thém electron nita, electron d6 dugc x&p vao obitan phan o cé6 nang
lugng cao. Vi du nhu ion phan tu He," c6 ba electron, hai electron dugc x&p vao o'},k va

electron thit ba duge xép vido oy va cfu hinh electron clia ion He," 12 (a%)?, (a3)'. Néu

c6 phan ti He,, b&n electron ciia né s& x&p du vao o-ik, o va phan t&r ¢é c4u hinh

electron 12 (o¥)? (o3)?. Trong trudng hgp niy, s6 electron & obitan phan ti lien k&t

bing s6 electron & obitan phan tir phén lién k&t nén phan tir He, 12 rdt khong bén va thyc
t&€ khong tén tai. )

' Mét s& phan ti khdc gom hai nguyén tir nhu nhau. Bay gi¥ ching ta xét sang
trudng hop chc phdn ti hai nguyén t& nhu nhau kidu A, tao nén bdi nhitng nguyén 18
thuéc chu ki hai : Li, Be, B, C, N, O, F va Ne, '
D¢ don gian héa, ching ta bd qua nhing obitan

X

nguyén tir 1¢p trong vd chi chd ¢ d&n nhitng 1"
obitan nguyeén tit 16p ngodi cing, nghia 12 nhing . / /
obitan nguyén tir héa tri 2s, 2p,, 2P, va 2p,. Vi ' A z, 2 )

cdc obitan p ¢6 phuong khéc nhau & trong khong el /

gian cho nén trudc tidn ta cén chon hé toa do /‘ -

cho céc phan tir A, : 14y truc z 1am true lién két. Y y

clia cdc phan tit (Hinh 32). : -
. » Hinh 32.Hé toa 46 d6i véi vde phdn tik A
Giéng nhy trong phan tir H, , trong phan " o pa L “_“ paan :
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tit A, nhitng obitan phén t& ciing dugc tao nén nh& céc té hgp cong va trit clia nhitng
- obitan nguyeén tir c6 thé che phi nhau. '

Nhitng obitan 2s vi obitan 2p,, clia hai nguyén tt A che phi nhau ting d6i moét
tao nén céc obitan phan tl o'* v o* (Hinh 33).

28, 2sp 23

o
- VBV +
2pz, 2pzb
— + —_
*

Hinh 33-5Su tao thdnh nhitng obitan phdn ti “s” va c.r,‘. 0'2”‘ v crz- via phéﬁ e A,

Ham séng clia nhitng obitan phan tir o d6 cp daﬁg :
1
W ik ‘—'75*('4’28, +‘I-’25b)

1
ﬁ(‘PZs, _“PZsb)

Vgt =
1 .
lI-".._.Flzk = FJ—E‘(W?_pu +W2pzb)

1
Wo.; = 'J—E(WZpu ‘. ‘1’2pzb)
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Nhitng obitan phan tir ¢ trén day déu d6i x¥ng d6i v6i truc z. Con nhitng obitan
nguyén tir vuéng gbée v&i truc z nhu 2p, va 2p, cha hai nguyén tor A che phl nhau ting
doi mét tao nén nhitng obitan phan ti khong d&i xdng ddi vAai tryuc z. '

Khi guay nhitng obitan phan tir ndy mot géc 180° quanh truc z, ching déi dau,
néi ciach khic chiing 461 xding qua mat phing dyng truc z. Nhitng obitan phén tr Kiéu
nay goi 12 ohitan phan 1k m (pi). Cdng cé obitan phan tik wlién két (z'*) vh obitan phdn

ti w phdn lién két (7*). Duéi day la hinh dang ciia hai obitan phén t& I1 "% ya n; tao nén
Y
bdi hai obitan nguyén tir 2p, (Hinh 34).

Him séng ciia nhitng obitan phan tit © tao nén b&i nhitng obitan 2p, va 2p, ¢

dang :
1 1
WLk =75‘(W2pxa tW2p,p) 5 Vplk ~75-(w2pya *W2py)
c L cune 3y 4w =Ly —vap)
Y, = 2 ¥2pxa ~V2py A ¥2p,, ~V2pyb

Bay gid ching ta xét
gian d6 nang lugng cha nhiing
obitan phin tlr cha phan I A,
“da xét trén day (Hinh 35).

(J hai gidn dé 13 muc
nang lugng c@a céc obitan
nguyén td héa tri, & gia la
miéc nang lwgng clia cédc obitan
phan ti : m@c nang lugng duge

x€p theo thi ty tr thdp d€n cao. %e“
Chding ta d@ biét trong nguyén {’95
t¢ nhiéu electron, nang lugng _
cla obitan 2s thdp hon nang .

lugng ciia obitan 2p nén trén

gian dé, mic 2p x€p cao hon n
m@c 2s. Cén ning lugng cula _
cac obitan phan ti duwge x€&p Hinh 34-Su teo tharnh nhing obitan phin ni
theo thi ty (Hinh 35a) : ' x, " va z, cia phin ti Ay
1% . Ik lk Ik * * .
s« €06 <m =7 <® =N <O
28 2s z X y X y z

Nhung khi nang luogng gilfa céc obitan 2s va 2p tron lan v&i nhau (lai héa) mot
phdn nao, cu thé [4 obitan 2p, c6 thé tham gia mot phdn ciing v6i obitan 2s d¢é t6 hop
céc obitan phan tir o,,, do d6 1am nhing obitan nay tro nén bén hon. Mat khic obitan 2s
ciing ¢6 thé tham gia m§t phén cung véi obitan 2p, dé t8 hop nén cdc obitan phan ti @,
va 1am cho nhitng obitan phan ti d6 tré nén kém bén hon. Bdi vay dua dén k€t qua la

obitan phan tlr c%k ¢é nang lugng cac hon nlf vam l};‘ lam cho thd tu mitc niang lugng

céc obitan phan tir thay ddi nhu sau (Hinh 35b) :

* k * * *
8] tle < G < T tk = ‘.I'(]k < OJ <7 =T < G
2s 23 x ¥ z X y *
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Dung gian d6 nang lugng, x€p céc electron héa tri cha nhiing nguyén tlr tao lién

k&t trong phéan tir véao nhitng o

bitan phan t& trén gidn 44,

ching ta duge cdu hinh

electron ciia phan tit A, & trang thdi co ban.

Trong thuy& MO ngudi ta khong dua ra khdi ni¢m héa tri. Boi vay dé d& so sénh
vGi thuy&t VB, ching ta ¢ thé& suy ra mot cich hinh thac s& lién k&t hay cdn goi la 4o
boi cha lién k&t trong phan ti bang cdch 4y t8ng s electron & obitan phan tir lign két
triy téng 56 electron & obitan phan tir phdn lién k&t rdi chia d6i.

Duéi day ta cfu hinh el

j3 nguyén t8 chu ki hal.

ectron ciia cdc phan ta Ay & trang thdi co ban trong dé A

Phan tit Li, tao nén boi hai nguyén tu Li, mdi nguyén th c6 mot electron héa trl

2. Phan tit Li, cé c&u hinh electron la {0121( }?, nghia la c6 mot lign k&t gita hai nguyén o Li.
o 5

Phan tik Be, v6i 4
electron héa tri ¢6 ciu hinh

%k \2 * T
electron(ozs) Ao 25) , nghia la
khong c6 lien két gita hai
nguyén tix Be. Trén thye 1€
ngudi ta khong phét hien dugc

‘phan tir nay.

Phan tit B, véi 6
clectron héa tri c6 cdu hinh

1k * o, Ik

: 1

clectron  (0,) o,) G

(ot tk }, nghia 1a c6 2 electron
y

doc than. Thuyc nghigm xéc
nhan sy c¢6 mét 2 electron doc
than qua tinh thudn i cha
phan tir B,.  day ta thdy rd
electron trong phan tir cing
tudn tic Hun nhu
trong nguyén ti : hai electron
sau cing cta phéan ti dan déu
4 ci hai obitan a'™ chua phan
tir.

theo quy

Phan t& C, véi 8
electron héa tri & hai nguyén
tit C c¢6 c4u hinh electron

k. ., Koy k.2
(025} (¢, )" (ﬁx) (ny)-.

nghia la cé hai lién ké&t gitta

hai nguyén tit C.

Phan tir N, véi 10 electron héa tri & hai nguyén tl

@ oy @@ @D
s 5 Z X y

Obitan nguyén t0
cla Ay

Cbitan phan ta
ctia Ag

Obitan nguyén t0
cla Ay

Nang lugng tang ——
F4

~ w7
~ COos l/

\___D——/

a
Obitan phén 10 Obitan nguyén ts
cliahy cla Ay
-

Obitan nguyén t0
clia Ag

——— Ning luong tang ————~
[=]
B

!
(YA * ,)\\\I
Y \r__D——\ gy
[ ~ \
ifys RN
r £ I\
i AN
ViR | } \.\
95 7 p % 2 D
~ \ ]
~ 3 ] s
~ LY i //
\\ [} . ! -
LR} ULk 1
4 D 25 47
b

Hink 315.-Gidn 48 ndng lugng nhing ohitan phin tir ctu phdn r A,

khi khény ¢é sy lai hda gitta 25 v 2pfa) va khi oo sy tai héa =

(h).0 vudng chi obitan, vach ngany chi midc ndng fwgng va dudng
cham chi guan hé gidta cde obitar nyuyén ta va phan tir.

N ¢6 cfu hinh electron

2 nghia 12 cé ba lien k&t giwa hai nguyén ti N. O day
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cdn chd ¢ rdng t¥ Li, Be, d&n C, sy chénh léch vé ning lugng gilta obitan 2s va obitan
2p khong 160 1dm nén gidn dé nang lugng clia cdc obitan phan tlf cha ching 12 gidn d6 b
trén hinh 35, con tt N d&n Ne sy chénh léch 46 tang 1&n nhiéu nén gian d6 ning
tugng cta cdc obitan phan tlf cha chiing 12 gidn d6 a trén hinh 35.

Phan ti O, véi 12 electron héa tri & hai nguyén t& O ¢6 cfu hinh electron (crzﬂ';)2
(o ;)2 @%y ‘: ) (n ‘: ) (x :)(n ;), nghia 1 cé hai lien k&, nhung & day phan tir c6

hai electron ddc than & hai obitan phan t& n° phd hop v&i tinh thugn tir cba oxi g trang
th4i co ban ma thuyét cap electron khong thé giai thich dugc.

Phén tit F, v6i 14 electron héa tri & hai nguyen ti F c6 cdu hinh electron (0'12';)2
(o 2*5)2 (c l: 32 (m 1: Y (m I': ¥ (nz)t(n ;)2, nghia 13 cé mot lien k&t gida hai pguyen tir F.

Phan ti Ne, v6i 16 electron & hai nguyén ti Ne cé cu hinh electron (c:“)2
(o ;)2 (c ‘: )2 (m ':)’ (::';‘)2 (n:)z (n;)2 (6%)?, nghia 13 khong c6 lien két ndo giita hai
nguyén ti Ne. Trén thuc t€, phan t&t nay khOng_téh tai.

Phan tit gém hai ‘
nguyén ti khic nhau. Obitan nguyén tlr Obitappxgniu Obitanwnaglgénm
D&i voi cdc phdn tit hai cah cuaAB

o
nguyén ti khdc nhau kiéu /—Dz—\e

AB dugc tao nén bdi céc ST o'
nguyén t6 chu ki hai, ta ’,"; { y
cing dugc gian d6 ning s ™A

lugng (Hinh 36) tuong ty

gian dé b & trén hinh 35.

Piéu khdc & day 1a trong

hai nguyén ti tao nén

phan t c6 mot nguyén tif g VAN vy,
4
]
z

4m dién hon nguyén ti A }(\E,_ED_@_/\:\”:

kia, nghia 1a c6 obitan ,H,.«‘-’ \\ AN i

héa tri vél nang luong ,‘;"\ )_DEZLI:_ \x”-.‘

thdp hon obitan héa tri 2 ,',"/.\\" A

trong dng cla nguyén tU —"D'—’\'\ ! :\\\\\\\‘

kia. Ching han nguyén tif N DN 26

B 4m dién hon nguyén to \\ % { }-—D—‘
A, trén gidn 46 nhiing A _ Ii', ,,’

obitan s va p clla nguyén N Lk i,

tt A x&€p trén nhiing. : “‘—DUL'D
obitan 5 vd p clla nguyén

tir B. Nhitng obitan clha .
phan t& AB cling duge tao Hinh 36-Gidn d6 ndng lugng nhitng obitan phén ti cia phdn e AB
nén mdt cdch tuong ty, - : trong 46 B dm dién hon A

nhung trong obitan phan t& lién két, nguyén t¢ B déng g6ép phédn 16n hon nguyén tr A va
nguoc lai, trong obitan phan tit phén lién ké&t, nguyen tit A déng g6p phéin 1én hon nguyén tir
B. Piéu nay ¢ nghia la electron & obitan phéan t& lien k&t trong phén 16n thdi gian & gin
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nguyén tit B hon va electron & obitan phin tit phan lién k&t trong phdn 16n thoi gian &
ghn nguyén tit A hon. Trong mot phén tir bén, s6 electron & obitan phan it lién két cé
nhiéu hon s6 electron & obitan phan tk phan lign k€&t cho nén mat d6 electron trong phéan
t tap trung mot mitc d¢ 16n & nguyén &t B. B&i vay & nguyén t& B xudt hién mét di¢n
tich 4m ndo dé vi & nguyén tir A, mot dién tich duong nae dé6. Ngudi ta néi phan tir AB
trd nén cé cuc.

Ding gian dé nang lugng trén day, x&p electron héa tri cha nhiing nguyén ti tao
nén phén tit vo obitan phan tir ta dugc c4u hinh electron cha nhitng phan & AB. Dudi
d4y 13 c4u hinh electron cia mot s6 phan tir AB tao nén bdi cdc nguyén td chu ki hai :

Phan tir BN tao nén bdi nguyén ti B cé c&u hinh electron 2s*2p va nguyén ta N

¢6 c4u hinh electron 2s?2p’, véi 8 electron héa tri s& cé c&u hinh electron (o 12k 32 (c: )
5 3
(n ': 3 (n ': )2, nghia 12 c6 hai lién két gifta B va N.
Phan tit CN véi 9 electron héa tri & C vi N c6 cfu hinh electron (o '2“)2 (c;)z
. . 5
k.o, Tk,p,clk - 4 o1s R
(m < ¥ (n y) ) . ), nghia 12 ¢6 hai lién k&t rudi gita C va N.

Phan tit CO v6i 10 electron héa tri & C va O ¢6 cu hinh electron (:-,v‘z“)2 ("; )2
-3 '3

1k
ki

(23

)2 (%2 (csl: )2, nghia 12 c6 ba lien két giita C va O.
y .
Phan tit NO véi 11 electron héa tri § N vd O ¢6 c8u hinh electron (o lzk )2 (cs;_)2
3

@y ‘:)2(5‘:) (n‘:), nghia 12 cé hai lien két rudi gita N va O. Phan tir NO ¢ mot
X
electron doc than trén obitan phan tit n*, diéu nay phi hgp véi tinh thuan tir cha NO.

Trén day chiing ta 43 xét thuy& MO qua cdc phan tir gém hai nguyén tir. D6i véi
cdc phan tit nhidu nguyén tir, thuyét MO ciing duge 4p dung tuong tu nhu d6i véi céc
phan t& hai nguyén tir. Loi dung tinh chit d8i xtng cla phan-u'x. ngudi ta c6 thé rit gon
nhing phép tinh cdn thiét dé tim ra cdc obitan phan tir.

So sdnh thuyét VB va thuyét MO

Trén day da trinh bdy cdch mé ta lién k&t cong héa tri theo thuy€t VB va thuyét
MO. Bay gi¥ ching ta so sénh dinh tinh hai thuy&t d6 dé thdy rdé chd manh va chd y&u
cia mbi thuyé&t.

Véi nhitng phuong phép tinh todn gin ding v xuft phdt tr nhiing luan diém co
bin khac nhau, thuy&t VB va thuy&t MO déu dua d&€n mot s8 k&t qua chung sau day :

- Ca hai thuyé&t déu din d€n sy phan b8 gi6ng nhau ciia electron trong phén tir.

- Trong hai thuyét, y&u t§ quan trong nh&t dé tao thanh lien k&t cong héa tri 12
su t4p trung xdc sufit tim thdy electron (hay m4at 40 electron) & gilta hai hat nhan nguyén tir.

- P& c6 thé tao thanh lién k&, céc obitan cha nhimg nguyén tu lien k€&t phai che
phi nhau. _

- Hai thuy&t déu phan biét lien k&t o'va lién k&t ® .

C4i chung d6 gilra hai thuyét thé hién & lién k&t hai tam, vi ring thuyé&t VB khic
véi thuy&t MO 12 khéng thé xét dén lién k&€t nhiéu tam.

71



Uu diém ndi bat cha thuy&t VB so vGi thuyét MO 1a m6 td phan tr mot cdch cu
thé : cho phép diing khdi niém héa tri rdt quen thudc trong héa hoc va biéu dién mot
phén tit bing cong thic cdu tao. Do vay thuy&t VB & ra tién lgi trong khi trinh bay i
thuyét. Nhung thuy€t VB khong giai thich dvge sy tdn tai cia ion HY, tinh thudn ti cua
phan td O, v.v...

Trong khi d6 thuy&t MO td ra nh4t quén hon : cho phép mo 1a lien k& héa hoc
trong b4t ki phan tr ndo. Ngay bén chdt cia lién k&t kim loai cling chi duge mé ta mét
cdch thda man theo thuy&t MO. Ngoai ra vu diém ndi bat ciia thuy&t MO la mo 14 dugce
trang théi bi kich déng cha phan tir. Nhing trang théi sinh ra do sy chuyén electron khi
hdp thu dnh sidng trong ving tr ngoai hay ving trong thiy cé thé dugc mo 14 mot cédch
don gian theo thuy&t MO. Vi viy thuyét MO giai thich dugc quang phé electron cia
phén tir.

Tuy nhién cdn chd ¥ ring ngay khi diing nhitng k€t qud chinh xdc nhit cia loi
giai phuong trinh séng Scrodinge (rdt chinh xdc hon phuong phip LCAO) thuyét MO
ciing chi mé td dwgc trang thdi cha electron trong phén tit gdn v@i trang théai thue. Boi
vay bdt ki mot k€t luan ndo rdt ra tir thuy&t VB hay thuy&t MO chi duge goi 1a xdc thuc
khi phit hgp v6i thyc nghiém. Trong gifo trinh nay ching 161 gidi thigu ca hai thuyé&t dé
chiing bé sung cho nhau va tily trudng hop cy thé c6 thé van dung thuy&t nay nhiéu hon
thuyé&t kia.

Ndng luong ciia lién két cong héa tri

Mot trong nhitng tinh ch&t quan trong clia lién k&t cong hda tri la do bén cla lién
két. Thude do do bén d6 1d ndng lugng lién kér. Lien k€t cang bén, ning luong lien kel
cang 16n. Nang lugng cia lién k€ céng héa tri trong moét phan tlr 13 nang lugng cdn
thi€t dé 1am dut lien k&€t 46 ra. Nang lugng cla lien k&€t tang 1én khi 46 boi ctlia lién ket
ting.

D6i véi nhitng phan t& hai nguyén 1 kiéu A,, ning lugng cha lien két chinh {2
phiét cha phén dng phan hiy (hay cdn goi 13 nang lugng phin hiy) phin tlr thanh
nguyén tit & trang thdi khi. Duéi day li nang lugng lién k&t trong moét s8 phan tlr hai
nguyén tir (bang 10).

Bdng 10
Niang lwgng lién két trong phan tir hai nguyén tu
(bing kJ/mol)

Pl}an tir Ning lugng lién két, kJ/mol Phan t Ning lugng lien két, kJ/mol
Li, 107 N, 942
Na, 71 0, 494
K, 50 : H, 435
Rb, 46 HF 560
Cs, 43 HCI 426
F, 159 HBr 364
Cl, 242 HI ©293
Br, 192 NO 627
I, ' 150 CO 1070
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Qua bing 10 ta thiy nhing phan t& twong ty nhau c6é ning lugng lién k&€t khd gin
nhau. Trong nhitng phan tir kim loai kiém, nang lugng lién k&t kha bé va giam xudng khi
$§ thu ty nguyén 18 tang lén. Trong cédc halogen, nang lugng lién k&t 16n hon va cing
giam ddn tir Cl; d&n 1,. Tuy nhién nang lugng lién k&t trong phan tr clia nhing nguyén
16 drng canh nhau trong chu ki lai chénh léch véi nhau nhidu. Nang lugng lién k&t trong
0, bing mdt nira ning lugng lien k€t trong N, va lon gdp ba nang lugng lién két trong
F,. Didu d6 d& hiéu khi chi y d€n do bai caa lien két trong N, 13 3, trong 0, 1a 2 va
trong F, 1a 1.

D61 v6i nhimg phan ti nhidu nguyén Ui kiu AB,, trong d6 chi 6 lién K&t gida
A va B, ning lugng trung binh cha litn k&t A — B ¢6 gia tr] tuyét déi bing 1/n ning
lugng tao thinh phan tir d6 tir cic nguyén tir & trang théi khi.

Vi du. Nang lugng tao thanh clia qua irinh :
C+4H - CH,
13 - 1659 kJ/mol, nang legng trung binh chia mbi lien k& C-H trong CH, 14 :

l65—9 = 414 kJimol

CHT

Né&u 14n lugt 1am ditt timg lien k&t mot cla phan tr AB, thi qud trinh lam dat dé

<& lim bi€n d8i cdu hinh electron va hat nhan cha hé va do d6 lam bién déi nang lugng
twong tdc cua nhing nguyén tlr trong phan tir. Vi du nhv trong phan tit CH, c6 cdc goc
HCH 12 109°28', khi tdch ra mot nguyén tir H bi&n thanh nhém CH, cé cdc goc HCH 13
120°, nghia 12 cdu tao ¥ dign cha phan ti¥r CH, bién thanh cfu tac tam gidc cha nhém
CH,. Bay 13 li do tai sao nhiing ning lugng cén d¢ 1am dut ting lien k&t trong phan ty .
i1 khéc nhau vi khdc vdi nang lugng trung binh cla lién ket

Vi 'd‘t_f : Nang lugng cén dé lam ddt nhing lien k& C—H trong CH, tdn lugt bing
426, 367, 517 va 334 kj/mol. '

C6 nhing trudng hgp, nhing nang jugng cdn dé lam dat nhitng lién k&t trong
phan t& khong khéc véi nhau ahiéu 1dm va do d6 khong khdc nhiéu vdi nang lugng trung
binh cha lién két.

Vi dy : Nang lugng cdn 1am dit lién két O-H thi oh#t va tha hai trong phén to
H,O 13 493 va 426 kJ/mol vi nang lugng trung binh cha lien k€t O-H 1 460 kJ/mol .
Diéu ndy duge giai thich 12 khi tdch nhitng nguyén tir H ra khoi H,0O, trang thdi lal héa
caa O khong bién aéi. & trang théi co ban, O c6 hai electron héa tri doc théan | hai
electron niy dugce dung dé tao thanh hai lien k&t O-H trong phan tir H,O nén khi tach
nguyén ti H, trang thdi héa tri cha O bi&n déi tuong d6i it va quéd trinh tich H khong
ddi hoi mos niang lugng kich dong tuong dsi 16n., '

Vin dé s& xfy ra nguge lai trong nhifng trudng hop khic :

Vi dy | : Nang lugng cdn lam dt lien k& Hg—Cl thit nh&t va thi hai trong phan
tk HgCl, 12 338 va 104 tJimol va ning lugng trung binh cla lién k& 1a 221 kJtmol . Sy
chénh téch 16n v& nang luong cta nhirng lien két duge giai thich la khi lién k&t Hg-Cl

_thd nhat bi dat ra, trang thdi héa tri ciia nguyén tir Hg bién déi it trong khi vi¢c dit lién

k& Hg-Cl tha hai bién nguyén tr Hg tir trang thdi sp sang trang thai s? gidi phdéng mot
nang luong didng ké b cho nang lugng cin dé 1am dut lien k&t '
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Vidu 2 : Nang lugng cén dé 1am dit lien k&€t C-O thy nhét va thi hai trong phéan
th CO, 1a 530 vi 1070 kJ/mol va ning lugng trung binh clia mdi lién k&t 1a 802 kJ/imol .
Su khéc nhau 16n vé nang lugng cén d€ 1am dut lién k&t trong trudng hop nay 12 do viéce
tich mo6t nguyén tir O khéi phan tir CO, dd chuyén lién k&€t C-O cdn lai trong phan tir tir
mét lien k€t ddi thanh mot lién két ba trong CO.

That vay ning lugng cta lién k&t gita hai nguyén tir ting lén khi d6 boi cua lién
k&€t d6 ting lén, nhung ndi chung ning lugng cia lién k&t d6i khéng ding bing hai ldn
niang lugng cia lién k&€t don hay nang lugng cia lién k&t ba kh6éng ding gép ba ning
lugng caa lien k&t don (bang 11).

Bdng 11
Nang lugng clia cdc kiéu lién két
(kfimoD
Lién k&t Niang lugng Lién két Ning lugng Lién k&t Ning lugng
lign két lign két lién két

c-C 348 C-N 305 N-N 163
C=C 635 C=N 617 N=N 409
C=C 830 C=N 890 N=N 945

Do dai lién két

Do dai lién két 13 khodng cdch giita hai hat nhan cha nhitng nguyén tir lién két
vGi nhau. DO dai lién k&t khong thé tinh todn Ii thuyé&t dugc ma chi cé thé xdc dinh
chinh xdc bing cdc phuong phép thuc nghiém. Dudi day 1a d6 dai lign k&t trong mot s§

phan tir hai nguyén tir duge do bang A (bang 12).

Bdng 12
Do dai lién két trong mot s phan tir (A)

Phan té | Do dai | Phantir | DO dri | Phanty | Do dai | Phanty | Do dai
lien ket lien két. lien ket lien ket
F, 1,42 HF 0,92 CIF 1,63 H, 0,74

cl, 1,99 HCl 1,27 BrF 1,76 N, 1,094
Br, 2,28 HBr 1,41 BrCl 2,14 0, 1,207 .

1, 2,67 HI 1.61° | 1cCl 2,32 NO 1,151

co 1,128

Trong nhiing hgp chédt khdc nhau, do dai clia cing mot lién k&t thudng bi€n ddi
khong diang k€. Diéu ndy cho thdy rdng ban chét cia lién k&t quy€t dinh tinh chét cua
lien k&€t d6. Dudi day 14 do dai cba nhitng lién két O — H ; C - C ; va C — H trong céc
hgp chét khdc nhau (bdng 13).
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Qua bing 10 ta thdy nhing phéan (o tvong ty nhau ¢é nang lugng lién k&t khd gdn
nhau. Trong nhing phan ti kim foai kiém, nang lugng lién k&t kha bé va giam xudng khi
s6 thd ty nguyén (8 tang leén. Trong céc haloegen, nang lugng lién k&t 16n hon vi ciing
giam ddn tir Cl, d&n I,. Tuy nhién nang lugng lién k&t trong phan tir ¢clia nhitng nguyén
16 ding canh nhau trong chu ki lai chénh léch véi nhau nhié¢u. Nang lugng lién két trong
O, bang mot nira ning lvgng lién k&t trong N, vi 1én gdp ba nang lugng lién két trong
F,. Diéu d6 dé hiéu khi chd y dé&€n dé bdi cia lien k&t trong N, 13 3, trong O, a4 2 va
trong F, 14 1.

Béi véi nhitng phan tir nhiu nguyén 1o kidu AB,, trong d6 chi cé lién k&t gita
A va B, ndng luong trung binh cha lién k€t A — B c6 gid tri tuyét d6i bang 1/n nang
lugng tao thanh phan t& d6 tit cdc nguyén tir & trang théi khi.

Vidy. Ning lugng tao thanh cta qué trinh ;
C+4H - CH,
la ~ 1659 kJ/mol, nang lugng trung binh cla méi lien k&€t C-H trong CH, 12

Ecw = J—@j—g = 414 kJimol

Néu Hdn lugt lam dit ting lien k€t mot cha phén tir AB, thl qud trinh lam dut dé
sé lam bi€n d8i c&u hinh electron vi hat nhan cia hé va do d6 lam bi€n déi nang lugng
tudgng tic cta nhitng nguyén tl trong phin t&. Vi du nhu trong phan tit CH, ¢é cic géc
HCH 12 109°28", khi tdch ra mot nguyen tir H bi€n thanh nhém CH; ¢6 cdc géec HCH 1a
120°, nghia 12 c&u tao 1 dién cOa phan tir CH, bi¢n thianh cdu tao tam gidc clia nhém
CH;. Day 1a Ii do tai sao nhing niéng lugng cdn dé l1am dat timg lién k&t trong phan 1
la khic nhau va khdc v&i nang Jugng trung binh cda lién ké&t.

Vi a'u . Nang tuong cdn dé lam dirt nhu‘ng lién k&t C—H trong CH, 14n lugt bing
426, 367, 517 va 334 kiimel,

C6 nhimg trudng hgp, nhitng nang lugng cdn dé 1am ddt nhitng lien k&t trong
phan 1& khong khédc v6i nhau nhiéu 14m va do 46 khéng khdc nhiéu vdi ning lwong irung
binh cua lign két,

Vi du : Nang lugng cén 1am dut lien k&t O—H thit nhdt va thit hai trong phan 1
H,O 1a 493 va 426 kJ/mol va nang lugng trung binh cGa lién k&t O-H 13 460 kJimol .
Di¢u nay duoc gidi thich la khi tdch nhitng nguyén t&r H ra khoi H,O, trang théi lai héa
ciia O khéng bi&n d4i. 3 trang thdi co ban, O cé hai electron héa tri déc than : hai
clectron nay duge dung d€ tao thanh hai lien k&€t O-H trong ph&n t& H,0 nén khi tich
nguyeén td H, trang thdi héa tri clia O bi€n ddi tuong d6i (t vd qud trinh tdch H khong
doi hdi mot nang lugng kich dong twong d6i 16n.

Vin d€ s& x4y ra ngwoc lai trong nhitng trudng hop khic ;

Viduy 1 : Nang lugng cdn {am ddt lien két Hg—-Cl thi nhdt va thi hai trong phan
tr HgCl, 12 338 vi 104 kJ/mol va nang lugng trung binh cia lien k&t 13 221 kJ/mol . Sy
chénh léch 16n vé nang lugng cha nhiing lién k&t duge giai thich 1a khi lién két Hg-Cl

- thd nhdt bi ditt ra, trang thdi héa tri cha nguyén t& Hg bign déi it trong khi viéc dit lién

k&€t Hg—Cl th& hai bi€n nguyén t&t Hg tir trang thdi sp sang trang thai s? giai phong mot
nang lugng ddng k& bl cho nang lugng cdn d€ lam duat lien k&t
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Bdng 13 .
' Su bi&én ddi d¢ dai cia mot lién két trong cdc hop chit khic nhau
Lién két Phan tir | Do dai cia lien két, A

O -H Nudgc, H,O 0,96
0-H Nuéc oxi, H,0, ' 0,97
O-H Ruogu metylic, CH,OH 0,96
O-H Nhém hidroxit, OH 0,97
O-—H Axit fomic HCOOH ' 0,96
c-¢ Kim cuong ' 1,54
c-C Etan C,H, 1,54
Cc-C Rugu etylic, C,H;OH - 1,55
Cc-H Metan CH, - 1,05
C-H Etan, C,H, _ 1,095
C-H Etilen, C,H, e 1,087

Po dai lien k€t gidra hai nguyén t¥ gidm xu6ng khi d¢ boi ctia lign két tang lén,
nghia 12 40 dai lién két ti 18 nghich v6i nang lugng lién két. :

Vi du : Do dai lign K&t C-C trong H,C-CH, 1a 1,54, trong H,C = CH, 12 1,34 v&
trong HC=CH 1a 1,2 A.

Trén thuc t&, dya vio sy giam do dai chia lign k&t ngudi ta dénh gid duge do boi
cta lien k& d6. Vi du nhu khi xét phan ¢t BF;, ngudi ta nhan thdy d¢ dai cha lien két

B-F trong phan tir xic dinh duge 12 1,29 A trong khi 46 trong ion BF, 12 1,42;\. Trong
jon BF,”, bén obitan nguyéa tir hda trji cta B d3 dugc dung dé tao lién k&t véi bdn

nguyén ti F. Nhu vay nguyén tit B di dugc bdo hda vé mat héa tri. Do d6 do dai 1,42 A

I cha lidn k&t don B—F. Sy rit ngan 46 dai lién k&t trong BF, con 1,29 R tit nhién do
syxuft hien mot phdn lien k&t 7 gita B va F ngoai lien két o. Th4t vay trong phén i

’ BF,ngodi ba lien k&t o cdon c6 mot lien k&t m khong dinh
chéd nita. Céng thic cfu tao ciia phan tit BF, 1a: '

Tém lai 46 dai lren k&t va ning lugng lien k&t 1a hai
tinh ch4t dac trung cua lién ké&t. Ching bjén d4di nguge
B chiéu nhau : lien k&t cang bén, ning lugng cang 16n va 4o
1,2V'x\ dai cang bé. Chu ¥ ring néng lugng cua lién k&t héa hoc
F’/ &\‘F  dao dong trong khodng t¥ 100 d€n 1000 kJ/mol va 46 dai

————=—-n

ciia lien k&t khong vuot qud 3 A.
Bén kinh céng héa tri va bdn kinh ion
Do ban chét séng cla electron, mot nguyén iir khong thé ¢é mot ranh giéi hodn
toan rd rét. Béi vay khoéng thé tdch riéng ra ting nguyén ti d& do kich thudc tuyét déi

ctia né. Nhung kich thudc clia nguyén tir lai 13 ddc trung quan trong nhdt, ¢c6 idnh hudng
dé&n tinh chét héa hoc cha né. Trén thyc t€ kich thuée chia mot nguyén tlr phu thudc vao
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nhiéu y&u 16 nhu kiéu lién k€t héa hoe, d9 bdi clia lien k&t, s& oxi héa clia nguyén tr va
kiéu kié€n trdc tinh thé. B&i vay kich thuéc cha nguyén ti duge xic dinh gin lién vigi
mot kidu lién k&t héa hoc nhdt dinh vd ngudi ta thudng xdc dinh bdn kink céng héa tri,
ban kinh fon... Tuy nhién nhing dai lugng nay chi phdn anh kich thudc tuong dé&i cla
nguyén tr va ion ¢hd khong phai 14 kich thudce efla obitan ndo ca.

Chiing ta xét trude hé€t bdn kinh cdng héa tri cGa nguyén t« . Bdn kinh céng héa
tri cla nguyén tr duge 14y bang mot nira do dai cta lién k&€t cong héa tri don tao nén
gifta hai nguyén tir nhu nhau.

Vi dy : bin kinh cong héa tri cla nguyen tir F 12 0,71 ;;;, nghid 132 bing mo6t nia
do dai lien két cha phan tir F, (12 1,42 A).

Bin kinhk ¢déng héa tri cha nguyén tr C duge 14y bing nia d6 dai cha lien k&t
C-C trong kim cuong hodc trong nhiéu hgp chat hitu co 1a 1,54 : 2 = 0,77 A

~ D&i véi lien k&t cong héa trj don tao nén gita hai nguyén ti khic nhau, 46 dai
lién k&t bang téng ban kinh céng héa tri cla hai nguyén tir d6. Do vay biét bdn kinh
cong hoéa tri clia nguyeén tir ndy ta ¢6 thé tinh bdn kinh céng hoéa tri clia nguyén tit khic.

Vidu : Bi€t do dai lién k€t C — N trong phén 1t H,C - NH, 12 1,54 A v3 bén kinh
cong hoéa tri ctta C ta tinh duge bdn kinh cong hda tri cha N 13 1,47 - 0,77 = 0,70 A

Trong trudng hgp lién k&€t cong hda tri tao nén boi hai nguyén tir cé do dién am
khdc nhau ohiéu, quy tdc cdng tinh khéng dp dung duge nén cdn phai ding cong thac
cha S6maycd va Stivenxan (V.Schomaker va D.Stevenson) :

Tap =Ta + 15 - 0,09 (¥, - Xp)
trong d6 r,, 14 do dai ciia lién k&t A-B, r, vd ry [4 bdn kinh cdng héa tri cha nguyén ti
A va nguyén tir B, y, va y; 1 d6 dién Am cla nguyén t§ A va nguyén 18 B.

Trong tinh thé kim loai, lién k&t giita cdc nguyén tit khong phai 12 lién k&t cong
héa tri nhung bdn kinh cla nguyén tir kim foai cling duge xdc dinh bidng mot nira khoang
cdch gitta hai hat nhin nguyén tir & trong tinh thé kim loai. Vi vay, bén kinh 46 dugc
goi 12 bdn kinh cong héa tri kim logi hay thudng goi 14 bdn kink kim loai. Dudi day 13
ban kinh cong hda iri cha mot sd nguyén t& (bang 14),

Bdng 14 .

Ban kinh cong héa trj clia mot s6 nguyén to (A)

Nguyén Bin Nguyén Bin Nguyén Bdn Nguyén Bin
tur _ kinh t kinh i kinh i kinh
H 0,37 C 0,77 . Na i,86 P 1,70
He 0,91 N 0,70 Mg 1,60 S 1,04
Li 1,52 O 0,66 - Al 1,43 cl 0,99
Be 1,13 F 0,64 Si 1,17 | Ar 1,91
B 0,88 Ne 1,60

76



ks

I.qﬁ.:‘a

Pé xdc dinh bdn kinh ion, ngudi ta coi khodng cdch gita hai hat nhén ciia cation
vd anion § trong tinh th€ bing tdng cdc ban kinh clla cation v anion. Khodng cdch dé
c6 thé do dugc bing thyc nghiém nhung khé khan & day 1a xdc dinh phdn nio cla
khoang céch d6 thudc vé cation vi phén nio thudc vé anion. Khoing cdch giita hai hat
nhan coa hai ion & canh nhau trong tinh thé phu thudce vae sy phan b8 cha electren va
dién tich O cdc ion, kiéu ki€n tric cda tinh thé vi ti s6 bdn kinh gifta cation vi anion.

P61 vai nhing cap ion, trong dd cation vi anion ¢é sé electron gidng nhau nhu
NaF, KCI, RbCl, nhing y&u 16 dnh hudng dén kich thude cha ion dugc coi 14 nhu nhau.
, Paolinh gia thi&t réng bdn kinh clia ion ti 1¢ nghich vdi dién tich hiéu dung ctia hat nhan
tic dung 1&n 16p electron ngoai cing : '

= n

lion = Z_S'

C, 12 hing s& chi phu thudc vio 6 lugng tir chinh n clha ldp electron ngoii cing,
Z la dién tich hat nhan va 8 12 hdng s6 chén.

Tir 46 rit ra ti 56 bdn kinh cba ien :

T _4,-S

I,  Z.-5§

Bi&t ti s§ bén kinh clla ton vd Khoang cdch gita hat nhin cla ion, dé dang tinh
duge bdn kinh cha méi jon.

Vi du, Trong tinh th€ mudi natri florua, khodng cdch Na — F do dwge 12 2,31 A.
" Hing s& chdn S trong ion Na* vh ion F~ tinh dugc 13 4,15. Ti s6 bdn kinh cia ion Na®
vid ion F™ la: '

r -
- 191 1’1155 =07
- -4,
Vay bdn kinh cla ion Na* 12 :
_231-071 — 0,96 A

r
Nat 140,71
vi bidn kinh c¢ta ion F~ 14 :
rge— =231 -0,96 = 1,35A
Khi bié&t nhing hing s6 C, tim dugc d81 vdi cde halogenua kim loai kiém, ngudi
ta ¢é thé tinh bdn kinh clha nhiing ion ¢6 c&u hinh electron cla nguyén ti khi hi€m.
Phuong phdp trén day ciing v6i mot s cdi 1ién di dugce Paolinh sit dung dé xic
dinh bdn kinh cta cdc ion. Trude d6 (ndm 1926) Gonsmit (Goldsmidt) dd ding mat s6
phuang phép c6 tinh chdt kinh nghiém hon dé xdc dinh bin kinh cida ion. Néi chung cic

két qua thu dugc cua hai phuong phdp khéng sai khdc nhau nhiéu. Dudi day 1a ban kinh
cla cdc ion cd cdu hinh electron cla nguyén 1t khi hiém (bang 15).
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Bdng 15 |
Ban Kinh ciia ion c6 cdu hinh electron cia khi hiém (;m)

H” Li* § Be*' B** e

1,54 0,60 0,31 0,20 0,15 _
o F~ Na* Mg*t | APt Si¢* ps* §&* crt
1,40 136 | 095 | 065 | 050 | 0,41 0,34 | 0,29 | 0,26
8% Cl” K* Ca?” Sc** Ti** AN Cré* Mn’*
1,84 1,81 1,33 | 099 0,81 0,68 0,59 0,52 - | 0,46
Se?” Br~ Rb* Sr* Cy? Zr* Nb** Mo®* Fe’*
1,98 1,95 1,48 1,13 0,93 0,80 0,70 0,62 0,57
Te" I Cs* Ba?* La’* Hf** Ta®* wet | Re™
2,21 2,16 1,69 1.35 1,15 0,79 0,71 0,65 0,50

_ Nguyen tif trung hda mét electron bi€n thanh cation nén cation luén luén cé bén
kinh bé hon nguyeén tit . Nguyén tit thu electron bién thanh anion nén anion luén ludn cé
ban kinh 16n hon nguyén tir.

o

Vidy : =095, Ny =186 A

rs= 140, 1o=066A

Diéu ndy dé hiu né&u ta chi ¢ d€n s& electron chiu tdc dung ciia dién tich hat
nhan. ( cation, dién tich hat nhan tdc dung v&i moét s8 electron it hon so véi nguyén tir
nén hit electron gdn t6i né, cdn & anion dién tich hat nhan téc dung v4i mot s& electron
nhiéu hon so v4i nguyén tir nén hit electron y&€u hon va electron c¢é didu kién & xa hat
nhan hon. Ciing vi If do 46, nguyeén tif cang m&t nhiéu electron, bén kinh cia ion cing bé.

Vidu:
v = 1,29, ryp2e = 0,80, ry, s+ = 0,66, 1y e+ = 0,54 v ry,7+ = 0,46 A
Mo men ludng cuc cita phdn ti

Phan tir ciing trung hda dién nhu nguyén t& nhung khdc nguyén t¢ mot diém co
ban sau d4y. Trong nguyén tir, céic electron bao quanh hat nhan duge phan b8 hoan toln
d6i xdng khdp moi phia nén tam phan b& cha edc electron tring véi tam cia hat nhan.
Con trong phan tir, tam phan b@ dién tich céc electron va tam phan b8 dién tich cdc hat
nhan ¢6 thé tring nhau hoic khong tring nhav. Trudng hop thi nhdt xdy ra trong céc
phan tir khéng cyc nhu H,, O,, F,... Trudng hop thi hai x4y ra trong nhitng phan tlr nhu
HF, HCI, HBr... lam cho nhitng phan tir dé c6 cuc. Nguyén nhin giy nén su cwe héa
nhitng phan t& nay, nhu di bi&t, 12 sy thién léch cha cap electron lien k&t vé phia
nguyén tir c6 do dién 4m lén hon ; trong trudng hgp nay 14 cédc halogen. Bdi vay
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phén phan tir vé phia halogen ¢ du dién tich 4m va phin
kia c6 du dién tich duong, nghia 12 hai ddu cla phéan tir tich
dién bing nhau nhung ngugc dfu nhau. Phin tir ¢cé cyc 4o

dugc goi 12 {udng cuc dién va khodng céch 1 gilta tim cla e o N
dién tich duong va tam cta dién tich am goi 1a d¢ dai ludng : ._9,1 1*5" ® ;|
CHC. ' ' N e I e
. ——— |_I ______/\
D& do cyc tinh cha ludng cyc, ngudi ta dung dai \ T{r
gl

lugng momen ludng cwc p bing tich gid tri tuyét d6i cua |
dién tich q ctta méi tam dién tich va khoang céch 1 gita hai
tam 46 (Hinh 37) :

Hinh 37-Ludng cuc dién

= e)l .
K (qe) @ (ad har nhdn nguyén ti

Dién tich q dugc tinh bing don vi dién tich e,

) o o .
e = 4,8 .107'° don vi tinh dién va 1 duge tinh bang A (1 A = 107%cm) nén W cé thd
nguyén 12 107'* don vi tinh dign x cm. Don vi do nay goi l1a Pobai (14y tén nha vat li

kieém héa hoc ngudi Halan 12 P. Debye, 1884 - 1966, gidi thudng Nobel nim 1936) va ki
higu 13 D. '

Momen ludng cuc ciia phan tir cde chft duge xdc dinh bidng thyc nghi¢m. Momen
ludng cye clia céc phan tl cong hda tri nim trong khoang 0 — 4D va ciia cdc phan tir ion
nim trong khodng 4 — 11D. Dudi day 12 momen ludng cye clita mot s6 phén ti cé cuc
(bang 16).

" Bdng 16
Momen ludng cxe cia mot s6 phan ti (bing D)

Phan tlr " Phan tir u Phants | p Phan ti m
HF 1,91 KF 7.3 NO 0,16 NO, 0,29
HCI 1,07 KQl 8,0 co 0,11 50, 1,59
HBr 0,79 KBr 9,2 H,0 1,84 NH, 1,48
HI 0,38 KI 9,2 H,S 1,02 PH, 0,58

P6i v6i phan tir hai nguyén tir ciing nhu tirng lién két trong phan ti nhidu nguyeén
td, mot cdch ghn ding ngudi ta coi nhu todn bo dign l‘l'Ch‘ am -q g4y nén bsi sy phén bd
khong déng déu cha electron, tap trung vao mot hat nhan nguyén tir vi todn bd dién tich
duong +q t4p trung vao hat nhan nguyén t& khéc va nhu vay 40 dai cha li¢n k&t dugce coi
13 d¢ dai ludng cyc. Bi&t momen ludng cwc va do dai lién két ta c6 thé tinh q theo biéu
thic

p

7 %31

trong d6 p 12 momen ludng cyc duge tinh bing D, 112 d6 dai lién k&t tinh bing A vid q
la gid tri tuyét d6i cha dién tich (tinh bing e) & nguyén tir.

Vi dy. Dién tich (tinh biag ¢) & cdc nguyén tf trong phan tir hidro halogenua la:
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Phan tit... | HF HC HBr HI
Momen luéng cyc, D... 1,91 1,07 0,79 0.38
Do dai lien két, A ... 0,92 1,27 . 1.41 1,61
" Pién tich & nguyén ti, e... G,45 0,17 0,12 0,05

Néu nhitng phan tir hidro halogenua 13 hoan toan ion thj dién tich q & mbi
nguyén tir s& bang le. Vay dién tich tinh dwgc trén day cho thdy phéan t& hidro
halogenua 14 cong héa tri c6 mét phdn ion. Phin ion 46 13 45% & HF, 17% & HCI, 12% &

HBr va 5% & HI. Céng thic cha nhitng phan tir ludng cyc dé c6 thé duoc viétl nhu say :
0,45+ 0,45- 0,17+ 0,17- 0,12+ 0,12- 0,05+ 0,05-
H F , H Cl , H Br , H I

Vi momen ludng cuc 12 mot dai lugng vectd, nghia 13 c¢6 phuong, nén trong c¢éng
thic phan tir cda ludng cuc ngudi ta ¢6 thé ghi thém miii tén chi chiéu cla vecto tir cyc
duong dé€n cye Am. Vi dy nhy H-X (& diy X = F, CI, Br, D).

B6i v6i phan 1k nhiéu nguyén 1&, momen ludng cuc 13 téng vecto nhitng momen
ludng cyc cha cdc lien két va ciia cap electron ty do trong phén ti.

Vidy. Trong phan tit CO, ¢6 c4u tao dudng thing :

q- 29+ g-
0O =C=20
S —

Heo Heo

cdc lien k& C - O cg cuc tinh manh (p =2,7 D) nhung vi phén ti¥ ¢6 cAu tao d8i xing
nén momen ludng cyc cla ching bd trir nhau, tng momen ludng cyc cda phan tit bing
s6 khong va phan 1 khéng ¢6 cue.

Tuong tu nhw viy, nhitng phéan tér d6i xitng khdc nhu C§,, HgCl,, CH,, SiF, déu la
phan t khong ¢6 cuc. Nguge lai, trong phan (0 ¢é c&u tao khéng d6i xing nhu H,0,
3Q,, NO,, nhiing vecto momen ludng cuc cha lién k&t khéng bl trir nhau nén phan t
cd cuc. :

Vidu. Trong phan tr H,0 c6 c4u tac dudng giy :

Cac lien két O - H déu ¢6 cuc (p = 1,58D) nhung lam véi nhau e}
SIS N \ - AR
mot goc 150° nén momen ludng cyc cha phin tir tinh duoc la Q.Cy x&
1.840 Q+ G+
. . ¥ "

20-

Nhitng phan tir NH, va NF, déu cé cfu tao hinh chép véi
ddy la tam gidc déu va momen ludng cwe cia nhirng fien k&t N-H
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va N - F gdn bing nhau nhung momen
ludng cuc cia NH, 12 1,48D va cia NF; la
0,2D. Nguyén vhan cda sy chénh léch 16n

vé momen ludng cwc & day 1a st khéc nhau T T

vé chiéu cla cdc momen cia lién k&t N-H T

va lién k&t N-F d6i véi momen clia cap /N\ /N\ l
electron ty do & nguyén tir N. Trong phan H ﬂ H HNH, F ﬂ F p‘NFa
td¢ NH,, momen cla cap electron tu do H F

cing chiéu véi tdng momen cha céc lien
k€t N-H, con trong phan ti NF;, ngugc
chiéu vé6i téng momen céa céc lien két
N - F.

Su cuc héa ion

Qua tinh todn méc d6 ion ciia lien k&t tir momen ludng cyc cha phan t& hai
nguyén t , ching ta nhan thdy ring ngay trong nhitng hop chét ion dién hinh nhu
halogenua kim loai kidm, lien k&t ciing khong phdi 1a ion 100%, nghia 12 trohg phan tir
khéng c6 sy chuyén hoin toan electron tir nguyén tir ndy sang nguyén tir khic. Vi du
nhu trong NaCl, lign két gida Na* va CI” ciing chi d€n 94% jon. Su ph&n chia khong
hodn toin cidc dién tich trong hogp chit ion duge gidi thich 12 giGa cation va anion, ngoai
tvong tdc tinh dién tao thanh lign ké&t, cdn ¢6 thém mot tuong téc nita 12 s¢ cwc héa Idn
nhau. Nguyén nhan cita sy cuc héa ion 12 méj mét ion 13 ngudn dién trudng 1am bién
dang vé electron d6i véi hat nhan cia jon kia, Sy cyc héa gilta céc ion bao gém khi
ndng clila mot ion nay cuc héa ion khdc va kha ndng cha ion dé bj ion khic cuc héa.

Kha néng bi cuc héa & mot ion phu thudc vio cfu hinh electron, dién tich vi
kich thuéc cla né. Trong nhitng ion c6 chrig dién tich v2 ¢é kich thuéc g4n bing nhau,
bi cuc-héa kém nhdt 12 ion cé cfu hinh electron cia khf hi€m | manh nh4t 12 ion c6 céc
obitan d d4 x&p di electron va trung gian 14 ion ¢6 obitan d chuwa x€p dii electron. Cdu
hinh electron bén ciia khi hi€m & day dvgce gidi thich 12 ¢6 it electron heon céc cfu hinh
khdc. Treng cdc nguyén t§ thudéc m@t phan nhém cia bing tudn hoan (cé cing c4u hinh
electron va cing dién tfch). Kha nang bi cyc héa tang len theo kich thuéc ciia ion. Khi
kich thudc ion tang len, l6p electron bén ngoai cang céch xa hat nhan, s6 16p electron
bén trong tdng lén cing lam ting tdc dung chidn cga ching d6i vé6i 16p electron bén
ngoai. Béi véi mot nguyen 16, ion cé dign tich cing 16n s& bj cyc héa cang yé&u vi sy
ting dién tich lam gidm kich thuée cda jon vd lam tang lyc hit gifta hat nhan va
electron. Trong diy ion cé cling s6 electron va cé cfu hinh electron cha khi hi€m, ching

‘han nhu day AI’* - Mg?* - Na* - Ne - F~ - O*- , kha nang bi cuc héa ting lén theo

chidu gidm dién tich duong. Vi nhing If do trén day nén anion bi cyc héa manh hon
cation.

Kha nang cwe héa ciia mot ion cling phu thudc vao c4u hinh electron, dién tich
va kich thuéc cha né. Ton v6i cqu hinh electron cang bén, dién tich cang 16n va kich
thudc cang bé c6 kha nang cuc héa cang manh. Anion thudng c6 kfch thuée 1én, dien
tich bé nén c¢6 khd nang cuc héa kém hon cation. Trén thyc t€ ngudi ta thudng bd qua
tdc dung cyc héa ciia anion d6i véi cation va chi chi ¢ d€n tde dung cuc héa cdd cation

~dd8i vd&i anion,
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Khi mét cation c¢yc héa mot anion & mot mic 46 rd rét (Hinh 38) vo electron
: chia anion bi bién dang, mot
phén dién tich electroen duogc

- chuyén ngugc lai tir anion dén

- B cation va lién k&t trd nén cé

mot phén coOng héa tri, do dé
“nhitng dac tinh cia lién k&t nhu
; d6 dai, ning lugng vi momen

Hinh 38 - S« cuc hda anion bdi cation ludng cuc ciing bién d8i.
B&i vay su cyc héa ion cé dnh hudng nhidu dé€n tinh chéit cia chit.

Sy oyc hda 1ang din

Sy cyc héa 1am ting mic d6 cong héa tri cia lién k&t nén cé anh hudng dén sy
phan 1i ctia muéi trong dung dich nudc. Vi du nhir BaCl, 14 chét dién li manh trong nudc
trong khi HgCl, hdu nhu khong phan li. Nguyén nhan 12 ion Hg®' cuc héa anion CI”
manh hon ion Ba®"

Sy cuc héa ion cho phép gidi thich mau sdc cia cdc chét vo cc..MQt chdt duge
goi 12 c6 mau cé nghia 12 né hdp thu chon loc mot s6 tia ndo d6 cia 4nh sdng trong thiy
lam cho 4nh sdng phén xa va tdn xa bdi ch4t cé thinh phdn quang phé khic. Buéc séng

. cha 4nh sdng trong thdy nédm trong khodng 4000 4&n 7800 ;; v nang lugng cia cde

legng t&r 4nh sdng d6 khong ldn. Sy hdp thu 4nh sdng trong th&y cé nghia la trong phén
tit cha chdt, cdc mitc ning lugng cha electron sip x€p ghn nhau. N&u nang lugng cla
mitc ndy khdc nhiéu véi nang lugng clha mie kia, nghia 12 AE 16n hon lugng tir hy cia
dnh sdng, ch4t s& khéng hdp thu nhitng lugng tir d6. Hidro, oxi, nitg vd khi htém déu
khéng cé mau vi nhitng lugng t& cla dnh sdng tréng thiy khéng thé kich dong dugc
electron v chuyén ching sang nhitng mic cao hon. Phan tir cia hidro, oxi... hép thu
nhitng lugng t& dng véi nhitng séng ngén (tdn s6 cao), n&u mét ta ti€p nhan dwge séng
ngin thi ta s& thdy ching cé mau. Nhing mic ning lugng trong nhitng phan tlr nhidu
electron (nhw I, ching han) dugc x&p sét nhau hon nén trong 4nh séng trong thdy, nhing
phan t& d6 ¢6 mau.

Mau cla phan tir gém vai nguyén t& phy thudc vdo nhidu yé&u t§, dic biét quan
trong 12 tdc dung cuc héa. '

Mudi CuF khéng ¢6 man nhung khi thay F bing halogen khdc thi mau tang len
tir mau hung (CuClz_) d&€n nan thim (Culy) theo chifu tang cha khd nang bji bi€n dang
cta anion. :

Nhl.rng anion Cr04 (cromat), Cr,0 % 2- (dicromat), Mn04 (manganat) vda MnO,
(pemanganat) déu c¢é mau dam 1a k&t qué cha tdc dung cuyc h6a manh ion O bé&i nhitng
ion kim loal €6 dién tich 16n. .

Nhitng mudi Na,CrO, va K,;CrO,4 ¢6 mau vang, cdn Ag,CrO, c6é mau dd nau.
Didu d6 cho thdy ion Ag® v&i vd 18 electron c6 tdc dung cyc héa anion CrO 3" manh
hon.céc jon Na* vd K” v6i vé 8 electron.

Oxit cha kim loai thl.rbng ¢6 mau dam hon hidroxit cha kim loai d6. Vi du nhy
FeO c¢é mau den trong khi Fe(OH), khong ¢é mau (mhu.trﬁng), CuQ mau den {rong khi
Cu(OH),, man lam nhat. Diéu ndy duge gidi thich 12 kha niing bi bi€n dang ciia OH kém

hon cda O* . Tueng tu nhu viy, nhidu sunfua kim loai ¢6 mau dam vi ion $%” d& bj bién
dang.
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~ chdt nghich nAm theo phuong vuong gdc véi

T4c dung cuc héa dic biét 16n cia ion. H* gidi thich tai sao mot s4 oxiaxit kém
bén hon va cé khi nang oxi héa cao hon so v&i mudi ctia ching. Ion H* v6i kich thude
r4t bé va khong cé electron, khong bi anion diy nén ¢6 thé chui vao v eleciron clia ion
0% trong anion axit lam cho ion O bién dang kém hon v do d6 1am gidm 46 bén cla
anion. Khi ¢6 hai ion H* chui vao vd electron cla ion 0O* thl phan tr H,0 ¢6 th€ téch
ra. V1 vay nhitng oxiaxit véi nguyén tir trung tam c6 ba bSn dién tfch duwong (N**, c*,
$**) nhu H,CO,, H,50;, HNO, déu khong tén tai & dang ty do trong khi nhirng oxiaxit
nhv H,S0,, HNO, v6i nguyén tir trung tam c6 dién tich duong i6n (§%*, N**) thi khd bén.
Su lam gidm do bén ctia anion axit béi ion HY dua d&n sy tang kha ning oxi héa cia axit
cao hon mudi.

Momen tir

Dya vdo vigc chét chiu tdc dung nhu th€ nao cha tir trudng, ngudi ta phan chia
cdc chit 1am ba loai ; chét nghich.t¥, chit thun t¥ v chit sht 1. o '

Chdr nghich tir cin dudng suc cua tiy trudng
manh hon so vdi chan khong nén bi tir trudng ddy.
Nguoc lai, chdt thudn 1 4€ cho dudng stc di gqua
n6 d& dang hon so v6i chan khong nén tr trudng cod
xu hudéng kéo dai né ra. Chdt sdt tix 1a chdt thuan
tir dac bi¢t manh.

Khi- dit ‘vdo gifa hai cuc ¢cia nam cham,

+

dudng stc (Hinh 392), chdt thuan t¥ ndm doc theo
dudng sic (Hinh 39b), con ch&t sét 1 bj nam chamg
hat hin vé mét cyc.

Hinh 39- Chdt nghich't (a)
vo chdt thudn tir (b} d6i vai 1 trudng

Sy khéc nhau vé tlf tfnh cua céc chdt 12 do sy khéc nhan clia tiY trudng O bén
rrong chét. Nhu da bist, electron trong nguyén tir cling nhu b4t k1 dien tich nio Khi
chuyén d¢ng s& tao nén tlr trudng. B&i vay mot electron trong nguyén tir |2 mot nam
cham co ban. N6 c¢6 mot momen fif spin t8o nén bdi sy quay quanh truc riéng ciia n6 va

mot momen ¥ obitan tao nén boi chuyén dong cia electron chung quanh hat nhan
nguyén tir. '

Don vi do momen t¥ 12 maneton Bo ki hisu 12 uy va bing :
' ch
4nme
e vd m la dién tich va kh&i lugng ciia electron h 12 hing s6 Polang, ¢ 1a t6¢ 40 4nh séng.

MHa =

Momen tif clia nguyén tir, phén t hay ion 12 téng vecto nhitng momen tu spin va
momen i obitan clia t4t cd electron c6 trong d6. o

Momen tit ciia nhiing electron ghép 46i & obitan nguyén 1 hay obitan phan tir s&
b trir nhau. Nhitng nguyén tir, phan tir hay ion chi gém nhitng electron da ghép doi d6 c6
momen ti bing s6 khong nén 12 chat nghich tir. Nhitng nguyén tir , phan tir hay ion, gbm,
mot hay vai electron doc than ¢4 momen tiy vinh &ku nén 13 chdt thuan tir. Trong trudng
hop nay néu momen tir obitan ctia electron bing s6 khong hodc khong ding ké, momen tif

spin t8ng hop # cfia nguyen tir, phan t¥ hay ion dugc xéc dinh theo biéu thitc:

p= Jn(n+2)
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n }4 s6 electron doc than. Bdi vay x4c dinh momen t¥ 12 mét phuong phdp quan trong dé
bi€t s6 electron doc than cé trong chit. '

Nhiing don chat khi nhv H,, N,, Cl, vd khi hi€m, nhitng don ch4t rin nhu kim
cuong, luu buynh vi bitmut, nhitng ion ¢6 cdu hinh electron ciia khi hi€m, nhirng. hop
chdt nhu CO,, HCI va nhiéu hop chit hitu co 1a chdt nghich tir vi trong céc chdt 48, cic
electron di dugc ghép doi.

Nhitng nguyén t&r nhu H, Cl, N, nhitng kim loai nhu kali, thi€c, nhém..., .nhiéu
kim loai chuyén tiép, nhitng phar t& nhuy NO, NO,, O, 12 nhi¥ng chdt thuan tir vi ching
cd electron doéc than.

Mgt vai kim loai nhu sét, coban va niken, m¢t s&§ hgp kim va vaj hgp chdt ¢6 tinh
st tr. Dac diém ciia chat st t 12 sau khi di dvoc dat vio tir trudng néu cit (¥ trudng
di, né vln cdn gift dugc tir trudng riéng ciia né. Cdn chd ¥ rdng, khéc vai tinh thuan tir
va tinh nghich tit, tinh sdt ¢t 12 tinh ch&t cda mang Judi tinh thé ch¢ khéng phdi cia
nguyén tir hay phéan tir . Trong dai da 3§ kim loai, chuyén d6ng nhiét clia cic hat (ion
hay nguyén tir ) & trong tinh thé c6 thé d& dang thing sy dinh huéng cha cdc momen (¥
electron do tir trudng bén ngoldi gdy nén. Chat sét t¥r c6 nhitng mién m2 momen ti¥r cha

electron ¢6 cing mot hudng nhu nhan cho nén chuyén déng nhiét cla cdc hat khong thé -

thing duge sy dinh huéng tap thé cdc momen ti¥ electron do tir trudng bén ngoai gay
nén. B&i vAy sau khi 14y ra khdi tir trudng bén ngodi, chat sit tir try thanh nam cham. So
d6 dudi day biéu din nguyén nhan cia tfnh thusn tir va tinh sit i :

P -_______","/ | —_— -

ch&t fhugn tir chat sdt tir
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CHUONG IV

CAU TAO CHAT

Luc giita phdn ti

Li thuy&r vé lien k&t ion va lién k€t cfng héa tri giai thich duge cdu tao phan tu
ctia nhiéu chdt & th& rén, 16ng va khi nhung khong gidi thich dugc sy tép tai ciia mot
s6 khong it cdc chédt, vi dy nhu cdc khi hi€m ching han. Nguyén tit khi hi€m cdé vé
electron bén nén khéng thé tao nén céc kifu lién k&t héa hoc di xét trén day. Nhung &
nhiét 46 rat thdp, gin khong 46 tuyet d6i, khi hi€m c6 thé hoéa léng va héa rén ; cdc qud
trinh nady phét ra nang lygng. Vay nhing luc nao 4@ hdt cdc nguyén tir khi hi€m lai vdi
nhau ? Tuong tu nhu vay, nhitng lgc nho di hit nhitng phan t&r trung hda nhu H,, Oy, N, .
CHy lai v¢i .nhau lam cho ching t6n tai & c4c trang thédi long vd rdn ? Trong nhiing phan
1% d6, electron héa tri 43 dwge sit dung hé&t dé tao thanh lién k&t nén nguyén tit khéng
cdn ¢6 kha ning tao.thém lién k&t nira. '

Nhitng lyc hit giGa cdc nguyén tir vd phan t& trung Roa 36 duge goi chung la
lwc gifta phdn tit hay cdn goi 13 luc Van de Van d&€ ghi nhé nha vat li ngudi Ha Lan 12
* Van de Van (Van der Waals, 1837 - 1923, gidi thudng Nobel v& vat If nam 1910), ngudi
ddu tién phét hié¢n ra nhitng luc d6.

Lyc Van de Van ciing c6 ban ch4t di2n nhung c6 moét s8 dic diém khic véi lyc
lien k€t héa hoc nhu thé hién & trén nhitng khodng cdch twong d6i 16n, khéng bdo hoa va
cé nang lugng r4t bé. That vay nang lugng cla tuong tdc gilra cdc phan tir bé hon nhidu
so v&6i nang lugng cha lién k€t héa hoc. Thue t&€ cho thfy ring nhiing ch4t ma-tinh thé
chia chiing cé ki&n tric ion, trong d6 céc ion lién k&t v4i nhau bang lién k&t ion c¢6.nhigt
d6 s6i cao. Con nhitng ch4t trong d6 nguyén tr hay phan tir hit nhau bing lyc Van de
Van, 1a nhitng chit & trang théi khi & nhiét 46 thudng vi thudng c6 nhiét 4o s6i rdt thép,
vi du nhu khi hi€m ching han. D€ so sdnh lyc Van de Van v6i lue lien k&t héa hoc ta ¢6
thé 14y nhiét thang hoa ciia clo ( ~ 20 kJ/mol ) vk niang lugng cua lién két Cl-Cl
(242 kJimol) trong phan t& Cl,. R& rang I2 lyc hidt gita phan tir Ci, ndy v&i phan tw Cl,
kia 12 bé hon nhiéu so véi hrc lien k&t cong hda trj gita hai nguyén t& Cl trong phén tir Cl,.

Nhitng nguyén nhin n2c d4 sinh ra lyc Van de Van ? '

Tuwong téc dinh hudéng. Nim 1912 Kizd6m (V.Keesom) cho ring nguyén nhan gy
ra luc Van de Van 13 momen ludng cyuc vinh ciru cla cdc phan tir. Khi nhiing phan tr cé
cuc d&n gdn nhau, vi tuong tdc tinh dién gitfa cdc ludng cuc nhitng phan t&r d6 xoay

85



hudng d€ nhitng ddu khdc dfu cla céc ludng cyc sé & gln nhau va din t6i luc hit gilta
cdc ludng cuc d6. Tuong tac 46 goi 1& tuwong tdc dinh hudng. Tuong tdc ndy cang 1én khi
" momen ludng cuc clia phan tir cang 16n. Vi dy nhy tuong tdc dinh hudng trong trudng
hgp H,O va HCI 18n hon so v6i trudng hgp CO vi rdng momen ludng cyc cda H,0 va cha
HCI rét 16n hon cha CO. Nang lugng cla tuong téc dinh huéng duge tinh theo hé thic :
2nt '

: 3r°kT

trong 46 x 13 momen ludng cyc cha phan i, r 12 khodng cdch tir tam cla ludng cyc nay
dé&n tam cha ludng cuc khdc, k 13 hing s&, T 12 nhiét d¢ tuyét ddi. Ning lugng ctia tuong
tdc dinh huéng ti 1& nghich véi nhigt 40 tuy&t-d8i vi chuyén d¢ng nhi¢t cha phan ti can
trd sy dinh hudng cua ludng cyc.

Ugy =~

Tuong téc cdm @ng. Nguyén nhan thd hai gay ra lyc Van de Van 12 tuong téc
phu gita ludng cyc vinh clru va ludng cuc cdm dng. Ludng cwc cdm dng sinh ra khi phan
tlt cé cyc cuc héa nhitng phan'tir & chung quanh né. Tuong téc hdt phu nay goi 12 ruong
tdc cdm ing. Nam 1920 Pobai dwa ra h¢ thic tinh ning lugng cha tuong tdc cam ung :

. Zo:Jtp2
U & —

c.u
1'6

trong d6 a 1a 4 bi cyc héa cia phan ti.

Tuong tdc khuéch tdn. Tuy nhién cd hai loai twong tdc trén day déu khong giai
thich dugc sif tén tai cdc trang thdi rdn va 1dng cita nhitng chét nhyu khi hi€ém, hidro, oxi,
nito. Bi vay cdn dua them mot loai tuong tdc thit ba nita goi 12 twong tdc khuéch tdn.

Loai tuong téc ndy c6 tén goi nhu vay 13 vI dugc phithi¢n khi nghien cdu sy khué&ch tén
cha 4nh séng.

Nam 1930 London da gidi thich tvong téc khuéch tén nhu sau. Theo nhitng quan
diém hien dai vé c4u tao nguyeén tir vd cfu tac phan tl, moi hat déu ¢6 nang lugng &
khong d6 tuyét ddi, nghia 12 mot nang lugng nic d6 vin tdn tai & ngay nhist do thép
nh&t ¢é thé ¢6 duge. Chinh ning lugng ¢6 didm biao cho electron ludén ludn chuyén dfdng
quanh hat nhan. B&i vay khong phdi trong bt ki Iic nao, tam dién tich duong ludn ludn
trong v6i tam dién tich am va do 46 ludng cwc sinh ra nh4t th¥i. Phuong cia ludng cyc
dé thay d8i nhanh chéng tay theo chuyén dong cha electron va v6i mét s6 16n nguyén i
¥ trong miu chit thi khong ¢6 su phan chia dign tfch tréi theo phuwong ndo cd, nghia Ia
téng cdc momen ludng cyc bing s6 khong. Nhung di¢n trudng clia ludng cyc nhdt thn
clia nguyén tir ndy c6 thé cdm Ung mot ludng cye & nguyén tir bén canh va nhing ludng
cuc nay hidt nhau. Ning lugng cla tuong téc khuéch tin dugc tinh theo. hé thic do
London dua ra
'_311.\.#0&2

4r®
trong d6 hv, 12 ning lugng & khong 4§ tuyét d&i clia nguyén tir hay phan tir .

Uk,t =

Bang céch nhu vy tuong tdc khu&ch tdn sinh ra khong nhilng gida cdc nguyén tir

(trudng hop cdc khi hi&m) md giita cdc phén ti¥r trung hda (nhu H;, O;, N,;...) va céc phan
tlt ¢6 cuc nita (nhv HCI, HBr, CO...) :

Ca ba loai tuong tdc trén diy mo ta d.ﬁy 4h lvc Van de Van, Ning lugng cia céc
tuong tic d6 mang dfu Am vl ching la. tvong téc hit. GOp ndng lugng cta ba Joai tuong
tic d6 lai ta duge nang lugng cia tuong tfc hiit gitta cdc phan tit (hay nguyén t) :



Uy = -

Nhu vay luc
t¥ (hay nguyén tir). Phin d6ng gép ciua mdi loai tuo
vio cfu tao cha phéan t&. Hai tish chit quan trong
cuc héa cba phan ti. D8i véi nhing p
vai trd cang lén. D&i v6i nhitng phan
trd cang ting lén. Tuang thc cam @ng phy thudc vdo cé hai

trd thi¥ yéu. Bang 17 trinh bay ning lugng ciia ba loal tuong tdc cha luc Van de Van

n

rﬁ

, trong 46 n = —

3kT

trong tinh thé mot s6 chit.

-

hit ti 1& nghich véi lidy thira séu khoang cich giita phan tir va phéan
ng tic vao lyc Van de Van phu thugc
h&t cha phan ti 12 cyc tinh va d6 bi
han t& c6 cuc cang lén, tuong tdc dinh hudng co
cang d& bi cyc héa, tudng tic khu&ch tan ¢6 vai
y&u t& d6 nhung chi cé vai

Bdng 17
Nang lugng ciia cdc loai twong tic trong lyc Van de Van
(kJimol)

Tinh thé Momen Do bj cyc | Tuong tdc. Tﬁcmg tdc | Tuong téc Luc
chdt ludng cyc héa «, dinh cam dng | khuéch tén Van de

w,D 1072 ¢m? hudng Van

He 0 0,20 0 0 0,21 0,21
Ar 0 1,63 0o 0 8,49 8,49
Xe 0 4,00 0 0 18,41 18,41
co | 0,12 1,99 0 0 8,74 8,74
HCI 1,07 2,63 3,31 1,00 16,82 21,13

HBr 0,79 3,58 1,09 0,71 128,45 30,25 _

HI 0,38 547 0,59 0,31 60,92 61,82
NH, 1,48 2,21 13,31 1,55 14,73 29,59
H,0 1,84 1,4 36,36 1,92 " 9,00 47,28

Qua bang ta thdy, trir phan tr cé cyc r4t manh nhu H,0, tuvong tdc khuyé&ch tin cé

. vai trd 16n trong tuong tdc hit giita cdc phan t&r. B&i vay lye Van de Van phu thube manh

vao d6 bi phan cyc o ma 44 bi phan cyc nay ting 1én theo kich thuGe ciia phan t& (hay
nguyén tlr). Diéu ndy cho phép gidi thich 51‘; ting nhiét d6 néng chay va nhiét do soi cha
don chét vd hop chit trong ty cla cdc nguyén t8 tit trén xuéng dudi trong cling mot
nhém clia bing tuén hoan. '

Vidu:
Khi hi€m.....ccccoennne s He ‘Ne At Xe Rn
Nhigt 4§ s6i, °C...ooonnne - 268,° - 246 - 105,9 - 109,1 - 62
Halogen. ..ooovurvvrmmmmrenens F, Cl, Br, R A
Nhigt ¢ 50, °C...o..lco. — 187.9 - 34,1 58,2 " 184,5
Hidro halogenua.......... ' HCI “HBr HI
Nhiét 4o sBi; °C...oeoee - 66,7 - 35,8

- 84,9
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Khi céc phan t&r (nguyén tir ) lai gin
nhau dén moét miéc nao d6, vd electron cia |
chiing che phi nhau, luc ddy giita cdc phan ti :
xuft hién. Niang lugng cha twong téc ddy dé "
¢6 thé dugc biéu dién theo phuong trinh tuong \
te nhu phuong trinh cta tuong tdc hit : \

%
Ud = L-n—- | . r
r'? U
& day m 12 hing s6 ddy. Qua phuong trinh nay Yo

ta thdy luc ddy xuft hién khi khoang céch
gitta cdc phén tir 1a bé va luc ddy cang 16n khi
khoang cédch cang bé. eraliy r Un

I
Nang lugng toan phdn cla tuong téc i

gilra cdc phan tu la : Hinh 40- Duwong cong thé ndng cia tuong tic

nl.om . giita cdc phdn ti
| ] PO e i

6 12
T

—

DPudng biéu dién cha phuong trinh d6 dugc trinh bay trén hinh 40. Cuc tiéu trén
dudng cong wng v6i nang lugng U, cla tuong tdc gilta phdn tir tai khoang cédch can béng
r, gitta cdc phan tu.

Ban kinh Van de Van. Ngudi ta thudng tinh hdn kinh Van de Van cta nguyén tir

trong phan tit bing mot nira khodng céch gita hai nguyén t&r thu¢c hai phan tir khiéc
nhau & trong tinh thé (Hinh 41). Chéng han, bdn kinh Van de Van clia nguyén ti clo 1a

1,80 A con ban kinh cong héa tri ctia clo 12 0,99 A. Luc Van de Van y&u hon nhiéu so
v6i lién k€t cong héa tri nén bdn kinh Van de Van clia nguyén ti ludn ludn 16n hon bdn

kinh cong héa tri ctia n6. Duéi day 1a ban kinh Van de Van cla nhiing nguyén t6 khong
kim loai (bang 18). :

“ban kinh Van de Van

."l .
0,998 1,804

ban kinh céng hoa tri

Hinh 41 - Bdn kinh Van de Van va bdn kinh ¢éng héa tri ciia CI

%8

e‘é, ’4:
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e
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Bdng 18
Bé4n kinh Van de Van cfia nguyén té khong kim loai ( .zx)
H 1,1-1,3 He 1,22 -
N 1,5 0 1,40 F 1,35 Ne 1,50
P L9 s 1,85 cl 1,80 Ar 1,91
As 2,0 Se 2,00 Br 1,95 Kr 2,01
Sb 2,2 Te 2,20 . I 2,15 Xe 2,20 -

_ Biang lyc Van de Van ngudi ta ¢6 thé gidi thich khong nhitng sy tén tai cdc trang
thdi léng va rdn cla cdc chdt ma cé sy tén tai cha mot s6 hgp chét héa hoc, nh&t 12 hop

chédt cia khi hi€m.
Lién két hidro

Lyc Van de Van khéng thé giadi
thich dugc su bdt thudng vé mdt 56 tinh
chat nhu nhiét d6 s6i, nhiét héa hoi v.v...
ciia nhitng hop ch4t HF, H,0 vd NH,. Hinh
42 chi trinh bay sy bi€n d6i nhigt 49 sbi
clia mot 58 hidrua va clia khi hiém.

Sy tang nhiét 46 soi cda diy hidrua
EH, (E 1a nguyén t§) va cia khi hi€m duge
gi4i thich bing sy ting lgc Van de Van
theo kh&i luvong phan tif cia hidrua v khéi
lwgng nguyén t¥ cha khi hiém.

Nhung trong céc diy hidrua EH,
EH, va EH,, tai sao cdc hgp chdt HF, H,0
vd NH, lai ¢6 nhiét d¢ s6i qué cao hon so
vGi céde hop chdt twong tg & trong clng
diy?

Pidu nay dugc gidi thich khoéng
phai bang lyc Van de Van ma bing hién
twong tring hop phdn ti. 3 céc trang théi
rédn va 1dng v c6 khi cd & trang théi khi
(trurng hgp HF) nhitng phan t& cda céc
hop ch&t trén day khéng tdn tai ri¢ng ting
phan tir mot ma k&t hop v6i nhau tao thanh

nhitng phan tif 16n hon nhu 12 (HF),,

" (H,0), va {NH,), ; n ¢6 gié tri khdc nhau

Lo

108

-84 I

=240

Hinh 42-Nhiév d¢ s6i ciia mét s6 hidrua va
cia khi hiém

d6i v&i cdc chdt d6 va giam dén khi nhi¢t 49 ting. Trong nhitng phan t& trang hgp d6,
nhitng phan tir don lién k&t véi nhau qua nguyén tlr hidro nén kiéu lién k&t ndy goi 12
lién két hidro. Lién k&t hidro dugc ki hiéu bing vach chdm d€ phan biét v§i vach héa tri

binh thudmg.
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Vidyu : Céong thitc cu léo clia phén tir (HF), duge biu dién nhu sau - -

Trong méi chdt, nhitng phan tir tring hep
(HF}),, (H,0), (NH,), lién k&t véi nhau ‘bdng lyc H H
Van de Van. Khi !am bay hoi HF 1éng, nude hay O ~TN
NH; 16ng, ngodi nang lwgng can thi€t cung c4p cho H N “\H/
chdt dé thing luc Van de Van con cdn cdp thém mot
nang lugng nita 4€ 1am 4t lién k&t hidro trong tirng . ' v
phan t tring hgp. Bdi vay d€ nhiing ch4t d6 chuyén tir 1dng sang hai, cdn ¢6 nhitng didy
ki¢n cao hon so véi nhitng hgp chdt cing day ma trong d6 khéng cé hien tugng tring
hop phan tl, nghia 1a cé nhiét d¢ s6i cling nhu nhi¢t héa hoi cao hon. Sy bar thudng vé
nhiét d¢ néng chdy cling c6 cing nguyeén nhan nhv vay. '

Ngoai kha nang tring hgp lai thanh (H,0), nh¥ lién k&t hidro, phan tir nude con
c6 thé k&t hop véi phan (i ch4t tan ciing nhd lien ket hidro nén nuéc c6 kha ning hda
tan 18t mot s6 chdt. Su két hop 46 cia phan tr H,0 c6 thé qua nguyen ta H khi hda tan
nhitng hgp ch&t hitu co ¢6 nhém cacbonyl (C'= 0) : :

R H H
™~ / /
N——H.. . o\ P—H.. o
R_/ 3H R H

Khi hoa tan nhitng axit htu co, nuéc ket hop véi phén tir axit theo cd hai cdch :
Lién két hidro gdy nén baj su chuyén djch

electron tit H vé& nguyén 16 cé d6 dién am 1&n lam /0\

cho H gén nhv tr& thanh proton H*, mét hat nhan ;,.'H H

trdn tryi khéng c6 vé electrof. Do d6 lién két hidro ¢0

chi ¢6 lyc hit ma khong c6 Iyc ddy. D6 1a didu kien R — 1SN P
- thuln lgi dé cho nguyén t6 am di¢n cla phan i O-—H... 0\ .

khdc di lai gdn proton hon. Diéu ndy khong thé xdy H

‘ra 'd8i v&i cdc ion duong khéc nhy Li*, Na*... lien k&t hidro sinh ra cadng manh khi
nguyén t6 lién k€t véi né cé 40 dién am cing l6n. Bai vay lién k€&t hidro chi dac trirng

cho hgp chét cha F va O, mot phén choe hop chét cia N va {t hoa nlta cho hgp chit ciaa
ClL.

- D¢ bén cita lign k&t hidro 13 trung gian gifta lyc Van de Van va lien ket héa hoc.
Niang lugng ctia lién k&t hidro 12 khd bé, vio khodng 20 - 40 kJ/mol » nghia 1a bé gap
mu&i [4n ning lugng cla lign k&t héa hoc.
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Trén diy ching ta chi méi néi d€n lien k&t hidro duge (ao nén giita céc phan ti
nhue nhau hodc gita phan tir H,0 v6i phan tir chft tan. Ngoai ra li¢n két hidro cdn ¢6 thé
dvgc tao nén & trong ndi bo clia mot phan tit . Dang lién két hidro néi phdn tk ndy 13
twong d6i phd bién va cling ¢6 dnh hudng d&n tinh chdt vat If va héa hoc cia chit. Duéi
d4y 1a mot vai phan t vi duy ¢

0‘n¢0‘~.‘ ' 0/ H ',H\C//Q H
< N s
g-nitrophenol ~ ¢-clophenol Andehit salixilic |

V& ban chdt clha lién k&t hidro 44 cé nhiéu gid thuyét dua ra nhung cho dén nay
vin dé vin chua dugc gidi quyé&t hodn todn dt khodr. C6 thé néi rdng trong lién két
hidro c¢6 sy déng gép cla tuong tdc tinh di¢n gita cdc ludng cuc, sy cyc héa iAn nhau va
lien k&€t cho - nhdn. Khé khan clia vi¢c tinh todn li¢n k&t hidro bing co hoc lugng ti la g
chd sai s6 cda phép tinh 16n hon nhiéu so v&i ning lugng cua lien k&t hidro. :

Theo thuy& MO, lien k&t hidro
taoc nén gita hai nguyeén tir A va B (lien . ’/?’_E_\\\
két A — H — B) dugc coi 13 mot lien két ' _D_(’ / Y
ba tdm (ba hat nh&n nguyén ti) tao nén pr ‘\\‘f \\\
bang sy té hgp cha ba obitan phén tr va ‘\’ \\ \
nguyén t¢ thanh ba obitan phan tr : ,"l\y’ ~ A
lien k&t, khong lien k&t va phin lien A MO \\\‘
két. Hai cap electron héa tri duge x€p N N

_ N K
vio obitan phan tit lién két va obitan : \\‘:\ . '
phan tit khong lien két. Dé cho don : »’

gian, & day chi xét tuong tdc gita A - H AQ cla A-H MO AQclaB
va B. Hinh 43 trinh bay gidn d4 ning )
lugng cia cidc obitan phan wr dugc tao Hinh 43-Lién k{r_ kidro theo thuyét MO

nén trong lién ket hidro.
Cdc trang thdi tdp hop cua chdt

Tiy theo cdc didu ki¢n bén ngodi nhu nhiét 46 va dp suft, mot chit c6 thé tén tai
& chc trang théi kh{, 1éng hodc rén. Nhimng trang th&i tén tai 46 dugc goi 1d trang thai

. tdp hop ciia chdt. Trong céc dan chét, & didu kién thudng cé hidro, nitg, oxi, flo va céic

khf him tén tai & trang thai khf, brom v thiy ngén & trang théi 1dng, cdn céc don chét
khéc & trang théi ran. : :

Qu4 trinh chuyén mot chét tir trang th4i rén sang trang thai long goi 1d sy néng
chdy. Qué trinh nguoc lai goi 12 s¥ héa rdn. Qud trinh chuyén mot chat tir trang théi
long sang trang théi kbi goi 12 su héa hoi. Tiong trudng hop sy héa hoi chi xdy ra & trén
bé mat cla chit ldng, qué trinh 46 goi 1 s¥ hay hoi. Qué trinh chuyén tir trang théi khi
sang trang thai léng goi 13 sy héa Idng. Qu4 trinh chuyén tit trang théi rdn sang trang
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thdi khi khong qua trang thdi léng goi 12 sy thdng hoa. Qué trinh chuyén tir trang théi
khi sang cdc trang théi rédn v long dugc goi chung 14 sy ngung tu.

T4t ¢4 nhitng qud trinh trén day déu kem theo sy phdt nhiét hay thu nhiét. Qusi
trinh néng chdy va qud trinh bay hoi luén luén thu nhiét nén trang th4i Iong bén & nhiét
dé cac hon so véi trang théi rdn va trang thai khi bén & nhiét d6 cao hon so véi trang
thai 1ong. ’

Su khic nhau vé trang théi cha mét chit 1a do sy khdc nhau vé khoang céch giita
céc hat (ion nguyén t , phén tlr ) va luc tuong tdc gifta cdc hat 46, do d6 khéc nhau vé
quan hé gita th€ ning va d6ng ning cda hat.

Chdt khi

Trong chét khi, cdc phan tir (hay nguyén t& , trong trudyng hgp khi higm) & céch
xa nhau, khoang cdch 46 vugt xa kich thudc cia phan tir. Nhitng phan t&r khi chi chiém
vao quing mot phdn nghin thé tich cha khi & &p sufit thudng. Vi du nhu 1g iot rdn <6 thé
tich chirng 0,2 ¢m® trong khi 1g hoi iot & dp suft latm v nhiét do 184°C chi€m thé tich
148 ¢m’, nghia 12 16n g&p 700 l4n. Vi & cdch xa nhau nén lyc Van de Van gitta cdc phéan
tr rdt y&u va cdc phén t& ludn lubn & trang thdi chuyén 4ong hén loan. B&i vay chat khi
¢6 thé nén dugc va chi€m todn bo thé tich clia binh dung.

Vi luén ludn chuyén déng, nhitng phan t& khi va cham v&i nhau vi va cham vao
thanh cba binh dung. Su va.cham vao thanh binh dé xdy ra thudng xuyén nén luén fuédn

tao ra méf 4p lyc l1én thanh binh. Ap luc do khi tinh trén mot don vi bé mit duge goi 12
dp sudt ela kKhi.

O 4p sudt thdp vh nhiét d9 cao, cdc phéan tir khi chuyén doéng rdt hdn loan nén céc
khi khéc nhau ¢6 tinh ch4t kha gin v6i nhau. & dp suft gdn s6 khong (chan khong), kich
thudc clha cdc phan tir so véi thé tich chung clha khi va tuong tdc gita cdc phan tir déu bé
dén muc ¢6 thé bd qua duge. Khf nhu vay goi 12 khi If tudng. Khi d6 tuan theo phuo‘ng
trinh PV = RT. D612 phuang trinh trang thdi khi i tudng.

Nhung & 4p suft cao vd nhiét do thép, cdc phan tir khi & ;ﬁn nhau hon, hre Van
de Van di manh hon v khong thé bd qua duge. Trong nhitng diéu kién &6, dac tinh cia
khi th& hién rd rét hon. Khi nhu vay goi la khi thuce. D6i vai khi thue, phuong trinh trang
thai trén day kheng thé 4p dung duge ma phai ding phwong trinh.Van de Van hay con
g0l | phuong trinh trang thdi khi thuce :

(P + %)(Wb):RT

trong 46 — V2 la dai lugng phan anh lyc hit giitd cdc phan t0,, b phin anh thé tich rléng
chia cdc phan tir (a vd b dugc goi 12 nhiing h_éng $6 Van de Van).
Su héa ldng chdt khi

~ Khi lam lanh chﬁt khi & dp sﬁﬁt thudng, chdt khi héa long & mot nhigt 46 xéc
dinh. Nhiét 46 46 goi & nhiér dé héa [dng cha chét khi & 4p sudi thutng. Nguge lai khi

dun néng chdt 1éng & 4p suit thudng, chdt léng héa hoi, nghia 12 s6i, ciing tai cung nhiét
40 d6 & dp sudt thudng. D6 12 nhiét d9 s6i cia chdt 16ng. Nhiét d6 héa 1dng hay nhiét dé

s6i ca mot ch4t phu thudce nhidu vdo 4p sust. Nhiét d6 d6 tang lén khi ting &p sudt va
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ha xuéng khi gidm 4p suét. B&i vay trong phong thi nghiém va trong céng nghiép, nguoi
ta thudng chung cdt cdc chét 1dng & trong chan khong, ding hon 1a duéi 4p sudt thip hon
4p sudt thudng. Nguge lai khi héa 1éng cdc khi, ngudi ta thudng nén cic khi & dp sudi
rit cao hon 4p sudt thudng. Tuy nhién vi¢c ning cao nhiét 46 héa long (hay nhiét do so1)
nh® 4p sudt ciing cé mot gidi han nhat dinh, qua nhi¢t do d6 chdt 16ng khéng thé tén tai
du duéi 4p suft ndo. Nhiét d6 cuc dai d6 duge goi 13 nhiét d6 16i han (ki hi¢u 12 T,;) va
ip sufit cdn thi€t dé chdt khi héa long & nhiét do d6 goi 12 dp sudt 16i han (ki hiéu 12
P..). Nhiét do t&i han va dp sudt t¢i han 13 nhitng hing s& vat if dac trung cha chit. Vi
d6i véi mot chét, nhiet 46 t6i han vi 4p sudt tdi han 13 hing s6 nén thé tich chi€ém boi
mot mol khi & trang thai t6i han, goi 12 thé tich téi han, ciing 12 hing s6 (theo phuong
trinh trang théi khi). O céc diéu kién t6éi han, thé tich clia khi va cha ch4t 1dng bing
nhau nén tai d6 khi va chét long c6 ti khéi nhv nhau. '

Duéi day 1a nhiét d¢ t6i han, 4p suft t&i han vi thé tich t6i han cla mot s& chit
(bang 19).

Bdng 19
Hing s6 t6i han cia maot s6 chat
Chat Nhiet 46 soi Nhigt do t6i dp sudt tdi han, Thé tich t4i han,
°C han, °C atm cmiimol
He - 268,44 - 267.9 2,26 578
H, - 252,77 - 2399 12,8 65,0
N, - 195,82 -147,0 33,54 90,1
0, - 182,97 _-118,4 50,1 . 78,0
CH, . -161,58 - 82,1 45,8 99,0
CO, - 78,43 31,0 72,9 ' 94 -
Cl, - 34,06 144.,0 76,1 124
C,H, - 88,63 32,27 48,20 148
NH, -33,43 132,3 11,3 72,5
S0, - 10,02 15?.5 77,8 122
“CqH, 80,099 289.,5 48,6 260
H,O 100 374.2 218,3 56

Qua bang ta thdy khi NH, héa léng & -33,43°C dudi 4p suft thudng (l1arm). Khi

tang 4p suft, khi NH; c¢6 thé héa ldng & nhié¢t 46 thudng vd d€n 112 arm khi NH, héa
1ong & 132°C. Didu d6 nghia 12 qué nhiét 4o t&i han d6, khi NH, khong thé héa léng &
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dudi bat ki 4p sudt ndo. Tuong tu nhu vay, & dp sudt
thuong, nudc s6i & 100°C. Khi ting dp sudt, nhiét
d6 s6i cha nudc ting lén va dén 218,3atm, nudc soi
& 374°C, nghia la nuéc long khong thé tén tai O
nhiét d6 trén 374 °C du dudi d4p sudt nao.

Dé hinh dung cu thé trang thdi téi han cla
chdt, ching ta 14y cdc k&t qua thuc nghiém thu
duoc khi héa 1dong khi CO, bing cdch nén duéi 4p -
sudt. Pudng biéu dién sy bi€n déi cha thé tich khi
CO, theo 4p sufit & cung mot nhi¢t d¢ dugce goi 1a
dwong ddng nhiét (Hinh 44).

Ap sudt

Vi du & 13°C ching han va du6i 4p sudt thép
(diém A), CO, hoan toan & trang thédi khi. Khi nang
dp sudt lén, thé tich cta khi CO, giam gdn nhu tudn

theo dinh luat Boi Mariot. O 4p sudt B, khi CO, bt c e S
ddu héa 1éng va thé tich khi gidm xuéng nhanh Thé tich

chéng vi chdt 1dng c6 ti kh6i 16n hon nhiéu. O thé :

tich C, khi CO, héa 1éng hoan toan va bét ddu ti Hinh 44 - Nhitng duong ddng nhiét
di€m nay, khi tang 4p sufit, dudng biéu dién di lén thé tich - dp sudt ciia khi CO;

gdn nhu thing ding (doan CD) vi chdt 1éng it bi nén. Nhu vay trén dudng déng nhiét &
13°C, doan AB @ng véi chdt khi, doan CD &ng v6i chét 1dng, con doan BC tng déng thoi
v6i chédt khi va chdt 16ng. Trong khi CO, héa long, ép suft cia khi khong bi€n déi nén
doan BC nim agang song song véi truc hoanh.

Pudng ding nhiét & 21°C c6 dang gidng nhu dudng déng nhiét & 13°C, nhung
doan nim ngang &ng déng th&i véi khi va chdt 1éng 1a ngén hon. Doan ndm ngang nay
cang ngén lai khi nhiét d6 cang tang lén va trd thanh diém P & nhiét d6 31°C. Nhiét do
31°C goi 12 nhiét d¢ t6i han clia khi CO,. Diém P 12 giao diém clia dudng déng nhi¢t &
31°C véi dudng cong C'CPBB'. Toa d¢ ctia P la dp sudt t6i han va thé tich téi han ving
III (ving ké xién & trén hinh v&) ndm trong dudng cong C'CPBB’' 1a ving tén tai déng
thoi cha ca khi va chét 1éng. Trong ving II ndm phia bén trdi dudng EPCC', chi tén tai
chét 16ng. Trong ving I ndm phfa bén phai duyng EPBB', chi tén tai chét khi.

Chdt long

Pagsila.  mot
trang thdi trung gian
gitta trang thdi khi va
trang th4i rén (tinh
thé). O nhiét do cao,
chdt long c6 tinh chdt
gdn v6i chdt khi va &
nhiét do thdp, gin véi
tinh thé. /
Né&u & trong tinh thé, !
cdc hat dugc sdp x€p
lién nhau mot céch sit
sao nhdt (Hinh 45a)

Hinh 45- So dé so sdnh kién triic cia tinh thé (a)

va kién triic cia chdt ldng (b)
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mdi mot hat trong ciing mét 16p duge 6 hat khic bao quanh thi trong chdt long, ngoii
nhitng viing & trong d6 céc hat sip x€p lién sit ‘nhau nh&t cdn c¢é nhitng viung trong dé
céc hat tuy vin sidp x€p lién nhau nhung khéng sit sao nhdt (Hinh 45b) nghia 14 méi
hat trong cling mot 1dp chi dugc 4 hay 5 hat khic bao quanh, Do vay trong kién tric cha
ch4t 16ng cé nhitng 16 tréng. Nhing 16 tréng nay khong c6 hinh thii va kich thudc xéc
dinh, cé thé xuft hi¢n & chd nay réi bi€n dang va ddi sang ché khic.

Chinh nhitng 15 tréng nay di lam cho khoang cach trung binh giita cdc hat 16n
hon so véi trang théi rdn. Pa s6 chdt rin khi héa lbng déu ting thé tich 1&n khoang 10%,
nghia Ia khodng céch trung binh d6 16n hon khoang 3%. Nhu vay khodng céch gilta céac
hat & trong ch&t léng cling x4p xi biing khodng cdch gilta cdc hat & trong chit rdn. Do d6
lyc taong thc gita cdc hat 13 kh4 16n, nhung chua dt d€ ngan can manh chﬁyén dong
ctia ching nén vin cdn chuyén dong hén loan. V&i ki€n tric nhu vy, ch4t 1dng it bi nén
vi khong c6 hinh dang xdc dinh nhu chat rén, :

Ap sudt hoi chia chét 1ong. Trén mét thoéng chia chdt 16ng, cdc phan tlr ctia chét
16ng luén ludn bi hit vao phia trong. Mué&n i khoi chét léng dé di vao khong khi, phan
1 cdn ¢6 mét nang lugng nhit dinh méi théng duge lyc hat d6. Tai mdi mot 1dc, chi ¢6
mot s6 {t phén t¥ cé dong nang 16n hon dong ning trung binh cia ching méi c6 thé t4ch
ra khoi mat thodng va di vdo khong khi. Bing céch nhu v4y chét-long bay hoi. Nhigt 46
cang téng s6 phan t& bay hoi cing nhiéu.
N&u dé chit 1dng vido trong binh kin, song

Benzen

song véi qué trinh bay hoi cia chdt long ~ 3t
cdn 6 qué trinh ngung ty cha céc phén i 5
hoi thanh 1dng vd d&n mot ldc, téc d¢ cla E
hai qu trinh d6 s& bing nhau, ngudi ta néi 5 2  Dietylete
mot can bing l1dng - hai duge thiét lap. Hoi i
<

& trang thdi caAn bing d6 goi 13 hei bdo
hoa. Tai mot nhigt do, m&i chit léng co tr
mot 4p sufit hoi bdo hda xdc dinh vh 4p
sufit 46 tang lén khi nhiét 4¢ tang. Hinh 46

Nutde

cho lhﬁy sy bi&n déi _ﬁp suft hoi bido hoa 20 0O 20 60 80 100 120 14O
theo nhiét d¢ cha mdt s§ chit long. . Nhiét d6 { °C)
Nhief 44 soi ciia chit long

i i . Hinh 46 - Sw phy thude cha dp sudt hai bdo hda
Nhiet 4o, tai d6 4p sudt hoi bio hoa theo nhiét d¢

cha chdt 1dng bing 4p suft cua khi quyén, nghia 1a bing latm, goi 12 nhi¢t 4 sdi clha
ch4t 1dng d6. Vi du nhw nuéc s6i & 100°C duéi 4p suft larm vi & nhiet 4o do6 4p suft hoi
bdo hda cta nuéc bing latm. Chinh vi vay & 4p suft th{p hay trong chan khéng céc chat
16ng ¢6é nhiét d9 soi thdp hon va ngugc lai & 4p sudt cao chdt léng ¢6 nhiét ¢9 séi cao,
Céhc chit 1éng c6 dudng cong 4p sudt hoi khéc nhau (Hinh 46) nén cé nhigt d¢ soi khic
nhau. ' :

Khi sé6i nhitng bot hoi sinh ra trong khap chat ldng, nghia 12 sy bay hoi x4y ra
trong toan thé tich chét 1dng chd khong phai chi & trén bé mat. Muén cho bot hoi ¢6 thé
sinh ra dugc va 16n 1&n thi 4p sudt hoi & ben trong bot hoi {t nhat phai bing 4p sudt btn
ngodi tdc dung lén bot hoi d6. Ap suit nay bing dp sudlt cla khi quyén cong véi dp sudt
gy nén bdi cot chdt long & trén bot hoi. B&i the sy tao thanh bot hoi va sy s6i chi x4y
ra khi 4p sudt hoi clia ch4t 16ag bing 4p suft cha khi quyén.
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Su cham séi. Viéc sinh ra lic ban ddu nhiing bot hoi & trong mét chat léng tinh
khi&t (khémg ¢6 khi hda tan) 1i 14t khé khan vi nhitng phan t&r c¢6 dong ning 1én hon
déng niang cdn cho sy bay hoi phai tap trung lai véi nhau. Do vay khi dun néng mét char
tong d€n nhiét d¢ s6i, chat 18ng c6 thé vin chwa s0i. Tiép tuc dun ndéng nita, nhiét dé
ciaa chdt 1dng cao hon nhi¢t d6 s6i clia né, chdt 1dng vin chua s6i. D6 1a hién.tugng
chdm séi. Vi du nhu nuée tinh khi€t cé thé dun néng & 4p suét thudng cia khi quyén dé&n
180°C. RS rang 12 ch4t léng khong thé tén tai mii & trang théi cham s6i nhu vay. Sém
mugn chét léng s& s6i r&t ménh liét, d&€n mic cé thé gay né va lic d6 nhiét do cla chit
léng gidm dot ngoét d€n nhiét ¢0 so6i. DE tranh hién tugng chdm soéi, trong phong thi
nghiém khi cdn chung c4t mot chét 16ng ndo ngudi ta cho vio chit idng d6 nhing manh
s& nhé, nhiing bot khong khi ndm trong 18 x8p ciia st thodt ra s& tao didu kién sinh ra
nhitng bot hoi chét 1éng va chat 1dng soi.

Sy cham héa rdn. Khi 12m lanh d€ héa rdn mot ch4t léng, néi chung céch sip
x€p cba cdc hat bién ddi khong déng ké. Tuy nhién trong mot s& chdt, céch sip x&p dé6
lai bi€n ddi can ban. Trong trudng hop thit hai, n€u sy k&t tinh ddi hoi cdch sdp x&p lai
mot cdch ddng k& cia céc hat thi qué trinh k&t tinh s& khé thyc hién. Sy tri hodn sy két
tinh gdy nén hién tugng chdm héa rdn cla chit léng, nghia 13 ch4t 1éng vin t6n tai &
dudi nhié¢t d6 héa rdn cha né. Mic 46 chdm héa rén sé cang 16n khi ki€n tric cila trang
thdi 1ong va trang th4i rdn cia chét khdc nhau cang nhiéu. Do d6 dua vao khi nang sinh
ra hién tugng cham héa rdn, ngudi ta c6 thé suy dodn vé ki€n trie cua chdt 1dng.

Cé thé n6i chdt léng ¢6 ki€n tric phic tap. D6i v6i chdt khi va chat rén ngudi ta

c6 hinh miu gdn ddng 12 khi Ii tudng, tinh thé If twdng, nhung véi ch4t 18ng, chua cé
hinh miu nhu vay.

Nhi¢t héa hoi. Khi dun néng mot chét 16ng dé€n nhidt 46 s6i cha né, nhiét 46 cla
chét 1ong khéng ting 1¢n-'m tirg lugng ch4t 1éng héa thanh hoi. Lugng nhiét duge hédp
thy trong qué trinh héa hoi & tai nhi¢t 4o soi goi 12 nhiét héa hoi. Nhiét héa hoi dugc
diing dé thing lyc hiit gita cdc phan tit va 1am tang dong néng cia cdc phan tir chat 1éng.
Qud trinh ngung tu cla hoi thanh chdt 1dng ph4t ra mot lugng nhiét ding bing lugng
mhiet dwge chét 1dng hdp thu d€ héa hoi & ciing nhiét d6. Duéi day 1A nhiét héa hoi phan
tit clia mot s6 ch4t 18ng & nhiét o s6i binh thudng (bing 20). '

Bdng 20 .
Nhiét h6a hoi cia mdt s6 chat long & nhiet 46 s6i (kJ/mol)
Chit long Nhiét héa.h.oi kJimol Chﬁt.léng_ Nhiét héa hoi kJ/mo!

He 0,083 : NH, 22,822
H, 091 co, 26,012
N, 5,574 CH, 29,844
0, 6,809 C,H,OH 40,044
cL . 19,884 H,0 40,612
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Tinh nhét: Tinh nhét cha chit 1ong 12 gay nén bdi sy can trd chuyén d@ng' cla
cdc hat d6i v6i nhau. Tinh nhét gidm xudng khi dun néng va téng 1&n khi lam lanh. S& di
nhy vay 12 vi khi tang nhiét d¢, khodng céch trung binh gifta céc hat tang 1¢n va lyc
tuong tdc giita cdc hat gidm xudéng. Mot trong nhiing phwong phdp do d¢ nhét cia chit

.16ng 13 dya vao viéc do tée do chuyén dong ciia chdt long qua 8ng mao d&n cha nhdt k&

Ngudi ta thudng 14y 46 nhét cla nwde & 20°C fam don vi. Nhur vay do nhét cha axeton la
0,322, clia benzen la 0,65, cia axit sunfuric 12 27, cla glixerin 1a 1499, & 20°C. Vige
nghién cttu d¢ nhét cha chdt 1éng c6 ¥ nghia I6n khi gidi quyé&t nhiéu vdn d€ quan trong
trong san xuft. Chéang han nhv muén tinh nang lugng cin &€ lam cho chft léng chay theo
duirng 6ng, cln phéﬂ bi&t d6 nhdt cha chit long dé.

‘Site cang bé mat, Stc cing bé mat 12
mot tinh chdt dac bigt clha ch4t léng gay nén
bdi sy hit 1in nhaw clia cdc hat vd xufit hién
tren bé mat phan chia gita hai pha (long-
1dng, 16ng-khi, 16ng-rdn). Nhing phan t¥ ndm
bén trong chdt léng, & trong nhing difu-kién
khéc v6i nhitng phan t& ndm trén b& mit phan
chia. Bén- trong ch4t 1éng, nhitng luc tuong
tac gita mot phan i véi nhGng phan tir bao
quanh déu bing nhau va bd tri nhau, nghia 12
hop lyc bing s& khong, cdn & bé& mat phdn  giup 47 - So d6 xudt hién cda sic cdng bé mdt
chia, hgp luc clia nhitng lyc tuong tdc d6 hudng xufng dudi (Hinh 47). Nhitng phén tir &
trén bé mat phan chia c¢é xu huéng bi kéo vao phia bén trong cla chét 1éng va lién tyc &
vio trang th4i cia mot sic cing. D6 12 siwce cdng bé mdt.Cic chdt 16ng ¢é xu hubng gidm
sfc cang bé mat béng cdch gidm di¢n tich clia bé mat cha ching. Vé&i cing moét thé tich
nhu nhau, khéi hinh ciu c6 dién tich bé nhét ciia bé mat cho
nén chit l6ng d& ding tao ra giot vi nhiing giot nho lai dé
dang dinh véi nhau tao thanh giot Idn hon.

Tinh mao ddn. Tinh mao din 12 h¢ qué cla sdc cing
bé mat. Khi mot chét 1ong ti€p xic vdi moét chdt rdn khong
a 4 tan thi x4y ra hai trudng hgp. N&u lyc hit gi¥a phan tir chdt
' ) 16ng v6i phan tir ch4t rin manh hon lyc hit gilta cdc phan t&
ch4t 16ng véi nhau thi mat thodng ciia chét 1dng & trong dng
thiiy tinh s& 18m xuéng (Hinh 48a). Nguge lai, mat thodng
s& 18i lén (Hinh 48b). Trudng hgp thit nhft x4y ra khi
éng thiiy tinh dyng nudc ; trudng hgp thit hai, dung thily ngan. Ngudi ta thudng néi la
nude "tdm wdt" thiy tinh va thily ngan khong "tdm w6t” thuy tinh.

Hinh 48 - Su thé hién
chda site cdrg hé mdt

trong Sng mao gudn.

NE&u ta cim mot 8ng ¢6 dudng kinh 14t bé (mao quin) vao mQt chit léng tdm wét
dvgc 6ng 46, vi du nhu cdm &ng thay tinh va0 nudc, .vao rugu thl chit 16ng s&é dang lén
trong 6ng. D6 1a hién twong mao ddn. Chidu cao clia cOt ch#t 1dng dang 1&n s& cang lon
n€u mao quan cé dudng kinh cing bé. Dya vido chidu caowciia cot chdt léng dang lén
trong mao quan, ngudi ta cé thé tinh stc cing bé mit cla chdt long 46. Phuong phép
ph4n tfch héa hoc dya vao hién tugng mao din dugc goi 12 phuwong phdp phdn tich giot.
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Chdt rin

Trong ch4t rin, cdc hat (ion, nguyén tir, phén ti ) sap x&€p sit nhau. Khodng céch
gita cdc hat 12 vio ¢& cla kich thudc hat. Khoang cdch d6 bé hon khodng cdch trung
binh gita cdc hat trong chét 1dng va bé hon rdt nhidu so véi chit khi. Vi viy tuong tdc
giita cdc hat 16n hon lam cho cédc hat chi c6 thé dao dong tai nhing vi tri c4n bing cla
ching nén xdc suft tim thdy céc hat 13 cyc dai & cdc diém can bang d6. Nhu vay trong
chdt rén, c4c hat duoc sdp x&p theo mét trdt ty nhdt dinh cho nén ¢é hinh dang vh thé
tich xdc dinh.

Nhié¢t d¢ néng chdy. Khi dun néng mét ch4t ran tinh khiét & dang tinh thé dén
mot nhiét d6 xéc dinh, ch&t rén héa léng. Nhigt do d6 duge goi 18 nhiét d¢ nong chdy
cha chidt rdn. Nhiét d6 néng chiy cling phu thudc vio dép sullt nhung véi mic do rét it
hon so véi nhiét do s6i vi ring sy chenh léch vé thé tich gita chdt rdn vd chdt long 14
khong tén. Khi 1am lanh, chét léng héa rén & nhiét #o bing nhigt 46 néng chiy cha chil
ran.

Nhiét néng chay. Khi dun néng mot chdt rin & dang tinh thé d&€n nhiét do néng
chay clia né, nhiet 46 ctia chit khéng tang lén trong subt qué trinh héa 1ong. Lugng
nhiét duge chét rin hép thu trong qud trinh héa long gol 1a nhiét néng chdy. Nhiét néng
chdy ciing dugc tinh bing kcal hay kJ/mol. Qud trinh hoa rdn cla chédr long phdt ra mot
lugng nhiét ding bing nhiét néng chdy. Dudi day 12 nhigt néng chdy phan td cla mot so
chil (bang 21) & nhiét 46 néng chay.

Bdng 21
Nhiét néng chdy ctia mot sd chat ( kJ/mol)
Chat rin | Nhiét d6 néng Nhiét néng Chét rdn | Nhiét do néng Nhiét néng

chay, °C chay chay, “C chay
He -271,4 0,020 " NH, - 77,76 6,647
H, - 259,20 0,117 H,0 0,0 6,002
N, - 210,01 0,708 C,H,0OH ~ 117 4,598
0, . 218,76 0,443 C.H, 5,553 9,781

So véi nhigt héa hoi, ta thdy nhiét n6éng chay ciia mot ch&t ludn ludn bé hon
nhidu. 8& di nhu vay 1a vi khi chuyén tir trang thdi rdn sang trang thdi léng, igc tuong
tdc gifra cdc hat gidm xuéng khong nhiéu lim nhung khi chuyén tir trang thdi 1dng sang
trang thai khi, lyc tuong tdc gita céc hat giam xuéng ménh ligt.

_ Khi dun néng, chdt rén dang tinh thé khéng néng chiy ma chuyén thing thanh
hoi, nghia la thang hoa ; lugng nhiét dugec hip thy trong qud trinh nay goi la nhiét thdng

hoa. Nhiét thang hoa cila mot chét bing téng cia nhiét néng chay va nhiét héa hoi cla
chit de.
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Chdt dang tinh thé ve chdt dang vé dinh hinh
Chdt rdn c6 thé tdn tai dudi dang tinh thé va dang vo dinh hinh.

) Tinh thé 1a hat ¢6 nhiéu mat 16ng l4nh, nhidu canh va nhiéu chép. Pa s§ chit rén
c6 dang tinh thé, vi du nhu mu6i an, duding phen. O ché dip v& chia mat tinh thé, nhin
thdy r& nhimg tinh thé nhd hon sip xép dudi cic goc khic nhau. Nhitng chét rin khong
cé dang tinh thé duge goi 1a cha dang vé dinh hinh, nghia 13 khéng cé hinh thi xédc
dinh. Thiy tinh, cao su, nhya 1a ch#t dang vé dinh hinh. Ch8 v& cita ch4t nay rét nhén
khong phing vi hoi khom khom. '

Chat dang tinh thé bi€n déi trang th&i mot cich dot ngédt tir rin sang [dng (hay
nguge lai) & mot nhiét d6 nh4t dinh, 46 13 nhiét d6 néng chiy. Trdi lai ch4t dang v6 dinh
hinh khoag c6 nhiét 46 néng chdy xdc dinh ; khi duge d6t néng, mdi ddu né mém din

-16i hoi chdy va cuéi cling héa-léng hoan toan. Vf{ du nhu thiy tinh loai thudng, & 500°C
bit ddu mém va chay léng & 1000°C. :

Mot tinh chit quan trong nita d€ phan bi¢t chdt dang tinh thé va chft dang vé
dinh hinh la ch4t dang v5 dinh hinh ¢6 tink ddng hwdng, nghia 1a nhitng tinh ch&t vat If
nhu di¢n trd, chi s6 khic xa, 44 din nhiét déu gidng nhau trong moi hudng cdn chat
dang tinh thé cé tinh di hwdéng, nghia 1a nhitng tinh ch&t co dién néi chung phuy thubc
vao huéng ma ngudi ta do chiing. :

Dang tinh thé va dang vé dinh hinh phén 1én 12 nhitng trang thdi khic nhau cua
cung mét chft, trong d6 dang vé dinh hinh luén lubn kém bén hon dang tinh thé. Tiy
thuge vio didu kien chuyén tir céc trang théi khdc sang trang théi rén, mot chét c6 thé &
dang tinh thé hay dang vé dinh hinh. Trong nhitng diéu kién thich hop, ngudi ta cé thé
ché dugc dang tinh thé cla nhitng chidt vo dinh hinh dién hinh nhu : cao su, thay tinh.

Ngay trong chdt dang tinh thé, didu kién kéi tinh cing ¢6 4nh hudng l6n d&n kich
thude cta hat tinh thé. Néi chung, khi k&t tinh mot cht tir dung dich, muén duge nhimng
tinh thé nhé phai 1Am ngu6i nhanh dung dich bdo hda chdt d6 & nhiet do cao. Ngwgc lai
muén duge nhiing tinh thé 16n phai giit lau dung dich & nhi¢t do thudng dé qud trinh két
tinh xdy ra rft cham nh& dung méi bay hoi d4n. Chinh vi nguyén nhén nay, tinh thé cha

cdc khodng vat.& trong thién nhién, dvgce sinh ra trong cdc qué trinh dia ch4t, lu6n ludn
¢6 kich thudc lén.

Nhiéu cong trinh nghién ctu gin day cho thdy ring nhiéu ch4t vo dinh hinh thye
t€ citng gém nhitng tinh thé nhung nhitng tinh thé d6 qué nhé bé dén mirc khong thé thay
dugc ngay ca bdng kinh hién vi.

Nhirng hat tinh thé riéng ré ca mét chat, con goi l1a don tinh thé, ludn ludn cé6
mot hinh dang x4dc dinh. Nhitng don tinh thé nhu vay thudng it khi gap trong thién nhien
ma thudng phai di€u ch€ nhan tao. Quan sdt cdc tinh thé thién nhién cda mot chdt, vi du
nhu thach anh chéng han, nh4n th&y ring céc tinh thé khong that giéng nhau rd rét. S&
dl nhw vdy 1a vi khi mdi tinh thé sinh ra va phé4t trién, cdc mat cla tinh thé khéng duwge
phét trién déng déu nhu nhau, chung quanh tinh thé ¢6 nhing tinh thé khdc cing phat

tri€n neén ching chén ép nhau, cén trd nhau Am cho hinh dang cila cdc tinh th€ d6 bi sai
khic di.
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Vi du sau day cho
thdy diéu ’kién két tinh c6
anh hudng rdt 16n d&€n hinh
dang cla tinh thé. Tinh thé
mudéi an (NaCl) khi duoc
diéu ché€ r4t c4n than bing
cdch treo va dé lau mot tinh
thé mu6i an & trong dung
dich qud bdo hoda cua né sé
c6 hinh cia mot khéi lap
phuong (Hinh 49a). Khi
dugce két tinh tir ddy clia mot
cbc dung dung dich muéi an,
tinh thé mudi an c¢é hinh cta m6t kh6i vuéng nhung bé day khong bing mot nira khéi lap
phuong (Hinh 49b). S& di c6 sy bi€n d8i hinh dang nhu vay 1a vi trong trudng hop tha
hai, tinh thé khéng dugc phét trién déng déu theo moi phuong nhu trong trudng hop thi
nh4t. N&u trong trudng hop thi nhdt, cho thém uré vao dung dich mudi an, tinh thé s& c6
~hinh cta mot bat dién déu (Hinh 49c). Hinh dang bé ngoai cla cédc tinh thé mudi dn hodc
clia chédt khéc c6 thé khéc nhau nhu vay, nhung géc gita cdc mat cla céc tinh thé déu
bidng nhau. Vi du nhu géc gita cdc mat clha céc tinh thé mu6i dn déu bing 90°. D6 la
noi dung cla dinh ludt géc khéng déi giita cac mdt tinh thé, mot dinh ludt co ban cua
tinh thé hoc. Can ctt vao géc khéong d8i ndy ngudi ta nhan ra céc tinh thé cia cung mot
chdt. '

Hinh 49- Hinh dang khdc nhau cia tinh thé mudi dn

Hé tinh thé. Miac di hinh dang cla cdc tinh thé rdt khdc nhau, ngudi ta cé thé
phan loai chiing mét cdch chinh xdc.Viéc phan loai nay dwa vao nhitng dac diém déi
xltng cua tinh thé.

Céc hinh d6i xing hinh hoc c6 mot s6 y€u t6 d6i xing : tam, truc va mit phing
d6i xing. :

Tdam déi xitng 12 diém chia doi t4t ca nhitng doan thdng nGi tr mat ndy sang mat
khéc ctia hinh va di qua né (Hinh 50). Mdt phdng déi xitng chia hinh ra 1am hai phdn,
phdn ndy la anh cta phén kia & trong guong (Hinh 51). Truc déi xing 1a dudng khi quay
hinh xung quanh né 360°, hinh tring véi hinh n 14n (Hinh 52). S6 n goi 12 hdc cia truc.

»,, A

Hinh 50-Hinh ¢d6 tdm Hinh 51- Hinh ¢é mdt phdng Hinh 52- Hinh cé truc
déi xing déi xitng AB dé&i xiing AB
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Ngudi ta phan biét truc d6i xing bac hai (n = 2), truc d6i xfng bac ba (n = 3), truc déi
xing béc bén (n = 4), v.v... Truc d6i xtitng blc mo6t (n = 1) khong cdn xét vi bdt ¢t hinh
ndo khi quay quanh né 360° déu trung v6i né.

Nhitng mat d6i xing va nhiing
kiéu truc d6i xitng ¢6 thé xu4t hién
trong tinh thé hodc riéng ré hoac té
hgp véi nhau. Theo cdc dinh luat vé
hinh hoc, c6 tét cd 32 td hgp ciia
nhiing y&u t6 d6i xdng. Do 46 cé 32
kiu d6i xing cta tinh thé. T4t ¢ céc
ki€u tinh thé nay dwge quy thanh biy
hé tinh thé sau ddy, sdp x&p theo thu

tu ting ddn mac d6 d6i xing. 4
Hé¢ tam ta 1 hé khong cé truc <
d6i xtng, mat d6i xing vd cé thé

khong ¢6 ci tam d&i xidng ni¥ta (Hinh
33-1).

Vi du. Nhiing mudi’ i
CuS0,.5H,0, K,Cr,0, cé tinh thé Lol
thudc hé nay.

H¢ don ta 13 h¢ 6 mOt truc  pyinh 53 7ink 1hé cia cée hé
d6i xing bac hai vd m6t mat phing ‘
déi xitng nhung khong c6 vai truc hay
vai mit phidng d6i xing (Hinh 53-2).

s lhé tam ta. 2.hé don ta
3.hé ta phuong. 4.ké tam phuong. 5.hé 1a phuang
6.ké luc phuwang. 7.hé ldp phuong.

Vi du. Luu huynh hinh kim, thach cao (CaSO4.2H20), khoang vat criolit (Na,AlF,),
dudng saccarozo c6 tinh thé thudc he nay.

Hé ta phuong 12 hé c6 mot vai yé’u t6 d6i xidng : vai truc ¢6i xing bac hai hodc vai
mit phing d6i xdng (Hinh 53-3).

Vi du. Luu huynh thdi, nhitng muéi BaSO,, K;SOh KNO, ¢6 tinh thé thudc hé nay.

H¢ tam phuong hay con goi 12 h¢ mit thoi, 12 hé cé mot tryc d&i xdng bac ba (Hinh
53-4). _

Vi du. Asen, nhirng khoéng vat canxit (CaCQ,), dolomit (MgCQ,.CaCO,) ¢6 tinh
thé thudc hé nay.

H¢ v phuong 12 h¢ c6 mot truc d6i xtng bac bdn (Hinh 53-5).

Vi du. Nhiing khodng vat cax1ter1! (8n0,), silit (CaWOQ,) va rutin (TiO,) c6 tinh
thé thuOc hé nay,

s %

Hé luc phuong 12 hé ¢6 mot truc d8i xing bic sdu (Hinh 53-6).

Vi du. K&m, thach anh (8i0,), khodng vat nefelin (NaAlSiO,), nhitng muéi KNOa,
Agl c6 tinh thé thudc hé nay.

Hé ldp phuong 1% hé cé vai trijc d6i xdng bac cao (Hinh 53-7).°
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Vi du. Kim cuong, ving, muéi ian, CaF,, NaClO; c¢6 tinh thé thugc hé nay.
Hién tugng da hinh va hién tuogng déng hinh

Hién tugng da hinh. Ngudi ta bi&t cé nhiéu trudng hgp mot chat ¢é thé tén tai
dudi mot s6 dang tinh thé khdc nhau, nghia 12 khéc nhau vé kién tric bén trong va do d6
khdc nhau vé tinh chat vat li. D6 1a hién tu‘orng da hinh va nhing dang tinh thé khéc nhau
vé kién tric goi 1a dang da hinh.

Vi dy. Lun huynh c6 hai dang tinh thé 1a lvu huynh ta phuong va luu huynh don 13,
cacbon ¢6 hai dang tinh thé 14 kim cuong (hé 1ap phuong) va than chi (hé luc phuong}, da
v6i c6 hai dang tinh thé 1 canxit (hé& td phuong) va aragonit (hé tam phuong).

Méi mot dang da hinh thudng chi bén & mot khodng nhiét d6 nhat dinh. Mot dang
da hinh nay 14t cé thé chuyén thanh dang da hinh khdc & mét nhiet do x4c dinh. Qud trinn
chuyén mot dang da hinh khong bén sang mot dang da hinh bén thudng x4y ra rdt cham &
nhiét 46 thidp cho nén mot chit c¢6 thé t6n tai rdt 1au & dang khong bén.Dang khéng bén 46

duge goi 13 dang tinh thé bén gid. Khi dugc dun néng, dang bén gia chuyén nhanh sang
dung bén.

Vi du. P4 aragonit t6n tai & nhiét d0 thudng sudt cdc th¥i dai dia chdt nhung khi
duge dun néng dén 400°C, aragonit bi€n thianh canxit 1 dang tinh thé bén hon.

Cén phan biét hién tugng da hinh v6i hién twong thi hinh. Hign tugng da hinh
lien quan véi sy khdc nhau vé ki&n trdc tinh th€ clia don chdt cing nhu hgp chdt. Con

hién tugng thi hinh lién quan vdi sy khéc nhau vé cdu tao phan tir hay ki&€n tric tinh thé
cua don chat,

Vi du. Oxi thudng (O,) va ozon (O;) 14 hai dang thd hinh cha nguyén t8 oxi. Luu
huynh ta phuong va lun huynh dan ta 12 hai dang da hinh cba luu huynh déng thoi 13 hai
dang thit hinh nita.Nhu vay d6i véi cdc don chdt rén cé dang tinh lhé hien tugng thi
hinh d6ng nhdt v6i hién twgng da hinh.

Hién twgng déng hinh. Trdi v6i hién tugng da hinh, mét s ch4dt khdc nhau ¢é
thanh phdn héa hoc tuodg ty nhau thudng k€t tinh & dang tinh thé giéng nhau. Nhitng
chdt d6 goi 12 chdt dbéng hinh va hién tugng cdc chdt khdc nhau tao thanh nhitng tinh thé
gidng nhau goi 1a hién rwong déng hinh.

Vi dy. Nhitng mu8i CaCO;, MgCO, déng hinh véi FeCO,. Nhitng mudi
MgS0,.7H,0, ZnS0,.7H,0 va NiSO,.7H,0 déng hinh v4i nhau.

Nhimg mudi kép K,S0,.A1,(50,),.24H,0 vi K,50,.Cr,(S0,);.24H,0 1a nhing chat
d6ng hinh vdi nhau.

Qua nhitng vi du trén day nhan thdy nhiing chdt déng hinh véi nhan c¢é céng thic
héa hoc tuong tu nhau, Tuy nhién khéng phai moi hop chét ¢é céng thic tuong ty nhauw
déu déng hinh v&i nhau. Vi dy nhu LiCl v KCI khéng déng hinh véi nhau vi ion Li* va
ion K* ¢é kich thuéc khéc nhau nhidu. Trong khi nhitng hgp chit rat khdc nhau vé mat
héa hoc nhu BaSO,, KMnO,, KCI0, vi KBF, lai déng hinh v&i nhau vi ring trong céc
hop chédt d6 cac cation ¢6 kich thuéc twong duong nhau cdn céc anion c¢6 cdu tao tuwong
ty (ki€u hinh tit dién). Do d6 khi xét kha nang déng hinh cha cic chét, cén chu ¥ dén ca
thanh phin va klch thude cha ¢de ion trong phan ti.
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Tinh ch&t dac trung nhét ciia nhitng ch&t déng hinh 12 kha ndng cing k€t tinh vé&i
nhau & trong dung dich tao thinh tink thé hén tap hay dung dich rdn. D6 1a kha nang
ctia hai chat (t dung dich hay thé néng chay) tao nén nhitng tinh thé duy nh4t trong dé
hai ch4t thay th& nhau hoin toan. Dung dich rdn 12 r4t quan trong d8i vdi nganh luyén

kim. (3 day ta chi néi dén sy tao thanh tinh thé hén tap.

Vi dy. Tinh thé phén nhom K,80,.A1,(580,);.24H,0 khéng c¢6 mau va tinh thé
phen crom K,50,.Cry(80,);.24H,0 c6 mau tim déu cé dang hinh bat dién déu. Khi ldy
dung dich chi@a hai phén d6 vad 1am bay hoi sé& dugc nhing tinh thé hinh béat dién déu,
mau tim nhat, vira cé ca nhém via ¢ ¢d crom. D6 12 tinh thé hén tap cia ph&én nhom va
phén crom.

Hién twong d6ng hinh trudc day di c6 vai trd rdt quan trong trong lich sir phat
trién cGa héa hoc. Ngudi ta thudng sir dung tinh chdt dé dé x4c dinh héa tri clia nguyén
t6 va tit d6 x4c dinh khéi lugng nguyén tir cha nguyén té. Chéng han nhu xudt phdt tir
chd cic mudi caa Ho va Tu déng hinh véi cdc mudi tuong fing cua nguyén té¢ héa tri ba
ngudi ta 43 xdc dinh duge hoa tri ba ctia Ho va Tu va tlr dé xdc dinh khdi lugng nguyén
1ir cia hai nguyén td dé.

Mang lu6i tinh thé

Nguén géc cba tinh di hudng va hinh dang khic nhau cha tinh thé la cdch sp x&p
khac nhau cla cdc hat (nguyén tif, ion hay phan t ) & trong tinh thé. Trong tinh thé cic
hat dugc sip x€p sit nhau, DE don gidn, trén cde hinh v& nguvi ta thudng ding cdc diém
4 bidu difn cdc hat d6, gifra diém nay va dim kia ¢6 nhirng khodng céch ndi lién nhau
bang nhiing doan thang. Nhirng doan thing 46 goi 1a dwong mang ludi va tap hop cla cdc

- diém va dudng d6 goi 13 mang luci tinh thé (Hinh 54). Giao diém clia cdc dudng mang

lu6i goi 12 mdt mang lugi. S6 hat gidng nhau bao quanh va chch déu mot hat khdc duge
goi 1a s& phdi tri. Trong cdc mang luéi tink thé, s phdi tri thudng 12 2, 3, 4, 6, 8. 12.
Trong mbi chdt tinh thé,
cdc hat duge sdp x€p theo mot quy
luat nh4t dinh. Néi khéc di, mdi
chft ¢6 mot mang ludi tinh thé
rieng. Pic trung cho mét mang

lu6i tinb thé 12 Kiéu d6i xtng, vi trf 4‘-.q-'
cha céc hat va nhitng khoang céch 'q_“ésms.w
giita cfic hat 6. Muén mo ti chinh 4=-.-4'"ﬁ=F;"-“:i‘
xdc mot mang Juéi tinh thé, ngudi '%25 J%éq.'

ta chi cfn biét mo6t phdn nhé cha 4‘=.-ﬁ'ﬂ=?ﬁ‘ﬁ‘
mang lui tinh thé goi 12 6 co hdn. '-ﬁEEHE}r <] [ =
C4c o nay lap di lap lai theo ba Aty 1“‘.?“’1‘
chiéu clia khong gian tao nén mang ." "EE',‘;H‘ -
lu6i tinh thé giéng nhy nhing vien ‘&.-V‘.‘"‘i' .;..‘i‘
gach x4y nén bic tudng. Mot 6 co '_'ﬂ"

ban dugc xéc-dinh hoan toan khi
bi#t ba canh clia hinh hép in dam
nét trén hinh 54, géc giita ba canh
a6, vi tri, loai v s8 hat.

Hinh $4-Mang {woi tinh thé
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Céc ki€u mang ludi tinh thé

Dua vao kiéu lién két giita cdc hat trong tinh thé ngudi ta phan chia cdc mang ludi

tinh th€ ra 1am bén kifu : mang Juéi nguyén tl, mang lu6i phan ti, mang ludi ion va
mang ludi kim loai. ;

Mang lu6i nguyén tir. NAm tai cdc mét cla mang luéi 1a cdc nguyén ti trung hoa

lien k&t v&i nhau bing lién k&t cong héa tri. Trong ki€n trdc cla tinh thé ngudi ta khong
thé tach riéng ra timg phan ti va toan b tinh thé c6 thé coi 12 mot phén il khéng 16. Vi
lien k€&t rdt bén nén nhitng chit c6 mang ' '
luéi nguyén tix déu ciéng, khé néng
chdy, khé bay hoi va thyc t&€ khéng tan
trong dung méi. Vi du dién hinh 12 kim
cuong, tai cdc mit clia mang ludGi tinh
thé kim cuong 14 nhing nguyén o C,
ching déu & trang th4i lai héa sp’. Méi
nguyén tir C d6 lién k&t cdng héa tri v6i
bén nguyén tk C & chung quanh bing
cdc obitan lai héa sp® tao thanh hinh td
dien déu, & day C ¢6 s6 phéi tri bang 4.
So d6 sip x€p cla cdc td dign d6 va & co

. Hinh 55-Mgng ludi nguyén tit cia kim cuong
ban cha mang luéi tinh thé duge trinh a} cach sdp xfp cde i dign trong tinh 1hé

o : ’ bh) & co hdn ciia mang Tudi tink thé.
bay trén hinh 35.

Cic nguyén t6 silic, gecmani va thiéc xdm cé mang luéi tinh thé kiéun kim
cusng.

Céc hop chdt c6 mang ludi nguyén tir khéng cé nhiéu 14m vd dugc phan chia

thanh hai loai : loai ¢6 mang luéi nguyén tir kiéu sphalerit (ZnS) va loai ¢6 mang ludi .

nguyén tir kiéu vuazit, mot dang da hinh cda ZnS.

Mang luéi tinh thé clia khodng
vat sphalerit tuong tu mang ludi tinh
thé cia kim cuang, trong dé mot nira 56
nguyén tir C dugc thay bang nguyén ti
Zn vi mot nira bing nguyén tir S. Hinh
56 trinh bay 6 co bin cia mang luGi
sphalerit. Nhitng hop chit nhu CdS,
AlSb, CuBr ¢6 mang lugi tinh thé kidu
sphalerit.

Trong mang lugi tinh thé cha

cling nhu m8i nguyén t& Zn déu duge
bao quanh b&i bén nguyen t¥ khidc
theo kiéu tif dién, nghia 13 ching déu

Hinh 56- Kifn triic tinh thé cia sphae‘,erif cdu c6 s6 phdi tri 4 nhu trong sphalerit, chd

sdng la ion Zn'* cdu 147 18 ion §°~ khdc & day 1a céc nguyén t6 giéng nhau
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" Trit heli, t4t c& cic khi hi€m déu k&t tinh dudi dang

‘phan tir. Nhu vay, s6 ch4t thudc mang ludi phan tir la

Py .
> ol
~4... 1. B L'Y A
i - /ﬂ.
S . ' N
I ' ' \//(/
i Ll = ' £l
Hinh 57- Kién triic tinh thé ciia vuazif, Hinh 58-Mang lwéi lgp phuong tdm dign
Cdu lén la ion 82 [ cdu bé la ion Zn? . cita agon rdn.

trong mang ludi sphalerit chiém céc vj tri cia hé lap phudng,_ébn trong mang lugi vuazit,
chi€m céc vi trf cia hé luc phuong (Hinh 57). Nhitng hop chdt nhu HgS, CdS, ZnO, SiC,

_ AIN c¢6 mang luéi tinh thé kiéu vuazit.

Mang luéi phan tir, Tai céc mit cia mang twdi
13 céc phan t& (hodc nguyén tir khi hi€m)} lién k&t vi
nhau bing luc Van de Van. Luc ndy y&u hon nhiéu so
véi lien k&t héa hoc nén céc tinh thé ¢6 mang luéi phan

tir ddu dé néng chiy, rdt d& bay hoi, khong cing lam va /'O\
dé tan trong nhiéu dung mo6i. Dac bi¢t nhing chit cé- ' o s o}
phan tir khong c6 cyc cé nhiét do néng chiy va nhi¢t 49 ' ' [
s6i rdt thdp. Luc Van de Van 12 lyc khong ¢6 huéng nén : gl

Kki&n tric tinh th& cha nhimg chit cé mang luéi phan tir
déu do cdc y&u t§ hinh hoc quyét dinh. Mang Iuéi phan
tt don gidn hon hét 1a mang ludi cha tinh thé khi hi€m,

Hink 39- Mang lugi
tai cdc mét mang lu6i 12 nhlng nguyén tir khi hiém.

. duc phuong cia helirdn

mang ludi lap phuong tam dign (Hinh 58), heli két tinh
du6i dang luc phuong (Hinh 59). Tinh thé iot ciing ¢6
mang lugi [ap phuong tam dién bi bi€n dang (Hinh 60).
Lién k&t giita hai nguyén tir iot trong phan tir I, 12 lién
két cong hoéa tri . Cdn lién k&t gika cdc phan tir 1a lyc
Van de Van. Hidro, nite, oxi, flo, clo vd brom rin,
tuy&t cacbonic va nhiéu hop ch4t hitu co ¢6 mang ludi

rdt 16n. Trong phan tl cha nhitng chét nay ¢ nhiing
lién k€t cong hda tri.

Mang lugi ion. Ndm tai cdc mét cia mang luégi

) ) . " Hink 60 - Mang lugi
1a nh@ng ion duong va ion am lién k&t v6i nhau bing ldp phuang ciia iot

lyc hit tinh di¢n ciing nhu trong trudng hgp cha mang ludl nguyén tir, tir tinh thé khong
thé tach rieng ra ting phan tif mot ma toan bo tinh thé duge coi 1a mot phan tit khéng 1.
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Lién ket ion 1a lien k&t bén nén nhitng hop chdt ion cé nhiét dé néng chiy va nhigt do
80i khd cao. Chidng cling ¢6 do cing khd 14n nhung thua c4c hop chét ¢d mang ludi
nguyén tit. O trang théi rén, cic hgp chdt ion dén dién kém nhung & trang théi néng chay
ching din dién nhiéu hon. M6t s6 16n hgp chit ion dé& tan va dién i manh & trong nudce.

Vi lien k&t jon 1a lién k&t khang ¢6 hudng nén kién tric tinh thé ion eling nhu
ki€n tric cila mang ludi phan ti chi dé nhitng yéu td hinh hoc nhu s& lugng va kich
thude clia cdc ion quyét dinh. V€ dnh hudng cha kich thudc, ngudi ta thutng xét d&€n i
6 bdn kinh cha cation vi anion & trong tinh thé. Ching han ching ta 14y hgp chat M*X"
trong d6 cdc ion déu c6 s& phéi tri 6. M8i ion duge 6 ion khéc bao quanh kiéu bit dién,
nhung d€ don gidn chiing ta chi xét cach sip x€p cha b6n anion bao quanh mot cation
cling nam trong mat phing gita ciia hinh b4t dién ma khéng chd ¥y dé€n ion nam trén vi
dwéi mat phiang d6. Vin dé dat ra |3 tuong quan kich thuée cédc ion ¢6 anh hudng nhu thé
nio dé€n cich sip x&€p d6 ? N€u bidn kinh ciia ion X~ khéng 16n hon nhiéu so véi ban
kinh cia ion M", cdc ion X~ c¢6 thé ti€p xic véi jon M* nhung khong thé ti€p xidc véi

nhau duoc (Hinh 61a),
Nguge lai néu bén kinh,

cha anion 18n hon

nhiéu so v&it bén kinh '

cua cation, cdc anion -

¢6 thé ti€p xidc véi A

nhau nhung khong tiép
xlic véi cation {(Hinh
61c). Vay muén anion
X~ vira ti€p xidc véi
anion X~ vira ti€p xdc
véi cation M¥ thi kich
thudc' clha ching phai
tng v6i moét tl s ) )
thich hop (Hinh 61b). _u) trudny hagp ro- khdng 1on hon ry+ ldm. b) triveng hop r -

¢
Hink 64-Tuong quan vé kich thude ciia cution va anion
Bing hinh hoc ching fon han ry+ ; ¢) Truong hop r .~ 160 hon ry+ nhidu _

ta cé thé xdc dinh ti s6 gi6i han d6. That vay, nhin vao hinh 61b ta cé :
BC = AB . cos 45°

e +rx;

hogc : Iy- =

. V2
Riit ra :

r +
ML =2 -1=0414
r
-

Tuong ty nhu vay hgm‘:ri ta c¢é thé tinh cédc ti s& gidi han vé bén kinh cdc cation va
-anion Wng vGi cdc s6 phdi tri khdc nhau. Dudi day 1a k&t qua da tinh dugc vé& cdc ti s6 d6
{bang 22).
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Bdng 22
Ti s6 gidi han ‘.#é b4n kinh
Hop chat Kiéu kién tric Ti s6 ban kinh
MX Xesi clorua > b,732
Natri clerua 0,414 - 0,732
M, X hay MX, Canxi florua (florit) > 0,732
Rutin (titan dioxit) 0,414 - 0,732
| Trude hét

ta xét cic kiéu
kién tric cua cdc
hgp chit ion MX.
Mang ludi ion
don gian nhat la
mang luci  kiéu
CsCl. Mudi CsCl
tinh thé cé rﬁang
lugi lap phuong
tam khdi, cdc ion
nidm tai cdc dinh
vd tam caa hinh
lap phuong. S6
phéi tri coa mbi
ion trong kién
_ tric 46 14 8 : mbi
jon Cs* dugc 8 ion Cl” bao quanh (Hinh 62) va mdi ion CI~ ciling dugc 8 ion Cs* bao
quanh. Cdc hgp chdt CsBr, CsI va céc hgp chdt tuong dng ctia tali v amoni c6 kién tric .
tinh thé kiéu CsCl. '

Hinh 62-Kién triic tinkh thé cia CsCi. Cdu sdéng ld ion Ca¥ |, cdu 161 ld ion CI~

Kiéu kién tric tinh thé
phd bi€n nhit d6i voi céc hop
ch4t jon MX 13 kiéu mang luéi
NaCl!. Mu6i NaCl két tinh dudi
dang lap phuong (Hinh 63), céc
ion nam tai cdc dinh va tdm cla

cdc mat clia hinh 14p phuong. 56
phdi tri clia méi ion trong kién
triic 46 12 6 : m8i ion Na’ dugc
6 ion C!” bao quanh, mébi ion CI°
dugc 6 ion Na® bao quanh va
déu theo kidu b4t dién. Hdu hét
cdc mudi halogen cia kim loai
kiém, amoni déu c¢é kién tric

Hinh 63-Mang ludi tinh thé cia NaCl
Cdu sdng la ion Nat, cdu tdi la ion CI”
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tinh thé kiéu NaCl. Oxit va sunfua cia ¢dc kim
loai héa tri hai ciling thugc kiéu ki&n tric nay

Céc hop chit MX, thudng c6 kién tric kiéu florit
(CaF,) hay kiéu rutin (TiO,), tréng d6 kiéu rutin
12 phé bién hon.

Mang luéi florit ciing 13 mang ludi lap
phuong: Ion Ca®* ¢6 s§ phoi tri 8, nghia la bao
quanh ion Ca?* ¢6 8 ion F .con ion F c6 s& phéi
tri 4, nghia 12 bao quanh ion F ¢6 4 ion Ca®' theo
kidu hinh t& dien (Hinh 64). C4c dioxit nhu ThO,,
UO, va cic fiorua nhu CdF,, HgF,, PbF, cé ki&n
Hink 64-Kien tric tinh thé cia florit tric kiéu florit. Con cdc hgp chit nhu Cu,8§,
Cu,Se, Li,0, Na,§, Ag,S c6 ki€n trdc tinh thé kiéu
florit nguoc. Kidu mang lugi nay tuong ty mang
lwéi cha florit nhung vi tri cla cation vad anion
duge x&€p ngugc lai : céc cation chi€m vi trf cla
F  cdn anion chi€m vi tri cia Ca®’ trong florit.
Chinh vi vay ki€u mang ludi nay dugce goi la kiéu
kién tric florit ngugc. '

Céu sdng la ion F~

Cdu 16i 1a ion Ca®’

Tinh thé rutin thu6c hé t¢ phuong. Trong
. mang Iuéi tinh thé rutin (Hinh 65) mdi ion Ti*
duge 6 ion O*” bao quanh theo kiéu hinh b4t dién
déu va bao quanh mdi ion 0?12 3 ion Ti*' theo
kiu tam gidc déu va cing ndm trén mot mit phing.
Nhu vay, ion Ti*' cé s6 phdi tri 6 va ion 0% ¢6 s8
: phéi tri 3. Caxiterit (SnQ,) piroluzit (MnO;) va céc
Hinh 65-Kién tric tink thé cha rutin * hgp chét ZrF,, FeF,, VO,, Ru0,, MoO, c6 Eién triie

Cdu sang la nguyén ti O kidu rutin.

Cdu 18i la nguyén i Ti

Mang lugi kim loai. Céc kim loai ¢6 mang

luéi tinh thé kiu kim loai. Tai c4c mit cha mang

luoi 1a nhitng hat nhan cfia nguyén t& kim loai. Nhitng hat hhan ndy & cdch nhau nhitng

kho&ng cdch ma nguyén tlr cla ching ti€p xdc véi nhau. Trong mot thé tich ndo d6 cé thé

sép x&p sit sao nh4f bao nhitu qua cdu c6 bén kinh bing bin kinh céa nguyen ti kim loai

thi trong cung thé tich d6 cla kim loai ¢6 thé sip x€p bay nhiéu nguyen tir kim loai. Bé la

nguyén tic sip x€p théng nh4t cha cdc nguyén tir kim loai trong mang ludi tinh thé

vid duge goi 12 cdch géi ghém sit sao nhdt cha cdc nguyén tit kim loai. Hai cach géi ghém

sit sao nhdt clia cc nguyén tir kim loai 12 cdch g6i ghém 14p phuong va cdch géi ghém luc
phuong. . : .

Dé hinh dung cdc cdch sép x&p d6 ta 14y mot 16p hat cfu, Céc hat cdo trong 16p 46

duge sdp x&p sit sao nhit khi bao quanh mdi hat cdu c6 sdu hat cdu khéc ti€p xic véi né va

v6i nhau (Hinh 66). Néu x€p cdc hat clu khéc vio trén va duéi 16p dé thi cich sip x&p sit
sao nhit 12 x&p cdc hat cdu vao nhitng chd 16m nim giita cdc hat cdu cia 16p ban ddu.
Nhitng hat cdu x&p vao 16p dudi duge vE trén hinh bing cdc dudng cham va tdm cua ching
‘1a nhitng diém den (Hinh 67). Nhin vio hinh v& ta thdy con lai mét nira ché 16m & phia
dudi 16p cdu ban ddu chua dwge xé€p cdc hat cdu vao, nhitng chéd d6 duge ddnh ddu cong.
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~ Khi xé&p céic hat céu vao 16p nim trén 16p cu ban ddu thi c6 hai cdch : x€p vao nhimg chd
|3m cé ddu chdm den vi x&p vao nhing chd 16m cé dfu céng. Trudng hgp thi nh#t 1a cdch
gdi ghém lyc phuong sit sao nhdt (Hinh 68a) va trudng hgp thd hai la cdch géi ghém lap
phuong tdm dién sit sao nhdt (hinh 68b). Trong hai truong hgp, mic d¢ céc hat c4u chiém

Hinh 66.Cdch sdp xép sit sao Hinh 67-Cdch géi ghém sit sao

ciig cdc hat cdu trén mdt phdng : : caa hai lép hat cdu

khong gian 13 nhu
nhan va 132 74,05%,
s6 ph6i tri céc hat
ciu déu bing 12.
C4ic kim loai nhvu
déng, bac, chi,
platin, paladi, ¢6
mang ludi iap
phuong sit.sao nhit.
Con cdc kim loai
nhém IIIA cla bang
tudn  hodn, magie,
kém c¢é6 mang ludi
lyc phuong sit sao
nhdt. Mot s6 kim
loai khdc nhu céc
kim loai kiém, sét
(Fea), crom (Cra),
vonfram <c¢6 mang
lurgi 1ap phuong tam
khéi. Duéi day la
kidu kidn_ trdc tinh

thé cla cédc kim loai . Hinh 68-Cdch géi ghém sit sao ciia hai 1ép hat ¢du
khic nhau (bang a} luc phuang, b) ldp phuong
23). -
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Bdng 23

Ki€n tric tinh thé cita cdc kim loai

Li Be
3 2

Ca Se Ti \% Cr Mn Fe Co Ni | Cu Zn
3 1,2 1,2 | 2.3 3 3 - 1,3 | 1,2 1,2 1 2
Rb St Y Zr | Nb | Mo | Te | Ru | Rh | Pd | Ag | cd
3 1 2 2,3 3 2.3 2 1,2 1] 1 1 2
Cs | Ba | La { Hf | Ta | W | Re | Os Ir Pt | Au | Hg
3 3 1,2 2,3 3 3 2 1,2 1 1 1 -

S6 1 chi mang ludi 1Ap phuong tam dién.
86 2 chi mang tudi luc phuong.
S6 3 chi mang Iudi lap phuong tdm khéi.

Hinh 69 trinh biy mang ludgi tinh thé clla d&ng, magie vd vonfram. Déng cé mang

lugi lap phuong tam di¢n, magie ¢6 mang luéi luc phuong, vonfra.m cé mang ludi lap
phuong tam khéi.

Hinh 69-Cdc mang ludi rink thé cia kim logi

alddng ; b) magie ; ¢} vonfram

Céc kim loai ¢6 nhitng tinh chét If hoc chung nhu 4nh kim, dan héi, dén dién va
ddn nhiét t6t v.v...ma tinh thé€ ciia nguyén t6 khong-kim-loai khéng c¢6. Diéu d6 cho ta
thdy trong mang ludi kim loai, lién k&t gita cdc nguyén ti phii 12 mat kidu lién két rigng.
Lien k&t d6 khong thé 1a lyc Van de Van vi ning lugng clia né 16n hon nhiéu so véi tue
Van de Van, ciing khéng thé 1a lien két jon vi trong mot tinh thé cic nguyén t& kim loai
déu giGng nhau va ciing khéng phii 12 lién két cong héa tri vi, nhu d4 bi&t, mbi nguyeén tir
kim loai trong mang ludi lien k&t v&i 8 hay 12 nguyén tir khdc mi s& electron héa tri thi
¢6 han cho nén khéng da dé tao thanh nhiéu lien k&t cong héa tri nhw vay. Kiéu lién két
rieng dé dugce goi 12 /ién két kim loai,
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Lién két kim loai

Thuyét lien k&t kim loai d4u tién .cho ring mang ludi kim loal gém c6 céc ion
dugng kim loai va cdc electron héa tri chuyén dong ty do trong toan mang lréi. Nhitng
electron niy & trong tinh thé kim loai ¢6 thé dwge coi nhy nhifng phan ti khi & trong mot
thé tich nao d6. Thuy&t "khi electron” dé dang giai thich mot cdch dinkt tinh nhitng tinh
ch41 vat 1i chung trén day cua kim loai, nhung gap kho khan khi giai thich chi ti€t hon cdc
tinh chdt. Mot trong nhitng khé khan quan trong d4 12 nhiét dung nguyén i ciia kim loai.
Né&u electron ty do trong kim loai gi6ng v6i chat khi thi nhiét dung nguyén tu tinh dugc
phii 12 ~38J/mol, trong khi d6 theo quy tic Duylong Poti, nhiét dung nguyén tir cua kim
loai 1a ~26J/mol. Nhu vay electron thuc té khong cd vai ird trong nhiét dung nguyén tu
ctia kim loai. Diéu nay mau thudn véi thuy&t” khi electron™. '

Khé khan trén ¢6 thé vugt qua khi van dung co hoc luong tir vao gidi thich ban
chat cba lién k&t kim loai. Thuy€t MO coi kim loai nhu mot hé nhiéo nhan ma trang théi
ctia electron trong d6 gifng nhu trang th4i ctia electron trong phan tir. Cing nbu trudng
hop cOs phan tl, theo phuong phép LCAO-MO 14t cd cic electron khong phéi 1a héa trj

1y

ctia nguyén tU kim loal vin O trong truorng. hat nhan riéng cta nguyén 1, ¢dn céc
electron hoéa tri & trong trudng chung cha tdt cd cédc hat nhan nguyén tir kim loai va trang
(hdi clia electron duge mé ta bing obitan phan tir. Khic véi trong trubng hop phan ti ,
nhitng obitan phan tir trong kim loai thude vé rét nhi€u nguyén tlr, nghia la trai ra khép
tinh thé kim loai, nén goi 12 ohitan phdn tir khéng dinh ché. '

Ching ta bi&t hai obitan nguyén tir nhu nhau té hop nén hai obitan phéan iy khic
nhau, ba obitan nguyén t té hgp nén ba obitan phan ty va mot s& rdt 16n N obitan
nguyén tl cla kim loai t6 hgp nén N obitan phan tir khong dinh chd. Ngay véi nhiing
obitan nguyén tir cé nang lugng nhu nhau, cédc obitan phén tit dugc tao nén ciing c6 ndng
Jugng khéc nhau, nghia 12
N obitan nguyén tir gidng
nhau vé nang lugng, khi

14 hgp véi nhau tich thanh E4 Li Lip Lia L Lin
N méc nang lugng khdc | _--o=777T :
nf}au. 58 ob.itan nguyén tir 2p - — _(;’ = - ;—; Viing 2p
cang ¢6 nhiéu, mdc nidng - \om — T _
lugng ctia cdc obitan phén h__:::-::'::‘-':..
tir & canh nhav cang gén 2g _#_'_::—""’Ir Ving 2s
nhau vh cudi cing chap lai hﬂ'"--.ﬂ____ #
thinh moét ving nang R ST
lwgng cdc obitan phan t.
Nhitng obitan héa Hinh 70-Si tao thanh cdc ving ndng fwgng 25 va 2p

tri s, p, d cia nguyén ti kim loai v6i nang lugng khdc nhau s& tao nén nhi@ing ving nang
fugng s, p, d khdc nhau cia obitan phan t khéng dinh ché. Hinh 70 trinh bay su tae thanh
céc viing nang lugng céc obitan phan tir 2s va 2p tir cdc obitan nguyén tir 2s va 2p. Trong
nguyén tir cd nhiéu méc nang lugng khdc nhau nhu 1s, 2s, 2p... Tuong ty nhy vay, trong
chdt rédn gébm vo s8 nguyén ti nhu nhau ciing ¢6 nhitng viing ning luong khic nhau cua
céc obitan phan t& khéng dinh chd. Nhitng viing nang lugng nay c6 thé che pht nhau hodc
cdch nhau bdi mot viing khong c6 obitan pban tir, goi 12 vang edm. Li thuy€t trén day mé
14 lien k&t kim loai goi 1h thuyér ving.
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Ch&t din’ di¢n. Truéc hét ching ta xét kim loai Li, mBi nguyén t& c6 mot
electron héa tri 2s. N obitan n'guyen t¢ 2s cha N nguyén t Li tao nén N obitan phan tir
khéng dinh chd. Theo nguyén Ii Paoli, N electron héa tri cita Li chi x&p ¢4 mét nta s6
obitan phén tir, nira dudi clia ving nang lugng 2s (nira gach xién trén hinh 70 va hinh
71a). Trong ving nay slectron chuyén ddng hén loan lam cho gita ching vi cdc ion
duong kim loai ndm tai cdc mét mang lwéi khong c6 mét ngan céch s rét. Ving gém
nhiing obitan phan ti dd x€p dh electron duge goi 1a vang kdéa tri. Muén cho kim loai Li
chuyén dwgc ddng dién, nghia 12 din dién thi nhitng electron & trong ving héa tri phai
duge kich d¢ng va chuyén sang céc obitan phan tr tréng cé ning lugng hoi cao hon chiit
ft & trong cing mdt ving obitan phan t& 2s. Diée d6 x4y ra khi ngudi ta mic mét dién
4p vdo hai diém ciia tinh thé kim loai va kim loai Li d4n dién t8t. Ngudi ta goi ving gém
nhiing obitan tréng electron d6 1a ving ddn (Hinh 71a).

& 3

§ ,/" . : .,% el _Viing MO
<120 .- Ving MO 2120 - tréng

T tréng ___\\\ '

\
2 <t
s .77 Viing MO 2s .7 Ving MO
‘\\ 7 x8p-du ' ' A x8p du
. métnla ' h electron
S 7] | s8electron _ N
a b

_Hinh 71-Su rgo thinh cde ving ndng luong 25 va 2p

a) Trong kim loai liti ; b) Trong kim logi berili

. Dén kim loai Be, m8i nguyén tlr c6 hai electron héa tri 2s. Ving gém nhing
obitan phdn tir 2s dd x€p di electron, nghia 12 ving héa trj (ving gach xién trén Hinh
71b). Berili cling 12 kim loai din dién t8t. Nhu vay ving cdc obitan phan tr 2s x€p di
electron vd viing céc obitan phan vl 2p tr6ng electron (viing din) tao nén bdi cdc obitan
nguyén tir 2p tr6ng phdi che phi nhas mot phdn. Hai ving obitan phén t¥ 2s va 2p 46
che phu nhau 12 vi nang lugng céc obitan 2s va 2p trong nguyén tir Be khong khdc nhau
méy. Khi mic mot di¢n &p vido hai diém cia tinh thé Be, electron & ving héa tri 2s dé
duge kich dong chuyén sang nhitng obitan phan tir 2p tr8ng ¢6 nang lugng cao hon chit
it va berili din dién.

" Nhu vay dé giai thich tinh din dien cia kim loai theo thuy&t ving ta cdh phai ké
dén su tham gia clia toan thé obitan nguyen tir trong kim loai vio viéc tac thanh nhing
obitan phin tr khéng dinh chd hop thanh nhitng viing nang lugng gdn nhau. Kha ning
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din dién cla electron trong kim loai bi han. ch& bdi va cham cia ching véi cdc ion
duong kim loai nim tai cdc mit mang ludi tinh thé. Khi nhidt d6 tang, chuyén déng cla
chc ion duong tai cdc mét mang luéi tang Jén, tn s6 va cham v6i electron ting 1&n nén

d6 din dign cia kim loai gidm xudng.

Kha nang cua electron chuyén dong tu do trong tinh thé kim loai vh mang nang
lwong tir phin néng sang phén nguéi hon cha tinh thé€ 12 nguyén nhéan cla #inh ddn nhiét
(6t cha kim loai. Nhu vay tinh din dién va dén nhiét clia kim loai 12 gdy nén b&i chuyén
dong ty do cua electron & trong ving dén cia kim loai. Chinh vi vdy da s6 kim loai d4&
din dién t8t cling din nhidt t6t. Vi dy nhu nhitng kim loai ‘din dién t6t nhdt 12 bac va

déng cling din nhigt t&t nhit.

Su c¢6 mat electron ty do trong tinh thé kim loai gidi thich mot tinh chdt cd hoc
r&t quan trong cua kim loai 12 dé& rén, dé ddt méng va d& kéo sgi, goi chung 14 tinh déo.
Khi chiu mot tdc dung co hoc bén ngoai, kim loai bi bi¢n dang, nhitng nguyén tlf cia

mang 1u6i tinh th& cé thé doi chd khdi nhau theo nhing 16p tinh thé. S
" khong dua dé€n nhitng luc ddy manh gilta cdc ion duong kim loai vi nhiing electron ty do
trong tinh thé luon luén tao mang ngan céich gilta cdc ion duong d6. Vén d

y doi chd d6

& s& khic di

v6i tinh thé nguyén tir hay tinh thé ion. T4c dung co hoc bén ngodi c6 thé lam 4t céc
lien k&t cong hoa tri gitra céc nguyén tir va tinh thé nguyén tir bi v&. Trong tinh thé ion
luc lien k&t gilta cde ion 13 lyc tinh dién va cdc electron héa tri bi hiit chat vao cdc ion.
Téc dung co hoc bén ngoii 1am doi chd cdc 16p ion cha tinh thé gay nén luc ddy rdt

manh gifta nhiing ion cing dién tich nén tinh thé khong bi&€n dang ma v& ra.

Chat cach dién. N&u kim loai 12 chét din dign t5t thl cdc nguyén t8 khong - kim
loai & trang théi tén néi chung 1a chét céch dién. Van dung thuyét ving ta cling ¢6 thé

gidi thich tinh cdch dién ciia nguyen t6 khong - kim - loai.
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Hink 72« Su tao thanh cdc ving ndng fwgng trong kim cuwong

Ving MOsp®
tréng

Viing c8m

Ving MOsp®
xép di
alectron

a) Sy tgo thanh cdc MO sp? lién két va phdn lién két. h) Cde viang ndng lugng
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Xét mot vi du cu thé 1a kim cuong. Trong tinh thé kim cuong, nhu dd biét, nguyén
t C & wrang théi lai héa sp’, mbi nguyén tir C lign k&t véi 4 nguyén tir C bao quanh bing
lién k&t cong héa tri. M8i mot lien két 46 duge tao nén nhd sy che phi cha mot obitan lai
héa sp’ cla nguyén to C nady v6i mét obitan lai héa sp® ciia nguyén t& C Khéc tao nén
mot obitan phan tir lien k&t va mot obitan phan tit phin lién k&t va cap electron lien k&t
x&p vdo obitan phan t lign két (Hinh 72a).

N&u t4t ca nhiing obitan lai héa sp’ clia nguyén t& C trong tinh thé kim cuong cé -

thé 18 hop duge v6i nhau thi s& tao nén hai ving nang lugng céc obitan phan tir khong
dinh chd (Hinh 72b) : mot ving gém nhimg obitan phan tir lien k&t sp’ dugc xép du
electron (vang héa tri) v2 mot vung gém nhitng obitan phan tif phin lién k&t sp® cdn tréng
electron (ving din). Tinh chédt dac trung cfia chit céch dién 12 & gita ving héa tri va
ving ddn c¢6 modt ving cdm déng ké. Chat cach dién mudn trd thinh din dién cdn dugc
cung - &p mot ning lugng 160 dé kich d6ng nhimg electron & viing héa tri vuot qua vilng
¢cdm chuyén 16i ving din ¢6 ning lugng cao hon. Didu d6 chi c¢6 thé xdy ra & nhiing nhiét
4o rit cao hoac dué6i nhiing dién trudng cyc manh.

Chét bén din. Gifta cdc kim loai, chat din dién va céc nguyén t6 khong-kim loai,
chét céch dien, ¢é nhimng nguyén 16 trung gian dugc goi 12 nguyén t& nira-kim loai (ho#c
con goi 1a 4 kim). Bé 1a S8i, Ge, As, Se, Sb va Te. Pon chit cia nhitng nguyén t6 nay 14
chdt bdn ddn.

Ta xét mét vi du dién hinh
12 gecmani. Gecmani cing nhy
silic c6 mang ludi tinh thé gibng
kim cuong. M3i nguyén tir Ge cing
lién k&t c6ng héa tri v4i 4 nguyén

.

it Ge bao quanh. Ciing nhw trong
kim cuong, néu nhitng obitan E 7
nguyén tlr sp’ cia Ge ¢é thé té hop 2 /,” /
v6i nhau thi sé tao nén mét ving 2 4s A Viung MOsp?
héa tri gbm nhimg obitan phan ti _—‘; H tréng
lien k&t sp® x€p dil electron va mot RN ;:
viing din gém nhitng obitan phin ‘\‘ N
tit phan lién k€t sp’ cdn tréng, AN
.z » Y
Nhung diém khéc nhau & day 13 );\ :): Ving c&m

trong tinh thé gecmani, cdc ving
héa tri vi ving din 46 nd rong ra
nén chi cdch nhau mot viing cdm bé
(Hinh 73). K&t qua 12 gecmani c6
thé d&n dién khi duge cung cdp mot
ning lugng tuong d6i it d& kich
dong nhitng electron & ving héa tri
vugt qua ving cfm chuyén sang
ving din. Vi ving cdm & day bé
hon so v6i trong kim cuong cho
nén nhitng didu kién binh thudng
ctia nhiét do va dién trudng hay Hink 73
4nh séng cling d0 cung cép nang

Ving MOsp®
x8p AUl
alactron

- Su tao thank cde ving ndng lugng trong gecmani
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luong 4€ kich déng electron chuyén sang ving dén. Khi nhigt 40 ting, s8 electron dugc .
kich déng tang 1én, do din dién cba chdt ban ddo téng. Day Ia chd khdc v4i kim loai, do
din dién cha kim loai gidm xuéng khi ting nhiét d¢; & nhiét do r&t thdp, gan khong do
tuyét d8i, cdc kim loai cé tinh siéu din, nghia ia khéng c6 di¢n tro.

Néi chung ch4t treng 46 c¢6 ving cdm 16n hon 3¢V Ia chét cdch dién va chit cd
ving c4m bé hon 3¢V la chét bin d&n. Tuy nhién cin chi ¥ ring khong c6 mot ranh giol o
rét giita-cdc kiéu kién tric khéc nhau ctia cde don chat rdn. C6 thé néi trong mei trudng
hop déu cé electron ty do. Kim loai, chét cach dién va chdt bdn din chi khic nhau & vi trf
tragng d6i cla cde ving nang lugng obitan phan tit dac trung ciia chdt d6. Dudi day la so
dé cdc vung nang luong trong chdt din dign, ch4t cdch dieén va chit bén dén :

Ving c8m

‘_ Z/}////////////// // }ngcam |

" e
T

Chét diin dlén Chat cach didn Ch4t ban dén

Nhu vy nhing electron cila ¢éc MO c6 néng lugng cao hon ndm & phfa trén ving
héa tri trong kim loai rt d& bi kich dong b&i nhiing tdc dung dign, nhiét, quang dé chuyén
sang c4c MO tréng c6 néng lugng hoi cao hon chit it ndm & phfa dudi cta ving dén 12
nguyén nhan cla céc tinh dén di¢n, din nhiét, 4nh kim... Nhitng electron d¢ duoc goi 12’
electron ddn. S6 electron din chi chi€ém mot phén trong téng s6 electron héa tri cta kim
loai, phédn cdn lai 12 nhing electron ndm trén cic MO cé ning lugng thdp hon ndm & phiz
dudi chia ving héa tri v duge coi nhu tao thanh lién két céng héa tri. Trong kim loai kiém

va kim loai kiém thé, s§ eleciron di_n gln nhu trong duong v6i electron héa tri, nghia 13
khong c6 lién két cong héa tri.

Trong kim loai chuyén ti€p s6 electron din thudng chi 12 1 hoidc 2 electron trén not
nguyén tir nghia 12 gdn gi6ng v6i kim loai kiém va kiém thé nhung c6 nhiéu electron héa
tri hon (s vh d) nén c6 nhing lién k&t cong hoéa tri. S& lien k&t 46 cang 16n, lién k€t kim
loai trong tinh thé cang bén. D4y 12 nguyeén nhan lam cho kim loai chuyén ti&p c6 nhiét 49
néng chay, nhiét héa hoi, do cing va ti kh&i 16n hon kim loai kiém, kim loai kiém thé va
kim loai'’khong chuyén ti€p khée.
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) | _y 1,C
Dé sing to hon ching ta xét sy bién 3600 |

48i nhiét do néng chiy trong ba diy kim 3400 |
loai chuyén tiép (Hinh 74). Nhiet 46 néng 3200 |
chay tang 1én dén tir ddu diy va cuc dai & 3000 b
cdc nguyén t6 nhém VIB (Cr, Mo va W) i 2800 b
say dé giam xuéng. Cyc dai vé nhiét do 2600 I
néng chay cha Cr, Mo va W duge giai thich 2400 -
biing cuc dai cla s6 electron dgc than (d°) &
cdc nguyén tir kim loai d6, nghia 12 bing 2200
cuyc dai cia s6 lién két cong héa tri duwgc 2000 f-
ta0 nén trong tinh thé kim loai. 1800 -
' 1600 |
Nhiét héa hoi, 49 cing va ti khéi 16n 1400 b
cha kim loai chuyén ti€p ciling duge gidi 1900 b
thich tuong tu nhu vay. T4t nhién ngodi so
electron tao thanh lién két cén k& dén 1000 |
nhitng y&u t6 khéc nita nhu bén kinh nguyén 800
tir , dién tich hat nhan va kidn mang ludi 600 |
kim loai. Vi du nhu trong déy kim loai 400 F \

chuyén tiép thi nhit, Mn c6 nhiét 46 néng 200 —
chay thdp hon Cr cling nhu thdp hon Fe ;
ngoai 1¢ ndy dugc gidi thich bdi y&u t6 bén

V Cr Mn Fe Co Ni Cu Zn
Nb Me Te Ru Rh Pd Ag Cd
W Os Ir Pt Au Hg

¥

kinh 16n hon cia Mn (1,30Aso véi Cr " Hinh 74 Si bién 28i nhigt 3¢ néng chdy cia

(1,25 R) va Fe (1,26 R) _ ' . kim logi chuyén tiép.
. y g , Day rhi . 2.Day thit kai ; 3.Day thi b
Ndng lugng mang ludi ciia tinh thé ion 1.Day thic nhdt ; 2.Ddy thik hai ; 3.Day s b
Trong nhiéu hgp chédt vo co, lien k&t :
gita cdc nguyén tir 1a gin v6i lien k&t ion cho nén trong céc kifu mang lu6i tinh thé &
xét trén day, kidu mang ludi ion duge ché ¥ dic biét trong héa hoc vo co. Mot véin dé cd ¥
nghia 16n 12 ndng lugng cha mang luéi dé.

Ndng luong mang ludi ciia mot tinh thé 12 ndng luong cén thi€t 48 tdch nhing hat §
trong tinh thé d6 ra céch xa nhau nhitng khoang vo cyc. Trong trudng hop tinh thé ion, céc -
hat 46 12 ion duong va ion &m. Ning lugng mang lu6i thuong duge tinh bing kcal/mol
hay kJ/mol. ' '

Mic di dai lugng nang lugng mang lu6i phén 1én @ng v6i qud trinh khong thé
thue hi¢n dugc trong thyc t&, nhung vi né quyét dinh 46 bén cla tinh thé, 46 tan va
nhiéu tinh ch#t khic ni¥a cla ch4t cho nén duge st dL_l_ng 4t tong rai.

Ning lugng mang luéi ¢6 thé xdc dinh ti¥ g4c dit kign thuc nghigm va tir tinh todn
bang li thuy&t. Trudc hét ching ta xét cdch tinh nang luong mang lu6i cta tinh thé ion
theo i thuy&t. '

Phuong trinh tinh néng lugng mang ludi dugc Boocnd dua ra l4n ddu tign cé
d@ng: . ) ..

Z,Z,Ne?
al,,e 1

Uy = (1"")
n

Ty
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Phuong trinh ndy gidng v&i phuong trinh ciing cla Boocno dé tinh ning lugng
cha phan td ion (xem lién két ion) nhung & day cé thém hai dai luong N vd a. N 12 s8
Avégadro vi nang lugng durge tinh d6i véi mdt mol chit. Dai lugng a duge goi 12 he 50
Madolung (Madelung). Trong phéan ti, méi ion chi twong tic v6i mot s6 16n ion duong va
ion am, & nhitng khodng cédch khdc nhau. H¢ s6 a dwgc dua vio dé ké d€n cdc tuong tdc
d6. He s& nay chi phu thuéc vao kiéu kién tric ciia tinh thé va di tinh duge nhu sau:

D6i v6i mang ludi kidu CsCl, a = 1,763 ;
d8i v6i mang ludi kiéu NaCl, a = 1,7475 ;
46i v6i mang luéi kiéu CaF, , 2 =2,520;
46i v6i mang 1u6i kidu TiO,, a = 2,408

N&u bd qua s bién d8i tuong d6i nhd cla r,, khi chuyén phan tir khi thanh tinh
th€, c6 thé néi ring ning lugng tao thanh tinh th& tir céc ion 16n gdp a l4n ning lugng
tao thanh cha mét sé tuong Gng céc phin tit ion. Hé s6 Madolung a 16n hon don vi nén
¢6 thé néi qua trinh tao thanh tinh thé tir phan t ion phat ra nhiéu nang lugng vi ngugc
lai, qué trinh bi&n tinh thé thanh khf (gém phan td) téc 12 qué trinh thang hoa, cdn titu
nhiéu nang lugng. B&i vay tinh thé ion ¢6 nhidt do néng chiy cao.va nhiét thang hoa 16n.

Hé s6 ddy Boocno n ¢6 thé tinh duge bing li thuyé’t hodc tinh tir cdc dit kién thyc
nghiém vé d6 bi nén k cla chét theo codng thie :

_ 18rg
ae*(n—-1)

Nhitng két qua tinh n t¥ thyc nghi¢m khé phil hgp véi 1f thuyé€t. Tuy nhién cén
chi y ridng trong phuong trinh Boocnd, néu n bi&én déi mot don vi, ning lugng mang ludi
chi sai léch khodng 1-2% théi. '

Nang lugng mang luéi tinh dugc theo hhuang trinh Boocno 13 hodn todn théa
ding nhung cdn ¢6 thé cdi ti€n 16t hon nira né&u chd ¥ them luc ddy gitta cac electron, luwe
Van de Van gitta cdc ion va ning luygng cua ion & khong 40 tuyét d6i.

Capustinski (Kapustinskii) dua ra mot phuong trink cé tinh chéit kinh nghiém
nhung cho k&t qué khoag kém chioh xdc hon phuong trinh Boocno. Capustinski nhan xét
ring hé s6 Madolung gén nhu t{ 12 v6i s6 nguyén ti trong phén tir cia cdc chit khic
nhau. Ong ciing gid thift ring d6i v&i tdt ca céc hgp chit, h¢ s6 ddy n 12 nhur nhau va

ong thay khoidng céch r, gilfa céc ion bing téng bin kinh cla cation va anion. Phuong
trinh Capustinski c6 dang :

ZcZoXn
To Ty

U, = 256,1

trong 46 Zn 12 s6 ion ¢4 trong mdt phan tir mudi (vi du trong CaCl.z, Tn=3) ZovaZ,
1a héa tri chia cation va anion, To va 1, 12 bdn kinh cha cation va anion. U, tinh bing
kal/imol hay kfimol . ° '

Viéc x4c dinh tryc tiép ning lugng mang ludi bdng thyc nghiém 13 v4t khé khén

va chi 12am duge 46i v6i mot vai truyng hgp. Tuy nhién nang lugng mang 1udi c6 thé xéc

dinh dugc tlr cdc dir kié¢n thuc nghi¢m nh¥ so d6 nhiet héa hoc goi 13 chu trinh

117



Habe-Boocno (F. Haber, 1868 - 1934, gidi thudng Nobel vé Héalhqc nam 1918). Ching
ta 14y vi dy mudi patri clorua dé phan tich chu trinh dé.

Elh | INa "
Nal(r) ——> Na(k) — Na™ (k) \
1 | ~U_ | NaCl(x)
-1 2Bk 2 '
3 Clz(k) —_ CIk) -'-'—' Clk)
l AH

Trong chu tf‘lnh nay, ching ta hinh dung hai cach di t¥ natri kim loai va clo khi
dén natri clorua tinh thé : .

Céich thi nhét bao gébm sy bién natri va clo thanh céc ion Na® va CI” vh sy tao
thanh mudi rdn tir cdc ion d6. Theo dinh nghia c@a ning lugng mang 1u6i, khi tao thanh
NaCl rén tit cdc ion khi, ning lugng tho4t ra phai bing gié tri tuyét d6i cha U,. Dé cé
duge ion Na’, cdn bi€n natri kim loai thanh hoi gém cdc nguyén ti, t6i bi&n nguyén tlr
Na thanh Na*. Qué trinh héa hoi titu thu mot nang lugng goi 12 nhigt thiang hoa E,, v&
qua trinh ion héa tiéu thu mot nang lugng la ning lugng ion héa ly,. P& c6 duge ion C1
trude tién cén lam didt lien k&t trong phan t Cls, réi k€t hop mot electron dd tich 1a ti
nguyén tir Na vao nguyén t& Cl. Qu4 trinh lam it lién k&t tieu thy mot nang lugng tinh
cho mot nguyén ti Cl 12 mot nita ning lugng lien k&t Ey. Qu4 trinh k€t hgp thém mét
electron phéat ra mot nang lugng 12 4i luc electron E¢ ciia clo.

Cach di th¢ hai 13 tryc ti€p tir clo va natri dén thiang NaCl rdn. Nhigt clia qué
trinh nay c6 thé do duge va 12 nhigt AH ciia phan dng : :

ZNagr) + Clz (k) = 2NaCl (r)

Theo dinh lugt nhigt héa hoc md ching ta s xét sau {chuong V1) nang lugng -

tdng cong clia cdc qud trinh x4y ra trong chch di thé nhat bing nang lugng cla qud trink
x4y ra trong céch di thit hai.

Ta ¢ : . AR = E’Ih + INa + % Elk_E'C] "'UO

Tir 46 rGt ra : U, =—AH + By + Iy, + 15 Eyx —Eqy

‘T4t cd nhitng dai lugng & v& ben phdi cha he thic 4éu c6 thé do duge vi vy ¢d
thé tinh duge U,. : .

Nang lugng mang ludi cia céc halogenua kim loai kiém tinh theo chu trinh Habe-
Boocno chi chénh lech khodng vai phén trim so véi k€t qua tinh todn Li thuyét.

Dugi day so sénh cdc gid tri nang luqng‘ mang lugi tinh theo phuong trinh
Boocng, phuong trinh Capustinski va chu trinh Habe-Boocno (Bang 24).
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Bdng 24
e Niang lugng mang lugi U, (kJ/mol ) cla
halogenuna kim loai kiém

Hgp | Phuong Phyong Chu trinh qu | Phuong | Phuong trinh | Chu trinh
trinh trinh , trinh . .

chat Capustinski Habe- chat Capustinski Habe-

Boocno ‘Boocno Boocno
: Boocng

LiF 999 961" 1008 NaBr 713 727 735

LiCl 803 811 828 _NaI ' 667 680 688

LiBr 760 773 788 KF 791 - 796 800

Lil 708 719 733 KCl 682 687 697

NaF 894 893 903 KBr 654 660 672

NacCl 449 765 772 K1 618 620 631

That ra Lic ddu ngudi ta khong dong chu trinh Habe-Boocno d€ tinh nang lugng
mang ludi ma ding dé xdc dinh 4i luc electron, trong 46 nang lugng mang ludi duge tinh
li thuyét theo phuong trinh Booceno. Vé sau, khi da tim dugc nhitng phuong phép thuc
nghiem d€ x4c dinh 4i luc electron, ngudi ta nhan they gié tri cia di lyc electron, tinh tir
gid tri tinh 1i thuy€t cha ndng lugng mang lu6i 1a twong d6i gdn vgi gid tri thye nghiém.
Diéu d6 cho thdy nhitng phwong phép xdc dinh néng lugng mang lugi 12 ddng ddn. Nhitng
sai Iech vé& cdc gi4 tri nang lugng mang ludi ciia cdc halogenua kim loai kiém (Bang 22)
dugc gii thich bing sy ¢6 mat mot phdn cdng héa tri trong lién k&t gitta cdc ion trong
hgp chat. ‘

Nhitng trang thdi tdip hop trung gian

Ngoai nhitng trang théi tap hop nhu khi, léng va rin da xét, cdc chit cdn cé thé
tén tai & nhitng trang th4i trung gian nhv tinh thé 1ng, platma...

Tinh thé - 16ng. C6 -nhiéu chit khi dun néng khong chuyén thing tir trang théi
tinh thé sang trang thai lbng ma chuyén qua mot trang thdi trung gian. Trang thdi trung
gian vira gi6ng trang thédi long vira gi6ng trang thdi tinh thé nén dugc goi 13 tinh thé
I6rg. Tinh thé 1dng c6 thé tao thanh giot, ¢6 hinh dang ciia binh dyng va ¢6 do linh dong
cao. Giot cha nhitng chédt 16ng thong thudng 13 hinh cdu con giot tinh thé léng hoi dai
hon. Nhitng giot tinh thé ldng ciing cé thé chap lai v6i nhau. D6 12 nhitng tinh chit dic
trung cho trang thdi ldéng cta cdc chdt. Mit khic tinh thé 1dng cé tinh di huong vé
quang, di¢n va.t¥, mot tinh chdt dac trung cda tinh thé. Dic tinh nay phan dnh mot trat
tu sép x&p cac phan tir trong Ki€n tric cha tinh thé 16ng. Nhu vay trang théi tinh thé léng
1a moOt trang théi trung gian giGta trang théi tinh thé va trang théi 1éng. C6 t4t ca nhing
bifu hién cia mot trang thédi tdp hgp nén doi khi tinh thé l1éng dugc coi 12 mot trang thii
agung tu thi ba cla chét. Vigc chuyén ti trang thdi tinh th€ sang tinh thé léng ddi hoi
mot lwgng nhigt 16n hon nhidu so véi viéc chuyén tinh thé 1dng sang trang théi idng.
Lugng nhist cdn dé chuyén tinh thé 1éng sang léng thuong bing phdn mudi nhiét néng
chay cha chit, '

Hién nay ngudi ta bi&t dvgc hang ngan chét ¢é thé didu ch&€ dugc & trang thai
tinh thé 16ng, phén r4t 16n 12 nhitng hop chét hitu co, trong d6 c¢6 cdc polime néng chay.
Nhitng t& bao sdng cling & trang théi tinh thé l6ng. Tinh thé 1dng d& dugce tim ra t¥ nadm
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1889. Nhing hop chat déu tién didu ch& dugc & trang théi tinh thé Idng 13 colesterin
- benzoat, paracxifenetol, paraazoxianisol.

Trang thdi tinh thé léng cha moét chat thé hign & trong moét khoang nhiet 46 xébc
dinh, & dudi khoa’mg nhiét 49 d6 chdt giSng tinh thé va & trén, gidng ch4t 1éng.

Vidu: paraazox:anlsol

-0 O n-n—D-o-en

thé hi¢n trang théi tinh thé 1dng & khodng nhist d6 117-135°C.

Metoxibenziliden butylanilin
e RN ST
o

thé hién trang thdi tinh thé 1dng & khoing nhiét do 20-43°C .

Tay theo mirc do sap x&p c6 trat ty clia cdc phan tir, ngudi ta chia tinh thé 1ong
lam ba loai :

Don gidn nhdt 12 tinh thé 1dng loai nematic (tigng Hi lap nematos 13 dang soi).
Trong tinh thé loai nematic, nhimg phan t&r dinh hudng song song v&i nhau doc theo tryc
dai cia phéan ti (Hinh 75a). C4c phan tit c6 thé di chuyén tinh ti&n theo ba truc cia toa
d¢ nhung van gitt vi tri song song clia cdc truc dai clia phan tir nén ¢6 tinh di hudéng rét
Ién vé quang hoc. Paraazoxianisol va metoxibenziliden butylanilin thuéc loai nematic.

Trong tinh thé l1dng loai colesteric (ten goi ndy xudt phat tir tén clha mot trong
nhitng tinh thé 1dng ddu tién phat hign dwgce 12 este cha colesterin). Céc phan ti khéng
dinh hu6ng trong todn thé tich cta tinh thé ldng nhu trong loai nematic ma chi dinh
huéng trong nhl’fmg mat phdng ciia tinh thé 1éng (Hinh 75b). Phuong cia cédc truc phan ti
dinh huéng & hai 16p canh nhan 1am véi nhau mot géc bé (0,5°C) cho nén khi di tir 16p
phan ti nay sang 16p phan tir khéc, cdéc phan t& xoay chuyen theo dudng tron 6c. Khi di
chuyén trong 16p, cdc phan tir vin gid twong quan dinh hudng véi nhau. Nhitng Ligp chat
cua colesterin v mot s§ steroit thudc tinh thé léng loai nay. '

Trong tinh thé Idng logi smetic (ti€ng Hi lap smetos 14 gi6ng véi xa phdng), cdc
phaa tir dinh huéng song song v8i nhau trong todn thé tich tinh thé 1dng nhung cdc phan
ti hop v6i nhau thanh 18p c6 bé day vao ¢& chiéu dai cGa phan ti (Hinh 75¢). Trong méi
16p, tryc dai clla cdc phan ti song song véi nhau.

} .
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Hink 75- Cdu tao cia tinh thé 1ng _
a} logi nematic. b) loai colesteric. c} loai smetic
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Nhing tinh thé 16ng loai smetic déu nhét, kich thuéc cha céc phan ti § trong dé

12 vio ¢& 20 A. Dung dich trong nude ctia céc axit béo hitu co la tinh thé long loai
smetic, : : :

Do nang lugng tuong tdc bé giffa cdc phan t&r v6i nhau, tinh thé 1dng rat d& bién
48i ki€n tric dudi téc dung cta dién trudng, tit trudng, 4nh sdng, 4p sudt va nhiét do.
Thoi gian ddp lai nhitng tdc dung bén ngodi dé 1a vao khoang 1.107* giay. Bdi vay nhiing
nam gdn day tinh thé 1ong duge sir dung rong rdi trong cdc nganh khoa hoc va ki thuat
khic nhau. Tinh chdt quang hoc cha tinh th€ 16ng phy thudc rilt manh vio nhitng bién
48i nhd cha bat ki diéu kién bén ngoai nao. Dac diém ndy dugc st dung trong céc thigt
bi quang dién, thi&t bl quan s&t chinh xdc nhigt d¢ bing mét, méy quang phé, tinh thé
long dugc ding trong déng hé dien tir deo tay, mdy vi tinh. Nhitng t& bao bing tinh thé
iong c6 thé thay cic 6ng catdt ddng trong vo tuyén truyén hinh dé tao ra man inh phing.
Ngudi ta ciing dd tim thiy tdc dung xic tdc ciia moi trudng tinh thé 1ong : sy dinh hudng
cha phan tir trong tinh thé i6ng tao thusn lgi cho sy dinh huéng véi nhau cla cdc phan
tit chdt phan ong. Chdt nguyén sinh trong t& bio séng ¢6 mot s& tinh chét gdn véi trang
th4i tinh thé léng. Sy truyén nhiing xung dong thdn kinh cé thé dugc mo ta bing sy
chuyén gilta cdc trang thdi tinh thé 1éng.

Platma. Platma 12 khi dugc ion héa mot phdn hay ion héa hoan toan & nhiét 46
cao. Day 12 moét moi trudng trung hoa dién trong d6.c6 phan tr & trang thai co ban hay
trang théi kich doéng, nghia 13 ¢6 niéing lugng cao, nguyén tlr, ion va electron. Thuat ngi
platma duge nha vat 1f kiém héa hoc ngudi M¥ 12 Langmuya (Langmuir, 1881-1957) dua
ra nam 1923 d€ chi nhitng khi duge ion h6a. Platma thudng dugc col 13 trang thai tap
hop thi tu cBa chat. :

Trong thi¢n nhién, trang th4i platma cé nhiéu hon trang thdi t4p hop khidc. Mat

" Trdi, cdc ngdi sao, cic tinh van 12 nhitng platma dac con khodng khong gifta céc ngoi
* sao la platma lodng. Mat ngoai cia khi quyén Tréi Dat duge boc mot vd platma goi 13

tdng ion hda.
Ngudi ta chia platma 1am hai loai :

Platmu dp sudt thdp, hay cdn goi |12 platma ngudi dugc 1ao nén & dp suft dudi
0,15 atm. Trong platma &p sudt thip, do chuyén dong ciia electron r4t 1dn nén nang
lugng va nhigt 4§ cha electron cao hon so v&i cdc hat nang 12 phan tlr, nguyén tlr va ion
vi d6 chuyén dong cla cac hat ning ndy kém hon. Trong platma ndy, cdc hat ning cd
nhigt 4o tir 500 dén 1000°C con electron c6 nhiét d6 d&n hang ngan d6. ’

Platma dp sudt cao, hay con goi 12 platma néng duge tao nén & 4p sudt tit 0,13
dé&n 10atm. Trong trudng hgp nay, vi 4p sufit cao han cdc hat trong platma va cham véi

“nhau nhiéu hon nén nhiét 4o clia electron va cha céc hat nang it chénh léch hon. Nhiét

46 cha platma néng ¢6 thé 1&n dé&n khoang 50.000°C.

Platma ngudi ciing nhu platma néng déu c6 thé tao nén khi phéng dién qua khi
hay kich dong khi bing cdm tng cae tdn, nhung & 4p suft khic nhau. Phuong phép don
gian nh4t dé tao platma 12 d6t néng cdc khi & nhiét do cao.

Ngay nay platma di duge sit dyng trong mot s8 nganh ki thuat, Ngudi ta st dung
qué'trinh tao platma dé ma kim loai l1&n cdc vat liéu khdc nhau nhu kim loai va chit
polime, d& diéu ché kim loai 1 oxit, sunfua, dé téng hop nhitng chit khé néng chay nhu
cacbua, nitrua, oxit & ddng bot, 4 didu ché& axetilen. Cdc qué trinh tao platma thudng
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cho nhi¢t d¢ rét cao nén cho phép thyc hién nhitng phan Gng héa hoc véi t&c do rdt cao
va tao nén nhimg dang r4t hoat dong ciia cdc chét.

Trong ki thuat va dé&i séng ngudi ta ding réng rdi ngudn sing platma, trong dé
platma dugc tao nén bang cdch phéng dién qua khi chia trong ciac béng d2n. Platma sinh
ra treng cdc béng den d6 cé thé tryc ti€p phdt ra 4nh sdng thudng (dnh sdng tréng thiy)
hoac phdt ra nhilng bitc xa nh¥ chat huynh-quang bi&n thanh 4nh sing thudng (den huynh
quang). Tuy thudc bin chét cla khi, d2n huynh quang c6 thé cho cdc mau khéc nhau,

v
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CHUONG V

sy BIEN DI TUAN HOAN TINH CHAT CAC NGUYEN TS

Nhiéu tinh chét ciia cdc nguyén t8 héa hoc phu thudc vao cdu hinh clectron cha
nguyén t. Sy lap lai tuén hodn c4u hinh electron cla nguyén t& khi x€p cdc nguyén t6
theo chiéu tang cla dién tich hat nhan 12 nguyén nhan cia sy 13p lai tudn hoan cdc tinh
chit d6 ciia nguyén t6. Duéi day 12 sy bién ddi cha mdt s6 tinh chat. P& d& nhan thdy su
bién d8i tudn hodn 4y, ching ta ddng bang tudn hodn cdc nguyén t6 dang dai (bang IB
trang 39). . - ’

Tinh ddn dién va kién tric tinh thé

Trong chuong trudce ching ta da gidi thich tinh dén dién bing thuy&t vang. Dya
vao tinh din dién ngudi ta chia cdc nguyeén t§ héa hoc thanh kim loai, khong-kim loai va
nira-kim loai. Nhitng nguyén t6 kim logi 12 chit din di¢n, d6 d&n dién cla ching giam
xuéng khi nhiét d¢ tang. Ngwge lai nhitng nguyén t6 khéng-kim logi 1a chit cich dién,
do din dién clia ching hét sic bé hodc khong thé do dugc. Nhing nguyén t8 nira-kim
logi c6 46 din dién bé cb thé do duoc va tang 1én khi nhiét do ting, nghia la ching la
ch4t ban din. Dudi ddy 13 d6 dia dign (tinh bing 10°Q ".cm™!) cia cde nguyén 16.

Bdng 25
D6 din dién cha cdc nguyén t6
nguyén 6 khong-kim loai

Nguyén t6 kim loai H | He
Li | Be ' B|C|{N]|O]|F|{Ne
118 [ 18
Na | Mg - Al '} 8 P S| AV Ar
23 | 25 40
K |Cal S |Ti| v ! |Mo[Fe |[Co|lNi |Cu|Zn|Ga]Ge|As]| Se | Br | Kr
159123 | - 112106([65120 11211616 [ 65 ;18 |24
Rbl St | Y | Zr |INb{Mo| Te |Ru|Rh [ Pd |Ag | Cd [ In | Sn [ Sb | Te | T |Xe
86 33| - 124 - |23 | - [85]22]10 |66 | 15| 12 | i0
Cs | Ba|La|{Hf | Ta | W |Re{Os | Ir [ Pt [Au |Hg| T1 | Pb | Bi | Po { At | Rn
5611,7117 347172 20 - 11 [ 200 10149 )44 | 7,152 (10
Fr | Ra | Ac | Ku :

. Qua bang 25 ta thfy cdc kim loai dwgc x€p vé phia bén trdi cda bang tufn hoan,
céc nguyén t6 khong-kim loai, vé phia bén phdi. Budng phan chia hai logi nguyén td§ dé
12 mot dudng chéo di tit B d¢&n At. Tuy nhién & hai bén dudng ranh gi6i dé la cdc nguyén
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t8 ¢6 nhitng tinh ch4t trung gian giita kim loai va khéng-kim loai nén dugc goi 1a nguyén
t6 nira-kim loai. D6 1a nguyen té Si, Ge, As, Sb, Se, Te, ching ia chdt ban din. Mot vai
‘nguyén t6 khic & hai bén dudng ranh gi¢i d6 tuy khong dugc x&p vio chit bin dén
nhung ching vdn c¢6 nhitng tinh chdt clha nguyén t6 trung gian. Vi du nhu kim cuwong va
than chi 12 hai dang thi hinh clia C, kim cuwong cdch dign nhung than chi din di¢n. Thi€c
tréng va thi€c x4m 12 hai dang thu hinb clia Sn, thi€c trang 12 kim loai nhung thi€e xdm
12 ch4t ban din. Photpho d& va photpho trang Fa chét cdch di¢én nhung photpho den Ia
chdt bén din. ' : '

Tuy ring viéc phan loai cdc nguyén 18 tro nén khé khan do hién tugng thh hinh
chiing ta ¢6 thé néu mot vai nét téng quat nhir sau. T4t ca cdc nguyén t& chuyén ti€p, céc
nguyén t6 trong céc nhém IA, IIA va cdc nguyén td nang trong cdc nhém IVA va VA
déu 12 kim loai. Nguge lai cdc nguyén t6 nhe hon trong cdac nhém IVA, VA, VIA, VIIA
vd VIIIA 1a nguyén t6 khong-kim loai. Ching thudng tén tai duéi dang phan tir riéng
nhu N, Cl,, Sg v3 & trang thdi rdn ching c6 mang ludi phan t. Nhitng nguyén té nira kim
loai c6 kién tric tinh thé phidc tap : mang lu6i khong gian, mang luéi 1gp hodc mang ludi
phan tir ¢é ki&n tric tinh thé kiéu mach dai. Trong tinh thé, s& ph6i tri cia céc nguyen
18 nita-kim loai bé hon so v6i kim loai. O trang théi rdn c#c nguyén t6 nira-kim loai
khong gém nhitng phan t& nhé viéng biet nhu nguyen t6 khéng-kim loai.

Kich thuéc nguyén ti

Thé tich nguyén ti 18y mét cdch don gian la thé tich, chi€m b&i mot mol nguyén
tir chia nguyén t6 & trang thii rdn (hodc trang thédi long d6i v&i nhitng ch4t binh thu¥ng &
trang thdi khi).” Thé ' : '
tich d6 bing kh6i | Ls

1)
lugng cta mol nguyén . :'|
. a0+ 1
t& chia cho ti khéi cha £ _ :',
don chdt. Nhu di bi€t i ' :'l
11 kh&i cha mot chit S K ::
- phu thuo¢c vao - nhiét wlh Rl
d¢ vi kién tric tinh H
thé nén nguyén t6 c¢é '
mot vai dang thd hinh . T Vo !
s& cé mot vai gid tri . 2 '
cha thé tich nguyén tir. [ F 5
Thé tich nguyén tir xdc i i
dinh béng cdch nhu 0y Al st
vay tuy chi méi phin e ¢ . lyﬂﬂ'

énb  dinh tinh kich v U7 48 7276 27 2% 20 32 36 #0 4% 48 32 % 15 78 32 8697 2
thwéc clla nguyén Lt H B & Mj’ $ (o {r Mr G A’f‘zr'_tfy dee_{Sa W Pt P Rn TA

nhung vin bi€n déi Hinh 76- Su bién d8i tudn hoan chia thé tich nguyén fit cde don chdt
tudn hoan khi x€p cédc :
nguyén t6 theo chiéu ting cfia dién tich hat nhan (Hinh 76).

D& thdy r5 hon sy bién d8i cla kich thuGe nguyén tlr ching ta xét sy bién déi cua
bin kinh nguyén t& va bén kinh ion cha cdc nguyén 16.

Bang 26 ghi bin kinh nguyén tit (bing ;ﬁ) cha cdc nguyén t& trong bing tudn
hoan. - '
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Qua bang ta thdy, trong mdi chu ki, bdn kinh nguyén td cha cdc nguyén 16 giam

ddn theo chidu ting cia dién tich hat nhan tir kim loai kiém d€n halogen. Nguyén nhan
12 khi thém dén electron vido cdc obitan nguyén t& ¢é ndng lugng nhw nhau hodac gén
nhau, dién tich hat nhan ting 1&n s& hit electron v4i luc hidt ting 1&n ddn. Sy gidm bdn
kinh thé hién manh nh&t khi thém electron s thi hai va thé hién tvong d46i y&€u han khi
thém cdc electron p, d vd f. Su tang bt thudng bén kinh nguyen tir tir halogen dén khi
hi€m dugc giai thich 1a trong tinh thé cfia cdc khi hi€m & trang théi rdn tugng téc giita
che nguyén tlr yéu hon so vGi trong phan tir halogen.

Su gidm bdn kinh ion cha cdc nguyén t6 trong mot chu ki con manh hon bdn kinh
nguyén tr. Sau day 13 mot vi dy :

Nguyén e ... C N O F Na Mg Al 8i

Bén kinh, A ... 0,77 0,70 0,66 0,64 1,86 1,60 1,43 1,17
Ion ... c4 N3= o g F~ - Na* - Mg APY Si**
B4n kinh, A... 2,6 1,71 1,40 1,36 0,95 0,65 0,50 0,41

Nguyeén nhan clia sy gidm bdn kinh ion manh hon bén kinh nguyén tir 12 khi tao
thanh mot ddy ion tit cdc nguyén t8 & trong mét chu ki, dién tich hat nhan ting len s&
tdc dung véi cling mét 58 electron nhy nhau. Bdn kinh cla ion 4m 14n hon bén kinh cla
_ion duong nhung chiéu bi€n d4i cla _}:hﬁng déu nhy nhau.

Trong cdc nguyén t6 chuyén ti€p sy bién ddi cda bén kinh nguyén tir (bang 26) va
bén kinh ion (bang 15) khong don gidn nhu trong céc nguyén t6 dién hinh (nguyén t§
khéng chuyén ti€p). N&u lfy mot diy nguyén t8 chuyén ti€p ma xét sy bi€n d8i theo
hang ngang, clng thdy sy bi&€n déi bdn kinh ciia nguyén tr va ion nhung khéng phéi mot
chiéu vi it hon so v8i nguyén t8 dién hinh. Nguyén nhan 12 trong nguyén t8 chuyén tiép,
electron duge thém din vio cdc obitan (n-1)d & bén trong, nhitng electron ndy chén
manh dién tich hat nhan véi cdc electron ns bén ngoai 1am cho kich thudc clia nguyén tir
khong bién d8i may.

Trong d3y lantanoit, ban kinh nguyén tit vi bdn kinh ion bi€n ddi cdn {t hon nia.
Tir Ce d&n Lu, bén kinh nguyén tir chi gidm t&t cd 12 : 1,65 - 1,56 = 0,09;\. Tir Ce** dén

Lu’", ban kinh ion gidm xu6ng : 1,07 - 0,85 = 0,22;&. Sy gidm déu didn bdn kinh nguyén
tlr cha cdc lantancit va bdn kinh cla cdc ion duong ba cha ching duge goi 12 s co
lantanoit. Sy gidm bdn kinh tuong ty nhu viy cling xdy ra trong diy actinoit va duge goi
13 si co actinoit. '

Trong cdc nhém A, bdn kinh nguyén tir vi bdn kinh ion tang lén theo chiéu ting
cua dién tich hat nh4n (bing 13 va bing 24). Nguyén nhan 12 sy tdng s6 16p electron cha
cde nguyén tlr. Trong cdc nhém B, sy bi€n déi bin kinh nguyén t va ban kinh ion dién
ra it hon so v4i trong nhém A. Vi du nhu tir Ge d€n Pb bdn kinh nguyén tlr tang tir 1,22

dén 1,75 A cdn tit V d€n Ta bdn kinh nguyén tir chi tang tir 1,31 dén 1,43 A. Trong céc
nhém B, su ting bdn kinh chi xdy ra tt nguyén t6 thudc ddy thi¥ nh4t t6i nguyén té thuoc
day thd hai, con sang nguyén t& thudc ddy thd ba, su bi&€n d4i bdn kinh hdu nhu khéng
déng k€. Nguyén nhan 12 4nh hudng cla sy co lantanoit. Chinh vi cdc nguyén t§ thuédc
didy kim loai chuyén ti€p thd hai va thi ba & trong cdng moét nhém cé kich thube gidng
nhau nén rft gidng nhau vé tinh chét. V{ du nhu nhitng cép nguyén t§ Zr va Hf, Nb va Ta
_v;v‘.,,Hinh 77 chi 5 sy bi&én déi tudn hodn bdn kinh nguyén tir cha cdc nguyén 16 :
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g 24 30 48 14 &7 g g7 7

) Hinh 77 - Sy bién 48i tudn hodn ciia ban kinh nguyén ti cdc nguyén 18
Ndng luong ion héa, di luc electron va d6 dién dm
' Niang lwong ion h6a 12 mot tinh chét rdt quan trong cla nguyén ti. Nhu dd biét,
kidu lién k& vd dé bén cla lién k&t phu thudc déng ké vdo nang lugng ion héa cia

nguyén tir. Kha ning khit cia cdc don ch4t cling phu thuéc vao nang lugng ion héa,
nguyén tit ¢ nang lugng ion héa cang thép thé hié¢n kha ning khir cang manh.

Béang 27 ghi ning lugng ion héa thi nh4t cla nguyén tif cdc nguyén t6 trong bang
tun hoan. '

Qua béang ta thiy trong t4t cd céc chu ki, nang lugng ion héa déu ting ién theo

~ dién tich hat nhan. Kim loai kidm & ddu chu ki c¢6 nang lugng ion héa bé nhdt va khi

hi€m & cudi chu ki c6 nang lugng ion héa 16n nhét. Trudc day ching ta di xét ki sy bién
d8i clia nang lugng ion héa trong céc nguyen t§ chu ki 2. Nhitng bt thudng trong chiéu
bi€n d8i & trong chu ki 12 gy nén bdi dé bén dac bigt clia céc obitan nguyén ti héa tri
duge x€p &0 electron hay xép mot nira s6 electron. Su bi€n ddi ciing xdy ra tugng ty nhu
vy trong cdc chu k1 khdc. '

Trong cdc ddy nguyén t& chuyén tiép, ning lugng ion héa bi€n d8i it hon so véi
trong cdc nguyén t§ dién hinh. D6 13 k&t qué cia nhidu y&u t6 khdc nhau : trong khi s6
16p electron céra cdc nguyén tit vin gilt nguyén trong méi diy, inh hudng cia sy tang
dién tich hat nhan dugc bi lai bdi mige d6 chén clia electron d thém vio 16p trong.

Trong nhém A, ning lugng ion héa cha cdc nguyén t& gidm xubng tir trén xulng
du6i, nghia 12 tinh khir tang 1&n tir trén xudng dudi. Nguyén nhan 12 v4i cing kiéu cfu
hinh electron giSng nhau clda nguyén tir , sy ting s6 lugng tlr chinh céng véi sy cé mit
mot s& 16n electron chidn 1am tang muc 46 chidn hat nhan d& vugt dnh hudng cla sy tang
dign tich hat nhan. '
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. Trong nhém B, nhitng nguyeén t& t1€p theo sau cdc lantanoit thudng c¢é nang lugng
ton hdéa 16n hon nguyén t6 & trén va trong cing mot nhém. Day 12 k&€t qua cha sy tang
manh cuia dién tich hat nhan tir nguyén t6 diy chuyén ti€p thi hai sang nguyén t6 day
chuyén ti&p thd ba. Vi du nhu tir Ti d&n Zr, dién tich hat nhan tang tir +22 d¢&€n +40 don
vi, con tir Zr d€n Hf, dién tich hat nhan tang tr +40 dén +72 don vi.

Hinh 78 chi
13 sy bién d4&i tudn
hofn cita ning ZeV
lugng ion héa  thi 24
nhit cla nguyén ti 22
cdc nguyén 16 trong 20
bang tufin hoan theo

3

78
chiéu tang cla dién "
tich hat nhan. C4c
cuc tidu chinh trén

dudng bidu dién 13 7
& cdc kim loai kiém  #
va cdc cyc dat 8
chinh, & cédc khi £
hiém. Trong cic chu

x
S s e S R e N S S S AL AL B

4 -
ki 1én nhing cuc 2:
d{liphl}&Zn,Cdvﬁ -nu.||.|-1.|.||1n---|||-||-au|_|_;__|_j..,_l_l_?—l—-
Hg va nhitng cuc § ¥ 8 77 % 20 24 28 JZ 36 #7 £Ff #6 32 36 J# W6 8 & Z
tiu phy & Ga, In va .
Tl 14 gdy nén bai Hinh 78- Sy bién d6i tudn hodn ciu ndng lugny ion héa thw nhdr

d6 bén clia obitan s cha nguyén i cdc nguyén 1§

da dugc x€&p di electron vad muc dd-chin rdt manh cia cap electron s.

Vé di luc electron, khé c6 mot nhén xét chung vé su bién déi tudn hoadn vi s&
nguyén 1§ ma ngudi ta bi€t duge 4i luc electron cla ching khéng c¢é nhidu. Tuy nhién
nhing gid tri d3 cho & trong bang 4 ciing cho thiy cdc nguyén t6 khéng-kim loai c6 4i
lue electron 16n hon cde nguyén té kim loai.

Do dien am. C6 r&t nhiéu phuong phdp xéc dinh do dién am clia nguyén tir cdc
nguyén té va cdc k&t qua thu duge khd phld hgp v6i nhan. Biang 28 ghi d6 dién am cia
cdc nguyén t8 xdc dinh theo phuong phédp Paolinh.

Do dién 4m cda cdc nguyén t6 dién hinh ting lén ddn trong chu ki va gidm xuéng
trong nhém theo chiéu ting clhia di¢n tich hat nhan. Didu ndy cho thdy rd sy bi€n ddi cla
khi nang hdt va gil electron cila nguyén té cdc nguyeén t6 héa hoc theo chu ki va nhém.
Trong didy nguyén t8 chuyén ti€p, d0 dién 4m cling ting l1én maot it théo chidu ting cla
dién tich hat nhan phii hgp véi sir gidm bédn kinh ion cda céc nguyén 16 46.

Trong nhiéu nhém B, d¢ dign 4m cla nguyén {6 hoi ting 1én theo dién tich hat nhan.
Sé6 oxi héa _ {

Nhu dd nhén xét truéc day, khdc v4i héa tri, s6 oxi héa chi 12 mét khéi niem cé
tinh hinh thic vi né khéng phan énh mét trang th4i thyc nao cla nguyén t6 & trong hop.
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chét. 56 oxi hda 14 s6 dai s§8 chi dién tich ma nguyén t& s& ¢6 néu nhing electron &
trong phan tir duge phén bd gilta cdc nguyen tlr theo mét quy téc ndo d6. Sau day l1a mot
56 quy tic xdc dinh 58 oxi héa.

- 36 oxi héa clia nguyén t8 & trang thdi ty do bing 56 khéng.

Vi duy :Nhitng nguyen tlr Cu, Fe & trong kim loai ty do cé s§ oxi héa bing 0,
nhing nguyén tir Ci, O & trong khi ¢ s8 oxi héa bang 0.

- 86 oxi héa cba ien gédm mot nguyén tir bing dién tich clha ion d6.

Vidy : Trong NaF , s§ oxi héa cha Na bing +1 va cla Cl bing —1.

- 86 oxi héa clua méi nguyén tir trong hop chét céng héa tri ¢é c4du tao di bi&t 12
biang dién tich ma nguyén tir con lai sau khi td1 cad cdc cap electron chung hoan toan
chuyén dich vé nguyén tir c¢6 dé dién 4m 16n hon (cip electron chung giita hai nguyén tir
gidng nhau dwge chia d6i).

Vi dy : Trong CH,, s& oxi héa ciia C 12 —4, cla H 13 +1 : trong SO;, 56 oxi hoéa
cua S 132 +6 vicua O 13 —2.

- Téng cdc 88 oxi héa cha nhitng nguyén t§ trong mot phan tir bat ki hop chél nio
luén luén bing s§ khong. Dua vio quy tic ndy, ¢é thé tinh s6 oxi héd cla mét nguyén té
khi bi&t s8 oxi héa cla nguyén t6 khdc & trong phan tir.

Vi du. 86 oxi héa cla Mn trong KMnO, tink dugce tir s6 oxi héa +1 cia K va -2
cua QO la: ~ (-2 x4+ 1} =47,

S6 oxi héa cha Cr trong Na,Cr,O,; tinh dugc tir s& oxi héa +1 cita K vad -2 coa O
—(-2x7+1x2
5 (_2___) - +6

Dugc tinh mot cdch quy udc nhv vdy nén s@ oxi héa cla mot nguyén t6 khong
luén luén tring véi hda tri cha nguyén t6 46.

Vi du. 86 oxi hdéa cia C trong cédc hgp chdt CH,, CH,O0H, HCHO, HCOOH va CO,

ta -4, ~2, 0, +2 va +4 tugng ung, nhung héa tri cia C trong t4t ¢4 hgp chédt dé ludn
{u6én bing 4.

Tuy nhién s6 oxi héa vln 12 mét khdi niém thudng hay duge diing khi phan loai
céc hop chdt vo co va viét phuong trinh cfla cdc phin ¢ng oxi héa-khi,

Vidy : Khi xdc dinh 36 oxi héa cia P trong céc hgp chit HP01, H,PO, va H,P,0,,
nhan thdy cdc hgp chit ndy déu cling mét ioai v6i nhau, treng dé P ¢6 56 oxi héa +3,
khdc v&i hop chdt H;PO, trong d6 P cé s8 oxi héa +3,

VE viéc viét phuong trinh cha phén Wng oxi héa-khi, ching ta s& xét & chuong
sau. : :

Gilta s& oxi héa va c4v hinh electron nguyén tir cla nguyén 16 ¢6 mot mdi lién
h¢ gidn don 12 nhidu 56 oxi héa tng véi khuynh huéng mat hay thu electron d€ c6 céu
hinh electron ns’np® hay nd'®. Khuynh huéng d6 thé hién rd trong nhitng nguyén 16
thudc nhém [A vi IIA va nhing nguyén t& nhe nhém IIIA. Nhiing nguyén t6 céc nhém
ndy c6 s6 oxi héa +1, +2 va +3 tuong Wng vd nhitng s6 oxi héa nay tring véi héa tri.
Nhitng s& oxi héa tng v6i sy m&t nhiing electron np va c4 ns? x4y ra & nhitng nguyeén 1§
nang cua cdc nhém IVA, VA, VIA va VIIA. Vi du nhuv Sn va PV v6i cfu hlnh electron

ns’np? ¢6 cdc s6 oxi héa +2 vd +4 ; As, Sb va Bi véi c#u hinh electron ns? np ¢6 cdc sO
oxi héa +3 va +5 v.v,
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Hinh 79 chi rd su bi€n d8i cha s& oxi héa duong 1én nhét cia cédc nguyén to trong
bang tudn hoin. '

Trong céc nhém Chu 16

tr THA dén VIIA, PR Ty 4 7 e T o | A
gira vii ba s§ oxi o T ke N
h6a  dwong  cia MRS I W Ji ) AV 7
nguyéa t6, s6 oxi g Jr VN T [ A |
héa thdp c¢b6 xu EDRE Al I [ ) £ ] \ {\ce 73 £r |
huéng tré nén cang B 3. PINATIIAY VO LA J 3l

guan trong hon khi 23 vl \ ‘] X/ 1|U v\ _\

di tir nguyén t8 cb “fg‘lI Ji N A "y §Y

dién tich hat nhén r Kb !{.'.r S

< . ' £
bé d€n nguyén td cé z v * # ¢ _z

dien tich hat nhéan

16n cia nhém. Hinh 79-Sw bién d8i 56 axi héa dwong lén nhdt cla cde nguyen té

Vi du. Khi tao thanh céc hgp chit, céc nguyén t6 C, Si va Ge cé chi y&u s§ oxi
héa +4, con Sn va Pb c6 s6 oxi héa +2 quan trong hon s8 oxi héa +4.

Tugng tv nhu vay, s8§ oxi héa +5 14 rdt quan trong 46i v6i N, P vi As nhung it
quan trong hon d8i v&i Sb va Bi, nguyén t& Bi hdu nhu chi c6 s8 oxi héa +3 via rat hiém
khi cé s6 oxi héa +5. '

Trong khi s6 oxi h6a duong 13 rdt quan trong d&i véi kim loai va nlra-kim loai, s6
oxi hoa am la rdt phé bién dgi v6i cdc nguyén t6 khong-kim loai.

Vidu. N, P va As c6 s8 oxi héa =3, S, Se vd Te c6 s8 oxi héa -2 va cdc halogen
c6 s6 oxi hoa -1.

T4t c4 nhitng s6 oxi h6a am dé déu rft dac trung cho ching. Tdm quan trong cha

nhitng s6 oxi héa am cla cdc nguyén 16 khong-kim-loai trén day phi hop véi do dién Am

cao cua cdc nguyén t8 do.

Cic nguyén td chuyén ti€p c6 mot <& s6 oxi héa duong.-( day cdn néu lén mot
vai nhéan xét chung : : :

S6 oxi héa dugng cao nhéit cha nguyén t6 trong c4dc nhém tir 1IB d&n VIIB 1a Gng~

véi sy mat hodc dua ra ding chung nhitng electron du so v&i cfu hinh electron cta khi
hi€m. V{ du nhu nguyén t§ nhém IIIB ¢ s6 oxi hiéa +3 v&i cfu hinh electron (n-1)d'ns?
chi c6 s6 oxi héa +3, nguyén t6 nhém VIIB vdi cfu hinh electron (n-1)d*ns? c¢6 §8 oxi
héa duong cao nhédt 12 +7. Nhu vay nhifng nguyén t6 chuyén ti€p c6 obitan d chua XEp
qué mot nita s6 electron c6 s6 oxi héa duong cao nhit tring vl s6 thir ty cha nhém
nguyén t6.

Nhitng nguyén t8 chuyén ti€p diy tht nhit véi obitan 3d c6 trén § electron hiém
khi c6 56 oxi héa 16n hon +2 va +3. ‘

Vi du nhu Fe véi cdu hinh electron 3d°4s? thudng cé s6 oxi héa +2 va +3, hiém
¢6 s6 oxi héa +6 vi s6 oxi héa +8. Tuy nhién s6 oxi hoa +8 lai quan trong d8i v4i Ru va
Os 13 nhitng nguyén t8 cing nhém v&i Fe. Gidng vdi Fe, céc nguyén 18 Co, Ni, Cu, Zn,
Hg... ¢6 nhitng s6 oxi héa duong bé hon 18ng s& electron (n-1)d va ns & ngoai C}'Ja
ching. ’
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Khic v61 trong nhém A, nhém clia cdc nguyén t6 dién hinh, sd oxi héa duong
thdp 12 quan trong d&i véi nguyén t6 & cubi nhém : trong nhém B, nhém cla cdc nguyén
t& chuyén tiép, s6 oxi héa duong cao méi l1a quan trong d&i véi nguyén t8 cudi nhém.

Vidy : Ticé cdc s§ oxi héa +2, +3 v2 +4, trong khi s& oxi héa quan trong clia Zr
va Hf 13 +4.

Cr c6 che s6 oxi hoa +2, +3 v2 +6, trong khi s& oxi héa quan trong cha W 1a +6.

N6i chu.ng cdc nguyen t6 chuyén tiép diy 3d cé céc s8 oxi héa thdp +2 hodc +3
hoac ca hai, cdn d6i v6i chc nguyen 1§ ddy 4d va 5d nhitng s6 oxi héa d6 déu it quan
trong hodac khéng cé.

Nhiét do néng chdy

Nhiét 46 n6éng chay a nhiet do, tai 46 mot chit nguyén chét & trang thdi tinh thé
can bang v6i trang thdi 16ng. Nhiét 4o d6 phy thudc vao kiéu mang lugi cba tinh thé va
lyc tuong tac giita cdc hat & trong tinh th€. Trong nhiéu kim loai, luc tuong tic giwa cic
hat phdn 16n cdn tén tai khi kim loai chuyén sang trang th4i 16ng, cho nén nhié¢t d6 néng
chay cha chding khong cao 14m. Nhung cling ¢é nhitng kim loai, lién két kim loai & trong
tinh thé manh d&€n mtc cdn nhiét d¢ rdt cao mdi néng chdy. Nhitng nguyén 6 ma céc
nguyén tir ctia ching lién k&t v6i nhau bang lién két cong héa tri tao thanh phan ti
khéng 16 khong thé néng chay ma khong bi dit mot phin quan trong céc lién két d6.
Né&u lign k&t 46 manh thi cdn nhié¢t d6 cao méi néng chay. Nhung nhitng nguyén 16 ¢o
tinh thé bao gém nhitng phan t& nhé lién két véi nhau bing lyc Van de Van dé& dit ra thi
cé nhiét do néng chay tuong 4d6i thdp.

Béang 29 ghi cdc nhiét d¢ néng chay cla cdc nguyén t6 trong bang tudn hodn.

_ Qua bang ta thdy trong c4c kim loai nhitng kim loai chuyén ti€p cé nhiét dé ndng
chdy cac hon. 8& di nhu vay la vi lien k&t kim loai trong d6 ¢6 electron d tham gia la
bén hon so véi electron s va electron p. Kim loai ¢ nhi¢t 46 néng chay cao nhat 1a W.
Lién k&t kim loai trong cdc kim loai chuyén tiép tuy manh, nhiét 4o clia chiing vin thédp
hon C. Nguyén nhan 13 C c6 ban kinh nguyén tk bé ¢ thé tao nén lién k&t vitng bén va
khic trudng hop cla kim loai, nhitng lién k&t nay phai dit ra C m&i néng chay.

Viéc dat lién k&€t cong héa tri dinh chd 13 khé khan hon so véi viéc diéu chinh lai
tuong d6i d& dang lién két kim loai khong dinh chd d€ kim loai d0 néng chiy, do d6 C
ddi hdi nhiét 4o rdt cao méi néng chay. That vay C c6 nhiét 49 néng chiy cao nhét irong
t4t cA cdc nguyén 14, ' :

Sau kim loai chuyén ti€p va cacbon, nhitng nguyén t6 c¢6 nhiét d6 néng chay cao
l1a Be, B va Si. Nguyeén nhan 12 Be vd B ¢6 bédn kinh nguyén to r&t bé nén lign ké&t dac
biét manh & trong tinh thé€ cdn silic ¢6 mang ludi nguyén 1t gidng kim cuong.

Céc nguyén t6 dién hinh néi chung c6 nhiét d¢ néng chay thdp hon so vdi céc
nguyén t6 chuyén ti€p. Nguyén nhan la céc kim loai khong cliuyén ti€p c6 bdn kinh
nguyén tir 16n hon it ¢6 khd ning tao thanh lién k€&t kim loai nén lién k&t dé y€&u. Con
céc nguyén t6 khong-kim loai, trir nhilng nguyén 1§ ¢6 mang lu6i tinh thé ki€u nguyén ti,
déu cé mang 1uéi tinh thé ki€ phan tir. Céc phan tif trong tinh thé tuong tic vdi nhau bing
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lyc Van de Van cho nén cé nhiet 46 néng chdy rot th4p. Nhitng nguyeén t& ¢é nhiét do
néng chdy thdp nhdt 1a H, N, O, F, Cl va cdc khi hi€ém. Cén chd ¥ rédng su giam dot ngot
nhiét d6 néng chay t C d€n N va tir Si d€n P 12 k€t qua cia sy chuyén ki&n tric tinh thé
tir kiéu mang ludi nguyén tr sang ki€u mang ludi phan ti.

Trong cdc nhém A, nhiét dé néng chiy cia cdc nguyén td gidm tir trén xudng
duéi & nhém kim toai kiém nhung tang lén & nhém halogen. Nguyén nhan 12 lién k&t kim
loai trong kim loai kiédm 12 lién k&t y&u va luc lién két d6 giam xudng khi bén kinh
nguyén tif ting lén, cdn trong halegen lién k&t gifta cdc phén tit 12 lvc Van de Van, luc
nay tang lén khi kha nang bi cuc héa v2 khéi Iwgng phéan tir ting lén. '

Trong cdc nhém B, trit c4c nhém & ddu va cubi ddy kim loai chuyén ti€p, nhiét do
néng chdy déu tang l&n theo chiéu tang cla dién tich hat nhan.

Néi chung trong tirng chu ki, trong s6 cédc nguyén t§ dién hinh, nhitng nguyén td
nhém IVA ahu C, Si, Ge ¢6 nhiét ¢ néng chdy cao nhit, ¢du trong s8 cdc nguyén t8

- chuyén ti€p nhitng kim loai nthém VIB c¢6 nhiét 46 néng chdy cao nh4i. Piéu nay c6 18 ¢6

lién quan d&n cdu hinh nguyén tir c6 mot nira s§ electron : ns?np? va (n-1)d°ns'.
Nhiét d¢ soi _

Qud trinh néng chdy khong nhét thi€t doi héi lien k&t gilia cdc hat phai bi dit ra
hoan toan, nhung qué trinh dun s6i kim loai thudng 4di hdi nhu vay. B&i vay nhiét do
sOi thuwdng rdt cao hon nhiét d6 néng chdy. Nhitng nguyén t6 khong-kim loai ¢6 nhiét do
s6i tuong d6i thdp vi qué trinh dun s6i chi 4di héi lam dit hoan toan luc Van de Van rédt

y€u gidia cdc phan tr. Chélt c6 kh&i lugng mol cang 16n cé nhiet d sbi cing cao. Bang
30 ghi nhi&t d0 s6i cla cdc nguyén t8 trong béng tudn hoin.

Hidro va heli c6 nhiét d6 so6i th&p nh&t vi ¢6 khdi lugng phan tir bé nhat. Su tang
nhi¢t d6 s6i vi lyc Van de Van thé hién rd trong cic nhém VIIA vi VIIIA. Lyc Van de
Van giita cdc phan t&r hai nguyén tir nhu N, O, vd F, déu rdt y&u nén nito, oxi va flo ¢c6
nhiét do soi rdt thap. - '

Trong nhém kim loai, nhiét do s6i cing gi6ng nhu nhiét d6 néng chidy, gidam
xudng theo chidu ting cia dién tich hat nhan vl lién két kim loai y&u ddn khi tang bén
kinh nguyén tir.

Gali ¢6 nhiét d¢ néng chdy th&p nhung c6 nhiét 46 séi cao vi ring lien k&t kim
loai trong gali 16ng 1a lién k& manh va lién k&t d6 khong ting lén nhiéu khi gali héa
ran. : ' ' ‘

Céc kim loai chuyén ti€p néi chung c6 nhiét d6 s6i cao hon cédc kim loai khong
chuyén ti€p va nhiét d6 séi ting lén trong nhém theo chidu tdng ciia dién tich hat nhan.
Cé nhiét 40 s6i cao nhét 12 nhitng kim loai ndm & givra ddy, nghia 14 nhing nguyén t6 ma
nguyén tir ¢6 nhidu obitan d x&p 40 mdt nlra s€ electron. Ridng Mn cé nhiét do sbi va
nhiét d¢ néng chay déu th&p hon modt cdch bat thedng vi lien k&t kim loai y&u hon. Didu

" ndy phan 4nh d6 bén dic biét cha c4u hinh electron 3d*(xem lién k&t kim loai).

135



-] - - - - - - - 1092 | cgze - 818€ - 00Z¥
| ON | P | g LG | 3D g | my | g dN | n | ®&d qL
1zee | wzvt | tzir | 0063 | 0092 | 009% | 008% | 0008 | 68PL | 006L | OELZ | LEOE LZ1E | 89¥%E
ny | 9x |wmL | 3d | oH | Ad | a1 | PO | nd | WS | W4 | PN | *d 3D
Lzoe | o¥11 | (089)
44 L. | e |
zo- | (088) | 96 | Lo9T | LELT | LS¥1 | 999€ | 996% | 08S¥ | 00ET | 00SS | 006S | 006S | 0019 | 00¥S | 69¥%E | 00ST | 999
wg | v |od | g | ad | 1L | SH | | dd | T | SO | € | A el | JH | ©1 | ed | 8D
T'60T- | c¥81 | 066 | OVPT | 0LZZ | S0 | S9L | TIcg | 086% ooch | 006% | 006 | 095c | oge¥ | 08SE | 008% | 08El | 889
X I 3L | 98 | Us uy PO | BV Pd | YA | ™ oL | oA | 9N | *Z X is qya
z'eor-| z'gc | 889 | 019 | 002 | 0¥z | 906 | 969C | 0068 | OOTE | 0008 | L60T | L6IC 000§ | 092¢ | L3LG | T8PL | 09L
2. | 19 ) sy o) BY) uz | no IN o)) 2d | YK XD A LL o5 e) h |
6'G0T-| T'P8- | 9%¥¥ | 082 | 08VG | LSV 0071 | €88
w | D S d Is | W S| | eN
9%z | 628T- | €81- | 8'G6T-| 00Z¥ | 0SST L0SZ | LIET
oN | d O | N 0 qa °d | I
6892 N 8252-
oH H
(D, 94 uin3u >vd s..:.. los Op 1SN
og Surd

136




CHUONG VI

NHIET HOA HOC VA NHIET DONG HOA HQC

Nhiét phan ang

Qui trinh héa hoc ciing nhy qud trinh bién héa vat If cia ch4t (nhyu bay hoi, néng
chiy, ngung tu v.v...) luén ludn kém theo hién tugng phét ra hay thu vio mot nang luwgng
& dang ndy hoac dang khéc (thudng nhét 12 & dang nhiét). D& so sdnh nhing bién déi
nang lugng dudi dang nhiét trong phén Ung héa hoe, ngudi ta ding dai lugng nhiét phdn
wng, tdc 12 lugng nhiét phit ra hay thu vao trong mot phin ¢¥ng héa hoc. Nginh héa hoc
nghién ciu vé nhiét clia phin @ng héa hoc va nhigt clia cde qué trinh bién héa chat tir
trang théi t4p hgp ndy sang trang thai tap hop khéc hodc tir dang tinh thé nay sang dang
tinh thé khéc dugc goi la nganh nhiét héa hgc.

Lugng nhiet cia mét phin Gng héa hoc thudng duge ki higu 1a Q. P&i véi cic
phan dng, trong d6 c6 sy bi&n ddi thé tich thudng th&y khi cé chdt khi tham gia, ta cén
phan biét nhiet ca phén éng dugc do & dp sudt khong d8i (ki hieu 1a AH) véi nhiét cla
phan ung dugc do & thé tich khong ddi (ki hi¢u 12 AU). Trén thuc t& ta thudng hay gap
nhitng phén tng x4y ra & dp suft khoéng déi. :

Trong phuong trinh cla phan #ng héa hoc, nhiét duge phét ra, tic 1a nhiet ma hé

.mat di khi phan #ng phét nhiét, mang ddu am (AH < 0), con nhigt thu vao, tdc 12 nhiét

ma hé 14y tit ben ngoai khi phan ting thu nhiét, mang ddu duang (AH > 0).

Vi du. Trong ba phin tng sau d4y, phan dung thi nhit 12 phan @ng thu nhiét va hai
phin {ng sau 13 phén tng phét nhiét :

C([han chi) + Hzo(k) = CO(k) + HZ(k) , AH =+ 131,25 kltmol
Cethan ety T Oy = COxx), AH = —393,5 ki/mol
CUSO4(dd) + Zn(r) = Zn504(dd) + CU(r) N AH = -231,04 k],-"mol

~ Phan Gng thit nh&t c¢6 nghia 12 12,01g than chi tic dung véi 18¢ hoi nudc & 4p
sudt khong d6i tao nén 28,01g khf CO va 2,016 g khi H, va thu vao mot lugng nhiét
131,25 kJ.

Phan @ng thi hai c6 nghia 12 12,01g than chi téc dung & 4p sudt khong ddi véi
32g khi oxi tao nén 44,01g khi cacbonic (hay 22,41 CO, & 0°C va larm) va phat ra
393,5k7. : :
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Trong phéan Gng thi ba, ki hi¢u (dd) chi chat & dang dung dich lodng trong nudc

(dung dich phai lodng d€n mc khi cho thém nudc vao, trong dung dich d6 khong x4y ra
hién tugng phédt nhiét hay thu nhiét).

pé do nhiét

phian ng, nhédt la

O] B
nhiét dé’rh chdy cta s ,?' »
céc chdt hitu co, tic YL
1a lwong nhiét sinh f//\l§:§§f
ra khi dét chdy (D .é‘_/;
hoan toan mot mol Wé?

\

chdt d6, ngudi ta
ding mot binh kin,
¢6 thanh day lam
bing thép khong gi,
goi 1a bom nhiét
lugng k€ (Hinh 80a).

AN

A

Z

Can mo6t lwong
xdc dinh cua chdt
cdn khéo sét, bo vao

7

Z

trong mot cdi noi

N\

con. P _treo.;trong J
bom nhiét lugng ké. g )
Nap khi oxi vao
bom dén dp sudt tir
20 dén 40arm. D6t
chédy lugng chét & trong bom bing cdch cho dong dién chay qua soi day'lhép F dat & phia
trén ctia ndi. Trong thdi gian d6t chdy (su chéy x4y ra tic thoi), bom nhiét lugng ké
duoc nhing trong nhiét lugng k& dung nude (Hinh 80b). Theo ddi su ting nhiét do cya
nuéc trong nhiét lugng k&, ngudi ta tinh duge nhiét d6t chdy cta cdc chdt. Phuong phip
nay cho phép xdc dinh nhiét phén ing AU cuia phin Ung & thé tich khong déi.

Hinh 80-Nhiét lwong ké

a) Bom nhiét lugng ké ; b) Bom nhiét lugng trong nhiét luong ké

Nhiét tao thanh ciia mot chat la nhiét cita phdn itng tao thanh mét mol chdt dé tir
cdc don chdt.

Vi du : Nhiét tao thanh ctia khi cacbonic chinh 1a nhiét cua ph'én ing thi hai trén
day (AH = -393,5 kJ/mol ).

Nhiét cta phan @ng k&t hop gitra hidro va oxi theo phuong trinh :
la —573,6kJ, nén nhiét tao thanh cla nuGe tir don chdt 1a :
. HZ{k.) L 3 —;‘* OZ(k) = HZO(I) L —285,831'(.}'!???01
Nhung khong phéi t4t cd moi chdt déu ¢6 thé téng hop duge tir cdc don chédt dé cé
thé do duoc nhiét phan @ng bing nhiét luong k€. Trong nhing trudng hgp d6, ngudi ta

phai xdc dinh nhiét tao thanh ctia chdt bing phwong phdp gidn ti€p, nghia 12 tinh toén tu
nhiét tao thanh ctia nhiing chét khdc theo phuong phdp sau day.
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Cdc dinh ludt nhiét héa hoc

Dinh luat Lavoadié va Laplaxo (P.S.Laplace) : Lugng nhiét dugc hdp thy khi
mot chdt phan hity thanh nguyén t& bdng lugng nhiét duge phdt ra khi tgo thanh chdt dé

tir cde nguyén to.

Theo dinh ludt, phuong trinh ahiét héa hoc ciia moét phin d¥ng cé thé vi&t nguge
lai va nhiét cha phidn tng nguge ndy vin gilt nguyén gid tri vé 56 nhung c6 ddu nguge

lai.

-1 1
Vidu: — H + =1 = HI ) AH = +25,9 &J
fdy 2 2(1() 5 “2(k) (k)
= 1 1 | AH = 25,9 k
Hly, = 5 Hyy + 3 L) » H=-2594

Pinh luat Hexo (H.Hess, nha héa hqc‘ ngudi Nga, 1812-1850) "My cé nhiéu
cdch dé chuyén nhkitng chdt ban ddu thanh nhitng chdt sdn phdm cubi cing thi khéng
phu thudce vao cdch chuyén dé, nghia la vao logi phdn lng trung gian, nhiét tdng cong

cia tdt cd cde qud trinh dé sé bdng nhau".

N6i cidch khéc :

"Nhiét ciia phdn itng héa hoc chi phy thugc vao dang va trang thdi cia cde vhdt

ddu va chdt cudi chit khéng phu thudce vao duong di cia qud trink".

Mot k€t qua trurc ti€p cda dinh luat Hexo la ngudi ta c6 thé cong hay trir nhiing
phuong trinh nhiét héa hoc nhu nhitng phuong trinh dai s6. Tor dé ¢o thé tinh nhiét cla

tdt ¢cd moi phan dng k& ca nhiét tao thanh cha hgp chilt tir nguyén t§,

Vi du 1. Bi&t cic nhiet phan ¢ng sau day : _
Cithan ey + Oyx) = COyy (1), .AH = =393,5 kJ/mol
1 .
COyy + ) Oy =COyyy (D), AH = -283,0 kJimol

ta cé thé tinh nhiet tao thanh clta CO tir cdc nguyén t6.

Mudn vay 1dy phuong trinh phan ing (1) trir di phwong trinh phan tng (2) :

Cithan ohi) + Oaky = COxy»  AH =-393.5 kiimol

1 .
C0(1() + 2 Oz(k) = Coz{k) ’ AH = ~283,0 kJ/mol

l .
Clenan cnt) + 5 O2) = COy . AH = ~110.5 kJ/mol

ta tim duge nhiét tao thanh cia khf CO tit than chi va khi oxi 12 AH = -1 10,5 kitmol |

Vi du 2. Bi€t nhiét tao thinh cia nhitng ch4t sau day tir nguyén 16 :

3 .
2Al¢y + 2 Oyxy = ALOsy (1) . AH=-1676,0 kJimol
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3
S+ 3 Qup) = 805y (2), AH =-396,1 ki/mol

ZAl(r) + 35(1.) + 602([{) A12(504)3{r) (3) s AH = -3442 kJimol
ta c6 thé tinh nhiét cha phén Wng sau :
AlZOS(l’) + SSOJ(R} = A12(804)3(r) N ) AH ?

Mué&n vay ldy phuong trinh (2) nhan véi 3 va cong véi phuong trinh (1) réi 13y
phuong trinh (3) trir di tédng vira thu duge :

-3442,2 kJimol

QAI(“ + 38(1.] + 602(](): Alz(SO¢)3(n ,AH

- _ | :
2Aly + 5 Oy = AL;Oy( ,AH = -1676,0 kJ
%0 = 380 3AH =
' 3y + 5 Oy = 350,y , 3AH = -396,4 x 3kJ
AleJrr} + 3301(k) = AIZ(SOQ)"(]‘) N AH = ""5?7,9 kiimol

Nhu vay nhiét cia phan tng nay dwge tinh 14 :
AH = AHM2(504)3 —(AHA]203 +-3AH503) .

_ Qua vi du nay ta th&y : rhiét cda mét phdn iing bdng téng nhiét tao thinh ciia
cde sdn phdm phdn #ng triv di téng nhiét tao thanh cia cdc chdt phdn ing. '

Nhiét déng héa hoc

Nhiét déng hoc ld mot khoa lige nghién cdu vé sy bi€n héa dang nang lugng nay
thanh dang ning lugng khdc va thi€t lap cdc dinh fuét cia sy bi&€n hda d6.

Nhi¢t dong hoc dd phat sinh va trd thanh mot nganh déc lap vio gifra the ki tha
19 khi ngudi ta nghién cdu cdng cha may hoi nude.

Sau 46 pham vi nghién’ cdu nhiét ddéng hoc duge mé& rong hon nhiéu. Hién nay
nhiét d6ng hoc nghién cdu mét s6 16n nhlng hién tugng vit i va hda hoc cé k&ém theo su
bi€n d8i nang lugng. Ching han dya vido nhitng dinh luat cia nhiét déng hoc, ngudi ta
nghién ciu cong cha mdy sinh han, cdc qud trinh trong mdy nén, trong dong co 48t trong
vd d6ng co phan lue, cdc qud trinh x4y ra trong dién phan, trong pin dién va trong phén
tng héa hoc. Nhiing nghién cu bing phuong phap nhiét dong hoc khong nhitng chi cho
phép dua dén sy cAn bing cla niang lugng ma cdn xdc dinh chiéu hudng va gidi han ma
moét qud trinh c6 thé x4y ra trong nhitng didu kién nhde dinh. Nhu vay nhiét dong hoc
cho phép diéu khién theo ¥ mudn nhing qué trinh Ii héa hoc trong sdn xudt.

Nhiét déng hoc cin cif v3o hai nguyén 1i co ban 12 nguyen 1i thd nhat va nguyén
i thi hai. Cé hai nguyén 1f d6 cla nhi¢t dong hoc déu la k&t qua cha sy hé théng héa
"'kinh nghiém réng 1én cha lodi ngudi md cho d€n nay trong thyc t€ chua c¢6 hién tugng
nao mau thudn vdi ching.

Nhiét déng hoc bao gém :

Nhiét déng hoc 1i hoc nghién citu phitng dinh luat chung nhé4t cta su bi€n hda
nang lugng. '
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Nhiét dong hoc kT thudt nghién cltu sy bi€n héa gida nhiét va'cong co hoc sinh ra
trong may nhiét.

Nhiér déng héa hoc nghién ciu sy bi€n héa cta cic dang nang lugng khéc nhau
trong phan Ung héa hoc, ce qué trinh hda tan, bay hoi, két tinh, hdp phu v.v... '

Nhiét dong héa hoc s dung céc quan diém va cdc k€t luln cua nhiét dong li hoc.
Trong nhiét dong héa boc, ngudi ta chi xét trang théi ddu va trang thdi cudi cta cic hé
héa hoc & trong qud trinh bi€n héa cha ching vd dy dodn bién thién ning lugng cla
nhitng qué trinh d6 doc lap vdi cdch bi€n dbi 18c do phén tng vi v&i ban chit cha nhing
san phém {rung gian duge tao nén trong phin tng. Nhing vén dé cudi ndy duge nghién
ctu trong nganh déng héa hoc.

Nguyén lf thir nhdt cia nhié¢t dong hoc

Nguyén 1i tht nhdt coa nhigt dong hoc hay con goi 13 dinh luat bao todn nang
tuong c6 thé phét biéu nhu sau :

"Ndng lugng khéng 1y sinh ra hodc ty bién mdt ma chi cé thé bién tx dang nay
sang dang khdc".

Khi mot dang nang lugng nay xuft hién thi bién m&t moét lugng tuong drong cla
dang nang lugng khic. Vi vay khong thé xay dung mot mdy sdn ra nang lugng ma khong
tiu t6p mot dang nang lugng khédc & bén ngodi. Dgng co vinh ciru nhu thé' la khéng ¢o.

Bing nhitng thi nghiém rét cfn than, Jun (D,Joule) d4 chéng minh ring khi bién
moét lugng xdc dinh nang lrgng co hay dign thanh nhiét thi luén luén sinh ra cling mot
lugng nhiét nhu nhau. Nang lugng co hoc va dién thudng duge do bing don vi Jun {J),
con nang lugng nhiét dugc do bang don vi calo (cal). Gilra _hai don vi ndy ¢6 mét méi
lien hé goi 12 duong lugng co hoc cita nang lwgng : lcal = 4,184].

Ching ta thiy ring dinh luat Hexo ciing nhu dinh luat nhiét héa hoc khdc déu c6
thé rit ra ti¥ nguyén I thi nhat cha nhiet déng hoc. Gid sir khi bién tryc ti€p chdt A
thanh chat Z sinh ra mot lugng nhiét 12 Q,. Né€u chét A c¢6 thé bi&n thanh chdt Z bang
mot qué trinh khéc gém 3 gial doan : A > B,B= CvaC - Z;trong mdi giai doan dé
sinh ra mo6t nhiét phan dng q, qQ, qa tUoNg tng, nghia 12 qué trinh nay sinh ra mot lugng
nhiét Q;, = q; + g, + q;. Nhdt thi€t phai ¢6 : Q; = Q,. Néu Q, 16n hon Q, ching han, thi
khi bi&n A - Z qué trinh th@ hai vugt qud trinh th@ nh&t mét nang luong 13 Q, - Qy,
nghia 1a nang lugng duge tu tao nén. Pidu nay khéng thé xdy ra.

N¢i ndng, entanpi va nhiét dung

Noi nang U. Noi nang clia mot chét chi du tri nang lugng cha chdt dé, bao gbm
nang lugng cha t4t ca céc dang chuyén déng cha nguyén ti (tinh ti&€n,-quay, dao 46ng),
chia electron va hat nhan, nang lwgng chia dyng trong hat nhan nguyén tir v cdc dang
nang lugng khic khong ké déng ning cta chit vd thé ning clia né & trong trong trudng.

Nhiét dong hoc diung khéi ni¢m néi nang nhung khoéng chd ¥ dén cdc nang lugng:
thanh phén trong ndi nang. Ngudi ta khong xéc dinh duge gid tri tuyét d8i cia ndi nang,

" nhung dwa vdo ning lugng dugce phét ra hay thu vao clia mot h¢ ngudi ta ¢6 thé suy ra

mét cach chinh xdc d¢ bién thién néi nang AU cha heé khi chuyén tir trang théi nay c¢6
ndi nang U, sang trang théi khéc ¢6 noi nang U, AU =U, - U,.
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Né&u truyén mot nhiét lugng Q cho mgt hé nao d6, trong trudng hop chung, luong
nhiét d6 s& ding dé lam ting nodi ndng cua hé mot dai lugng AU va lam mdt cOng A ndo
dé. Vi du khi truyén mét lugng nhiét cho khi dyng trong xilanh & duéi mét pittdng, mot
mit khi duge d6t néng (ting néi ning) va mit khéc khi s& din nd, nghia 12 1am mot cbng
nang pittong 1én :

Q=AU + A
hoac *AU=Q - A

Céng din nd A = PAV, trong d6 P 12 4p sudt vd AV [a d¢ bién thién cha thé tich
(AV =V, — V)

Nhu vay trong mot hé bdt ki, bién thién néi ndng AU bdng lugng nhiét Q truyén
cho hé tric &i céng A ma hé thuc hién. Day ciing 12 mot trong nhitng cdch phit biéu
nguyén I thd nhdt cda nhiét déng hoe.

Nhitng phén itng héa hoc thuong x4y ra hoac & thé tich khéng déi hoac & &p sudt
khong déi.

Khi truyén mot lugng nhiét Q cho mét hé, trong trudng hop thé tich cha hé khong
thay d6i, nghia 12 A = PAV = 0, lugng nhiét dwoc truyén d6 chi lam tang noi ning clia
he : o ' '

AU =Qy

Q. 12 nhiét clia phan ng x4y ra khi thé tich khong d8i. AU Ia bi€n thién noi
ning ctia hé phan ung.

Nhing phén #ng duogc thyc hién lréng bom nhiét lugng k&, nhitng phan Gng xdy ra
gitta cdc chdl rén hay cdc chit long ma khong sinh ra chdt khi déu thyc t&€ khong ¢6 sy
bi&n d8i thé tich.

Tuy nhién cdc phidn fing héa hoc thudng khong phai duwgc thuc hién & thé tich
" khong d8i ma & 4p sudt khéng déi cha khi quyén 12 latm.

Entanpi H. Trong trudng hgp & 4p sudt khéng d4i ta c6 :

Qp =-AU + PAV
ma : AU= U, - U,
AV = V, - v,
nén : Q, = (U,_.— U + PV, - V)
hodc o Qy, = (U, +PVy) - (U, + PV,

Biéu thitc trong dfu ngodc cia phuong trinh :
U+ PV = H

* Trong moét 58 sdch gido khoa nuéde ngodi, ddng thic trén day duge vid1 1a -
AU = Q+ A véiquy udc: A=~ PAV,
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dugc goi 12 entanpi (ti€ng Hi lap. enthalpein cé nghia 12 dét néng). Entanpi H ciing la
mot tinh chat ddc trung nita cha chit, né lién hé v6i noi nang U bé&i bidu thice trén :
Vay Qp = H, - H,

Q, = AH
Qp 1a nhigt clia phan dng x8y ra o 4p suit khong d8i, AH la bién thién entanpi

ctia he phan #ng. Nhu vay khi phén ing dwge thyc hiéd & 4p sufit khong ddi, lugng nhiét
truyén cho hé duge dung dé lam ting entanpi H cla h¢.

Nhiét dung. Nhiét dung cha mot chdt, nhu dd biét, 1a lugng nhigt cdn ding dé
nang cao nhi¢t do cua chdt lén thém 1°, Nhi¢t dung cua lg chadt goi 12 nhiét dung riéng.
Nhiét dung cia mét mol chdt goi & nhiét dung mol (hodc goi rigng 1a nhiét dung nguyén
tir hay nhiét dung phdn ti% tdy theo mol d6 12 mol nguyén 1t hay mol phén tir }. Ngudi ta
phan biét nhiét dung mol & 4p sudt khong ddi C, va nhiét dung mol & thé tich khong déi
C,. Céc khi }f tudng cé higu gitta C, va Cy nhu nhau : €, - C, = R.Con d6i véi cdc khi
thyc, higu d6 khdc nhau. D61 véi chit rén va chat long C, vd C, cé gid tri gdn bing
nhau. :

Theo dinh nghia nhiét dung 0 4p suft khong doi la:

dQ
C, = e
: P dT
vh nhiet dung & thé tich khong ddila:
dQv
C o=
v aT
ma QP=AHv‘aQVsAU
nén : C, = -(-lE va Cy = d—L-{
P dr dT

Quan hé gitra bién thién noi nang AU va bién thién entanpi AH ciia phan @ng. '
Trong nhitng phan Ung ph4t nhi¢t, nhigt duoc hé phét ra, tic [a ndi nang U va entanpi H
cla hé giam xuéng, nén AU vid AH déu am. Ngugc lai trong phidn Ung thu nhigt, nhiét
duoc he hdp thu vio, tic 12 néi nang U va entanpi H cla hé tiang lén, nén AU va AH déu
duong.

Trong nhitng phan dng chi ¢6 chét ran vi chét léng tham gia, sy bi€n d8i thé tich
14 khéng déng ké. N€u nhitng phén tng 46 thuc hién & 4p suft tuong d&i be, nhu 4p sudt
thudng cha khi quyén ching han, PAV s& rit bé vd AH ~ AU. o

Trong nhiing phén ung ¢6 chdt phan dng hay sdn phém phan dng la chdt khi. AH
va AU c6 thé khéc nhau. .

" Vi ring d6i vai.cac khi I tudng :

: PV = nRT
nén : PAV = AnRT :
An 12 46 bién thién cia s mol khi trong phin Gng & nhiet do tuyét 46i T, R 12 hing s6
khi bing 8,314 Jimol. 40. ) - '

Vay : "AH = AU + AnRT
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Khi : An = 0 thi AH = AU

Vi du. D6i v6i phan dng : | T‘
Hayky + Claxy = 2HClgy , An = 0

Ta cé
AH = AU =92,3 kfimol

Khi : An > 0thi AH> AU

Vi du. DEi vGi phidn dng :

s 1
Cthan chi) + 2 Oy = COy

Nhiat cha phan Gng ndy & 298°K vi larm 13 AH = -110,524KJ. Tinh AU cula
phin tng dé n&u mot mol than chi ¢6 thé«ich 12 0,00531.

Trong phan ving ndy An = -;— nén AV = % = 11,2/, su bi&€n d8i thé tich nay lén

hon nhidu so v&i su giam thé tich do than ch1 bi€n m4t (0,0053) nén c6 thé bd qua sy
giam thé tich nay.

Ta ¢cd = AH = AU + AnRT

hay 110,524 = AU + x8314x2%8
: 2x1000
AU = -110,524 - 1,237

Vay : AU =-111,762 kJ/mol

Nhv vay t'rong trudng hop ndy, AH vi AU cdia phin Ung khéc v6i nhau mot gid tri
trén 1kJ/mol .

DPa s6 phan @ng héa hoc dwge thyc hién & 4p sudt khong d6i cho nén sau ndy
ching ta xét chu yéu bi€n thién entanpi AH cia phan @ng. Ngay d6i voi nhiét phan dng.

AU x4c dinh & thé tich khong d8i, ngudi ta ciing chuyén né thanh nhi¢t phan ing AH &~
4p sudt khong déi.

Xdc dinh nhiét phdn ting.

Cac chét khéc nhau ¢6 entanpi (cling nhu ndi nang) khdc nhau. Do d6 trong bit
ki phén dng nao, entanpl clia sén phdm phin ¢ng phadi khdc v&i entanpi cia chét phin

ung.

Nhiét ciia mot phdn ing & dp sudt khéng d8i (hay entanpi phin vng)  mét nhiét
dé xdéc dinh bdng tdng entanpi cia cde sdn phdm phdn ing-tric di téng entanpi cila cdc
chdt phdn ttng : ' _

AH = ZHg, phdm) = ZH(chat phin @ng)

Ciing nhu ndi ning, ngudi ta khong xdc dinh duge gid tri tuyét doi cia entanpi H
ciia ch4t ma dua vao niang lugng phét ra hay thu vdo ciia hé ngudi ta suy ra chinh x4c 4o
bi¢n thien entanpi AH cha hé khi chuyén t¥ trang théi ndy sang trang théi khiéc.
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D&i v6éi cdc khi, trang théi chudn la trang thdi cha khi I tudng & dp sudt larm.
D8i véi che chat rdn va ohit léng, trang thai chudn 13 trang thdi cha chét tinh khiét.
Nhiét do thudng duge 14y 14 25°C = 298°K. D8i v6i chit vén, trang thdi chufin con la
dang da hinh bén & nhiét 4o d6. Entanpi cia mdt chit duge tinh d6i v6i mot mol chit.
Bi€n thién entanpi tinh dugce tir entanpi cia cde chdt & diéu kién chuin duge goi 12 bién
thién entanpi chuin va duge ki hi¢u 13 AHY hodc khi chi § ci nhigt do nita thi duge ki
hiéu 12 AHYgg. Nhu vay entanpi cla chét chinh la entanpi tao thanh cha chit. Entanpi
tao thanh ctia chdt hay nhiét tgo thanh (& dp sudt khéng déi) ciia chdt ta nhiét phdn ing
{entanpi phdn ing AH) cita phdn iing tao thanh mét mol chdt d6 tix ¢de don chdt & trang
thai chudn. Theo dinh nghia ndy thi entanpi cia cdc don chit & trang thii chudn béng s§

khéng.

Bang 31 ghi entanpi tao thanh chudn AH® cita mot 58 chdt.

Bdng 31
Entanpi tao thanh chudn AH 5¢;.cia mot 58 chét ( kJ/mol )
Chét AH %g. kJimol Chat AH Sog. ki/mol

Al (K) 326,3 H,0 (1) - 285,83
AlY (k) - 530,0 H,S0, (1) - 814.2
ALO, (1) - 1676 K* (dd) - 251,2
A1,(80,4); (1) - 34422 KClI (r) — 4359
C (kim cuong) 1,828 KCI10, (r) - 391,2
CH, (k) - 74,86 KNO, (1) - 4932
CO (k) -110,5 KOH (1) - 4258
CO, (k) - 393.5 MgSO, (1) - 1301,4
CaCO, (1) - 1206,9 MgS0,.7H,0 (1) — 3384
CaCl, (r) - 796,3 N (k) - 472,4
CaF, (r) - 1220,5 NO (k) 90,25
CaQ (r) - 635,5 NO, (k) 33
Ca(OH), (r) - 986,8 NO; (dd) - 207,5
Cl (k) 121,3 Na (k) 108,3
Ci (k) -~ 233,6 Na* (k) 606,1
Cl™ (dd) - 167,2 NaCl (r) -411,1
H (k) 217,98 NaOH () — 425.6
H* (k) 1536,2 Na,50, (r) -1384,6
H* (dd) .0 O (k) 246,8
HBr (k) - 35,98 10, (k) 142,3
HCI (k) - 92,3 OH™(dd) 230,2
HF (k) '~ 288,6 S (don t3) 0,30
HI (k) 25,9 80, (k) - 296,9
H;N (k) - 46,19 S0, (k) - 396,1
'HNO, (1) - 1741 50, (1) 439,0
H,0 (k) - 241,82 ZnO (1) - 350,8
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Duya vdo nhiét tao thanh chufn cta cdc chdt., Ching ta tinh dwge nhiét cba cic
phin dng & diéu kién ¢hudn. i '
Vl’ dl:! I. Phén flng . : CaC03(r) = CaO(r) + COz(k}

Véi AH Jggclia cdc chit la: -1206,9 -635.5 -393,5 kJ/mol
_s& ¢6 nhiét phian dng 12 1
AHSg = (~635,5 - 393,5) - (-1206,9) = 177.,9 kJ/mol
Vidu 2. Phan Gng :

1
CO{k) + E Oz(k) =C02(k)

V@i AH §gg. cha céc chit :
~110,5 0 —393,5 kiimol
S& c6 nhiét phédn dng 13 :
AHg =-393,5 - (-110,5 + 0) = - 283 kJ/mol

Vi du 3. Tuong ty nhu trén, ching ta ¢6 thé tinh nhiét hoa tan AH cha chit trong
nuée. Chéng han nhu khi hda tan trong audc KOH phan li hoan thanh ion theo qud trinh:

KOH(I) = K+(dd) . + OH" (dd)

AH 89y clia cdc chét I :

-425,8 -251,2 -230,2 kJ/mol

Vay nhié¢t hda tan cha KOH trong nudc 1a
AHYg = (-251,2-230,2) - (-425,8) = - 55,6 kJ/mol
Vi dy 4 : Tinh nang lugng lién k&t Ey.c) (Bu.c = -AH, o Vi AHy ¢ 1 nang lugng
phit ra khi tao thanh li¢n két H - Cl) trong phan t&r HCI khi bi€t nhiét tao thinh AH,, 4o

1a -92,3 kJ/mol va céc nang lugng phan huy thanh nguyén t&t AH phh, (tifc nang lugng
lien k& B, ) 12 435,95 kJ/mol vi AH phcy, (1d¢ nang lwgng lién két B¢y ) 12 242.6k1/mol.

S tao thanh phan tr HCI tif céc don chdt gdm giai doan phan hiy céc phan te H,
va Cl, thanh nguyén tir va giai doan tao thanh phan t& HCI it cdc nguyén t¢ ¢6 thé duge
. biéu dién theo so 46 :

1 1/2AHphC1
H(k) + E'Clz (k) == ,H (k) _+ Cl

1/2 AH py, AHy.q

!

1 - AH '
‘i‘Hz(k) + E Clz (k) —2nHCL HCI (k)
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Theo dinh luait Hexo ta cé : .

1 : 1
AH"HCI = EAH th1 + “2" AH phc}l + AHH—CI

1 1
AHy_¢ = AHy gy - EAH phH, — '2_ AH phCl,

#

AHg ¢ = -92,30 - (217,98 + 121,30)

-431,58 kJimol

"

AHH-(‘.‘!

va ning lugng lién k&t Ey_(, 12 431,58 kJ/mol.

Nhu vay nang lugng phit ra khi tao thanh lign k&t H-Cl trong mét mol HCI
(431,58 kJ/mol ) vugt nang lugng cdn thi€t d€ 1am ddt cdc lign k& H-H va CI-Cl trong

% mol H, (217,98 kJimeal ) vi —;- mol Cl, (121,30 kJ/mol ) nén sy tao thanh HCI tir cic
don chdlt 12 qué trinh phét nhiét.

Su phu thugc cia nhiét phdn &ng vao nhiét 40 va dp sudt

. Trén day ching ta chi méi chid ¥ dé&n gi4 tri cha AH & mot nhiét 6. Nhung AH
bi€n ddi theo nhiét ¢6. Duéi day ta s3 thdy vieéc AH khéng phu thuéc vio dudng di cia
phén @ng ching t6 ring AH phu thugc vao nhiét 4o.

Xét phin ing tdng quit :

aA + bB =cC+ dD
(aA + bB) & T, (cC+dD) 8T,

Viéc chuyén cdc chét phan dng .
thanh sdn phdm phén dng & nhiét d6 T, c6 AH,
thé thyc hién bang mot trong hai cdch trinh :
bay trén hinh 81. AH' AR"

- -

Gid st AH, 12 bi€n thien entanpi ' AH,
khi cdc chdt phin #ng vd sin phdm phan . v e
Ung & nhi¢t d¢ T,. Chdng ta mudn tim AH, (aA + bB) & T, (cC+dD) & T,
Ia Il!'li@l cla phﬁn dng khi dugc thyc hién & Hinh 81-Hai cdch chuyén ehdt phdn ing
nhigt 46 T,. : thanh sdn phdm

Nbhin vao so d6 & trén hinh v& va vi AH khéng phu thudc vao dudng di nén ta cé:
AH, = AH'+ AH; + AH"

AH' 12 bi€n thién entanpi clia cdc chit phan ing khi dwoc chuyén tir T, dén 'f; &

dp suft khong déi va AH" la bién thién entanpi clta cdc sdn phdm phin dng khi duge
chuyén tir T, dén T, & 4p suft khong déi. :

Téng nhi¢t dung ciia cdc chdt phan ¢ng 12 :

Cp (chdt phan dng) = an (c_ha‘l A) + bCp (chdt B)
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Neén ta cé ; AH' = pr (ch4t phan dng) dT
T

Tuong t¢ nhu vay :
Cp (séan phdm) = cCp(ch&'t Cy + d_C]:l (chat D)
T
AH" = JJCp (san phdm)dT

T,

Chi con AH, 12 chua bié&t :
AH, = AH, - AH" - AH'

T Ty
‘nghia 13 AH, = AH, - [C,(sdn phim)dT - jcp (chdt phan ¢ng)dT
Tz T

Ta c6 thé d8i ddu cla s hang thy hai & trong v€ phai khi ddo ngugc gi6i han cila
tich phan,

‘ T, T
. AH, = AH, + JZCp (s&n phim)dT - J'Cp (ch4t phan tng)dT

T T

Né&u cho : AC, = Cp(sin phdm) - Cp(chét phin dng)

AC

p = t::Cp (chdt C) + de(chﬁ'[ D) —.an(chﬂt A) - bCp(Cha't B).
ta ¢é thé t8 hgp hai tich phan trén lai v6i nhau va cé :
I T;
AH, = AH, + | AC, dT
T] ' )
bBay 1a phuong trinh Kiécsép (R Kirchhoff, nha vat 1 ngudti Dire, 1824-1887).
Dén day ching ta thdy rdng sy chénh léch giva AH & haj nhié¢t 4 phu thugc vao

s¢ khdc nhau giita nhiét dung cita cdc sin phdm phan dng va nhi¢t dung cia céc chat
phén ttng. Sy khéc nhau vé nhiét dung thl.rtmg rdt bé vd & trong khoang nhiet d6 T, - T,
khong 16n, AC, c6 thé coi nhu khOng d6i. Lic d6 phuong trinh c6 dang :
AH, = AH, + ACL(T, - T))
Vidu. Tim AH & 398 “K cha phan ing ;
1

CO+_E 0, = CO,

Khi bi€t AH%gg = 283,0 kJ/mol va nhiét dung phan tir ddng 4p C, cta cdc chit
CO, 0, va CO, 12 6,97, 7,05 va 8,06 cal/mol. d¢ tuong dng.

Trude hét ta cdn tinh ACP_ : )
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ACP = 8,96«6_,9’.-”—_1’292 = 1,53 callmol = 6,48 J/mol

Theo phuong trinh trén ta cé :

AHyes = AHgeq + AC, (398 - 298)
AHjg5 = -283,0 - 0,648 = -283,648 kJ/mol

Nhu vay & nhiét 46 cao AH clia phan tng chi tang 1&n chadt it.

Ap sufit c6 anh hudng {t hon d6i véi sy bi€n d6i cda nhi¢t phan Gng. Vi du nhing
nhi¢t clia phan ing téng hgp NH; t cdc don chdt & 4p suflt latm vi 4p sudt 500arm chi
khdc nhau khoang 5%.

Nguyén I{ thit hai cia nhiét dong hoc

Nguyeén If thid nhé&i cda nhiét ddng hoc dd dugc phét bidu ring sy bi&n héa dang
nang lugng nay thanh dang nang lugng khdc tuan theo dinh ludt dvong lugng : 'Khi mét
dang ndng lugng nay bién mat thi xudt hién mét lugng tuwong duong cia dang ndang lugng
khdc”. Nhung thyc nghiém ching té ring t4t ¢ moi dang ning lvgng (co, dién, héa hoc)
¢é thé bi€n hoin toan thanh nhi¢t, cdn nhiét khong thé bién hoan toan thanh ndng luong
co, didn, héa hoec... ma ludn luén cén lai mét luwgng khdng thé bién thanh dang ndng
lieong khdc duge. Nhu viy vé mat nay, nhiét 1a mot dang thdp clha nang lugng vi trong
nhing di€u kién nhat dinh né chi bi&n drgc mot phén thanh nang luvgng co hay dién.

DS 12 noi dung cia nguyéﬁ I th hai cha nhi¢t déng hoc. Nguyen 1i ndy con cé
thé dwoc phit biéu mot cich khéc - "Nhi¢t khong thé te § truyén tix vt lanh sang vat
nong". ’

Néu ldy mot thanh kim loai, dét nong mot ddu, sau mot lic nhiét s& lan truyén
khép ca thanh do, ngudi ta néi rdng thanh kim loai d3 dat duoc moét trang thdi cdn bing
nhiét. Nhung qué trinh.nguge lai thi khong xdy ra duoc.

Pai duong dd 12 mot ngudn nhiet khdng 16 nhung nhiét cira né khéng thé ding
tryc ti€p d€ chay déng co ciia tiu thily d€ bién thinh ning lugng co hoc néu khong cé
mot co ché nao d€ sinh ra cong. Nguyeén 1i thi hai cdia nhigt déng hoc khidng dinh diéu
dé.

Trong qud trinh nhiét, cong co hoc chi ¢6 thé dwge thyc hién khi nhiét dugc
truyén tir v4t néng sang vat lanh. Néu 14y thanh kim loai trén day sau khi d4 ¢4 nhigt do
déng déu & khip ca thanh va gid sir thanh d6 duge co lap vé nhiét véi moi tredng bén
ngoai, muén chuyén thanh d6 tré lai trang thdi ban ddu, nghia 12 c¢6 nhiét d6 & hai d4u
khéng bing nhau, thi diéu 46 chi cé thé thyc hi¢n duge bing mot téc dusig ben ngodi. Vi
du c6 mot mdy ndo d6 14y duge nhiét cia mot ddu thanh kim loai, bién nhiet thanh nang
lugng co hoc r8i bing ma sdt chuyén ning lugng co hoc thanh nhiet va truyén cho ddu
kia. Nhu vay mdy d6 cdn thi&t phai tieu thu mét nang lugng (dién hay co).

Duya vao thyc t€ trén day, ngudi ta chia céc qué trinh ma m¢t hé ndo dé trdi qua
khi chuyén tir trang th4i nay sang trang thdi khdc ra 1am hai loai : qud trinh thuin
nghich va qud trinh khong thuan nghich. Trong nhitng qud trinh thudn nghich, hé¢ di qua

nhitng trang thdi can bing k& ti&p nhaa va rft gdn véi nhau. Qua nhitng qué trinh khong

149



thusn nghich ty phat x4y ra, h¢ di gin t6i trang théi can bing. Qud trinh thuan nghich
tieu thu nang lugng va & trang théi can bing khéng cé mot bi€n ¢8i ndo vé tinh chdt clia
hé theo thdi gian.

Entropi

Nhu di néi & trén, mot he chi ¢6 thé thyc hién céng khi chuyén tir nhidt do T,
cao hon vé nhigt dd T, thdp hon. M6t hé qua quan trong cha nguyén 1f th& hai cda nhiét
dong hoc l1a cong cyc dai c6 thé duge thue hign trong diéu kién cla qud trinh thuan
nghich khong nhing phu thudc vap hiéu cha cdc nhigt 49 T, vd T, mi con phu thufc vio
nhiét do T, nira. Bi vay ngudi ta dd nghién cdu dé xdc dinh m&i lién quan gitta lugng
ahi¢t Q ma hé phét ra hay thu vdo va nhigt do T tai 46 xdy ra sy trao ddi nhiét. Diéu nay
dua dé€n mot dai luong nhiét ddng méi cha chét goi 12 entropi §, ngodi noi nang U va
entropi H di bi€t. Entropi chi mét tinh chét nita cla chit. Troné qud trinh thudn nghich,
khi c6 can bing, entropi clia hé 12 khong déi, cdn trong qué trinh khong thudn nghich tu
phéit xdy ra & trong nhitng hé ma khong trao d8i nhiét v4i bén ngoii entropi tang lén.

Bi&n thién entropi AS clia heé trong qua trinh thuan nghich dugce tinh theo phuong
trinh :

AS =8, - §, =

—{

Q 12 lugng nhi¢t ma he phdt ra hay thu vdo trong qué trinh thuan nghich & nhiét
do T, AS 12 bi€n thién entropi cha hé.

Muén tinh entropi cita chdt, cdn c6 nhitng d& kién thyc nghi¢m ding dé tinh noi
nang cia chdt. D6 1a nhiét dung va nhiét chuyén cde trang thdi t4p hop. Vi viy néu c6
nhirng dit kién dé tinh n6i nang cia h¢ 12 6 thé tinh duge entropi cha hé do.

Sau day 13 vai vi du tinh bi€n thién entropi ciia qud trinh néng chdy va qué trinh
dun s6i chét theo phuong trinh trén day.

Vidu I : Tinh bi&n thién entropi clia qué trinh nudc da bign thanh nudc 1dng bist
ring nhiét néng chady AH cla nudc d4d 12 6019,2 J/mol .

Ap dung phwong trinh tinh AS trén day ta ¢6 Q = AHpsngchay cha nudc d4
T = 273 °K 1& nhiét do néng chdy cha nude dé : '

AH 5nochs .

A = Q o Dodngehiy _ SU92 _ oy gy as
T Tnéngchﬁy 2713

hogc AS = 22 don vi entropi (don vi entropi 12 J/mol .d9).

Vidu 2 : Nhiet néng chdy clia thiy ngan 12 549 cal/mol va nhigt d¢ ndng chiy
cilla tl'_xﬁy ngdn 12 -39°C . Tinh bi&n thién entropi cla qué trinh néng chdy. thiy ngan.

Hegn L Hgq » AH = 549 calimol

AH # I3
As= Q - Alndwechdy _ 5B 4 33 catmol.ds
T Tongehdy ~ 273-39

hay AS = 9,73 Jimol.dé = 9,73 don vi entropi.
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Vi dy3 : Nhiét bay hoi clia nugc & dp sudt cia khi quyén 13 9700cul/mol. Tinh
bi€n thién entropi cha qud trinh sdi cla nudc.

H,0¢y — H:0 ¢ - AH = 9700 calimol

AHpayhdi 9700

AS = =
Tsﬁi 273+ 100

=

= 25,7 calimol.dé”’

hay AS = 107,4 J/imol .d¢ =.107,4 don vi entropi.

Tuy nhién phuong trinh tinh AS trén day khong cho thdy ¥ nghia vat 1i cha
entropi i1 mot tinh chdt cda chét. C6 thé néi nhitng qud trinh néng chdy, bay hoi, thing
hoa, ngung tu v.v... 1a k& qua déng thoi cla hai hi¢n tugng : truyén nang lugng va bi€n
© déi trat ty sdp x€p cha cdc hat chdt. Vi c6é kha niang chuyén dong hén loan, cdc hat c6 thé
khué&ch tan va tron 14 véi nhau. Néi khdc di, h¢ c¢6 xu huéng chuyén tir trang théi it hén
loan sang trang thai hdn loan nhiéu hon. Entropi chinh 1a thuoc do mic dé hén loan cila
irang thdi cia hé..That viy entropi khong nhing tang lén khi nhiét d6 tang ma ca khi
chdt rin néng chay (hay thing hoa) v khi chdt léng soi, nghia 14 khi chét dugc chuyén
tir trang théi cé nang lugng thdp sang trang thdi ¢6 ning lugng cao. Qud trinh din né cha
céc chét, qué trinh hda tan tinh thé va nhitng phén #ng héa hoc khi xdy ra c¢é lam tang
thé tich (vi du nhu phan ¢ng phan hay) déu lam ting entropi clia hée vi lam tang d6 hén
loan ciia cdc hat & trong h¢. Nguge lai nhiing qué trinh 1am tang tinh trat ty cha cdc hat
nhw 1am lanh, héa rdn, ngung tu, nén, két tinh ti dung dich, phan i#ng héa hoc 1am giam
thé tich (vi du nhu phén ong tring hop) déu 1am giam entropi cha hé.

Dya vio dinh fudt Necsio (W.Nernst, 1864 - 1941, nhd héa If ngudi Dic, gidi
thudng Nobel vé héa hoc nam 1920) : "entropi ciu tdt cd cde chdr tinh khiét (dang tinh
thé) & khéng dé tuyét déi déu bdng s& khong” (Day la nguyén 1i thir ba ciia rnhiét dong
hoc), ngudi ta cé thé xdc dinh gid tri tuyét doi cua entropi S cGa bt ki chét nao. Ngoai
viec do nhiet dung riéng clia chdt vd cdc nhiét chuyén trang théi tap hgp nhu di ndi trén
day, entropi cia chat con cé th€ duge xdc dinh chinh xdc dya vdo nhilng dit kién phan
tich quang phé. '

Cing nhw nhiét tao thanh AH, entropi S ciia chdt thuong duge xé4c dinh trong
nhitng diéu kién nhét dinh. Thudng ngudi ta 14y gid tri clia S & nhigt d¢ 25°C = 298°K va
ap sufit latm, trong d6 khi dugc coi 1a khi li tudng, cdon dung dich duge ldy & ndéng do
bing don vi. Entropi trong nhimng diéu ki¢n dé gei 12 entropi chuéin va duge ki hiéu la
S9¢g hodc thudng viét gon 13 5°. ' -

Qua bing 32 ta thdy ring d6i v6i mot chét, trang th4i khi c6 entropi l16n hon
trang thdi léng va trang thdi 16ng c6é entropi l1én hon trang théi rdn, vi dy nhu S}, cla
hoi nude 12 188,72, cha nudc long 13 70,08 va clia nwdc dé 12 39,33 J/mol .40. Than chi
v6i mang ludi 16p cla tinh thé c¢6 entropi l6n hon kim cuong c6 kién trdc tinh thd dac
bitt rin chéc. Cing mot trang théi tap hop, v6i phan 1l gém cing nhidu nguyen tir
entropi s& cang 16n, vi dy nhu S99g chia O, 12 238,8, cua O, 12 205,03 va cha O la
160,95J/imol .dé.

Bang 32 ghi céc entropi chufn S° cda mét s§ chét.
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Bdng 32

Entropi chufn § 03 clia mot s chit (J/mol .d6)

Chat S o5 J/mol .40 Chdt $99zJ/mol.do Chat S 395 J/mol.do
Ag(r) 42,55 Cr,0, (1) 27,15 N,O; (1) 355,7
AgBr (1) 107,1 Fe (1) 60,29 | NaCl (1) 72,36
AgCl (1) 96,07 FeS (r) 60,29 Na,CO,(r) 136,4
Agl () 115,5 . Ge (1) 31,1 0 (k) 160,95
Al (1) 28,35 H*(dd) 0,00 0, (%) - 205,04
AISb (1) 72,97 H, (k) 130,52 0, (k) 238,8
BaCO, (1) 112 HNO, (1) 156.6 OH- (dd) 10,88
BaCl, (1) 126 H,N (k) 192,6 P (tring) 41,1
Ba(NO,),(r) 214 HO () | 188,72 P (dd) 22,8
BaSO, (r) 132 H,0 (1) 70,08 |  Pb(r) 64,81
C(kimevang) 2,368 H,0 (1) 39,33 S (k) 167,75
C(ihan chi) 5,740 H,S0, (1) 156,9 S, (k) 228,08
CO (x) 197,54 KCl (1) 82,56 S, (k) 377
CO, (k) 213,68 KCIO, (1) 142,97 | S, (K) 4440
CH, (k) 186,19 KOH (r) 7932 | 50, (k) 248.1
CaCl, (r) 113,8 MgCO(r) | 65,7 S0, (k) 122
Ca0 (1) 39,7 - MgO (1) 26,9 Sb (1) 45,69
CaCo, (r) 92,9 N, (k) 199,9 Si (1) 18,82
Cl~(dd) 56,54 NH,NO, (r) 151 ~Si0, (1) 42,09
Cl, (k) o 222,9 NO (k) 210,6 Sn (r) 51,55
Cro, (r) 73,2 NO, (k) 240,2 - ZnO (1) - 43,64

Bién thién entropi AS ciia mét phdn #ng cling duge tinh tuong ty nhu bi€n thien
entanpi AH cla phadn dng, nghia 13 bing t6ng entropi-cita cdc sdn phdm phdn itng triv di
téng entropi cita cde chdt phdn ing :

AS = E_S (sén phdm) ~ Z8 (chdt phan ing)
Vidu 1. Phin Gng : ‘

Cananchy  + €Oy = 2C0,
Vi $9gg clia cde chdt |a .

5,74 213,68 197,54 Jimol .d¢
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s& ¢o bién thién entropi 12 :
AS%g = 2 x 197,54 - (5,75 + 213,68) = 175,56 Jimol .dé

175,56

hay : AS %08 = 87,23 Jimol .d¢

pPay 12 mot phin Ung lam- tang thé tich ciia hé nén entropi tang lén.
Vidu 2 . Phan dng :

. . 1
H?(k) + 5 Oz(k) = Hzo(k)
Vi S9og clia cdc chdt ja:
' 130,52 205,04 188,72 Jimol .dé
s& ¢6 bi&n thién entropi 12 :
ASSey = 188,72 - (130,52 + 200 < - 44,32 Jimol ¢

pay 12 phan #ng lam gidm thé tich ctia hé nén entropi gidm xudng. Cédn chu ¥
ring entropi tuyét d6i 8 clia mot chét khéng bing bign thien entropi tgo thanh AS cia
chat d6, vi du nhu AS 3g¢ tao thanh H,O (k) khic v6i S9gg ctia H,O (k). S di nhu vay 1a
vi entropi tuyét ddi cla cic don chét khong bing s6 khong nhu trudng hogp entanpi cla
cdc don chit.

Entropi chia chit bién déi theo nhigt do, Trong mot khoadng nhiét d¢ hep, nhigt
dung cta chft duge coi 13 khong 48i, bién thién entropi clia chdt tir nhi¢t do T, dén T,
dugc tinh theo phuong trinh :

T
AS= S, - 8§, = C,in -2
T1

Nhu vay chit cé nhiét dung riéng cang lgn, entropi cang bi&n ddi nhidu theo
nhiét do. Tuy nhién bi€n thién entropi ciia phan Gng héa hoc bi&n d6i khong ddng ké va
c6 thé bd qua duge. S& di nhu vay la vi khi tang nhiét 49, nhitng d¢ tang téng entropi Z5

ciia sin phim va ciia ch&t phén dng bb trit ahau.

V{du . Phdn Gng vira x€t trén day :

Chhanchy  + €910 = 200
v8i §y500%k €2 cdc chétla:
- | 33,44 291,76 | 248,71 Jimol .d¢
C6 bi€n thign entropi 12 :
ASis00°x = 2 % 248,71 - (33,44 + 291,76) = 172,22 J/dé
172,22 |

hay : . ASy500°kx = = 86,11 J/mol .46 , nghia 12 khong khdc mdy so véi

2
ASSgg = 87,23 Jimol dd.
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Entanpi tu do hay ndng luong Gip

Pai luong AH thé hién chil y&u anh hudng tuong h& clia cdc nguyén tir & trong
phan t&, xu huéng k&t hgp cia cdc hat thanh nhitng tdp hop 16n hon, titc 12 kha ning tap
hgp, con dai lugng AS thé hi¢n xu huéng phan bé hén lozn cla céc hat, tirc 12 kha ning
phan tén. R rang 12 mot mat cdc hat trén dudng di téi nang lugng cuc tiéu, ¢é xu hudng
1i€n lai gdn nhau vi tuong téc v&i nhau tao nén nhing tap hgp bén vilng hon bang céch
chiém thé tich bé nh4t ; mat khdc chuyén dong nhiét gdy nén sy phan tin cla cdc hat
lam cho ching chiém thé tich 16n nhdt. C4 hai xu hudng trdi nguge nhau dé thé hién
déng th¥i trong mot qué trinh héa hoc, xu hudng tap hgp lam gidm entanpi va xu hudng
phan tin lam tang entropi. K&t qua chung cda hai xu hudng d6 trong cic qud trinh héa
hoc x4y ra & nhigt o va dp suft khong ddi dugce thé hién trong sy bi€n déi cia mét dai
lugng goi 1a entanpi ty do hodc ndng luong Gip (G) (14y ten nha vat K ngudi M1 la
W.Gibbs, 1839 - 1903) : ' :

AG = AH - TAS

Day 12 phuong trinh co bin cia nhié¢t dong héa hoc. Vi€t phuong trinh dé dudi
dang :

AH = AG + TAS

chiing ta nhan thdy nhi¢t AH cia b4t ki qud trinh nie déu gbém c6 hai phdn : AG Ia phén
nhiét dung dé sinh c6ng (thuc hién qud trinh) va TAS 1a phan nhiet khong thé sinh céng
duge ma ding dé 1am bi&n ddi entropi cia hé. Pidu ndy l1am sdng t6 nguyén Ii thi hai
ciia nhiét dong hoc di duge trinh bay trude day : nhigt khong thé bi€n hoin todn thanh
nang lugng co, dién, héa hoc... ma ludn luon con lai mét lugng khong thé bi€n thanh
dang nang lugng khic.

Dya vio phuong trinh co ban ndy ngudi ta ¢ thé tinh bi&n thién entanpi ty¢ do
AG ciia bt ki phan ong héa hoc ndo khi biét nhiét phan dng AH va bi&n thién entropi AS
clha phan fng. '

Vi du. Phan fing phan hiy cia kali clorat :
3

V6i nhiét tao thanh chufn cia cdc chatla:

-391,2 —435,9 0 kJimol

Cé nhidt phan Ong 14 :
AHR® = —-435,9 - (-391,2) = -44,7 kJ/mol
vd bién thién entropi 14 :
AS® = 82,56 + 2‘—2(2)& - 142,96 = 247,16 Jimol d¢
AG® = AH® - TAS®
Vay : AG® = -44,7 - (298 x 0,247) = — 118,1 kJ/imol
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Gi6ng nhu nhiét tao thanh AH vi entropi S, nang lugng Gip ciing chi mgt tinh
ch&t ciia chit. N&u t4t ca cdc chdt phin dng déu & trang théi chudn thi nang lugng Gip
tao thanh ctia chdt & trang thdi chudn va duge ki hiéu 12 AG® hoac AG 998 khi chd ¥ dén
nhiét 4. Giéng nhu nhiét tao thanh, nang lugng Gip tao thanh chudn cia cic don chdt

ciing bing s6 khong.

Bang 33 ghi ning lugng Gip tao thanh chudn AG® cia mdt s chdt.

Bdng 33

Nang lugng Gip tao thanh chudn AG 353 ciha mot s6 chdt (kJ/mol )

Chat AG o5 kJ/mol Chat AG Sog kJ/mol
Al (k) 288,7 H,0 (1) - 237,24
Al (dd) - 490,54 H,50,(1) - 814,2
AL O, (1) -1582 K* (dd) - 281,3
Al (580,), (1) -3102,9 KCl (1) - 408,0
C(kim cuong) 2833 KCl0, (r) - 289,9
CH, (k) - 50,79 KNGO, (r) - 393,1
CO (k) - 137,14 KOH (r) - 380,2
CO, (k) -~ 394.6 MgS0, (r) - 1158,7
CaCl, (1) - 7502 MgSQ, . 7TH,0 (v) ~ 2868
CaCQ, (r) -1128,8 N (k) 455,5
CaF, (1) -1161,9 NO (k) 86,58
CaO (r) - 604,2 NO, (k) 51,5
Ca(OH), (1) - 896,8 NO,~ (dd) - 111,7
Cl (k) 105,3 Na (k) 77,3
Cr (k) ~239,9 Na* (k) 575.6
CI” (dd) - 131,4 NaCl (r) — 384,0
H (k) 203,3 NaOH (1) - 380,7
H* (k) 1516,99 Na,80, (1) -1266,8
H* (dd) 0 0 (k) 231,8
HBr (k) - 53,4 0, (k) 102,7
HCI (k) - 94,5 OH™ (dd) - 157.,4
HF (k) - 272,99 S (don ta) 0,188
HI (k) 1,78 0, (k) - 300,4
H;N (k) 16,7 80, (k) - 370,0
HNO, (1) 80,9 8C, (1) - 4990
H,0 (k) 228,61 ZnO (r) - 320,88
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Bién thién ndng lugng Gip cha phdn ing ciing duge tinh gi6ng nhu bifn thién
entanpi va bi€n thién entropi clta phan Ung, nghia 13 bdng tdng ndng lugny Gip tgo thanh
cia cde sdn phdm phdn ing trie di tdng ndng lugng Gip tao thanh cia cde chdt phdn
wng:

AG = ZG (san phdm) - ZG(chat phan tng).
Vi du. Phan ing phan hiy clia KClO; 44 xét trén day :

]

Vé&i nang lugng Gip tae thanh chudn cha cdc chdt 1a : - 289.9 - 408 0 kJimol
€6 bién thién nang lugng Gip chuén 1a : '

AG3es = -408 - (-289,9) = —118,1 kJ/mol
nghia la phld hgp véi k€t qua tinh theo phuong trinh nhigt d6ng héa hoc & trén.

. Trong co hoc ¢é6 mot nguyén tdc r4t quan trong 14 cdc vat thé ¢é xu hudng dat
dén the ning cuc tidu. Trong héa hoc ciing c6 mot nguyén téc twong ty nhu vay Ia céc he
phan ¥ng c¢6 xu huéng dat dén nang lugng Gip cuc ti€u. Béi vay didu kién d¢ thice hién
mot qud trinh ma khéng tiéu thy céng la ndng lugng Gip gidm xudng, nghia la -

AG < 0

Ai lyc héa hoc clia cidc chét phan ing cang 16n thi xu hwéng x8y ra qué trinh
cang manh va ning lugng Gip gidm xubng cang nhiéu.

Néu mot phan éng duge thuc hién theo chidu thudn thi theo chiéu nghich phin
tng d6 khong thé xdy ra & cung nhitng diéu kién dp sudt va nhiét 46 vi dSi vdi qud trinh
do : '

AG > 0O

Nhu v4y bi€n thién nang lugng Gip 1a thuéc do kha nang thyc hién phin tng tao
thanh cdc chdt. B6i véi nhitng chdt cé6 AG® < 0, vi du nhu H,0, HCI, CO, v.v...phan Gng
tao thanh chiing 1 cdc don ch4t ¢6 thé xdy ra tu phat va dén cing. Con d6i v4i nhitng
chdt ¢6 AG® > 0, vi du nhu NO, NO,, O, v.v... phan ing tao thanh ching khéng thé xdy
ra néu khoéng ti¢u thy céng & bén ngoai. Ngudi ta néi ring nhing hgp chédt ndy khong
bén v& mat nhiét dong hoc.

Bé dy dodn mot phan ing héa hoc cé thé xdy ra hay khong, cén phai bi€t bi€n

thién nang lugng Gip clia phan ing d6 & nhitng diéu kién nhiét 46 va dp sust coa phan
ang va bi€t ca nhitng néng d6 cha cdc chat phan Ung.

G nhiéet do thip, xdc sufit xdy ra phin ing dwge quy€t dinh bdj ddu vi giéd trj cha
AH. Cu thé 12 & nhi¢t do thudng, d6i véi da s6 phédn &ng, gi4 tri cha TAS rdt bé hon gid
tri caa AH. Boi vay & nhiér do thudng, nhitng phan dng ph4t nhidt (AH < 0) x4y ra ty
phat, cdn phin éng thu nhiét (AH > 0) khéng x4y ra.

O nhiét d6 cao, dfu cha AG chiv anh hudng 16n cia TAS, nghia la phu thudc vao
AS. N&u AS > 0, khi nhigt d¢ tang len, dai lugng -TAS cang 4m hon. Do d6 cing nidng
c#o nhig¢t d6, phan itng cing dé xdy ra. Tuong ty nhu vay néu AS < 0 khi nhiét d¢ tang
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len, xéc suft xdy ra phan (ng cang giam xuéng vi dai lugng ~TAS tr& nén cing duong.
3 nhiet do r&t cao, gid tri ctia TAS 16n hon gid tri cua AH nén dfu va gid trj cia AG
dugc guyé&t dinh bdi dai lugng TAS. N6i khdc di, & nhigt do rdt cao, y€u t8 entropi
thing y€u (8 entanpi. O nhitng nhiét do khong qud cao va khéng qué thip, d&u va gid tny
cta AG chiu anh hudng cia cd y€u t8 entanpi va y&u t§ entropi.
Vi dy. Phan dng phan hiy cia CaCO, :
’ CHC03 (r = CaO (r) + COI (X)
¢6 AHS%gg = 177.,9 kJimol va ASSgs = 160,75 Jimol.d9

nén AGg = 177.9 (298 x 0,160) 130,22 kJimol .

Nhu vay & nlhiet d6 thudng, CaCO; khang phén hay (AG® = 130,22 kIimol ), trén
thuc té€ phan dng nghich xdy ra d& dang (AG® = —130,22 kJ/mol ).
Nhung & nhiét d¢ 1500 °K phan Gng trén cé ©
G?SOO"K =177,9 - (1500 x 0,160) = - 62,1 kJimol , nghia la & nhiét d& niy
y&u t& entropi théng y&u t8 entanpi va phan dng xdy ra ty phét.

(3 nhiet do tai d6 AH va TAS cé gid i tuyét d6i bing nhau nghia 12 AG" =0,
xdc suft x4y ra phan ing theo hai chiéu 12 nhu nhau :

Vi du. Phan tng :
Fe.zog (r) + 3H2 (k] = 2Fe (r) + SHZO (k)
c6 AH® =95,813 k) va A8 = 141.4 Jimol .46
nén AG® =95.813 - (298 x 141,4) = 53676}
Nhu vay & nhiét 4o thudng, H, khéng khir duge Fe,0, mi phin dng nguge lai :
2Fe (1') + 3H20 (k) = F8203 (r) + 3H2 (k) Xﬁy ra
Nhiét do tai d6 AG® =0

95813
Ticg = —- = 678
40=0 1414
sy khir oxit sét va sy oxi héa sht c6 xdc suft xdy ra nhu nhau. 3. nhigt do < 678K sét
khir duge H,0 va nguge lai & nhist 46 > 678°K hidro khir dugc Fe,0;. N6i céch khdc, a
duéi 678°K sit 1a chét khit manh hon hidro va nguge lai. '

Cdn ché ¢ 1ap luan trén vé bién thién cta nang lugng Gip khong nhitng chi 4p

- dung cho phén Ung héa hoc m2 cdon ép dung cho b4t ki qué trinh nido khéc, vi du, nhu

céc qué trinh néng chdy, héa hoi; hoa tan tinh thé, khué&ch tén v.v...
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CHUONG Vi

PONG HOA HOQC

Nhigt déng hoc dua vio 4o bi&n thién cha nang lugng Gip d€ dy dodn mot phin
ttng héa hoc ¢6 thé xdy ra hay khong nhung khong xdc dinh duge cde didu ki¢n dé thuc
hién phan ung d6 néu né xdy ra. Vi du nhu trong hai phén ng suu day :

1
NO(k) + *2"02 (k) = NO, (k) AGE = - 150 kJ

Hy xy + % 0; )y = H0 gy AG® =-456,5 kJ

phén @ng thi hai cé6 AG® am hon phin dng thi nhét, nhung phan dng thd nht xdy ra d&

dang & nhiét 46 thudng con phan dng thi hai khong xdy ra & nhigt d§ thudng mi chi xdy
ra & 500 - 600°C va x4y ra r&t nhanh chéng (gay né & 700°C).

Mt khdc nhigt dgng hoc cing khong cho bi&t bin chdt cha nhimg bi&n héa xdy
ra trong mdi phan dng héa hoc trén day.

- Ppé c¢6 nhitng hifu bi€t ddy 4 hon vé hai phdn ¢ng trén vd vé cdc phan dng héa
hoc néi chung cin phii chd y d€n cé t6c 46 cia cde phdn ing héa hoc nita. Do 16¢c do
ctia phan dng 13 nhieém vy cla nganh déng héa hoc. Dya vao két qua do téc do cha phdn
ing héa hoc ngudi ta c6 thé di dén xdc dinh 56 phén tir thyc t& tham gia vao phidn Gng va

nhitng giai doan trung gian clla qud trinh bi¢n héa d6, nghia 14 xdc dinh duge co ché

clia phdn ing héu hoc. Viy déng héa hoc ld mdn khoa hoc nghién citu vé téc d¢ phdn
fng, nhitng yéu t& dnh hudng dén t6c d¢ phdn ing va co ché cia phdn iing héda hoc.

Téc d6 phdn ing
Thuc nghiém cho thdy ring ¢ nhitng phan Wng x4y ra gin nhu ngay tic khée, vi

du nhu phan dng né, phan dng gitta céc ion & trong dung dich v.v...Nhung ciing cé
nhitng phan ong xdy ra rdt cham. Thudng 13 phdn Gng gita cdc hop chét cong hoéa ri,

nh4t 1a nhing hop chdt hitu co. Hét sdc cham 13 nhing phan ing x4y ra trong Idng thiy ,

tinh, trong xi, trong long qua d4t (kéo dai hang tram, ngin, van ndm). Vi du nhu phin
gng hinh thinh ddu md, than d4 & trong vé qué dat. Ngudi ta néi cic phén tng héa hoc
c6 téec do khdc nhau.

Téc dg cia mt phdn ing héa hoc duge xdo dinh bdng do bién thién néng d¢ cia
chét trong don vi thoi gian. Néng d6 clia chdt thudng duge tinh bing 56 mol trong mot
1§t (mol/T). Thii gian tinh bing giay, phit hodc gid... Ngudi ta phan biét t3c do trung
binh véi t8c d6 titc thi cia phdn Gng héa hec.
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Gia sir ¢6 phdn ing :
A=MA4+N

dugc thuc hién & thé tich va nhi¢t d¢ khong ddi, tai thesi diém (, néng do clia chdt A 12
C, v dén thii diém t, néng do cla chét A cdn lai 1a C; thi t6c dé trung binh v cua phén
Gng d6 trong khoang thdi gian tir ¢, dén 1, }a :

— C
GG
t; -t
- G -G AC
hay : v = i 72 = =
t, ~t, At
Khoing thén gian At cang bé thi do bi€n thién ndng 46 AC cang bé. Pén gidi han
ta ¢d
dC.A = g - H kil L) - . not ey
v = - o 13 t8c do tGc thoi cua phan Gng tai thoi diém t.

Né&u phéﬁ ng c6 dang tdng quét :
aA + bB =mM + nN

thi t6c 4o phan tng c6 thé duge xdc dinh bing dd gidm ndéng do hodc ctia chdt A hoic
ctia chdt B hay bing d6 tiang néng dé hodc cha chdt M hodc cua chat N nhung vdi quy
udc 1dy do bi€n thien néng d6 cha chdt chia cho hé s§ cna chit d6 & trong phuong trinh
phan wng, tdc 1a :

dc, _ 1,40y _ 1 dCy _ 1 dCy

1
¥V = — =¥ —n == ¥ — = — X
a

dt b dt m dt n . dt

T6c d6 ciia mot phan Gng héa hoc phy thudc vao nhi¢u y€u t8 nhu ban chit va
néng d6 cta chat phan dng, 4p sudt (n€u trong phdn fing ¢6 ch#&t khi tham gia), nhi¢t do,
ban ch#t cia dung moi (n€u phin dng dugc thuc hién trong dung dich) sy c¢6 mat cua
chélt xic tde v.v...

Anh hudéng cia néng d¢ chdt phdn tng

Sy phu thubc cha t8c do phan dng vio néng do cta chit phan ng thé hi¢n trong
dinh ludgt tde dung khéi lwong do Gunbe va Oago (nhd todn hoc kiém hoéa hoc
M.Guldberg, 1836 - 1902, va nha héa hoc P.Waage, 1833 - 1900, déu 1 ngudi Nauy)
phdt bidu i nam 1867 va 12 dinh ludt ¢o bdn ¢a dong hda hoco :

"Téc dé ciia phdn dng héa hoc & nhiét dg khong déi tf 1é thudn véi tich néng d¢
clid cde chdt-phdn @ng véi s& mit 1a hé s6 ciia chdt trong phuong trinh phdn fqng".

Vi du. DSi v6i phin Ung dang téng quit :
aA + bB = ¢C + dD

, dc
t6c do 1a: \:=—E—_=kc;.c¥3

v 4 t6c dd cia phédn Gng & mot thdi diém ndo d6, C,, Cg 12 ndng d¢ clia chdt A va chiat

B & tai thoi diém xdc dinh t6c do, k 1a hing s6 ti Ie vk duge goi la fiing s6 16c dg cla
phan #ng héa hoc.
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Hdng s6' 16¢c d3 cita mor phdn iing héa hoc la 16¢ dé cia phdn itng dé khi néng do
cde chdt phdan ing déu bdng don vi (1mol/l). Né phy thudc vdo bin chdt cha chét phan
tng va nhiét d¢ chd khéng phuy thude vio néng d¢ chat phin dng. _

N&u phdn ang x4y ra giita cdc khi, ngudi ta cé thé€ thay ndng do trong bidu thie
tinh 16c d¢ bing 4p sudt rieng cia mdi khi trong hén hgp (4p suit rieng 13 4p sufit gay
nén béi mbi khi trong hédn hop khi khi né chi€m toin bo thé tich cia hdn hop).

Vidy : D6i v6i phdn dng (dng quat trén ddy :

vE '?T? = ky PR PIE);
v 12 tdc do phan dng p, vd pg 1a dp sudl rigng cha chdt A va chit B, kp hing s6 téc do
tinh theo dp sudt,
Néu phdn dng x4y ra gita mdt chat rdn va chft khi hay gitta mdt chit rin va chét

fong thi ngoai y&u té ndng d¢ (hay 4p sufit) chdt khi hay néng d¢ chit long, t6c d6 phan
tng cén phy thude vio dién tich ti€p xic gifra ch4t rdn v6i chdt khi vd véi chat 1ong.

Di¢n tich ti€p xiic cang 1én, t6c d6 phan dng cang 16n. Mét vi du cu thé 12 than & dang -
bot min chdy mianh liét ¢6 thé gay né cho thdy rd, dnh hudng cla dién tich tiép xuc giita _

than va oxi khédng khi.

Téc 46 cha mot phan dng bign ddi lign
tuc theo th&i gian vi ndng 4o chdt phan ng bi&n
i theo théi gian. Khi phan ing bit ddu x4y ra,
néng dé cta cdc chdt phan dng tai thdi diém d6
la cao nh&t nén tdc do phaa dng 13 16n nhé&t. Khi
phan ung gédn k&t thdc, néng dd cua céc chét
phin fng tai thoi diém dé 14 rét thdp nén Sc do
phdan dng tré nén rdt bé va ddn téi s6 khéng.
Chiing ta thdy r& diéu d6 qua dudng bidu didn sy ' Theai gian
bién ddi t6c 46 phan dng theo thdi gian duoge '

. . Hinh 82-5u bién d8i cia téc dd
trinh bay trén hinh 82. phdan ing theo théi giun

Toc dd

Co ché phdn éng, phdn tit s6 va béc phdn tng

C6 nhitng phdn Ung, trong dé qui teinh chuyén chdt phin dng thanh sin phdm
phan éng chi xdy ra theo mot giai doan. Ching han hai phan t& cda hai ch&t va cham
v6éi nhau tao thanh cdc phén tir sdn phdm. Nhitng phin (ing nhu vay goi 1a phdn #ng don
gidn.

Vi du. Phan dng :
NO + O, = NO, + 0,

Nhung da s8 phdn dng héa hgc ¢6 qué trinh x8y ra khong don gian nhu viy ma
qua nhiu giai doan. Nhitng phéan dng d6 goi 1 phdn itng phirc tap.

Vi du. Phan dng :
2N,0, = 4NO, + O,
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gbm c6 hai giai doan :
N205 = N203 + 02
N,0, + N,0, = 4NO,

Ma&i mot giai doan nay duge goi 13 qud trink co bdn. Nhu vy phan dng héa hoc,’
trong da s6 trudng hgp 12 sy k€ ti€p cha nhiée qu4 trinh co ban ; sin phdm cba qud trinh
co bin ndy 13 ch4t phdn Gng cia qué trinh co ban khéc ti€p theo sau. Tap hgp nhing qué
trinh co ban x4y ra trong mot phén dng héa hoc dugc goi 13 ¢o ché phdn dng. Co ché
phan ang duge xdc dinh bing thyc nghiém va muén hiéu dwge cdch xdc dinh d6 ching ta
xét trude hét ba kidu qué trinh co ban.

Phan ti s6 13 s& phan tir (hay ddng hon la s6 hat) tham gia vio mot qud trinh ¢o
ban. Dua vdo phap tir s& clia qud trinh co bén ngudi ta phan loai vé mat déng hoc cia
phén ung don gidn ra thanh phin dng don phan tir , phén d¥ng ludng phan t& va phan dng
tam phén tir .

Phdn itng don phdn tir 12 phin Gng, trong d6 qué trinh co ban clia né 12 sy bién
héa clia mot phan tir .

Vi du. Phan fing phan hay cha [, va cia N,0O :

1, = 2I
v ' N20 L= Nz + O
T8c d¢ clia mdi phén ng ndy 14 : .
v o= —E(-:-— = kC
dt

C 12 néng 46 cha chét phan ng.

Phdn itng luéng phdn tir 12 phan dng ma qué trinh co ban cha né duge thyc hign
nhd sy va cham cia hai phan tl {(gi6ng nhau hodc khic nhau).

Vidy /. Phin dng phan hiy cta HI thanh don chat
2HI = H, + I,
T&8c 46 cia phan éng ludng phan tl nay la:

v=-% ¢
dt

trong d6 C la néng d¢ cta HI
Vidy 2. Phin iing gilta axit axetic v rugu etylic :
CH,COOH + C,H,OH = CH,COOCH, + H,0
Tdc do cia phdn dng lwdng phan tir niy 13 :

trong d6 C, 12 néng d¢ cua CH,COOH va C, 12 n6ng d¢ cha C,H,OH.

Phdn itng tam phdn tir 14 phan dng ma qui trinh co ban cda né duge thyc hién
nh& su va cham déng thoi cha ba phan .
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Vi du. Phan dng :
2NO + H, = N,0 + H,0
T&c do caa phan Gng tam phén tir ¢ dang chung la :

v=_f£_kCCC3
a

C,,C,v2 C, i néng d6 cia ba chit phan Gng :
Con v&i phdn fng trén diy, téc 4o la :

C, 12 néng 46 cliia NO va C, 12 néng d6 cua H,

Diédu kién cdn dé mot twong téc héa hoc c6 thé xdy ra 1 cb su va cham déng thoi
ctia phan tir cdc chdt phin éng (thuyét va cham). Trong mét s& luong khéng 18 nhing
phan tir ludn ludn & trang thdi chuyén dong hdn loan, xdc suft va cham déng thoi cha
ba phan tir 13 v6 ciing bé cho nén phdn Gng tam phan t¥ 12 r4t hi€m va phdn dng c6é phan
tir 36 16n hon nita 1a khéng ¢é. Da s6 phdn ¢ng héa hoc 12 don phaa 1t va fudng phéan tir.

Bac phan tng 12 téng céc s§ mil cla néng d6 céc chdt phan Gng & trong bidy
thitc tinh t6c dé phéan dng. Dya vio bac d6 ngudi ta chia ra phan dng bac mét, phén dng
bac hai va phan dng bac ba. Trong nhitng phan Gng don gian vira trinh bay trén day lam
vi dy, phan ing don phan tlr 12 phan ¥ng bic mot, phan Gng ludng phan tl 14 phin Gng
bac hai v phan #ng tam phan tir 14 phin d¥ng bic ba. Viy d6i véi nhitng phan ting don
gién (nghia 12 chi gém ¢6 mot qud trinh co ban), bac phan Ung tring vGi phan tir s clha
phin Gng. Tde dé cia phdn éng don gidn tudn theo dink ludt tde dung khdi lugng.

Nhung dinh luat téic dung khéi lugng khong thé 4p dung dugc cho nhirng phan
dng phic tap. Néu mot phén ing phic tap xdy ra theo nhidu giai doan k& ti€p nhau va
mét trong nhiing giai doan d6 xdy ra cham hon so véi cdc giai doan khdc thi t6c do
chung cha phan dng bi han ch€ bdi giai doan 46 va bing tdc 46 cua giai doan d6, nghia
13 bac cia phan Gng chung s& 12 bic cda giai doan x4y ra cham. Nhu vay bac phéan ting
¢ thé khic véi téng he s6 clia cdc chét phin Ung trong phudng trinh cha phin Ong
chung Tuy nhién né€u hai giai doan trong phan ing phac tap c6 t6c do tuong duong v§i
nhau thi biéu thic tinh t6c 46 clia phan dng chung s& phitc tap hon.

Sau day 13 vai vi'du cho thdy quan h¢ giita co ch& phan itng va béc phan dng.
Vi dul. Phan @ng phan hiy cha N,O, 44 néu 1am vi dy & ddu chuong nay:
2N,0; = 4NO, + O,
x4y ra theo hai giai doan : |
N,0, = N,O, + O, (cham)
N,O, + N;0; = 4NO, (nhanh)

giai doan thit nh&t x4y ra rdt chdm va giai doan thi hai xiy ra nhanh cho nén bidu thic

tinh t&c 46 cta phan ung phan hiy N;O; 12 :

vV = kCNQ%
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nghia 12 phan tng d6 12 phdn itng bdc m¢@t mac db h¢ s8 cha N,O4 & trong phuong trinh
phin ng {a 2.
Vi du 2. Phan dng :
2NQO, + F, = 2ZNO,F
¢6 t6c d6 tinh theo bifu thic :

v =kC NOZ . C.[::2

nghia 12 mdt phdn @ng bdc hai mic dit léng cdc hé sd cha NO, va F, trong phu‘cng trinh
phin dng la 3. .

S& di nhu vay 12 vi phén dng d6 x4y ra theo hai giai doan :
NO, + F, = NO,F + F (cham)
NO,+ F = NO,F (nhanh)

giai doan thit nh4t xdy ra rdt chdm va giai doan thi hai x4y ra nhanh. T6c d6 clia phin
trng chung 12 t6c d0 cla giai doan cham v6i bac bing 2.

Vidy 3. Phan tng :
NO, + CO = CO, + NO
& 225°C ¢6 tdc d6 tinh theo bifu thitc :

v= k CNO: CCO

vi & nhiét d6 d6 phan Gng x4y ra theo co ché& tao nén hgp chét trung gian ONOCO
' o O 0

NO, + CO = \,/ %/ =cC0, + NO
N C

Nhung & nhiét 6 thdp biéu thic t6c 4o lai 12 :
_ 2
v = k CNO2

nghia 12 bac cla phén tng vén béng 2, nhung t6c 4o phan ing khong phu thudc vio néng
44 caa CO.

S& di nhu vay 12 vi & nhiét d0 thdp phdn dGng x4y ra theo mét co ché€ khéc bao
gém hai giai doan : : '

NO, + NO, = NO, + NO (cham)

NO, + CO = NO; +C0O, (nhanh)
giai doan thit nhdt x4y ra ch4m v giai doan thi hai x4y ra nhanh. T8¢ d0 ciia phan Ung
chung la t6c do cla giai doan ch4m va trong giai doan 46 khéng c6 sy tham gia cia CO.

Cing nhu phéan tit s6, bac phan dng 16n hon 3 13 khong c¢6. Nhung cd phian dng
bac 56 khéng, bac s¢ thap phan va bic s8 am alra. Phén Ung bac sé khéng x4y ra vi du
nhu sy phan hity cia NH; & trén b& mat kim loai vonfram (W), t8c d¢ cha phan éng phan
hily d6 13 v = k, khong phu thudc vao néng 46 cia NH;. Phan dng phan hiy cha PH; trén
bé mat thiy tinh lai 12 phdn @ng bac mot, v = kCpy, trong khi phén fGng phan huy cla
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SbH, & trén kim loai antimon (Sb) ¢6 bac 12 s& thap phan v =k ng']h' Phin dng oxi
héa CO trén chét xGc téc 12 platin :

2CO + 0, = 200,
cé t6c 49 v = k-g—oi ,'nghia 12 phin ng cé bic —1 d4di v6i CO, bac +1 d6i v8i O, v

o
bac chung bing s6 khéng.

Phin Ung : CO + Cl, = COCl,
c¢é téc dé v = k.CCG,.('_‘:::]S2 , nghia 12 bac 1-d48i v6i CO, bic 1,5 d8i v6i Cl, va bac chung
bing 2,5. '
Tinh hidng s6 t6c d¢ cia phdn tng

Mu6n tinh hing s6 t6c d¢ cla phin éng ngudi ta ldy tich phan clia cde biéu thitc
tinh t6c do cla phin dng. ‘
Vidu. D81 v6i phdn itng bde mot cé:

. S kC
dt
bién déi bidu thic d6 ta c6 :
€€ - -kdt
c
Sau khi 14y tich phan ta dugc :
InC = -kt + B

¢ day B 12 héng sd tich phan.

Gia sir lic bét ddu phan dng (khit = 0), néng dé chia ch&t phan dng 12 C, thi c6
thé tinh dugc B.

B = InC,
Thay gié tri cita B vio phuong trinh :
InC = -kt +InC,
In £ = -kt
CO
hoic : In C—° = kt
C

N&u néng d6 ban diu C, = amol/l, sau mot khodng thdi gian t k& tir lic bét dédu
thuc hién phan ¥ng, néng do cila chit phén Gng gidm di x mol/l , nghia 12 néng d6 clha
ch4t cdn lai chua phan tng 12 C = a - x. Thay céc gif tri cia C, vd C vio phuong trinh
vh rit ra k, déng thdi d6i logarit ty nhien vé logarit thap phan ta c¢é :

2303 a .

=—lg

t a-—-x
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Phuong trinh dong hoc ndy cho phép xdc dinh hdng sé t8c do cla phén dng bac
mot dya vio nhitng dit kién thuc nghiém. Muén vay, tit mot hén hgp phén Wng védi néng
d¢ ban ddu dd bi€t cha chat phan dng, san nhiing khodng th¥i gian ¢ khdc nhau ké i lde
bat ddu phan dng ngudi ta 14y ra nhiing miu thd vd xdc dinh lugng ch&t con lai chua
phéan dng bing phuong phip phan tich héa hoc hodc bing cdc phuong phdp do vat 1i.
Né&u nhiét do khong ddi thi cdc gid tri cia K tinh duge s& gdn nhau. Gid tri trung blnh
cia nhiéu gid tri gdn nhau d6 sé 1a hing s6 tdc do cita phéan iing.

Tuong ty nhu vay d6i vai phan ng hde hai, phuong trinh déng hoc cla hing sé
t6c do 12 : '
2303 1 1 bla—x)
t a-b gal(b—x)_

a vk b la ndng d6 ban ddu cla cdc chéit phan Gng twong ing, t 14 khoang th¥i gian
ké tir luc bit ddu thuc hién phadn itng, x 13 ndng do6 ciia ch&t d3 tham gia vao phén itng

~trong th&i gian 1.

Né&u ndng d¢ ban ddu cia céc chdt phan itng bing nhau va bing a thi phucng
trinh tinh k s& don gian hon :

_ 1 X

t afa—x)

Pa6i v6i phdna dng bdc ba, n€u néng do6 ban ddu cua céc chdt phan dng déu bing

nhau va bang a thi phwong trinh déng hoc cia hing s6 t6¢ do c6 dang :
1 1 1
2t (a-x)* a’

Bac phan gng cing dugc xdc dinh béing thyc nghiém. T moét hén hop cde chilt
phan dng voi néng do ban ddu d& bi&t cha ching, sau cdc khodng thoi gian xdc dinh
ngudi ta 18y ra nhiing méu thir dé xac dinh lugng ch&t cdn lai chua phan dng. Lin lwgt
dua céc gid tri tim dwge vao phuong trinh tinh hing s6 t6¢c d¢ cha phan Gng bac mot,
phén ung bac hai va phan dng bac ba. Phuong trinh n2o cho gi4 tri khéng d8i cia hang
sd tdc d@ thi bac ding véi phuong trinh d6 s& 12 bac cia phan Ung.

Vi dy nhu khi nghign ctu dong hoc clia phan dng :
SnCl, + 2FeCl; &= SnCl, + 2FeCl,

ngudi ta the duge nhing gid tri sau d4y cia hing s& t6c 46 :

t(phit) k(bac 1) k (bac 2) k (bac 3)
1- © 0,257 4,7 88
_ 0,178 _ 3,8 1 82
7 | 0.123 3,1 84
11 - 0,097 2,8 87
17 | 0,075 2,4 89
40 0,071 - 1,7 85
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Nhitng k€t qua nay cho thdy gii tri cia k tinh dugc theo phuong trinh doéng hoc

cia phan tng bac ba (l4y trung binh k = 85,83) 12 héng s8. Vay phin @ng niy 12 phan
ing bac ba. .

Anh hudng cia nhiét 46 dén téc d¢ phdn tng. Ndng luong hoat héa

Vi du vé phan Gng giwva H, v& O, d4 néu trong phdn m& d4u cia chuong ndy cho
thdy nhiét d¢ cé dnh"hudng rdt I6n dé€n t6c 46 phan ¥ng. Da s phdn Gng héa hoc ¢d 16¢
d6 tang lén khi nhiét d¢ ting. Theo quy tic kinh nghi¢m dé ra nam 1884 bdi Van Hép
(Van't Hoff, 1852 - 1911, nha héa hoc ngudi Ha Lan) : KA tdng nhiét dé thém 10°, t
dg cita cde phdn itng thudng tdng lén tw 2 dén 4 ldn. Nhin vdo bidu thitc tinh t6¢ do theo
dinh ludt tdc dung kh6i lugng, ta thdy sy ting t8c d6 phan d¢ng khi nhiét d6 tang 12 lién
quan dé&n sy ting héng s6 t6c do. Ti s6 clha cdc hiang s6 t6c d6 & nhigt do t + 10" va &
nhigt d¢ t duge goi la ké sé nhiét dé p :

k

y = 00 = 5 qen 4
ky

Mot phdn dng n€u ¢6 ¥ = 3 chdng han, khi ting nhiét do l&n them 100°C, 16c do
caa né tang kén :

Iy :
319 = 59049 l4n
Tai sao nhig¢t 46 c¢6 &nh hudng manh nhu vay dén t6c do phan wng ?

Vi diéu kién d€ c6 tuong tdc héa hoc 12 sy va cham gifra cdc hat cda céc chilt
phdn @¥ng nén mot cdch ty nhién ngudi ta cho ring khi nhigt 46 ting, chuyén déng nhiét
cla phan tr tang 1&n, s6 va cham giita ching tang 1&n lam cho téc do phan Gng ting lén.
Nhung tinh todn 1i thuy€t cho thdy khi nhiét 46 ting, s6 va cham ting 1&n khéng buo
nhiéu. Vi du nhu khi nhiét 46 tang tir 0°C ddé&n 100°C, 56 va cham chi ting 1&n :

2100 - 377

= 1,2 l4n
z, 273

& ddy z, vh z,y 12 s6 va cham & 0°C va 100°C. Nhu vay sy ting s& va cham Ia
khong dédng k&€ so v6i sy ting t6c do phan tng. Diéu ndy da duge nhd vat 1§ ngudi Thuy
Dién 1a Aréniuyt (Arrhenius Svante, 1859 - 1927, giai thudng Nobel vé héa hoc nam
1903) giai thich trong thuyét hoar héa (nim 1889). Theo ihuyé’t nay khong phai tat ca
moi va cham gilta cdc phan tr déu dua dén tuong tdc héa hoc. Vi ridng n&u ding nhu thé
thi moi phdn Ung déu x4y ra ngay tidc khic, nghia Id khong thé do dugc téc d6 ciia
«ching. Trén thyc t€ ngudi ta ¢6 thé do duge 18c d6 clra nhidu phin Ung héa hoc. Vay
twong tée hda hoc chi xdy ra trong nhitng va cham ciia nhitng phdn t ¢é mét ning lugng
du nao d6 so véi ndng lugng trung binh cia tdt ¢d cdc phdn tit . Nang lugng du 46 duge
goi 12 ndng luwong hogt héa va nhitng phan t& ¢6 nang lugng du goi 1a phdn ti hoat déng.

Niang lugng hoat héa cing 16n, s§ phan tir hoat déng cang ft, phdn va cham cé

hitu qui cang bé, t6c d¢ phdn #ng cang bé. Nguge lai nang lugng hoat héa cing bé,
phin dng c¢6 t6¢ dé cang 1dn.

Aréniuyt dd ching minh t6c d¢ clia nhiéu phan ng phy thudc vao nhiét 4 va da

dua ra mét phuong trinh kinh nghiém phan dnh sy phu thudc cia hing s6 16c do vai
nhigt d¢ :
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En
k = AeRT
(3 day e 1a co s6 cha logarit ty nhién, R 13 hing s6 khi, T 12 nhiét do tuyét dé6i,
E, 132 ning lugng hoat héa tinh biang kf . A 12 hdng sd dic trung cho phan dng.

Lay logarit ty nhlén clia phwong trinh va chuyén thanh logarit thap phén ta duofc :

lgk = B - _.i
2,303RT
trong d6 B 12 hing sé6.

Dya vao phuong trinh ndy ngudi ta c¢6 thé xdc¢ dinh ning lugng hoat héa Ey bing
dé thi. Bing thuc nghiém do hing s t6c do k & céc nhiét 4o khdc nhau, vé dé thi su
phu thudc caa-lgk vao T d6 déc clia dudng thing thu duge (tga) s& 13 gid tri coa @
En
2,303R

Ning lugng hoat héa ciing ¢6 thé tinh duge khi bi€t hing s t6c d6 cla phin dng
& hai nhiét do khac nhau. Td phuong trinh tren ta cé :

gk, = B- , k, 14 hiing s@ t6c 46 & nhiét 46 T,

1gk =B - ———— ,k,lahing s6 t6c d¢ & nhiét do T
gk, 2303RT, 2 a4 B € ud AUV
Nén : gEZ- = Eh (L—L
k; 2303 T T»
Rt ra : Eq = Ty )lg-liz—
T-T" "k ‘
Trong céc phan dng gitta cdc phan tr , nang lugng hoat héa la mot dai lugng
twong 46i 16n v gdn bing mdt nira nang lwgng cla nhitng lien k& bi dit ra trong qud

trinh phan tng. Dudi day 12 nang lugng hoat héa Ey clia mot s6 phin dng héa hoc (bang
34).

2,303R (—=—

Bdng 34 _
Nang luong hoat héa E, clia m¢t s6 phan ing (bing &J)

Phan vng

Nang lugng hoat héa Ey , &J

H2+Iz = 2HI

2HI
2NH,
2NO,
2N,0
NO + O,

=H, + 1,

N, + 3H,
2NO + O,
2N, + O,
= NO, + O,

fl

174,0
185,35
326,0
137,65
230,53
10,46

Thuy&t hoat héa khong nhitng giai thich dwgc dnh hudng ciia nhiét do dén téc do

' phén @ng ma cdn gidi thich duge cd 4nh hudng cla ndng 4o chat phdn dng cling nhu anh
hudng cla ch4t xic tdc dén t6c d¢ phan Ung. That vay khi néng d6 cha cic chdt phan

fing tang lén, tdng s phan tir clia ching tang lén, s6 va cham giita céc phan tlr va s8
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phan tr hoat dong déu tang nén t6c d0 phdn {ing tang l&n. Vai trd cla chéit xdc téc,
sau nay s& néi d€n, 12 lam gidm nang lwgng hoat héa cia phan ung, nhd d6 s6 phan tir
hoat dong tré nén c6 nhiéu hon va t6c 46 phan dng tang lén.

Thuyét trang thdi chuyén tiép

Thuyét hoat héa vira x&t trén day nh4&n manh sy 'va cham ¢6 hiéu qua cia nhing
phan ti hoat dong. Ngoai thuyét d6, trong Ii thuy€t dong hoc cha téc do phan dng con
¢6 thuy€t trang thdi chuyén tiép hoic thudng goi 12 thuyér phicc chdt hoat déng. Thuyét
‘nay quan tdm dén nhing phic chat hoat déng dugc tao nén khi va cham. Phiac chdt hoat
ddng duge coi la phan tir ¢6 nang lwgng cyc dai trong khi phan t& binh thudng c¢6 niang
lugng cyc ti€u. Phite chdt hoat dong 12 rdt kém bén, chi tén tai trong thoi gian rét ngén
va phan hity thanh sidn phdm phdn dng. Chinh vi vay phiic ch4t hoat dong cdn goi 12
trang thdi chuyén ti€p. Nang lugng hoat héa ma ching ta da gap trong thuy&t hoat héa,
¢ day chinh la nang lugng cdn thi€t dé cdc ch4t phan éng ti trang thii binh thudng
chuyén sang trang thdi chuyén tiép.

Nhu vay so d6 ddng hoc clia b4t ki phdn (ng nio theo thuy€t phic chit hoat dong
cé thé duge vigt duéi dang tdng quit nhu sau :

A+B+ ... — [A..B..] — C + D _
chdt phan tng phite ch4t hoat déng sdn ph&m phian dng -
Vidy nbhu phdn dng : H, + I, = 2HI dugc bidu dién theo so dé :

H—H H.. H H H
I I ’
]
+ - -
I — 1 I ... I I
phitc chdt hoat dong
(HLy) | |
XV g Holy"
Khi cdc phan tir H, vd I; & g4n nhau, ning 5
lugng & trong hé¢ ting 1&n vi lyc ddy cla vd 2
clectron cda céc nguyén t& trong phan tir. Moi he, =

nhir d3 biét, déu c6 xu hudéng di d&n trang thdi cd
ning lugng th&p nhdt. VI viy nhiing phan t& H, va
I, néu khong c6 40 ning lugng thi s& xa r&i nhau.
Nhung cdc phan t&r hay mot trong cdc phan ti dé
khi va cham vé&i phan tir chdt khéc cé thé ké&t hgp

Jai N

v6i n6 thanh phirc chét hoat déng H,I,. Nhitng hat TH,
phic chét hoat dong nay vira khdc v§i nhitng phan

tr H, va I, vira khdc v&i nhitng phan tir HI. Trong Duimg di clia phan ing
dé nhing lién k&t cli "nlra bj ddt ra" va nhitng lién P '
két m&i "nira duge hinh thanh”. D6 vira 12 nhitng ‘Hinh 83 - Sy hién d8i ning lugng
phan tir chdt phan-itng "chua phan hiy hé&t" vira 12 trong hé phdn ing

nhitng phan ti cia chdt sdn phdm "chua hinh thanh

xong". Sy tao thanh phic ch4t hoat dong ddi héi nang lugng. Hidu cla nang lugng cla
phirc chdt hoat dong v nang lugng cha cdc ch&t phan dng 12 nang lugng hoat héa (Hinh
83).

Vi rang nhitng phan t¢ H, va I, chua phan hiy ma d3 bt ddu tao nén lien k&t
déac trung cho phan tlr sdn phdm cho nén ning lugng hoat héa bé hon nang lugng ditt cla
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cdc lien k€1 H —H va I - L. N6i cach khdc viéc tao thanh phic chit hoat dong H,I, vé
mat nang lwgng 14 thuén lgi hon viéc phan hiy hodn todn nhitng phan t& H, vd I, thanh
nguyén ti. Day 12 tf do tai sao sy tao thanh phic chat hoat déng 12 d3c trung cho da 56
phan ing hda hoc. '

Phitc ch4t hoat dong H,1, ¢é du trit ndng lugng cao, r&t kém bén, c6 thé phan hoy
trd lai thanh H, va I, nhung thuln lgi hon vé mét nang lugng 1a phan hiy thanh hal phén
tir HI vi hai phan t&r sin phdm nay c¢6 du trif nang lugng thi&p hon (hinh 83). Hiéu cia
hai mic ning lrong cla trang thdi ddu v trang thai cudi cha hé¢ 12 nhiét c¢ha phan dng :

AH = ZH, - ZH,

Nang lugng clha phirc chét hoat déng cao hon nang lugng cua trang thdi ddu va
ning lugng cla trang théi cubi. Nhu vay nang lugng hoat héa 13 hang rao néng lwong
ngin céch gifta chét phan dng va sin phdm phin Ung.

Anh hudng cia chdt xic tdc

Ch4t xde tdc 13 chft c6 tic dung lam bién déi minh ligt t6c do phin Ung hoic
ghy nén phan dng né€u phan dng do, vé nguyén tdc, cé thé thyc hign dugc (AG < 0) va
sau phan Gng, s& khong bi€n ddi v& ch&t va luong.

Vi dy 1 : Hén hogp cla bot nhom va iot, & nhigt d6 thudng khong cho ddu higu gi
té ra c6 tuong tdc héa hoc, nhung khi cho thém mot it nuéc, phan ng x4y ra manh liét.
O day nudc 1a chit xic tdc. '

Vi du 2 : Hidro vd oxi, nhu di biét, & nhiét do thudng hdu nhy khong phan dng
v&i nhau, nhung khi dwa mét {t bdt platin vao hén hop cha hai khi dé phan ¥ng tao thanh
nuéc xdy ra ngay titc khic. O day platin (Pt) 1a chét xde téc.

_ Nhitng chdt xdc tde xic ti€n quéd trinh x4y ra nhanh hon goi 13 chdt xic tde
dwong. Ngugce lai nhitng chét xtdc tdc lam cho qui trinh xdy ra chim lai goi ia chdt xic
tdc dm hoac chdt e ché.

Trong ki thuat hién dai, chdt xtdc tic duong
dugc sit dung rdt rong rdi. Vi du nhu trong cdc qué
trinh téng hgp amoniac, san xudt axit sunfuric, axit
nitric, cao su nhan tao, chdt déo, chét polime va
cdc qué trinh ién men. Tuy nhién chdt xdc tdc am
cing dugc sit dyng dé han ché€ nhirng phdn dng cé
hai, vi dy nhu trong vi¢c bdo quan ddu vi nhiing
ch&t khéc khdi bji oxi khong khi oxi héa (1am chat
ch@ng oxi héa) hoac viéc chéng an mon kim loai
(1am chit ¢¢ ché). '

Téc 4

Phin &ng m3 mot trong cdc sin phim phan
tng 12 chdt xic tdc cho né duge goi 12 phdn ing tu
thex gian xie tde. Téc 4o cha phan dng ty xdc tdc khdc vdi
phén ¢ng binh thudng & chd mdi ddu 12 v6 cling bé,
nhung khi phén ing d& sinh ra mot lwgng san phim,
téc do phan Gng ting lén nhanh chéng, d&€n mot cuyc
dai réi giam d4n nhu nhitag phan dng binh thudng

Hink 84-8u bién ddi 16¢ d¢ ciia

phdn ing tw xic tde theo thoi gian
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vi néng d6 cdc chit phan ung giam ddn (Hinh 84).

Vi du 1. Phén Gng giia axit oxalic va kali pemanganat trong mai trudng axit
sunfuric 13 phén dng ty xic téc :

2 KMnO, + SH,C,0, + 3H,80, = 10CO, + 2MnSO, + K,50, + 8H,0

~ Chdt xic tdc trong phin Gng nay 1 ion Mn?*. Lic bit ddu phan dng, qud trinh
xdy ra hét sic cham nhung khi trong phan tng di xuft hién ion Mn**(cha MnSQ,), qua
trinh cang nhanh ddn. N&u ngay tr ddu ta cho thém vio hén hgp céc chdt phan Gng mot
lugng mudi MnSO, thi phan ung x4y ra nhanh ngay. '

Vi du 2. Khi HF kho thuc t& khong tdc dung vé6i kim loai vi oxit kim leoai.
Nhung néu phén gng : MO + 2HF = MF, + H,0 bt ddu dd v§i mac do rdt y&u thi sau
dé phan Ung ty x4y ra rdt nhanh (M & day chi kim loai) vi nudc 14 chiit xuc tde cho phan
itng &9.

Quad trinh lam bi€n ddi téc 46 cha phén dng ah& chit xic tdc dude goi 1a gud
trink xic tde. Ngudi ta phan bigt qué trinh i tic déng thé véi qud trinh xdc téc di thé.
Khi ch4t xic téac vd hdn hop phéan Gng tao thanh mét hé déag nhdt khi hay long, qud
trinh duoc goi la xiic tde dong the.

Vi du. Phian @ng oxi héa khi SO, bang oxi khong khi thanh khi SO, v&i chdl xic
tdc 1a hén hop hai khi NO va NO, :

(NO+N02)(k)
ZSOZ(k) + ) 02([{] = ZSOq(k)

12 qué trinh xgc tdc ddng thé.

Khi chfit xtdc tac khong tao thanh v6i hén hgp phdn dng mot h¢ déng nhit, qud
trinh duge goi 12 xiic tdc di thé. : :

_ Vi dy. Phin @ng oxi héa khi SO, bang oxi khong khi thanh khi SO, véi chdt xic
téc | kim loai platin hay vanadi pentaoxit (V,05) :

Pi(r)
2502(k} + 02(]() = ZSOq(k}

la qua trinh xidc tdc di thé.

Mot sd dac diém quan trong ciia chét xic tdc. Lugng chdt xdc tac bé hon rét
nhiéu so v6i lwgng ch&t muén phan ¥ng vi khong bién di sau khi phén ung. Chéng han
nhu lkg muoi kim loai platin v& rodi ¢o kha ning xidc tdic cho qué trinh oxi héa
1 triéu kg amoniac thanh nito oxit. Mot hat muoi platin trong mot gidy cé thé lam phan
hiy 10° phan ti HyO,...

Méai chat xtic tac thudng chi cé téc dung d6i vgi phan Ung ndy ma khong cb thc
dung d6i véi phin dng khic, ngudi ta n6i 06 ¢é téc gung chon loc. :

Vi dy. Nhom oxit (Al;04) xtc tée cho qud trinh bi€n héa rugu etylic thanh etilen
& 350°C cdn déng (Cu) xic tdc cho qu4 trinh bi&€n hoéa rugu etylic thanh axetandehit o
250°C . ' ’
Al,04
C,HOH =~ = GCH, + HO
350°C
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Cu
C,H,0H = CH,CHO + H,
250°C

Trong khi d6 cd nhiing phéan #ng héa hoc chiu tdc dung xGc tdc cia mot s& chit.
Vi du nhu nhing oxit kim loai nhu MnOy, Fe,0;, Cr04 déu xic tién phan Gng phan hiy
cna kali clorat (KC10,).

Cé6 nhitng chéi xdc téc lai ¢6 tinh chon loc nhém, nghia 1a ch&t xic tée xdc tién
t6c 46 cla mot nhém c4c phan ftng cing kifu. Vi du nhu niken Ronay (kim leai niken g
dang bot rit min) 12 chdt xdc tic cho phén ¥ng hidro héa cdc chét hiru cd 3 vanadi
pentaoxit {V,05) fa ch4t xdc téc cho nhiéu phin Gng oxi hoa (80,, NH, v.v...} Mot vii
chit khdc nhu nudc, kim loai platin lai 16 ra van ning, nghia 1a ching cé thé xdc tac
cho nhidu phan vng rét khéc nhau,

Men. Men hay ¢on gépi 1a enzim la nhitng chét xGc tdc sinh hoc c¢6 tinh chen loc
dac bigt cao. Nhitng phdn @ng dugc enzim xie tc c6 thé dugc coi nhu & khéa va enzim
la chia khéa. That vay m&i enzim chi xic tdc cho mot phan ng giéng nhu mbi chia
khéa chi mé& duge mot 4 khéa. Vi du nhu enzim nay xic tic cho quéd trinh lén men
dudng thanh rugu etylic va enzim khic xdc tdc cho qud trinh 1&n men dudng thanh axit
lactic. Enzim ureazg xic tdc cho phan ting thiy phan uré :

CO(NH,), + H,0 = CO, + 2NH,

nhung khong xdc t4c cho sy thiy phan nhing hgp chit thé cha ure. Nhing phin dng xic
tGe men 12 nhing qui trinh dac bigt quan trong xfy ra & trong c¢ thé cba sinh vat
Enzim xiic tdc cho cic qué trinh d6 12 nhitng protein (hop chit hitu co c¢6 phan 1 16n)
dugc sén ra trong t& bao séng. Trong cd thé ngudi, mdi gidy c6 d€n hang ngan phén ¥ng
héa hoc xdy ra dugc enzim xuc tic. Enzim cling cé vai trd quan trong irong cac qud
trinh céng nghiép san xudt thyc phdm, rugu, vang, bia, chdt tdy rira, da thudc...

Ch&t xdc tdc cé thé duge tang tac dung hoac bi m&t tac dung bai mot s& chit
khéc. Nhing chit bin than khong phai 12 chét xiic tic nhung khi dudc théem mot lugng
aho vio chdt xdc tdc s& [am tang hoat tinh cha ch&t xdc téc len nhidu ldn duge goi la
chdt kich hoat. Vi du nhu hoat tinh xic tdc ciia Fe, Mo, W, Ni, Co trong qué trinh téng
hgp NH, duge tang manh khi c6 mat nhitng oxit kKim loai nhu Al O, Cr,0;, MgO. Hoat
tinh xdc tdc cua V,0y trong phan Ung oxi héa SO, thanh SO, tang manh khi c6 ddu vét
cha mudi sunfat kim logi kiém, vi du nhu Na,30, chéng han. Vay A1, 0,, Cr,0s, MgO va
Na,SO, 1a nhitng ch4t kich hoat céc ch#t xdc tdc tuong Ung. Nguge tai nhitng tap chat
lam giim hodc lam m&t hoat tinh céa chit xic téc duge goi la chdt déc cho xic tac. Vi
du nhu khi oxi 14 chéit doc cho Fe khi n6 1a ehdt xic tdc trong phan ng téng hop NH;y,
lyu huynh 1& chdt déc cho njken Randy 13 chat xtc tic trong phdn ung hidro héa céc
ch&t hiru co. Nhitng hop chdt cha As, Se va Te 12 ch4t doc cho chat xic tic platin.

Co ché xic the. Nghien ciu nhing phan @ng xdy ra khi cé chdt xic tdc va khi
khong c6 chat xdc tc nhén thiy réng tac dung cla chdt xdc téac dwong chd yéu la lam
gidm nang lugng hoat héa cua phan d¥ng bing cdch lam bi&n d8i co ché cha qué trinh
phan ing. D& d& hinh dung diéu 46 chiing ta xét phan ing téng quit sau day :

A+ B —> A...B —> AB
phitc chit hoat dong
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Vi phin ftng niy ¢6 ning lugng hoat héa Ey cao nén tdc dé cla nd rdt bé va thue
t& bing khong. Gii sit ¢6 mot chit xuc tdc K nio dé c6 thé twong tdc dé dang voi chdt A
tao nén hop chdt AK nhd nang lugng hoat hda bé ;

A+ K = A, K -— AK
phirc chdt hoat déng
Hgp chit AK dé& tugng téc véi chit B tao nén sin phm AB va K vi ning lugng
hoat héa cla qué trinh nay ciing bé ;

B+ AK — B.. AK — AB + K
phitc chit hoat dgng

Cong hai phuong trinh lai ta duge :
' A + B = AB
nghia 13 sau phan #ng, chat xde téc khong bi€n déi vé mat héa hoc.

Hinh 85 trinh bay so 46 dudng di ciha
phan tng 46 khi khong cé chit xiic tdc va khi cé
ch4t xdc tdc. Dudng 1 |2 dudng di cla phan dng
khi khong ¢6 chét xic téc. Pudng 2 1a dudng di
cha phan @ng khi ¢ chdt xdc tdc AEy 1a 49 giam
ning lugng hoat héa clla phan #ng. Chdt xdc tic
cang hoat dong, d¢ giam nang lugng hoat héa
cang lén, phidn tng x84y ra cang d&é va cing
nhanh,

Nang lugng

Vi dy 1. Nang tugng hoat héa cla phin

ung : ZH,
2HI = H2 + Iz Dubng di

nhu 43 bigt 12 185,35 &J , nhung khi ¢é vang xidc

tic 1a"104,6kJ va khi cé platin xiGc téc 13 Hinh 85-Duwéng di ciie phdn ing khi ¢é

58,57kJ. : chdt xife tae va khi kkdng ©6 chdt xic téc

Vi du 2. Nang lwgng hoat héa coa phan dng :
2H,0, = 2H,0 + 0O,

12 150,32&7, nhung khi cé platin xdc tdc 12 100,41 kJ va khi ¢6 enzim catalaza xic tdc
la 46,024kS.

Qua hai vi du trén ta thay tic dung clia chit xic tdc khong mang tinh chét ning
lugng (nhiét dong hgc) ma cé tinh chét dong hoc. ’

Pong hoc cha nhitng phin ung cé xtic tdc doi khi khdc dong hoc cha phan dng
khong cé xiic tde. Vi du phan tng phan huy HI trén day 12 phdn Gng bdc hai nhung khi
¢6 kim loai 1dm ch#t xic tdc lai 14 phin dng bac mot.

_ Vay qué trinh xic tdc cho phin ¢ng c6 co ché nhu th& ndo ? Day la vin dé rat
phitc tap va da dang. :
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Nhidu qué trinh xic tdc ddng thé duge gidi thich bing thuy&t hop chdt trung
gian. Ban chét cha thuyét nay la chdt xic tdc vwong tic véi mdt chdt phdn @ng tao nén
hgp chdt trung gian.

Hop chdt trung gian nay khong bén, nhanh chéng tuong tdc véi chdt phin dng kia
tao nén san phdm phén ¥ng vi chét xdc tdc véi lugng va chdt nhu lic ban ddu. Dudng di
cla phan dng xic tic déng thé dd dugce trinh bdy trén hinh 85 (dudng 2).

Nhitng hop ch4t trung gian hay phic chdt hoat dong Ia khong bén, chi tén tai
trong thdi gian r4t ngln véi néng 4 hét séc bé cho nén ngudi ta khoéng thé tdch riéng
ching ra dé x4c dinh thanh phdn cda ching. Tuy nhién trong mét s8 it trudng hop, hop
chdt trung gian dé khé bén cé thé tich ra duge & dang ty do, vi du nhu hgp chdlt
nitrozoni hidro sunfat (NOHSO,) dugc tao nén & dang tinh thé bai khi $O,, khi O, hoi
nude va hén hgp khi NO va NO, 1am chédt xdc tdc trong qud trinh diéu ch& H,580, theo
phuong phap phdng chi.

Co ch€ ciia qué trinh xdc tdc di thé phic tap hon nhiéu va khong c6 mot I thuyét
théng nhat cho phép mo ta t4t ca moi hién twgng quan sat dugc. Nhung chic chén ring
trong trudng hgp nay sy hép thy céc chit phdn dng & trén bé mat chit xdc tdc, goi 1a su
hdp phu, c6 vai trd quan trong. Nhd hién twgng hép phy d6, nhitng phan tit ciia céc chat
phén tng duge & gdn nhau va nang cao hoat tinh héa hoc, ki€n tric electron ctia phan tir
bi bi€n d8i v k&t qua 12 nang lugng hoat héa giam xuéng. Do d6 phan ing duge xdy ra
& trén bé mat cla chét xic tic. Chinh vi vAy dai lugng bé mat ciia chat xic tdc quyét
.dinh hoat tinh cfia né. Sau d6 phan t& cda cdc san phdm phan dng r&i khoi chdt xdc téc
va khuéch tdn vio trong todn thé tich clia hén hop phin dng. Chét trung gian trong qué
trinh xdc tac di thé 12 nhitng hop chdt bé mdt hay cdn goi 1A phie chdt hdp phy hdéu hoc.
Nhi vay tdc dung clia chét xic tdc trong qué trinh xdc tdc di thé cling 1ign quan véi vide
ch4t phin Gng tao nén hop chit trung gian din 16i sy gidm nang lvgng hoat héa.

Ngodi tic dung clia chdt xdc tdc, sy ting t6c d6 cha mot s& phin ing héa hoc
cdn ¢6 nguyén nhan 13 kha nang thyc hién phdn Ung day chuyén.

Phdn ting ddy chuyén

Mot hén hop cé thé tich bing nhau clia khi H, v khi Cl, khi d€ trong béng 16i va
-& nhiet 46 thudng , khong sinh ra phdn tng. Nhung khi dugc chi€u bing dnh séng cé
gidu tia tir ngoai (4nh sdng Mat Trdi hodc dnh sdng ngon l¥a cha magie chdy) phén tdng
x4y ra ngay*tftc khic vi gdy nd. Nghién ctu phan ing ndy bang cic phuong phdp dong
hoc, nhan thdy phan #ng khong tun theo dinh luat tdc dyng khéi lugng. Mai vé sau mdi
biét dugc co ché phic tap clia phdn Gng d6, n6 gém nhiéu qué trinh co ban k& tiép nhau.
Qué trinh co ban chii y&€u & trong d6 12 sy phan hiy phan tir Cl, thanh nguyén tit dudi
tic dung ctia lugng t&r 4nh sdng (phan dng quang héa hoc) :

Cl, + hv =2Cl

Nguyén tir C niy k&t hgp véi mét phan tk H, tao nén phén tirt HCI va nguyén tl
H tu do :

Ct + H, = HCl + H

R&i nguyén tor H nay k& hgp véi mét phan tit Cl, tao nén phan tdr HCI va
nguyén ta Cl ty do va phin @ng ci tiép dién 1ap di 13p lai nhu vay tao thanh mot day
chuyén phan tng :
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T4 Cl, -
| HCl
S H, =

HC1
\H + Cl, -
Cl + ...

Day chuyén nay c6 thé kéo dai d€n hang ngan qué trinh co bin. Mbi mot luong
tir by duge hép thy cé thé tao nén dé€n 100 000 phan tir HCL Li do lam cho day chuyén
bi dit 12 nhitng nguyeén tir tr do & trong day chuyén cé thé twong téc véi nhau tao nén
phan t& bén hon. Vi du nhu.nhing phan tng H+ H = H, va Cl + Cl = Cl, x4y ra & wén
thanh clia binh phan fdng. '

Nhing phan dng x4y ra theo co ch& nhu trén goi |4 phdn ng ddy chuyén va phin
tng téng hgp HCI tir cdc don chdt goi 12 phdn ung day chuyén khong nhdnh. Téc do cha
loai phén ¢ng nay méi ddu tang lén réi dat d&n gi4 tri khong d6i va cubi cung giam
xufng phit hgp véi téc 4o sinh ra, phét trién va dit day chuyén,

Ngoai cic phén Gng day chuyén khong nhdnh cdn cé céc phdn ting ddy chuyén cd
nhanh. Ché khéc véi phan Gng day chuyén khong nhénh 12 trong phan Ung day chuyén
c6 nhinh, mdi qué trinh co bdn cla mot g6c ty do cé thé tao nén hon mot gbc ty do.
Mot g8c tu do ti€p tyc day chuyén cla phén éng, con mot g&c khdc bit ddu tao nén mot
day chuyén méi do 46 day chuyén ciia phén éng trd nén ¢ nhénh. Nho vay s6 gdc ty do
hoat dong tang lén gép boi lam cho téc d6 phan Gng tang lén nhanh chéng. Mot vi du
dién hinh cla phadn Ung day chuyén cé nhénh 12 qud trinh tao thanh nudc tr cdc don
chét, thudng duge vi&t gon dudi dang phuong trinh ia :

2H2 + 01 = 2H20

" Phuong trinh ndy chi phan dnh trang th4i ddu va trang th4i cudi cha phan ung,
chit co ché clia phdn dng hét sifc phic tap. So dé ciia phan ung day chuyén dé dugc biéu
dién nhu sau :

0 H,0
OH + H, OH + H,
/ \H+02< “NH+ 0,
H+ O,
0+H1<-
H, + O OH + H,
OH + H,
0 + H, <
H + 02/ H + O
H + O,
OH + H, OH + H2<
: H,0 - TMH,0

Ngoai hién twgng phan nhénh, day chuyén c6 th& bi ddt bdi nhitng qué trinh phu,
v{ du nhu phan #ng tao nén gbc ty do HO, kém hoat dong :

H+ O, + M = HO, + M
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(& day M 1a phan ta tap chdt) va phdn dng :
H + H = H, xfy ra & trén thanh binh.

T6c d6 cia phan Gng day chuyén cé nhénh tang lén theo thoi gian va trong diéu
kién thuan lgi ¢6 thé 1am chdy hén hgp phén dng va gay nd.

Trong mot s6 phin ng, chét xtc tdc ¢6 vai 1rd clha chét cung cép nhiing gdc tu
do 1am cho phan tng x4y ra theo co ch& day chuyén, nh¥ dé tang nhanh t6c do phén
tng. ' ' '

Vi dy. Phan Gng oxi héa CO bing oxi :

2C0 + 0, = 2CO0,

Khi cé hoi nude 1am chét xic tdc x8y ra theo co ch€ day chuyén, nhd sy tham gia
clia cic g6c ty do OH vi nguyén tir H :

OH + CO

Co, + H
H + O, = OH + O
0O + CO

Co,

Phan ung diy chuyén 12 m¢t loai phan ting théng thudng trong héa hoc. Nhiéu
phan ¢ng c¢6 § nghia 16n trong co6ng nghiép nhu phan Ung crackinh déu md, phin ing
tring hegp... :

Phdn ttng quang héa hoc

Phén ing quang héa hoc 13 nhitng phén tng x4y ra dudi tdc dung cia 4nh sdng.
Anh séng & day 12 dnh sdng tréng thdy, bic xa héng ngoai va bic xa tif ngoai. Tdc dung
cha 4nh sdng phy thudc vdo nang lugng cla bic xa : bic xa v§i bude séng cang ngin ¢
ning lugng cing 16n s& c6 tdc dung cing manh d&n chdt phan ¥ng.

Trong dnh sdng tréng thdy, cdc bic xa d6 c6 tic dung y&u nhdt, bifc xa tim ch
tdc dung manh nh4t. Tdc dung cha bic xa ti ngoai cdbn manh hon nhiéu.

Duéi day 13 ning lugng cia cdc bic xa (bdng 35).
Bdng 35 '

'Nang lugng cia mot mol lugng tir cidza cdc birc xa

‘Héng Do Da . .Vﬁng Luc Xanh Tim T ngoai
ngoai cam

3]

Budc séng, A 108 7700 | 6470 | 5880 5500 | 4920 | 4550 | 3600-600
Ning lugng,
kJimel 1,2 152 182 200 213 240 260 | 320 - 1960

Quan hé gita lvgng nang lugng anh sdng duge hdp thy vi lugng chdt bién hoéa
duoc thi€t Vap trong dinh ludr duwong lirong quang héa do Anhstanh dua ra nam 1912
"Mér phdn tir cha chdt phdn ing cé thé diwgc hogt héa va trd nén 6 khd ndng phdn ing
do hdp thu mét lugng tit ning luong cia dnh sdng (photon). Do d6 tham gia vio bat ki
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mot qué trinh co ban ndo ciia phdn Gng ciing chi c6 thé c6 mot photon, nghia 12 s& phén
tir 43 phan ing cdn phai bang s6 lugng tir hdp thu.

C6 nhiéu phan Gng trong dé s6 phan ti dd phan Ung khéng bing s6 lugng v hédp
thy. Boi vay dé mo ta dac diém cla phdn Gng quang héa ngudi ta dua ra khédi niem sudt
fugng tit p. '

Suft lugng tir 12 ti s6 cha s6 phan (& 3 phdn dng (ph&n hiy hay dugc tao thanh)
va s§ lugng tir hdp thu :

s& phan tit 44 phan Ung

s§ lugng tlr duge hip thy

D&i v6i nhing qué trinh quang héa that sy (qué trinh co bdn cla phan dng), suit
legng ti 1uon luén bang don vi va nhing qud trinh d6 tuln theo dinh luat duong lugng
quang héa. Nhitng qué trinh 46 dugc goi |2 qud trinh so ¢dp. Khéc v8i qud trinh so cép
truc ti€p gAy nén boi tdc dung ciia dnh séng, qud trinh thit cdp Khong ddi hédi cung cdp
4nh sdng nhung xdy ra do sy tham gia cla nhing sén phim cla qud trinh so cfp.

Dua vio suft lugng t& ngudi ta chia phin @ng quang héa ra lam ba nhém

- Nhitng phan @ng quang héa cé sudt lugng tir bing don vi (y = 1). Day la

nhitng phan ting don gidn chi gém mot qué trinh co bdn. Thudc nhém ndy cdn cb mot s&
{t phan ¢ng khéc vi du nhu phéan @ng phan hiy cla H,S:

st = H2 + S
trong dung dich benzen trong d6 phan tr H,5 hdp thu 4nh séng <6 budc séng

.

1= 2070 - 2530 A hay phén ¥ng tao thanh H,0, tit céc don chit :
H, + O, = H,0,

& day O, hdp thu 4nh sdng c6 budc séng 4 = 1717 - 1725 R

- Nhitng phan rng quang héa cé sudt lugng ti bé hon don vi(y < 1). Vidu
nhu phén ing phén hiy :

INH, = N, + 3H,

trong d6 NH; h&p thy 4nh sing c6 budc séng 4 = 2000 - 2200 A cé sufit lugng tir bang
0,14 d&n 0,20 & nhiet d6 thudng va x4y ra theo co ché:

NH, + hv = NH, + H y = 1 (qud trinh so cép)

[
NH + NH= N, + H, (cdc qué trinh thit cép)
NH, + H = NH,

Phin 16n cdc sian phdm caa qud trinh thi cdp lai tao nén phan tfr clia cdc chét ban
d4u, dé 12 nguyén nhan 1am cho sufit lugng tlr thép. _

Phén dng quang hop cé suflt lugng thr y ~ 0,1. Duéi tic dung clia 4nh sdng, phan
{1 clorophin*(ki hi¢u 12 X) trong c4y xanh chuyén sang trang thii hoat déng r6i phan tit
hoat déng X nhudng nang lugng cda né cho phan tlr cdc chdt phin ung CO, va H,0.
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X

%Céﬂ,zo6 + 0, + X

n

X +.hv
co, + H,0 + X

(glucoze)
Nhy vay d€ tao nén mot phan tir giucozd cén d&n 6 lugng tu.

Phan ¢ng quang hop 12 vé clung quan trong d6i véi sy séng trén hanh tinh cla-
ching ta, chinh phan Gng quang hgp di tao ra khi oxi clia khi auyén va tr dé trén mat
44t xu4t hién dong vat. Trong qué trinh ho hdp, ddng vat hit thé khi oxi vA thai khi
cacbonic ... :

. Nhitng phan @ng c¢6 suit lugng tir 16n hon don vi (y > 1). Mot s8 phin ting c6
sufit lugng tif bing 2 hodc 3 hodc nhing sé gdn v6éi 2 va 3. Mot s6 phan ng khéc cb suflt
lugng tir tir 10 dén 10°, :

" Phan dng phan hiy cda HI dudi thc dung cha &nh sdng ¢6 budc séng & < 3320 A
gém mot qué trinh so c&p va hai qua trinh thi cdp.

Hi + hy = H + I (qué4 trinh so cdp)
H + HI = H+ 1 (qué trinh thit c4p)
I + 1 = 1 {qud trinh thi cédp)

Phan dng chung 12 :

Nhu vay mot lugng tir iam phan hdy hai phan tir HI nghia la phan Ung cé sudt
lugng tir béng 2.

Phan dng tao thanh ozon tir oxi khi quyén nh¥ tdc dung cda bic xa t ngoai cha
Mat Trdi c6 co ché :

0, + hv = 20

20 + 20, = 20,

Phén dng chung la :
30, + hv

‘ 20,
nén suft lugng i bing 3.

Nhitng bitc xa tir ngoai duge phén tir O, hdp thy & day cé bubc séng A = 1600 -

2400 A Lép khi quyén c6 néng do ozon lén nhdt nim céch mat 44t 25 km va duge

goi 12 tdng ozon. Trong tdng ozon d6, phén ung tzo thanh va phan Ung phan hiiy ozon
xy ra minh 1igt nhdt. Phén tir O, hép thu nhiing bic xa tit ngoai ¢6 bude séng
1 = 2400-3600 A bién thanh oxi :

O, + w = 0, + O
O + 0, 20,

Nh& phin ¥ng quang héa nay, ozon hép thy manh cdc bi¥c xa ti ngoai nén tdng
ozon c¢6 vai trd ngin cén nhing bdc xa t& ngoai cia Mat Trdi di ¢€n mat dat. Nhu d&
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bi&t cdc bitc xa tir ngoai c¢é nang lugng rdt 160 c6 thé phd hiy moi lién k&€t héa hoc trong
c4c chit cdn thi€t cho sy sdng. N&u khéng cé tdng ozon thi su s6ng trén hanh tinh cha
chiing ta bi hay diét. Vaji trd cha tdng ozon ciing nhu hién tugng quang. hop cia cly
xanh quyét dinh sy s6ng trén Trdi DAL '

Phan tng day chuyén xdy ra giita H, va Cl; tao nén HCI dudi tic dung ciia 4nh
sdng di gap irude day 1a mét phdn Wng quang héa cé suft lugng tir bing 10* - 10°. Qué
trinh so cfp cla phan @ng quang héa dé 1a:

. Cl, + hv = 2Cl

(3 day phan ti Cl, hdp thy 4nh séng cé bubc séng A = 3030 - 5000 A phan hay
thanh nguyén ti. Nhitng nguyén ti Cl tao nén phan (ng day chuyén. Nhu 4% bi&t mot
lugng tit duge hip thy nhd phin dng day chuyén cé thé tao nén hang van phan td HCI.

Khéc v6i céc phan ing héa hoc binh thudrng (khong phai phan déng quang hoa),
t&c 46 chia phian ting quang héa khong phuy thudc vdo nhiét 40, nghia 12 ning lugng hoat
héa ciia phan ding bing s6 khong. Téc do phan @ng quang héa chi duge quyét dinh bdi
xac sudt hip thu cdc lugng tir 4nh séng ma xdc sufit d6 khong phy thudc vao nhiét do.
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CHUONG Vi

CAN BANG HOA HOQC

Phdn @ng thudn nghich
Trong nhidu qud trinh héa hoc, cdc chdt phin ung cé thé bién héa hoan toan
thanh sin phdm cia phan Gng. Vi dy nhu khi duge d6t néng va cé mit chdt xic téc
mangan dioxit (MnO,), muéi kali clorat (KC10,) phan hiy holn toan thanh kali clorua
(KC1) va oxi theo phén idng : ' :
2KC10, = 2KCi + 30,

Nhung KCl va O, khéng thé két hop lai v6i nhau tao thish KCIO;. Nhimng phén

img chi x4y ra theo mét chidu nhy vay goi 12 phdn itng mot chiéu.

Khi cho khi hidro di qua oxit sit tir (Fe,0,) duge 46t néng d&n 500°C, xdy ra
phin Gng tao thanh Fe vd H,0 :

Fe,0, + 4H, = 3Fe + 4H,0

Nguge lai néu cho sit hat tdc dyng véi hoi nude & 500°C ta lai thu dugc H, va
Fe,O, theo phin dng ngugce lai : :

3Fe + 4H,0 = Fe,0, + 4H,

Nhu vdy & cdng didu ki¢n nbv nhau dd x4y ra hai phin dng ngugc chiéu nhau,
nghia 13 phdn Ung d6 c¢6 thé thuc hi¢n theo hai chidu. Nhiing phan éng d6 duoc goi 12
phdn itng thudn nghich. Khi viét phuong trinh phin ing thu&n nghich, ngudi ta thay ddu
= bing ddu = :

Viduy:
Fe,0, + 4H, === 3Fe + 4H,0
¢

Vé 1i thuy&t cé thé néi moi phin .C\'ng déu thuan nghich nhung trong thure t&€ phan
gng d6 chuyén dich hdu nhu hoan toan vé mot phia ma thoi. :
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Dac diém cha phén dng thadn nghich 13 khong thé thyc hién duge mot cdch hodn
toan, nghia 13 céc chft phin ing khong thé bi&n hé&t thanh céc sin phdm.

Vi dy : Khi tron 1 mol khi CO, vé1 1 mol khi H, & trong binh kin, réi d&t néng
dén 1200°C, n&u giff cho nhiét d¢ khong d68i, thi khi tao nén 0,6 mol khi CO va 0,6 mol
hoi nuéc, nhan thdy phan éng ngimg lai. Lic by gid & trong binh cdn lai 0,4 mol CO,
va 0,4 mol H,. $& di ta thdy phin dng vé bé ngoai hinh nhu nging lai 1a vi trong d6 cé
phan Gng nghich x4y ra, nghia ia:

Co, + H, = CO + HO

Sau khi tron CO, véi H,, ching bat
d4u tdc dung v&i nhau tao nén CO va H,0. Do
phan Gng xdy ra, néng do caa CO, va H, gidm
din theo thdi gian va tc do cla phan ing
____________________ : thusn gidm ddn. Nhung déng thdi nhing san
phdm cla phin Gng thuln la CO va H,0 lai
bit ddu tdc dung v&i nhau tao nén CO, va
H,O. Néng 46 cla CO va H,0 do phan iUng
thudn tao ra duge ting lén ddn. D&n mét lic
- thoi gian  nao d6, téc d¢ ctia phdn ung thudn bdng téc

dé ciia phdn ing nghich (hinh 86).

Téc db

%
%
0

Hinh 86-Su bién d8i cia tdc d6 phdn dng riuiu;iu Lic dé, trong mdi don vi thdi gian cd

va 16 4 cia phdn img nghich _ bao nhiéu phan tir CO, vi H, mit di do phin
Gng thufin thi ¢é b&y nhiéu phan t CO, va H, dugc tao nén do phan Gng nghich. Bai vay
dit cé d€ 1au bao nhitu di nita, néu céc diéu kién ben ngoai dugc gitr khong d8i, néng dd
cla ca b&n chat trong hé phan ing trén day vin khéng déi.

*
Né&u 12m thi nghi¢m cla phin dng nghich, nghia 12 trén 1 mol CO véi 1 mol H,0
trong binh kin va ciing A8t néng dén 1200°C thi cling thu duge nhing k&t qua nhu trén :
0,4 mol CO,, 0,4 mol H,, 0,6 mol CO va 0,6 mol H,0.

Mot hé phan Gng khi cé téc 49 phan #ng thu4n bang t6c d¢ phan Ung nghich dugc
goi 1a & trang thdi cdn bdng héa hoc. Nhin bé ngodi lic d¢ tudng chirng phén Gng d@
ngimmg lai (AG = 0) nhung thye t& vAn luon ludn dién ra déng thdi qué trinh thuan vh qud
trinh nghich cho nén cin bang 46 duge goi 13 cdn bdng ddng.

Héng s6 c4n bdng. Pinh lugdt tdc dung khoi lugng
D4&i v6i phan tng thudn nghich da xét trén day :
C02 + Hz .-.“_.: CO + Hzo
T6c d6 cia phan Gng thugn tai méi mot thri diém 12 :
Vl = kl'CC02'CH2 .
v, 1a t6¢ d¢ phan Ung thuan k, 12 hing s6 t8c do ctia phan ing thuan, Cco, va CH, la
néng 46 cha CO, vd H, lic xéc dinh téc d9.
T&c 46 cha phan dng nghich tai mdi mot thoi diém 12 :

Vn = kn. CCO 'CH20
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v, 12 t6c d¢ cha phan ¥ng nghich, k, 12 hing s& t6c d¢ cia phan #ng nghich, Ccp va
Cuyo 12 néng 46 cia CO va H,0O lic xdc dinh téc d0o.

Khi phan dng dat d&€n trang thdi can biag :

nghia la : .
ki . Ccoy €y = kn-Cco - Chpo

hay : —_— = —
bit . —- = K
tacé: —_— = K

Vi k, vi k,, 12 nhitng hing s6 tai mot nhié¢t d¢ nhat dinh nén K ciling 12 hing sé tai
nhiét 46 d6. Hing s6 K duoc goi |a hdng 56 cdn bdng ; Ccoy » CHy » Cco V2 Cppo 12
néng 46 cla cac chét khi c4n bing.

Hing s6 c4n bing K cho thiy tich néng d¢ clia cdc san phdm phin ¢ng 1én hon
hay bé hon tich néng dé cia cdc chdt phan {ng bao nhiéu ldn. Cing nhy hiing s6 tfc do,
hing s6 cin bing khong phu thudc vao néng d¢ cic chdt phan dng md chi phu thudc vio

nhiét d6. Tai mot nhiét 46, mai can bdng héa hoc c6 mot hang s6 can bfing dic trung cho
né.
Tdng quét hon, néu ¢6 mot phan ¥ng thudn nghich :
aA + bB + ... == ¢eE + gG + ...
hing s6 can bing tai mdi mat nhigt 4o 13 :
K o cf.;._cg...
c3 Ch...

trong 46 C, , Cg . Cg v Cg 12 nbng d6 cda cdc chit A, B, E va G 12 lc can bing,
thudng néi gon 1a néng 4¢ cdn bdng. Nhitng s6 mi a, b, e v2 g la nhitng h¢ s6 clia céc
chit trong phuong trinh phan dng.

Day 12 biéu thac cha dink ludt tdc dung kh§i lugng ép dung vao can bing héa hoc
clha Gunbe va Qago.

"Khi mot hé déng thé dat dén trgng thdi cdn bdng, tich néng dg cia sdn phdm

phdn itng véi s6 mi thich hgp chia cho tich néng d¢ cia cdc chdt phdn dng vdi 56 mii

thich hap luén luén & hing s8 6 mét nhiét d6 khéng d6i”

Nhu da bi&t trong chu‘ldug trdc, dinh Iult tdc dung kh&i lugng chi 4p dung cho
nhiing phan tng don gian ma khong 4p dung duge cho nhitng phin ung phdc tap, nghia la
d6i v6i nhitng phan ing ndy bac clia phan ¥ng khéng bing téng cdc h¢ s6 cdc chat trong
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A
. phuong trink phan dng. Nhung d6i v6i cdc cin bing héa hoc, ngudi ta nhan thdy réng
‘khéng phy thude vao co ch€ cha phén dGng, dinh luat tic dung khé&i lugng vin dugc ip
dung ding.
Vi du. Phan dng thuén nghich :
CO + Cl;, === COLCL
¢6 bidu thitc tinh t&c d¢ cha phin Gng thuan 1a :
1.5
v = k'CCO N qu
nghia la c¢6 bac phin tng 1a 2,5, nhyng biéu thic tinh hing s& can bing vin 1a :
C
_Ooq_l._ = K
(‘—«‘(‘_‘{)-C(J2
Tr& lai co ch€ cha phin ng nay, t4t ci nhing bié€n héa trong co ché€ 46 déu &
trang thdi cAn bing :
C2
Cl, == 2CIv6i K, = =S _
Gz . *
. ke Cooa .
Cl + CO &= COClvoiK,= ———=—

CaCon -
. Cooa,-Ca
COCl + Cl, = COCl, + Clvdi K; = ———dtn
. Ccoa-Ca,
Nhan K, vai K‘-, ta cé :

C
KQ.K3=K= COCIZ

Cm.CQz

-

. Nhu vay trong phin é@ng ndy, néng d6 cin bing cia COC}Z chia cho néng d¢ can
bang clia CO va Cl, vin 12 mét hing s6.

Pé thdy r5 dac diém cla can bing héa hoc, ta xét [;ha'm ¥ng thuan nghich :
H, + I, == ~2HI
O 410°C , hing s8 cla t6c d6 phan fng thuin K, = 0,0659 vi hidng s6 t6c do
Pphén Gng nghich k, = 0,0017 nén hing s& c4n bing 2 :

g - ke o_ 00689 _ o
kn 00017

Gia du lic ban d4u ta trén 1moelH, v6i 1moll, & trong binh c6 dung tich 1/, khi
dat dén can bing & 410°C, néng 46 cdc chdt s& 12 bao nhitu ?

Goi x 12 ndng 40 ciia HI lic can bing, néng d¢ cla H, lic can bing s& bing néng
dd cia I, ldc can bdng 12 1 — 12(— . Ap dung djnh luat téc dung khdi lugng ta cé ;

182



®
N
P

Y
1

LA

x2

Giai phuong trinh nay s& duge :
‘ Cy; = x = 1,552 molil vaCy, = C, = 1 - 0,776 = 0,224 mol/l

= 48

Trudng hop can bing duge thit lap gitra céc ch4t khi, ngudi ta cé thé thay néng
d6 cdc chét trong bidu thic tinh hang s& can bing K bing dp sudt riéng cta cdc chit d6
trong hén hgp. : '

Vi dy. D6i v6i phan ing thuan nghich giira céc khf :
aA + bB + .. = eE + gG+ ..
bidu thirc cha dinh luat tdc dung khéi lugng ¢é thé dugc viét la:
. _
ke
PA-PB-
trong d6 p,., P, Pg V& Pg 1@ dp sudt riéng ciia cde chdt A, B, E va G lic can bing, K,

P

13 hdng 56 can bing tinh tir ﬂp sufit riéng. Dé phan biet v&i hang s8 K, nay, hiang s6 can

bang K tinh tir ndng d¢ dugc ki hi¢u 12 K.

Vi 4p suft rieng cta mdi khi tai mot nhigt 49 nh&t dinh Ja ti 1& vdi s6 'phan tir
trong don vi thé tich : : "

n
= LRt
Py

o .
% 12 s6 mol trong don vi thé tich, chinh 12 néng d9 C:

C ==
v
Do d6 : p = CRT

Thay gi4 tri cha p vdo biéu thirc tinh Ky trén day ta duge :

- (CERT) (CGRTH...
P (CARTY(CeRT)..
Ky = EE_C%._ (kT)(IC +g+..)-(a+ b+..)
c% .Ch...
Viy :
K, = K¢ (RTYA"
trong d6 An =(e + g +..)-(a+ b +..)
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Nhu vay d6i v6i phan dng thugn nghich, trong d6 s8 phan tir chdt phan tng bing
s6 phan t& sdn phdm (An = 0) , vi dy nhu phan dong H, + I, === 2HI hay phan tUng :

CO; + H, & CO + H,0, c4c hing s8 Ko va K¢ bing nhau.

.

Giéng véi K, hing s6 can bing K, khong phuy thudc vado 4p sudt rieng cla céc
chédt phan dng ma chi phu thudc vio nhiét do.
D6t v6i nhiing hé phdn ing di thé, ngudi ta chitng minh dvge ring hing s6 can
bing chi phu thudc vio pha khi hoac pha 1ong (trong trudng hep dung dich).
Vidy 1. D6i v6i phan tng thuan nghich : _
C8C03(r) = C&O(r) + C02 (k)
hing s6 c4n bing chi phu thuéc vio ndng 4o hay 4p sust cha khi CO,

Ke = Coo,

va Kp = PC02

Vidu 2. D61 véi phdn dng thudn nghich :

FCO(r) + CO(k): Fc(r) + COZ (k)

cdc hding s6 can bing :

C
K, = coz
Ceo
' B
va K, = 0y
P Pco

Hdng sé cin bdng va ndang lugng Gip
‘P81 vai phdn dng :
aA + bB = ¢C + dD

Trudng hop cdc chit A, B, C va D déu 1a chat khi. Dya vioc nguyén Ii thi hai
cia nhiét ddng hoc ngudi ta c6 thé rdt ra heé thie sau day cho phan dng :

pc d
AGp = AG$ + RTIn 2CPD
a b
. PA-PB
trong 46 AGy la bién thién nang lugng Gip ciia phdn ing & nhiét 46 T, AG% 14 bié€n
thién ndng lugng Gip clha phin dng & nhiét 46 T khi dp sudt rieng cla céc chdt bing don
Vi, pa . PR Pc VA Pp 13 4p suft rieng cla cdc chdt A, B, C va D tuong tng, R 12 hing s6
khi (R = 8,314 J/mol .49 ). ’

Khi phan &ng dat d&n trang th4i c4n bing :

AGr = 0
c _d
nén : AGY = - RTIn PCPD
' _ PA-PB
vVay s AG} = - RTInK,
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hoic : AG% = - 2,303 RTigK,

Heé thc ndy cho thdy hing s6 can bing phu thuoc vio bdn chit cdc chét phén ing
(AG®) va nhiét d¢. Khi AGP® cang a&m (AG® << 0), hing s6 can bing K, cang lén

(Kp>> 1) va trong hén hgp can bang, lugng chit san phdm cing 16n hon lugng ch4t phan

dng. Nguge lai khi AG® cang duong (AG® >>0), hdng sd cén bing K, cang bé (K, << 1)
va trong hdn hop can bing, lugng chit phan ing cang 16n ht;m lugng ¢hét san phm. Dya
vao hé thuc nay, ti¥ ning lugng Gip ¢6 thé tinh hing s6 can bang K, va 4p dung dinh inat
tic dung khé&i lugng cé th€ tinh duvgc 4p sudi rieng cua cdc ch4t lic can béng.
Vi du. Tinh hing s6 can bang cla phén ing : |
INO, (k) == N,0.(k)
& 298°K khi bi€t AHSsg = — 58,040 kJ vA ASYgs = —~176,6 Jimol .d¢

Ta ¢6 .
AGSs = AHSg — TAS%ys
= — 58040 + 298 x 176,6

= —~ 5400 Jimo!
AG°
Ma : 18Kp = = 303RT
_ 5400 - 0,95
2,303x8314x298

Vay :

Kp = 8,9
Hay : PNy0, =8,9

Pno,

Nhu viy néu lic ban ddu ta ldy pPNo, = PN0, = latm, & nhiét d¢6 thudng phan
@ng ty phat xdy ra tao nén N,O, vGi ti 18 16n hon.

Trudng hop cdc chdt A, B, CvaD déu 1a ch&t tan trong dung dich loang.
Ta c6 he thic tuong ty

¢ ~d
AGr = AGY + RTlnﬂ:'C—g
C3 .C3

" trong 46 C,. Cg, Cc va Cp 12 néng d0 céc chdt A, B, C va tinh bang molll

Khi phan éng dat d&n trang théi can béng :
AGr = 0

CE.CY
Nen : AG% = — RTIn D

it
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Viay
_ AGY
Hoac :

- AGY

— RTInK,

— 2,303RTigK

Vi du. Tinh hing s& can bing K clia phan Ung este héa :

CH,COOH + C,H,OH

i
-~

CH,COOC,H, + H,0

Khi bi&t AH %o = —3.828 kJ va ASSy = 8,7 Jimol .d¢
Ta c6 : AG® = AH®° - TAS®:
AG® = —3,828 — 298 X 8,7
AG® = - 6421 Jimol
AG®
ma 1gKp = — ———
8he 2,303RT
1gKe = 6421 =1,126
2,303x8314x 298
Vay : K = 13,6
Hay : Conyco0e s CHy0 - 5 6

Cen,coon-Coyn,01

Quan hé ciia hiing s6 cAn bing v4i nhiét 4o va nhiét phan dng. TU h¢ thic :

AG® = — RTInK
vi phuong trinh :
AG® = AH° - TAS®
Rit ra : ,
K = - AH® AS?
RT R

Hé thirc m&i nay cho thdy n€u AH® vi AS® khong thay déi theo nhigt 46, InK 14

0

ham iuyén tinh cia % V& dudng bidu dién cha ham d6 theo _—;— ta s& xdc dinh dugce
bing A4 thi.
Mat khéc goi K, vd K, 12 hiing s& can bing & cdc nhiét do T, va T, ta céd :

Q [s]

K, = A as
RT, R

[+] Q

nk, = -2, as

RT, R
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,,.
Qg

K  AH®
In =% = _AH (-l__.-l_)
K, R T, T
]
hodc : In —= =_ﬂ._ (L_L)
K, 2303R T, T,

He thitc nay cho phép tinh hing s6 cin bing & bat ki nhiét 46 nio néu biét nhiét
phian @ng va hing s6 can bing tai mot nhiét 4o khic. Mat khéc n&u bi€t hing sb cén
bang & hai nhiét d¢ khéc nhau, ta c6é thé tinh dugc nhiét phan dng.

Vi du 1. Tinh hing s8 can bing K4 325°C cha phin Gng.

1 —
NO(R) + EO,(k) — NOz(k)

bigt AH® = -56,484 kJ va K, = 1,3.10° & 25°C

Thay céc gid tri cha Kp vi AH® va R vio hé thic :

lg ———K325 = - AHO. _.1__._1_
Kzs 2303R T, T,
Ta c6 :
lg K325 = _.—-—-—56484 _}_‘L
13.10° 2303x8314 598 298
ng325 = 1,14?
Vay :
Kips = 14
Hay
PNO3 _
7z 14
PnoPo,

Nhu vay khi nhiét d¢ tang, hing s6 cin bing cha phan ing nay (AH < 0) giam
xudng.
Vi du 2. Tinh AH® cla phan ing :

1 3 J— .
EN2(k) + '2’H2(k) —  NHyyy

Khi bigt K, & 400°C 1a 1,3.107% va & 500°C 1a 3,8.107°

-3 o

38.10 1 1

Ta ¢6 : g _-—--—'81 3 =__..._.AH__( _ )
13.107 2303x8314 773 673

Rat ra
AH® = -53,136 kJ
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Nhitng yéu t6 dnh hudng dén cdn bing héa hoc. Nguyén li Lo Satolié

~ Anh hudng cha néng do. Ban than dinh luat tdc dung kh&i lugng 12 dinh luat vé
dnh hudng clha néng 46 cic chdt d€n can bing héa hoc.
Ta xét phdn Ung :
& trang thai cén bing.

Lic can _bfing,.tdc d6 cha phén dng thuan 12 :
Yy = k[C H, Clz
Néu ting néng ¢6 cia H, chdng han 1&n hai l4n, téc d¢ clia phin idng thuan Idc
bdy gid 12 : i
vi = k2Cy,.Cy, _
So sanh hai t6c 46 d6 ta thdy rd ngay sau khi tang ndng d¢ cha H,, t6c d¢ phan
(tng thuan tang lén hai l4n. T6c 46 phan Gng thuan tang 1én lam tang néng d¢ cua HI,
ching ta néi ring can bing di chuyén dich theo chiéu thudn.

NZu khong ting néng d6 cia H, mi ting nbéng d6 cia HI lén hai Idn, tinh todn
tuong ty nhu trén ta thdy ngay sau khi ting néng d6 HI lén hai l4n, t6c d¢ phan Ung
nghich tang 1én 4 1dn, nghia 1 cdn bdng chuyén dich theo chiéu nghich.

Nhu vay khi mdt hé phdn ing dang & trang thai can bdng, néu tdng néng dé cua
mét chdt ndo dé, cdn bdng s€ chuyén dich vé phia lam gidm su tdng dé va nguge lai.

Dé c6 thé quan s4t duge bing mét sy chuyén dich can bing khi thay d8i néng d¢
cdc chdt, ching ta xét phan Gng sau day d trong dung dich :

FeCl, + 3KSCN = Fe(SCN), + 3KCI
Gén nhu khéong madu  Khong mau Mau do Khong mau

Khi cho thém FeCl, hay KSCN vao h&n hgp cin bing, can bing chuyén dich sang
bén phai (chiéu thuan). Didu n2y d& dang nhén thdy vi mau dé cia dung dich dim
1¢n.Nguge lai n€u thém KCl vido hén hgp can bang, miu d6 cha dung dich nhat bat,
nghia 12 c4n bing chuyén dich sang bén trdi (chiéu nghich).

Anh budng cia nhie¢t do. Can bing héa hoc cling chuyén dich khi nhi¢t d6 thay
déi.

Qua hé thic vira xét trén day (trang 186) vé gquan hé gita hing s6 c4n bing vi
nhigt do, ta thdy ring sy bi€n d8i cda hing s6 can bing theo nhigt d¢ duge quyét dinh
béi ddu cha AH®, :

Né&u AH® > 0 (phén ung thu nhigt), h'arig s can bang K tang l1&n khi nhig¢t 46

k

tang. MA K = k—‘ Viay nhiét d6 tang dd lam cho k, ting manh hon k;, nghia 12 téc d¢
n

phdn ¢ng thuén ting nhanh hon phdn éng nghich vA can bing chuyén dich theo chiéu
thuan, chiéu c¢tia phan &ng thu nhiét. Nguge lai khi nhiét d¢ giam héng s6 K gidm, nghia
12 can bang chuyén dich theo chiéu nghich, chiéu cia phan éng phdt nhigt.

‘Né&u AH® < O (phén ¢ng ph4t nhiét), hing s6 can bing K gidm khi nhiét 44 tang.
Nhu vay trong trudng hgp niy, nhiét d¢ tang da 1am. cho k; tdng manh hon k, , nghia la
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t6¢ d6 phan @&ng nghich ting nhanh hon phdn tng thuan va cin bing chuyén dich theo
chiéu nghich, chiéu clia phdn Gng thu nhiét. Nguge lai khi nhiét d¢ gidm, lap luan nhu
trén ta thiy can bing chuyén dich theo chiéu thugn, chiéu cha phén Gng phét nhiét.

Vay khi mét hé dang & trang thai cdn bdng, néu Idhg nkiét d¢ cida hé, cdn bdng
s¢ chuyén dich vé phia phdn iing thu nhiét va ngugc lai.

P& lam vi du ching ta 1€y lai cn bing phan dng vira xét trén day :

2NOyy =+ N,O. (k) AH® = —58,04kJ
M4u nau do Khong mau

&298°K tacé Ky = 8,9, nghialapN,o, = 8.9p" NO,

Khi lim lanh hén hgp cin bing dé bing cdch nhing binh dung h8n hop vaoe nwéc
d4, man nau do cha khi gidm b6t vi can bing di chuyén dich vé phia tao thanh phaa tir
N,0, khéng c6 mhu.

That vay & 273°K ta ¢é :

AGSy = — 58040 + 273 X 176,6
= —~ 9829 Jimol
1gK, = 9829 = 1,88
P 2303x8,314x273
K, = 75,8, nghia 12 pN,0, =75.8 p? NO,_

Nhu viy & 0°C, ti 1&¢ N,O, & trong hén hop ting 1&n so véi khi & 25°C.

N&u nhing binh dung hén hgp khf vdo nudc so0i, mau clha hdn hgp khi tang lén,
nghia 12 can bing chuyén dich vé phia tao thanh ph4n t& NO, mau nau do.

. That vay & 373°K tacé :

AGY,; = —58040 + 373 Xx 176,6
= 7831 Jimol
gk, = — 7831 = —1,09
P 2,303x8,314x373 :

‘K, =0.081, nghia la pN,0, = 0,081 p*NO,
Nhu vay & 100°C, ti 18 NO, & trong hdn hop tang 1&n so v6i khi ¢ 25°C.

R& rang 12 khi ha th&p nhiét 46, can biing héa hoc trén day chuyén dich sang bén
phai, chiéu phét nhiét va khi ting nhiét d¢, can bang chuyén dich sang bén trdi, chiéu
thu nhiét.

Anh huéng cha 4p sust. Gia dy ¢6 mot he phan dng gém céc chét khi & trang
thi can bing n&u ting 4p sudt cha hé 1&n hai l4n (bdng cdch 1am gidm thé tich), néng 4o
cta cdc chit & trong hé ngay sau khi tang 4p suft s& taing 1&n hai i4n. Ching ta 14p luln
nhu sau. Trong can bing héa hoc, t6¢c 46 cia phin ifng thuan bing t6c 4o cha phin lng
nghich. N€u khi tang 4p suét clia he, t6c d6 cla phan ¥ng thusn va phan Ung nghich déu
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tang len mét s& ldn nhy nhau thi can bing khong thay d8i. Nhung né&u hai téc 4o dé ting
1¢n khong giéng nhau thi cin bing chuyén dich.
Vi du. Phin ting : :
2NO + 0O, = 2NO,
lic can bing cé :
Vi = Vi
vl = ktC2N0 * COZ

V'n = kn Cz NO,

_ Khi 1am thé tich cha ﬁe khi gidm xu6ng hai l4n, néng d¢ can bing cba cdc chit
déu tang lén hai 1an. Cho nén ngay sau khi ting &p suit, t6c 44 cla phan dng thudn ta:

v = k(2Cyo)?- 2Coq,
= 8k,C’no -Co,
nghia 1a : '
vy = 8v,
va t&c d6 cia phan gng nghich 1a :
vl = k,(2CNO, Y’
= 4%,C* NO,
nghia la :
V;l = 4v,
Nhu th€ 12 ngay sau khi tang dp sudt cGa h¢ lén hai 18n, t6c 40 cla phdn ing
thuan 16n hon 16c 46 clia phan dng nghich, can bing chuyén dich vé bén phai, phia tzo
nén NO,. Nhin vio phén g, ta thdy phia tao nén NO, chinh 12 phfa }2m gidm s phan 1

chung & trong hdn hop khi, ma ép suft ciia hdn hap ti 1¢ v6i s8 phan ti trong don vi thé
tich, cho nén phia tao nén NO, 12 phia lam giam dp suft ciia he.

Né&u ta khong lam gidm md 1am ting thé tich cta hé phan ing trén, nghia 12 1am
gidm 4p sudt cda he, 1ap ludn nhu trén can bing s& chuyén dich vé phia phan hiy NO,
thanh NO va O,, phia 1am tang ép sudt cia h¢.

Tuong ty nhy vay, d6i v6i nhing phdn ung :
2NO, == N,0,
Nz + 3H3 --_'-"—- 2NH3

- Khi tang 4p suit, can bing s& chuyén dich theo chiéu thuan, chidu 1am giam s6
phan tir va khi gidm dp sudt, can bing chuyén dich theo chidu nghich, chidu 1am téng sé
phan tir.

Nhu vay mgt hé phdn itng cia cdc chdi khi, dang & trang thdi can bdng, néu lam
ting dp sudt chung cia hé, cdn bdng sé chuyén dich vé phia lam gidm dp sudt cia hé va
nguoe lai.

T4t nhién viéc thay d¢8i 4p sufit cka nhiing hé phan Wng nhu H, + I, = 2HI hay
CO + H,0 == CO, + H,; khéng lam cho can bang chuyén dich vi téc 40 ciia phan dng
thuan va phdn &ng nghich déu bi€n d8i gi6ng nhau khi 4p.suft chung ciia he thay déi.
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Anh hudng cha chit xfc tdc. Chft xic tdc cé téc dyng lam gidm ning lugng
hoat héa ctia phan Gng thuin déng thdi cling lam gidm mot dai lugng bing &y ning lugng

‘hoat héa cla phén Gng nghich. Do d6 s& 14n ting t6c 46 phén dng thuin bing s6 l4n ting

tdc d6 phan dng nghich, nghia 12 hing s§ cin bang khong thay ddi. Vay chdt xic tdc
khong lam bi€n déi hiing s6 can bing vd néng d6 can bing cha cdc chdt m2 chi 1am cho
phin ng nhanh chéng dat d&€n trang théi can bang.

Nguyén li Lo Satolié. Qua dnh hudng cla cac y&u t8 trén day d68i véi can bang
héa hoc ching ta di d&€n mot nguyén 1i téng quét sau 43y do nhd héa hoc ngudi Phip 12
Lo Satolié (H.Le.Chatelier, 1850 - 1936) dua ra 1884, dugc goi 12 nguyén li Lo Satolié :

"M6t hé dang & trang thai cdan bdng néu chiu mét tde dung bén ngodi nhu sy thay
déi néng 46, nhiét d6, dp sudt thi cdn bdng chuyén dich vé phia lam gidm tdc dung bén
ngodi d6". :

Nguyén 1i Lo Satoli¢ ¢6 § nghia rat 16n d6i v6i héa hoc. N6 cho phép tim céc
diéu kién t&i vu cho mét phén dng héa hoc dé trong cOng nghié¢p ngudi ta tan dung duge
t6i da nguyén li¢u v nang cao hi¢u suit cua phan Ung.

Vi du nhu d4di v@i nhitng phin d¢ng thu nhiét vd 1am giam s6 phé4n t& & trong hé
dé nang cao hiéu sudt clha phan dng ngudi ta k€t hop nhiét d¢ cao va 4p sudt cao.

Codn d6i v6i nhitng phan dng cling 1am gidm s6 phan tlr nhung lai phdt nhiét thi
vén dé tr& nén phic tap hon. Ta xét qué trinh t8ng hgp NH; & trong cong nghi¢p 1am vi
du,

V1 12 phdn @ing phét nhiét (AH < 0), higu suft tao thanh NH; s& cing cao & nhiét
d6 ciang thip. Nhung & nhiét 4o thip, can bing cha phin ftng dugc dat d€n rdt chém cho
nén cdn phai duy tri phan fng & mot nhié¢t d¢ cao nio d6. Piu bt lgi ndy phai dwge bl
lai bing cdch ding 4p suflt cao vi xidc tdc. Trén thuc t€ qud trinh téng hgp NH, trong
cong nghiép duge thyc hién & nhiét 4o 400 - 500°C, 4p sudt 400 - 1000 atm v2 chét xic
tdc 13 bot Fe duge hoat héa bang Al,0, vd K,0 véi hiéu sudt chuyén héa nguyén lidu gin
nhu hoan toan.

Ngoai céc y&u t6 nhiét d¢ va dp suit, trong mét vai trwdng hgp ngudi ta cing igi
dung ca y€u 1§ néng 46 cdc chdt, Vi du nhu trong phén ing CO + H,0 == CO, + H,,
mudn chuyén héa t6t khi CO ngudi ta 14y r&t dv hoi H,0 ; trong qud trinh nung voéi:
CaCO, = Ca0 + CO,, muén nang cac higu suft tao thanh CaO ngudi ta hit hét khi
CO, do phan ting sinh ra.

Cédn chd y ring nguyén |i Lo Satolié cén c6 thé 4p dung cho nhiing qué trinh can
bing khéc khong lién quan v&i nhitng bi€n héa héa hoc nhe nhitng qué trinh néng chay,
s6i, k€t tinh, hoa tan v.v...

Quy tdc pha

Trong nhitng cong trinh d4u tién cia minh vé nhigt dong héa hoe, Gip di phét
hién su tén tgi cha mot quy tic don gidn c6 thé dp dung cho t4t ¢i moi hé & trang théi
can bing. D6 i quy tdc pha duge 6ng dé ra nam 1876 :

D61 véi bdt ki hé cdn bdng nao, téng cia 56 pha va s6 46 ty do bdng s6 cdu tir
déc ldp cong véi 2 -
P+ F=0C+ 2
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P 1a 56 pha, F 12 56 46 tv do va C 12 s6 c4u tir doc lap & trong hé¢ c4n bing.

Pha 12 m6t phdn déng nhdt cha h¢ cdch biét véi cdc phén khéc cla he bdi bé mat
phéan chia, & ngoai bé mat d6, tinh chat vat 1f ciia né bi&n ddi dot ngot.

Cau tir d¢c 1ap cia hé 12 nhitng chat cdn thigt d€ tao neén hé¢ d6. Trong nhitng he
khong cé phin {ng héa hoc, s6 cfu tlr d6c 1ap bing s6 chit c6 & trong h¢ can bing. Vi
dy nhu h¢ gém cé nudc d4, nubc va hai nude 12 he gém ba pha (rén, léng va kh{) nhung
chi ¢6 mdt cdu tir déc 1ap vi chi ¢6 mot chat H,0. Khi trong hé can bing c¢é phan iing
héa hoc, s§ cdu tlr doc 14p s& bing s8 chit ¢6 & trong hé trir di s6 phdn dng x4y ra giira
cdc chdt d6. Vi du nhu h¢ can bing : 'CaC03(r) s CaO(r) + CO,(k) c6 ba pha nhung chi
€6 hai cdu tir doc 14p vi gira ba chat (hai rdn va mét khi) c6 mot phdn dng héa hoc.

86 d6 tu do 13 nhitng y&u t§ vat If quyét dinh trang thdi cia hé nhung khong lam
bi€n d8i ban ch4t ciia he can bing. Nhitng y€u t6 46 12 nhigt d¢, 4p suft va néng de.

D€ hiéu rd quy téc pha.ta 14y he gém c6 mot chdt 1a H,O dung trong xi lanh c6
pitong di dong (cho phép thay d6i 4p suft) va xi lanh dugc dat trong mdy 6n nhiét (cho
phép thay d8i nhiét do). N&u he chi ¢6 nuéc 18ng, nghia 12 c6 mét pha (P = 1} vd ¢cé6 mét
. cdu tir dgc 18p (C = 1), theo quy tdc pha he d6 ¢6 s6 d6 tu do bing 2 (vi 1 + F = 1 + 2),
nghia 12 ngudi ta cé thé thay déi thy §y nhiét 6 vi 4p suft : nuéc long 6 thé & bat ki
nhi¢t 4o nae (trong khodng tir 0°C dén 100°C) vi chiu bat ki ép sufit ndo.

Néu h¢ can bing c6 hai pha : nuée va hoi nuée (P = 2) s6 do ty do-s& bing 1 (vi 2

+F = 1+ 2), nghia I3 4p suft cla hoi nude duge quy&t dinh bdi nhigt d9. Hoi nudc can

bang véi nudc 1dng c6 mot 4p suit hodn todn xde dinh & tai mdi mot nhigt d6. DS 12 4p
suflt hoi bio hda cia nuéde tai mdi mot nhiet 4o d6.

Sau cung né€u h¢ cin bing c¢6 ba pha : nude d4, nuéc va hoi nudc thi s& do ty do
ciia h¢ bing s6 khong (vid + F = 1 + 2), nghia 12 nhigt do ciing nhwr 4p sudt déu hoin
todn duge xdc dinh. Didu kién dé 1a nhigt 49 0.0099°C va 4p suft hoi nuédc 12 4,6 mmHyg
nghia 12 & nhigt d9 néng chay cia nudc d4 dudi dp suit thudng.

_ Mot vi du khéc 12 h¢ can bing héa hoc : CaCO, == CaO + CO0,. 86 46 1y do
cia hé bang mot (vi 3 + F =2 + 2), nghia I ching ta c6 thé lam bi&€n d6i theo ¥ muén
chi mot y€u t& thoi. NEu y&u 16 bign déi 46 1a nhiét d6 thi nhitng y&u t6 khdc phii duge
xéc dinh mot céch chiat ch& ngodi ¥ mudn cla ching ta.
Nhu di bi€t hing s6 can bing clia ‘phin dng 12 ; Ky, = pCo,. Hang 58 d6 lien he
v6i nhi¢t do va ban chdt clia ch4t phin dng bai he thitc :
' ' -RTlnpco, = AH® — TASP
Hai dai lugng bi€n ddi trong hé thic nay 1a pco, vaT. Ung voi mot gis tri T chi ¢6 mot
gia tri hodn toan xdc dinh cia P CQO, - Nhur vay c6 nghia 12 h¢ can bing d6 cé mot do ty
do (F = 1).
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CHUONG IX

DUNG DI|CH

Hé phdn tén

Khi 1am phan tén nhiéing hat rdt nhd cda mot chit vio mot chit khéc (méi
trudng), hé duge tao nén goi 12 hé phdn tdn. Ty theo trang théi tap hop ctia chét phéan
tén vi clia moi trudng ma c6é céc he phan tén khdc nhau. Quan trong hon hé&1 déi v4i hoéa
hoc 12 hé phan tdn ma méi trudng ia chdt idng.

Tinh ch4t cha hé phan tén, truéc nhdt 12 do bén, phu thude nhiéu vao kich thuédc
cfla hat phéan tin. N&u hat cé kich thudce rédt 16n hon so vé&i phép tlr, he phan tdn & khong
bén, chit phan tan ling xuéng tuong d8i nhanh khi né ning hon méi truding hodc ndi lén
trén khi nhe hon moi trudng. Nhitng hé phan tén kém bén gém hat phan tdn cé kich
thudc twong d6i 1dn duge goi 12 hé lo litng. Nguoc lai néu ch&t phan tin & dang phan t
hay ion, he s& rit bén va dugc goi 1a dung dich phdn tit, hay thudng goi tit 12 dung dich.
Trung gian giita hé lo ling va dung dich 12 dung dich keo. He lg lung dugc chia ra Jam
hai loai : huyén phil vd nhil tuong. Trong huyén phi, ch4t phan tin () chét rdn, cdn
trong nhi twong, 12 chit 1éng. Mot vi du cia hé phan tdn phitc tap 12 s@ra. Nhung chét
chil yéu cé trong slta ngodi nude 12 md, cazein va Judng. M& & dang nhi tuong, cazein a
dang dung dich keo va dudng & dang dung dich phan tir.

Gilta cdc hé phan tdn vira néu trén ddy tuy khéng c6 mot ranh giGi r3 vét nhung
c6 thé phan chia mét cdch gdn ding 12 cdc hat phin tén cha h¢ lo ling cé kich thuéc
>100mu, ciia dung dich phan tlr, <1mg va cla h¢ keo, tit 1mu dén 100meu (1mu =10"°m).

Hé phan tan quan trong va thudng gap hon hét [a dung dich phan tir.
Dung dich phén tu

Dung dich phan t& hay con goi 12 dung dich ¢é vai trd quan treng trong thién
nhién, d¥i séng va khoa hoc. Nhitng qué trinh sinh 1f & trong co thé sinh vat, nhiéu qud
trinh sin xu#t héa chit trong cong nghiép, sy hinh thanh d4 trdm tich v.v.... trong da 568
trudng hop déu xdy ra & trong dung dich. S di dung dich ¢6 tinh phé bi&n nhu viy 12 vi
qué trinh tan td moét quéd trinh ty phét, nghia 13 k&¢m theo sy giim nang legng Gip
(AG<0). Co

Dung dich dugc chia 1a3m : dung dich khi {(hén hop khi) dung dich léng va dung
dich rin. Trong chuong ndy chiing ta chi xét dén dung dich idng.
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Trong dung dich léng, chdt phan tdn dugc goi la chdt tan cdn mébi trudng phan
tin duge goi la dung méi. Viéc xéc dinh chét tan vi dung méi trong dung dich léng cia
chdt khi va ché4t rén 12 d& dang, nhung trong dung dich 1dng clia chdt 1dng 12 khéng don
gidn. Trong trudng hop ndy ngudi ta dua vio ti 1é vé lugng cda hai chit 1dng : chat cé
lugng nhiéu hon 12 dung moi va chdt ¢6 lugng it hon 1a chat tan.

Qua trinh hda tan. Trong dung dich léng, chat tan va dung méi tron ldn mu
thi€t véi nhaw thanh mét he déng nh4t. Tinh ddng nh4t dé lam cho dung dich gi6ng voi
hop chat héa hoc. Mat khdc qui trinh tao thanh dung dich thudng k&m theo sy bién ddi
vé€ nang lugng nhiet va thé tich. Diéu niy cang lam cho dung dich gin véi hop chit héa
hoc. Tuy nhién, khdc véi hgp chdt héa hoc, dung dich ¢é thank phidn bign déi lién tuc
trong mét khodng néng do, nhiét d6 vi dp sudt. Vi khong cé thanh phdn xdc dinh va
khong tuin theo dinh fuat ti 1¢ béi va dinh luat duong lugng, dung dich gidn véi hén hgp
¢g hoc (mgt hén hagp khéng déng nhdt .cé thé tach ra ting phdn riéng nhd phuong phip
co hoc hay phuong phdp vat li don gidn).

Nhu vay 13 rang khong thé coi dung dich nhu 12 mot hdn hgp co hoc don thudn
hay 13 mot hgp chdt héa hoc va khong thé coi qué trinh tan nhu 12 m6t qué trinh tron lin
co hoc don thudn hay |4 mét phan dng hda hoc.

That vay qué trinh tan clia mét chdt trong mot dung moi thudng gdm c¢é qua trinh
li hoc vd quéd trinh héa hoc. Thy thuéc vao ban chdt cha chdt tan va cha dung méi trong
méi mét trudng hop cu thé ¢6 thé qud trinh nay thé hién trei hon qud trinh kia. Qué
irinh 1i hoc bao gém sy tdch r&i khoi nhau cia cic hop chdt tan dé di vio dung moi. Qui
trinh d& thu nhi¢t. Con qud trinh héa hoc la tuong téde giGa cdc hat chédt tan véi dung

moi va duge goi 1a sie sonvat héa (ti€ng Latinh, sofvere ¢6 nghia 12 tan). Trong trudng

hop dung moéi 14 nudc,-qué trinh héa hoe dé duge poi Ia sy hidrat héa (ti€ng Hilap,
fiidrox ¢6 nghia la nudc). Qua trinh sonvat héa Ia qud trinh phét nhiét. Do nhing tugng
tic khac nhau & trong dung dich ma sinh ra nhitng hop chét ¢é thanh phédn bi€n d6i giita
hat chdt tan va dung moi. Nhitng hop chdt d6 duec goi 1 sonvat, trong dung dich nude
ching duge goi la hidrat. N6i chung sonvat duge tao nén cang dé& va s& cang bén khi cic
phan t¢r dung mdi ciang cé eye. Tronk nhitng dung moi théng thudng, nudc 14 phan tir
¢6 cyye manh nén dé tao nén hidrat. Nudc trong hidrat doéi khi lién két rd4t bén véi chat
tan, Khi chdt tan tdch ra khoi dung dich, nu6c d6 vin ndm trong tinh thé chiat tan.
Nhitag tinh thé trong (hanh phén ¢é nudc dvge goi 13 hidrat tinh thé va nu6e d6 duogc
20i 18 nwde k&t tinh. DE bidu didn thanh phén cda hidrat tinh thé ngudi ta viét cong
thire héa hoc cla hgp chdt ¢é kém theo s8 phan t&r nudc k& tinh, vi du nhu
CuSO,.5H,0, Na,80,.10H,0 v.v... Tuy nhién trong phuong trinh cta phdn {ing héa hoc,
d¢ don gidn, ngudi ta chi vi€t cong thitc héa hoc ciia hgp ch4t & dang khan. Ngay nay
ngudi ta di xdc dinh duge rdng lién k&t trong cdc sonvat néi chung va cic hidrat néi
rieng duge thye hién hodc nhd twong tde tinh dién gitta cdc chét hoac nhd lién két hidro.
C6 12 cd hai y€u t6 d6 déu cé trong sy tao thanh hidrat cha rugu etylic tir cdc phan tir
cé cuc C,H,OH va H,O.

Theo guan diém nhiét déng hoc, mat chit ¢6 thé tan trong moét dung mai & dp
Sufit va nhiét d6 khong d8i khi nang lugng Gip cha hé giam xudng, nghia 13 :

AG = AH - TAS< 0
Khi chdt rdn hay chdt 1ong, v6i trang thdi sdp x&p cé trat ty cha cdc hat chét, tan
thanh dung dich, v&i frang théi sdp x€p kém trat tu hon, entropi cha hé tang lén, AS > 0.
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Diéu d6 thdic ddy qué trinh hda tan vd yfu (8 entropi déng gép phdn dac biét dang ké
vao bi€n thién nang lugng Gip & nhitng nhiét d9 cao. B&i vay d0 tan ctia chat rin va chat
long thudng tang 1én khi nhiét do ting,

Khi chit khi véi trang thdi chuyén dong hén loan cha céc phéan tl, tan thanh
dung dich, nhing phan t¢ khi phdn bi sonvat héa vid phén bi dung méi can’trd nén
entropi cha hé giam xudng, AS < 0. Nhung phédn déng gép cla y&u 16 entropi vio bi€n
thién nang lugng Glp 12 cyc tiéu & nhitng nhiét do thap cho nén dé tan cha cdc khi tang
lén khi lam lanh.

Trong qud trinh tan, entanpj cha hé cé thé tang lén hodc gidm xu6ng. Bi&n thién

entanpi cba hé d6 goi 1a nhiét hda tan va biang nhiét cha qué trinh 1 hoc cong véi nhiét
cla qud trinh sonvat héa, Qud trinh 1f hoc chinh 12 qué trinh bi&€n d&i trang thai tap hop

ca chdt va nhigt cha qud trinh 1{ hec 12 nhiét chuyén pha. Do d6 nhiét hoe tan clia mot
chdt AH, bing tdng cha nhiét chuyén pha AH., vi nhi¢t sonvat héa AH_,

AH, = AH,, + AH

cp s

Khi hda tan chdt khi, AH, = AHg, nghia 124 AH, < 0 vi khéng cdn phai ti¢u thy
nang luong dé phd v& ki€n tric clia chadt khi. B&i vy qué trinh hda tan chat khi luon
luégn phdt nhigt.

Khi ndng lugng li¢n k&t gidta cdc hat trong chél tan cang 16n, nhi¢t chuyén pha
s& cang ton. D&i véi nhitng tinh thé phan tir va chét ldng, lyc tuong tac givra cdc phan tl
chi 12 lyc Van de Van va c6 thé céd lyc lien k€t hidro nita cho nén nhiét chuyén pha vé
gid tri tuyét d6i bé hon nhiét sonvat héa. Boi vay quéd trinh hda tan nhitng chdt nhu
dudng, glixerin, rugu etylic v.v...cling 14 qué trinh phét nhiét.

Néu trong qud trinh hda tan tinh thé phan t¥ khéng xdy ra 16 rét qué trinh
sonvat héa cdc phan (& va ban than phan tr |4 khéng cyc thi qué trinh dé khong kem
theo sy bién ddi vé nhiét. Vi du nhu khi hda tan tinh thé iot trong cacbon tetraclorua

(CCl,), nhié¢t hoa tan gidn nhu bing s& khéng v dong lyc cia qud trinh (A sy tdng
entropi cta hé,

Khi hda tan nhitng tinh thé ion, lién k&€t h6a hoc gilta cdc ion phai dift ra dudi tac
dung clia dung moi, nhiét chuyén pha chinh |3 nang lugng mang 1ugi cha tinh thé ion va
s€ 10n hon nhiét sonvat héa cla cdc ion vé gid tri tuy&t d8i nén nhiét hda tan.cé gid 1ri
duong (AH > 0) vd qud trinh hda tan thu nhiet,

Né6i chung nhiét hda tan cia cdc chdt thudng khong 16n nhung trong mat vai

trudng hop biéu 18 kha r&, vi du nhu khi 48 mot ldc nhiéu axit sunfuric vio mot lugng it
nude, nude ¢6 thé séi 1én.

Ngoii sy bi€n déi vé& nhiét, qua trinh tan nhu da ndi & trén cé thé kém theo su
bi€n d6i vé thé tich. V{ du nhu khi hda tan 1/ rugu etylic vao 17 nudc, thé tich cha dung
dich khong bang 2/ ma bing 1,93/ & 25°C, nghia la thé tich clia dung dich giam bét
3,5%. Sy gidm thé tich trong trudng hop ndy gay nén chd y&u boi su tao thanh lién két
hidro gita nhém OH cla rugu v6i nude va béi sy phd hoai kién tric clia nudc long.

Khi trén hai chdt 16ng ma phan tir clia chdng khong ¢6 cyc vi gidng nhau vé cdu
tao, sy bién déi vé nhiét vd thé tich déu 4t bé. Vi du nhu khi trén toluen vie benzen,
nhitng bién d6i d6 déu gdn bing s§ khéng. Nhing hén hop ma trong qud trinh tao nén
ching khong ¢6 su bién d8i vé& nhist va thé tich dugc goi 1 dung duh {i twong. Mau
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dung dich 1f tudng niy ¢6 mot ¢ nghia 1én vé 1i thuy&t va thyc t& Mac'dd da s6 dung
dich ¢6 ddy di tinh chét clia dung'dich 1i tudng, nhung mot $6 tinh chit cha dung dich
c6 thé dugc mo ta khd thoa déng bing hinh miu dé.

Can bing ‘hoa tan, Qu4 trinh tan lién gquan mat thi€t véi sy khuéch tén. Khi ta
bd mot chit rén vao nudc chéng han, nhitng phan tit nuée tuong t4c véi bé mat chét rin
lam cho c4c hat ion hay phan tit & trén 16p bé mit d6 tich r¥i khdi bé mit va khuéch
tdn vao khip thé tich cha nudc. Bing cdch d6, 16p hat & bé mit cha chit rdn tan ra. Sau
d6 16p hat & trén bé mat mai cha chat rén ldn lugt tdch ra va khuéch tdn vio dung méi.
Qué trinh tan c@ th€ ti€p di&n. Song song v4i qud trinh tan d6 c6 mét qué trinh ngugc
lai x4y ra goi 13 qud trinh két tinh. Cdc hat chdt tan trong khi chuyén dong hén loan &
trong dung méi n€u gip lai b mat cha chdt rin cé thé bi gil lai & trén d6 va tao0 thanh
modt 16p mdai. T4t nhien s6 hat dwge gi lai nhu vdy va két tinb lai s& cang nhilu khi
ndng d6 cha ch4t tan trong dung dich cang 16n. B&n mot lic ndo d6, trong mot don vi
thdi gian ¢6 bao nhidu hat chdt tan dwgc k&t tinh lai thi clng c6 b&y nhiéu hat chdt tan
dugc tan ra, nhin bé ngohi tudng ching nhu qué trinh tan nging lai nhung thyc ra trong
dung dich ¢6 mot can bang doéng (AG = 0) :

Céc hat chua tan == cédc hat di tan.

Dung dich bao hda. Dung dich Gng véi trang thﬁi can bang goi d6 14 dung dich
hdo hoa: dung dich d6 chita mot lugng t6i da chdt tan & mét nhiét do nhit dinh.

Vi sy khu&ch tdn ciia hat chft tan & trong dung dich xdy ra cham cho nén khi cho
m6t chdt ndo d6 tan vio mot dung moi, 16p dung moi ti€p xdc voi chdt tan nhanh chéng
tr& nén bdo hda va qud trinh tan ti€p tyc chi x4y ra nhd sy khué&ch tin cla cdc hat char
tan thodt khoi 16p ch4t 10ng 46, nghia 1 rdt chdm. B&i vay muén hda tan nhanh mét
chét, ¢dn phédi tang nhanh qué trinh khuéch tin bing cdch khudy, lac va dun néng dung
dich. Ngoai ra d6i v&i chft rdn, ngudi ta cdn phdi nghién nhé né d€ lam cho bé mat ti&p
xtc gita ch4t tan vi dung moi 12 rdt 16n. Vi day 12 mot qué trinh di thé, t6c d6 tan phy
thudc vao dién tich cia bé mat ti€p xdc gilra chdt tan vd dung moi.

Dung dich qua b&o hda. Nhiing dung dich c¢6 néng do chdt tan vugt qui néng 46
chét tan trong dung dich bio hda duge goi 12 dung dich qud bdo héu. Dung dich nay
dugce tao nén khi 1am ngu¢i chim va cdn than mot dung dich bdo hda & nhigt dé cuo.
D4&i v6i nhitng ch4t khong tao nén dung dich qud bio hda, khi 1am nguoéi nhu vay, lugng
du ciia chit tan s& k&t tinh, cdn d6i v&i nhirng chat ¢ kha nang tao nén dung dich qué
bdo hda, vi dy nhu natri axetat (NaCH,CO,), natri tiosunfat (Na,;5,0,). lugng du cla
chét tan s& khéng k&t tinh. Trang théi qud bdo hoa d6 cé thé tén tai hang nam nén ciing
12 mot trang thdi can bing nhung 13 cdn bdng gid (AG > 0). Can bing nay bi phd huy dé
dang khi bé vao dung dich mot tinh thé cia chédt tan hay cla mot chat khdc d6ng hinh
v&i chal tan hoac khi dung dila thiy tinh co vao thanh binh dyng dung dich, ldc bdy gid
lwrgng du cha chdt tan s& k&t tinh, nghia 1a dung dich trés lai trang théi can bang that.
 Nhu vay hién ugng quéd bio hda c6 nguyén nhéan 12 trong dung dich khé xuflt hién nhiing
méim k€t tinh ldc ban déu.

Do tan

6 nhitng ch4t tan trong dung méi néy nhung khéng tan trong dung, méi khdc.
Trong ciing mdt dung mdi, c6 chét nay tan nhidu nhung cling cé chat khdc tan {t. Ngudi
ta néi ring cdc chit ¢é d¢ ran khdc nhau trong cic dung moi.
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Do tan cha mot chit trong mot dung moi tai nhiet 46 bing ndng 40 clia dung
dich bio hda chdt d6, thudng dwge tinh bang s8 gam ch4t tan trong 100g dung maoi hay
6 mi ch&t khi trong 100m/ dung moi hodc bang don vi khic. Nhing chdt dé cé d§ tan
16n hon lg trén 100g dung mo6i.duge coi 13 chdr tan nhiéu, c6 46 tan ndm trong khoang
g dén 107'¢ trén 100y dung moi la chdt tan it vh ¢6 4o tan bé hon 107 %¢ trén 100g
dung moi 12 chdt thyc t&€ khong tan. Cdn chi ¥ ring thyc t€ khong cé chidt ndo la tuyét
ddi khong tan cd. :

Duéi day 12 d¢ tan cha mot s& chit & trong nude & 20°C (bang 36) va do tan cla
muai kali iodua (KI) trong nhing dung mdi khic nhau (bang 37). '

Bidng 306
Do tan cia mot chit trong nudc (g trén 100g nuéc)
Chit Do tan ' Chit Do tan
Glucozo {C¢H,,04) 200 Canxi sunfat (CaS0,) 0,2
Mudi an (NaCl) . 36 Canxi cacbonat (CaCOy) 0,0013
Axit boric (H;BOy) 5 Bac todua (Agl) 0,00000013
Bdng 37
D¢ tan ciia KI trong céc dung mai (% khéi lugng)
Dung mbi Po tan cla KI Dung moi | D6 tan cda KI
Nuée (H,0) 59,80 Metyl nitro (CH,;NO,) 0,307
Rwgu metylic (CH;OH) : i4,97 . Benzen nitro (C,H:NO,) 0,00016
Axeton (CH.COCH;) 1,302 Axetat etyl (CH,COOC,Hy) 0,00012

Qua céc bang ta thdy do tan clia mot chit phu thudc trude hé&t vao ban chit cda
chit tan va cha dung moi.

Miac di do tan 13 mét tinh chdt cta dung dich dd dugc nghign cttu nhidu nhét,
dén nay vin chua c6 mét 1f thuyét téng quat cho phép dy dodn va tinh duge do tan cua
mot chit trong mét dung méi. Nguyén nhan 14 & su phic tap ciia cdc tuong tdc gifra chdt
tan va dung mo6j vA chua c6 mot If thuy&t chung vé trang thai 1éng. Tuy nhién nhidu vin
dé c¢6 lién quan vdi do tan cé thé gidi thich dugc xudt phat tit nhitng quy ludt chung va
1ir cdu tao cta nhitng cdu cha dung dich.

Ngudi ta biét ring nhitng luc téc dung gita nhifng phin 1o cdng héa tri 1A khéng
dac thu va khéng 16n d6i véi nhitng phan tir {t cé cuc. Né&u dua vho mot chdt long cong
héa tri B nhitng phan ti A cing kifu, nang lugng tuong tdc gilra nhing phén tk A va B
s& khong khéc hén véi nang lugng tuong téc giita nhitng phan tif A" v6i nhau hay gila
nhitng phan tir B v6i nhau. Boi vay nhing chét idng cong héa tri ¢6 thé hoa tan 14n nhau
khéng c6 gidi han giéng nhu nhitng lugng khdc nhau cdia cing mdt chét c¢6 thé trén idn
véi nhau. Vi du nhu toluen tan khong gi6i han & trong benzen. Ciing vi nguyéan nhén

197.




trén, nhiing tinh thé phan tir thudng tan nhiéu trong chdt 1dng céng héa tri. Vi du nhy
iot tinh thé tan nhidu trong benzen, déu hda v.v...

Qua d6 ta hiéu dugc mét quy tdc trude day rdt lav d3 duge rdt ra tir thye nghiem:
"Cde chdt ¢6 xu hwong tan nhiéu trong chdt 1dng gidng voi ching”.

Nguge lai né€u nang lugng twong téc gita nhing phan tr A v6i nhau hay giira
nhitng phdn tir B v4i nhau |4 16n hon tweng tdc gidta phan td A va phan t& B thi ahing
phan tr gidng nhau cha mdi ch4t s& lién k&t véi nhau nhidu hon va do tan gidm xuéng.
Trudng hop nay xdy ra khi mot trong hai ch&t d6 14 cé cyc manh. Diéu d6 giai thich do
tan it ca khi HCt phin ti c¢6 cyc & trong benzen vd d¢ tan {t clia ch4t khéng ¢6 cuc va
chét it ¢é cuc trong dung moi ¢é cuc nhu nudc ching han.

Neu nang tugng tuong tdc gika cdc phan tf A vd B bé hon so v&i trung binh
cong nhitng nang luong tuong tic gidta cdc phén t&r A v6i nhau v gitra cdc phan tir B vai
nhau thi hai chdt A v& B cé xu huéng tao thanh sonvat hay hgp chdl héa hoc v6i d6 bén
khdc nhau. Trong trudng hop nay, d6 tan cla chédt tang lén vi gita chat tan vdi dung
méi thuong 120 nén lién k&t hidro hay lién k&t cho nhan. Vi du nhu nh& tao nén lien két
hidro, rugu etylic tan vo han & trong nudc va nhd tao nén lién k&€t cho nhan khi NH, tan
. trong nudce theo ti 1& thé tich 700 : 1. .

- Ngoai y&u 16 ban chat cla chét tan va dung méi, d¢ tan cdn phu thudc vio nhimg
di¢u ki¢n bén ngoai nhu nhi&t 49, 4p sudt...

Qua trinh tan cia chit khi. Nhu 43 biét & 1rén, qud trinh hda tan chdt khi hiu
nhu ludn luén phdt nhiét. Theo nguyén 1i Lo Satolié, do tan cha chdt khi tang lén khi
nhigt do giam. Nhung cling ¢6 trudng hop dac biét do tan cha khi ting 1én khi nhiét do
tang (khi hi€m tan trong mét s8 dung moi hitu co). Cdc dung moi khi s6i giai phéng
hoan toan nhing khi da tan trong 46 cho nén ngudi ta dya vado tinh ch#t nay dé xdc dinh
do tan clta chdt khi & trong chét 1ong.

Vi qud trinh tan cha ch4t khi trong chét léng d}.’m dén sy gidm 4p sudr cla khi
cho nén theo nguyén Ii Lo Satolié, dd tan clia khi tang 1en khi 4p sudt ting. Diéu ndy
thé hién trong dinh Tuat Henri (W. Henry) dugc dua ra nam 1803 : “Pé tan ctiua khi ¢ mot
nhiét dg khong déi ti 1é vdi ap sudt”. -

Ne&u & trén chédt long c6 mot hén hop khi, d¢ tan cla mdi khi vio chdt long i ¢
vgi dp sudlt riéng cla khi dé. Vi du nhu & 0°C vd & dp sufit larm, 100m} nude hda tan
4,89m! khi O, hay 2,35m/ khi N,. N€u cho khéng khi tun trong nuéc & cung nhitng diéu
ki¢n nhu trén thl 100m! nudc s& hoa tan 4,89x0,2 = 0,978m! O, vh 2,35%0,8 = 1,88m!
N;. Nhu vay la khéng khi d8 tan & trong nudc c6 gidu oxi hon so v&i khong khi & trong
khi quyén.

-Cén chi y ring dinh fult Henri chi ding véi cdc dung dich twong d6i lodng, khi
dp sudt khéng cao va khi khong cé twong tdc héa hoc x4y ra giita chdt tan vd dung méi.
Trong khoing 4p suft thidp va dp suft vira, do tan cda khi lu6n lubn tang theo dp suf,
phung & dp sudt rit cao, d¢ tan cta khi c6 thé dat d€n cuc dai.

Qua trinh tan cia chét 1ong. Khi mot chat léng tan trong chdt 16ng khéc, cé thé
c6é ba trudng hop xdy ra : a) cdc chdt 1dng trén 1&n v6i nhau hoan toan, vi dy nhu rugu
etylic tan trong nudc theo bat ki ti 1¢ ndo ; b) cac chdt 1dng trén 1dn v&i nhau ¢6 gidi
han, vi dy nhu nudc va ete etylic khi tron ifin véi nhau tao thanh hai IGp phan cédch
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nhau, 1dp trén la dung dich cha nude trong ete va 16p dudi la dung dich cda cle trong
nudc ; c)cdc chét iong thyc t&€ khéong trén ldn véi nhau, vi du nhu nudc vh ddu héa,
nuoc va thuy ngan...

Ddi vGi nhitng chdt 1dng hoa tan nhau ¢6 gidi han, trong da s8 trudng hop, khi
nhiét d¢6 tang, dd tan cia ching ting lén cho d&n khi khéng ¢6 mit phian cdch gida hai
16p chit long. Vi dy nhu nudc va anilin sau khi trén 1dn voi nhau tao nén hai {dp : lop
trén {& dung dich clOa anilin & wrong nude va 1dp dudi 12 dung dich cha nude & trong
anilin. Khi dun ndéng d6 tan cha nudc trong anilin va do tan cla anilin trong nude déu
ting lén va d€n 167°C, anilin va nude trén ldn vdi nhav holn toan. Nhiét do, tai dé hai
chdt 16ng hda tan 14n nhau hoan toan dudgc goi i nhiét 46 tan téi han.

Ap sufit khong cé anh hudng ddng ké d6i véi d6 tan clia chdt rdn hay clia chdt
long O trong chdt long.

PO tan cha chiat rdn. Do tan cia chit rdn phu thude nhidu vio nhigt do, sy bién
ddi ciia d¢ tan theo nhiét do dugc quy&t dinh bdi ddu cha nhiét hda tan va sy bi€n ddi 46
ciing rdt khdc nhau d6i véi cdc chdt khdc nhau. D& bidu dién sy phu thuoc cha do tan
cédc chdt rin vio nhiét d6, ngudi ta thudng vé cée.
diwény cong dé tan (hinh 87). D¢ tan cia KNO,
trong nudc tang nhanh theo nhigt do,tr 0° dén
100°C tang 'én 10 14n. D6 tan cua NaCl ting chdm,
tr 0 d&n 100°C tang lén 7%. Piédu d6 phi hgp vai

o H nguyén li Lo Satolié, qua trinh tan cila hai mudi
o 120 \ ac_:‘:’f nay déu thu nhiét, nhiet hda tan AH, caa KNO, la
< 100l x/ 5,98 kJ/mol va cha NaCl 12 5,43 kJ/mol . Dudng
J=d / ' cong do tan cha na_,lri sunfat 1a ddc biét hon : dudng
S 80 ~ ; cong bi gdy va diém gay dng vdi nhigt do 32,47C.
B sol f,’ D6 1a nhigt 40, tai 46 muéi hidrat chuyén thanh
c Na,SO, mudéi khan. O duéi 32,4°C, dung dich b3c hoa
o 40F__ ’.S' ________ cha mudi d6 can bing v&i hidrat tinh thé
@ 7]s NaCi N1,SO, .10H,0 va & trén nhiét do d6, can bang véi

20L-" S mu6i khan Na,S0,. S& di dudng cong do tan bién

.\*??. NPT déi dot ngdt nhu vay 1a  hidrat Na,80,.10H,0 cé

0 2° 40 60 80 100 nhiét hda tan duong (AH, > 0} cén mudi khan

Nhiét di . N P
® Na,50, ¢6 nhiét hda tan 4m (AH, < 0) do d6 dé 1an
cha ching bién d8i nguge nhau theo nhiér do.
Hink 87-Dirdny ("oug_’dé tan clid Duya vao su bi¢n dél cila dO tan theo nhi‘?i do,
mot 58 chdr trong thyc t€ ngudi ta tinh ché& cdc chit ran bing

chch két tinh Iai . Vi du nhu néu ¢6 mot mubi ndo d6 chia cdc tap chét, khi {am lanh
dung dich bio hda & nhiét do cao cla mubi dé, mét lugng 16n mubi tinh khigt s& k&t
tinh c¢dn céc tap chét & trong dung dich tuy ciing duge lam lanb nhung chua dat dé&n
trang th4i bio hda & tai nhiét d6 46 nén nam lai trong dung dich. Bing cdch nhw vay
ngudi ta ¢ th& tinh ch€ b4t ki chdt rdn ndo ¢6 do tan bign d8i nhiéu theo nhigt do.

Ngoai ra dé tan clha cédc chft thudng giam xudng khi ¢6 mat mot chir khac &
trong dung dich. Vi du nudc tinh khi&t hda tan cdc khi nhiéu hon so véi dung dich nuéc
clta mudi ndo dé. Cu thé 14 1g nuwdc & 20°C hoa tan 3ml Cl, cdn 1g dung dich bio hda
NaCl & trong nudc chi hda tan 0,3m/! khi Cl,. B&i vy ngudi ta thudng trit khi Cl, & trén
dung dich NaCl khi cdn thiét. Gigng vdi chat khi, d¢ tan clla chédt 1éng ciing gidm xudng
khi ¢6 mat cdc mudi. Vi du nbhu phenol tan trong nude tinh khiét nhiéu hon trong dung
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dich mugi. Mét trong nhiing nguyén nhan & day c¢6 thé 12 sy sonvat héa cla cdc mudi di
lam gidm s& phan t& dung moi ty do va do d6 lam giam khi nang hda tan clia dung moi.

Pinh luit phan b§. Nghién ciu do tan cha cée chdt trong nhing hé gém hai
dung moi khong tron 14n v8i nhau ngudi ta nhin thiy : khong phu thude vio lugng dugc
ldy, ti 1&¢ néng d¢ cha chdt tan trong hai dung méi khoéng trén 14n v@i nhau luén luén li
mot hang 58 tai mot nhiét d¢ nhéat dinh, nghia 13 :.

S
C,

= K

(-day C, va C, 12 néng do cha chét tan trong dung méi thd nhdt vid dung moi thi
hai twong Ung. Hang s6 K dugc goi 12 ké 58 phdn bd. Vi du nhy hé s6 phan b6 & nhiet 46
thudng cha brom trong hé cacbon disunfua-nude 1a 80, trong hé cacbon tetraclorua-nudc

la 30 ; h¢ s6 phin bd cla iot trong hé cacbon tetraclorua - nudc 14 85, trong hé clorofom
- nude la 130.

Hé thdc trén day.cGa hé s6 phan b8 duge goi 1a dinh ludt phdn bé. Dua vho dinh
fuat nay trong cong nghiép héa hoc va trong phong thi nghiém ngudi ta rit mot chdt tan
ra khéi dung dich bing mot dung méi khdc. Vi du nhv mudn 14y hét brom ra khoi dung
dich nude, 14n lugt ngudi ta cho nhitng lugng méi cha CS, hay CCl, 1i€p xic véi dung
dich brom trong nudc. Viéc 1am d6 duge goi 12 gud trinh chiét. Nhitng dung moi thudng
duge diing trong qud trinh chi&t l& ddu hoéa, etxdng, benzen, rugu etylic, rugu metytic,
axeton, cacbon tetraclorua. Nhitng dung moi sau khi da dung dé chiét cdc chdt duge thu
héi d€ dung lai. ' :

Nong d¢ cia dung dich

Néng d¢ 12 mét tinh chét co bin ¢da dung dich. N6 chi lugng chdt tan ¢é trong
mot lugng hay mot thé tich nhdt dinh cla dung méi hoac dung dich. Néng 46 clha dung
dich thudng dugc biéu dién bing :

Phin tram khdi lugng 12 s6 gam chdt tan ¢6 trong 100g dung dich. Vi du nhu
dung dich HCI 30%, dung dich NH, 25% cé nghia la trong 100g dung dich cé 30g HCI,
25g NH, twong ing. Loai néng 46 phdn trim duge sir dung rong rii trong coéong nghiép vi
trén thuong trudng.

Mol 14 s6 mol chét tan cé trong 1/ dung dich, thudng dugce ki hi¢u bing chd M
hay mol/l . Vi du nhu dung dich H,80, 1M hay 1mol/l dung dich NaOH 0,2M hay
0.2mol/l  ¢6 nghia 12 trong mot lit dung dich tuong Gng cé lmol H,80, (1tc 98g),
0,2mol NaOH (tic 8g). Trong céc phong thi nghig¢m ngudi ta hay diing loai ndng do nay
han loat ndng 46 phédn trém vi thé tich bing nhau cla nhiing dung dich ¢6 cling néng do
s& chifa cing m¢t s6 phan tir chft tan. Vi du khi thuc hién phan dng trung hoa :

H,S0, + 2NaOH = Na,S0, + 2H,0

mudn cho hai chét tdc dung véi nhau khong thira khong thi€u, n€u néng dé cda hai chat
d6 déu nhu nhau thi phdi ding mot thé tich cia dung dich NaQH gdp doéi thé tich cia
dung dich H,50, hoac n€u ding mot thé tich nhu nhau cha cdc dung dich H,50, va
NaOH thi néng d¢ cua dung dich NaOH phai gép d6i néng d6 cla dung dich H,S0,.

Molan, Vi thé tich cla dung méi bi€n ddi theo nhiét d6 do 46 néng d6 chdt tun
cling bi€n d8i theo nhiét d6. B&i vay khi 1am nhitng thi nghiém chinh xdc, ngudi ta
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khéng 14y dung moi theo thé tich ma 14y theo khéi lugng. Ndng d¢ molan 12 s6 mol chit
tan trong 1000g dung moi.

Phén mol 12 ti 56 clla 56 mol chdt tan hay dung méi va téng s6 mol cda cdc chdt
tan vad dung mdi. :

N&u n, li s8 mol cia dung moi, ny 12 s6 mol cla chdt tan thi phdn mol cba dung

moi la
: n
N, = A
n, +0g -
vi phdn mol ctia chét tan ia :
n
Nb = b

n,; +ng
T4t nhienla N, + Ny = 1

Huai foq.i ndéng dé molan vi phdn mol dugc ding nhiéu trong cdc thi nghi¢m héa
1i. .

Puong lugng gam lit 12 s6 duong lugng gam chéi tan c6 trong mQ't lit dung
dich, thu:EJng duge ki higu 12 N. V{ du nhv dung dich H,50, 0,1N, dung dich NaOH 5N
cé nghia 13 trong mot Iit dung dich tuong ¢dng c6 0,1 duong lugng gam H,50,, 5 duong
lugng gam NaOH (tic 200;5' NaOH). O day cdn chi y dén viéc tinh duong lugng gam ciia
H,80,. Nhu di biét, H,SO, c6 hai dwong ludng gam : néu trong' phan ing, C'c;l hai H cla

s 8 .
axit duge thay thé&, duong lugng gam bdng %mal cia axit nghia la bang 9? = 49g ; néu

trong phén tng chi c6 mot H ciia axit duge thay thé, duong lugng gam cla axit bang mol

cita nd, nghia 12 bidng 98g..

Loai néng 46 duong lugng gam ndy ‘dugc ding nhiéu trong héa hoc phan tich vi
né tién lgi. MuGn hai chdt phin @ng tdc dung v6i nhau khong thira khong thi€u, chi cin
14y cing mot thé tich nhy nhau cda hai dung dich chét phin ¥ng ¢6 cling néng d¢ duong
lrgng hodc n€u hai dung dich ¢6 néng d¢ duong lugng khéc nhau thi ldy véi thé tich
khéc nhau nhung tuin theo hé thic : '

v,C, = v,C,

& day v, va v, la thé tich cha hai dung dich tuong dng dugc 14y cing don vi, €, va C; 12
néng d6 duong lwong gam cha hai dung dich tuong dng. '

Vi du : Mu6n phan dng hét véi 9m! dung dich H,80, 0,25N thi phai ding x m!
dung dich NaOH 0,075N

Ta c6 :
. x X 0,075 = 9 X 0,25
Rit ra : x =30 ml

Tinh chdt ciia dung dich lodng

Khi tao thanh dung dich r4t loing, sy bi€n d8i vé nang lugng nhigt va thé tich
gan nhu bing s6 khéng. Trong cdc dung dich ndy, cdc hat chdt tan & céch xa nhau,
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tuong tdc gita ching khong déng ké vd dung moi thyc t€ khéng bién déi tinh chdt cho
nén dung dich lodng gdn v&i dung dich I wong.

Duéi day chdng ta xét tinh chdt cia dung dich lodng cia chit khong dién li.

Ap suiit hoi bao hda ciia dung dich. Ap sudt hoi bdo hda, nhu da xét trong
chuong trudc, 14 mot trong nhirng tinh chit nhiét dong héa hoc quan trong nhit cha chilt
lang. Khi hda tan mdt chat tan khéng bay hoi vao trang mot dung méi, dp sudt hoi bde
hoa ciia dung méi & trén dung dich, hay goi 1dt la dp sudt hoi cia dung dich, gidm
vudng . Nhin vido hinh 88 ching ta c¢G thé hiéu duge li do cla sy giam 4p sudt hoi bido
hoa d6. Mat thodng ciia dung méi tinh khi€t chi gém nhitng phan t&r dung mo6i con mat
thodng ciia dung dich gém nhing hat chét tan xen k& vdi nhitng phan wr dung méj', Vi
vay trong cung mét don vi thoi gian, & mot nhiét 4o nhdt dinh, sé-phan tir bay hoi ti
dung dich bé hon s& phan tit bay hoi tir dung moi tinh khiét. Do dé trong trudng hop
cta dung dich, trang thdi cin bang duge thiét
lap & 4p suiit thip hon so véi trudng hop cia
dung moi. D6 13 nguyén nhan giy nén sy
gidm ap sudt hoi bdo hda ciia dung moi trén

dung dich.
Sy gidm d6 cing nhiéu khi néng dé
ciia chit tan cdng I6n hay néi khic di dp sudt  Dung mdi
hoi bao hoa cha dung dich P, ti 1& voi phién ;
mol N, cta dung moi. Hinh 88- Sy gidm dp sudt hoi hdo hou

trén dung dick
P, = K.N,
K la he s6 ti 1e. Khi N, = 1, nghia Ia dung moéi tinh khiét, K = P}. G day PJ. 13 dp sudt
hoi bio hda clha dung mdi.

Do d6 ta cé thé viét .

Vay dp sudt hoi cita dung dich bdang dp sudt hoi bdo hoa ciiae dung méi nhan voi
phdn mol ciia dung méi. Day la noi dung cia dinh ludt Raun thit nhdt (F.Raoult, 1830-
1901, gifo su héa hoc ngudi Phip) dugc dua ra nam 1886.

Thay N, trong hé thic d6 bing 1-Ny, (& day Ny, 1a phdn mol cfia chit tan trong
dung dich) ta duge :

P, = P, (1 =Ny
P, = P - Pa - N
hay : PS.Ny =P} — P,
Vay : -
Py -P, N,
0
Py
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. , Py -P, , . . b .
O day ti s6 -2 5 L dugc goi 12 dd gidm twong ddi 4p sudt hoi cha dung mdi trén
a o .
dung dich. TUr k€t qud nay rdit ra mét cach phdt biéu khdc cia dinh Tuat Raun thi nhat.

"D¢ gidm twong déi dp sudt hoi cia dung dich bdng phdn mol cita chdt tan trong
dunyg dich".

Sy gidm dp sudt hoi trén dung dich cha ché&t tan khong bay hoi c6 thé hidu duge
khi v&n dung nguyén 1i Lo Satolié¢ vdc can bing cta he 1dng - hoi. That vay khi ta cho
chdl tan vdo dung moi, ndng d6 cita dung moi (chit 1dng) gidm xubng nén cin bing
long-hoi chuyén dich vé phia 1am ngung tu hoi thanh chél long, do dé d4p sudt hoi giam
xudng.

Su gidm dp sudt hoi cia dung dich din d€n nhing k&t qui tryc ti€p 1a 1am tang
nhiét d¢ s6i va lam giam nhiét 46 hda rdn cha dung dich so v&i dung méi tinh khi&t.

Su tang nhiet d¢ séi cia dung dich, Ching ta bi€t ring mot chdt [dng soi &
nhiét d¢, tai dé ap sudt hoi bfio hda cha né bang 4p sudt & bén ngodi. Vi du nhu dudi
dp sudt cha khi quyén,
nudc sai & 100°C vi dp
sufdt hoi bdo hoa cua
nudc & nhiét do dé
bing 760mmHyg bing

dp suft cla khi guyén.
3 tai mot nhiés do, cdc
chét Jong khdc nhay cé
4p sudt hoi bdo hoa
khiac nhau nén ¢é nhiét
dd s6i khdc nhau. Vi
du nhu ete etylic soi & .
34,5°C, benzen so6i d
80°C. Dung djch co ap
sudit hoi thdp hon dung
L1y moi. Khi nhiét do tang

1001y 12 Nhigt do lén, dp sudt hoi trén

dung dijch cling ting

Hinh R9- Su tdng nhié¢r dp 560 cva dung divh nwde lén va dung dich séi &
nhi¢t d6 hoi cao hon dung moéi tinh khiét, vi phai & nhiét d¢ cac hon dé, dp sudt hoi trén
dung dich méi bang 4p suft bén ngodi. Vi du nhu dung dich nudc, dudi 4p sudt cha khi
quyén luén soi & nhigt 46 >100°C. Twong tv nhy vy dung dich ¢6 ndng d9 chdt tan cang

16n lam cho dp sudt hoi trén dung dich cang giam. '

Ap sudt hoi

Ba dudng cong trén hinh 89 cho thdy su bién déi dp sudt hoi bio hda cia nudc
(dudng trén ching) va cha hai dung dich nudc 1 va 2 theo nhiét d6. Dung dich 1 ¢6 néng
d4 chdt tan bé hon so6i & nhiét d¢ t;, dung dich 2 ¢6 néng 6 chét tan 16n hon s6i & nhidt
dat,; t, >, > 100°C.
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Nhiét dé so6i cha dung dich la nhiét do
ing vé&i trang thdi can bing clha dung dich v4i

=] 2
bot hoi thi nh4t, nghia 14 nhiét 46 bat ddu soi. g
Nuéc cang bay hoi, néng d6 cla chit tan trong 2 4
dung dich cang tang lén, 4p sufit hoi bio hoa -

trén dung dich cing gidm xudng va nhiét do sdi
cing tang l&én. Boi thé, khdc vdi dung moi cé : 1
nhiét 46 s6i khong d6i, dung dich cé nhiét do
s6i ting lén dén.

-

ANANN

Su ha nhiét 46 héa rdn cia dung dich.

Ch4t 18ng héa rin & nhiét do, tai d6 4p sufit hoi CRUL Nhigt do
ciia pha léng bang 4p suft hoi clia pha rdn. Vida

nhu nudc héa rin & 0,0099°C vi nhiét 4o 46 dp Hinh 90-Su gidm nhiét d¢ hdu rin
su4t hoi bdo hda cha nudc téng bing 4p sudt hoi cia dung dich nude.

bdo hoa clia nudc dé bing 4,6mmHg. Ap sudt hoi clia dung dich thdp hon dp sudt hoi coa
dung m6i va sy bién d8i 4p sudt hoi cla pha rdn theo nhi¢t 46 manh hon so véi sy bién
ddi 4p sufit hoi cha pha 1dng. B&i vay mudn cho 4p sufit hoi cua pha rén bing dp sudt hoi
ctia pha 16ng, cdn phai ha thép nhiét d¢ xudng nita. Vi du nhu cdc dung dich nude luén
héa ran & nhiadt d6 < 0°C. Tuong ty nhu vay dung dich ¢6 n6ng d¢ chat tan 16n hon s&
héa rin & nhiét d6 thdp hon. Hinh 90 trinh bay sy bi€n déi theo nhiét do cha dp sudt hoi
ctia nu6e dd (dudng 1), nude long (dudng 2), dung dich 1 (duong 3) va dung dich 2
(dudng 4). Dung dich 1 c¢6 néng d& bé hon héa rdn & nhiét 46 t, , dung dich 2 ¢o néng
d6 16n hon héa van & nhigt dot, ; t, < t; < 0°C.

Nhiét d6 héa rdn ciia dung dich 12 nhig¢t'd¢ dng v&i sy xudt hi¢n tinh thé ddu tién
cha pha rdn, nghia 12 nhi¢t d¢ bit ddu héa rin. Vi dung moi cang két tinh, ndéng d¢ cla
dung dich cang tang l&n, 4p suft hoi bdo hda cla dung dich cang giam xufng nén nhiét
46 héa ran cang thdp hon. Bdi vay khic véi dung méi cé nhiét do hda rdn khéng dédi,
dung dich c6 nhiét d¢ héa rdn gidm xuéng din.

Vi d6 giam 4p sudt hai cha dung dich long ti i¢ véi ndéng 40 cla chdt tan trong
dung dich cho nén : "D¢ tdng nhigt dé s6i va do gidm nhiét dé héu rdn cua dung dich
lodng ti 1¢ véi néng d6 ciia dung dich”. Day 12 n6i dung cia djnhk ludt Raun thi hai :

Aty = K.C

-
ﬂtg = Kgc
At, va Aty 12 d6 tang nhiét 46 s6i va do giam nhiét 4¢ hda ran, Ky va Ky la
hing s6 nghiém s6i va hing s6 nghiém lanh, C 12 néng 46 molan clia dung dich.
Khi C = tmolan, At = K. Nhu vay hdng 56 nghiém séi Ky va hdng s6 nghiém lanh

K, la d6 ting nhi¢t 40 s6i At, va &6 giam nhig¢t d6 héa rdn Aty cua dung dich ¢ néng
46 bing tmolan. Nhung & nbag 46 C = 1 1a néng d6 cdch xa v6i néng do cua dung dich
loing, phuong trinh Raun khéng con 4p dung dugc nira.
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Céc hing s6 nghiém séi va hing s6 nghig¢m lanh khong phu thudc vao ban chit
citia chat tan ma chi phu thudc vio ban chit cia dung moi. Duéi day 1a hing s6 nghiém
61 vi hiing s& nghiém lanh cia mot vai dung méi (bang 38).

Bdng 38
Hing so nghiém soi va hang s6 nghiém lanh
Dung moi _ K K¢
Nuée (H,0) 0,516 1,88
Benzen (CyHy¢) 2,57 512
~Axit axetic (CH,COOH) 3.1 . 3,9
Nitrobenzen (CHyNO,) 527 6,9

Ap suit thim thiu. Ap sudt thim th&u 13 mot tinh chdt clia dung dich c6 lign

quan vdi sy khuéch tin cha chdt tan trong toan thé tich cba dung moi. Nhitig hat chat

tan cfing nhu nhitng phan tik dung moi luén ludn & trang théi chuyén dong. Né&u ching ta

. 1dy mot cdch tudng tugng mot thé tich bé & trong dung dich. Néng d¢ cha chdt tan &

-

trong thé tich 46 céing nhu & trong bit et mot thé tich ndo khéc cha dung dich vin
khong bién d8i theo thdi gian. $& di nhu vy 13 v1 s8 phan tir cia chit tan va dung moi
di vio thé tfch d3 I4y luén ludn bing s6 phan tir cla chit tan va dung moi di ra khoi thé
tich dé trong cung mot thdi gian. N6i cdch khac, thé tich 43 dugce 14y & vao trang thai
can bing déng v6i dung dich bao quanh né.

Né€u cho dung dich tiép xuc véi dung moi tinh khi&t bang cdch dang pipet dd rat
cén than mot lugng dung dich xuéng diy cha binh dyng dung m6i, trén mit phén chia
gita dung dich va dung moi s& khéng cé can bdng dong nhu trudng hgp xét trén day ma
chét tan khu&ch tdn vao dung moi déng th¥i dung moi cling khu&ch tdn vio dung dich.

Hién tugng khuéch tén clia dung moi vao dung dich c6 thé | lp

quan sdt duge khi cho dung méi va dung dich ngan cdch v8i nhau

bing mot mang hdn thdm. Mang bdn thdm 12 mang c6 kha nang dé
cho dung moéi di qua ma khéng dé cho chat tan di qua. Mang
méng bing cdlodion, bong béng ddng vat, mang x6p bang ddt sét

¢6 tdm mu6i déng feroxianua Cu,[Fe(CN),] 12 nhiing mang bén

thdm. Sy chuyén dung mbi vao dung dich qua mang bédn thdm goi
14 hién tugng thdm thdu.

Liy mot xilanh, trong dé cé6 mor pitéong di dong (Hinh
91). Day pitong 12 mét mang bin thdm. Gia thiét lyc ma sdt giifa
pitong va xilanh 12 khéng déng ké. Phdn xilanh & phia dudi
piténg dung dung dich, con phédn xilanh & phia trén pitong dung
dung mbi tinh khiét, T .

Vi néng do cha dung moi trong dung moi tinh khi€t 16n Hinh 91-So dé thi
hon se véi trong dung dich cho nén trong cling mdt don vi thai nghiem veé up sudl
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gian, s6 phan ¥ dung moi tir phia duéi pitdng di 1én. Do dé thé tich cia dung dich tiang
len va piténg dugc niang lén. Muén giit cho piténg ding nguyén chd cii, cﬁn dat lén
pllOng nhitng tai trong P nao d6.

Luc cdn phdi tdc dung 1én fem? mang bén thdm d€ ngan khéng cho dung méi di
gua né, nghia 12 1am cho hién twgng thdm thdu nging lai, duge goi 12 dp sudr thdm thdu.

Nghién cdu dp suft thdm thdu cda dung dich lodng, ngudi ta nhan thdy dp sudt
thdm thdu khong phy thudc vio ban chét cda chdt tan ma ti 1& véi néng d¢ cha dung dich
va nhiét do tuyét d6i :

n = CRT

a 14 4p sudt thim thdu, C li nédng 40 mol/l cia dung dich, R 12 hdng s6 khi, va T 1a
nhiét 4o tuyét d6i.

Né&u thay C = %, n 12 s6 mol chat tan cé trong thé tich V lit cha dung dich, ta
€6 .
xV = nRT

Phuong trinh nay gidng v4i phuwong trinh cda khi li tudng d3 xét trudc day va da
cho phép Van Hép phit bidu (ndm 1887) nhu sau :

“Ap sudt thdm thdu cia chdt tan trong dung dich lodng bdng dp sudt gdy nén bdi
chdt dé néu nhu & trang thdi khi va & ciing nhiét d3 né chiém cing mét thé tich nhu
dung dich”.

Su gidng nhau gilra trang théi tan v& trang thdi khi ¢ia mot ch&t chi 12 hinh thaec.
Chuyén dong clia cdc phan tlr chdt khi 1d chuyén doéng hdn loan con trong dung dich,
gifng nhv trong chét long, dd c¢6 mot trat ty sdp x€p ndo d6 cha cdc hat chdl tan va &
nhi¢t do thdp ki€n tric cha dung dich gdn vdi ki€n trdc cha chédt léng va chdt rdn hon la
gén v4i chit khi. Co ch€ sinh ra 4p suft thim th&u ciing chua dugce biét rd rang. Mic di
ngudi ta vln coi nhitng phan tir ch&t tan thé hi¢n tinh chdt gidng nhu phan & chdt khi
nhung khoéng thé coi dp sudt thdm thiu 13 k&€t qud cla lyc va cham cha cic hat chét tan
lén mang ban thim.

Hién tvgng thdm thdu vi 4p sufit thidm th&u c6 ¥ nghia r4t 16n lao trong d&i séng
cta sinh vat vi ming (&€ blo cla c4c mé sinh vat 13 nhitng ming bén thAm. Nhe dp sudt
thim thfu ma nudc va dich dinh dudng trong than cay cé thé 1&n cao hang chuc mét dé
nudi cdy. Ciing vi hién tugng thdm th&u ma cd nudc m{m khong thé séng trong nudc ngot
v nguge lai cd nudc ngot khong thé séng trong nuéc man. VGi li do twong ty nhu vay,
khi hyp xuéng nudc séng, n€u md mét ra ching ta cdm thdy dau nhic & mit nhung khi
hup xudng nudc bién, néng 46 cha mudi trong nudc bién gin bing néng d¢ clha mudi
trong 1€ bao cila mang gidc mac, chiing ta khong cam théy dau nfiia.

Nhing nim gdn day ngudi ta bi€n nudc bién thanh nude ngot (loai bd mudi trong
nudc bién) bing phwong phdp thdm thdu ngwge. Thim thiu nguge 12 hién tugng chuyén
dung moi {trong trudng hop ndy l& nuwdc) di khodi dung dich (trong trudng hgp nay la
nude bién) qua mang ban thdm. Nudc ngot thudng c6 4p suft thdm th4u khodng lam
con nuéc bién, chita 35g mudi trén 1/, ¢é 4p sudt thim th&u khodng 25atm. Muén thuc
hién hign tugng thim th&u aguwgc nghia 1 tdch nuée khoi nudc bién qua mang bdn thdm,
ngudi ta phdi tdc dung 1én nudc bién mot 4p sufit bén ngodi cao hon dp suflt thim théiu
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clia nudc bién va do d6 phai ding méang bdn thdm bén v@i 4p sufit cao. Ming d6 }a mang
moéng lam bing sgi axetat xenlulozo hoadc s¢i poliamit. Nhé phuong phdp thdm thdu
nguge ngudi ta cé thé loai khdi nude 90 - 97% chét v6 co tan, 95 - 99% chét hitu co vi
trén 99% tap chit dang keo.

Xdc dinh khéi lugng phdn tit ciia chdt tan

Dua vao thuc nghiém do 4p su#t thdm th&u, d6é gidm 4p su&t hoi, do tang nhiét do
s6i vd do gidm nhiét do héa rén cha dung dich ngudi ta c6 thé x4c dinh khdi lugng phan
tit cta nhiéu chét tan. Nhung thong thudng nhdt ngudi ta hay dya vio dé giam nhiét do
héa rdn cla dung dich dé xdc dinh kh&i lwgng phan t& vi phuong phdp han nghiém
thuan tién han vé mét thye nghiém. :

Néu goi m la 56 gam cua chdt tan & trong 1000 dung méi vd M |4 khéi lugng
phén ti&r cha chit tan 46, ta ¢6 : '

m
Aty =K, —
£ EM

Rt ra :
M = K;—
Aty

Vi du nhuv khi hda tan 2,76g glixerin vao 200g nudc, nhiét do héa rén cla dung
dich gidm xudng 0,279°C. Hing s6 nghiém lanh ciia nude 12 1,86, Tinh khdi lugng phan
te cua glixerin. '

Trudc hét cdn tinh s& gam glixerin ¢6 trong 1000g nudce ;

2,76 1000

= 13,8
200 d
Thay Ky, m va Aty trong : .
M = Kf i
Aty
" Ta duge :
M =1,86 138
0,279

Viay khéi luong phin tit cita glixerinla : M =92

Viéc xdc dinh khé&i lugng phan tir cha mot s6 chit tan di gidp ngudi 1a bi&t thém
trang théi cdc chét & trong dung dich. Ching han nhuw khi do d6 tang nhiét 46 soi cla
lvu huynh trong CS,, ngudi ta bi€t dugce ring trong dung dich d6 luw huynh & dudi dang
phan ti¥ gédm cé tim nguyén tir §;. Cu thé 12 khi hda tan 0,21%g luvu huynh trong 19,18g
CS,, nhiét dé séi cha dung dich cao hon so véi CS, tinh khi&t 12 0,114°C. Hing s6
nghiém s6i K clia CS, 14 2,37. Khdi lwvgng phan t0 cda fvu huynh tinh duge 12 257,8.

Nhu vay c¢6 nghia la phan tlr luu huynh gém c¢é6 : %’-8—- = 8 nguyén .
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Su dién li trong dung dich nude

Khi x4c dinh khéi lugng phan cia ch4t tan 13 axit, bazo va mudi, k&t qua tinh
duge tir thye nghi¢m khéng phi hop véi thyc té€. Vi dy dung dich gém c¢6 11 9% mudi
kali bromua (KBr) ¢6 d6 gidm nhiét d6 héa rin 12 0,338°. Theo dinh luat Raun tht hai,
khéi lugng phan «f clia KBr 13

M = [86x119 = 65,4
0,338

Nhung thyc t€ KBr c¢6 khé&i lugng phan tir 12 119, nghia 12 1én hon khéi lugng
phan tir tinh duge 12 1,82 14n. Néi cich khdc dung dich d6 da ting d6 giam nhiét do héa
ran l1&én 1,82 14n, nghia 13 khi hda tan mét mo! KBr vio nudc, trong nuée khéng phai chi
c6 N phan t¥ mudi d6 ma c¢é 1,82 x N hat chét tan (N 12 s6 Avogadré),

Dé c6 thé 4p dung duge cdce dinh fuat Raun va Van Hép cho dung dich cha axit
bazd vi mudi, Van Hop b8 sung thém hé s6 i vdo phuong trinh cha cédc dinh luat :

P° P .
a_oa = iN,
Py
AT = iKC
x = iRTC

H¢ s6 i vé sau dugce goi 12 hé 56’ Van Hép. BEi v6i dung dich loding cla céc chét
khong dign i, i = 1; d6i véi dung dich lodng cua axit, bazo hay mudi, i > 1. H& s§ i c6
thé xdc dinh duge bing thyc nghigm dya vio nhitng hé¢ thic sau :

(o AP _ AT
AP AT
AP" AT va n' 12 49 gidm tuong d6i dp suft hoi, do ting nhiét 46 soi hay do gi&m nhié&t
d6 héa rdn va 4p suft thdm thdu cha dung dich do dvgce bing thyc nghiém. AP, AT va =
12 d¢ giam tuong d6i 4p sudt hoi, do tang nhiét d6 so6i hay do gidm nhiet d6 héa rin va
dp sufit thdm th&u cta dung dich tinh béng i thuyét theo ciac dinh luat Raun va Van
Hop.

Sy téng s6 hat chdt tan trén day chi c6 thé gay nen béi sy phan li cla phan tu
chdt tan thanh hai hay nhiéu hat bé hon.

Khi gidi quy€t vin dé ban chét cda cdc hat d6. Aréniuyt da chd ¥ ring chinh
nhing dung dich cia axit, bazo, mu6i & trong nuéc lai 12 nhing dung dich din dién.
Tinh din di¢n cia dung dich dugc gidi thich 12 sy di chuyédn dén dién cyc cia nhitng hat
mang dién goi 13 ion. Ion mang dién dugng di d&n cuc am (cat6t) duge goi 1A cation.
Con ion mang dién Am di d&n cuc duong (andt) duge goi 12 anion.

Dua vao hai sy kién trén day : su tang s6 hat vd sy ¢6 mat cdc hat 1am cho dung
dich dén dién. Aréniuyt két luan rdng axit, bazo vi mu6i khi tan trong nuée phan H
thanh ion. K&t ludn ndy ldc ddu duge coi 12 gid thuyét vi vé sau trd thanh hoc thuyét
goi la fhuyer dién i hay thuyér ion héa. Cbn axit, bazo vi mudi 12 chdt dién [i.

Khong chid ¥ d&n tuang tac gita chdt tan vi dung moi, thuyét dién li cha
Aréniuyt coi phan tir phén i thanh ion ty do.

Vi du : . . KCl= K* + cI
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-Nhu‘ng theo 1i thuyét
hién dai vé dung dich, nudc
khong ¢é ion ty do mi cé ion
duge hidrat héa va su  hidrat
héa cha jon & nguyén nhéan
chinh c@ia su phan li phan t&
thanh ion.

Khi bd mot hgp chdlt ion
vio nuédc, nhitng ion & trén bé
mit cha tinh thé 1am cho nhilng
phan t& nudc xoay hudng nhu
th€ ndo dé€ cic ddu cha ludng
cuc & gin nhifng ion nguge diu
(Hinh 92). K&t qua 13 ¢6 céc
phan tr nudc bao quanh céc
ion. Do 46 lyc tuong tdc gida

P
K*;—‘ cr‘ ! K*r-‘ cr o
:L ,‘L :L P

LN ~ \
iK+‘

c;r‘,—J K"‘;—‘ CI
Sy AT
,l 1 1 a-.\‘@

~

K*}—* cr‘rJ K+ r-' cri©
‘,11 o

'cr;—' K+‘.-' cr.—' K*‘@

%Q

@' K" :@

cde ion bi suy y&u di d€n mife
nang lugng chuyén dong phin
td & trong dung dich ciing db
Iam cho céc ion ta4ch r&¥i nhau
va di vao dung dich.

Hinh 92- Co ché cin qud trink ion héua
hop chdt ion & treng nudr

Ngudi ta do tuong tdc hidrat héa gilta ion v@i cdc phan tir nudc bing nhiét
hidrat héa AHy. D6 12 lugng nhiét duge phat ra khi chuyén mét mol ion (6,023.10% ion)
tir chdn khéng sang dung dich nwéce. Nang lugng hidrat héa cta ion 1a rdt 16n, kha gdn
vai llhlél clua phdn dng héa hoc. Vi du nhiét hidrat héa AH, c¢ha CI™ 12 -351.,45 kJ/mol |
ciia Na‘t 12 -422,58 ki/mol , clia §% 12 -1338,88 kJ/mol, cha Ca® 12 —1613,92 kJimol .
Nhiét hidrat héa ion phu thuéc vao bdn kinh va dién tich clia ion : ion cang bé va cé
dién tich cang 16n hidrat héa cing manh. Nhiét hidrat héa cla m6t hgp chét bing téng
nhiét hidrat héa cia cdc ion do hgp chdt dé phan li ra. Nhiét hidrat héa c6 thé tinh
bang 1i thuyét hodc xdc dinh bing thyc nghiém. Khi xdc dinh bang thuc nghiém ngudi ta
dua vao hé thic :

AH, = U, + AH,

trong d6 nhiét hoa tan AH, xdc dinh dugc tuong d6i d& dang bing thyc nghié¢m, con
ning lugng mang ludi Uy, dd duge biét d&i v4i nhidu musi. Nguge lai, bi&t nhigt hidrat
héa va nhiét hda tan ngudi ta xéc dinh duge ning lugng mang ludi cla hgp chét ion.

Trong trudng hgp phan tir dung moi it ¢b 61;(:, sw xoay hudng clia cdc lurdng cuc
chung quanh ion x4y ra v8i mdc 46 kém hon. Do d6 luc tuong téc gitta c4c ion khéng bi
suy y&€u nhidu nén ning lugng chuyén d6ng phan tir trong dung dich khéng 4l 1am cho
cdc ion tdch r&i nhau. Bdi vay sy ion héa thudng khong x4y ra trong nhing dung moi it
¢é cyc nhir ete, benzen va chi x4y ra véi mitc d6 twong d6i y&u & trong dung méi cé cuyc
tfnh trung binh nhv rugu, axeton. Trong nhitng dung méi thudng dung, c¢é tic dung ion
héa [6n nhit 12 nudc va kém nhét la benzen.
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Khi chit tan 1a
phan t&r ¢é cye, vi du : _ .
nhu  khi HCl chéng Q) by, QO @0 QQQ QOQ
han, gia}i]al dc;f_m]\ t;u:‘f;(?- %@é} . @%@ —— @@QG @@@
cua sy phan li 13 dugi & QD &
tdc dung clta phan tir . : @ O @ 0©Q
nudce, ki€n tric c6 cyc
dugc  chuyén  thanh o
kién triic ion ¢thinh 93) Hinh 93-Qud trinh ion héua phan 1 6 cge

Néu trong phan tir chat tan ¢6 vai kidu lién k&t héa hoc khic nhau, sy phan |i s&
x4y ra trudc hé&t & lien két ion réi d&n lign k&t ¢6 cuc ¢6 kha nang chuyén thanh lien két
ion va khong x4y ra & lign k&t ¢6 cye y&€u hoac khéng ¢é cue.

Vi du mué6i kali hidrosunfat :
K—Q\S/O
H——O/ \\\0
phan li dé dé‘nQ & lién két ion K - O, khé hon & lien k€t cé cuc H- 0O .:
KHSO, = K* + HSO;
HSO7 =H’ + soX
va thye t€ khong phan 1i & lien k&t cé cyc y&€u S - O,

Qué trinh phan 1i thanh jon cing Ja mét qud trinh thuan nghich : song song véi
qud trinh ion héa cdn ¢6 qu4 trinh ngugc lai. D6 12 qué trinh phdn i héa g8y nén bdi sy
k&t hop thanh phan tir cha nhifng ion va cham v6i nhau trong khi chuyén déng hén loan.

Di nhién c4n bing déng dugc thi€t 14p khi t6c d6 cia qué trinh ion hda bing téc d6 cha
qua trinh phan (& hoa.

Dua vao thuyé&t dién li cia Aréniuyt ngudi ta chia céc hgp chdt ra lam axit, bazo
va mubi. Axit 1d hop chdt phdn Ui trong nuéc cho cation hidro HY (goi ld proton) va
anion. :

Vidu :
HCl &= H' + cor
= H' + NoO;
Dai v6i nhitng axit nhiéu ndc con goi & poliaxit nghia 13 trong phéan t¥ cda

ching c6 nhidu nguyen t& H ¢é thé duge phan li ra, qud trinh phan 1i & trong nudc x4y
ra theo nhiéu nic.

Vidu. Axit photphoric phén Ii theo ba nac :
' H,PO, == H' + H,PO;

H* + HPpoZX

I

H,PO;

HPO ¥~ H* + Ppol

1l
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trong d6 nic thi nh4t luon Iudn xdy ra manh hon néc thit hai vd néc th& hai manh hon
ndc thi¢ ba vi trong néc thd nh4t, ion H® dugc tdch ra khdi phan tir trung hda H,PO, cdn
trong ndc thd hai, ion H' dvge tdch ra tit ion H,PO; mang mot dién tich am va trong
néc tht ba, ion H" dugc tdch ra tir ion HPO X mang hai dién tich am.
Bazo ld hgp chdt phdn Ii trong nude cho anion hidroxyl OH ™ va cation.
Vidu:
NaOH == Na" + OH"

~ Phan ¢ng gilta axit v bazog duoc goi la phdn wng trung héa 13 phén fing giita ion
H" va ion OH" tao nén phan tt H,0 :

H"+ OH = H,0 ; AH® =-56,5kJ

Vi.du. Phdn #ng trung hda giita dung dich HCI vi dung dich NaOH :
HCl + NaOH = NaCl + H,0
axit bazo mudi  nude

Vi I do nhu vay cho nén nhiét cia phin ing trung hoda chia céic axit manh va
bazg manh la nhu nhau. D6 la nhiét clia qué trinh két hgp H* véi OH™ tao thanh H,0.

D6i véi nhitng bazo nhiéu ndc, nghia 13 trong phin 1t cGa ching c¢é nhiéu nhém
OH", qud trinh phan li ciing x4y ra theo nhiéu ndc.

Vi du. Bari hidroxit phan Ii nhu sau :
Ba(OH), —= Ba(OH) "'+ OH"
Ba(OH) "== Ba®* + OH"
Ciing nhu trudng hq.p cia axit nhidu ndc, & day ndc thd nhat manh hon nde thi hai.

Hidroxit ciia mot s6 kim loai ¢6 thé phan li trong nu&e vira theo kiéu axit vira theo
ki€u bazo 1a chdt ludng tinh. Vi du cdc hidroxit sau day 13 ch&t ludng tinh : Zn(OH),,
Al(OH),;, Be(OH),, Ga(OH),, Cr(QOH),...

Mudi la hop chdt phédn li trong nudc cho cation kim loai hode nhém chita cation
kim logi hodec nhém amoni va anion axit.

" Vidu : ' KCt == K' + <CI°
' (NH,),SO, == 2NH; + SO%
Khéa nang phan li nhidu ndc clia axit vd bazo nhiéu nfic gidi thich khuynh huéng

tao thanh cdc mudi axir, vi du nhu KHSO,, NaH,PO, vd cdc mudi hazo, vi du nhu
Fe(OH)Cl,, Cu,;(OH),CO;.

Mudi axit phan li theo nhiéu néc, truée hét cho ion kim loai réi cho ion H'.

Vidu :
NaH,PO, —= Na’ + H,PO;
H,PO; == H" +HPO]
HPO¥ == H' +PO}
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Mugi bazg ciing ion héa trong nuéc theo nhidu néc trudc hét cho anion axit réi
cho nhém OH"

Vidu:
Fe(OH),Cl —= Fe(OH); + CI°

Fe(OH); == Fe(OH)*" + OH”

Fe(OH)*¥ — Fe* + OH"

———

Nhu trén da nhén xét, sy dién li & trong nwde clta mot phan 1t duge quyét dinh
chi y&u bdi cuc tinh clia cdc lien k&t trong phan tir d6. Lién k&t cang c¢6 cuc, phan tir
cang dé ion héa nh& ddr lien k&t d6. Nhung cuc tinh cia mot lign két gitra hai nguyén
nguyén t6 & trong mot phan tir khong phdi luén luén khéng ddi ma it nhidu phu thudc
vio nguyén t6 khac cing lien k€t véi mot trong hai nguyén t6 dé. Vi du cuwe tinh cha
lién k€t gita H va O trong cdc hgp ch4t kiéu ROH bi&n ddi manh tiy theo ban chit cia
R. Néu R 1a nguyen t6 kim loai, khi kim loai d6 cang hoat déng, lién k&t R-O cang ¢é
cuc manh thi lién k&t O—~H cang ¢6 cyc y&u hon. Nguge lai néu R 13 nguyén td khéng
kim loai, 1ién k&€ R—O it ¢6 cyc thi lién két O—H s& c6 cuc manh hon. N6i mot céch
don gidn, tinh ch&t ciia mot trong hai lién k&t dwgc quyét dinh bdi viee O kéo duge vé
né electron cla R hay cda H. Tir d6 riit ra rang su phéan li ciia cdc hgp chdt ROH c6 thé
xdy ra theo hai hudng :

1 2
R|O|H

Theo huéng 1, hop chét 12 bazo va theo huéng 2, hgp chit 1a axit ; ty theo quan
hé giita cyc tinh cua hai lién k&€t R=0 vd O~H ma huéng ndy tréi hon hudng kia.

Vi du : Na 12 kim loai hoat déng hon H nén sy phan li cia NaOH x4y ra theo
huéng 1.

Nguge lai Cl 12 nguyén 16 khéng-kim loai hon H, sy phan li cia HOC) thyc &
xdy ra theo huéng 2.

Nhém NO, trong HNO, (c6 thé vi€t 1a NO,OH) ciing th€ hién tinh chit khéng
kim loai manh hon H nén HNO, thyc 1&€ phan li theo huéng 2.

Né&u ban chdt ciia R khong khdc nhiéu v6i H, hgp chat c6 lhé.phﬁn hily theo ci
hai hudng va 12 ch4t ludng tinh.

Do phdn li cia chdt di¢n i va phuong phép xdc dinh

Nhitng hop chét & trong dung dich chi t6n tai dudi dang ion dugc goi la chdt dién -

li mgnh. Da s8 cic muéi vo co, nhiéu axit v6 co (vi du nhu HC10,, HNO,, H,50, , H(CI,
 HBr, HL... Cdc hidroxit cla kim loai kiém vi kiém thé 12 chdt dién }i manh & trong
nudc. D6 1a nhitng hop chdt ma trong phan ti cda chiing c¢6 lién k€&t ion hodc lién két ¢6
cyc d& chuyén thanh lién két ion. Con nhitng hgp chdt & trong dung dich chi c¢6 mot s& it
phan tir phan li thanh ion dugc goi 13 chdt dién li yéu. Céc axit va bazo hiu co, mot s6
axit vé6 co (nhr H,S, HCN, H;BO;...) nhiéu hidroxit cia kim loai chuyén ti€p (nhu
Cu(OH), , Cr(OH),...) v mdt s6 {t mudi nhrr HgCl,, CaCl,, Fe(SCN), 12 chft dién 1i y&u,
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Do phd.n liiqcda mét chdt dién li la ¢ s6 cia phan tk phin li va t8ng 56 phdn tir.

"tan. N6 nim trong giéi han tir 0 d€n 1, khi @ = 0 qué trinh phan )i khéng x4y ra, trudng

hop clia chdt khang dién li ; khi @ = 1, sy phéin li xdy ra hoan toan, trudng hgp cia chit
dién li manh. Ngudi ta thudng biéu dién d¢ phan li dudi dang phédn tram. V{ dy trong
1000 phan t& tan ¢6 920 phan t& phan 1i, d§ phan i [& :

920

= = 0,92
1000 '
hay :
Q= & X 100 =92%
1000

D6 phan 1i phy thuéc vio ban chdt cla chdt tan, ban chét cia dung mdi, néng do
vi mot it viho nhidt 4o cda dung dich. Vi qua trinh phén 1i 13 mdt quéd trinh thuin
nghich, khi pha loing dung dich, nghia 12 cho thém dung méi, can bing chuyén dich vé
phia phan li. Do d6 trong dung dich cang loéng, 46 phan li caa chédt cang lén. Béi vay
khi néi vé do phan Ii clia mét chét ndo, cdn phai xdc dinh 16 trong dung dich ¢6 néng do
bao nhitu. Trén thuc t€ ngudi ta thudng quy ubc nhitng chit ma trong dung dich 0,IN &
nhiét do thudng cé6 do phan li trén 30% la chdt di¢n }i manh, c6 d6 phan li duéi 3% la
chdt dién li y&€u vi c6 46 phan i tir 3 d€n 30% la chdt dién li trung binh.

_Po phan li cha mot chét ¢é thé xdc dinh dwgc d& dang khi do 4p suflt hoi bdo
hda, nhiét d6 soi, nhiét dd héa rin, 4p suft thim thdw, 40 dén dién cia dung dich v.v...

Vi du. N€u hda tan n phan tlr chét tan vao mot thé tich nude va « 1a do phan li
cha chit tan & néng do d6, s6 phan tir phan li s& 12 ne. Néu mdi phan ti phan li cho v
ion, téng s6 ion cé trong dung dich 12 vne, s6 phan ti khéng phan 1i 12 n-ne va tdng s6
hat (ion va phéan ti) ¢b trong luwgng dung dich dé 1a :
vox +(n-nax) =0l -a + va)
Nhu d4 bi&t hé 56 Van Hép 1 12 s6 ldn ting s8 hat trong dung dich :

l-a+va
i =n(—_}1 = l-a + va
0

Vay ridt ra heé thic phan d4nh md&i lién heé giita d¢ phan li va hé s Van Hop :

i—1
v—-1

o =

v ¢6 thé biét dugc tir cOng thdc cha hgp chét i duge xdc dinh bing thyc nghi¢m do dp.
suft hoi, nhiét 46 sdi, nhiét do héa rdn va 4p sufit thdm thau nén cé thé tinh duge do
phan li ¢hia hgp chit. '

Vi du : Mot dung dich chia 8g NaOH trong 1000g nudc héa ran & -0,677°C .
Tinh d6 phan li cia NaOH trong dung dich d6 bi&t rdng hang s6 nghiém lanh cla nuéc
K, = 1,86.

Muén tinh a, trude hét cdn tinh i. Nhu di biét

Ale
Aty

213



ma :

Aty = Kgﬁ = 1,86 % = 0,372

Nén :
= 0877 82
0,372
Dya vio he thic trén ta tinh dugc :
_ 1821 - 0.82
2-1
Viy :
a = 82%

Ngoai phuong phép dya vdo h¢ s6 Van Hop, ngudi ta c6 thé xéc dinh’ do phan i
cia chit bing cdch do d6 din dién clia dung dich. '

) o Aem™™)

D¢ dan dién cua mét dung dich la s6 nghich ddo . 880 HCl
cia dién tré cda dung dich dé. N6 dugc tinh bing don vi /— 50,
Q7'. Do din dién cla dung dich thudng bé hon nhidu so
vdi kim loai. _ 200 |

D¢ ddn dién cia mét cot dung dich ndm gika hai KOM
dién cuc méi cuc ¢é dién tich bdng lem? |, ddt cdeh nhau _
Iem dugce goi la d¢ ddn dign riéng cia dung dich. B4 din 190 {COOH),

dién riéng thudng duwge ki hi¢u 12 ¥. Vi sy dén dién qua ﬁ_’
dung dich dugc thuc hién nh& sy chuyén d&i clia cée ion -V Cuso,

cho nén d¢ dén di¢n riéng clha dung dich phy thudc trude 90 F

hét vao néng d¢ cia ion & trong dung djch dé. Néng do /'CHBZO-H-
cua ion lai phu thu¢c vao néng d6 va do phan li cha chit
di¢n li & trong dung dich. Khi pha lodng dung dich cla

1 1 1

g 200 500 1000

mot chdt dién li ndo d6, do phan li tang 1én, téng s6 ion
¢6 trong dung dich dé tang len nhung déng th&i thé tich
cia dung dich tdng 1én nhanh hon cho nén néng 4d¢ ion
gidm xulng.Ké&t qui 13 khi pha loing dung dich, d& din

Hinh 94 - Sy bién ddi ciu do

V(N

ddn dign duwong lugng khi pha
todng dung dich nuee cia
mét s& chdr dién Ii

di¢n riéng gidm xuéng.
D¢ ddn dién ciia dun.g dich chita 1 duong lugng gam chdt tan ma toan bo thé tich
cia dung dich d6 ndm giita hai di¢n cuc song song va cdch nhau lem dugc goi la dé ddn
di¢n duong lugng. DO din dién dwong lugng thudng duge ki hidu 12 A. T4t nhién 46 din
dién duong lugng lien h¢ v&i do didn dién rieng boi hé thuac :
A=yx .V
V ta thé tich (ml) ctia dung dich chita mé6t duong lrgng gam chdt tan.

Khéc v&i d¢ din di¢n rieng, khi pha lodng dung dich d¢ din di¢n dwong luogng
tang 1¢n vi d6 phan li cha chat tan tang len va dat dé&n gidi han (hinh 94). Gi4 tri gidi
han d6 dugce goi 12 d¢ ddn dién duong lugng lic pha lodng vé cing X, . Day 132 mot dai
Itgng quan trong dac trung cho tinh chat cia mét chit dién 1i.
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D&i voi cac chdt dien 1i y&u, do din dién duong lugng cla dung dich & cdc mic
46 pha lodng khic nhau thuc 1€ chi phu thudc vao s6 ion cé mit trong dung dich, nghia
13 phu thudc vao do phan i cha ch&t dién li.

A = Ka

Qua hinh 85 ta th&y khi dung dich ¢6 néng do 14t lodng, chdt di¢n 1i phan 1i hoan
toan thanh ion, nghia 12 trong nhitng diéu kién dé @ = 1 cho nén ¢6 thé suy ra :

K = 4,
A =i, «a
Rt ra :
A
a = —
A

vay do phan li cla mot chét dién 1i trong dung dich nio d6 bang d¢ din dién
duong lugng cta chdt tai néng 46 46 chia cho dd din dién duong lugng lic pha lodng vé
cing. '

Vi du. Dung dich axit axetic 0,0092N cé d¢6 din dién duong lugng la
16,98 c¢m? /Q. Tinh d¢ phan li cha axit tai néng 4o 46 biét ring 46 dén di¢n duong lugng
lic pha lo@ng v& cling cha axit axetic 12 A, = 387,70 em?/Q.

D6 phan ki cha axit axetic trong dung dich 0,0092N 12 :

. A
a = — = ﬂs— = 0,0438
_lm 387,70
o =4,38%

Khdi niém hoat 46

Nhu 43 bi&t, chit dign 1i manh phan li hoan toan trong dung dich cé bat ki ndng
d6 nio. Vi du nhur mudi aa trong tinh thé ciing chi gém cé céc ion cho nén khi tan trong
nudc khong thé cho nhitng phan tir NaCl dugc. Nhung thyc nghiém cho thdy 4o phan li
clia chét dién li manh xdc dinh duge bing cdc phuong phép da xét trén day ludn ludn bé

hon 1 va khong béang 1. Ngudi ta goi 44 phan li d6 1a d¢ phan 1i biéu kién dé phan biét
véi do phan li thyc cia né (@ = 1). Tai sao cé sy sai léch 46 ?

Trong dung dich cia ch&t dieén li, cdc jon lubn ludn chuyén dong hdn loan. Cac
jon khéng phai tro d8i véi nhau ma tuong tdc v4i nhau bang nhitng luc tinh dién. Cac
ion cing d4u ddy nhau va cdc ion nguge ddu hit nhau. K&t qui la bao ¢uanh méi ion &
trong dung dich ¢6 nhitng ion nguge d#u tao nén khi quyén ion cho né. Mdi ion & trong
khi quyén d6 lai 12 ion trung tam cha mot khi quyén ion khéc. D6 1a chua ké dén vo

sonvat gém cdc phan tit dung mdi bao quanh méi ion.

Trong chuyén déng nhiét, ion trung tam cé xu hudng mudn tich khdi khi quyén
.jon bao quanh né nén khi quyén d6 bi bién dang vi trd nén khong d6i xdng. Mot phia
nac dé6 & xung quanh ion trung tim s& du dién tich clia ion nguge dfu nén can trd
chuyén dong ciia ion trung tam. Né&u nhiing vao dung dich ciia chét dign 1i hai dién cyc
néi véi ngudn dign mot chiéu thi cdc ion chuyédn dong theo hai chidu nguge nhau. Mai
ion bit ra khéi khi quyén ion chay vé dign cuc nguge d4u nhung khi quyén ion c6 xu
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huéng kéo ion d6 chay ngwgc lai va nhu th€ lam chém chuyén ddng cta ion. Do d6, s6
ion di qua dung dich trong mot don vi th&i gian gidm xufng nghia 14 déng dién giam
xuéng so v&i trudng hop céc ion hoan toan chuyén dong ty do. D& phan li @ xdc dinh
bing phuong phip do d6 din dién clia dung dich, tdt nhién bé hon 46 phan li thye.

~ Trudng hgp 46 phan li dugc tinh dva viao hé s6 Van Hop ngudi ta cing thu duge
k€t qua tuong ty, nghia 14 d6 phan i biéu ki€n bé hon 46 phan Ii thue. Su sai l¢ch & day
ciing cé nguyén nhan la sy c6 mat khi quyén ion. Nhu d3 bi€t do gidm dp suft hoi cha
dung dich phu thudc vao s6 hat chit tan khong bay hoi ¢6 & trong mat thoéng cia dung
dich. Vi sy c6 mit khi quyén ion nén s8 ion ¢6 trong mat thodng cba dung dich bé hon
so v6i s& ion c6 trong céc 16p dung dich nim & phia dudi cda mat thodng. Do d6 dé
giadm 4p suflt hoi do dugc s& bé hon so véi 46 giam 4p sudt hoi tinh theo 1 thuyé&t khi
ch4t dién }i phan li hoan todn va d¢ phan li xdc dinh dugc s& bé hon dé phéan i thyc. Sy
giam 4p suft hoi 12 nguyén nhan gay nén sy tang nhiét d¢ s6i va gidm nhiét do héa rin
cho nén d6 phan li biu ki€n xdc dinh theo phuong phép nghiém $6i va nghiém lanh
ciing bé hon do phan 1i thyc. Khi do dp sudt thdm thfu cling c6 sai 1éch nhu vAy. Nguyén
nhan & day 13 sy c6 mat khi quyén ion lam cho s§ ion & 16p dung dich ti€p xic véi mang

bin thdm bé hon so v&i cdc 16p & trong ldng dung dich cho nén dp suit thdm th&u do-

dugc s& bé hon se véi khi tinh mét céch li thuy€t v4i chdt dién li phan li hoan toan.

Trong dung dich cla chit dién li manh db v6i néng d6 thip, s6 ion vén cé nhiéu,
téc dung ctia khi quyén ion 12 déng ké nén dung dich thé hign tinh chdt sdt kém di tua
nh¥ néng 4o clia ion & trong dung dich b¢ hon néng &0 thuc clia ching. Ndéng 46 mdi
niy 12 néng do c6 hitu lyc that sy céia ion va duge goi 1 hogr d6. Hogt d9 thudng duge
ki hi¢u 12 a va dugc do bang don vi ding dé do ndng d6. N6 lién hé véi néng do thyuc C
béi hé thic :

a = fC

trong 46 f 13 hé 56 hoat d6, né x4c dinh mic d¢ anh hudng cha tuong tdc gilta cdc ion
v6i nhau. Trong dung dich lodng cha chét dign li y&u, tuong tdc d6 khong ding ké, he s8
hoat d6 f = 1 va hoat d¢ bing ndéng d¢ (a = C). Trong dung djch cla chdt di¢n li manh
va trong dung dich dam dac clia chdt di¢n li y&u, twong tdc 46 ding ké, he s6 hoat do
f < 1 va hoat 40 bé hon néng 406 (a < C). '

Ba&i \;ray dinh luat tdc dung khéi lugng khi khong ké d&n tuong tdc giita cdc hat

chi 4p dung diing cho dung dich loding cia chdt dién li yéu. Muén 4p dung dinh fudt dé '

cho-dung dich clia chdt dién li manh va dung dich dam dac cta chdt dien li y&u ngudi ta
thay néng d¢ trong h¢ thic tinh hing s cin bing béng hoat do cha ion.

Thuyét axit-bazo cita Bronstét Lauri.

Thuy&t axit-bazg clia Aréniuyt 4p dung ding cho truong hgp dung moi lad nudc
nhung khong 4p dung duge cho cdc dung méi khdc. Mat khic c¢6 nhidu phdn dng tao nén
mu6i giéng nhu phan ¢ng trung hda nhung trong d6 khéng cé sy tham gia cha ion H' va
ion OH", vf du khi amoniac tdc dung véi khi HCI tao thanh mudi NH,Cl theo phén Gng :

NHy, + HClyy = NH.Clg,

Mot vi du khédc nita 12 khi HCI khi tan trong benzen tuy khong phan li ra ion H*
nhung vin 1am déi mau chdt chi thi.
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Nhitng trudng hop nhu vy thuy&t Aréniuyt khong giai thich duge. R4 rang 12 cédn
¢6 mot 1f thuy&t chung hon nita v& axit-baze. Nam 1923 gdn nhu déng thdi v6i nhau nha
héa hoc Pan Mach la Bronstét (I.Bronsted. 1879 - 1947) va nha hoa hoc ngudi Anh 12
Lauri (T.Loury, 1874 - 1936) di dua ra mft dinh nghia rong hon vé axit vh bazo : axit
16 chdt ¢ thé cho proton va bazo la chdt cé thé nhdn proton. B&i vay thuyé&t axit-bazo
cha Bronstét va Lauri duge goi 12 thuyét proton. Khi cho proton, axit A bié€n thanh
bazo B : :

A= B+H

Mbi axit tuong wng véi mot bazo lién hop B va méi bazo B twong dng vdi mot
axit lién hgp A. Theo dinh nghla trén, ngudi ta phan biét ba logi axit : axir trung hoa, vi
du nhv HCI, H,80,, CH,;COOH (ching #ng v&i nhimg bazo lien hgp Cl™, HS50,,
CH,COO") ; axit cation vi dy nhu H,0" va NH}(ching &ng véi nhitng bazo li¢n hop
H,0 va NH,) va axit anion, vi du nhu HSO ,, I_-IZPO: , HPO ¥ (ching dng véi nhing bazs
lien hop SO, HPO L, PO). )

Thuyé&t proton khéc nhiu véi thuyét Aréniuyt & chd diah nghia vé baze. Vi
ngoai chc bazeo trung hda nhu NH,, H,O va hazo anion nhu OH cbdn c6 cdc bazo nhu la
anion CI”, CH,COO™ va ca Cl0 ;, mic di Cl10 12 bazo rit yé&u.

Vi proton khong & trang thdi ty do, nén axit chi ¢6 thé chuyén proton cho bazo
vi bazo d6 nhan proton bi€n thanh axit va thuc t€ chi x8y ra phan @ng chuyén proton
kiéu :
A, + B, = B, + A,
axit 1 bazo 2 bazo | axit 2

A, vd B, 12 cdp axit bazo lién hop, A, v B, 12 cdp axit bazo lién hop khic. Trong dung
dich nuéc, proton k&t hgp véi mot phan tir nudc tao thanh ion oxoni H;O+ :

H* + H,0 = H;0"

vid mot trong hai cdp axit bazo lien hop s& 14 nuée va axit lién hgp vdi né hay 1 nudc va

bazo lien hop v&i né. Viy qué trinh ion héa cha axit trong nudc cé thé dugce biéu dién
bing so d6 :

A +H,0 = H,0" + B

Vidu:
CH,COOH + H,0 = H,0' +_CH;COO‘ ' (1)
NH: +H,0 = H;0' + NH, ' 2)
H,PO; +H,0 == H,0* + HPOY (3)

~ Cha ba phén dng ndy xay ra theo so 44 chung trén day nhung tuy theo ting trudng
hgp ching dugc goi tén khac nhau. Vi du nhy cdc phan éng (1, 3) 1a phan Gng ion hoéa
ctia axit va ion dihidrophotphat & trong nuéc ¢dn phin tng (2) thuc 1€ 13 phéan dng thiy
phan clha mu6i amoni. ' '

Trong ba phan ing d6, nuéc 13 bazo cdn trong cdc phan wng dudi diay nudc lai la
axit va bazo lién hgp v6i né 12 ion OH". :
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Vidu:
H,0 + NH, = NH; + OH"~
H,0 +CH,CO0~ = CH,COOH + OH-
H,0 + HPO} = H,PO; + OH-

Vi nhing 1i do trén, nwéc dwgc goi 1d dung méi ludng tinh. Phan tng chuyén
proton ciing x4y ra trong cdc dung moéi khdc nhv amoniac long; hidro florua léng v.v.
Nhu vay khéc voi thuyé&t axit - bazo cha Arénjuyt chi dp dung dugc cho moi trm’mg

nude, thuyé'l proton ctia Bronstét - Lauri ¢6 th€ 4p dung cho b4t ki méi trudng nio va ca
khi khéng c¢6 m6i trudng.

Do manh cua axit va bazo

Ap dung dinh luat tdc dung khdi lugng vdo qud trinh ion héa cha axit & trong

nudc
| HA + H,0 = H,0" + A-
tg c6 :
C . Cu
K= H A
Car - Cao

Néu néng 46 clia axit khong 16n tam, néng do clha nudec c6 thé xem 1a khong dbi
© va duge dua vae hing sé.

Viy :
Cuog « Ca

K. = emsemad e

Hing s6 Ky, dugc goi 12 hdng s6 ion héa hay hdng s& axit clha HA.
Vi dy. Axit axetic ion héa trong nuéc theo qué trinh :

CH,COOH +H,0 — H,0% + CH,C00-

K Cuo . Cencoo

CHCOOH =~ (0 CH.COOH

4

Cling nhu bt ki hing s6 can bing ndo, hdng s& axit ciing phu thude vio nhiet dg,
Tai mdt nhiét 46, hdng s¢ axit cang 16n, axit ion héa cing nhidu v axit cAng manh. Vay
hang s6 axit ¢6 thé ding d€ chi dé6 mank cia axit.

Vidu O 25°C hing s§ axit Ky, ciia HF 1a 7,70.107%, cia CH,COOH 14 1,86.107°

clta HCN 1a 7,30. 107'" ¢6 nghia 12 axit flohldnc manh hon axit axetic va axit axetic
manh hon axit xianhidric.

D6i v6i nhitng axit nhidu ndc ngudi ta ¢ciing x4c dinh hing 56 axit cho tl‘:ng_ nic.
Vi dy. Hang s6 axit cha c4c ndc cha axit photphoric 1a :

Cho . Coro .
K, = __}ié__._Hi_Po_‘= ?,6.103
H, PO,
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CHsdk c HPOS" g

K, = _ = 6,2.10°°
Cu,ro;
Cag® Cooo-
K, = _%;mi = 4,4.10°"
HPOZ"

Hing s6 axit c6 thé xdc dinh tiX cdc dif kién nhiét dong hoc.
Vi du. Qué trinh ion héa cia axit axetic ¢6 thé vi€t :

CH,COOH (dd) == H'(dd) + CH,COO~(dd)
Nang lugng Gip tac thanh chuféin clia cdc chit 1a:

AG Jgq - - 396,61 0 ~ 369,45 kJ/mol

Vay AG9gg ctia qud trinh 12 :

-369,45 + 396,61 =27,16 kJimol

ma
AGSeg = —2,303RTIgK cu,coom
Rt ra :
27160
1eK - = - 4,758
&% CH,CO0H 2303%8.314x298

Vay hing s& axit K encoon = 1,75.107%

Hing s6 axit cia CH,COOH tinh dwgc khong hoan toan phit hop vai h?ing s6 th!,rc.
nghié¢m (K = 1,86.107%) 12 do phép tinh dung nhing dit kién thu duge tir thuc nghiém vai
céc phép do c¢6 do chinh xdc khéc nhau. '

Hing s6 axit cha axit y&u ¢é th€ duoc tinh dya viao 4o phan li xdc d¢inh dugc
bing thyc nghiém cla axit.

Vi du. VGi dung dich axit axetic ¢6 46 phan li @ & néng 46 C molil tai mot nhiét
46 nao d6. Ta c6 néng d¢ can bling cic hat (ion, phan tir) & trong dung dich 1a:

CH,COOH + H,0 == H,0" + CH,CO0"

(1-a)C - aC aC
Dua cdc néng 46 ndy vdo h¢ thic tinh hing s& axit ta c6 :
K aC.aC
HA (1-a)C
2
a“C
Kua = 1_'_
-

Day ia h¢ thic cha dinh luat pha loang do nha hda hoc ngudi Dic 12 Otvan
(W.Ostwald, 1853-1932, giai thudng Nobel vé héa hoc nam 1909) dé ra nam 1888.

Khi o bé hon so véi 1 ta cd thé coi 1-a~1 va:
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KHA = GZC

Hé¢ thitc nay cho thiy 46 phan li ti 1& nghich v6i néng do cia dung dlch Duya vao
hé thic ndy ngudi ta tinh hdng s4 axit khi bi&t 46 phan li vi nguge lai.

Vi du. G nhi¢t do thudng, dung dich CH,COOH 0,1M c6 d¢ phan li 1a 1,34%,
héng s6 axit clia axit axetic & nhiét 46 thudng la :

Kys =0,01342x0,1 = 1,8.10-°

Gidng nhu 481 v6i céc axit, ngudi ta cling xdc dinh hdng 56 bazo cia céc bazo
(ki hiéu chung 14 B).

Vi du. Qud trinh phan li cia NH, & trong nuéc 12 :
NH, + H,0 = NH; + OH"
Hing s6 bazo 1a :

Bing thyc nghiém ngudi ta xdc dinh duge Ky clia NH, 12 1,8.10%. Hing s6 bazo
cling ¢cé nhing dic diém gi6ng nhu hing s& axit.

D6 manh cla axit ¢é li¢n quan v§i d6 manh cla bazo lién hop véi né : axit cang
dé cho proton, nghia 14 axit cing manh thi bazo lién hgp véi né cing khé nhan proion
nghia la cang yé&u.

V{ dy : Axit clohidric HCI 12 axit manh, ion Cl- 12 bazo lién hop yéu.

Bay gid ching ta so sdnh 40 manh giita cdc hidroaxit (axit 13 hidrua clia céc
nguyén t6) va giita cdc oxiaxit (axit ¢é chiwa oxi).

Péi vai hidroaxit, do manh ciha ching ting 1&n theo s§ thit ty cha nguyén 16
trong mét chu ki vi trong mét nhém. Sau day 12 hdng s6 ion héa clia mot s& hidrua

Hidrua ... NH,; PH, H,0 'H,§ H,S¢ HF H,Te HCl HBr HI
Kya - 107% 10727 107'* 107 10°* 10* 10-* 10"  10° 10"

Do manh cia axit phu thudc truéc h&t vao khd nidng cda axit tdch ion H* ra. Kha
ning d6 x4y ra cang d& khi momen ludng cuc clia phan tir hidrua cang 16n, ma momen
ludng cuc modt mat tdng len theo d¢ dién Am cia nguyén t8 va miat khéc tang 1én khi
nang lugng lién k€&t gita H va nguyen ¢§ gidm xubng. Trong diy hidrua cla cdc halogen,
nang lugng lien k€t gidm xudng tir HF dén HI (xem bang 10). D6 12 nguyén nhan chinh
lam cho tinh axit cia ching ting 1&n tr HF d€n HI. Cdn trong diy NH, — H,O — HF, t4t
cd nhitng ion am cé kich thudc gdn nhu bing nhau va niang lugng cha cdc lién k&t gita H
vi nguyén t8 khong khic nhau nhidu 14m nén tinh axit ting lén tir NH, dén HF phd hop
v6i su tang 46 dién Am tx N dén F.

Déi v6i cdc oxiaxit, Paolinh di duva ra hai quy téc ¢6 tinh kinh nghiém saun day
vé d6 manh cla ching :

Quy tdc thir nhdt : Cic hing s6 ion héa k& ti€p nhau K, K,, K;... cia axit nhiéu
nfic ti 1&¢ v6i nhau theoti le 1 : 1073 : 107'° .,

Vi du. Axit photphoric c6 K, = 7,6. 107° , K, =6,2.107* va K, = 4,4. 107"

Quy tdc thir hai : Hing s8 ion héa thd nhdt K, cba c4c oxiaxit XO,(OH), phu
thudc vao gid tri cia m (& day X chi nguyeén t§).
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Khi m = 0, axit rdt y&u va K, << 10~

Vidu:
_ Axit Kaa
Axit hipoclors HCIO 3,2.10°"
Axit silixic H,Si0, . 2. 10710
Axit aseno H;As0, 6.10°1°
Axit teluric HTeQ, 1,6.10°°
Khi m = 1, axit y€u va axit trung binh K| ~ 1072
Vidy :
Axit Kya
Axit clors HCIO, 1,102
Axit nitro HNO, 4.5.10°¢
Axit teluro H,TeQ, 3,2.107°
Axit photphoric H,PO, 7,6 .1077?
Axit peiodic H,10, 2,3.10°2
Khi m = 2, axit manh va K, 16n hon nhidu.
Vidu:
Axit Kya
Axit nitric HNO, ~ 10
Axit cloric HCIO, ~ 10!
Axit sunfuric H,80, -~ 10 .
Khi m = 3, axit r&t manh va K, rat I4n.
Vidu:
Axit Kua .
Axit pecloric HCIO, ~ 10

Nhu vay nghia 12 d¢ manh cia axit phu thude vio s6 nguyén tr O khéng ndm
trong nhém hidroxyl (OH) chit khéng phu thudc vao s6 nhém OH. Diéu d6 c6 thé€ hidu
dugc dya vio 14p luan sau day d6i v6i diy oxiaxit cia clo

HCIO - HCIO, - HCIO, — HCIO,

Lyc hit giita ion H* va jon ClO~ khi tao thanh CIOH bing lvc chia lién k&t O—H.
Nhung lyc tdc dung gitta ion H® va mdt trong hai nguyén tir O cha ion Cl0; khi tao
thanh CIOOH c¢6 thé bé hon luc cha lign k&t O—-H vi lgc hiit chung cha proton bj chia sé
cho hai nguyén t&r O va do d6 HCIO, d& ion héa hon HCIQ, cdc axit HCIO; va HCIO,

cang d& ion héa hon nta vi lyc hit chung cda proton bi chia s& cho ba, bén nguyén
tir O.

Thuyét axit-bazo ciia Liuyt

Thuy€&t proton cia Bronstét vi Lauri di dugc cdc nha héa hoc coi 12 hoan hao
nhdt trong If thuy&t axit-baze. Tuy nhién thuy&t d6 chi ding cho nhitng phén dng axit-
bazg, trong d6 tinh chdt axit-bazo 13 thue t€ gdy nén bdi proton. C6 nhitng chdt thé hién
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manh tinh axit, tinh bazo nhung khéng phai 12 axit, bazo theo thuyé&t protan vi ring
trong d6 khong ¢6 mat proton. Bdi vay déng thdi vai thuyét proton, thuyét electron cla
Liuyt dd ra d&i (nam 1923). Theo Liuyt, bazeo la chdt cho cdp electron dé tgo thanh lién
két cong héa tri va axit 1a chdt nhdn cdp electron. Nhu vy tuong tdc axit-bazo 12 sy tao
thanh lién k&t cong héa tri kiéu cho-nhén, dac trung cho sy tao thanh nhing phic chit :

Vidyl:
H H +
HeN:+ H:Cli= [H:N:H| :Cl:-
H H
bazo axit
Vidu2: .. .
(H:Q:)‘ + HY =H:Q:H
baza axit
Vidu3 -
H F H F
H:.I\.I: + i':::F = H:i\-I:.Ii:F
H F H F
bazo axit
Vidud: H,
N
4NH, + Cu?* = H,N: Cu: NH,
N
bazo  axit H,

Trong cdc vi du 1 va 2, nhilng axit (H*, HCI) va bazo (NH,, OH™) theo thuyét
electron cfing 13 nhitng axit va bazo theo thuyé&t proton. Nhitng ch4t chi l& axit hay bazo
theo thuyét electron dugc goi ia axit Liuyt hay bazo Liuyt. Vi du nhu Cu?* va BF, trong
cée vi du 3 vi 4 i3 nhitng axit Liuyt. '

Nhu vay ta th&y ring thuyét electron cia Liuyt 4% dua thém vao danh sdch axit
nhifng hgp chit khong chda proton nhung ¢é ddy di nhiing chi tiéu cha axit. Tuy nhién
nhuge diém chinh cia thuy&t ndy 12 khong gidi quy&t duge vin dé d6 manh clia axit va
bazo nhu thuy&t Aréniuyt va thuyé&t Bronstét-Lauri.

Sw ion héa ciéia nudce, chi s6 hidro va chét chi thi

Nhu d@ bi€t nwde thé hién tinh chft vita nhv axit vira nhu bazo, nghia 1a phan t&
nuéc cé thé cho proton va cé thé k&t hgp véi proton. Hai kha nang 46 thé hi¢n déng thdi
trong qud trinh ti ion héa cia nuwéc :

H,0 + H,0 = H,0" + OH"
hosic c6 thé vi&t dudi dang phan i : '
H,O (dd) == H*(dd) + OH~(dd)

Hing s6 can bing cia qud trinh phan li d6 xéc dinh dugc bang phuong phép do
do din dién la:
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Kk = Sntlou= _ g o1
Cn,0

Nhu vay sy phan li clia nude 12 vo cling y&u, néng d¢ cda nudc lic can bing
(nuéc chua phan 1i) c6 thé coi 12 bing néng d¢ téng cong cia nudc :

Cuyo= %:55,56::10:;1.

Ik

Cho nén : Cyt+ . Coy- = K.55,56 = 1,8.107'%. 55,56

Vay Cy+ - Cou- =1.107"* = Ky

Hing s6 Ky clia nudc duge goi 1a tich sd ien ciia nude. Cling nhu céc hing s6 can
bing khéc, tich s6 ion ciia nudc ciing phy thudc vao nhigt do. Tich s6 ion clia nudc tang
I&n khi nhiét d0 tang vi qué trinh phan li cla nudc 12 qué trinh thu nhiét.

(3 nhiét do thudng ta c6 :
Cy+ = Cou- = Ky = NIOY = 1077 molll

Cdn chil ¥ rdang ion H* 12 hat co bén proton, bé hon nguyén ti¥ hidro 10° 14n, né
chui vio vd electron ciia phan tir H,O tao thanh ion r&t bén 12 ion oxoni H,O%. V1 vay tur
day vé sau ching toi dang ki hiéu H,0" & trong nudc va nhu thé tich s8 ion cia nudc
duge vigt 1a : '

CH30+ . COH- = 1.10_14

Nhu vay khi néng 46 cia HyO" ting lén, néng d¢ cha OH™ sé& gidm xuéng va
nguoc lai. Can bang gilta céc ion H,0" va OH~ khong nhiing chi ¢6 & trong nudc tinh
khi€t ma ca trong moi dung dich nuéc. Diéu quan trong 1a trong nudc tinh khiét, néng
46 ciia H,0" va OH™ bing nhau cdn trong dung dich nuéc, cdc néng do d6 ¢6 thé khong
bing nhau nhung tich cdc néng do 46 ludn ludn ia hing s6 trong bAt ki trwdng hgp ndo.
Hing s6 46 & 25°C 12 10714, | |

Khi hda tan mot axit hay mot bazo n2o d6 vio nude, can bing ion & trong nuéc
s& chuyén dich vé phia nghich. Sy chuyén dich x4y ra cang manh khi lugng axit hay
bazo cho vao cing déng ké.

 Gia st hoa tan HCl vao nudc dé& duge dung dich cé néng d6 0,1M, néu coi HCI
jon héa hoan todn thi néng d¢ cia H,0" do qud trinh ion héa cha HCI sinh ra sé béng
0,1 mel/l. Con nbng 40 cla H,0" do qu4 trinh ion héa cilia nuéec sinh ra s& < 1077 mol,
nghia 12 rét bé hon so véi 0,1 mel/l. Vi vay trong dung dich HCl 0,1M, néng d6 ciia
H,0* bing 0,1 mol/l. Bay gid ta c¢6 thé tinh ndng do cla ion OH ™ & trong dung dich HCI
0,I1M. Tac6 :

CH30+ . COH- = . 10_14
Ma Chyot = 0,1
-4 -14
nén : Con~ = 10 _ = 107" molll
Chyot 10!
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Nhu vay trong dung dich axit, néng 46 cia ion H,0* rdt 16n hon va néng d6 ion
OH™ rdt bé hon so véi trong nwéc tinh khi€t. Qua néng d¢ OH™ tinh duge, ta ciing thdy
néng 46 clia H,0" do qud trinh ion héa ciia nudc sinh ra 1a khong déng ké.

Né&u hda tan NaOH vao nuéc tinh khigt dé duge dung dich ¢é néng d6 0,01M
chéﬁg han, li luan tuong ty nhuw trén, néng 46 cda ion OH™ do qud trinh ion héa cha
nudc sinh ra 14 khong ddng k€. Néng d6 ciia OH™ & trong dung dich NaOH 0,0iM 1a 0,01
molll va nbng d6 cia H;0% 12 : '

— 14 -14
U —=10"% mol/l
WOt C 107

Céach l4p fu4n trén day rdt quan trong vi né cho phép don gidn héa phép tinh 46i
véi ca nhitng axit vi bazo y&u. Néu néng d6 H,O0" do qud trinh ion héa cda axit sinh ra 1én

hon 10° mol/l thi néng 46 cia H,0" clia nuéc s& khong ddng ké. D&i véi chét bazo,
van dé ciling tuong tu nhu vay. '

Nhitng dung dich nuéc cé néng d¢ H;0* bing néng d6 cla OH™ bang 107 mol/l
(& 25°C) duge goi 12 dung dich trung tink. Dung dich gxit ¢6 néng 49 cha H,0" 16n hon 107
molll vi dung dich baze c6 néng d6 OH™ lén hon 107 mei/l. Nhung thudng ngudi
ta dung néng d6 cua H,0* dé biéu didn d¢ axit va do bazo cha méi trudng. Moi

trudng trung tinh cé CH30+ =107, méi trudng axit cé Cngo'* > 107 .vA méi trudng bazo c6

C. . <107 molil & 25°C.
Hy0

Chi s6 hidro. D€ thu4n lgi hon khi ddnh gid d6 axit vd 40 bazo clla moét moi trudng,
ngudi ta dung chi s6 hidro pH véi quy uée A :
pH = ~1gC

H30+
Do 46 dung dich trong 46 C_ . =107 mol/l ¢6 pH = 10 ; Cu;,o* =107 <6

pH=5; € o =1 ¢é6 pH = 0. Pic biét thuan lgi 12 khi néng d6 cia ion C

Hy Coot khéng

phai 12 s6 nguyén trdn. V{ du nhu dung dich v6i C_ . = 3,6.10™ mol/l c6 pH = 3,44,
’ 3

Pé chuyén gid tri ndang do C"30+ thanh pH va nguge lai chuyén pH thanh ndéng
d6, ta xét cac vi du sau :

Vé&i dung dich cé CH =3,6.10" mol/l ta cé :
y

O'i'

C, o = 36.107" = 10°% . 10°* = 10°* molfl (v1 1g3,6 = 0,56)
3

Vay pH = 3,44
Ngugce lai, dung dich v6i pH = 9,7 ¢6 néng d¢ H,0" 1a:
C, . =1077 =10 . 107 = 2.10"" mol/l (vi 1g2 = 0,3)
£l

Tém lai méi trudng trung tinh cé6 pH = 7, méi trudng axit ¢c6 pH < 7 va moi
trudng bazo c6 pH > 7. Ngoai chi s6 pH, ngudi ta cling cé thé diang chi s6 pOH v6i quy
uéc twong ty. T4t nhien pH + pOH = 14, Vi du nhu dung dich ¢6 pOH = 2,63 s5& ¢6 pH =
14 - 2,63 = 11,37, Dudi day 12 quan hé¢ giita néng d¢ cia H;0* va OH vé6i cdc chi s6
pH va pOH :
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Cuorl 107 107 107 10% 10° 10° 107 10% 10° 107° 107 10 107 10
Cow- 1074 10777 1072 107" 10°° 10° 10% 107 109 10° 10 10° 107 107 1
"pH 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
POH 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o0

Dung dich e——- axit trung tinh bazo >

Mdéu va cdc dich & trong co thé dong vat c6 pH khéng déi. Méu cha ngudi ¢6
pH ~7,36. G 37°C, tich s6 ion cla nudc Ky =3, 13 . 10", pH trung tinh & nhiét do d6
ld 6,75. Nhu vay mdu cla ngudi c¢6 méi trudng hoi bazo. Dich vi ¢6 pH = 1,7 cdn djch
rudt ¢é pH ~ 8,0, Mdi loai cay tréng ciing ddi h6i mét pH thich hgp cia dung dich dinh
dudng & trong d4t, vi dy d4t ¢6 pH = 5,0 - 5,5 khong thich hgp cho lia mach nhung rat
thich hgp cho khoai tay. ]

B¢ xdc dinh pH ngudi ta cé thé dung mét s6 phuong phip khic nhau. Phuwong
phdp xdc dinh twong d6i thé so nhung nhanh chéng I ding céc chdt chi thi. Thuc t&
ngudi ta hay ding gify tdm chdt chj thj.

Chat chi thi 12 nhitng thudc thir dic biét ¢6 miu bién déi thy theo ndng d6 cia
ion H,0" & trong dung dich. Vi du nhu rugu quy ¢6 mau 46 trong dung dich axit, mau
xanh tim troeng dung dich trung tinh vi méu xanh trong dung dich bazo. Ban than chat
chi thi 12 axit hitu co y&u hay bazo hitu co y&€u cé mau khdc mau cta dang lien hop.

Vi du : Phan tr quy c¢6 man db cdn bazo lién hop véi né ¢é mau xanh. Phan tir
phenolphtalein khong ¢6 mau cdn bazo lign hgp v6i né ¢6 mau héng tim.

OH
OH

—d>-on= c=_)=0
@ ; _
: COO

dang khong mau dang héng tim

Néu chét chi thi 13 axit vd c6 céng thic chung la HCt, qui trinh 1on héa & trong
nudc cha né x4y ra nhu sau :
HCt+HO—\HO*+Ct

Hing s8 ion héa cia né l1a :
- C
KHCI=

H30* 'Ccr

Cre

Khi thém moét lugng nhd chdt chi thi vio dung dich, qué trinh ion héa cua chit ¢ ~i
thi khong thé thyc hién duge & tdt cd cdc néng do ciia H,0*. Ngugc lai néng 46 cia H,0" &
trong dung dich s& quyét dinh ti 18 cia Ct" vd HCt theo phucmg trinh sau :
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va do d6 quy€t dinh mau cia dung dich. V{ du nhu khi thém rugu qu¥ vao dung dich
axit, Cyo+ 14t 160 nén Cey- << Cye, dung dich ¢6 miu 46, mau cha phan tir quy. Khi

thém vio dung dich bazo, Chao + T8t bé nén Cep- >> Cyey, dung dich c6 mau xanh, mau
cla bazg lien hgp v6i phan tir quy. Khi thém vao dung dich trung tinh, Cuyo+ = 1077

nén Cey= va Cycy khong chenh léch nhau 1im, dung dich ¢6 mau xanh tim, mau t6 hop
clia phan tir axit va bazo lién hop.
Mit cha ngudi ta thudng chi phdt hién duge sw bién déi mau khi ti s6 ndng d6
Co—
HCt
chi thiy dugc sy bi€n ddi mau cda né khi Cuy0+ nam trong khodng tir 0,1Kye, dén

cila hai dang mau ndm gita 0,1 va 1, nghia 12 d6i véi mot chdt chi thi ngudi ta

10 Kyc¢. Béi vy mdi mot chét chi thi bién 48i mau trong mot khoang pH nhat dinh &
chung quanh gid trj ¢ca C Hz0 + = Ky (bang 39)

Bdng 39
Khoing pH d4i mau cha mot s& chét chi thi axit - bazo

Chat chi thi Khodng pH ¢6i mau Mau bi&n déi tir axit sang bazo
Xanh thymol - 1,2-2.8 44 - vang
Da cam metyl 3,1-44 - dd - vang
Pd metyl - 4,2-6,2 dd - vang
Quy 5 -8 d6 - xanh
Xanh bromothymol - 6,0-7,6 - vang - xanh
D6 erezol 7.2 - 8,8 vang - db
Phenolphtalein 8,2-10,0 khong mau - héng tim
Viang alizarin 10,0 - 12,0 ving - dé
Trinitrobenzen 12,2 - 14,0 khéng mau - da cam

Mau cia chét chi thi thay d8i ddn ddn trong khodng 48i mau. Vi vay ddng céc
chdt chi thi khdc nhau ¢6 thé xdc dinh gi4 tri pH cla dung dich. Né€u dung dich thir cé
mau d6 khi thém rugu quy va ¢6 mau ving khi thém da cam metyl, pH cia dung dich
ndm trong khodng tir 4,4 dé&n 5,0. Réi 14y mot trong hai chdt chi thi d6 cho thém vio
cing mot lugng nhv nhau clia dung dich thir va cia dung dich miu c6 néng do cta jon
hidro da bi€t trude ; bang cdch so.sdnh mau chia hai dung dich, ta c6 thé xdc dinh tuong
d8i chinh xdc gi4 tri pH (phuong phép so mau).

Dung dich dém
Dung dich d¢m la dung dich c¢6 gif tri pH holn toan xéc dinh va khong 448i,

dugc tao nén khi tron dung dich cha axit y&€u hay bazo y€u v6i muéi ciia ching. Gia si
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ldy mot dung dich axit axetic, néng d6 cia H:,,O+ trong dung dich 46 dugc tinh theo he
thic;

CcH,Co0H
Cen,coo -

Cho thém vao dung dich d6 mu6i natri axetat 12 mu&i phan li hoan toan, qué
trinh ion héa cida axit axetic s& gidm xu6ng. K&t qui 12 néng 6 ciia phan tir CH,COOH

khong ion héa hdu nhv bing néng d6 cha dung dich axit lic ban déu va néng dd clia ion
CH;COO"™ hau nhur bang ndéng d¢ clla mudi trong dung dich.

CH;O"' = Kua

Vi du : Khi thém vio dung dich axit axetic 0,7M mdt lugng musi NaCH,COO
dén néng 46 cha mudi 12 0,6M ta duge dung dich dém c6 néng d4. cia H,0" 1a :

C )
~CH3COOH . 1.8.107% . g% =2,1. 107% mol/l.

Cho+= Kya C
CHCOO = ’
Mot cdch téng quét dung dich dém dugc pha tir axit y€u vd mudi cda né :

Caxit
Cruéi

"31{30+ = Kya
Tir 46 c6 pH 14 :

PH =pKya ~ 18C5; + IgC

mu§i
hay : _ pPH =pKy, + lg Cowéi
o ' axit
PKpa 12 chi s§ axit v6i quy wdc 12 pKy, = ~ 1gKya

Vi Kya 12 hing sé axit, pH cla m6t dung dich dém chi phy thuéc vao ti s6 néng
d¢ cia mudi va axit. Khi pha loing dung dich dém, néng d6 ciia mudi va axit déu giam
nhung ti s6 clia cdc nbng 40 d6 vidn khong déi cho nén pH cla dung dich khéng bi€n
ddi. Ti s6 néng d6 chia mudi va axit c6 thé bidn déi tx 1 : 10 dé€n 10 : 1.

Dé pha mot dung dich d&m cé mét gis tri pH x4c dinh, ngudi ta thudng chon axit
c6 pKya c3ng gin v6i pH 46 cing hay r8i tinh ti s& néng 46 ciia mudi va axit nhu the
ndo dé ¢6 pH cén thi€t. Vi du mubn c¢6 mét dung dich d&m cé pH = 7 ngudi ta c¢6 thé
chon natri dihidrophotphat (NaH,PO,) lam axit vi cé pHys = 7.24 va mudi 12
dinatri hidrophotphat (Na,HPO,). P€ dung dich c¢6 pH ding bing 7, ti s& néng 46 cha

' Na,HPO, va NaH,PO, phai 12 0,57 vi :

7,00 = 7,24 + 1g Smdl o 724 4 150,57
axit
Nhe vay dung dich dem gém 0,57mol/l NaH,PO, v 1molil Na,HPO, c6
pH = 7,00. Thay di ti s6 nng d¢ ciia hai hgp chdt d6 ngudi ta c6 thé duge nhitng dung
dich ¢6 pH nidm giGa 5,8 va 8,0.

Dung dich d¢m ciing cé thé dugc pha tit mot bazo y&u va muéi cia n6. Vi du nbu
tit NH; va mu6i NH,Cl. Néng 49 cia ion OH" trong dung dich d¢m nay la :
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Dung dich dém khéng bié€n d6i pH khong nhitng khi pha loing ma ca khi thém
mot lugng axit manh hay bazo manh.
Vi du : Dung dich dém gbém c6 1 mol/l CH,COOQOH vi 1 mol/l NaCH,;C0OO ¢6

pH = pKya = 4,75. Sau khi cho thém vao 100 m! dung dich dém d6 10 m! dung dich
N4OH 0,1N. Néng d¢ clla mudi va axit s€ bién aéi ;
(0.1 + 0,60D1000

CNaCH3C00 = 50710 = 0,918

(0,1 - 00011000 _

0,9
100 + 10

C CH;COOH
vi pH cia dung dich l1a :

0918
H =4,75+1g —— = 4,76
P g 09

Nhu vdy nghia 12 pH cia dung dich dém hdu nhu khong bién d8i khi cho them
bazo manh. Tinh todn tuong tu nhu viy ciing thdy khi cho them mot lugng it axit manh,
pH cita dung dich dém khéng bi€n ddi.

Dung dich dém thudng duge st dung rong réi trong nhiéu linh vuc cla héa hoc.
Trong ¢o thé déng vat, néng d¢ cha ion hidro duge giff khong déi 1 nhd téc dung cia
hai he dém quan trong nhdt & trong méu 1a Na,HPO,-NaH,PO, vad H;CO; — Na,CO;.
Dung dich dém ciing ¢6 tic dung duy tri mot pH thich hgp d€ thyc hign cic phan dng
len men trong phdng thi nghiém va trong céng nghiep.

Tich so tan

Khi bé vio nudc mét hop chét rén it tan dé duoc dung dich bdo hoa, giya phén
ch&t rén 44 tan v phén chdt rén cdn lai khong tan c6 mot can bing dong.

Vi du. Véi hgp chét rén it tan 12 bac clorua (AgCl), cAn bang d6 la:

Vi d6 tan cia AgCl & trong nuéc rét bé, dung dich bdo hoa cua né c6 néng 46 rit
thip nén AgCl phan Ii hoan toan v thyc té€ can biang trén dugc thi€t lap gitta AgCl ¢
khong tan va cdc iop Ag+ va ClI°.

Ap dung dinh luat téc dung khéi lugng vao hé céan bing di thé nay ta ¢6 hiang s6
cin bing 14 :

K = Cag+ +Coi”
Hing s6 46 duge goi 13 tich 56 tan ciia AgCl va duge ki higu 12 TT e
CAg+ « CCI_ = TTAgC]
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. Vay tich s6 tan ciia mot-hop chdt it tan 1a tick néng dé cia cdc ion J trong dung
dich hio hoa hay & trong dung dich tiép xic vdi pha rdn cia chdt dé. Trong trudng hop
t6ng quit, v&i chét rdn it tan ¢4 cong thic 14 A B, va phan li trong nude cho m ion AT
vi nion B :

n+

ALB, — mA + nB

m-
Tich s6 tan 14 :

TTA,B, = C:m_ .cn

BM-

Cing nhu d9o tan, tich s§ tan cia mét chdt phu thudéc vao ban chit cia chat tan,
bdn chdt cia dung moi va nhigt do. '

Ngoai phuong phédp xdc dinh b?mg thuc nghiém, tich s8 tan cla cdc chét ciing c6
thé tinh duogc tir cdc dit kién nhiét déng hoc. Vi du tich 56 tan cda bac clorua (AgCD
duge tinh nhu sau

Ta ¢6 can bing cha qud trinh hda tan AgCl 1a :
V&i cdc dit kién nhiét déng clia cdc chél .

AHYg ... —~127,1 105 - 167,1 kJ/mol

Sggg 96,11 72,62 56,53 Jimol
Paéi voi qui trinh hda tan ta tinh duge :

AH? =105 — 1671 + 1271 = 65,5 kJimol
AS? =726 + 56,53 — 96,11 = 33,04 J/mol
va
AG? = 65500 — 33,04 X 289 = 5560 J/mol
vi
AG® = —2,303RTIgTT 4o
Hay
5560
1gTT — = - 9,74
Bl tAgC 23038314 %298
Vay : TTAgCl = 1,8. 10-1°

 day mot l4n nita ta gap lai sy khong phit hgp hodn toan gilta hing s6 tich sé
tan tinh theo 1i thuy&t va gid tri thyc nghiém véi cing nguyén nhén tuong ty.

Duéi day 12 tich s8 tan chia mot s6 hop chét & nhiét d¢ thudng (bﬁng 40)
[}
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Bdng 40 .
Tich s6 tan ctia m{t s6 hop chit it tan
Hgp chét TT _ Hogp chit TT
BaS0O, 1,1.10°! AgCl 1,56 . 107
CaCoO, 4,8.107° AgBr 53.10°"
CaF, 40.10°" Agl 8,3.10°77
PbSO, 1,38 . 107% Ag,S 6,3 .107°%°
PbS 2,5.10°% FeS 3,2.10°'8

Trong nhitng diéu kién nhu nh.au, chat cé tich s6 tan cing bé cing tan it. Vi dy
nhu & trong nuéc Agl ft tan hon AgBr va AgBr it tan hon AgClL

Bi&t tich s& tan ngudi ta d& dang tinh dwgc d¢ tan cia chit va nguge lai.
Vi du : & nhiét do thudng TTazc = 1,56 107'°. vay trong 1/ dung dich bio

hoa clha AgCl cé \}1,56.1(}"10 mol AgCl hay 4o tan cha AgCl & nhiét do thudng 13
1,25. 107% molil.

Ngugc lai n€u & nhiét d¢ thudng mot Iit nudc hda tan t8i da 0,0018g AgCl, nghia
1a dung dich bio hda cha AgCl ¢6 néng do :

0,0018

=1,25. 107% molil (M = 143,5

Pay ciing 12 ndng 4o cha ion Ag’ hay ion C1~ & trong dung dich bdo hda. Tich 38
tan cia AgCl1a:

TTAgCl = CAg+ . CCI_ = 1,25. 10—3 . 1,25 10-5'= 1,56 10°1°

Bi&t tich s6 tan ngudi ta c¢6 thé dy dodn mot hop chit ling xudng dudi dang két
tha hay khong khi trong dung dich ¢6 mit céc ion tao thanh hgp chit d6. Khi tich néng
44 cha céc ion tao thanh két tha & trong dung dich 16n hon, tich s6 tan, k€&t tha xuflt
hién va bé hon, két tia khéng xudt hi¢n.

Vi dy : Khi tron mot thé tich cla dung dich Pb(NO;); 0,01M véi mot thé tich
bing y cia dung dich H;80, 0,01M tich néng d¢ ciha ion Pb®" va ion SO trong hén
hgp dung dich 12 :

001 001

C2+.C_=
Pb SD% 1 2

=2,5.10"°

nghia 13 vugt tich s6 tan cia PbSO, (1,38. 107*), k&t tha PbSQ, xuft hién, néng 46 cla
ion Pb2* va ion SO { trong dung dich bdo hda thu dugc sau khi PbS0O, ngling khong lang

xuéng nita 14 :
Cpp" C - = V138107 =1,17. 1074
2 _
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N&u cho thém vao dung dich bdo hda d6 0,01 mol/l H,SO,, can bing chuyén dich

‘theo chifu nghich, nghia 12 PbSO, s& ling xuéng thém nita. Ta c6 thé tinh duge do tan

cia PbSO, trong dung dich H,80, 46 :

-Goi x la néng 40 cha ion Pb?’ trong dung dich bio hda thu dugc sau Kkhi k&t tha
PbSO, khong ldng xuéng nira, ndng d¢ ciia ion SO 7sé 1a x + 0,01. Theo dinh nghia cua
tich s tan :

Cpp2*.C = x(x +0,01) =1,38.107*

2_
504
Rit ra : ' x =1,38. 10" mol/l

Vay d6 tan PbSO, trong dung dich H,50, 0,01M 12 1,38. 1079 mol/l , nghia 12 bé
hon d6 tan cua né & trong nudce tinh khiét 1a : .

117.107™

1,38.107° ~ 85 ldn

V{ du trén day cho thdy dé tan cia mot hgp chdt trong dung dich chira nhiing ion
c6 trong hgp ch4t d6 luén luén bé hon d6 tan clia né trong nude tinh khiét. Trong dung
dich dam dic hon cia céc chft dign 1i d& tan, ngudi ta ciing thdy hign tugng 46 tan cia
cdc mu6i gidm xudng khi ¢6 mat musi khdc cing c6 ion chung. V{ du nhu khi cho axit
ciohidric d4m dac hay khi HC] vido dung dich bdo hda clia mudi an, NaCl s& két tda.
Thyc t& ngudi ta lgi dyng tinh ch#t ndy dé tinh ch€ mudi an ma khong ding cdch ké:
tinh lai vi 46 tan cda NaCl it bi€n d6i theo nhidt d6.

Dua vao tich s& tan khdc nhau ciia cdc mudi, ngudi ta c6 thé lam két tha mot ion
& trong hén hop gém nhiéu ion.

Vi du : Cé6 mot dung dich chia 0,1 moi/! ion C1~ va 0,01 mol/l ion CrO 2. Tacho
thém dung dich AgNO, dé 1am k&t tha ion CI~ duéi dang AgCl va gilf ion CrO & lai
trong dung dich. Nhin v3o tich s6 tan. Nhan thfy ca hai muéi AgCl va Ag,CrO, déu it
tan. Vay khi thém ddn dung dich AgNO, vao dung dich hén hop trén, hi¢n tugng gi sé
xay ra ?

Tich s6 tan ciia AgCl 12 1,56. 107'° nén AgCl s& xudt hi¢n khi néng d¢ cia ion
Ag® 160 hon 1,56. 10°* molll. - : :

T =10
gt = Aglt 1,56.10 =1,56. 107% mol/!

C
A Cal- 01

va tich s6 tan ciia Ag,CrO, 1a 1,1 . 107'? nén Ag,CrO, s& khong xuft hién khi néng do
clia ion Ag® bé hon 1,05, 1077 :

c? TTagyci0, 111077
Agt = =
C. o 0,01
Cr04
Cagt = 1.05. 107 molll

Bai vay khi thém d4n dung dich AgNO; vao dung dich chia 0,1 mol/{ ion Cl- va
0,01 mol/l CrO? néu nbng d4 cha ion Ag' chua vugt 1,56, 1077 mol/l k&t tia AgCl
chua xudt hién. Khi 06 vugt thi k&t tha cia AgCl xuft hién, cdn Ag,CrO, vin chua k&t
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tka khi néng do cia ion Ag® chwa vugt 1,05 . 10°° mel/i . Nhu th€ tht ion Cl' thuc té
duge k&1 tha hodn teidn khi Ag,CrQ, bat ddu két tha. That vay lic CAng = 1,05 . 10°° molll,

ndng d6 clia ion Cl™ ¢dn lai trong dung dich 12 :

c o _ 1,56.10™

= = —=1,48. 10" mol/l,
@ C,. L0510

nghia 1 bing trén mot phdn van ndng d6 cha ion Cl” ban déu.

Loi dung tinh chdt trén day trong héa hoc phén tich ngudi ta dang ion CrQi” lam
chdt chi thi khi chuén d¢ ion C1~ bing ion Ag*. Ion CrO3 cé mau ving trong dung
dich nu6c, con két tha Ag,CrO, c6 mau dé tham. Khi k&t wla ndy xuft hién 13 khi jon
Ci™ da duge k&t tha thyc t€ hoan toan.

Phdn ting trong dung dich cdc chit dién li

Nhu di bilt trong dung dich, cdc chét dién 1i manh t8n tai hdu nhu hoin todn
dudi dang ion. Mot s8 tinh ch&t cia dung dich ch4t dién li manh 14 t8ng tinh chét clta c4:
jon ¢6 trong dung dich.

Néu lay dung dich lo&ng cla mét chit dién 1i manh AB trén vdi dung dich lodng
clia mdt chét dien ti khac XY ta duge dung dich hén hgp gbém cé 4 loeai ion : A*, B, X
va Y~. Cic ion nguge ddu trong khi chuyén dong c¢6 thé va cham véi nhau két hop lai,
dén mot mic dd nao d6 tac nén cic hgp chét AY va XB hoic t4i tao nén cdc hgp chét ban
ddu AB va XY, nghia 13 trong dung dich hén hop ¢6 can bing sau day :

AB + XY &= AY + XB

K&t qua nhu vy ciing thu duge khi tron dung dich lofing cha chdt dign li AY véi
dung dich lodng cha chit dién i XB. Vi trf cda cén bing phu thudéc vio tinh chit cia cdc
ch4t dien 1i.

Vi du. D8i v6i can bing sau da‘y cla céc cha-'l; :
NaNQ, + HC! = HNOQO, + NaCl

Gia sir néng d6 cla cdc ion Na*, NO;, H* va Cl” déu biéng nhau, khuynh huéng

tao thanh mot trong bén chét trong can bing déu gin nhu nhau vi cdc chdt d6 phan li
gidng nhau treng dung dich.

Né&u trong bdn chdt dé ¢6 mot chdt ndo phan li y€u hon thi khi tac nén chit nay
cdc ion twong Ung lién k&t véi nhau thanh phén tfr nén néng do cia céc ion dé & trong
dung dich giam xuéng lam .cho t8c d¢ cia phan dng nghich giam xuOng Ké&t qua 13 cén
bing chuyén dich vé phia tao nén hop chét phan li y&u.

Vi dy. Khi tron dung dich NaCH,COO véi dung dich HCl can bing chuyén dich vé
phia tao nén CH,COOH phan li yéu :

NaCH,COO + HC1 = CH,;COOH + NaCl
Thuc chét phan tng & day 13 phan dng xay ra gita cdc ion :
' CH,COO™ + H,0* = CH;COOH + H,0

nén phuong trinh ndy goi 13 phuwong trinh ion cla phdn dng trén. Vi CH,COOH
13 chét dién 0t twuong 461 y€u, ndng do cha cdc ion CH,CO0™ va H,0" giam xuéng nhiéu,
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lam gidm sy va cham cla chéng véi céc ion Na* va Cl- aé t4i tao nén NaCH,COO va
HCI do d6 can bing chuyén dich nhidu vé bén phai.

Né&u trong vi du trén ta thay NaCH,COO bing NaCN la mudi clia axit xianhidric
(HCN), mot axit y&€u hon axit axetic, cAn bing sau day chuyén dich vé bén phadi nhiéu
hon nira :

NaCN + HCI == HCN + NaCl
Phuong trinh ion cla phan Gng 46 1a -
CN- + H,0° == HCN + H,0

Qua hai vi dy trén ta rit ra mot k&t luan quan trong : phan dng giita céc ion &
trong dung dich xay ra theo chiéu tao nén chdt dién li yéu. K&t ludn d6 gigp ta hiéu
dugc phan dng : axit manh hon ddy dugc axit y&u hon ra khéi muéi vi tuong ty nhw vay
bazo manh hon ddy duge bazo y€u hon ra khoi mudi.

Vidu: NaCN + CH,COOH = HCN + NaCH,CQO

Két fugn dé ciing 1am sing td ban chdt cha phan fng trung hoa 1a phan Gng tao
nén mot chdt din li rdt yéu la nudc :

Vidu:
NaOH + HCl = NaCl + H,0
Phuong trinh ion cla phan dng d6 O trong dung dich la:
OH- + H,0" = 2H,0

Su chuyén dich can bang phan dng & trong dung dich chia cdc chit dig¢n 1i gdy
nén bdi sy giam néng do clha céc jon & trong dung dich cé thé x4y ra khong nhimg chi
do tao nén mot chit dign 1i yéu ma cdn do fgo nén mét chdt it tan dé tdch ra khdi moi
trusng dudi dang k€t tua ling xudng hodc dudi dang khi bay l&én. T4t c& nhiing qud trinh
46 déu kem theo sy giam nang lugng Gip. '

Vi du 1. Khi d8 dung dich BaCl, vao dung dich Na,30, thi xudt hién két tha
tring BaSO, :

BaCl, + Na,80, == BaSO, + 2NaCl
Bal® +80% = BaSO,
Vi BaSO, ¢6 tich s6 tan rdt bé nén thue t€ phan dng trén day x4y ra dén cung

AG (2}93 - —540 kfimol. Trong trudng hgp chit phin ng va sén phdm phén tng déu la
ch4t it tan, can bang s& chuyén dich vé phia tao thanh chat ¢é tich s6 tan bé hon,

Vi du nhu khi cho dung dich Nal vao két tia AgCl mau trdng ta dugc k&t tha Agl
mau vang nhat nhd phéan ing :

AgCl + Nal = Agl + NaCl
Vi du 2. Khi d8 axit sunfuric dgc vao mu6i an, khi HCI bay 1én :
' NaCl + H,S0, == HCl + NaHSO,
Phuong trinh ion cia phén Ung d6 la:

Cl- + H' = HC
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Khi dun néng, ¢6 thé dudi hdu nhv hoan toan khi HCI ra khéi dung dich vi dun
néng cing lam cho can bing chuyén dich theo chiéu thuan. That vay nhitng qud trinh
ki€u nhu vay ¢é AS > 0 nén sy ting nhiét 46 1am cho gid tri cha AG cang 4m hon.

Trén thue t€ ¢6 nhitng phén dng tao nén déng th¥i nhitng sin phdm 13 chét vira
tan it vira di¢n li y€u (hosic vira d& bay hoi). O day can bing chuyén dich cang manh
theo chi€u thuan cia phin fng :

Vidu: '

Nazs + HZSO4 = Na2804 + st

Khi H,S vita tan it vita dien li y&u va phan tng ¢6 :

' AGYSg = —210,45 kJ/mol

hodc :
. CuSO, + BaS = CuS + BaSO, .

Céc hop chit CuS va BaSO, déu it tan vi phan dng cé :
AG 39z = —248.91 kJimol

Ba s6 cdc phan ing trong héa hoc v6 co 13 nhitng phin ing x4y ra & trong dung
dich cda ch4t di¢n li. Phén Gng trao d8i clia cdc chit dien 1i & trong dung dich thyc chdt
12 phan @ng gitta cdc ion vA phdn #ng xdy ra khi tao nén chdt dién li yéu hodc chdt dién
li yéu hon chdt ban ddu hay chdt it tan hode chdt it tan hon chdt ban ddu hay chdr dé
hay hoi.

Sw thity phén cia cdc mudi

Phédn ng trao d6i xfy ra giita cdc thanh phdn ciia chét tan va dung méi duge goi
12 phan ng dung moi phan. Trong trudng hgp dung moi 12 nuéc, sy dung moi phan duge
goi 1& sy thiy phdn. '

Nhiéu hgp chdt khéc nhau cé thé bji thiy phan, vi du mu6i, hidrat cacbon,
protein, este, chdt béo v.v... Thudng gap hon h&t trong héa hoc vo co 1A sy thiy phan
coa cdc mudi, nghia 12 phdn Ung trao d8i gitra cdc ion cha mudi véi céc jon cla nude
1am cho c4n bing ion héa cia nudc bi chuyén dich.

Theo thuy&t dign li clia Aréniuyt, phan ¢ng thiy phan gita mudi vd nuéc 12
ngugc véi phan dng trung hda vi phdn @ng trung hda giita axit va bazo tao nén mudi va
nudc. Theo thuy€t proton cia Bronstét va Lauri, phan fng thiy phan va phdn vng trung
hda déu 12 phdn ng axit-bazo kifu :

axit, + bazg, = bazo, + axit,

Tuy nhién trén thyc t€ ngudi ta vin phan biét ra phin ting thiy phan va phin dng
trung hoa vl hai loai phin dng ngwgc nhau nay 13 rft thudng gép trong thuc hinh cla
héa hoc vé co, '

V& sy thdy phan clia mudi ngudi ta phan ra ba trudng hgp :

- Sy thuy phan mudi cha axit yfu va bazo manh. Mudi NaA cia axit y&éu HA
khi tan trong nuéc né€u dung dich khong dam dac 1dm sé phan li hoan toan thanh cédc ion
Na® va A™. Vi HA 12 axit y€u nén bazo lidn hop A la baze manh va do d6 A~ phin ting
véi nudc theo so 46 : '
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A™ + H,0O = HA + OH
mudi chua axit bazd
bi thiy phén tu do tr do

Nhu d& th4y sy thiy phan cla mudi taoc nén mot phdn axit y&u ty do HA va bazo
manh OH™ lam cho dung dich cé moi trudng bazo. Cic mudi xianya, axetat, borat,

photphat v.v... clia kim loai kiém Kkhi tan trong nuéc déu bi thiy phan 1am cho dung dich
c6 moi trudng bazo.

V{ du. Phén ¢ng thiy phan c@ia mu6i natri xianua va natri axetat 13 :

CN +H,0 = HCN+OH
—

CH,C00” +H,0 = CH,CO0H+OH"

Ap dung dinh uat tdc dung khoi lugng vao can bing thiy phan, ta dugc hing s6
thiy phan cia mudi cha axit y&u va bazo manh 1a:
K = Cua * Cyp
i C
AT

Ngoai ra trong dung dich cdn c6 hai can bing v6i cdc hing s6 12 :

+ .C -

Kya =_C“_;°é_“_
HA

KN = CH,D*'_COH'

K&t hop cé ba phuong trinh ta ¢6 :

Ky
Kpa

Ky =

Nhu vay hing s6 thuy phan ti 1¢ nghich véi 6 manh cda axit, axit cing y&u hing s6
thiy phan cia mudi cang 16n. Cin chd § ring hing s6 thiy phan chinh 12 hing s6 bazo Ky
clia A™. :

Vi du. O nhiét do thudng hing s& axit cha axit axetic 12 1,8.107°, tfch s8 ion clia
nuée 12 1.107", hing s6 thity phan cia mudi natri axetat 12 : '

10"

= =55510"
* 18107 :

Né&u goi d¢ thity phdn a,, la i s& ciia s& phan ik mudi bi thiily phdn va tdng s& phdn

1 tan ciéia mudi d6 thl do thiy phan lien he véi hing s6 thiy phan giéng nhu do phan li
lién hé v6i hing s6 phan li. '

That viy n&u néng do chung cha NaA 1 C mol/l thi néng d¢ cia HA va OH™ 1a
Cua = C,,- =a,Cva ndng d0 chaion A" khong bi thity phan 1a (1-a,)C. Do d6:

2
K, =—=
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Trong trudng hgp a,, rit bé so v6i don vi, 1 — a,, ¢6 thé duge coi ~ 1,18 ¢ :

K, -o;C

P

a=’_&,__ Ky
§ C Ku,C

Nhu vay do thity phan ti 1& nghich véi can bac hai clia néng do cla mudi. Muén tinh
néng d6 chia ion H,0* & trong dung dich musi, truée hét cdn tinh néng d6 ciia ion OH".

Ritra:

Néng 46 cta ion OH™ trong dung dich 1a :

C _=a,-= K€
oll K,
Tit d6 néng do clia H30" 13 :
-_-.&:&,_ Ky - Ky Kija
H;0 C o C J N‘C C
KIM
1gC. . =— L1gK, - LIgK + ~1gC
— B0t ——Eg N_Eg [M+-5g
N&u dat: pK, =-1gK,
Ta c6 : H= LpK, +LpK,, ++1gC
: p 2P N TS PR Ty

Vay pH cla dung dich mudi cla axit y€u vd bazo manh ting lan khi 44 manh cdia -
axit giam nghia 12 pK,, tang va khi néng d¢ clla mudi tang ién.

Duséi day 12 vi du pH cia dung dich mudi natri axetat 0,1M & nhiét 4o thudng.

Axit axetic ¢ hing s6 K;, = 1,8.107° va tr dé pKy, = 4,75 nén dung dich
NaCH,COO 0,1M ¢6 pH : '

pH=17+ % %lg0,1=7 + 2,37 - 0,5 = 8,87

- Sy thiy phan mudi ciia bazo yéu va axit manh. N&u bazo B 12 bazo y&€u thi axit
lién hop BH* 13 axit manh va vi vy BH* ¢6 xu huéng phdn &ng véi nudc theo so dd :
BH* + H,0 = H,0* + B
mudi chua bi * axit bazo
thiy phan ‘ tr do wr do

Nhu di thdy sy thily phan mudi clia bazo vi axit manh tao nén mot phén bazo y&u ty
do va axit manh H,0" lam cho dung dich c6 moi trudng axit. Mudi amoni va mudi cfia
nhiéu kim loai v6i axit manh, khi tan trong nudc, déu bi thiy phan lam cho dung dich ¢6
moéi trudng axit manh,

Vi du. Phan ¢ng thily phan clia mudi amoni clorua :

NH; +H,0 = H,0' + NH,
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Ap dung dinh luat tdc dung khéi lugng vio can bing thiy phan céia cdc mubi tao nén
b&i bazo y&u va axit manh, ta cling dwrge nhitng k&€t qua tvong ty nhu trén :

K
K" Ra
B
a,zp.C
K.tp =

Mot cdch gdn dung :

_ Ko _ [Kx
O'.tp— _— = e
C Kg.C
nghia 1a d¢ thuy p.han ciing ti 1¢ nghich v6i cdn bac hai cha néng do clia mudi. Néng do

cia ion H;O" & trong dung dich mu&i 1a :

Kn.C
Kp

C

ot = %pC =

N&u dit pKy = - 1gK, thi pH ctia dung dich 13 :

1 1 !

H=—pKy—pKp-—1gC
p 2PN2P328

Nhu vay pH clha dung dich mét muéi clha bazo y€u va axit manh luén ludbn b€ hon

-;-pKN , nghia [a bé hon 7, dung dich c6 moi trudng axit.

Duéi day 1a vi dy tinh pH cha dung dich NH,Cl 0,IM & nhiet dé6 thuong.
Amoniac ¢6 K = 1,8. 107, pKy = 4,75 nén dung dich NH,Cl ¢6 : '
pH = 7*%2—%@0,1 =7-237+0,5=35,13

- Sy thiy phan cia mudi cha axit yéu va bazo y€u. Néu mu6i dugc tao nén tir
axit y€u va bazo yé&u thi bazo lién hgp va axit lién hgp déu manh do d6 chiing phan dng véi
nude. Vi dy nhu mubi dé 12 amoni axetat (NH,CH;COO), khi tan trong nuéc né phéan
li hoiin toan thanh céc ion NHj vd CH,COO™ ; céc ion nay déu phidn @ng vé&i nuéc nhu
!a axit vi bazo

NH; +H,0 < H,0'+NH,
CH,COO™ + H,0 = CH,COOH + OH"
Phuong trinh clia phén Gng thiy phan chung cia NH,CH,COO ¢é thé dugc viét 12 :
NH; +CH,CO0" +H,0 = H,0"+ OH" + NH, + CH,COOH
Trong trudng hap chung ta c6 : )
BH*"+ A" +2H,0 = H,0"+O0H + B + HA

Vi vang trong bAt cif dung dich nao ciing luén luén cé can bing céc ion H,0* va

OH™ v6i cac phan ti nudc ;

2H,0 = H,0" + OH"
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nén cé thé loai trit can bing d6 ra khéi phin tng thiy phan clia mu6i ciia axit y&u va bazo
y&u. Vi du d6i véi muéi NH,CH,COO ta cé :
NH + CH;C00" = NH; + CH,COO0H
Frong trudng hop chung ta cé :

BH* + A" = B + HA
mudi chua bazg axit
bi thiy phan tvydo tuwdo

Hing s& thiy phan 1a :

k .. CBCa __ Ky
L Cort Cae KuaKp

N&u néng d6 chung clia muéi 1a Cmolil va o, la 46 thay phan thi: Cy = Cyy = ,C
va néng d6 clia mu6i khong thiy phan 1a :

CW= C.r =(1—a,p)C

2

. o

Do dé : K, =——%
l—aIp

p

Né&u d¢ thiy phéan a,, rét bé so véi 1 thi :

Kn
o~ fKp = |——N
? ® Kha Kp

3 day ta thdy d6 thiy phan cha muéi ctia axit y€u va bazo y&u khong phu thude vao
néng do nhu trudng hop clia hai mubi vira duge xét & trén day -

Néng d¢ cha H,0* & trong dung dich c6 chira axit HA duge tinh theo hé¢ thic :

- Cha
Cror ~Kma =
A

Thay gid trj cha Cy, va C,- Vo h¢ thic ta dugc :
utp.C

C, v =K =K
HO" A (I—ag) T A g,

Né&u bd qua gid tri r&t bé cia a,, so v6i don vi & trong miu 56 thi :

Kn

C =Kya & =K —_—

R30" ~ HA Tip TRHA Kua Kp
- |Kn-Kga

H30* ~ Kg

hodc :

1 1 1
H = —pKy+=pKys ——pK
P 2lJrqzlJl-mZF’B
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Né&u céc hing s6 ion héa cha axit y&u va baze y€u gén bing nhau vi dy nhu
truong hop cia CH,COOH va NH,; thi pH ciia dung dich muéi cla ching gdn bing

%pKN, nghia 13 g4n bing 7.

Tém Iai khi mot mu6i bi thiy phan, luén luén ¢6 can bing sau day :

Mugdi chua bj thiy phan + nudc == axit ty do + bazo ty do.

Lam bién 48i ndng 44 clia cdc san phdm thiy phan, can bing c6 thé chuyén dich
theo chiéu nady hoac chiéu kia. Vi du khi thém axit tu do hay bazo tu do, phin dng thiy
phan sé& giam xuéng. Ngugc lai bing cdch nio 46 loai bd axit ty do hay bazo ty do ra
khéi dung dich, sy thdy phan ting 1én. Khi dun néng qué trinh thiy phan cliing tang lén
vi nguge véi phan dng trung hda qud trinh thidy phan thu nhiét. Trén thye t&€ mudn ting
cudng phan dng thiy phan cha mét mubi, ngudi ta thudng pha lodng va dun néng dung
dich.

Phdn Ging trung hoa

Sy khdc nhau giita axit manh va axit y&u khong nhitng thé hién & sy thiy phan
mudi cia axit y€u ma3 cdn thé hién & phan fng trung hda axit nira. Dé thdy r& didu dé
ching ta lam hai thf nghiém sau day :

Thi nghiém thir nhit. Ly mét 56 c6c, d6 vio mdi c6c 50m! dung dich HCl 1 N
va ti buret nhd xu6ng nhiing legng chinh xéc vi khdc nhau cda dung dich NaOH IN
(bang 41). Sau d6 theém nwéc vdo mdi cdc cho d&n thé tich 1/ va xédc dinh pH (cé thé
tfnh pH khi coi ring 50m! dung dich HCl 1IN chita 0,050 mol ion H;0% va 1mi dung dich
NaOH chéa 0,001me! ion OH™). Duéi day Ia cdc gid tri pH cia dung dich bi€n 48i theo
lugng dung dich NaOH cho thém.

Bdng 41
Trung hoa axit bing bazo
Thi nghiém 1 , Thi nghiem 2
Axit-manh + bazo manh Axit y€u + bazg manh

S8 m! dung dich NaOH pH S8 ml dung dich NaOH pH
45,0 2,3 10 4,14
49,0 3,0 ) 15 4,38
49,5 33 20 4,57
49,9 4,0 : 25 4,73
49,95 4.3 30 _ T 4,92
50,0 7,0 35 5,11
50,05 9,7 40 ' 5,35
50,1 10,0 45 3,70
50,5 10,7 50 8,72
51,0 11,0 50,05 9.7
55,0 11,7 50,1 10,0

' 50,5 10,7
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Qua bang 41 ta thiy & diém twong dwong (50,0ml) nghia 12 lugng bazo cho thém
twong duong véi lugng axit ¢6 mat, dung dich 12 trung tinh (pH = 7,0). Diém twang
dwong ¢6 thé xdc dinh dugc khi dung chit chi thj thich hgp. Vigc lam nay dugc got 1a
chudn d¢ axit-baze. (Day 12 mot ki thuit rdt quan trong trong héa hoc phia tich).
Dudng cong biéu difn sy bién d6i cia pH theo
lrong dung dich NaOH cho thém goi la duong

cong chudn d¢. 8] gin diém tuong duong (trude pH {1] [

vd sau diém dé) pH bién ddi dot ngot, dudng s -

cong chudn 46 (hinh 95 dudng 1) tré nén thing 3__\\3

ding. Khi lugng NaOH cho thém chénh léch 4,__\Luggd5|rnau lia da cam metyl

nhau 2ml tir 49m/ dén 51ml, pH cha dung dich . B ts < :

bi€n déi khoang 8 don vi hay néi cdch khac M. 2 N[

néng do cua H30+ bi€n d8i khodng 100 trién ?__\l

14n. Cho nén trong trudng hgp nady tdt cd cic sk EK

chit chi thi axit-bazo c¢é khodng pH d8i miau <

nim gitra 4 va 10 déu c6 thé ding dé xéc dinh 1:-:;!#220?3:113?5?;:% R -

diém tuong duong. Trén thye t€ khi “chudn do s

HCl bing NaOH ngudi ta ding da cam metyl 121 -2\\\

hodc phenolphtalein 1am chat chi thi. al e At % T e

' i 903070605040302010

Thi nghié¢m thi hai. Lam lai thi nghi¢m 0 10 20 30 40 50 60 70 80 90 100

tuong tu nhu thi nghi¢m thd nh&t nhung thay Bazo, % — '

dung dich HCI bang 50m/ dung dich CH,COOH

. . . inh 95-Dud “hud it-baz
IN. Céc gis tri pH tinh duge theo céch gidng Hinh 95-Duang cong chudn dg axit-hazo

i. Axit maah + bhazo manh

nhu trong thi nghiém thé shét s& khdc nhifu so 3. Axit yéu + bazo manh
véi gid tri thyc nghiém (xem bang 41). Khi cho i i“:f menh ;f"ﬂmff"ﬂ
thém dung dich NaOH dén trudc di€m twong ' P AXILyen + bazg yeu

duong, pH bién d6i rdt it, dudng cong hoi di xudng (hinh 95, dudng 2}. Nhing dung
dich d3 dugc trung hda mot phdn nhu vy cé chta axit y€u (CH,COOH) vad mudi cua né

(NaCH,COO). Nhung sau diém tuong duong pH bi&n déi dot ngot, dudng cong chudn do

trd nén thing ding (hinh 95, dudng 2). Trong trudng hop ndy, trong cdc dung dich chi
¢6 baz¢ manh du (NaOH) va mudi duge ion héa (NaCH,COO),. O diém tuong duong
(50,0m1), dung dich khong trung tinh md c¢6 pH nidm & trong viing bazo vi mudi bi thiy
phan.

Khi trung hda mét axit y&u bing mot bazd manh, pH cba diém twong duong
(dung dich ctfia muéi va khong cén axit ty do) cé thé tinh theo phuong trinh clia mudi
thuy phan :

1 1 i
H= —pK,y + —pKy, + —18C
P 2P N 2P HA T 5 8
Trong thi nghiém ndy : pKys = 4,75 va C = 0,050 nén
' pH = 8,72

D& x4c dinh diém tuong dugng 46, chdt chi thi thich hgp 12 phenolphtalein vi né
¢6 khoang pH d6i mau ing véi pH = 8,72.

Mudn tinh pH cua dung dich & trudc di€m tuong duong ta cln k& dén axit y&u ty
do & trang thdi can bing v6i anion cha ndé. Bdi vay trong thi nghiém nay ta diing hé
thic:

Co 4 = K, CocooH

H;0 Cenyco0 —
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nghia 14 :
PH = —18Cy o =18C 4 co0- —18Kna ~ 18C cuycoom

Mu6i NaCH,COO phan li hoan toan nén C cy,coon bang néng d6 chung cfa axit. Vi

1mi dung dich NaOH IN chéa 107? duong lugng gam NaOH nén dung dich sau khi cho
thém 10mi NaOH 1N s& c6 néng dé cila axetat va axit ty do la:

— -2 _ -2
C oo~ = 111072 va Ceneoon = 4.10

Do dé dung dich ¢6 pH 13 :
pH=1g 1.1072 — 1g'1,8.107° — 1g 4.107? = 4,14
Bang cdch nhu vay ta tinh dugce tat ca cdc gid tri pH khdc (xem bing 41).

Ching ta ciing thu duge k€t qua twong ty nhu vay khi chufn 46 mot axit manh bing
bazo y€u (hinh 95, dudng 3). Trong trudng hop ndy, dudng cong chufn do tring véi dudng
cong chudn d¢ axit manh bing bazo manh & trong ving axit vd khdc véi dudng 46 & trong
viing bazo.

Khi chudn d6 axit y€u bdng bazo y&u, pH bi&€n d8i rdt it (hinh 95, dudng 4). Boi
vay ngudi ta khong xdc dinh duge rd rét diém tvong duong va phan dng dé khong thé ding
dé chudn do duogc.
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" CHUONG X

HOA HQOC VA DONG PIEN

Phdn ting oxi héa - khit

Moi phin tng h6a hec dugc phan ra 1am hai loai : loai thi nh4t bao gém nhiing
phan Gng héa hoc trong d6 cdc nguyén t6 & trong chét phin @ng khong bifn déi s6 oxi
héa. D6 12 nhitng phdn éng trac déi, mot s6 phin ing phan hiy, két hop va tao phic.

Vi du: BaCl, + Na,80, = BaSO, + 2ZNa(l
CaCO, = Ca0 + CO,

P6&i voi nhitng phan dng thudc loai thd nhét nay, viec 14p phwong trinh clia phan dng
khong cé gi 12 khé khan. '

Loai th# hai bao gém céc phan rag héa hgc,'lrong d6 cdc nguyen td tham gia vao
phan dng c6 bi€n 48i s6 oxi héa cha ching. D6 12 nhitng phdn éng oxi héa - kha.
Vidu: 2Mg + 0, = 2MgO
2Al 4+ Fe,0, = ALLO, + 2Fe
2HgO = 2Hg + O,
2KMnO, + 16HCI = 5Cl, + 2MnCl, + 2KCI + 8H,0
3Cl, + 6KOH = 5KC1 + KCI10, + 3H,0

Khéc v6i loai phén ting trao d8i, trong cdc phan dng oxi héa - khir ¢é sy chuyén mot
phdn hoic-hoan toin electiron ti¥ nguyén t§ ndy sang nguyén t§ khdc. Chit cé nguyén 16
thu electron (gidm s& oxi héa) dugc goi & chdl oxi héa vd chit ¢é nguyén t6 mdt
electron (ting s& oxi héa) duge goi 1a ch4t khd. Trong cdc phdn Ung oxi héa - khir da
duge 4y lam vi dy & trén day, chdt oxi héa 1a : 0,, Fe,0,, KMnO,, va chat khir 12 Mg,
Al, HCL... Qué trinh 1am tang s&8 oxi héa cla mdt nguyén t6 & trong mot chil nao goi 1a
qud trink oxi héa chdt d6 va qué trinh 1am gidm s& oxi héa goi 12 qud trinh khi.

Nhiing chdt oxi héa dién hinh 12 nhitng don chdt ma nguyén tit cia ching cé d¢ dién
am 16n nhu cdc¢ nguyén t6 nhém VIA vad nhém VIA, vi dy nhy clo, oxi, lvu huynh ;

nhitng hop chdt chita nguyén t6 cé s oxi héa cao nhu HNO,, K,;Cr,0;, KMnO,, PbOz'

v.v... Nhitng chét khir dién hinh 12 nhimg don chft m2 nguyén tir cha ching cé 4§ dién &m
bé nhdt nhu cdc kim loai kiém va kiém thd, nhitng anion don nhu I, 877,
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+4 +3
phitng anion chita nguyén t8 cé s& oxi héa trung gian nhu S O%‘, NO; nhing cation don

6 s6 oxi héa thip nhu Sn?* , Fe?’ va mot s6 chdt & nhiet 46 cao nhu C, H,, CO, AL

Muén lap nhanh vd ding phuong trinh cha céc phan @ng oxi héa - khir ta cén
phéi 1am theo céc budc sau day : '

a) Bi€t cong thitc cha chdt phan dng va san phdm phdn lng dé viét so 46 clia phan
gng. Vi du nhu khi cho mangan dioxit (MnO,) tic dung v&i axit clohidric (HC1) tao nén
khi clo (Cl,) vk muSi mangan clorua (MnCl,), so d6 clia phan tng la:

MnO, + HCl —s MaCl, + Cl

b) X4c dinh ch4t oxi héa va chét Khir, Muén vay cdn xéc dinh s6 oxi héa cua tdt

ca cdc nguyén t6 trong phan ung dé bift nguyen 186 nio bi€n ddi s6 oxi héa :
-2 + - +2 - o
MnO, + HCl — MnCl, + Cl,

& day hai nguyén t6 bi€n 4éi s6 oxi héa 12 Mn (tir +4 dén +2) va Cl (tir -1 d&n 0). Do dé
MnO, 12 ch4t oxi héa va HC! 1a chat khir.

¢) Tinh 56 eleciron ma mdi phan ti ctia chét oxi héa thu vd mdi phan tit cia chit

khir mat :
+4 +2
Mn + 2e = Mn
' -1 [
Cl-e=0C

d) Tim cédc hé sb chinh cia phuong trinh phén ¥ng, nghia 12 cdc hé s6 cha chél
oxi héa va ciia chit khi. T4t nhien téng s§ electron chét khir m4t phai bing tdng s6
electron ma chit oxi héa thu. Téng s& electron t8i thiéu & trong phéan ung ndy 12 2 nén
hé s6 chinh 12 1 va 2 : o

he 58
+4 +2
Mn 4+ 2e = Mn 1
-1 o

Cl —e=0C | 2
nghia 12 1 phan tir MnO, thu electron cua 2 phan tir HCl:
MnQ, + 2HCl — MnCl, + Cl;

¢) Kiém tra s6 nguyén tir cda mbi nguyén t§ (trir H va O) & trong céc chdt cla
phan dng. Trong phin ing ndy, nhén th&y & v&€ bén trai chi c¢6 2 nguyén tr Cl ma & vé
ben phai c¢6 4 nguyen t Cl. Nhu vay nghia 12 & v€ bén trdi con thigu 2 phan td HCl :

MnO, + 2HClL + 2HCI —» MnCl, + Cl,

Cén chd § : trong céc phin dng oxi héa - Khir, ngodi chit oxi héa va chit khi,
tham gia vio phdn éng cdn ¢6 them moi trudng. Méi trudng cia phdn iing ¢6 thé 13 nudc
hodc axit ho#c chdt kiém. Trong trudng hop ndy, moéi trugng 1a HCI, nghia 14 2 phan tir
HCI lam nhiém vy cta ch4t khir vd 2 phin tir HC1 khic 1am nhiém vy cia méi trudng.
Phan dng duge viét la :

MnO, + 4HCl —> MnCl, + Cl
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~ g) Kiém tra s8 nguyen tir H. O day nhan thdy & v€ bén trdi ¢ 4 nguyén tir H ma
v& bén phai khong ¢6 nguyén tér H ndo cd. Nhu vay & v& bén phai thifu 4 nguyeén td H.
Tir 46 suy ra ring ngoii hai sin phdm phin ng 12 MnCl, va Cl, c¢dn ¢6 cdc phan tdt H,0
nita. Phan dng duge vist 1a :
MnO, + 4HCl —s MnCl, + Cl, + 2H,0
h) Sau cung kiém tra s& nguyén t& O & hai v€, n€u chiing bing nhau thi phuong

trinh phén \tng da 1ap ding v mii tén trong so d6 phin éng duge thay bing d4u biang. O
day sé nguyén tir O & hai v€ déu béng 2, nghia 1 ta ¢6 phuong trinh '
MnO, + 4HCl = MnCl, + Cl, + 2H,0
Mot vi dy khédc 14 phén ¥ng ciia khi clo vd dung dich kali hidroxit tao nén kali
clorat va kali clorua.
. a) Bi€t céng thic cha cdc chdt phdn dng v sian phdm phan dng ta biéu dién phan
Ung 46 bing so 46
Cl, + KOH — KCI0, + KCl
b) Xédc dinh chft oxi héa va chit khir lhéﬁg qua viéc xdc dinh ¢ oxi héa cua cic
nguyén (4 :

0 + -2+ + +5-2 + -
Cl> + KOH — KCO, + KA

(3 day chi c6 mot nguyén t6 bién ddi s6 oxi héa 12 clo, trong khi mot s& nguyén
tfr giam s8 oxi héa (tir O d€n - 1) thi déng thdi ¢é nguyeén 1o tang s6 oxi héa (1 0 dén
+5). Nhu vay phéan tlir Cl, vira 12 chit khir vira 12 chdt oxi héa va phan ng duge goi la
phan dng rur khir ti oxi hda.

¢) Tinh sé electron duge trao chuyén :

o -
Cl + e = Cl
o) +5
Ci - 5¢ = (]

d) Tim cdc hé sd chinh cia phén dng :

hé sé
o _
Cl + e = Cl 5
o +5
Cl -5¢ = Cl 1

Phan @ng duge viét la:
3Cl, + KOH —— KC10; + SKCl

e) Kifm tra s6 nguyén tir cia mdi nguyén t& (trit H va 0). O day vé& bén trdi cé |
nguyén tr K vid & bén phdi ¢6 6 nguyén tir K. Nhe vay nghia 1a & v€ bén trdi phai c6 6
phén tr KOH :

3Cl, + 6KOH — KCIO, + 5KCI

¢) Kiém tra s6 nguyén tr H & hai v&, tim duge s6 phan t&¢ H,O 14 sdn phdm cla
phan ing :

3Cl, + 6KOH — KCIO, + 5KCI + 3H,0
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h) Sau cung kiém tra so nguyén tir O ta tha'y'phiwng trink phan Wng di duge tip
ding : .

3CL + 6KOH = KCIO, + 5KCI + 3H,0

Cé6 nhitng phan iing oxi héa - khir phifc tap hon, trong d6 ¢é nhidu nguyén td bién
d6i s6 oxi héa. Vi du nhu phan dng x4y ra gilta As,S, va HNO,. Phuong trinh cda nhitng
phan Gng d6 cing dugce lap tuong ty. '

a) Vi€t so d6 ciia phan ing khi biéi cong thite cha chat phian @ng va sin phim
phén dng :

ASst + HN03 —— H}Asod +H2804 + NO

b) Xdc dinh chit oxi héa va chit khir théng qua vige xdc dinh 56 oxi héa cna céc
nguyén g : '

+3-2 + 45 =2 + +5 -2 + +6-2 +2-2
As,_SJ + HNOQ; — H3; AsOQ, + H2SC,)4 + NO
Céc nguyén t§ ¢6 s6 oxi héa ting 1a As (tir +3 dén +3) va S (tr -2 d&n +6) va
nguyeén 6 c¢6 oxi héa gidm 1a N (tix +5 dén +2). Nhu vy As,S, 14 ch&t khir va HNO; 1a
chat oxi héa.

¢) Tinh s6 electron ma 6t phan tir ch4t khir mat va mét phan tlr chét oxj héa thy:

+3 +5
2As —4e = 2As
-2 46
318 -24e = 38§
+5 +
As;S; - 28e =2As +3 8§
+5 +2
. N +3e = N
d) Tim cdc hé s& chinh
I he¢ sé&
+5 +5
As;85; -28e =2As +3 8§ 3
+5 +2
N +3 = N 28

3As,8; + 28HNO, —s 6H;As0, + 9H,50, + 28NO
e) Kiém tra s& nguyén ti H ta thdy 4 phan t& H,0 l1am nhiém vy clia mai trugng .
3As,S, + 28HNO, + 4H,0 —— 6H,As0, + 9H,S0, + 28NO
8) Kiém tra s8 nguyen tir O ta thdy ﬁhu‘cmg trinh cda phan ting 43 lap ding :
3As,5, + 28HNO; + 4H,0 = 6H;AsO, + 9H,80, + 28NO

. Qua céc vi duy tren day ta cling thdy trong cdc phan ting oxi h6a - khir, thrdng co
s tham gia cha méi truamg. Tay thudc vio moi truong, kha ndng phin tng clta mdt chit
¢6 thé bi&n déi.
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Vi du. Kali pemanganat 12 chdt oxi héa manh, thy thudc vio méi trudng né cé thé
oxi héa cho cdc sdn phdm khdc nhau. Trong méi trudng axit manh, né oxi héa d&n ion

Mn?* ; trong m6i tradng trung tinh hoac axit y€u hosc kidm yéu d&€n MnO, vi trong moi
tredng kiém manh, dén ion MnO 2.

Vi du nhu khi phan dng v&i Na,50, : .
2KMnO, + 5Na,80, + 3H,80, = 2MnSO, + 5Na,50, + K,80, + 3H,0
2KMnO, + 3Na,80, + H,0 = 2Mn0, + 3Na,5%0, + 2KOH '
2KMnO, + Na,80; +2KOH = 2K,MnO,+ Na,80, + H,0

Su phu thuéc cha hoat tinh oxi héa ciia ion MnO ; vio méi trudng duge giai thich

14 ion hidro xam nhap vao ion MnO 7 1am suy y€u lién k&t giita Mn va O do dé lam cho

hat khit tic dung duge d& ding vdi MnO 7. Trong méi trudng trung tinh, sy bi€n dang

cia anion MnO7 kém hon nhiéu vi tic dung cuc héa cia phan tir H,O y&u hon so véi ion
hidro. Nguoc lai ion hidroxyl lam cho lién két Mn-O hdi bén thém :

Trong méot s trudng hop, moi tru‘élng c6 thé IAm bi&n d6i chidu cta quéd trinh
phin tng. Vi du nhu phdn t¢ng :

31, + 3H,0 = HIO, + 5HI

trong moi trudng ki€m xady ra theo chidu thuldn, cdn trong modi trudag axit, theo chiéu
nghich.

Trong phén #ng oxi héa - khit, dwong lwong cia chdt oxi héa hay chdt khi dugc
tinh bdng ti 56 cia khéi lugny phdn i cia chdt oxi héa hay chdt khir va sé electron ma
mdi phan tf thu hay mde. Vi du nhu trong phén ¢ng gitta MnO, va HCI, duong ivgng cla

MnO, bing % khéi lugng phan tir cla né vd duong lugng cda HCl bing khéi lugng phan
tr cua HCI.

M6t dic diém quan trong cla phan ¥ng oxi héa - khit 12 c6 thé x4y ra & trong pin
dien va khi dién phan.
Pin dién

bié¢n cyc. Khi nhiing m6t tdm kim loai vao nuéc, dudi tic dung cia cdc ludng cuc
nude, tiy b& mat kim loai ti€p xic v6i nuéc cdc ion kim loai duge chuyén vdo nude. Viéc
chuyén d6 gay nén bdi xu huéng cia he¢ muén dat d€n trang th4i hdn loan nh4t. TAm kim
loai vi th€ trd nén c6 du electron va tich dién am. Cdc ion kim loai & trong nu6c bi tdm
kim loai tich dién &m dé hit tré lai vd mot can bing déng duge thi&t 1ap nhanh chéng,
nghia 1a t6c do chuyén ion duong ti¥ t4m kim loai vdo nwéc bing tdc d6 chuyén jon
duong tit nude tré lai tdm kim loai. Can bing d6 c6 thé duge biéu dién nhu sau :

Kim loai == ion kim loai +. electron
(& tim kim loai) {hidrat héa) (& t4m Xim loai)

Do lyc hit tinh dién, cdc ion kim loai trong dung dich dugc sdp x&p & 16p nube
ti€p xic véi tdm kim loai va mdt idp dién kép duge tao thanh. Mot phdn cia 16p dién kép
dé 1a & trén mat cia tdm kim loai vd mot phén nira 12 & trong 16p dung dich bao quanh
tdm kim loai (hinh 96). Gitra kim loai va dung dich bao quanh kim loai sinh ra mét hiéu
th€ can bing goi 1 thé kim logi.
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Kha nang chuyén ion tir kim loai vdo nudc phu thuéc vao nang lugng mang luéi
tinh thé ciia kim loai v3 nang lugng hidrat héa cha ion kim loai. Kh& ning d6 cha céc
kim loai 1a khdc nhau nén mdi kim loai ¢6 mot th€ rieng. Vi du nhu th€ cia kém vé gid
tri 16n hon the cha déng. .

i e
{

Rl o B Zn
e B [y N
== L= =%  +|--+
T b e —— -r T F o+ |-+
SIkd iy i : +[- f+2n2*
= i PR I |
= -+
— * —= =i W +_ .+
1 1 » _—_—-_—-E +|_ |+
T - I

ll g4 + +

= —= uZnSO.,

Hinh 96 - Lép dién kép Hink 97 - Pin kénr - (Idﬁg

Né&u ching ta khéng nhing t4m kim loai vdo nude ma nhing vao dung dich mét
mudi ciia kim loai d6, can bing trén day s& chuyén dich, nghia 12 th€ cha né bi bi&n ddi. .
He gém mot tdm kim loai nhing trong dung dich mdt mudi cia kim loai d6 dwge goi la
dién cire va higu the can bing sinh ra gitta mat kim loai va 16p dung dich bao quanh kim
loai dugce goi 1a thé dién cuc.

Pin dién. N&u 14y hai dien cyuc vi du nhu dién cuc Zn va dign cyc Cu dat sdt nhau
vh ngan cdch v6i nhau bing mot mang x6p (hinh 97). Mang x6p nay khéng dé cho céc
dung dich & hai dién cyc tron Jin véi nhau va chi dé cho nhitng lvong ion du chuyén tit
dién cyc nay sang dign cuc kia. He gém hai dién cyc kim loai ghép v&i nhau bing cich
nhu viy goi 12 pin dién. Khi né&i hai dién cue 46 v6i nhau bing mot day didn, cé mét
ddng dign chay tir dién cuc Cu sang dién cvc Zn, nghia 13 ¢6 sy chuyén d¥i cla electron
tt t4m Zn sang tAm Cu. Trong pin dién ndy Cu Ia dién cuc duong vh Zn 13 dién cyc am.

Quan sét cdc dién cuc, nhan thfy & dién cyc 4m néng do cia ion Zn?" trong dung
dich tang lén, nghia 12 k&m tan thém :

Zn - 2e = Zn?*

va & dién cye dwong, néng 49 clia ion Cu®* & trong dung dich gidm xuéng, nghia 12 déng
két tha & trén dién cuc :

Cu?* + 2e =Cu

Déng thyi cdc ion SO X du & dien cyc duong va ion Zn** du & dien cyc Am s& di
chuyén qua mang x6p. -

Nhu vdy rd rang & trong pin d& xay ra phin ting oxi héa-khit, Zn chuyén electron
qua day dén cho Cu bi€n thanh ion Zn?* 12 chat khir, ¢dn ion Cu®* d&n tdm Cu nhan
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electron bi€n thanh kim loai la ch4t oxi héa :

2e

1

Zn + Cu* =Zn" + Cu

va chinh nh& phdn Gng ndy ma pin ¢6 dién. Nguyén nh#n sinh ra dong dién la sy chénh

léch the gifa cdc dién cuc Zn va Cu,

Néu ta nhing truc ti€p t&m Zn vio dung dich clia muéi déng,
electron s€ duge chuyén théng 1&r Zn sang ion Cu®* tiép xdc véi tdm
Zn cho nén & trén tdm k&m xudt hién nhitng k&t (da mau dd cda déng
kim loai, nghia 12 & day cling xdy ra phin Gng oxi héa - khir vira xét
o trén. Didu d6 cho phép hiéu duge tai sao mot tdm Zn sau khi da
nhiing vado dung dich mudi Cu?*, né&u cho t4c dung vé&i axit thi phan
Gng xay ra manh liét hon nhiu so v&i Zn tinh khiét. S& di cé hién
tugng nhuw vady 1a vi sau khi dvegc nhdng vdo dung digh clia mudi
ddng, & trén tAm Zn cé nhiing nguyén tit Cu bam vio. Khi nhiing tdm
k&m d6 vio axit, gifa Zn vad Cu dd tao nén vo s& pin dién r4t bé. Liy
mot cip dién dé (hinh 98} ma khdo sét, ta thdy electron duge chuyén
tr Zn sang Cu viion H' & trong dung dich axit dén 14y clectron &

[TNTHINT

1 fulad

1l

ity

Hinh 98-S 48 rdc
dyng cha cdp dién

- Cu bi€n thanh khi hidro bay 1én. O day hidro khong sinh ra & dién cyc Zn cho nén khong
bao phlt Zn vd ngan cdch Zn tdc dung ti€p tuc véi axit nhu trong trudng hop k&m tinh

khi&t.

Dung dich NHNO,

Dung dich FeS0, va Fey(50,);

Hink 99 - Pin vai dién cuc tro

Cu

Dung dich CuSQ,

Trén day chiing ta da xét pin

_trong dé cdc dién cuc kim loai déu bi

bi¢n déi khi pin hoat dong. Vi du
nhu trong pin k&m - déng, kém tan va
ddng k&t tha,

Cing ¢6 nhitng pin trong 46
dién cuc ¢6 thé khong bi bi&n déi
nghia 13 tro khi pin hoat dong. Vi du
nhuv pin duge trinh bay & hinh 99.
Dién cyc & bén trdi 13 moét ban bing
Pt nhiing trong dung dich ciia hén
hop céc ion Fe® va Fe?*. Ben phai la
mot dién cyc démg (mét tdm Cu
nhing trong dung dich mud&i déng).
Céu néi gita hai dién cyc 1a mot Sng
thiy tinh hinh chir U dé nguge dung
dung dich cla mot chat dién i,
thudng 1a NH,NO,, hai ddu &ngcé

nit bing bong thiy tinh. Cdu n6i nay tuong duong v6i mang x8p & trong pin Zn - Cu da
xét § trén. N&i hai dién cyc véi nhau qua mot ampe k€, nhéan thfy ¢6 mot dong dién chay
qua ddy ddn tir Cu sang Pt. Khi pin hoat dOng, tdm Cu bi tan ra cdn tdm Pt vin tra, nghia

la trong pin da x4y ra phan dng :
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Cu + 2Fe* = Cu® + 2Fe?
& day ion Fe'* 14y electron duge chuyén tir Cu sang Pt bi€n thanh ion Fe®”

Mot loai dién cuc thi ba duge goi 13 "dién cyc khi”. Mot vi du dién hinh 1a dién
cue hidro. Pin dién gém mot digén cyc hidro va mot dign cyc déng duge trinh bAy trén
hinh 100. Phan ¢ng x4y ra trong pin 12 :

H, + Cu®* =Cu+ 2H"

Pién cyc hidro gébm c6 mot
tim Pt nhdng trong dung dich

axit, bé mat clla tdm d6 duge bio <

hda bang khi hidro & dp sudt latm.

3 tren bé mat cha dién cuc, cic =

phan t& H, c6 thé chuyén thanh Pt Dung dich NH,NO,

proton theo nira phan dng : He B e Cu

H, =2H" + 2e

AT

Tuy theo chiéu cda phén

Ung xay ra & trong pin, qud trinh °:ii:: | |
: . AL AN | I 71 Jpa—
ngudc lai ¢é thé xdy ra & dién cyc 17 Ul PO J{L"‘ :

hidro. O day tdm platin vdn tro,
chi 1am nhiém vu chuyén electron

tir hidro dé€n déng. D¢ tang t6c do Dung dich H,S0, Dung dich CuSO,
ciia phan @ng oxi héa-khi, ngudi
ta lam ting bé mat cita dién cyc Hinh 100 - Pin véi dién cwe hidro

khi bdng cdch phi mét tép mudi
platin 1&n tdm platin,

Stc dién dong cba pin. Trd lai‘pin kém - déng, khi ta n6i hai dign cuc v6i mot
von k€, qua cédc thi nghigm nhan thdy & mot nhiét dé nh&t dinh, ste dién dong cla pin ti
ie v6i ndng d6 clia ion k&m va déng. NEu nhigt 46 d6 12 25°C va ndng dé cia Zn?* bing
néng do cia Cu®* , von k& s& chi 1,1V. DPay chinh 12 d6 chénh léch gita hai th€ cla di¢n
cuc Zn va dién cyc Cu.

N&u thay dién cuc déng trong pin d6 bang di¢n cyc bac {(mot tdim Ag nhdng trong
dung dich AgNO,), qua cdc thi nghiém ciing nhdn thdy stc dién déng cda pin k&m - bac
phu thudc vdo néng 4o cia Zn** vd Ag® & mot nhiét do nhat dinh. Néu nhigt d¢ 46 ia
25°C va néng do ctia Zn?* bing néng 40 cha Ag® sic dién dong cha pin s& la 1,56V . PBay
cling 12 d6 chénh l&ch giita hai th€ cha di¢n cuc Zn va di¢n cyc Ag.

Nhu vay sic dién dong cha pin 12 mot dai lugng dac trung cho ban chét va néng
d6 clia cdc chdt tham gia vio phdn dng oxi héa - khir & trong pin. Cho nén d€ d€ so sénh
cdc pin khdc nhau, ngudi ta dung dai lugng sitc di¢n doéng do dugc trong c4c didu kién
chudn vé néng 46 vi nhiét d6. Nhitng didu kién d6 12 néng 40 lmol ion/l cla cic ion O
trong dung dich, d4p su#fit larm cia chdt khi va nhiét d¢ 25°C. S¢c dién dong do dugc
trong céc didu kién &y dugc goi 12 sic dién déng chudn E°. N6i chung sic dién ddng cla
pin 12 hi¢u cua cdc th€ dign cuc.
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Thé dién cuc chudn. Ngudi ta khong thé xdc dinh dugc gid tri tuyet d6i ciia mdi
mot the dign cyc chudn vi trong b4t ki mot pin dién ndo ciing déu xay ra hai nda phan
dng & hai dién cyc va stic dién dong ciha pin bing higu cha hai the dien cuc. B&i vay
ngudi ta cdn diing gid tri tvong d6i cha thé dién cue véi quy udc ring thé dién cwe chudn
ciia dién cyc hidro (dp suflt clha khi H, bing latm va ndag 40 Cy+ = 1molil) bdng s6
khéng. :

Muén xdc dinh th€ tuvong d6i cha mét dién cic ndo d6, ngudi ta ghép dién cuc dé
véi dign cve hidro chudn thanh mot pin dién. Stc dién déng cha pin doc duge trén von
k€ chinh 13 th& twong d6i cla dién cyc d6 va thuc t€ duge coi nhu 12 the tuyét 461 cia
dig¢n cyc. Ngudi ta quy- wdc ring di¢n cuc chuyén electron cho dién cuc hidro 1 dién
cye dm 46i v6i dign cyc hidro (dien cyc duong) va thé cia dién cuc d6 mang ddu ~ dién
cuc nhan clectron tir dién cuc hidro sang 13 dién cyc duong va thé ciia dién cyc dé neng
ddu + (trung hop ndy dién cyc hidro 1a dién cuc 4m).

Vidy : Trong pin k&m - hidro, dién cyc Zn 12 dien cyc 4m va cé thé€ dién cuc am
¢on trong pin déng - hidro, dién cyc Cu Ia dién cyc duong vi cé thé dién cyc duong
\ A

DuéGi day l1a thé di¢n cuc chudn (C,,, = 1 mol/l) d6i véi dien cyc hidro chufn
(bang 42). Cdn chy § ring th€ dién cuwe chudn con goi 12 thé oxi héa - khi chudn.

Bdng 42 _
Cé4c thé dien cuc chudn E S & trong dung dich nude
Phén ing dién cuc Eggg, 14
(1) (2)
Dang oxi héu Dang khir

Lit + e =Li - 3,01
Rbt + e = Rb : - 2,98
K* + e =K . -2.92
Ba®* "+ 2¢ =Ba : - 2,90
Cal* + 2¢ =Ca - 2,87
Na* + e = Na - 2,71
A + 3¢ = Ac : - 2,60
La’* + 3¢ =La - 2,52
Ce* + 3¢ =Ce _ - 2,48
Mg2+ + 2¢ =Mg - 2,36
vb* + 3¢ =Yb - 2,27
g3t + 3e =S¢ - 2,08
Th** + 4¢ =Th - 1,90
Be®* + 2¢ = Be I - 1,85
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(1

(2)

Al* + 3¢ = Al - 1,66

ZnO¥ + 2H,0 +2e =7Zn+ 40H - 1,22

Te +2e =Te* - 1,14

SO} + H,0 +2¢ = S0y +20H - 0,93

2H,0 +2¢ =H,+20H" - 0,83

Zn** +2e =12Zn - 0,76

As + 3H* + 3e = AsH; - 0,61

2507 +3H,0  +4e. = S,03 +60H" - 0,58

S,0F +4H*  +2e =2H,S0; - 0,57

S +2e =8 - 0,51

" Fe* +2¢ =Fe - 0,44

Ccr* | +e = Cr** - 0,41

TI* +e =Ti - 0,34

Co®* +2¢ =Co - 0,28

Ni** +2e =Ni - 0,25

Sn?* +2e =8n - 0,14
CrO> + 4H,0 +3e = Cr(OH), + 50H" - 0,13 |

Pb?* +2¢ =Pb - 0,13

MnQ, + 2H,0 4+ 2¢ = Mn(OH), + 20H" - 0,05

Hgl?" +2¢ =Hg + 4T ~0,04

H* te = %Hz 0,00

NO; + H,0  +2e = NO; +20H 0,01

AgBr +e = Ag + Br- 0,07

Sorpruong + ZH'  + 2¢  =H,3 0,14

Cu?* +e =Cut 0,15

Sn* +2¢ =8Sn* 0,15

AgCl +e =Ag+Cl 0,22

PbO, + H,0  +2¢ =PbO + 20H" 0,25

Clo; + H,0O  +2¢ = ClO; + 20H" 0,33
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(2)

Cu?®* +2¢  =Cu 0,34

Cloz +H,0 *2¢  -Cl07 + 20H" 0,36
SO3 + 8H* +6e =S + 4H,0 0,36
0, + 2H,0 +4e = 40H 0,40
H,80, + 4H" + de = §+ 3H,0 0,45
Cu® +e = Cu 0,52

I, +2 =21 0,54

MnO, *¢ = MnO 3~ 0,54

MnO3 +2H,0 *3¢ =MnO, +40H™ 0,59
BrOj + 3H,0 +6e =Br~ + 60H~ 0,61
CIO; + H,0 *+2¢ =ClO” + 20H" 0,66
0, + 2H* +2  =H,0, 0,68
Fe’* + e = Fe?* ¢ 0,77

Ag® +e = Ag 0,80

2Hg®  +2¢ = [Hg, 0,92

NOj +4H* +3e  =NO +2H,0 0,96
HNO, + H® +e = NO + H,0 1,00

| Br, +2 = 2Bt~ 1,07
103 + 6H* 15, = %12 + 3H,0 1,19
0, + 4H" + 4e = 2H,0 1,23
MnO, + 4H* +2 = Mp* 2H,0 1,23
O;(k) + H,O +2 = OQ,+20H" 1,24
T +2 - T 1,25
2HNO, + 4H" +4e = N,0 (k) + 3H,0 1,29
Cr,0% + 14H* +6e¢ = 2Cr°*'+7H,0 1.33
Cl, +2 =201 1,36

Au? +3e = Au 1,42

PbO, + 4H" +2 = Pp’* 4+ 2H,0 1,46
MnO, + 8H* +35e¢ = Mn®™+ 4H,0 1,51

-
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(1) ‘ (2)

BrO; + 6H* +5¢ = %Brz(l) + 3H,0 1,52
O + H,0 +2¢ =20H 1,59
HCIO+H* +e =H,0+ %012 1,63
MnO; + 4H*  + 3¢ =MnO, + 2H,0 1,70
Au” +e = Au 1,70
H,0, + 2H* +2¢ =2H,0 1,78

XeO, + 6H* + 6e¢ = Xe+ 3H,0 _- 1,8
Co™* +e = Co** . 1,81

0, + 2H* +2e =0,+H,0 : ' 2,07
F, +2¢ =2F 2,86
H.XeO, + 2H* +2¢ = XeO, + 3H,0 3,00
F, + 2H* + 2¢ =2HF 3,06

Y nghia cita thé dién cwc chuén. Qua bang ta thdy th€ dién cwc chudn cang Am,
dang khir ciia n6 12 ch4t khir cing manh v dang oxi héa l1a chit oxi héa cang y&u ; th€ dién
cuc chudn cang duong, dang oxi héa clia né 12 chét oxi h6a cang manh va dang khir 13 chat
Khir cang y€u. Trong béng ngudi ta sdp x€p céic th€ dién cyc theo chidu ting ddn khé nang
oxi héa clia dang oxi héa va chiéu giém'din kha ning khtt cia dang khir. Nhitng nguyén t§
¢6 th€ di¢n cyc chudn bé 12 ¢c6é tinh khit manh vi nhitng nguyén t§ cé th€ dién cuc chudn
1dn 14 ¢6 tinh oxi héa manh. '

~ Dwa vio th€ dién cyc chudn, c6 thé x4c dinh d& dang sirc dién dong chudn cia pin
tao nén bdi hai dien cuc bac ki :

Sitc dién dong cila pin = thé ciia dién cuc duong — thé ciia dién cuc dm.
Vidy 1. Sic di¢n dong chudn clia pin k&m - hidro : _

E° =E;

oy —E%, =0,00—(-0,76) = 0,76V

Vidy 2. Sirc dién dong chudn cia pin déng - hidro :
E° = E}, —Ej, =0,34-0,00= 0,34V
Vidy 3. Sdc dién dong chudn cla pin k&m — ddng 1a :

E° =EJ, —-Ez, =0,34—(-0,76)=1,1V
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Vidu 4. Sic dien dong chudn cla pin magie - k&m 1a:
E® =E%, — E}gp = — 0,76 — (—2,36) = 1,6V

'Dua vao sic dién déng cia pin ngudi ta cd th€ xdc dinh tryc ti€p bi€n thién nang
lvgng Gip ciia phan dng oxi héa—khir. Ddy 1a mot trong nhitng phuong phdp nhay bén
nhit dé x4c dinh nang lugng Gip cla phdn Gng vi stc di¢n dong cha pin dién ¢é thé do
duge voi do chinh xdc cao. That vay sitc dién dong cha pin lién quan t6i nang lugng Gip
¢ha phdn dng bdi hé thic :

AG = - nFE
va @ cdc didu kién chudn :
" AG® = — nFE®

EY va E 1a stc dién dong (bing V) cla pin & diéu kién chudn v3 & diéu kién khdc vdi
diéu kién chudn, F 12 hiing s6 Faraday bang 96500 culong/duwong lugng gam, AG® va AG
12 bi&n thién nang lvgng Gip (tinh bing J) & difu kién chudn va & didu kien bdt ki, n l&
sé electron t6i thidu dugc trao chuyén trong phan Ung oxi héa—khir.

Nhu vay phin dng trong pin s& ty phdt x4y ra khi AG < 0, nghia la khi E > 0. Cho
nén dya vao th€ dién cuc chufn ngudi ta dy dodn duge chidu cGa phan Ung oxi héa—khir
x4y ra trong dung dich nuéc. Sau diy la mot s8 vidu:

Vidu 1. Ching ta xét xem thi€c kim loai ¢6 thé tan trong dung dich axit manh cé
ndng dd IN(Cx+ = lImolil) hay khong ?

Qua bang cdc th€ dién cuc chufn, ta thdy & nhigt d¢ thuong :

Nira phan éng :  Sn?* + 2¢ = Sn c6 th& dién cyc chudn E°® = —0,14V¥
Vi nira phan dng : H* + ¢ = %H; ¢6 thé dién cuc chudn E° = 0,00V

Nhu vay trong pin thi€c-hidro, dién cyc hidro 12 dién cuc duong va dién cyc thiéc
|2 dién cuc am, nghia 12 Sn chuyén electron sang di¢n cyc hidro va pin c6 sic dign dong:

E° = 0,00 — (—-0,14) = 0,14V
Sitc dién dong cha pin ¢6 gid tri ducmg (E>»0 hay.AG < 0) cho thdy phan dng :
Sn + 2H* = Sn** + H,
x8y ra mot cdch ty phét, nghia 12 thi€c kim lozi ¢ thé tan trong axit cé néng d¢ IN.

Khi ghép hai di¢n cyc véi nhau, & di¢n cyc c6 thé 16n, nira phan dng x4y ra theo
chiéu thun (cung chiéu v6i phin dng di¢n cwe ghi tre.g bang 40) va & dién cuc cb6 thé
bé, nira phan 1ing x4y ra theo chidu nghich. Trong trudng hop pin thigc-hidro ta ¢6 :

2H* + 2e =H,

Sn = So?' + 2e

Qua vi du ndy rit ra mot k&t ludn chung : rhifng kim logi ¢o thé dién cwe chudn
E® < 0 ¢6 thé tan trong dung dich axir gidi phéng hidro. '
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Vi dy 2. Crom kim loai ¢6 thé ddy dugc sdt ra khoi dung dich ctia mudi sat(11T)
hay khong ?
Qua bang céc thé dién cuc chudn ta thiy :

 Nira phan éng : Cr** +3e =Cr ¢6 the dign cyc chuén E¥ = — 0,74V

Vi nira phan ung : Fe’* + 3e = Fe ¢é thé dien cuc E® = — 0,04V

Vi ring : E° > E°
§ Fe/Fes" cr/cet
— 0,04V > =-0,74V

nén nira phan Gng thd hai x4y

ra theo chidu thuan vi nira phin Gng thi nhit x4y ra theo
chiéu nghich :

Cr = Cr*" + 3e
Fe'* + 3¢ = Fe
hay phén ing :

Cr + Fe’* = Fe+ Cr'’
x4y ra, nghia la crom kim loai tan ra va st kim loai dugc két tia vi phéan Gng 46 c6 :
' E° = - 0,04 — (—0,74)=0,70V
() day rit ra mot k&t ludn chung nita :

. Kim loai c¢é thé dién cuc chudn bé ddy
dugc kim logi 6 theé dién cuc chudn 1on hon ra khdi dung dich mudi ciaa né.

Vi du 3: Trong cdc mubi kali halogenua (ki higu 12 KX}, muéi nho s& tdc dung

Qua bang céc thé dién cuc chudn, ta thiy :

Fe'*+e = Fe?* , E° = +0,77V
F, +2¢ = 2F~ , E® = +2,86V
Cl, + 2e= 2C1" , E° = +136V
Br, +2¢ =2Br , E° = + 1,07V
I, +2 =217 , E° = +054V

Phan dng gitta KX va FeCly néu ¢6 xdy ra thl theo phuong trinh ion sau day :

2X- + 2Fe** = X, + 2Fe’
Trong trudng hop KX 12 KF , thi E° =0,77 - 2,86

=-2,09V
Trong trudng hgp KX 13 KCI , thi E® =077 = 1,36 = —0,59 v
Trong trudng hgp KX 12 KBr, thi B¢ =077 — 1,07 = —-0,30V
Trong trudng hgp KX 1a K1, thi B® =0,77 - 0,54 = 0,23V

Vay chi c¢6 K1 c6 thé khir duge FeClytheo phan ing :

9K1 + 2FeCl, = 2FeCl, + I, + 2KCl
Vi phén dng 46 ¢6 E° > 0 nghia 12 AG® < 0.
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Vi du 4 : Dung dich axit bromhidric (HBr) c6 thé khir dugc dung dich pemanganat
( MnOj; ) va dung dich dicromat (Cr,0}") hay khong ?

Qua bang cdc thé dién cuc chudn ta thiy :

MnO; + 8H' +35e =Mn™+4H,0, E° = 1,51V
Cr,0F + 14H° +6e =2Cr" +TH,0, E* = 1,33V
Br, + 2e = 2Br~ . E® = 1,07V
Virang : '
E,:anz*mm; >E;rrm.~2 , nghiala 1,51V > 1,07V
va
Bt ot >Ej ., »nghiala 1,33V > 1,07V

Lap luian nhu trén, ta thiy dung djch axit bromhidric c6 thé khit duge dung dich
pemanganat va dung dich dicromat theo cdc phdn Gng sau day :

2MnQ; + 16H* + 10Br~ = 2Mn** + 8H,0 + 3Br,

Cr,0F + 14H' + 6Br” = 2Cr™ + TH,0 + 3Br,

— Duwa vao cdc the dién cuc chudn, ¢6 thé tinh thé dign cyc clha nhifng nira phan ing
khdc cd lién quan.
Vi du 1. Biét thé dién cuc chudn clia cdc nia phin itng :

Cu®* +2e = Cu (1), E} =0,34V

Cut +e =Cu(2). E; = o,Szv
¢6 thé tinh thé dién cuc chudn cda nira phan ing :
Ci2* + e = Cu* (3), Ej ?
Ap dung hé thirc : AG® =-nFE’, ta tinh AG® cia cdc nira phédn dng (1) va (2):

AG} = -nFE} = -2 x F x 0,34

-0,68F

AGj =-nFE; = -F x 0,52 -0,52F
Nira phan #ng (3) 1a hieu cha nita phan ing (1) va nira phan dng (2) nén :
AGS = ~nFE] = AG} —AG; = —0,68F + 0,52F = —0,16F
Nira phan tng (3) ¢6 n = 1 va th€ dién cuc chudn la:
E; = 0,16V
Vi dy 2. Bi€t th€ dien cuc chudn clha cdc nlra phan dng :

Fe** + 2e = Fe (1), E = 0,44V

Fe’* + e = Fe** (2), E; =0,77V
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Tinh thé& dién cuc chudn cha nita phan Gng :
Fe'* + 3e = Fe (3), E$

Tinh ll.mng ty nhu trén ta duge :
AGI = =2 X F(044V) = 0,88 F
AGY = - E X 0,77 = —0,77F
) va (2) nén ta cd :

Ma nira phan ng (3) 12 téng cia hai nira phan dng (1
= (0,88—0,77)F = 0,11F

AG}“'3XFXE3 =AG1+QG3

Vay :
E§ = - 0,04V
Nhiing yéu t6 quyét dinh thé dién cuc clia c¢dp oxi héa-khu
Thé cfia mot dien cuc gém thanh kim loai nhiing trong dung dich chita ion cla

kim loai d6 phu thudc vao bi&n thién ning lugng Gip cba qué trinh bi€n héa mot mol
kim loai thanh mot mol ion & trong dung dich nudc. P& tinh to4n nang luong d6, ngudl

ta chia qué trinh ra lam ba giai doan :
AH,y, = nhiét thang hoa ctia kim loai M

M(r) = M(k) '
6a thu nhﬁt dén thu n-

M(ky - M“+(k)+ne ) Ach = téng nang lugng |0n h
= nhiét hidrat héa cia ion Mr*

k)4 nude » M"T(dd) , AHyy
M(r) + nudc - M'H(dd) + ne, AH = nhiét cha nita phén dng.
Ap dung vio dlen cuc Zn va dlen cire Cu e ' :
AHP® (KJimol) - AHC (KJimol)
130,54 - Cu(r) - Culk) , 341,00

Zn(r) - Zn(k)

Zn(k) > Zn 2+;(k) + 2e, 2651,40
,—2934,24 | Cu?'(k) + ouge > Cu?*(dd) -

Cu (k) = Cu?*(k) + 2¢,2713,7
- 64,44

Zn? (k) + nudc - Zn*'(dd) |
| Zn(r)+ nudc - Zn**(dd)+ 2e , -152,29 . Cu(r) + nudc Cul*(dd) + 2e , .
Phén ing trong pm kém déng : | - |

T Za( + Cu(dd) = Zo'(dd) * ow

Véi AHO tao thanh : O+ 64,44 1 152,29 0

ALC = —152.29 — 64,44 = —216,73 kJ/mol

$& €6 : st R e
Bién thidn éntropi AS cia phin dng nay & trong dung dich” 14 khong déng ké, cé
thé bd qua:dugc. Boi uay blen tmen nang lucng Glp cha’ pham'fu&n’g:-'gﬁn'-bﬁng---bién'-thién
entanpi cia phdn dng: 20 : I PR T LR
AG® = AH®% = - 216,73 kJimol
Ma AG® = — nFE®

TR HES AGO
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po_ 216730

= —— =112V
2 x 96500

Gid trj cla E° tinh duge 1 if thuyét gén phit hgp véi gid tri thue nghiém ;

E® = E° ~E° =+0,34 - (-0,76
Cu¥*/Cu  Zn?*izn ( )
E° =11V

Nhu vay nhiét thang hoa cda kim loai, nang lugng ion héa cia nguyén tir va nhigt
hidrat héa clia ion 12 nhitng yé&u to quyét dinh th& dign cuc cia kim loai.

Tuy nhién nhimg gid tri the dien cye tinh todn duge bing I thuyét thudng hoi khic
véi nhitng gid tri 43 ghi trong bang th€ dién cwc. $§ di nhu vy la vi khi tinh
todn ngudi ta chi chd ¥ dén bién thién entanpi clia cic qud trinh bién déi ma bd qua bién
thién entropi. Mit khdc nhiing gid tri vé entanpi hidrat héa cha ion thudng khidc vdi
nhau nhi¢u vi ching khong thé thu duge tix thuc nghi¢m ma dugc tinh todn gdn ding dua
vdo nhing gia thi€t 1If thuyét, vy du nhu nhiét hidrat héa cia ijon Li* dugc cdc tic

gid cho nhitng gia tri tir 120 d€n 136 kJ/mol .

Dusi day 14 nhitng gid tri If thuy€t va nhitng gid tri ghi trong bang cda the dién cuc
chudn cda nhém kim loai kiém v nhém halogen.

E°, V : E.V
Cap Tinh dugc Trong bang Cap ‘Tinh duoc Trong bang
Li*/Li - 2,89 - 3,01 F,/F 3,05 2,86
Na*/Na -2,72 -2,71 CL/Cl 1,21 1,36
K*/K -2,08 -2,92 Br,/Br 1,10 1,07
Rb*/Rb - 2,85 - 2,98 L/l 0,58 0,54
Cs*/Cs - 2,57 -2,91

The dien cuc cla nhém halogen phu thudc vao nang luong lien két cia phan t&, 4i
luc electron clia nguyén tit va nhiet hidrar héa cia jon.

Ph uong trinh Necsto

Trén day ching ta chi m&i néi dén céc pin hoat ddng trong didu kién chufin vé
nong d4¢. Suc dién déng chudn E° cia pin chi néi 1én kha néing cia cdc chét phan ing &
diéu kién chuén bién thanh san phdm phdn dng ciing & didu kién chudn. Vi du nhu dé6i
véi phén dng :

Co + Ni** = Co?* + Ni

Strc dién dong chudn E° = 0,03V cho ta biét ring n€u néng 4o cia céc ion Ni’* va
Co** déu biéng lmol/l thi coban kim loai tan ra v& niken két tha. .Nhung thuc nghiém cho
thdy rang n€u néng d6 cia Ni?* 12 0,01mel/! vi néng 46 cia Co®* 14 lmol/l thi phan dng
lai xdy ra theo chiéu nguoc lai.
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Nhu vay khi du dodn chiéu clia mot phén Gng ty phét & céc néng d¢ cua chit khdc
véi néng do chufn, cdn phai biét stc dién dong cha pin phy thugc nhu the ndo vao ndng
d6 cha cdc chdt,

D&i v6i mot phan Gng c6 dang t6ng ﬁuét :

aA + bB = eE + gG
Néu xdy ra trong dung dich lodng, ta c¢é hé thic :
CE.CE

AG = AG® + RTln %
cacl

trong d6 AG 12 bién thién cha nang lugng Gip cda phan Gng & diéu kién bt ki,

AGP® 12 bi€n thién ciia nang lugng Gip & didu kién chudn, Cy, Cg, Cg v2d Cg 14 néng dd
cla cdc chédt A, B, C va G tuong (ng.

Mait khic ta cd :

AG = - nFE
Do dé ¢6 thé suy ra :
ct .cE
nFE = nFE® — RTIn aE ‘;'
ci Ch

(3 nhiet 46 thudng ta cé :

0059 CECY

E =E° g
n = ci.Ch

trong 46 :

2303RT _ 2,303x8314x298
F 96500

= 0,059, E? va E

12 stc dien dong cia pin & didu kién chudn va diéu kién khdc véi diéu kign chudn. Day
12 phuong trinh Necsto (W .Nernst, 1864 - 1941, gido su héa i ngudri Pic, gidi thudng
Nobel vé héa hoc nam 1920), phuong trinh ndy ciing dd dugc rdt ra tir thye nghi¢m.
Phuong trinh cho thdy su phu thudc cia sic di¢n dong cha pin va th& cha dién cyc vao
néng d¢ cdc chat.

— Ap dung phuong trinh Necsto vao vi du dang xét trén day :
Co+ Ni** = Co*" + Ni , E° =0,03v
ta c6 -

C 2+
0,059 I Co

"E =0,03 -
2 C

Nl 2+

(3 day khong vi€t céc nbng do cha Co va Ni kim leai vi ching la hing s6. Nuv
vay phuong trinh Necstd cho thiy sirc dién dong cha pin coban-niken phy thudc vio ti 56
néng do cia ion Co®* va Ni*'.
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C.,. =1molliva C_,, =0,1 molll
Ni Co X

tacét:

E=0,03 - $1301-003 + 0,03 = 0,06V

Vay khi gidm ndng d¢ cta ion Co?*, khuynh huéng x4y ra phan {@ng trén cing tang
l1&én so v&i trong diéu kKién chudn.

Khi CNi2+ = 0,01 molfl vi CC02+ =1 molil, ta c6 :

E=0, 03 - mlgL—CI 03-0,06

2 0,01
E = -0,03V
Gi4 tri 4m cia E cho thdy phan dng trén ty phé¢ x4y ra theo chiéu nguoc lai.;
Ni + Co? = Ni** + Co

Qua vi du trén day ta th&y v6i bdng th& dién cuc chudn va phuong trinh Necsto,
chiing ta ¢6 thé du dodn dugc chiéu x4y ra ty phédt clla mot phin ng & b&t ki néng do nao
cha cdc chét & trong phan dng 46.

- Ap dung phuong trinh Necsto vao nira phan ung cha cdc dién cyc, ¢6 thé tinh
duge thé cha céc dign circ khong & didu kién chudn.

Vi du 1. D6i v6i nira phdn ¢ng & didu ki¢n chudn :
Ag*+e=Ag v6iE° = 0,80V
phuong trinh Necsto ¢6 dang :

E =E® - 0,0591g !

(ndng do cda bac kim loai dugce 18y bing don vi).

hay :
E =0,80 + 0,059 ig CM,,

Dién cuc bac gém thanh bac nhing trong dung dich AgNO; 0,1M cé th& 1a :
E = 0,80 + 0,059 1g 0,1 = 0,74V

Di¢n cyc bac gdm thanh bac nhing trong dung dich AgNO, 0,00iM c6 th€ 1A :
E = 0,80 + 0,059 120,001 = 0,62V

Né&u ghép hai di¢n cuc bac d6 v6i nhau ta dugc pin ¢é sifc dién dong :
E=10,74 - 0,62 = 0,12V

Pin tao nén b&i hai di¢n cyc cla cdng mot kim loai nhung vdi néng d¢ khéc nhau
clia,ion kim loai d6 dugc goi 13 pin ndng d¢. Trong pin néng d¢, electron theo diy din
chuyén tir dién cyc ¢6 néng 60 bé cla ion kim loai (dlen cyc 4m) sang dién cyc ¢é ndng 4o
1én cha ion kim loaj (dién cuc duong).

Vi du 2. Tinh th& cia dién cuc gém thanh bac nhdng trong huyén phit AgCl
(TT ;e = 1,8.107'%) ¢6 chira dung dich KCl1 IM. :

Ap dung phuong trinh Necsto vdo nita phin tng :
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AgCl(r) + e = Ag(r) + CI°

ta cd :
E = 0,80 + 0,059 1g Cpgt
ViCg ™ =1 mol/l nénCphp+ =18. 107 molil
va
E =0,80 + 0,059 1g (1,8. 1071%= 0,80 + 0,059(-10+40,23)
Viay E = 0,22V
Tinh todn mot céch twrong ty, thé cla céc nita phan dng sau day & diéu kién chuén
14 : :
AgBr(r) + e = Ag(r}) + Br™ , E® = 0,08V
Agl(r) + e = Ag(r) +1~ , E® = 0,15V

Vidu 3. D6i v6i dien cuc hidro & didu ki¢n chudn, nira phin tng :
2H* (IM) + 2¢ = H, <6 E° = 0,00V

Né&u giit nguyén 4p sufit cha khi H, 13 latm, thé cia dién cyc hidro s& bién ddi
phu thuéc vao pH ctia dung dich tuan theo phuong trinh Necstd

E =0,00 + 0,059 1gCy+
hay :
E

-0,059 pH

Trong moi trudng trung tinh :

2JH* (10°"M) +2¢ = H, , E® = —0,41V
Trong mdi trudng kiém (Coy~ = 1IM) -
2H* (107 "¥*M) + 2¢ = H, , E® = —-0,82V

Tit phuong trinh Neesto ching ta ciing tim thiy mé&i lién quan giifa sic dig¢n doéng
ctia pin vi hing s6 can bing cla phan dng oxi héa - khir.
Tré& lai pin coban-niken véi sttc dién dong chudn 12 0,03V . Phan dng oxi héa-khir
xay ra & trong pin 1a :
Co + Ni** = Ni + Co*

Ap dung phuong trinh Necsto vao trudng hop nay ta ch
e

C- 2+
0,059 g Co

E =0,03 -
2 C

Ni2+
Khi phén ¢ng trén day dwge thyc hién, néng do cia ion Ni?* gidm xufng va néng
CC02+

B
gidm xudng va dén mot lic sic dién dong cha pin s& bing s6 khong. Tai lic d6, pin hét
dién vd néng do cha chét phan ng cing nhu néang d6 cia sin phdm phén dng déu khong
d8i, nghia la phan dng trén da dat dén trang théi can bing.

46 cha ion Co®" tang lén, nghia la ti s6 tang len, do d6 sitc di¢n ddng cua pin

Khi phan tng oxi héa - khir dang t8ng quét trén day dat dé€n trang thdi can bai:g,
ta cé :
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1, CECG
b1 a b
c4 ch
C%.CE
va: —E S = Ke, Wicd6Cy , Cy , Cp va Cg 12 néng do can bing ciia cée chat A, B,
E va G teong irng.
Nen : E° = 0059 lg K¢
nE®

Vay : Kc = 10 00%

N&u tinh K tit AG® ta s& cé -

S A6
KC = 10 2.303RT

Sau day 12 mét vai vi dy tinh hing s6 can bing K. cla phin tng oxi héa - khi
dya vao sic dién dong chudn.

Vidyl. Tinh bing s6 can bing K cia phan dng xdy ra trong pin k&m-déng :
' Zn + Cu?* = Zn? + Cu

Ta bi€t sitc dién dong chudn ciia pin 12 : 0,34 — (-0,76) = 1,1V, Hing s6 can
bing Ko 12: ' ' )

2x1,]
Ke = 10 0059

Vay :
KC =’ 1037

Nhu the 12 phan ving trén x4y ra hoan toan theo chidu thudn
Vidu 2. Tinh hing s6 can bing ciia phan ing oxi héa - khir:

MnO 7 + 8H' + 5Fe’* = Mn?* + 4H,0 + 5Fe’*

bié1 sitc dién dong chudn tinh tir bang céc th¢ dien cyc chufn 13 E° = 0,76V
Ta ¢6 :

.nE"
Ke =10 0,059

x0,76
= 10 0,059

Vay :
Ke = 10%
Nhu th€ 12 phén dng trén thuc t&€ x3y ra hodn todn theo chidu thuan,

Vi du 3. Tinh néng d¢ can bing cia ion F** khi nhdng
dich ZnSO, 1M.

mot thanh sdt vao dung
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Ta bi€t phan dng c6 thé xdy ra & day 1a:
Fe + Zn?* = Fe™* + Zn
Stc dien dong chudn ciia pin gik thiét 46 12

E°= E° - E°
Zn®* 1Zn Fe?* /Fe

=-0,76 -(-0,44) = -0,32V
Hing s6 can bing cha phan dng la:
nE° 0,32x2

Kc= 100,0059 =100,0059

Ke=1,4.10"
Nghia la khi :

Can* = | mol/l, thi CFez" =14 . 10" molfl
Nhu th€ nghia 12 phan ing thuan hau shu khong x4y ra. Trén thyc t€ Zn ddy dugce

Fe ra khéi dung dich cia ion Fe?*, nghia 13 xdy ra phan ing nguge lai v6i phan ing da gid
thigt & trén, '

Su dién phan

Khi n&i dién cyc k&m véi dign cuc clo déu & diéu kién chudn, pin clo-kém cb sic
dien dong chudn E° = 2,12V. Nguge lai néu ding dong dién mot chiéu c6 th€ higu la
2,12V dé dat vao hai dign cyc tro (ching han nhu dién cuc bing than) nhing trong dung
dich ZnCl,, sé thiy & dig¢n cuc duge ndi véi cyc am cia dong dién xu#t hién k&t tha cba
kém kim loai vd & di¢n cyc duge néi véi cuc duong cia ddng dign xudt hién khi clo,
nghia 12 & cc dién cyc d6 di xfy ra céic nira phan dng : '

Zn? +2e =Zn
2CI - 2e = Cl,

Phan dng chung x4y ra la :

Zn?* + 2C1 = Zn + Cl,

Phan Gng oxi héa - khir xdy ra dudi tdc dung cha dong dién mot chiéu nhu the
dugc goi 12 sy dién phdn. : '

The hieu 16i thidu cha dong di¢n mot chiéu cdn dat vao céc dién cuc trd dé pay
nén sy dién phan cda mot ch&t goi 12 thé hiéu phdn gidi. Vi du th€ hi¢u phan giai cla
ZnCl,, CuCl, trong dung dich 1M 1a 2,12V va 1,02V, nghia 13 th€ higu phan giai it nhét
bing séc dién dong cha pin tuong Ung. Cu thé 12 thé phan gidi cla ZaCl, bing :

E° = E’ -E°
EYoutts PR 2ialh

E° = 1,36V - (-0,76V)
CE° = 2,12V

263 .



va thé& phan giai clta CuCl, bing :

E° = EO _ EO
2C17/Cly cu?*/cu

E° = 1,36V ~ 0,34V

E® = 1,02V

Qua cédc vi du trén day ta thiy ring the€ phan gidi cha mot chét dién 1i 12 bao gém
hai thé phdn‘gidi cia cation va anion. Th& phan gidi cia mét jon 13 thé€ hidu t5i thiu
cdn méic vdo mot dien cue d4€ ion &6 phéng dien. PSi véi mot s6 ion nhe Zn?*, Hg2+,
Cu®*, Ag*, C17, Br™ va 1™, the phan giai thuc t€ bang th€ dién cuc cha nguyén t6 tuong
tng. Nhung th& phan gidi clta mot s6 ion khdc nhu Fe?* va Ni?* |, vé gid tri tuyér d6i rét
16n hon the dién cyc twong dng. Khi dién phan dung dich mu6i cdta cic ion d6 ngudi ta
phdi ding dong dién mot chiéu ¢6 th€ hiéu cao hon. Hién tugng d6 goi 13 su qud thé (ki
hicu 12 AE).

Hi¢n tugng qud th€ ¢é ban ch4t rdt phic tap va phy thudée vao nhiu y&€u 16 lién
quan v6i dic tinh déng hoc nhu vat fiéu dvgc ding dé lam dién cyc, bé mat cha didn
cyc, trang théi tdp hop cha chdt thodt ra & dién cyc, véi mat 46 ddng dién va vGi nhiét
6. _ .

Khi & dién cue thodt ra kim loai, dai lugng qué th€ thudng rat bé, ¢6 thé bd qua
duge trt nhitng trvong hgp nhu Fe (AE = 0,24V) va Ni (AE = 0,23V). Khi & dién cuc
thodt ra cdc khi nhu H, vi O, , dai lugng qué thé la ddng k&, khong thé bd qua duge.
Duéi ddy 1a qud thé cia hidro vi oxi trén cdc dién cuc khic nhau :

bién cyc Qué thé cda hidro, ¥V Qué th€ cia oxi, V
Pt (muoi) 0,03 - 0,04 0,3
Fe 0.1 - 0,02 0.3
Pt {(nhin) 02 - 04 0,5
Ni 0,2 - 04 0,5
Hg 0,8 - 1,0

Nhu vay the phan gidi cha chét dién li & trong dung dich dugc xdc dinh biang :

U= Ej- E2+ AE, + AE

4

Trong d6 U 1a thé phan gidi, E 12 the chudn clia cyc duong, E2 12 thé chufn clia
evc 4m (hieu EJ - EQ 1a sitc dién dong chudn cia pin tvong dng), AE, 12 qud th€ cla

anion & cyec dwong va AE, 12 qué th& cha cation & cuc am.

Khi dién phan dung dich nuée chita mét s6 loai cation va moOt s6 loai anion thi vé
nguyén tic, d cuc dm cation ndo cé thé dién cuc 16n han s€ bi khit trudc va d cuc duong
anion nao c¢é thé dién cyc bé hon s& bi oxi héa truéc. Tuy nhién trén thyc t€, nguyeén tic
dé thudng bi phd boi hién tugng qud thé, Béi vy khi dién phan dung dich mudi cha kim
loai & trong nuwée, & cdc dién cyc trudc tién s& xdy ra phan @ng oxi héa - khit ndo ddi
hoi th€ phan giai bé nhat.
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Pé 1am sang td didu nay, chiing ta xét th€ phan gidi cia tdt ca nhing trudng hop
¢é thé x4y ra khi dien phan. V{ du nhu sy di¢n phan dung dich nudc cia CoCl, v6i céc
dién cyc platin nhin :

Triedng hap thir nhét : Chi CoCl, bi dién phan
3 cyc am : Cot* + 2 = Co , Eg=-0,28

3 cyc duong : ~ 2C17 -~ 2e

#

Cl, ., Eg=1,36
- Phdn @ng dién phan : I'
Co¥ + 2CI-— Co + Cl,
X4y ra & thé phan gidi :
U = 1,36 —(-0,28) = 1,64V
Cdc trudng hop khdc © Ngodi CoCl, ra, H,0 ciing bi dign phin,

Khi ¢é nuéc tham gia vdo qué trinh dién phan, cin tinh d&n chc thé dién cuc :

%02 + 20 , E2=1,23

1

H,0 - 2e

24,0 + 2¢ = H, + 20H" , E? =.0,82
. a BN

vi céc qud th€ cuia oxi, hidro trén di¢n cuc Pt nhdn 12 AE, = 0,5 , AE_ = 0,4 tudng ¥ng.
- Phan dng dién phan :

Co** +H,0 — Co + %02 + 2H"

x4y ra & th& phan giai :
U = 1,23 -(-0,28)+ 0,5 = 2,01V
- Phan Gng dién phan : _
2cl- + 2H,0 —> H, + Cl; + 20H"
xdy ra & th& phan giai :
U = 1,36 -(-0,82) + 0,4 = 2,58V
- Phan Gng dién phén : '

H,0 — H, + =0,
2
x4y ra & the phén gidi:
U=123-(-0,82)+ 0,5+ 04= 2,95V

Céc k&t qua thu duge trén day cho thiy truyng hop thd nhét ddi hdi th€ phan gidi
bé nhat nén d& x4y ra nhft va do d6 sin phdm cla qué trinh dié¢n phan dung dich CoCl,
trong nudc 12 kim loai coban va khi clo-

dang dign
CoCl, — Co + Cl,
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Tinh todn twong ty nhu vay, ching ta gidi thich duge sy tao thanh nhitng san
phém cha qua trinh dién phan dung dich nuéc clia cic chdt sau ddy véi dign cuc tro :

dong dign
2NaCl + 2H,0 —* H,; + Cl; + 2NaOH

dong dién

CuSO, + H,0 Cu + loz + HSO4

va sy phan hay nudc khi dién phan cdc dung dICh H,80,, NaOH, Na,50,...
dong dign

1
H2 + 502

trong d6 axit, chdt kiém v mudi chi cé vai trd 1am tang d¢ din dién cda dung dich.

Khi dién phan mot dung dich ¢6 déng thii cation clla mét sé kim loai, & cyc Am
cation ndo c¢6é thé dién cyc 16n hon s& phéng dién trude. Vi dy khi dién phan dung dich
gém hai mudi ZnCl, va CuCl; ¢6 nbng 46 IM, kim lozi ddng k&t tha trude & thé higu cla
dong dién 1,02V rdi sau d6 dé€n kim loai kém & th¢ hiéu 2,12V . Dua vao tinh chit nay
ngudi ta tich cdc kim loai ra khdi nhau bing phuong phip dién phan phan doan.

Khi dién phan dung dich CuSO, n€u thay cuc duong tro (Pt hay than chi) bing
ban dong thi sin phdm cla sy di¢n phan s& khdc : déng kim loai két tia & & cyc 4Am, cuyc
dugng tan ra va néng d6 cia CuSO, trong dung dich khéng bi¢n déi

Cu®t + 2e = Cu
Cu =~ 2e =Cu?

Viéc cuc duong bing d6ng kim loai bj tan ra duge giai thich la do tdc dung cha
déng vdi oxi méi sinh (dang nguyen tir) tac nén CuO réi CuO tan trong H,50, tac thanh
CuS0,.

Trong cong nghiép, ngudi ta lgi dung tinh tan cba cyc duong khi dién phan dé
tinh ché& cdc kim loai, nhdt 12 déng, v dé ma kim loai. Chéng han muén ma moét kim loat
lén trén mot vat nao d6 ngudi ta dé vat d6 & cuc am réi dién phan dung dich mudi coa
kim loai v6i cue duong duge 1am bing kim loai dé. '

Nhu ching ta di bigt, cic chat dién 1i & trang thdi néng chay cing bi di¢n phan.
Trong cdc didu kign cla phong thi nghi¢m ching ta ¢6 thé thuc hign d& dang vige dién
phan chi clorua {(PbCl,) néng chdy :

PbCl, = Pb + Ci,

Nhiéu kim loai duge diéu ché trong cong nghi¢p bing phuong phép di¢n phan hgp
ch4t néng chay cda ching nhu cdc kim loai kiém, nhém, magie.

Ngoai nhitng vi du da ké trén day, nhiéu chit khdc cling duge didu ché trong
c6ng nghiép bing phuong phip dién phian. Pé gidi quy€t nhitng vén dé thuc &€ ¢6 lien
quan d&n viéc tan dung dién nang khi dién phan cén phai bi€t dén dinh luit do nha bic
hoc Anh Faraday (M.Faraday, 1791 - 1867) dé ra v vé sau dugc goi 1a dinh fudt
Faraddy : '
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z-g.f.é?
&

'Fe(OH),

"Khdi lugng cia chdt duge tao nén khi dién phdn ti 1é véi duong lugng ciia chdl
dé va luong dién di qua chdt dién li”.
d

T 96500

O day m 11 kh&i lwgng cia chit duge tao nén, tinh bing g, dI 12 ducng tugng gam
cia cht dé, @ 1a lugng dign tinh bing c.

Dung dich keo va phuong phdp diéu ché

Dung dich keo hay cbdn goi la sel 12 mét loai heé phan tdn trong d6 cdc hat phan
tdn ¢6 kich thudc tir lmea dén 100 me .

Cé nhidu phuong phdp diéu ch€ dung dich keo, phuong phdp bién céc hat 1én
thanh cdc hat bé hon goi 12 phwong phdp phdn tdn v nguogce lai la phiwong phdp ngung tu,
né lam cho cdc ion, cdc nguyén tir , cdc phan tr k&t hgp lai thanh hat 1én hon.

" Phuong phip phan tin thudng ding 12 nghién ch4t phin tin véi dung moi bang -
mot cdi xay diic biét goi 1 ¢é7 xay keo. Phuang phép nay cho phép ché& dwoc cic hat keo
c6 kich thudc viao ¢& 10mu. Trong cdc nganh cong nghiép duge phdm, thye phdm, ngudi
ta thudng ding cidc ¢61 xay keo nidy.

Phuong phép ngung ty thudng ding dya vao cdc phin dng héa hoc & trong nudc
tao nén nhitng chdt khong tan réi didu chinh diéu kién thich hgp lam cho chdt khéng tan
dé duge tao nén dudi dang hat keo.

Ching han muén didu ché& dung dich keo Au, ngudi ta cho mot it dung dich AuCl,
1% vio mét lugng nudc c&t khi 1dn, dun dé€n sbi rdi thém mét it dung dich fomalin rdt
fodng, cdc hat keo vang s& xuat hién 1am cho dung dich cé mau dé tham. Phan Gng héa
hoc did xdy ra nhu sau :

0 . o
&z v
2 AuCl; + 3HC - + 30,0 = 2Au+ 3HC + 6HCI

H OH
Sau d6 cdc nguyén tir Au k&t hgp lai v6i nhau thanh hat 16n hon :
mAu —  [Au],
hat nhan keo Au
Hoac khi cho luéng khi H,S di qua dung dich H,AsQO, trong mét lic, ta cing duge
dung dich keo As,S; mau vang. Phin dng héa hoc xay ra nhu sau ¢
Sau do cdc phan tir riéng biét As,S8, két hgp lai véi nhau tao thanh hat 16n hon.
mAs,S, — As;S; 14
_ : hat nhan keo As,S,
Khi dun s$6i nuéc cdt réi cho them it giot dung dich FeCl,, dung dich keo ciing
duge tao nén. o) day x4y ra phan tng :

FeCl, + 3H,0 == Fe(OH), + 3HCI
- Sau d6 cdc phan tr riéng biet Fe(OH), k€t hgp lai tao thanh hat nhan keo

mFe(OH), — [Fe(OH')_qlm
hat nhan keo Fe{OH),
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Ngoai cdc phan tng héa hoe, phuong phip
ngung tu con ¢é thé dya vdo sy thay dung méi hoac
diing dong dién.

Vi du khi pha lodng nudc vao dung dich luvu
huynh (8) trong rugu ta s& duge dung dich keo mau
lam nhat clta tuu huynh. N&u luvu huynh & trong rugu &
dang tirng phan 1t S, riéng biét thi & trong nude, né &
dudi dang nhing tap hop ciac phan tir [S;],. Nhu vay
khi thay rugu bing nudc, cdc phan tr Iuu huynh da
ngung tu lai.

Hoac khi cho mét dong dién khd manh di qua
hai dién cuc bing kim loai nhing & trong nudc (hinh
101), hé quang dugc tao nén s& lam cho kim loai téch
thanh nhilng nguyén tlr riéng biét. Cdc nguyén 1o nay
k&t hop vdi nhau tao nén cdc hat keo kim loat.

Hinh 101- Diéu ché dung dich keo
Néu cée dién cuc lam bidng bac (Ag),sau mot . kim logi hdng hé quang
lic s& duge dung dich keo Ag mau niu vi trong sudt. Néu dién cyc 1am bing vang (Au)
s& duge dung djch keo Au mau db thim.

Tinh chdt cua dung dich keo

Ciac hat keo cé kich thuéc tuong d8i l6n nhung cé
thé chui qua gidy loc duge vi nhitng 16 cha gify loc cé kich
thudc trung binh 16n hon cdc hat keo 16n nhdt chitng vai ba
~chuc 14n. Tuy nhién khdc v@i ion vd phdn tit & trong dung
,_gw’w‘ _ dich that, cdc hat keo bi gidy da clru hay mang bong béng
- ) bo gilr lai. Phuong phép tdch sol khdi céc chdt dién li dua

vdo kha nang ciia cdc mang d6 c6 thé giit khong cho hat keo

Hinh 102-Bink tham tich  khu&ch tdn qua goi |12 phuong phdp thdm tich (hinh 102).

dan gidn nhdt Ngudi ta dé chat keo c6 ldn ci chét dién li viio 6ng hinh try, ddy

- 12 mét mang da cru. Nhing 6ng d6 vao nwéc, nudc nay thuwdng xuyén dwge thay. Cic
chat dién li s& khué&ch tdn qua mang v di vio nude cdn dung dich keo & lai trong Sng.

Nhin trong dnh sdng thwong, dung dich keo
cling trong suSt nhu dung dich that, nhung trong
chitm 4nh sdng chi€u manh, dung dich keo tr& nén
duc & trén dudng di cia chim sdng d6. NE&u cho
chim sdng manh di qua dung dich keo, trong chit
long xuft hién mot chdp sdng trong théy ré (hinh
103). Hién tugng nay goi la hién tugng Tindan va
duge giai thich 12 do cdc hat keo khué&ch tén 4nh
séng di moi phia vid bi€n thanh nhiing diém sdng
lam cho ta tréng thiy ré dudng di cla céc tia séng
qua chat lbng_ Hinh 103-Hién twgng Tindan

Lgi dung hién tugng Tindan, ngudi ta 1am ra &inh siéu hién vi (hinh 104) cho
phép nhin thiy cdc hat & trong chét léng cé dudng kinh bé hon 0,1x khéng thiy dugc
trong kinh hién vi thudng.Khéc véi kinh hién vi thudng,trong kinh sigu hié€n vi 4nh sdng
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khong di xuyén qua chdt 1éng t¥ dudi lén ma di xuyén qua ben
canh. Khi chat 1dng hoan toin déng nhat, thi trudng cta kinh s&
t8i vi 4nh sdng khong di vdo &ng kinh. N&u trong ch&t 1éng c6
cdc hat nhd lo ling thl cdc tia sdng s& bi khué&ch tin bdi cdc hat
dap vdo mit ta va trong nén t6i ta nhin thdy nhilng diém sdng
chuyén déng hdn loan.

Tay theo quan hé gilta cdc hat keo v&i céc phan tit clha
moi frudng, ngudi ta chia cdc h¢ keo 1am hai nhém : keo wa dung
moi va keo ki dung méi. Keo va dung moi 12 keo mi cdc hat keo
hdp phu & trén bé mit clia ching nhifng phin tlr cla moéi trudng. Hinh IO‘{'S"CM f‘i"
Xung quanh hat keo wa dung moi la cic 16p sonvat khd mat thiét. kink siéu hién vi
Trudng hop méi trudng 12 nudc, keo d6 dugc goi 12 keo wa nudc. Dai dign cho cd¢ chat keo
wa nude 12 keo clia anbumin, gelatin, tinh bot, axit silixic, céc hidroxit ¢fia kim loai.

Keo kj dung moi 12 keo ma cdc hat hdu nhu khong h&p phu céc phin 1k cia moi-
trudng. Trudng hgp moi trudng 14 nudc, keo d6 duge goi 1 keo ki nuéc. Dung dich keo cua
. céc kim loai (Au, Ag, v.v...) v2 clia cdc kim loal sunfua 12 thudc loai keo ki nude.

Mot dic tinh khdc quan irong ciia dung dich keo 12 t{nh bén. Trong nhimg didu kién
nh4t dinh, céc dung dich keo c6 thé dé mot thdi gian dai ma khong bi€n déi. Céc hat keo
di duge cfu tao nén boi hang chuc phan tir va lai fudn ludn chuyén dong nhung vin khéng
dfnh lai v6i phau thanh hat 16n hon d€ ling xuéng. S& d1 nhu vay 1a vi cdc hat keo dd duge
tich dién.

Céc hat nhan keo thudng sinh ra trong moi trudng c6 chat dign li. Ching hiit vé trén
bé mat cia ching nhitng ion cia chét di¢n li tao thanh hat tich dién. D&i v6i mdi mot hé
keo nhit dinh, cdc hat d6 déu mang nhiing dié¢n tich ciing d4u vi déu h&p phu nhitng ion
giéng nhau, ching han hat keo cta kim loai hidroxit thudng tich dién dvong, hat keo kim
loai sunfua tich dién a4m. Chinh nhitng dién tich ciing dfu cia céc hat keo trong mot hé
ngin cdn khong cho chdng dinh lai v&i nhau thinh nhitng hat 16n hon dé€ ¢6 thé léng xudng
duge. Ngoai nhitng hat tich di¢n trong dung dich con ¢6 nhirng ion khic dfu goi la déi ion.
Mot phidn cdc d46i ion dugc hip phu vio hat tich dién trén 120 thanh 16p d6i ion hip phy.
Mot hat nhan keo sau khi d& h4p phu céc ion ctia chét dién 1i trd thanh hat tich dié¢n, hat
d6 cong v6i 16p d6i ion hdp phu duge goi 12 hat keo. Mot phin c4c d6i ion khic & céch xa
hat keo hon tao thinh !ép d&i ion phdn tdn. MOt hat keo tich dién cdng véi nhitng d&i ion
phan tin goi 1a mot mixen. D€ 1am vi du, ching ta xét dung dich keo As,S; diéu ch€ theo
phuong phip da néi & trén. Nhitng hat keo As,S, hp phu cdc ion HS™ vad H* trong dung
dich tao thanh nhitng hat keo am :

r

{1As,S,],0HS", (n.0H'}"

Nhitng hat keo &m ndy lai hat cédc ion H* phan ‘t4n trong dung dich tao thinh
mixen :

x—

hat keo &m
[As,S,],nHS, (u-xH" + xH
N et ———t .

hat nhan keo  d6i ton hdp phu  ddi ion phan tin
\ J

mixen
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Mét vi du nira la dung dich keo Fe(OH); didu ché& theo phuong phdp da néi tren.
Keo Fe(OH); 1a keo va nudc, trong cation keo ¢6 cdc phan tif nudc. Cong thic cdu tao
clla m@t mixen sit hidroxit ¢ thé€ dugc biéu didn nhu sau :

hat keo duong X+
{Fe(OH),], ., yH,0 , nFe* | (3n-.x)Cl- + xCl1-
- v 4 ————— ——
hat nhan keo d&i ion hap phu dé&i ion phan tin
L ]
mixen

Hinh 105 trinh bay so d8 cdu tao clla m6t mixen.

Tinh bén vitng cita cde dung dich
keo ki nude, vi du nhu keo As,8; |, cin
bén 1a do sy tich dién clda hat keo quyét
dinh, con d6i vdi cdc dung dich keo va
dung moi, yéu t6 quyé&t dinh tinh bén
khong phai 12 sy tich dién m2 chi
y€u la lép sonvat (hay 16p hidrat) cia
- méi hat keo. Lép sonvat cin tr& cdc hat
keo dinh lai v6i nhau. Cho nén dung
dich keo wa nudc rét bén hon dung dich
keo ki nude.

Thyc nghiém c6 thé ching minh
dé dang sy tich dién cha hat keo va hat
keo tich dién dwong hay 4m. Ching han

khi nhing- hai dién cyc cia ddng dién = fon HS™
mét chidu vie mot dung dich keo, cédc

' L oo s B oen ®  ionH*
hat keo tich dién dwong di téi cuc am,

con cdc hyt keo tich dién am di t6i cuc
duong. Qud trinh x4y ra khi cho déng
dién chay qua dung dich keo got 12 s dién di.

Hink 185- So dé cdu tdo via mét mixena sen trisunfuu

Su dong tu keo .

Tinh bén cha dung dich keo ki dung mé6i nhv di néi & trén la do sy tich dién
cua cdc hat keo. Néu bing cdch nao lam mat dién tich ciia ching thi khi va cham vai
nhau ching s& dinh Jai thanh hat 1én hon nita. Qué trinh dinh lai clia cdc hat keo tao
thanh k&t tda ling xuéng goi la sw déng tu keo.

Su d6ng ty thudng xdy ra khi cho thém chdt di¢n 1i vdo dung dich keo. S& di nhu
v@y 1a vi khi cho thém ch4t di¢n 1i vao dung dich keo, néng do chung clia cdc ion tang

lén manh tg0 nhing diéu kién cho céc hat keo hdp phu nhidu hon cdc ion nguge ddu dé

giam dign tich hoac m#1 dién tich va dung dich keo m4t tinh bén.

Muén lam déng tu dung dich keo ki nuéc, ngudi ta chi cdn cho thém vio dung
dich mét it chdt di¢n li 12 d2. Nhung viéc déng tu cda dung dich keo wa nudc s& khé
khan hon nhi€u. Nguyén nhan & day 1 cdc hat keo da duoc hidrat héa manh n&€u khong
tich dién cing khong thé dinh lai v6i nhau vi chding bi cdc vdng hidrat can trd. Trong
nhitng trudng hgp d6 mudn lam cho keo déng tu, phii cho thém mot lugng 16n chit dien
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li. Chc ion chia chdt dien li duge hidrat héa nén cuép di cdc phin tlt nudc clia hat keo,
phd v& 16p hidrat chung quanh hat keo 1am cho keo d6ng tu.

Trong ki thuat mubn lam dong ty keo va nudc, thudng ngudi ta cho thém mot
mudi rin. Vi du nhu cho thém mu6i an d€ 1am cho xa phong thodt khoi dung dich keo.

Téc dyng lam dong tu keo céia chdt dién li khi cho né vio mot dung dich keo phu
thudc rét manh vio dig¢n tich cda ion dugc ding d€ trung hoa dién tich cita hat keo. lon
dé c6 dién tich cang 16n, lugng chat dién li cin cho thém s& cang it. Vi dy mudn trung
hoa dién tich am clia keo As,S;, cdn cho thém cation AP**. Tdc dung lam dong tu cia ion
c6 dién tich 16n 12 caoc hon ion cé dién tich bé. Céc anion cia bat ki chat dign li nao
duge cho thém déu c6 téc dyng lam déng tu dung dich keo duong, vi du nhu keo
Fe(OH),. Pi¢n tich cla anion cang 1dn, tic dung lam dong tu keo cang manh. Vi du
trong cdc ion CI7, SO} v [Fe(CN)¢]*~, ion [Fe(CN)¢]*™ £6 tdc dung manh nhit rdi dén
ion SO .

Hié¢n tugng dong tu keo con x4y ra khi tron 14n hai dung dich keo c6 hat keo tich
dién nguge ddu nhau. Vi dy khi tron dung dich keo duang Fe(OH), véi dung dich keo &m
As,S, ca hai déu dong ty. Céc hat keo nguge ddu nhau khi tdc dung véi nhau s& trung
hda nhau, ph4 v& tinh bén clia ca hai dung dich keo lam ching cing déng tu véi nhau.
T4t nhién hién tugng dong tu cha ca hai dung dich keo d6 s& x4y ra hoan toadn khi trén
1in ching theo mét ti 1& nhét dinh.

Muén tang nhanh hién tugng dong tu, ngudi ta cdn ¢ thé dun néng dung dich
keo. Khi nhigt 46 tang Ién céc hat keo hdp phy ion it hon nén dién tich gidm xudng lam
cho ching c6 didu kién dinh lgi v&i nhau.

Céc dung dich keo khdc nhau khi dong tu tao nén cdc k&t tha ¢d clu tao khic
nhau. Keo ki nude k&t tha dudi dang bot rét nhé hay dang boéng vd hdu nhu khong chta
dung moi. Con keo wa nudc khi dong tuy thudng giit 1ai mot lugng 16n nude nén tao thanh
k&t tha sén sét goi la gel.

Sau ciing cfin chi § ring dung dich keo ¢6 vai 110 quan trong trong thién nhién :
ch4t nguyén sinh & trong t& bao dong vat, cdc dich cay déu li nhitng dung dich keo phic
tap. H6a hoc cla dung dich keo ciing 13 mot co s& khoa hoc cho nhiéu nganh céng
nghiép (sgi nhan tao, chit déo, cao su, thude da, 46 gém._..)
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Ld¥i néi ddu
Chuong 1 :
NHOUNG KHAI NIEM CO BAN
TRONG HOA HQC

Chat
Nguyén td
Phan tif
Pinh luat thinh phén khong aéi
Cong thirc héa hoe. Chét dbng phan
Cong thic cu tao
Dinh luat Avogadrd
Pinh luat ti 1¢ thé tich
Khdi lugng nguyén tlr, khoi lugng phén ¢ v mot
S8 Avogadrd
Phuong phép xdc dinh kh6i lugng phén
Xic dinh khoi lugng phan i theo ti khai
ciia chét khi
X4c dinh khéi luong phan 1 theo thé tich
mol
Phuong trinh trang théi clia chét khi
Phuong phép xéc dinh khdi luong nguyén t
Phucong phap Cannizard
Phurong phap Duylong Poi
Phuong phép quang phé khoi
Puong lugng
Duong lugng cia mét nguyén 6
Duong lugng ctia mdt hop chit
Puong lugng gam
Héa i
Phan tmg héa hoc

Chuong 11
CKUTAO NGUYEN TU

Céc loai quang phd
Quang phé cianguyen tir hidro
Thuyét luong tir

MUC

trang
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—
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11

12
12
13
13
14
14
15
15
16
17
17
18

20
21
22

LUC
trang
MAau nguyeén tir hidro cua Bo 23
Bin chdt séng va hat ciia céc hat vimé 27
Nguyeén ii bdt dinh Hayxenbe 28
Co hoc lugng 1l va phuong trinh s6ng Scrodingo 29
Obitan nguyén tlf 31
Dang cila obitan nguyén L .33
Nguyén tir nhiéu electron 34
Cau hinh electron cha nguyén tlr va
bang tudn hoan nguyén [T 35
. Nang lugng ion héa 40
Ai lyc electron 42
po dién am 43
Chuong IlI
CKU TAO PHAN TU
Lién k&t ion 46
Nang lugng ciia lién k&t ion 47
Lien k&t cong hda tri. 49
Lién két cho-nhé4n 50
_ Co hoc lugng t& va lign k&t cong héa trl 51
Thuyét lién ket hda tri _(thuyé't VB) 52

Héa tri chia nguyén 10 thuyét theo Haile London 54
Hién twgng lai héa cla céc obitan nguyén tt 56

- Sy lai héa sp 57
Sy lai héa sp’ 58
Su lai héa sp’ 59

Lian két don, lign k&t doi va lign két ba 61
Thuyét obitan phén 1t (thuyét MO} 64
Mot s6 phan tir khéc gbm hai

nguyén tir nhy nhau 66

Phan tir gdm hai nguyén tir khic nhau 70
So sdnh thuy&t VB vi thuyét MO 71
Nang lugng cla lién k&1 cong héa tri 72
Do dai lien ket 74
Ban kinh cong hoéa tri v bin kinh ion 75
Momen ludng cuc cla phan ti 78
Sy cyc héa ion 81
Momen tir 83
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trang trang
Chitong IV Cku'cmg Vv
CAUTAO CHAT SU BIEN POI TUAN HOAN TINH
CHAT CAC NGUYEN TGO
Lyc gittaphan ti 85
Tuong téc dinh huéng 85  Tinh din dién va ki&n tric tinh thé 123
Tuwong tic cam (ng 86  Kich thudc nguyén tir 124
Tuong tdc khuéch tin 86  Nang luong ion héa, 4ilyr electron v do dién 4m 127
Bé4n kinh Van de Van 88  S6 oxi hda 129
Lién két hidro 89  Nhiet dd néng chay 133
Ciic trang thdi 14p hop clia chat 91 Nhiét do s6i . 135
Ch4t khi 92
S héa 16ng chat khi 92 Chuong VI
Chit 16ng . 94 NHIET HOA HOC VA
Ap suiit hi chia cht léng 95 NHIET PONG HOA HOC
Nhiét do séi cila chdt 1dng 95  Nhigt phén ¢ng 137
Sir chm s0i ' 96  Céc dinh lugt nhiét héa hoc 139
Su cham héa rin 96  Dinh luat Lavoadié va Laplaxo 139
Nhigt héa hoi 96  Dinh luat Hexo 139
Tinh nhét 97 Nhiét déng héa hoc 140
Sifc cing bé mat ‘97 Nguyén Ii thi nhat cba nhiet déng hoc 141
Tinh mao diin 97  Noi nang, entanpi-va nhiet dung 141
Chét rin 98  Xdéc dinh nhi¢t phin dng 144
Nhiét d6 néng chay 98 Sy phu thudc cha nhiét phan ting vao nhiét do
Nhiét ndng chay 98 - vadpsuft 147
Chat dang tinh thé va chét dang v6 dinh hinh 99 Nguyén ii thit hai ciia nhiét déng hoc 149
Tinh thé 99  Entropi. Dinh lust Necsta ' 150
Heé tinh thé . 100 Entanpi ty do hay nang lugng Gip 154
Hién tugng da hinh va hién wong déng hinh 102
Hién tugng dahinh 102
Hign tugng déng hinh 102 Chuong VII
Mang 1u6i tinh thé 103 PONG HOA HOC
Céc ki€u mang 1u6i tinh thé 104 Té6c d6 phan tng ' 158
Mang ludi nguyén ti 104  Anh hudng clia néng 4o chat phan tng 159
Mang ludi phan (i 105 Coch& phan ting, phan tir s6 va bac phan ting 160
Mang luéi ion 105 Tinh hiing s¢ 16c d§ cla phdn tng 164
Mang lu6i kim loai 108 Anh hudng ciia nhiét do dén t6c do phén img
Lién k&t kim logi 111 Néng lugng hoat héa 166
Chat dan digén 112 Thuy€t trang théi chuyén llé'p 168
Chdt céch dién : 113 Anh humg ciia chét xiic tic - 169
Chdi bdn din 114 Mot s6 dac diém quan trong cla chat xiic tic 170
Nang lugng mang luéi cha tinh th€ ion I16 Men 171
Nhimg trang thdi tdp hop trung gian 119 Co ché xiic tdc 171
Tinh thé - léng 119 Phén ting dy chuyén 173
Platma 121 Phén (ng quang héa hoc 175
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Chirong VIII
CAN BANG HOA HOC

Phan Umg thuén nghich
Hing s& can bing. Dinh lugt tdc dung
khdi fugng
Hing s6 can bing vanang lugng Gip
Trudng hop cdc chét déu 1a chat khi
Trudng hop céc chat déu Ja chét tan
Quan hé cia hing s8 can bang véi nhiét do
vi nhiét phan (ing
Nhiing yéu 3 anh hudng dén can bang héa hoe
Nguyénli Lo Satoiié
Anh hudng clia néng ¢
Anh hudng ciia nhiét 4o
Anh hudng cla dp sudt
Anb hudng cha chat xde téc
Nguyén li Lo Satolié
Quy téc pha

Chuong IX
DUNG DICH

He phan tédn
Dung dich phan ti
Dung dich
Qu4 trinh hda tan
Dung dich bdo hoa
Dung dich qud béo hda
P66 tan
Qu4 trinh tan ciia chat khi
Qué trinh tan cha chit 1ong
Po6 tan cha chit rin
“Pinh luat phan bd

© Néng 46 cda dung dich

Phin tram khoi lugng

Mol

Molan

Phin mol

Duong lugng gam lit
Tmh chdt cia dung dich lodng

trang
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180
184
184
185

186

188
188
188
189
191
191
191

193
193
193
194
196
196
196
198
198
199
200
200
200
200
200
201
201
20

Ap suidt hoi bdo hda clia dung dich
Su tang nhiét d¢ soi cia dung dich

Su ha nhiét 46 héa rdn cha dung dich

Ap sudt thdm théu

X4c dinh khéi lrgng phan tir cOa chét tan
Su dién li treng dung dich nudc

D phan li clia chét dién 1i va phuong phdp xdc
dinh

Khéi niem hoat d§

Thuyét axit bazo cha Bronstet Lauri
D6 manh cha axit va bazd

Thuy&t axit-bazg cua Liuyt

Sy ion héa cla nude, chi 50 hidro vi

ch4t chi thi

Chi s& hidro

Chit chi thi

Dung dich dém

Tich s§ tan

Phan tng trong dung dich cdc chdt dién li
Su thay phan cfia cdc mudi

Po thay phin va hing s6 thay phan
Phén ng trung hoa

Chuong X
HOA HOC VA DONG DIEN

Phan vng oxi héa - khi

Pin dién

Pién cuc

Pin dién

Sirc dién dong cha pio

The dién cwc chudn

Y nghia cla th€ dién cuc chudn

Nhing yéu t& quyét dinh thé di¢n cye cha

cap oxi hda - khu

Phuong 1rinh Necsto

Sy dién phan. Dinh luat Faraday
Dung dich keo va phuong phép diéu ch&
Tinh chdt cha dung dich keo

Su dbng ty keo

TAI LIEU THAM KHAO

trang

202
203
204
205
207
208

212
213
216
218
+ 221

222
224
225
226
228
232
234
235
239

242
246
246
247
249
250
253

257
258
263
267
- 268
270
272
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Chiu trich nhigm xuét ban:
Chu tich HPQT kiém Téng gidm déc
NGO TRAN Al
Pho Téng gidm déc kitm Téng bién tap
vU DUONG THUY

Bién tp ldn ddu:
NGUYEN THI NGOC ANH
Bién tip tdi ban:
VUGONG MINH CHAU
Bién tap ki thudt:
TRAN THU NGA

Trinh bay bia:
MINH HIEN
. Siabdnin ‘
NGUYEN CAM TU

HOA HOC VO CO -TAP MOT
_ LY THUYET PAI CUGNG VE HOA HOC
' In 3.000 bén, khd 19 x 27 cm tai Xudng in Nha xuat bin Théng ke. S6 xudt ban:
1750,/ CXB-119. In xong va nop luu chiéu thang 10 ndm 2004.
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13.

14.
15.

16.
17.
18.
19.
20.

21.

22.

TiM BOC SACH THAM KHAO DAI HOC VA CAO DANG
BO MON HOA HOC (chia Nha xuét ban Giao duc)

HéahocVoco-Tap 1,2, 3
Hoa hoc Baicuong-Tdp 1, 2, 3

Cd sd |i thuy@t Hoa hoc (Phdn | : Cdu tao chat)

HOANG NHAM
René DIDIER, (VU DANG BO.... dich}
NGUYEN BINH CHI

Cd sd li thuy&t Hoa hoc (Phén If : Nhiét déng hoa hoc, ...) NGUYEN HANH

Cd s6 li thuyét cac qua trinh Héa hoc

Héa hoc cac hgp chat dj vong
Hoali-Tdp 1, 2, 3
Hoali- Tdp 4

Héa hoc Dai cuong (khoi Nong - Lam - Ngu')
. An mon va bao vé kim loai

. Phan umg dién héa va ung dung
. Héa hoc Phan tich - Phdn If
(Phan ung cua ion trong dung dich nudc)

Héa hoc Phan tich - Phan Hi

(Cdc phuong phap dinh Iuong hoa hoc)

Giao trinh Héali- Tap 1, 2

Héa hoc - Nam thir nhat, nam thir hai
(Gido trinh dao tao ki su chét lupng cao)

Hoa hoc Pai cudng (COSP) - Tap 1

Thue hanh Héa hoc Bai cuong (CDSFP)

Héa hoc V6 co (CDSP) - Tdp 1, 2
Héa hoc Phan tich (COSP)

Cao so Hoa hoc Hiru ¢ (CBSP)-Tdp 1, 2, 3
Phudng phap day hoc héa hoc (CBSP)-Tdp 1, 2, 3

Héa hoc Céng nghé va Mai trudng (CDSP)

vU DANG BO

NGUYEN MINH THAO

TRAN VAN NHAN (Ch bien}
NGUYEN VAN TUE

NGUYEN VAN TAU (Ch bién)
NGUYEN VAN TUE

TRAN HIEP HA)

NGUYEN TINH DUNG

NGUYEN TINH DUNG

NGUYEN DiNH HUE

DAO QUY CHIEU, TU NGOC ANH

{dich tit ban tiéng Phap)

TRAN THANH HUE

HA THI NGOC LOAN

NGUYEN THE NGON, TRAN THI DA
NGUYEN TINH DUNG

TRAN QUOC SON, NGUYEN VAN TONG,
DANG VAN LIEY

NGUYEN CUGNG, NGUYEN MANH DUNG,
NGUYEN THI SUU

PHUNG TIEN DAT {Chil bién)

Ban doc 6 thé mua tai cdc Céng ti Sdch - Thiét bj trudng hoc 6 dia phuong

hodc cdc Cua hang cua Nha xudt ban Gido duc :

Tai Ha Noi ;25 Han Thuyén, 81 Trén Hung Bao, 1878 Gidng V6, 23 Trang Tién.

Tai D& Néng : 15 Nguyén Chi Thanh.

Tai Thanh phd H6 Chi Minh . 104 Mai Thi Luts, Qudn 1.

I

Gia: 31.500 4
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