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Chuong I _
TOC PO PHAN UNG. CAC PHUONG TRINH PONG HOC

§1. CAC DIEU KIEN XAY RA PHAN UNG HOA HOC

Phan dng hda hoc chi x4y ra khi thda man nhitng diéu kién sau diy :

1.1. Di¢u kién nhiét déng hoc

Cing nhu moi qué trinh phan dng hda hoc x4y ra theo chidu gidm nang lugng ty
do, nghia la AG < 0.

Trong hé thic : _

AG = AH - TAS - (1.1)

AG la bién thién nang lugng ty do,

AH 1a higdu dng nhiét,

AS la bién thién entropi.

Tu (1.1) ta thdy phan Ung dé& cd kha ndng x4y ra néu AH < 0 va A5 > 0,

AH < 0 12 trudng hop phan dng phat nhiét, khi mot s6 lién két bi pha v& va hinh
thanh cdc lién két mai bén hon, qud trinh e khuynh huéng di theo chiéu gidi phdng
*nang lugng.

Entropi ddc trung cho d¢ hén loan céia hg, AS > 0 cd nghla 13 d6 hén loan cia

san phdm 16n hon ch&t phan dng ban ddu, qué trinh eé khuynh huéng pha v& do trat
td cia hé ban ddu.

Tuy nhién hai khuynh huéng via xét thudng nguge nhau. Vi dy d6i véi phan dng
két hop thi Al < 0 (phat nhiét) nhung AS cing < 0 (giam dé hén loan). Trai lai ddi
v6i phan idng phan li thi AS >0 (tang d¢ hén loan) nhung AH cing > 0 (thu nhiét).

Khi phan dng dat trang thai cin bing thi diu kién AG = 0 hay AH = TAS chinh
la th& hién sy tuong duong clia hai khuynh huéng dd.

Trong trudng hop hé & trang thai khéng can bing, phan dng chi cé thg ty xay ra
theo chidu AG < 0. Nhitng phén dng nhu th& goi 1a ftuz dién bién.

Trong thyc t& higu Gng nhiét AH cd gid tri c& hang chuc keal/mol, thuang 1én hon

nhiéu so voi gid tri AS chi c& hang chuc cal/dd (don vi entropi). Cho nén & nhiét do

~ khéng qua cao khi TAS bé thi kha nang xdy ra phan dng dugc quy&t dinh bdi bién

thien AG = AH < 0. Diéu nay giai thich nguyén li Berthlot vd Thomsen cho rang ai
luc cdc chdt phan dng cang cao n€u phdn dng phdt nhiét cang manh.



Ldy vi du phan dng : 2H + 0 = H,0
AH = -221,2 keal/mol

A8 = S(Hzo) - 2S(H) - S(O) = 45,1 - 2274 - 38,5 = -48,2 cal/dé. mol
Trong diéu kién binh thudng dai lugng

TAS = 298 (-48,2) = -14.363,6cal/mol = - 14,364 keal/mol

12 nhé hon nhiéu so véi AH, vi vy cdc nguyén ti k&t hgp thanh phan t& nuéc. O
nhiét d6 cao TAS vugt AH, khi dé AG trd nén dudng, phan tt nudc khong thé€ tén
tai ma phan li thanh nguyén ti. : .

Nhu vay dé phan doan chiéu phan dng & nhiét dé thdp, théng thudng cé th€ dua
vao viéc so sdnh dd bén cha cac lién két bi dwt va hinh thanh,.

Mot vi du. Ta thdy CO, va 5i0, 1a oxit cha 2 nguyén t§ cung nhdm, nhung Si0,
trung hop thanh chit rdn :

0 0
! I
nSi0, —> .. 0-8i -0- $i-0..

o 0

con CO, & trang théi khi don phan tu. 510, dé dang tring hgp vi vigc thay th& mot
lien két déi (Si = O) bdi 2 lién k&t don (Si-0O) kém theo su gidi phdng nang lugng.
Dé&i v6i CO, thi nguge lai, mét lien k&t déi bén hon 2 lién két don, vi :

Q c=0) = 170 keal/mol

2 (C-0) = 164 kecal/mol

do d6 CO, t6n tai & dang khi dun phan tu.

Cac vi du trén minh hoa su lién quan gita cdu tao chit, nhiét dong hoc va kha
ning phan ing.

Nhitng phan dng ¢ AG > 0 khéng ty dién bién.

Néu AG chi duong {t va néu AS ciing dwong, thi khi nang cao nhiét d¢ ta cé thé
lam cho - TAS tré nén di am dé d8i ddu AG. Khi dd phdn Ung cd thé xay ra. Vi du
muén phan li phan ti thanh nguyén ti phai nang cao nhiét do.

Néu AG rat duong, cd 100 kcal/mol hoac hon nira, thi visc cung c&p nhiét ning gap
nhi¢u kho khan, vi théng thudng cdc phan ing chi duge tién hanh dudi 1000°C ; trong
truong hop nay dé€ thuc hién phan ing ngudi ta phai cung cdp ning lugng dusi dang
dién nang hoac quang nang, '

Phan dng dién phan, phan dng quang hgp la nhiing vi du clia phan dng khéng tu
dién bién.

1.2, Diéu kién doéng hoc

Diéu kién AG < 0 12 coin nhung chua di, né cho phép du doin kha nang xay ra
phan Ung nhung khong dam bao 1a phan dng chéc chin xdy ra. Vi du nhiéu phan tng
ion x4y ra hdu nhu tdéc thdi, nhung cd nhigu phan ing cd AG < 0 x4y ra vo cing
chdm hodc trong thuc t& khéng xay ra, vi du nhiéu phan dng oxi hda & nhiét d6 phong.

Viéc x4y ra phan dng con doi hdi nhitng diéu kién doéng hoc thuan lgi cho viéc dat
v hinh thanh céc lién k&t hda hoe.

10



a) Truéc hét cdc phan td cha cdc chdt phan dng phai va cham vdi nhau. Su va
cham phan ti x4y ra dé dang & pha khi hosic pha 1dng. Chinh vi vay ngudi ta thudng
tién hanh phdn dng trong cdc pha nay. Phian Gng trong pha rédn xdy ra theo mot co
ché khdc. Anh hudng cia tén s6 va cham ph&n ti dé&n téc d0 phan d¢ng thé hién qua
dinh luat tdc dung khéi lugng (2-5).

b) Khéng phai va cham nao cing d&n dén phan dng. Khi va cham binh thudng (va
cham dan héi) hai ti€u phan chi tién gin dén khodng cdch dng véi ban kinh higu dung
khi déng hoc (4 = 5 A). Sy ti€n gén hon nita gap phai sic ddy gitta cédc ti€u phan.
Ban kinh tic dung hoa hoc cla nguyén tif thudng 12 cd anstron, cho nén chi nhitng
va cham manh goi 1a va cham hoat dong, trong dd t8ng dong ning cha 2 ti€u phan
va cham dat d&n mot gia tri nhét dinh dng véi hang rao thé ning méi ddn dén phan
ing. D4 cao cua hang rdo thé€ niang bing nang luong du t6i thi€u ma cac ti€u phan
phdn Gng cén cd so véi niang lugng trung binh ctia hé d€ phan dng c6 thé xay ra
duge goi 1a ndng lugng hoat hda.

Nhitng phan @ng cd nang lugng hoat hda qud 16n thudng xay ra cham hodc trong
thyc t& khéng xay ra. Trai lai nhi6u phadn @ng gita hai ion ngudc ddu, vi du H' va
OH", hogc giita hai gbc tu do hoat dong khéng cdn cé nang lugng hoat hda thi xay
ra hdu nhu tdc thai.

Sy tén tai cia nang lugng hoat hda 1a mot dic difm cta phan Wng héa hoc va
dugc bi€u thi bing dinh luat Arrhenius (5 - 1),

c) Su dinh hudng va cham cing & mot doi hdi ctia didu kién dong hoc. Trit trudng
hgp va cham nguyén ti, va cham phan t¥ chi cd hiéu qua n&u cac phan ti duge dinh
hudng tuong hé thich hop, nghia 14 hudng theo chifu thuan lgi cho viéc ddt va. hinh
thanh cédc lién két. Doj héi nay cAng cén thist d6i véi nhitng phan ti phidc tap. Nhu
vay trong rdt nhiéu va cham hoat déng, chi cd mét 36 it, cd khi mét phan tridu hay
it hon, 12 didn dén phan ding.

Doi héi nay duge th€ hign qua thita s6 dinh huéng hay thita s6 xac sudt P trong
bi€u thifc (7.17) ctia thuyét va cham (chuong II),

d) Trong trudng hgp va cham gilta hai nguyén ti&, vi du phan dng :
H + H - H,,

tuy yéu cdu vé€ sy dinh huéng & day khong dit ra (vi nguyén ti cd d8i xdng chu)
nhung phan dng chi xay ra néu trong hé cd thém mot ch&t thd ba M. Sy ¢ mit cha
chdt thd ba (M) dugc thé€ hién qua phuong trinh .

H+H+M—>IH, +M
M cd th€ 12 mét phan td bat ki hodc thanh binh phan ng.

Khi hai nguyén t& hidro va cham véi nhau déng ning cia ching rdt 16n nhung
nang lugng dd chi duge t4p trung tai mot lien két duy nhdt 1a lien k&t H..H do dé
lién ké&t khéng bén va phén td bi phan li thanh cdc nguyén t& ban diu. Vai trd cia
chdt tht ba M chinh 13 nhén phén nang lugng thia d€ lam bén phan td méi duge
hinh thanh. Trong trudng hgp va cham giita cic phan tir phite tap nang lugng thia
nay dugc phén tdn vao cac lién két trong phan tdf, vi vay su cd mat cda chit thd ba
kh6éng cén cédn thiét.

Ta da xét nhitng diéu kién déng hoc d6i v6i phan dng don gidn xay ra qua moit va
cham, mft dong tdc co bdn hay mot giai doan. Thong thudng phan dng hda hoc la
phic tap nghia 12 xdy ra qua nhiéu giai doan. Tim hiu céc giai doan 13 tim hi€u co
ch€ phan ung. N6i chung trong cic giai doan trung gian nhitng ti€u phan dic biet
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hoat dong, quyé&t dinh su dién bi€n cia phdn dng duge hinh thanh. Cac tigu phén
trung gian cd thé la nguyén tu, gbc tu do, phan tit bi kich thich, phitc khéng bén v.v..
Nghién cdu cdc diéu kién hinh thanh hodc phan hiy cdc tiu phan hoat déng nay va
kha nang phan ¥ng cta ching cing rdt can thiét d6i véi phan dng phic tap.

g} Cudi cliing ¢d nhiéu phan ting chl xay ra khi cg mat cta mét chat cd tdc dung
lam tang tdc d6 phan dng nhung khdng bj tiéu hao trong phan dng. Nhiing ch4t d¢
duge goi la chét xic tac. Cac phan ung xdc téc rat phd bign trong ki thuat cing nhu
trong sinh vat.

Trén day chung ta da xét mét s8 didu kién doéng hoc chi ph6i su didn bién cua phéan
Ung. Sy tinh toan cho th&y mot phan ti khi trong diéu kién binh thudng va cham voi
cdc phAn td khdc 1 ti lan trong 1 gidy. Nhu vdy néu khéng ¢ su rang budc cha disu
kién ddng hoc thi phan ing nao cling xay ra tdc thdi. Trong thyc t& sé tidu phan
phan dng it hon rdt nhiéu so véi s6 tidu phan va cham.

Vi vay d8 cho mot lugng ch&t nhat dinh phan dng hét can cd thoi gian, su cd mait
cua bién s thoi gian 1a mot dac digm quan trong cua cdc phudng trinh déng hoe,

Qua viéc xem xét cdc diéu kién phan ing trén day cS thé néu lén néi dung cda
mén déng héa hoc nhu sau.

1. Déng hda hoc nghién cdu cic quy luidt dién bién cita phan dng héa hoc theo thui
gian, st phy thudce cia téc d¢ phan Ung vao diéu kién phdn iing va méi trudng (néng
40, ap sudit, nhiét d6, chdt xdc tdc v.v.)

2. D9ng hda hoc nghién cu co ché phan Ung, ban chdt vA vai trd cia cdc ti€u
phan trung gian hoat déng (ion, gdc ty do, phic khéng bén v.v.) cac giai doan co ban
va tdp hop cla ching tao ra phan wng tong cong.

3. Dong héa hoc nghién citu méi quan he giita cdu tao chét va kha nang phan ng,
giuta hang sd téc dé phan dng va cac dac trung nhiét déng v ciu tao cht.

§2. TOC DO PHAN UNG HOA HOC

Téc d phan ¥Wng hdéa hoc duge dinh nghia bing bién thién cia sd phén ti chdi
phdn dng trong don vi thé tich vk don vi théi gian.

Néu phan dng dude tién hanh ¢ disu kién thé tich khéng d6i thi tée do phan idng
bang bién thién clia néng doé chat phan dng trong don vi thsi gian.

Gid st ndéng d6 clua mot trong cdc chdt phdn dng & thoi digm t bing C va &
thdi diém t + At bang C - AC, téc do trung binh cta phan dUng trong khodng thai
gian t = t + At la :

— AC
W= %

Toc d6 phan dng 0 thdi di€m cho sfn (téc do tdc thai) 1a gidi han ctia biéu thde

trén khi At — 0 :

dC

W =< -3 {2.1)

D6i v6i chdt phan dng dC < 0, nén mudn cho tée d$ 1a dai lugng duong cdn vist
ddu tru.
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T6c d6 phan dng cing cé th€ xic dinh bing sy bién thién cta néng do C cia mét
trong cdc san phdm phan dng, khi d6 ta c6 :

w =& 2.2)
dt '
Téc d6 phén dng xdc dinh theo (2.1) hogc (2.2) khong don tri, vi bi€n thién néng
d% clia cdc chdt khdc nhau phu thudc vao hé s8.tl lugng.
Vi du trong phan iing
N, + 3H, -» 2NH,
bién thién néng dé6 H, gdp ba lan bién thién ndng do N, vd gép rudi bién thién néng
d6 NH,.

Su khéng don tri ndi trén cd th€ loai trd néu trong bi€u thde tinh tdc do phan

Ung cdc bién thién ndng d6 dugc chia cho cdc hé s6 ti lugng tuong dng, chdng han
trong vi du trén ta cé :

dd ~ 3 dt 2 dt 2.3)
Mot cach t8ng quat, trong phan dng hda hoc duge mo td bsi phudng trinh ti Iugng :
viA] T vA, = v A+ v,A,
Vi bién thién néng d6 tI 1 v4i hé s6 ti luong,
~AC, = AC, 1 AC, 1 AC, = v vy 1V v,

AC, AC
k
hoac — —v-l = cho nén bién thién t8c do phan Gng cé thé vist duai dang :
i k
1dC, 1dC’, .
W:Wi=Wk=—m—=v,—de (24}

Bi€u thdc (2.4) chi khdc v6i (2.1)va (2.2) bdi thita s6 c6 dinh l/v; hodc 1i', cho
nén méi mét bi€u thic d6 déu cs thé diang d€ xdc dinh tée do phan ing. Bidu thdc (2.4)
cd uu di€m hon la cho mét gid tri cia téc d6 phan dng khéng phu thuée vao chét ta
chon, tuy nhién trong thuc t& ngudi ta vin ding rong rai cic bi€u thde (2.1) va (2.2).

Téc do phan dng phu thu¢c vao néng do cdc chét phan wng, nhist do, Ap suit, tinh
chdt clla moi trudmg va cde diéu kign khée.

Sy phu thuge téc dé phdn dng vao néng d6 cac chdt phdn ing duce x4c dinh bai
dinh ilugt tdéc dung khéi lugng cia Guldberg va Waage (1867) ma & dang dong hoc cd
th€ phat bi€u nhu sau : #6c d¢ phdn ung & 16 thugn veéi tich nong d¢ cdc chdt phdn
ung. D8i v6i phan dng duge md tad bdi phuong trinh tl lugng (2.3) thi theo dinh luat
nay t8c do

W = kC) Ch {2.5)
He s6 ti 16 k duge goi 1a hdng 6 t6c do phin ing, d6 1a téc do phan dng khi
néng d6 cia mébi chit phdn dng déu bang don vi.

Cdn lua ¥ rang dinh lust tdc dung khéi lugng bi€u difn bing bi€u thdc (2.5) chi
chinh xdc d8i v6i phan dng co ban khi ngudi ta khong phat hien duge mét chét trung
gian nao ¢ gida chit phidn dng va san phdm phan dng.

Néu phuong trinh tI lugng (2.3) mé td4 moét phan ding phic tap di gua nhidu giai
doan, nghia 1a phdn tng téng cfng clia nhiéu phan dng co ban khac nhau thi trd mét
$6 it trudng hgp, néi chung bi€u thite (2.5) khéng con ding.
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Cac s6 ma v,, v, trong phuang trinh téc d9 (2.5) duoe goi la bdc riéng cua phdn
ung theo tung céu tif A, A, Téng cdc 86 mi v, + vy 1 bge chung cia phén vne

S6 ti€u phan céc ch4t phadn dng ciung va cham trong phin dng co ban dugc goi la
d¢ phan tu hay phén Hr s6.

Nhu vay néu phan dng (2.3) 1a co ban thi bac chung clia phan #ng va ds phan ti
dugc bi€u thi bing cing mét con s v = vy + v,

Néu v = 1 phan ing la bac 1 va don phan to.
Néu v = 2 phan dng la bac 2 va ludng phan té,
Néu v = 3 phan dng 1a bac 3 va tam phan td.

Néu phan dng (2.3) 12 phiéc tap thi cfin luu ¥ nhing di€m sau day. Mot la khai
ni¢m do phan td trd nén khong c6 nghia & day, nd chi diung cho phan ting co ban.
Hai 1a phuong trinh t8c d0 khong th€ suy ra t¥ phuong trinh tl lugng, ma phai xac
dinh bang thuc nghiém trong ting trudng hgp cu thé. Ndi chung phuong trinh t8c d6
cd dang phic tap. Trong nhitng trudng hgp ma phuong trinh téc d6 ¢é the bifu didn
dudi dang ham ldy thita thi khdi niém bac phan ing vdn duge dang binh thudng nhung
cdc s8 md chi bac riéng & day ndi chung khong trung véi cdc hé s6 ti lugng trong
phuong trinh ti luong : .

Ta 14y mot s8 vi du sau day d€ minh hoa.

Vi du vé phan dng don gian :

1) Phan ¢ng CH,0CH; — CH, + CO + H, la bac mét vad don phan ty.
W = k[CH,0CH,]

2) Phan dng H, + I, — 2HI 1A bac hai va ludng phan tu
W = k[H,]IL,]

3) Phan dng O, + ZNO — 2NO, la bac ba va tam phan tit.
W = k[0,){NOJ?

Vi du vé phan d#ng phdc tap :

4) Phan \ng CH,COCH, + I, — CH,COCH,I + HI 1a phin tng phic tap bao gém
hai giai doan :

a) CH,COCH, — CH,C(OH)CH, (cham)
b) CH,C(OH)CH, + I, — CH,COCH,I + HI (nhanh)

Trong mot phan wng nhiéu giai doan k& ti&p nhau tdc do chung cita phan @ng bing
téc- d9 cta giai doan ch&m nhdt. O day giai doan (a) Ia chdm nhét (giao doan quyé#t
dinh t6c d§) cho nén 4p dung bifu thic (2.5) ta <6 :

W = W, = k,[CH,COCH,] (2.6)

Ta thdy trong phan dng 4 ¢6 hai chdt phan ¢ng nhung phuong trinh déng hoc lai
la bac met.

9) Phan dng : 2NO + Cl, — 2NOCI 1a phic tap bao gém 2 giai doan :
a) NO + Cl, — NOCI, (nhanh)
b) NOCIL, + NO — 2NOCI (chdm)

Vi giai doan (b) 12 ch4m nén W = W, = kINOCLI[NO]

14



Mat khdc vi giai doan (a) 1a nhanh nén cé th€ xem ng & trang thdi caAn bang dac
trung -bang hang s§ can bing K, :

[NOCL]
K, = m hode [NOCL] = K,INO]I[CL]

Thay gia tri cia [NOCL,] vao bi€u thdc cia téc do ta rat ra -
W = W, = kK,INOJ[Cl,] = k[NOJ?CL,) 2.7
Vay phan ing la bdc ba nhung khéng phai 13 tam phan .
6) Phan dng
H, + Br, — 2HBr
la mét phan dng phitc tap, phuong trinh téc d6é tim ra bAng thuc nghiém cd dang :
k,[H,][Br,]"2
= (2.8)
1+ [HBr]
2 Tyy )

Ta thdy ¢ day phuong trinh téc dé khéng cé dang ham liy thua nén khai niém bac
phan Wng cing khong ding dugc.

Tom tat nhing diéu vita trinh bay ta c6 thé rit ra méy nhédn xét san day :

a) Néu phan ung la don gian thi t6c d6 cia nd nhdt thist duge biu dién bai
dinh luit tac dung khéi lugng (vi dy 1.3}, nhung ngugc lai, n&u t6c db phan dng tuan

theo dinh luat tdc dung khéi lugng l_:hi diéu dd chua di d€ k&t luan phan dng 1a don
gian (vi du 5).

b) Néu phuong trinh t6c d¢ tuén theo dinh luat tdc dung khéi lugng thi chua thé
ndi gi vé tinh don gian hay phic tap caa phan dng, nhung n&u phuong trinh téc d6

khong tuan theo dinh lust tac dung khdi lugng thi ddé 13 ddu hiéu chic chén cua phan
Ung phdc tap (vi du 6). '

Nhu vay su thiét 1ap phudng trinh téc do (phuong trinh dong hoc) cta phan dng
¢d th€ cho nhing théng tin nhdt dinh vé co ch& phan Gng.

Phuong phap nghién cdu co ché& phin dng dya vido cdc quy luit dong hoc goi 1a
phuong phép dong hoc. Ngodi ra d€ xdc dinh co ch& phan dng cdn cd nhiéu phuong
. phap khac, vi du phuong phsp edng hudng tit, phuong phap khéi phé, phuong phdp
ddng vi v.v... N¢i dung cédc phuong phap dé duge trinh bay & muc 6.

§3. CAC QUY LUAT PONG HOC DON GIAN

3.1. Phan dng bac mot
Téc 46 cta phan Ung bac modt phu thuse bdc mot vao néng d6 C cua chdt phan dng :

dC
W o= — i kC 3.1)
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Sau khi tach bién s8 va ldy tich phan ta nhén duge :

~lnC = kt + 1 (3.2)
Hang s8 tich phan I c6 thé xdc dinh tit diéu kién ddu : khi t = 0 ; C = C_, dodo
- I = -InC (3.3)
Thay gia tri I vao (3.2) ta nhan duge :
C, o
lnﬁ = kt (3.4)
hoac C=Ce™ (3.5)

Biu thdc (3.5) duge biéu dién bing dé thi trén hinh 3.1. Tit d6 thi ta thdy trong
phian dng bac moét néng dé ch4t phan dng gidm theo ham mi vai thai gian.

T (3.4) n&u dat C,/C = e nhan duge
t =t = 1/k

e

(3.6)
t. goi la thoi gian dac trung (qua thdi gian t, néng d6 chdt phan dng gidm e ldn).
Cing ti (3.4) néu dat C/C = 2 nhan dugc
In2 0,693
7= % = "% (3.7
t),, duge goi la thui gian ban hay (qua thdi gian t,, néng dd chdt phan Ung giam

mot niua). Ta ¢d nhan xét thdi gian ban hiy cha phan tdng bac mot khéng phu thude
néng do va ti 1& nghich v6i hing s6 t6c d6 phan ing.

t =1t

T (3.4) ta cd thé thdy InC_/C phu thudc tuyén tinh théi gian. Tt d6 déc cia dudng
thing bi€u dién InC/C - t cd thé xdc dinh dugc hing s6 t6c do6 k (hinh 3.2)

C .
A InC,/C
Co

Col2
Cole

Hink 3.1
Phan Ung bic modt
Néng do chidt phin ing gidm
theo ham md vdi thoi gian

Hinh 3.2
Phin {ing bac mot InC_/C phu thugc
tuyén tinh thoi gian, tge = k

Vi du vé phan dng bac moét : phan dng phan hiy etyl bromua
C,HBr — C,H, + HBr ; phan huay nito oxit N,O = N, + 0 ;

phan hiy géc tu do C;H, — CH, + C,H, ; cdc phan dng phén hiy phdng ka, phan
ing C;H,,0,, + H,0 — 2C,H,,0, trong mdi trudng nudc v cdc phan wng khie.
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3.2. Phan ung bac hai
Trudong hop I. Gia thift ta ¢ phan dng :
A + B — san phim
t = 0: a b 0
t (a-x) (b -x) X

trong dd a vd b la néng 40 déu, con (a - x) va (b - x) 12 néng do cha hai chét phan
ing & thai diem t.

Gia thi&t ta cd phuong trinh téc d6 :

W= ka-n0-x (3.8)

dt
Tach bién s6 va 14y tich phan ta duoc :
dx 1 1 1
= - dx = kdt
G w6 - b-ala-» ®&-n)*
1 b -x _
b lm ooy = kI 3.9

Hang s8 tich phan I c¢d thé xac dinh ti didu kién ddu : khit = 0 ; x = 0, do d¢

I= ! . In b (3.10)
b —a a
Thay I vao (3.9) ta nhan duge ;
1 ab —x)
— aln ba = x) kt (3.11)

Néu ki higu C] va CJ 1a néng d¢ ddu, con C, va C, la n6ng d6 0 thdi di€m t cla
A va B thi hé thic (3.11) ¢d thé vist dusi dang :

coC
- 1 ~In ! z = kt (3.12)
Cg - C° S
C, C;
hodc lnC—1 = (C — CHkt + In p (3.13)

1
Tit (3.13) ta nhaén thdy d6i voi phan ung ki€u
nay thi In(C,/C,) phu thuéc tuyén tinh vao thoi gian

va dudng bi€u dién cd do déc bang (C] ~ CHk va
cat tryc tung tai In(C3/C7) (hinh 3.3).

Truong hop IL

Trong trudng hgp via xét néu C, = C, = C,

hoac né&u téc d6 phu thudée vao néng d6 cia moi 0 ' ‘;t
chat phan dng duy nhdt thi bi€u thdc cta tée do ‘ Hinh 3.3
g6 ¢6 dang Phan dng bic hai
' 4c Trudng hgp W = kC,C,.
' InC,/C, phu thudc tayén tinh 1
W= — = k2 . !
i kC (3.14) tga = (€ CO)k
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Sau khi tach bign sf va My tich phan ta duge :

1
"(.E:kt‘.'l"l

(3.159)
Ti digu kién ddu C = C, khit = 0 rat ra

!
|

=G (3.18)

Thay I vao (3.15) ta duge :
1 1

T (3.17) néu thay C = C,/2 ta tinh duge thdi gian bdn hay t

1

D6i v6i phan dng bac 2 thadi gian bén hay ti 1/c
1¢ nghich v6i néng d6 ch4t phan dng. T (3.17)
cd th€ nhan xét 1a d8i véi phan Ung loai nay,
nghich dao clia néng d6 phu thudc tuyén tinh
vao thdi gian. Dudng thang bi€u difn 1/C - t g
d% ddc bang k va cdt truc tung tai 1/C, (hinh 3.4),

Mot s6 vi du phan iing bic hai : phan dng 1/¢,
H, + I, = 2HI 1a mét trong s6 it phan ing lutng
phan td duge nghién citu kha ddy du ; phan dng
phin hidy 2NOCI = 2NO + Cl, ; phan dng tai 0 >
két hop géc tu do CH; + CH; — C,H¢ vov... Hink 3.4
Phan Ung bic hai R
3.3. Phan iing béc ba ' Trudng hop W = kC
1/C phy thudc tuyén tinh t
g = k

A

Truong hop I,
Gia thiét ta cd phan vng :

A+ B + C — san phdm,
trong dé C,C9, C? 1a néng d6 ddu, con Cp €, C5 1a néng do & thyi didm t cta ba
chdt phan ing.

Gia thiét phuong trinh téc do oo dang :

dC, ‘
W= - W = kCICZC?: ’ (3.19)
Vi CC-¢C =C~¢C,=¢C -¢,
do dd C, =0 ~CY +C5Cy = C§ -C +C
dCl O ] [ 0 320
va —q = KCy(C3 - CT + Cp(C§ - C) +C)) (3.20)

Vigc ldy tich phan (3.20) cho két qua :
C 1 C 1 Cy
8] 01 Q Q ln-—-—(l) + Q 4] In_(z) + CO C CO”"CO ln-(;
(Cs _Cl)(Cl %Y Ci (C —C;’)(Cz —C;’) C; (C; - g)( 3 0 3

= kt
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hodc

1 C
0 ] 4] 0 L8] 11]
(Cl - Cg) (Cz - GG; - Cl)
Truong hop II.

1

a)} Gid thiét ta ¢6 phdn ung :
2A + B ——» san phém

trong d6 C7 va CJ 12 néng d¢ ddu, cdn C,, C, 1a néng d6 & thoi di€m t cia hai chét
phan dng A va B.

Gia thist phuong trinh t6c dd c6 dang :

ac, )
W= - o = KOG, (3.21)
Vi CO ~ C; = 2(CS - Cy)
g ¢
—_ A
do dd C,=Cf~5 +5
dc, , ce ¢,
- - — 0 —_ .
va & = kC (02 =+ 2) (3.22)
Ta cd
1 I I U r
o G ¢z G co
—_— e _— O — — —
Cl(cz 2+2) (CZ 2+2)
(p, 4, r 12 cdc héng sd). Viéc 14y tich phan cho k&t qua :
2 11 2 CC
— (g -) t g In L=kt (3.23)
2Cg - ¢ V6 8 (2C3 - C9*  Coc,

Hé thve nay dp dung cho céc phan dng, vi du :
2NO + O, — 2NO, ; 2NO + Cl, -» 2NOC] v.v..
b) Trong trudng hop phan dng bic ba duge bi€u dién bdi phuong trinh ti lugng :
A + B — san phdm

dC
con phuong trinh téc d¢ vin ¢é dang nhu trén, _?tl = l~:C%C2
thi ta cd : Cl-C =C-¢C,; C, =C;-C] +C

ac,

-3 = kCHCE - C§ + Cy

Viéc 14y tich phan cho k&t qua

1 1 1 1 CC
—— (g -=) * = In ‘zl=kt (3.24)
0 -0 \C ¢ € - Co2 o,
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Néu ki hiéu a va b 1a n6ng d6 ddu, (a - x) va (b - x) 12 ndng d6 & thii didm t
cia A va B thi (324) ¢ thé viét duéi dang : )
1 x 2,303 . ba — x)
+
t(b—a)[a(a—x) (b — a) ga(b—x)]
Phén dng gitta triphenylmetyl clorua va metanol trong dung moéi benzen 13 mot vi
du vé phan dng loai nay :

k:

(3.25)

(CeHs),CCl1 + CH,0H — (C H,); COCH, + HCl
Trudong hop I 7

Téc dd phan dng bac ba cd th& phu thudc bac ba vao néng d6 C cla mot chdt phan
ung duy nhit.

Biéu thite téc do cua phan Ung cd dang :
dC

- 3
i = kC (3.26)
Lay tich phin cka (3. 26) va luu y digéu kién ddu, C = C, khi t = 0, ta thu duge :
1 i
Pt ""é' = 2kt (3.27)
C c:

Nhu vay nghich dio cta binh phuong néng do ch&t phian ung phu thudc tuyén tinh
vao thoi gian.
Thoi gian ban huy t,, c6 thé tinh ti (3.27) bang cach thay C = Cj2 :
3
2kC2

typ =

(3.28)

Vi du vé phan dng bac ba la phin dng tam phan ti 0, + 2NO — 2NO, (phéan
Gng nguge lai ia ludng phan td 2NO, — 2NO + Oj). Trudng hgp phan dng két hgp
cdc nguyén tt H + H + M — H, + M d4 xét ¢ trén ciing la tam phan tit nhung ¢d
thé xem nhu phan dUng bac hai vi néng d6 M khong déi.

Thuc vay, ta cd thé viét :

W = kCy.C% = K'C2

3.4. Phan ing bic n

Ching ta da xét cic quy luat déng hoc cta phan wng bac 1, 2 va 3. Truong hgp
bac phan ung lén hon 3 khong gap. Tuy nhién d8i véi nhidu phan dng phic tap, nhat
la phan dng xtc tdc di thé thudng gip bac phan s8, vi dy bac n = 1/2 ; 3/2 ...

Xét trudng hgp tdc do phan dng phu thude bac n vac néng 46 C cia mot chat duy
nhit, ta cd ;

dC

- _ X _ n
W = it kC (3.29)
Ldy tich phan va luu y diéu kién ddu, C = C, khi t = 0, nhan duocc :
1 1
— = — = (n - 1) kt, n#l {3.30)
cn i cg 1
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Thoi gian ban hiy t,, tinh duge khi thay C = C2 trong (3.30)

2n"l

tp = ———
7 kel -1y

(3.31)

Mdt s8 vi du phan ing bdc phén s6 : phan tng bién dbi ortho thanh para hidro
O-H, — p-H, (n = 3/2), phan ing hin}? thanh photgen trong pha khi
CO + Cl, —» COCl, (n = 3/2 theo Cl, vd 1= 1 theo CO),
phdn ing phan hiy ozon duge xuc tiac bdi clo 205 = 30, (n = 3/2) va nhiéu phan

ing xuc tdac di thé

3.5. Phan ung bdc khong

T8c d6 phan ung bac khong khong phu thudc néng dd chdt phan dng, vi vay.

dC o
W= - T kC? = k
Lay tich phan (3. 32) ta dugc
C,-C =kt

nghia 12 néng dd chdt phan @ng gidm tuyén tinh theo thdi gian.

T (3.33) ta tinh duoc thai gian ban hay.
C

o}

Y2 = 3%

(3.32)

(3.33)

(3.34)

Mét s6 phén dng xdc tac di thé thutng xay ra theo quy luat bac khong.

Dé tién st dung, ¢ bang 3 - 1 ghi tém tdt mot s§ cong thuc

phan tng da xét.
Bang 3.1. Cdc quy ludt déng hoc don gidn

can thi&t cta nhing

. Phuong trinh » S . .

Bac phan dng dang hoc Hang s6 t6c do Thai gian ban hiy
dC 1 G In2 0,693

1 —a—:kc k=TlnE- tl"z:_k_"';-T
ac 1 CYC,

1 o1
- — = kC.C k = In it ding

2 dt P (O3 ~CY €3¢,
dC 2 _ {11 - L

ot T kC k= t (C C, by = kC,

dc RS R T -3
3 -3 = kC? k = o (C‘)_ Cz} tip = IkC2 -
8]

n(n = 1) - — = k(m k = _ -7 — t =
dt (n—-1t [C“ boen! 2 (- ken !
ac 1 Co

0 - =k k=< (C,~0 e = o
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§4. CAC QUY LUAT DONG HOC PHUC TAP

4.1. Phian dng thuin nghich

Trong muc 8 cde phan dng duge gia thist xay ra mét chidu. Trong thuc t& méi phan
Ung co ban déu la thuan nghich, nghia la bén canh phdn i#ng thudn dude mod tad boi
phuong trinh ti lugng.

2wy 2’y Ry
con xdy ra phdn ung nghich duge méd ta bdi phuong trinh .
ZV’KA’K — EviAi
Sy k& hgp hai phan Ung mot chidu trén day 12 phan dng thuén nghich :
ZvhA, = 2 A 4.1)

Téc do cua phan dng thuan nghich bing hiéu cha téc d% phan dng thuan va nghich,
nghia 1a :
1 4G dC% oo
WZ—EE=ZT=IILC’;IC£ ‘..—kcllczz (42}

trong dé k va k' tuong Ung la hing s t6éc d8 cha phdn dng thuén va nghich.

Gia thiét & thdi di€m ddu t = 0, ndng do san phém Cx = 0, khi d¢ t8c d6 phan iing
W dat gia tri cuc dai. Theo thai gian, t6c d6 phan dng cham din, cho dé&n khi tée 44 hai
phan ing thuan va nghich bing nhau, téc do W = 0, phén dng dat trang thdi c4n bing.

Khi can bing, ti diéu kién W = 0 ta rit ra

KCD Cp .. = KCTi CY2 (4.3)
cYiCY:
1 2 k
5 — Y T = — = 44
hoc ChiCz.. k’ K @4

Dai lugng K duge goi 14 hing s6 can bidng,
ddi voi mot phan dng K chi phu thude nhiét ds,
khéng phu thudc néng d5, ndi cach khac ti la

cdc néng d6 dugec moé ta bdi bifu thic (4.4) cd X ,

gia tri khong d6éi, khong phu thudc vao tri s6 1,0 %

tuyét d6i cta C, va C,, ciing nhu khéng phu . om0 SR
thugc vao cach di d&n can bang tir phia thuan

hay phia nghich. 05 &

D€ minh hoa ta c¢d thé 14y vi du phdn dng '
thuan nghich H, + I, — 2HI. Day la phan ing '
lugng phan ta di€n hinh trong pha khi. Su dién ’

bi€n cta phdn dng tir trdi sang phai cling nhu tit |

phai sang trai va sy dat can bing dugc bidu dién 0 20 40 &0 80 t, phut
bang cac dudng cong trén hinh 4.1, Trén hinh -

vé x 1a ti s6 gita néng d6 HI va ndng d6 cla Hinh 4.1, _
ca 3 chat trong hé (¢ day néng do (L] = [H2]. Phan dng hinh thanh va phan hiy (11 & 448°C.
Ta thdy theo thai gian x tién din dén mot gia 1. Hinh thanh HI il

tri ¢6 dinh, khong phu thudc trang thai ban ddu 2. Phan hay Hi. X = {_IETL—}?.[Q

ctia hé.
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Quan hé gitta hiing s6 t6c 46 va hiing s6 cén bing : _

Cén luu ¥ ridng hing s6 cdn bang bang tl s6 gilta hdng s6 tdc d6 cia phan iUng
thugn va nghich (K = k/k') chl ding n& méi phadn Ung thuin vA nghich déu la co
ban (gém 1 giai doan) hoac néu cd sy phit hgp gitta phuong trinh tdc d6 va phuong
trinh ti lugng (bdc phan tng theo méi ch&t trung v&i hé sd tl lugng). Trong trudng
hgp khéng cé sy phii hgp giita bic phan tdng va hé s6 ti lugng thl didng thic K = k/k’
néi chung khong ding. Ta ldy vi du sau day :

(Gia thiét cho phdn dng thuén nghich .

k
A2+2B = 2C
ki

Gia thigt phan dng 12 bac mot d6i v6i A, v B theo chiéu thuéin, va bic mdt ddi
vdi C theo chidu nghich, nghia 1a :
- W = kIA)]iB] - K’[C]
khi can bing (W = 0) ta cd :

k [C] __ICP
kK~ [A,]B] » K= [A,](B? ¢4.8)

Nhu vay khéng c6 sy phli hgp gitta hing s6 cAn bing K va ti s6 k/k’ .
Sau day ta xét mot s§ trudng hgp cia phan dng thuin nghich .

Phan wng thudn nghich bdc 1-1.

a) Gid thiét ¢6 phdn ung

k
A = B

K
t =20 a 0
t a - X X
t=oo: a-x :'tc

trong d6 a 1a nfng d6 ddu cia A (ndng d6 ddu cia B bing khéng), x vA x_la nfng
dé ctia B & thoi di€m t va khi can bang .

Theo (4.2) ta ¢c6

d
W=2 =k -x) - kx (4.6
dt . ‘
3 diéu kién cn bing W = 0, x = x,, do dd ta ¢o :
k{a —x)
K= ——— 4.7
XC
; ka
hede . X T R (4.8).
Thay (4.7} vao (4.6) ta dugce :
dx _ (a—x, ka
HE=k(aTx)-k xC x—--;;(xc x)
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Téch bién =8, ldy tich phan va luu y digu kien ddu (¢t = 0, x = 0) ta dudc :

xC xC
k=;ﬂln X, — % 4.9
cong (4.7.) va (4.9) ta dugc
1 X
k+k=—1In 4.10)
t X, —X

Tt h¢ thdc (4.10) ta cd nhan xét 1a trong trudng hop nay sy phu thudc cta x vao
t tuidn theo quy luat phin Wng bac mot khéng thuén nghich cd néng d6 ddu la X, va
hang s6 téc do k + k’.

b) Néu ndng do ddu cia B bdng b thi thay cho (4.6) ta c6

W=%§k(a—x)—k’(b+x)=

, . ,, ka—k'b
=ka—kx—kb—kx—(k+k)—l{TkT—x (4.11)
KhicanbéngW=0,xr:xc,dodd
ka —k'b

Két hgp (4.11) va (4.12) ta duge :
dx
3t = &+ ) - x)
Sau khi 14y tich phan ta nhan dugc hé thdc (4.10) & trén.
Dua vao hé thdc (4.10) ta tinh duge k + X', dong thoi bist x. (ndng do can bing)
ta tinh duge hing =6 can bang K :

k b+xc

K=y =a=m,

(4.13)

tt dd ta tinh duge k va k' riéng bist

Nhiéu phan Ung déng phan hda thuse loai phan #ng nay, vi du déng phan hda
cis-trans xtinben

C,H,.CH = CHCH; (cis) = C H;,CH = CH(C H,) (trans) ;
4ong rhan héa @ ~ glucozo thanh 8 - glucozo.
hdn wng thugr nghich bgc 2-2.

a) Gid thiét cho phdn udng :

A + B i—-: C+D

K
t =0 a a 0 0
t (a - x) (a - x) X X
t = » (a- x) a-x) x. x,

trong dd & thoi di€ém t = 0 néng do diu [Al, = (Bl, = a va [C], = (Dl, = 0; ¢
thdi di€m t néng do [A] = [B] = (a - x) va [C] = [D] = x ; khi dat can bing
(Al = [B] = (a - x) v& [C] = [D] = x, :
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Theo (4.2) ta cd th€ vist :

dx
W=7 = ki@ -~ x - k% : {4.14)
T digu kign can bing W = 0 khi x = x_ ta rdt ra
k(a —x )2
K = (4 15;
xC

Thay (4.15) vao (4.14) va sau khi chuy&n bi€n s6 ta duge
dx

- = ak.dt (4.16)
(2xc—a)(;§~) —2x +a
C

Miu &8 & v& tri 12 phuong trinh bc hai c¢ dang Ax* + Bx + C, do dé d€ ldy tich
phAn ta cd th€ vist.

A2 +Bx +C = A (x - a){x - f) 4.17)

trong d6 « va § la 2 nghiém cta phuong trinh bac hai Ax? + Bx + C = 0. Su giai
phuong trinh nay cho két qua a = ax/2x. - a vd § = x_ Thay 2 nghiém nay vao
(4.17) sau dd k&t hgp (4.17) va (4.16) ta nhan duge :

c'

dx akdt
= 4.18
[(2x, —a)x —ax j(x —x) Xg ( )
Viéc 18y tich phan hé thic (4.18) cho két qua :
X x{a —¥x ) +ax
C " C (4.19)

k= 2ta(a —x ) In a(x, —x}
Nhu vay néu bist néng 46 x & thoi gian t v3 réng do cén bing x, thi tinh duge
k, cdn k’ tinh theo cbng thic (4.15).
b) Néu phdn dng thugn nghich bac hai c6 dang
2A = C +D
Vi du phan ung : 2HI = H, + I,
thi thay cho (4. 14)’ta co
-%’tf = k(a -x)?. k’(—’%)z (4-20)
trong dé x 14 s6 mol HI phan dng hét trong don vi th€ tich trong thoi gian t.
Khi céin bang ta cd :

W =

XC 2 2 .
K== (z) . “.21)
k (a —xc)2 4{a — xc)2

Thay gid tri cia k' ti (4.21) vao (4.20) réi l&y tich phan, k3t qua dugc :

ax,
- 5 —X
2,303 2x —a 2x_-—a
= i gl ——  — (4.22)
2a(a —x )t a X, —X
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¢} D& véi phdn ung nguoc lgi, vi du :
"
Hy +1, = 2HI
dx %

& K(e -3 (b -5) - “an

trong d6 x 1a s6 mol HI duge hinh thanh trong don vj thé tich trong thdi gian t, con
k duge thay bang k’K. Viéc 14y tich phan hé thic (4.23) cho kst qua :

ta co :

a+b+8
,  2.2303 a+b-8 1-4K %
K= "5 873578 atb-5 4.24)
1-4K ¥
trong d6 : S = [(a + b)® - 4ab(1 - 4K)]'/2
Bang 4-1. Hing s6 t5c 46 mét s6 phdn t#ing thuin nghich
Phan dng Hang s6 tde d0 phan ing thuan
k x X
A =B k= —In_——
i at X, —X
k X ax, +x(a —x
A =B+C k = - n — ( )
" t(2a —x ) a(x, —x)
k X, xc(a2 - XX_)
A+B =2¢C k = In
k' t;(a2 - xg) az(xc —x)
k X x(a —2x ) +ax
A+B =C+D k = < n S
K 2ta(a —-x) a(x, —x)

D6i v8i cdc truong hgp khde cia phan dng thuan nghich bac hai cach tim bigu thite
cla hang s6 t6c d6 k va k’ cing tuong ty nhu trén. Céc két qua duoc dén ra & bang 4-1.

4.2. Phan ing song song

Phan uing duge goi 12 song song khi cdc ch&t ban ddu phan 1ing theo hai hodc nhiéu
hudng khac nhau, Nhitng phan dng song song thudng gap o6 thé 1a phan d¥ng bic moét
bdc hai hode bac tron lin.

Phdn itng song song bgc mét. Xét truung hap 2 phan dng bic mot xay ra theo so db

k, C,
A — )
TR
2 2
trong dd ch&t A phan ing thec 2 huéng khdc nhau véi hang s§ tdc do k, va k, .

Theo so d6 (I) ta cd :

o | 4.25)
- = KlAl 4.

26

* s{l



dIC,]

— = klA) (4.26)
d(C,]  dIC)) d[A]
&t =~ a = &t RIAl (4.27)
Chia (4.26) cho (4.25) va sau khi 14y tich phan ta dugc :
Gl Xk
[C_ll = k_1 (4.28)
Tu (4.27) thay k, + k, = k ta duge
d[A]
e ral k[A] | (4.29)
Bidu thic nay giong (3. 1), sau khi 18y tich phan ta c6 :
1 [A]

tuong tu bidu thuc (3.4).

Tim k = k, + k, theo (4.30) va tim k, /k, theo (4.28), ta suy ra gia tri riéng biét
cua k, va k,.

Phan dng song song don phan td thudng xay ra trong cdc qué trinh quang hda. Vi
du phan dng phan li quang hda xeton RR'CO ¢ th€ thduc hién bing 2 con dutng :

RR’ + CO
RR’CO — '
R'CO + R

Phdn ung song song bGc hai : Xét truong hgp hai phadn Ung béc hai xdy ra theo
s¢ d6 :

Ky

k, C, A+B —> C
A+B— hosc
k
k, *C, A+B —C,
(I1a) (TTb)
a) Theo so dd (Ila) ¢6 thé viét :
dICy) o
S = ly[AlB] 4.81)
dIC,)
T = IlAlB] (4.32)
d[Cy] - dICy) drAl d[B]
at + T = — T = — T = (kl + kz)[A] [B] (4.33)
Chia (4.32) cho (4.31) vA sau khi 14y tich phan duge
¢ Ky
R 4.34
(o] K ( )
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Trong biéu thitc (4.33) né&u thay k, + kz = k ta thu duge :

- A A (4.35)
bi€u thdc nay hoan toin gifng (3.8), vA sau khi 14y tich phan ta duge .
1 [A] [B],
5 = AL -1, ™ WIAL (436

tuong tu bidu thie (3.12),

Dua vac (4.36) tinh duge k = k; + k, v dua vao (4.34) tinh duge k, /k;, tir d¢
suy ra gia tri riéng biét cta k, va k. '

Trong hai trudng hop da xét cua phan ing song song bac mét va bac hai ta nhan
thidly cach bién d8i toan hoc cdc phuong trink hoan toan twong ty nhu trudng hgp
phan ung bac mot v bac hai da xét & muc 3, chi khac la hang s§ téc do k duge thay
bing téng k, + k,. Téng quat hon né&u phan ng song song xay ra theo nhiéu huéng
thi cd thé thay k = 2k

b) Trong truong hop phdn ung xdy ra theo so db (ILb) ta viét :

dIB,] -
-3¢ = k[AIB] (4.37)
d[B,] |
- 5 = klAl(By (4.38)
dB,}  dIB,] [A]
TTa& T & T T 3 = (8B + kyBy) [A] (4.39)
Chia (4.38) cho (4.37) va sau khi 18y tich phan duge :
kz
[B,) [B,] \k,
(B,), {[TBIJ (4.40)

Cong thiuc (4.40) cho phép bigu didn néng do [B,] qua [Bl], cdn nbng do [A] cling
cd thé bifu dién qua [B,] néu lvu y so d6 ti lugng (IL.b) :

[A] = [A], ~ [B,], + [B]] - [B,], + [B,)

[B,] ky/k;
= [Al; - [B, + Byl — {B,], + (B,l, B {4.41)
o
Sau khi bi€u dién [A] qua [B,] bi€u thdc (4.37) tré thanh :

d[B,]

1 [B,) Kk

B,

D& cd thé lay tich phan (4.42) can bist t| sé k,/k;, gid tri nay e thé xac dinh béng
thuc nghiém dya vao bifu thic (4.40). Bist duge k,/k,, ddng thoi két qua l4y tich phan
(4.42) cho phép tim ra gid tri cia k), tit d6 suy ra gia tri k.

Mot s6 vi du vé phan {#ng song song béc haj : phan dng nguyén tit Na véi cloxianua :

Na + e NaCl + 122 C,N,
a -
. NaCN + 1/2 Cl,



Phan Ung k&t hdp hai gée ty do :
20 H = St
. CH, + C,H,
xay ra theo so dé (Ila) con phan dng
Cl, + Na — NaCl + Cl
Cl, + K — KCI + Cl
x4y ra theo so dé (IIb).
Phan ung song song bac trén ldn
Xét truong hgp hai phan dUng song song x4y ra theo s¢ dé .

A—C
K, (II7)
A+B—C,
trong dd ciing mot chdt A tham gia dong thdi vao hai phan idng bic mot va bac hai.
Dua vae sa dé (III) ta cd thé viét :
_ d[B]

5 = KIAlB] (4.43)
d[A]
- 51 = KilAl + k(B [A] (4.44)
Chia (4.44) cho (4.43) ta dudc :
k1
d[A} = |1 + X, E]d[Bl (4.45)
Viéc ldy tich phin (4.45) cho két qua
’ k,  [B]
[Al = [A], - [B], + [B] = K, In 753 (4.46)
. Q
Thay (4.46) vac (4.43) ta duge :
diB] k]
- 5 = kiBI ([A]o - [B], + [B] + K In [Blo) (4.47)
k

> - 1 l‘ ! “ - : B
DE co thé ldy tich phan (4.47) cdn bist ti s6 E Ti 86 nay cé thé xdc dinh bing

k
thyc nghiém, dua vao bidu thic (4.46). Bigt dugc —1, cd th€ ldy tich phan (4.47), tu

k,

dé tim gia tri k,, sau d6 suy ra gid tri k,.

Mot vi du vé phan dng loai nay : 8 - (4 - mofolinyl) etyl xiclohexyl cacbodiimit
(chdt A) trong mdi trudng dioxan : nudc ti 1& 1 : I phan dng véi cacbo benzoxyglixin
(ch4t B) d€ tao thanh N - axyl uré tuong Ung (sdn phim C,). Dong thoi chat A bi
thuy phan tao thanh uré (sdn phfm C,). Phan tdng thiuy phan tuy cd hai phan t& tham

gia nhung tuén theo quy luat bac mot vi lugng nudc trong phdn dng duge coi nhu
khong d8i. :
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4.3. Phan ung nGi tiép

Phin dng néi ti€p 12 phan dng x4y ra qua nhidu giai doan k& ti€p nhau theo thai |

gian, trong dd hgp chit trung gian tuong d6i bén hinh thanh trong giai doan trude bj
tidu hao trong giai doan sau,

Ta hiy khéo sdt trudng hgp don gian nhét 1a phan idng ndi ti€p gém 2 giai doan
bac mot, duge bi€u dién bédi so d6 .
k1
A—B——C (4.48)

trong dd hgp chét trung gian B duge hinh thanh trong giai doan mdt véi hang s6 téc
d6 k, va bi tiéu hao trong giai doan hai véi hadng s6 tSc do k,.

Gia thist o thoi difm t = 0 néng do [A] = [Al, [B] = [C] = 0. Nhu vay & moi
thi di€m ludn lubn cd hé thue :

[Al, = (A] + [BI + [C] (4.49)
Ti sa 48 (4.48) cd th€ vist

-2 ) (4.50)

d[B

S L kAl - Km) 4.5D)

dC

I = k,[B] (4.52)

Ta hay tim bifu thic cda cdc néng d6 [A], [B] va [C] phu thudc thai gian. Phuong
trinh (4.50) 1a phuong trinh phan idng bac moét, do dg

[A] = [A) e X! (4.53)
Thay (4.53) vao (4.51) ta dugc :

d{B -

—fu—] = k[Alje ™' - Kk [B) (4.54)

Day la phuong trinh vi phan tuyén tinh cip mot. Nghiém [B} cd th€ tim bing
2 cAch, '

Céch 1 :
Trude hét tim nghiém cta (4.54) trong trudng hop dic biét khi t rat lon, e kil —{,
ta cd

diB]
dt

Sau khi ldy tich phan ta duge : In[B] = ~k,t +1

= "'kz[B]

Dat I = InZ ta c6

(B] = Ze~ kst | (4.55)

Trong trudng hgp téng quat dng véi t bAt ki thi 2 khong phai 12 hing s6 ma la
mdt ham cia t, do d¢ 14y vi phan cda (4.55) theo t ta duge :

S‘% - %% ekt = K, Ze k! (4.56)
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So sa:’l_nh (4.56) va (4.54) va luu ¥ (4.55) ta dugc :

dz _ -
T ¢ 7= kAl eTh! (4.57)
va Ze k' = [B] (4.58)
L4y tich phan (4.57) :
k,[A]
1 o
7 = ———— % TEI 4 const
(k; —ky)
thay Z vio (4.58) :
kA kit Kyt
[B] = -———e ' + const.e”
(k; — k) :
tlit diéu kién ddu t = 0, [B] = O ta rit ra ;
const —_ - _._lf.l&
: k, = K
cufi cing nhan duge :
k [A]
1 o - _
Bl = ——— (e kit — g7 ket (4.59)
-k -k )
- Cach 2
Tim nghiém [B] ctia phuong trinh (4.54) & dang t8ng quat :
[B] = ae™ki! + ae k! (4.60)

Ldy vi phén cla (4.60) theo t va so sinh két qua thu dugc vai (4.54), qua vai bi&én
ddi ta rut ra.

k,[A],

(4.61)
k, — Kk

al=

Thay o, vao (4.60) va dya vaoc diéu kién ddu t = 0, {B] = O ta tim ra gy

ky[Al,

“ =~k (4.62)

Thay «a, va a, vao (4.60) ta duge hé thic (4.59). .
Biét ndng d§ cha A(4.53) va B (4.59) dua vao (4.49) ta tim duge néng d6 cia C :

E_ klt -k e— kzt
2 ! ] (4.63)

k -k
Sy phu thude ndng do cia A, B, C vdo th¥i gian duge bi€u dién trén hinh 4.2.
Ta cing cd thé bifu dién sy phu thude cia ndng do vao thdi gian qua cdc thong s6

ky

k,’

[C] = [A10[1 -

khong thi nguyén. Dat a = [A)/ [Al, # = [B) {Al, v = [CHIAl, 6 = K, q

tit cdc hé thdie (4.53), (4.59) va (4.63) ta nhan duge :



a=e (4.64)
f=—1 (0 - (4.65)
q—1
v = 1+ 1£_q (e — o=ty (4.66)
Sy phu thudc cia 8 va y vdo 1 - « (4§ chuyén hda) ducgc bi€u didn trén hinh 4.3
) 0 6 oo ‘
I
Ao
Ndng H
C
: do
: 1/2 AV
2
0 oo ’ 0 10 20 30 40 80 60 7o
0 11—« 1 t, phit
Hinh 4.3,

Hink 4.2
Céc dudng cong ¢ong hoc
k, cba phin (ng ndi Liép
x
D 1
cac gia trj g K, khic nhau. A B C

Sy phy thude cha néng 46 tuong ddi 8 vao do
chuyén hoa 1 - « iing véi

Cac dudng cong dong hoc trén hinh 4.2 cia phén dng néi ti€p cd nhitng dac diém
sau day :

a) Tru6c hét v& hinh dang, dudng cong A giam theo t theo quy luit ctia phan dng
bdc mét ; Dudng cong ctia hop chit trung gian B di qua cyc dai tai thai digm tnax 5 tinax
tim duge bing cdch 14y dao ham (4.59) va ti didu kién cuc dai d[B)/ dt = 0 rit ra

Ink,/k,

Dudng cong C ¢d dang chit S di qua mét di€m uén. Thoi difm C di qua diém uén
cung 12 thoi diém B di qua cuc dai b
L&y dao ham bac hai cia hé thde (4.63) va ti didu kién.
&’[c] _
dt?
ta dé dang ching minh duge tnax(B) = t,5,(C).

Mot diac digm khdce cha duong cong C la trong mét khoang thoi gian ddu nhdt dinh,
néng do [C} thyue t& bing khéng Khoang thdi gian nay goi la thoi gien cdm ing. Sy
ton iai cia thai gian cadm tUng & day lién quan téi viéc san phdm C khong hinh thanh
tryc ti€p tit A, ma qua sin phdm trung gian B. Su c6 mat cta thii gian cam dng con
la ddc di€m cta phan dng dAy chuyén va tu xdec téc sé xét sau.

b) Hinh dang cdc dudng cong phu thuée vao tueng quan gia k; va k, Gia tri
k, dugc xdc dinh ti dudng cong A theo phuong phap ap dung d6i v6i phan dng bac
mot ; k; cd thé tinh theo bigu thic (4.64) sau khi xdc dinh k) va thoi di€m t__ bing
thuc nghiém.
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-Gid trj néng d¢ cuc dai [Bl_,, tai thoi di€m t

cé th€ tinh duge bing cdch két
hop (4.67) va (4.59), sau vai bién d6i ta rit ra :

ax

Bl = [A]O[k—1 (4.68)

Néu k; = k, = k he. thie (4.59) trd thanh b&t dinh. D€ khi dang b#t dinh, theo
quy tic Lhospital thay cho (4.59) ta 14y ti s6 dao ham cdc ham s6 theo k; :

[e_ Bt — o7k — k te” Mt e
[B] = [A}, - 3 = [A] kte (4.69)
Ti hé thic (4.69) theo phuong phdp théng thudng ta tinh duge :
1 [Al,
tax = V2 [(Blpax = 3 (4.70)

Néu k, « k; didu ndy cd nghia 12 t6c d9 tiéu hao B bé houn rdt nhiéu so v6i t8c
do tich liy nd, va tlit (4.68) ta cd thé nhan thdy [B] _ ti€n tdi gia tri [A], . Day la
truong hop san phim trung gian B rdt bén, cd thé xem nhu tit cd A bién thanh B
trudc khi B phédn huy.

Nguge lai, néu k, > k,;, tit (4.68) ta nhan thdy [B] .. o6 gid tri rdt bé so véi [A],
day ia trudng hogp sdn phim trung gian B rdt hoat dfng, nd bj phan hiy ngay sau
khi hinh thinh. '

Trong trudng hgp nay (k, >» k;) phan Ung cd 2 dac diém.

Mat la vé& mat doéng hoe sy hink thanh sdn phdm C sé& tuan theo quy luit phéan
Ung bac mét dng véi so db
l"l
A—C

Thuc vay, vi k, > k; nén biéu thdic (4.63) bién thanh [C] = [A] (1 - e_klt) day la
phudng trinh cta phén dng bic mét.

k,
Hai 14 néu k, >k, thi [B]__ va t__ dé&u rdt bé. Thuc vay tit (4.68) vi —E =-1.
. 3 k -
1

: k
ta cd thé vist (B] ,, =~ [A]o(i)

k,

Gi4 tri [Bl,,, phu thugc vao ti s§ ky/k,, k, cang lon thi [B] . .va t . cang bé (d6i

chigu hinh 4.3). Khi k, rat 16n, cd nghia 12 B rdt hoat d¢ng v& mat hda hoc, mét cach
gin ding ¢6 thé xem

(Bl .. = [Bl = const

hodc

d[B] '
- = 0 (4.71)

dé 1a n6i dung cla nguyén li ndéng dé 6n dinh cia Bodenstein (1913) phat biéu nhu
sau : trong mot phan dng phie tap v6i sy tham gia cla nhitng ti€u phan trung gian
hoat dong, vi du nguyén td hodc gdc ty do, thi néng dd ciia ching trong phan dng cd
thé xem nhu khéng .d8i. Trong diéu kién d6 phan dng duge xem la xay ra & trang
thai én dinh.
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Nguyén If néng d6 dn dinh tuy chl 1a gén dding nhung wu di€m cta né 1& cho phép
don gidn hda nhidu phép tinh phuc tap trong déng hda hoc.

Trén day da xét phadn dng n6i tiép hai giai doan bac mat.
Trong trudng hgp phén dng néi tiép nhidu giai doan bac mét, vl du

ky k, k, k, Ki +1 '
C,—=>Cp—Cy—> . G~ Gy, — . (4.72)

ta cd hé phuong trinh vi phan

dC,

= kG, (4.73)

dC, :

ar - kG - kG, 4.74)

dC,

dCi 4y

—ar — kG Tk Gy (4.76)
vd bi€u thdic cia C, ¢ dang téng quat

C, = o:ile*ktt + ap, e 2l + c:ci:,,ehkit + ooty e Kt (4.7

néng dé C1 va C2 duge bigu dién bdi cdc hé thic tugng tu (4.53) va (4.59). Ta thi
tim Cy. Ta c6 :

C3 = c::3Ie—k1I + 05329_"‘2I + 05339—"3l (4.78)

L8y vi phan cua (4.78) va so sanh bi€u thdc thu duge voi (4.75) sau khi thay vao
diy C, va C, qua vai bién d6i don gian ta rit ra :

Gk
2 (b, = k(s — k)
&k
32 (k) —ky)(ky — k)
Cl kK, .
yy = &, — ki, — K (CT la néng do6 ddu cia C)

Thay cdc hé s8 nay vao (4.78) ta tim ra bifu thic cia C,. Theo phuong phap tuong
ty cé thé€ tim cac néng 46 C, khic.

Phan dng néi ti€p ¢S bac cao hon mot rdt phic tap, cic phuong trinh tuong Ung
chi ¢6 thé ldy tich phan bang s6, do dé néng do khéng th€ biu dién duoi dang giai
tich, ma phai ap dung nhiing phuong phip gén ding khac nhau.

Cée vi du vé phan dng néi tiép.

34



Phan dng thiy phan este ciia oxi axit tao thanh lacton x4y ra theo so dé (4.48)

CH,0HCH,CO0C,H; —» CH,0HCH,COOH — CH,CH,CO + H,0
+ C,H,OH ‘—o—
(A) (B) ©

Su phin hdy phdng xa ty nhién 12 vi du di€n hinh c@ia phan ng néi tiép nhidu
giai doan bac mét.

Su trung hop cao phan ti 12 vi du di€n hinh cla phdn dng néi ti€p nhibu giai doan
bédc hai :

M, + M, — M,
M, + M, — M,
M, + M, — M,

M, +M — M., (M, 1A monome) ;
Qué trinh crackinh hidrocacbon & nhiét d6 cao cd th€ xem nhu tap hop cde phan
ing song song vdi ndi tiép nhidu giai doan voi bac khic nhau.

Dé&n day két thdic viée khao sdt mot s§ phan dng phéc tap. Con modt 6 phan tng
phuc tap khdc nhu phdn dng xdc tde, phan ng day chuyén, phan dng quang hda sg&
xét trong nhing chuong sau.

§5. SU PHY THUOC CUA TGC DO PHAN UNG VAO NHIET PO

5.1. Dinh luiat Arrhenius
Nam 1887 Van’t Hoff trén co sd thuc nghiém dua ra hé thic

k = ke E/RT (5.1)

bi€u dién sy phu thu6c cua hing s6 téc 46 phan Ung k vao nhiét do T. Hé thic nay
duge Arrhenius (1889) ki€ém tra va xdc nhan trén moét s6 l6n phan dng va giai thich
¥ nghia vat i cla nd trén co sé thuyét dong hoc chét khi, cho nén thudng duoc goi 1a
dinh luét Arrhenius. Trong hé thic d6 k duge goi la thia s6 truoc ham mi, R - hing
s khi (1,987 cal/kmol), E - nang luong hoat hda.

Heé thic (5.1) ¢6 thé thigt lap nhu sau,
Cho phan Ung thuan nghich don gian :

k
A+ B = C+D
. k’

trong ddé k, k’ 14 hang s§ tdc 46 cia phan ung thuian va nghich.
Khi dat can bang, hdng s6 can bing

k
K=y (5.2)
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S0 dé nang lugng cua phan ung duge trinh
bay trén hinh 5.1.

Y nghia cda so d6 nay [a phan dng thuan ———
hodc nghich xay ra déu phai vugt hang rao nang i
lugng E hoac E'. D6 chénh léch vé nei ning
gira trang thai ddu va cudi

AU = Q] = E-F (5.3)
14 hiéu ing nhiét cia qua trinh.
T hé thdc quen biét trong nhiét dong hoc.

danC _ E'[i " 4). A
ar~ = g |
néu thay K. va AU bang cac bi€u thic (5.2) va Fnh 5.1,
(5.3} ta dudc : Hang rao ning lugng cha phan ing
’ don gian thuan nghich
dink dlnk’ E _FE k
dT ~ dt ~ gpR  Ry? A+B =C+0D
e
Ta cd thé vist -
dnk  E . . 5 dlnk’_£+ .
a7 - —RT2 cons v a7 - s cons
Thyc nghiém cho biét const = 0, vi vly néu bé ddu phdy ta ducge bidu thidc chung :
dink _E
g RTZ_ (5.5)
Ldy tich phan (5.5) ta cd :
E
Ink = — BT + Ink (5.6)

(Ink, 12 hang s6 tich phan), tit dé riat ra (5.1) la
hé thic mudn tim. Tit bidu thiec (5.6) néu x4y dung
4 d6 thi Ink phu thuée 1/T thi dudng bi€u dién la

gk mot dudng thing (dudng Arrhenius) c6 d6 déc ~E/R.
lng \ Thong thudng ngusi ta dung d6 thi lgk - 1T
2 \ '¢ nén d¢é dbc cia dudng Arrhenius la
S N Algk -E -5
’ \\"‘\ = T T 53R < 3,575l mol
-3 N h A(T)
\ D& lam vi du trén hinh 52 trinh bay d6 thj
4 N Igk - /T cta phan dng hinh thanh (k) va phan
1.2 1,4 1,6 l.B hl’ly Q(’) HI .
—1/T.10° Trong khoang nhiét do 283 - 508°C. Cdc diEm

thyc nghiém nim trén dudng thing ching td dinh

Hinh 5.2. ) luat Arrhenius dugc tudn theo. Tit d6 ddc cac

Dudng thing A"henli"'s cha phin ng  yiyong thdng tinh dugc nang lugng hoat héa E

Ho+L = 21 (phan dng thuan) = 40.000 cal/mol ; E’ (phan ng
g nghich) = 44.000 cal/mol.
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Biét E va bigt k & nhiét d¢ T, theo cong thdc (5.6) c¢6 thé tinh thita s8 trudc ham
mé k_. Vi du d6i véi phan Wng nghich 2HI — H, + I, ta tinh duge k', = 10197 do
do theo (5.1) ta cé k' = 10107 oxp (-44000/RT).

5.2. Nang lugng hoat hoa thuc va bi€u kién

D&i véi phan dng don gidn dai lugng E cé y nghia la ning lugng hoat hda thue,
do 14 nang luong du t6i thi€u ma cdc chdt phan ung cén dat duge d& phan ing cd
th€ xay ra, 14 dé cac cia hang rao nang luong.

Tuy nhién d6i voi phan dng phic tap bao gém nhiéu giai doan, méi giai doan cd
mét hang s6 téc do k;, va ning lugng hoat hda E; riéng thi trong trubng hgp nay dai
lugng E trong hé thuc {5.5) chi 1a nang luong hoat hoa bi€u ki€n. Ldy vi du phan tng
2NO + Cl, — 2NOCI da xét & §2 ma t6c do dugc bidu dién bdi hé thic (2.7), trong
dd hang 56 tde 46 k = kK, & day K, 12 hing s6 can bing cia giai doan nhanh (a) :

k1
NO + Cl, = NOCl,
k,l
k, k

do d6 k = k, —

b0
kl

Co thé viet K, = 1

Liy dao ham cua Ink theo T va luu y hé thic (5.5) ta cd :
dink dink dink’
dink b 1 1 .
dT_dT+dT_dT via E = E +E, -~ E",
o) day E,, E;, E’; 12 nang Iugng hoat hda cia cdc phén dng co ban b, 1 va 1’, cdn
E la nang lugng hoat hoa bigu kién hay hiéu dung cia phan dng téng cong.

Nhu vay, khi 4p dung dinh luat Arrhenius d6i v6i mot phan dng bat ki (da s¢ 1a
phic tap) thi dai luong E trong hé thdc (5.5) ndi chung khéng cd § nghia vat Ii don
gidn, nd bigu thi mdc do phu thubc cha téc dé phan dng vao nhiét do, 13 hé s6 nhist
dg cuia tdc do phan dng, dd chi 12 nang lugng hoat hda bi€u kién nhung théng thudng
ngudi ta vAn quen goi mot cach don gidn 12 nang lugng hoat hda.

Trén hinh 5.3 trinh bay moét s6 dang phu thude cta t6c 4o va hang sd téc do phan
dng vao nhiét do.

Trén hinh (a) bi€u dién dinh luat Arrhenius.

Su khio sdt cong thuc (5.1} cho thdy khi T — =, k — k.. Diéu nay cd nghia la
dudng bi€u dién k = k(T) phai c¢d di€m udn, 14y dac ham bac hai cia k theo T (bi€u
thie 5.1) va cho triét tiéu ta tinh duge nhiét do T(uén} = E/2R.

Néu E = 20000 cal/mol thi T(uo'n) = H00OK 13 cac hon rdt nhiéu so vdi nhiét da

phén d¥ng théng thudng (< 1000K), cho nén trong thyc t& chi gap doan dudng cong
vé ddm trén hinh (a). Tuy nhién ddi v6i mo6t s3 it phan dng c6 nang lugng hoat hda
rat bé, vi du ¢d 1 kcal, thi ki€u phu thudc theo doan dudng chdm chim trén hinh (a)
cd thé xay ra.

Hinh (b} bigu dién sy phu thuéc k = k(T) d6i vdi mot sd phan vdng tam phan td.
Diédu nay sé dugc giai thich & §13.

Hinh (c) 1a truong hgp k khéng phu thudc nhiét d6, ndi cdch khaec E = 0. Phan
ing cd ndng lugng hoat déng hda bang khéng it gap. Mot s6 vi du : phan ting :

Na + HI — Nal + 1/2H, ; K + HBr — KBr + 1/2H, ;



k. [}
— 1
3 Rl k (®) k (c)
|
E/2R T— T— T
v, ¥,
(d) (e)
T T

Hinh 5.3
Sy phu thudc hing sd téc do k va t6c d6 phin ing W vac nhiét d6 T
(a) : Kidu phy thubc phd bién.,
(b) : Mot sd phan itng tam phan t.
(c) : Phin ing don gidn (it gap).
(d) : Phan itng xic tc enzim.
() : Mot s8 phin (ng oxi héa hidrocacbon.
2Na + C,N, -» 2NaCN ; Na + CICN — NaCN + 1/2CL, v.v..

Hinh (d) 12 trudng hop phan ung xic tdc enzim, & nhiét d6 cao enzim bi phan hay
nén tdoc d¢ phan dng gidm.

Hinh (e) la trutng hop mot s6 phan ng oxi hda hidrocacbon, vé& cach giji thich
xem §14 (so sanh vdi hinh vé 14.3).

5.3. Hiéu dng bu tru _
Trong phuong trinh Arrhenius (5.1) hai dai lugng k, vd E 14 nhiing dic trung cia
phan ung. )
Ta thit so sdnh hing s6 t6c d6 k cta hai phan idng cd E chénh nhau 10 kecal/mol,
con k, cua ching duoe gia thigt bdng nhau. Theo (5.1) ed th& viét.

k] - koe—EI{'RT
k, = koe—EszT
Néu T = 500K thi k /k, = ¢! = 5.10%

Bai tinh cho th4y mot su chénh léch dn khong lén cla nang lugng hoat hoa cing
dan dén mot sy chénh léch rdt lén cia téc dé phan ng. Tuy nhién thuc nghiém cho
thiy trong nhiéu trudng hgp, hai phan tdng ¢d téc do khong chénh léch nhau méy, mic
ddu nang lugng hoat hda cia ching r4t khdc nhau. Hién tugng nay chi cé thé gidi
thich néu gia thist hai dai lugng k, vd E clia nhitng phan dng so sinh la dong bién.
D6i voi phan dng cd E ldn thi déng 16 téc d6 phai cham, nhung vi k_ cing l6n lam
cho t6e d§ khong qua cham. Ngude lai phan dng cd E bé thi téc do phai nhanh, nhung
vi k, cling bé nén t6c d6 khéng th& qua nhanh.

= o ~ EYRT _ ,10000/2T
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E va k, nhu vay 1a ba trit ldn nhau. Trén co sd t8ng k&t cic s6 litu thyc nghiém
nguti ta thigt lap duge hé thic kinh nghiém sau day :

E = alnk, + § (5.7)

trong d6 « vd § 14 cdc hdng s6 dic trung cho cdc phdn Ung so sdnh. Hé thic (5.7)
dude goi 14 hiéu tng bit tri. §3¢ nhiéu nguyén nhén dua dé&€n hiéu dng bi tril, tuy csch
giai thich ¢d ch8 khic nhau )ﬁhtmg sy tén tai cia hiéu Wng nay thi khéng ai pha nhén.

5.4. Quan hé gida ning lm;lng hoat h6a va hig¢u dng nhiét caa phan ing co ban
Quan hé nay thé hién msi lién quan gilta kha ning phan dng vA cdu tao phéan
tit. V& mat dinh lugng, quan hé giita nang lugng hoat hda E va hisu wng nhiét Q (doi

vOi phan dng phdat nhiét) l&n ddu tién duge Evans va Polanyi (1938) dua ra dudi dang
hé thdc :

E=A-0oQ (5.8)
trong dé A vA a la nhitng hang =6 :
Sau do6 pbuong trinh (5.8) duge Semenov ching minh bing thyc nghiém, trén cg sd
so sdnh néng luygng hoat hda va hiéu tng nhiét cdc phan dng thé gée tu do kidu
X+RY -XR+Y '

trong dé X = H, Na, CH,, OH™, RX la cdc phan td khdac nhau : cdc ddn xuit metan,
andehit, etilen, propilen. Két qua duge trinh bay & dang d6 thi E - Q trén hinh 5.4,
trén dé ta théy phan 1dn cAc di€m thuc nghiém lot vao khodng gita 2 dudng thing
song song : E = 10 - aQ (dudng 1) va E = 12,7 - «Q (dudng 2), véi ¢ = 0,25. Luu
¥ dé&n d& chinh xdc cha nang luong hoat
héa vao khoang 1 - 2 keal/mol va cua
hiéu dng nhiét vao khoang 2 - 3 kcal/mol,

E.kcal/mol Semenov dua ra phuong trinh gin déng
13k sau day d6i vé6i phan dng phdt nhiét :
b
HEORE E = 11,5 - 0,25|Q| (kealimol) (5.9)
AT
N LN D6i v6i phan dng thu nhist, k&t hop
8 o 2%, %"}ct{\ T 2 ‘Ihé thie (5.3) va (5.9) ta duge phudng
z *:‘:’" TS trinh
7Y 3
9 ™ T E = 11,5 + 0,75/ Q] (5.10)
% ¢ RNEE : 3 ) ’ o
> =~ Z O bang 5.1 din ra cac gia tri hiéu
™~ dng nhiét vA nang lugng hoat héa thue
] b b
0 [

nghiém va tinh todn (theo cac hé thic
(56.9) va (5.10) d8i v4i mot s6 phan dng
th& gbc tu do. CS thé théay 1a cdc hé
thiic nay dugc théa man t6t d6i véi phan

5 10 15 20 25 30 35 40 ‘wkeaimol

Hinh 5.4.
M¢di lién hé gida ning lugng hoat héa

va higu Ung nhiét cia cic phin (ng phat nhiét ing cta cdc gbc H, D, OH, CH3 ; o
kiflu X + RY = XR + Y mdc d9 kém hon d&i vdi nguyén ti1 Na ;

e 4 + RH A H + andehit va sai léch nhiéu dm‘vél. phan m?g H+D,

x H + RC ~ H + RBr va cdc phan dng o nguyén td halogen

& D + RH o CHs + RH tham gia. D8i v&i cdc phan dng phat

V CHs + RC A CHy + RBr nhiét manh cd |Q| > 46 keal phuong
o 9 Na+ Rbr trlnh (5.10) khéng 4p dung duge vi E
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cd gid trf Am (phan @ng cudi bang 5.1). Nhu vay cac phuong trinh (5.9) va (5.10) cé
thé ap dung cho nhiéu phan Ung th& gbc ty do nhung ciing gap mot s6 ngoai l&.

Bang 5.1. Hi¢u ing nhiét (Q) vd ndng liong hoat hia (E) ciia mot s6 phdn tng thé gic

tr do.
T E, kecal/mol —i
Phan dng Q, kecal/mol Thue -nghiém (5.g)in:at?§jo}

H + CH, -» H, + CH, + 2 13,0 11.0

H + C,H, — C,H+ H, + 5 9,5 10,2

H + CyH — iso - C,H.+ H, + 13 8,5 8,2

H + C(CHy); — H, + CH,C(CH,), + 4 9,3 10,5

H + CH,CHO — H, + CH,CO +18 6,0 7,0

H + CHCl, — HCl + CHCI, + 28 4,5 4,5

D + CH, - HD + CH, + 2 11,0 11,0

H + D, » HD + D 0 6,5 11,5

OH + CH, - H,0 + CH, + 16 8,5 7,5

OH + C,H, - H,0 + C,H, + 19 5,5 6,7

OH + CH,CHO - H,0 + CH,CO + a2 4,0 3,5

| CH, + CH, — CH, + CH, o | 112 11,5
CH, + C,H, — CH, + C,H, + 4 | 104 10,5

ClL; + CeH,, = CH, + iso - C.H,, +13 8,1 8,3
CH, + iso - C,H,y ~ CH, + (CHy),C + 16 7,6 7,0
CH, + (CH,),C -» CH, + CH,C(CH,), + 4 10,0 10,5
CH; + CH,CHO — CH, + CH,CO + 16 6,8 7,0 |
Na + CH,Cl — NaCl + CH, +14,5 10,2 7,9

Na + C,H;Cl — NaCl + C,H, +17,0 9,7 7,3

Na + CH,Br — NaBr + CH, + 20 5.0 65 |
Na + C,HBr — NaBr + C,H, +22.7 4,9 59
Cl + H, > HCl + H - 11 6,7 12,3 |
!Br + H, — HBr + H -16,4 17,6 23,5
F+H, »HF + H + 31 75 37 |
NO, + CO — CO, + NO +55 27,8 <0 |

— e

Heé thde (5.8) c6 th& giai thich mot cich dinh tinh bang sg dé trén hinh 55
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(ia thigt phan dng :
X, +RY =X, .R.Y—=>XR+Y

dugc dac trung bang nang lugng hoat héa E; va hiéu ing nhiét Q,. Trén hinh 5.5.
hang rido nang lugng E; dugec xem nhu
tao ra bdi sy cit nhau cha hai duang
cong f(a) va (b) bi€u dién thé ping cua
hai phan 1 tvong Ung RY va X R Néu
thay gdc X, bdi géc X, va gia thiét phan
tt X,R c6 thé nang thdp hon X R thi
diéu nay dan dén viéc gidm ning lugng
hoat hda t&t E dén E, kém theo su tang
hiéu dng nhiét td Q, dén Q, nhu biéu
thic (5.8) doi héi.

. Buing phan dng
Hé thic (5.8) 12 mot bifu hisn cua mél
quan hé tuyén tinh cia bi&n thién mang ffinh 5.5. S0 d6 nang ludng
luong tu do (xem §26) Xy + RY > XR + ¥ v

X, + RY = X,;R + Y

§6. CAC PHUONG PHAP NGHIEN CUU PONG HOC
VA XU Li 86 LIEU THUC NGHIEM

6.1. Ciac phuong phap do toc dé phan iing
Trong phuong trinh téc d¢ phan dng

W = ke MRIChCh.. (6.1

mudn xdc dinh cac théng s6 déng hoc k,, E vad n, cin phai biét W. Cho nén cbng viéc

ddu tién cla ngudi nghién cdu 1a tim cach do tdc d phan dng.

D6i voi nhitng phan wng cham, téc d6 o6 thé do bing phuong phap théng thudng
khi tién hanh phan #ng trong diéu kién tinh (phuong phap tinh) hay diéu kién déng
(phuong phap doéng).

D&i voi nhitng phan dng nhanh phai ding phuong phap dac biét nhu phuong phép
phun tia,phuong phdp héi phuc can bang. Sau day ta gidi thidu nguyép tde cla céc
phuong phdp dd. '

6.1.1. Phuang phip tinh 1a phuong phdp ti€n hanh phan idng trong hé kin vdi thé
tich binh phan @ng khong d8i vad xdc dinh sy bién thién néng do chit phan dng hodc
sdn phdm theo thoi gian & nhist dé cho siin. Né&u phan ¢rr xav ra gida hai chéit,

" chung phai duoc déng thai dua vao binh phdn dng, thsi gian tron iin hai chdt phai

bé hon nhiéu so v6i thai gian bdn hiy cta chung N&u chi ¢d mot chdt phan dng thi
lic dau ngudi ta gitt nd d nhiét 46 thdp (phdn ung chua x4y ra), sau dé dua nhanh
nhiét d6 Jén t6i nhiét d6 phan dng. Thanh binh phan Wng phai tro d6i véi phan dng,
thudng lJam bing thuy tinh hay thép khong ri (néu 4p sudt cac). N&u cdn loai trit Anh
hudéng cua thanh binh thi ngudi ta ti€n hanh phan dng trong nhiéu binh co ti t& S/V
khdc nhau. (S — dién tich thanh binh, V ~ thé tich binh phaun ing Tée do thue cda
phdn dng Ia téc do duge. ngoai suv dén gis tri 8/V = 0.



Su bién thién néng dé theo thai gian cd thé do tryc tip hay gidn ti€p. True tiép,
vi du do su thay d6i 4p suit (né&u phan dng trong pha kh{ kém theo su thay ddi s8
mol), phan tich thanh phin hda hoc cdc méu clia hé phan ing & cdc thoi di€m khic
nhau. Gidn tiép, vi du do nhitng théng s6 vat i cda hé ti 18 v6i ndéng d6 nhu do quay

cve (d8i vai chdt quay cuc), mat do quang (d6i v6i chdt 16ng c6 mau), cudng 49 buse
séng dic trung v.v..

Két qua do duge bidu didn trén d6 thi néng d6 - thai gian, dudng bi€u dién goi 1a
duting cong déng hoc. Do déc cua dudng tiép tuy&n vi dudng cong déng hoc & thoi
di€m t chinh 1a téc dé phan ing tai thdi di€m dé (W = dC/dt).

Don vj nfng d¢ thudng la phan td/em? hode mol/lit, don vi thdi gian thudng 1a phiit
hodc giay.

6.1.2. Phuang phip dong 1a phuang phap tién hanh phan wng trong hé md bang cich
cho mot dong lién tue ch&t phan Ung di qua binh phin #ng v6i tée d6 khéng déi. Chat
phan idng ¢6 thé di qua binh phan ing mét 14n (phuong phap dong binh thudng),
hodc quay vong nhiu 14n qua binh phan Ung trude khi ra khai he (phuong phap dong
tudn hoan).

Dong hoc dong phic tap, & day chi gidi
thidu so luoc.

Gia thigt cho m6t dong chat phan dng di

| i
o i
qua binh phan dng hinh tru cé thé tich v, voi u, (dV) |
tdc d6 dong khéng d6i U cm®/s (xem hinh 6.1) o |
Goi C, va C; tuong Ung la néng do chat G 1 2 C,
phan vng & 16i vdo va 16i ra’ binh phan ing.
Trong phuong phap dong binh thuting néng Hinh 6 .1

do chat phan tng giam theo chiu dai binh Dong chdt phan ing di qua binh phan ing
phan vdng (cd gradien néng do).

Gia thiét phan ing la bac mét ung vdi phuong trinh tée do.

W = Br T kC (6.2)

Ta hay theo da&i su bién thién nong d6 C chdt phan Wng trong thé tich dV gidi han
bdi 2 ti€t dién 1 va 2. S6 mol chat phan dng di vao dV qua tist dién 1 trong thai
gian dt 1a UCdt. S6 mol chit phan Ung roi khéi dV qua tiét dién 2 trong thai gian
dt 1a U{C + d4C)dt (dC 1a bién thien néng do tit tiét dien 1 dén 2, dC am nén viét
ddu céng). D& chénh léch s6 mol nay phai bidng s8 mol da phan tdng trong thé tich
dV trong thdi gian dt, nghia la bang kCdVdt. Ta cd

UCdt - U(C + dO)dt = kCdVdt (6.3)
sau vai bién ddi ta nhan duoe
dC k
-—_— = — 6.4
T T dv (6.4)

Ldy tich phan phuong trinh nay, cha ¥ gidi han tich phan € = C, khi V = 0 va
C=C khiV=V taecs.

a =

C’dc
_f'c_=
Ci

va
Jav
(4]
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C, —kV
g = — 6.5)
1
hodc
C; = Ce*VU (6.6)

So sanh (6.6) va (3.5) ta thdy hai cong thic nay cd dang tuong tu néu thay V /U

bing thdi gian 7. Vi V_/U cd thit nguyén thdi gian nén ti s nay duge goi 14 thoi gian
tiép xtc 7.

3

V (em™)
3 o = Uus) (6.7)

_ U{em” .8 °)

T ¢é ¥ nghia 12 thdi gian trung binh ma chit phan Ung di qua binh phan dng. Ta
cé thé thay d8i T bing cdch thay d6i mot trong 2 dai lugng V_ hoac U. Xdc dinh néng
46 C; & 16i ra Ung vdi cdc thdi gian tiép xuc 7 khdc nhay, ti cbng thic (6.5) tinh
duge k.

Néu phan dng 1a bac n thi (6.3) tré thanh

UCdt - U(C + dCydt = kC™"dVdt (6.8)
sau vai bién d8i ta nhin duoge :

ac k

e dv (6.9)

Ldy tich phan (6.9) voi cdac giéi han nhu trén ta dudc :

kV
: . N (6.10)
n—1 cp - 1 ch ! U

Hé thic nady cing c6 dang tuong tu: nhu hé thic (3.30) khi thay V_/U bang thdi
gian 1.

Né&u phan dng tién hanh theo phuong phap dong tudn hoan thi do viéc khudy trén

cia bom tudn hoan, khéng cd gradien néng dd theo chidu dai cda binh phan ing, do
dé khong cdn phai tach nguyén té thé tich dV d€ xét, ma xét ca thé tich V_

Trong modt don vi thdi gian, s6 mol chit phan dng di vio binh bang UC;, sé mol
chdt phan ¥ng ra khéi binh bing UC, s6 mol tham gia phan dng 12 WV, (W - tfc
dé phan dng trong don vi thé tich), do d6 cd thé viét :

UC, - UC, = WV {6.11)
hoac

w2 % 6.12
=TV, (6.12)
Bigt néng do C, va C; vng vai t6c dp dong U, dua vao bi€u thdc (6.12) ta tinh
duge tfc do phan dng W.

Trong cdc phuong phdp ndi trén thdi gian dua chit phan dng vac binh phin idng
va thoi gian tron déu ching ddi hoi tt vai gidy dén mot phut, thdi gian dé qua lon
d6i véi nhitng phan dng nhanh. Vi vay d6i véi nhing phan dng nhanh phai ap dung
cdc phuong phip do t6c dd khac.
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6.1.3. Phwong phdp phun

Phuong phép phun thudng dung dé&i
vOi phdn Ung nhanh giita hai chat long
la phuong phdp phun nguge chiéu 2
tia chdt A va chdt.B va cho ching gap
nhau trong binh trén 14n (hinh 6.2).

Phén ing xay ra trong binh phan
ing n6i lién v6i binh tron 14n, san
phdm dugc phan tich nhanh bang
phuong phap thich hop.

6.1.4. Phuong phdp hbi phuc cin biing

Néu mét phan dng dang & trang
thai can bang ta thay ddi dot ngot
diéu kién ngoai, vi du nhiét do hoac
ap sudt, thi sau mét thoi gian hé s&
chuyén sang trang thai can bing méi.

Théng qua viéc xdc dinh thoi gian
h6i phuc can bang ta c6 thé xdc dinh
duge hing s6 téc do ciua phan ting
thuan va nghich.

Lay vi du phan dng thuan nghich

A B

ks !

dd xét ¢ §4. Bidu thdc cua tde do
phadn dng cé dang :

Hinh 6.2.
Binh phin {ng trong phuong phap phun

2% ="k(a ~'x) ~'k'x (6.13)

Khi dat can bing ta cd
k(a -~ x) - kx, =0 (6.14)
(a 12 néng do ddu eta A ; x va x. tuong dng la néng dé cta B & thoi didm t va
¢ trang thai can bang). Sau khi diéu kién ngoai dot ngét thay déi, he chuyén sang

trang thai cin bang méi. Goi Ax = x - X, 12 khoang chuyén dich can bang. Thay
X = Ax + x. va luu y dx/dt = dAx/dt, tu (6.13), ta cd :

d(cix) = ka - kAx - kx, - K'Ax - k'x, (6.15)
k&t hop (6.15) va (6.14) ta duge
d(ix) = —(k +k’)Ax
hoac InAx = -(k + k’)t + const (6.16)
Khi t = 0, Ax = (Ax),, suy rﬁ const = In (Ax),, vay
In Gk o k + k)t (6.17)
Ax
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O day (Ax), 1a khoang chuyén dich can bing khi t = 0. Néu chon {Ax) /Ax = e
thi tit (6.17) suy ra

1 .
b=t = oo (6.18)

t. dugc goi 1& thai gian héi phuc, dé la thdi gian cén thigt d€ khoang chuy&n dich
ban ddu {Ax}, gidm e lan. Bang thyc nghiém ngudi ta xdc dinh duge t, va dua vao
(6.18) tinh dugce téng k + k’. Mit khdc n&u bi&t ndéng dé can bang x, thi ¢d th& tinh
duge hing s8 cdn bang K = k/k’. Bist t6ng s8 va tl s8 cia k va k' ta cd th& tinh
duge d& dang cdc gia tri k va k' riéng biet. C6 nhiéu phuong phap dé€ thay dd8i dst
ngdt didu kién can bang. Vi du nhiét do cla binh phdn tng cd thé ting tit 2 ~ 10°C
trong thoi gian 107% do két qud phdng dién tu didn cd hidu dién th€ 100kV. Thsi gian
hdi phuc can bang cd thé do bing phuong phap do d6 din dién hoac quang phdé k&
Ngudi ta cd thé do-dudc thdi gian héi phuc trong khoang 1-107 %, hing s6 tée do
phan dng cd thé dat gid tri k., = 10" 1/mol s.

Ap sust cﬁng_r cd thé giam dot ngét, vi du tif 50atm xubng latm trong thdi gian
107 % bing cach choc thiung nip binh phan Ung (phan iing trong pha léng). Thdi gian
héi phue xde dinh bing phuong phdp do do din disn. Thai gian héi phuc cd thé do
duge trong khoang 10™% - 50s, hing s6 téc do c6 thé dat gia tri ko = 10° Vmol.s.

Diéu kién d€ ap dung phuong phdp nay la thdi gian ph4a hdy cén bdng phai bé hon
nhidu so v&i thoi gian hdéi phuc. D3l véi nhitng phan iing cuc nhanh +i du phan dng

+
két hgp ion H va OH™, thoi gian phd hiy can bing phai vac c 1077 - 10 % trong
khi thdi gian héi phuc co 107> - 107,

6.2. Cac phuong phap xac dinh bac phan ing va hiing s0 toc dd phan ung
Gia thiét phan dWng tuéin theo phuong trinh ti luong :
v;A + v,B + .. — sdn phdm.
va phuong trinh déng hoc :

A )

W=—V—I.W=kCA10'§2 (6.19)
D& xac dinh bdc riéng, vi du n; 461 voi cdu tit A, ngudi ta ldy t&t cd cac cdu td

khdac déu thia du, sao cho sy bign thién néng d& cta chding trong phadn ding khéng

‘Anh hudng dén tdc d6 phan tng, khi d6 ta od thé vigt :

dc,

5 = KCh; k=v k'Cr ... . (6.20)

1 B

D& x4c dinh bac chung n = n; + n, + ... thi ndng d¢ cdc cfu t& phai 14y voi ti l&
theo ding phuong trinh ti luong. '

Chang han d&i v&i phan dng gita A va B ma néng 46 dugce ldy theo diing phudng
trinh tl lugng, nghia la

A " Y2
— = — hay C, = C
Cp Vo Y “B Ay
dCA tral! 'V2 "2 n
ta s& cd —T = vlk CA]‘ {CA ;‘l—) = kCA (6.21)
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By
5 11=n1+n2

. V2
vai k = vk v
Sau day ta khao sit mét sé phuong phdp xdc dinh bfc phan ing,

6.2.1. Phuwong phdp so sinh cdc duirng cong déng hoc véi thing s& vé thi# nguyén
T (6.20) va (6.21) ta ¢S thé viét phuong trinh chung duéi dang.
dC n
-3 = kC (6.22)

néu n # 1, khi ldy tich phan ta c¢d :
1 1 1
(n - 1) !Cn—l - cn~1] = kt

Pat @ = o~ va  CT= kel (6.23)

[

@ va T tudng Gng 1a cdc théng sé néng d6 va thsi gian v6 thd nguyén
Phudng trinh trén trd thanh :

1 -
(T%T)':n—lnlzlzkcg ltzr

o
hoac
lgr = lg[“ln_n_}.l ] (6.24)
Bang 6.1. Gid trf gt n'?ng vl cde gid tri ¢ = CIC, khdc nhau.
T
9 L n
-' 0 0,5 1 1,5 2
[ 09 1,000 1,011 1,022 1,034 1,046
0,8 1.301 1,325 1,348 1,373 1,398
0,7 1477 1,514 1,552 1,592 1,632
06 ' 1,602 1,654 1,708 1,765 1,824
0.5 1,699 1,768 1,841 1,918 0,000
04 1778 1,866 1,962 0,065 0,176
[ 03 | 1,845 1,957 0,081 0,218 0,368
0,2 | 1,902 0,044 0,206 0,393 0,602
o1 T 954 0,136 0,362 0,636 0.954
Néun =1, thay C bdi @ va t bdi T trong (6.22) ta sé cd

sau khi ldy tich phan ta duge -lne = 7
hoac lgt = lg(-Ina) (6.25)
46



Nhu vay, dung vdi cdc gid tri ¢ va n
cho sén, ta tinh duge lgT theo cdac phuong
trinh (6.24) hodc (6.25). M&i lién hé gita
lg?, « = C/C, va n duge trinh bay trén
bang 6.1 va trén hinh 6.3.

Viéc xdc dinh bic phan dng dugc tién
hanh nhu sau.

Theo s6 liéu thue nghiém ta tinh gia

tri @ = C/C_ & cdc thdi di€m khac nhau,
r6i dung dé thi ¢ = f{lgt).

Vi 7= kCh7h

hay lgr = lgt + 1g(C? ™1

Do do d6i vdi mot gid tri n cho sdn
hai dudng cong li thuyét o = f(lgr) va
thye nghiém.a = f(lgt) s€ tring nhau
khi xé dich duong cong thue nghiém
mot khoang c6 dinh (1gC7~ ' = const)

trén truc hoadnh. Phuong phap nay cho
két qua cang chinh xac khi phan ing
cd dod chuyén hda cang sfu, tlt ¢ = 1
dén a = 0,2.

al0
1o *:\
NREH
N
0.6 N \k
N
0.4 \ \\\
\ TN
0.2 0 1 34
=4
0 Wiyl
0.1 0.3 1 3 10

Hinh 6.3.

Sy phy thugc ndng dd tudng di « vao thong s6
thdi gian T Ung voi cic bac khac nhau (0, 1, 2, 3).

Vi dy 1 : Phan dng phan hiy metyl clorofomiat thanh photgen trong pha hoi xay

ra theo phuoang trinh.

CICOO0CCl4(k) — 2COCL, (k)

Ap sudt chung P bign thién theo thdi gian nhu sau.

t,s PmmHg t,s

0 15,03(P ) 751
51 15,48 1132
206 16,74 1575
454. 18,57 2215

Hay xac dinh bac va hang s8 téc d¢ phan tng.

PmmHg

20,33
22,27
23,98
25,89

Loi gidi : Goi Py 1a 4p sufit riéng clia metyl clorofomiat vA x Ia phin 4p sufit cda
chédt phan dng chuyén ra san phdm. Ta cd :

CICOOCCL, (k) — 2COCLK)

khi t = 0: Py =P, 0
t =1 Py = P, - x 2x
Ap suft chung
P =Py+t2x =P, +x
P -P, = x
Py =P, = 2P, - P
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Céc s6 litu d€ tinh todn duge ghi & bang 6.2 dudi day :
Bang 6.2. Phdn w#ng phin hiy metyl clorofomiat

t,s lgt Py mmHg | a = P/P,
0 : 15,03 1
51 1,707 14,58 0,969
206 2,303 13,32 0,885
454 2,657 11,49 0,763
751 2,875 9,73 0,646
1132 3,053 7,79 0,517
1575 3,197 6,08 0,404
2216 3,345 4,17 0,277

Trén hinh 6.4. trinh bay c4c
dutng cong li thuyst « = f(lgr)
Ung vdi cac bac khac nhau (a, b, ¢)
va dudng cong thue nghiém
a = {(lgt) (d). N&u xé& dich dudng
cong (d) sang phai né sé trung voi
dudng (b) Ung v6i n = 1. Vay phan ai.0

Ung dang xét ¢é bac bang mot. 108
6.2.2, Phuwong phip téc dé diu t6
(phwong phip Van't Hoff) 0.
Gia thiét ta can xdc dinh bac 0.4
n, trong phuong trinh (6.19), Muén 0.2t
vAy ta cdn lam it nh&t hai thi Q
nghiém dng véi hai néng dé ddu
cda A khac nhau, vi du C} | va
o . ) L Hinh 6.4.
Cg\.zs con nong do cta B thi giir Céc dudng cong li thuyét « = f(lgr) dng vdi n = O (a) ;
R n=1(®;n=2(@
nEuyen. va didng cong thye nghiém a = [(igt) (d)
Trong truong hgp nay ta cd :
Wy = k(C3 D™ W2 = K(CR )

véi k = W(CYH™

Lay loga ta cd :

lgW] = lgk + n; 1gC3 |
lgWg = lgk + nllgC?\,2

T dé suy ra :

lgW3 —1gW7 AlgWw®
lgC_‘,’&,z "lgc?x,l AlgCR :

Béng cach tuong tu cd thé xdc dinh bic riéng d6i v6i cdc cfu ti khéc.

n, (6.26)

N _ : . e
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6.2.3. Phuong phdp dua vao duirng cong déng hoc

Gia thiét bang thuc nghiém ta thu dugec mot dudng cong dong hoc bi€u dién su phu

thugc n6éng do chit phan dng theo thdi gian, C = C (t). Bac phan Ung n trong phuong
trinh tée do.

dC : '
W ="- i kC® : (6.27)

cd thé x4c dinh bing mé&y cdch nhu sau :
6.2.3.1. Phuong phdp vi phan 43 thi (xem vi du 4).

Trude hét ké dudng ti€p tuyén véi dudng cong dong hoc d€ xdc dinh téc do phan
Ung & ciac néng dé khac nhau. Sau dd xay dung d6 thi 1gW phu thusc 1gC. Do déc
cia dudng bi€u dién (dudng thing) chinh la bac n ciia phan tng, vi ta ed :

IgW = lgk + nlgC
AlgW
n= m‘ (6.28)

Trong bi€u thic (6.26) W_ 1a t6c d6 ddu, & thdi di€m t = 0, cdn trong biu thuc
(6.28) W la toc d§ & th¥i di€m t b4t kl dng vdi néng dd C. Trong trudng hop dudng
bi€u dién 1gW phu thuéc 1gC khéng thing thl didu d6 cd nghia ring phudng trinh
(6.27) khoéng 4p dung duge d&i voi phidn dng khao sat.

6.2.3.2. Phuong phap mét duong cong

Néu goi C, la néng d ddu va dit a = C/C, hay C = aC_ tu bi€u thitc (6.27) ta
nhin dude
da

_ -1
- - = kCg al

dt
Sau khi ph&n chia bién s6 va ldy tich phan ta duge :
1 1

n—1]|n-1

- 1| = kC0 1t (6.29)

Goi @) va a, la ti 16 ndng d0 chua phan ng tai hai thdi di€m t, va t) ta cé :

—1|kCh 1t

-1 -1 o] 1
n all'l
1 1

-1 |ker1¢

-1 -1 Q 2
n ag

Chia 2 phuong trinh cho nhau ta duge :
| 1

-1

ay S

_ = . {6.30)
T, 7§

-1

N

n-1
@
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Néu chon trén duting cong dong hoc 2 néng d¢ C, va C, ﬁng véi 2 thoi di€m t,
va t,, sac cho théa méan didu kién a; = a%, thi t (6. 30} ta co

1
_1__
a'l" *tz
Fl*—l
t
2
lgf — -1
(3, = 1)
hoac n=1- g
1

(6.31)

Vi du 2 : Phan dng phan hiay NO, & 4p suét thdp va nhiét d6 cao la bat thuin
nghich. Hay dya vao cac s6 litu duai day dé€ xic dinh bac phan tung.

Bang 6.3. Phdn iw#ng phian hay No,

Thoi gian, s [NO,J . 10! moln
0 17,8
20 10,6
40 7,1
60 5,4
80 4,6
100 4,0

Loi gidi

chon t; = 20s, thi a, = C /G, = ﬁ:—s = 0,595 ;
Khi dd
. c,
ay = = 0,595 = 0,354 = 178 ; suy ra

C, = 6,35.107" mol/l va t, = 50s (theo d6 thi)
Vay theo céng thidce (6.31) ta cd :

50
ls(30-1)
n= T T 050

Bang phuong phép vi phan d6 thi, ké cac
dudng ti€p tuyén véi dudng cong dong hoc dé
xdc dinh t8c d6 Ung vdi cde néng do khac nhau réi
ap dung cdng thic 6.28 ta cing tim duge n = 2.

6.2.3.3. Phuong phép hai dudong cong

Néu tit thuc nghiém thu duge hai dudng cong
déng hoc dng v6i hai nbng do ddu khac nhau,

50

Truéc hét vé dudng cong dong hoc (hinh 6.5). Chan trén dudng cong 2
thdi di€m t; va t, tng vdi 2 d6 sau caa phan dng @, vi «, sao cho o’

I = a5 Vidu
rm:ni/t
18 /¢
14 |
107 o -
0__ - C/C,=0.5951, :2051
CI,‘ICDZO,E\S&,IEZ[CJCG}
6=- t:=50s
2l
[T R R

20 60 100 t.s

Hinh 6.5.
Xac dinh bic phan (ng phan hiy NO,
dya vio mét dudng cong dong hoc



Eo

C{ va Cj, thi bac phan dng cing cd thé€ xdc dinh dugc nhu sau. Chon tren hai dudng
cong &y hai thdi difm t, trén dudng 1 va t, trén dudng 2 dng v6i cing mét do siu
C, C,
ctia phan Ung o nhu nhau, nghia 12 sao cho @ = @ = a khi d¢ ip dung cong thic
1 2
(6.29) ta cd :

n—1
t, CY
t C3
t
2
lg—t:;
n=1+ (6.32)
c?
] .
gCg

Vi du 3 : Hay x4c dinh bic cia mo6t phdn tng, bigt rdng néu ndng d6 d&u chdt
phan dng la C_ thi thdi gian phan @Gng hét 40% la 10 phdt, néu néng do déu tang
lén 5 lan thi thdi gian phan 1ng hé&t 40% la 24 giay.

Loi gidi 10 phut = 600s.
Ap dung cong thic (6.32) ta cd :

| 600 -
85s
24 1525 1,397
= — = 1+ =22 =
n=lt = = g 0,698 ~ °
lg c.

6.2.3.4. Phuong phdp thoi gian ban huy

Dya vao dutng cong déng hoe C = C (t) ta cd thé xdc dinh dugc thdi gian ban
hiy ¢,,, 12 thsi gian d€ ndng dé ban diu gidm mot nla. Mat khac dua vao cong thic
& bang 3. 1 ta cd thé tinh dugc thdi gian ban hdy d6i véi cdc bac khac nhau. Bang cach
so sdnh gia tri t;,, nhan duge ti d6 thi va tu tinh todn ta sé& biét duge bic phan dng.

Vi du 4 : D8i v6i phan dng phan hiy NH, trén vonfram dét ndng & 1100°C ngudi
ta xdc dinh dugc thdi gian ban huy phu thudc vao dp suft diu cla NH; nhd sau
pONH3 (mmHg) 265 130 58

t, (Phut) 7,6 3,7 1,7

Hay xdc dinh baéc va hing s6 téc dé cia phan ing.

Loi gidi : Theo céc cong thic tinh t,,, & bing 3 .1 ta cd nhén xét : néu bac phan
ing n > 1 thi t;, bién thién nguge voi nbng d6 ddu ; néu n = 1 thi t,,, khong phu
thuoc néng d6 ddu. N&u n < 1 thi t,, bién thién cung chiéu v6i ndng do diu. Day
chinh 1& trudng hgp cta bai todn nay. Gia thi€t n = 0, khi d6 4p dung cbng thuc
(3.34) ta co :

61



P P

0
1;2=_£; = k = const ;
k 2t

265 130 58 o
153~ 74 = 34 = !TAmmHg . ph

Nhu vy gia thist n = 0 la déng (phan ing bac khong)
6.2.3.5. Phuong phép dodn va thi .

Né&u cho biét sy phu thuéc néng d¢ chat phan Ung vao thoi gian, thi bac phan wng
cd th€ xac dinh bang cach tinh hing s6 k theo bac ma ta giad thigt. Hang s6 k duge
tinh theo cdc bi€u thic néu ¢ bang 3.1. N&u hdng s6 k c6 gia tri khong déi (khong
phu thuéc néng d4) thi bac duge gia thist 1a ding, néu cac gid tri k nhan duge phu
thufc vao nong d6 thi bac duge gia thist la sai, vd ta phai chon bac khac dé tinh
toan, cho dé&n khi nhan duge gia tri khéng déi cua k.

Phuong phip nay st dung cdc phuong trinh dong hoc ¢ dang tich phan nén duge
goi la phuong phdp tich phan, dé phan biét véi cac phuong phap phai st dung dén
phuong trinh téc d6 & dang vi phan (phuong trinh 6.27) goi 14 phuong phdap vi phan

Trong cdc phuang phdp k& trén, phuong phép t6c d6 ddu cho két qua tin cay nhit,
vi nd loai trit dugc anh hudng cia sidn phém phan iing. Cac phuong phdp khae it tin
cdy hon néu sidn phdm pkan Ung cé tac dung lam ting téc 46 phan dng (ty xic tac),
hoac lam gidm t6c d¢ phan dng (dc ché),

Dudi day néu mét vi du x4c dinh bac phan Ung bing cd 2 phuong phdp vi phan
va tich phan.

Vi du 5 : Cho phan tng gitla trimetylamin (T) vA n - propyl bromua (P) trong
dung dich v&i néng do ddu [T, = [P], = 0,1 mol/l :

N(CHy); + CHy CH, CH, Br —— (CH,)4(CH, CH, CH,)N* + Br~
Su phu thuéc cia d6 chuyén hda vaoc thui gian duge bigt nhu sau

Bang 6.4. Phdn itng giga trimetylamin va n — propyl bromua

t, phut D6 chuyén hoa, %
13 11,2
34 25,7
59 36,7
120 55,2

Hay xdc dinh bac phan ing bing ca 2 phuong phap vi phan va tich phéan
Lot gidi -

I - Phuong phép tich phtan

a) Gid thiét bae 1 -

d[T]
W=r--g =k
? ‘ [T, - [T]
_Vl d0 chuyén hda x = T

o
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Suy ra [T] = [T1,(1 - x)

[T, 1 Ol
[T1 ~ 13.60 " 0,0888 ~

1 y
k= 7 In 1,54. 1074571

tinh cho d¢ chuy&n héa 11,2% ; Gia tri k, dng véi cac d6 chuyén hda khac duge ghi
d bang 6.5.

b} Gid thiét bde 2 .

d[T]
W= - = = KITP
1{1 1
k=t [m T,
1 1 0,112 51
k2 = W (T~ 1) = %0 13,040 —011g ~ 468107 oo

tinh cho d6 chuyén hda 11,2%. Céc gia tri k, khac duge ghi ¢ bang 6.5.

Bang 6.5. Két qud tinh hing sé t6c d6 (vi du 5, bdng 6.4}

ts | k10,87 | ky 10° <—— |[B] = [T], - [T], mola
z mol . s o

780 1,54 1,63 0,0112

2040 1,46 1,70 0,0257

3540 1,30 1,64 0,0367

7200 1,12 1,71 0,0552
k, = 1,67

Qua bang 6.5 ta ¢d thé k&t luan phan ng Ia bac 2, vi k, gdn xdp xi nhau, trong
khi k; gidm rd rét theo th&i gian.

II — Phuong phdp vi phdn

Truéc hét vé dudng cong dong hoc
chi d6 ting cia ion Br~, ki hidu [B] mol/l

theo thai gian (hinh 6.6) 0,06 Lo
Ta o6 - 0,05 ]
co : ]
0,04 N
= [Tl, ~ [T - x) = x[T], 002 —1~
w _ _ 4Tl _ dIB] 0,01 |
T At T de 0

. . s 0 1000 2000 3000 4000 5000 6000 7000 8000
Toc d6 duge xdc dinh bang dé déc

s
cia dudng ti€p tuy&n véi dudng cong
dong hoe tai cdc di€m tuong dng, két . imhss
qua duge ghi & bang 6.6. Phan iing gitta N(CH,), va CH,CH,CH,Br.

Bién thitn néng d Br theo thdi gian.
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Bang 6.6. Két qud tinh t5¢ dé (vi du 5)

Néng d6, mol/l 4T
= - mell . s

[B] [T] dt
0,0 0, 1,58.10°°
0,01 0,09 1,38.1075
0,02 0,08 1,14.107%
0,03 0,07 0,79.107°5
0,04 0,06 0,64.1075
0,05 0,05 0,45.10°3

Trén hinh 6.7 trinh bay d6 thi lgw phu thude 1g[T]. Dua vao d& thi ta tinh dugc
bac phan uUng theo bi€u thdc (6.28) :

T AlglT] 54— -
Nhu vay phan ing 1a bac 2, Wng v8i phuong 5.1 Irg=20.‘.
trinh téc d6. o 70
W = k,[T]? 5,2 |- ;
=l .
lgW = lgk, + 21g[T} -5.0 ’ g
hay 1gW = -2,76 + 21gIT] (theo d& thi 6.7) .49 /
Nhu vay lgk, = -2,76 48 L=
k, = 1,73.10"3/mols 1,00 110 120 41,30
Gia tri nay pan véi gia tri trung binh 191T]
I"z = 1,67.107° thu dugc theo phuong phap Hink 6.7,
tich phan & trén. Dudng chdm ch&m trén 45 | Xac ;i“hl bc phg“ fmg_”‘m t6c o cia .
thi duge vé véi giz thigt phan Ung la bac mat. dudng thang IgW —1gC (C = [N (€H)y 1 =171

Nhgn xét : C4 2 phuong phip déu cho k&t qua phan Ung 1a bac 2. Theo phuong
phap ddu, viéc khang dinh bac 2 dua trén co sé hing sg k, 8n dinh hon k, {(giam meét
cach cd hé thdng). Theo phuong phap sau, bac duge tinh tryc tiép tit d6 dbc cha duong
thang 1gW phu thudc lg [T]. Tuy nhién viéc phan biét giita cdc bac theo phuong phap
sau (vi phan) 14 r6 rét hon, vi theo phuong phap ddu (tich phan) cae gia tri k; tuy
€6 gidm nhung chung chi sai léech khoi gia tri trung binh khéng qua 17% . N6i cdch
khéc, phuong phap tich phian dé lam che ldp nhitng sai léch nhé cua hang s8 tdc ds.

6.2.4. Cdc phuwong phdp xdic dinh bic phdn ung va hiing s§ t6c d6 dwa vao s bién thién
cc tinh chdt var 1§

Trong thye t€ d€ xac dinh bac va hing s6 tdc d phan ting ngudi ta dua vao su

bién thién theo thdi gian cta néng d6, hosc mot dai luong vat li nao ds ti & tuyén
tinh voi néng de. :

6.2.4.1. Tuong quan giita ndng dé va cde tinh chif vgt I -

Trong cdc thi nghiem déng hoc, bién thién cta néng d6 thudng ducgc theo doi qua
bién thién cia mét s6 dai lugng vat Ui, vi du dé din dién, méat 49 quang, gdc quay
méit phdng phan cuc v.v.. néu phdn dng xay ra trong dung dich, hoac 4p sudt néu
phan dng xiy ra trong pha khi.

Gia thiét c¢6 phan dng :
nA + mB + pC — 12
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Cho gia tri cta dai lugng vat H A ti 1& tuyén tinh v8i néng do & thai didm t
A=Ay tA, +ig+ic+4,
treng d6 A, 12 phén ddng gdp cia moi truong, 1, Ay Ac va A, 13 phén ddng gdp cha
cdc ché&t phan dng v4 san phdm.

Vi A; ti 1& v6i néng do cdu tit i, vi du A, = k, [A], cho nén n&u goi a, b va ¢ 1a
néng d6 ddu cia A, B va C, vi x la s6 duong lugng gam da tham gia phan dng &
thoi diém t, thi ta cd :

A=Ayt k,(a - nx} + k(b - mx) + kole — px) + k,rx
va A, = Ay + ka + kgb + kee
A =

= Ay * kg (b —0) the(e =By +x, 2

trong dé A, va A, la gid tri A & thoi diém khong va vé tén, va trong phuong trinh
cudi cing ta gia thi€t ring lugng chit A 13 it nhat (khit = », [A ] = 0).
Tit cdc phuong trinh trén ta cd :

ra ma pa
Ao — Ay = kz? —k,a - kB—n— -~ kc? (6.33)
A-A, = k,rx - k,nx - kymx - ke-px (6.34)
Co thé vist :
A -1, = xAk
A, — A, = (afm)Ak
va A, — A4 = (alm — x)Ak

véi Ak = kyr - kyn - kgm - kep
T d6 rat ra

A-1
nx 0
& T I myy : {6.35)
A,—4
a x o
a-nx A, —4 (6.36)

" Cac bi€u thic tuong tu cing cd th€ thu duge dén vai cdc cdu ti khdc, vi du dé&n
voi cdu tid B
b (bfa)(A, —4,)
= {(6.37)
b-mx ~ (R)A, —4y) ~ (mn)d — i,

Dé hi€u réng cac cétng thic nay sé trd nén don gian hon nhidu n&u cac ndng do
ldy tuong dng v6i hé s6 ti lugng, nghia 1a b/a = m/n, v.v...

Duédi day néu mét s8 vi du d€ minh hoa céch tinh hing s6 téc do cia phan dng
trong pha khi va trong dung dich.

6.2.4.2. Phdn ung trong pha khi :

Vi du 6. Cho phén dng phan hiy butyl peoxit bac 3 x4y ra trong pha khi, tao thanh
axeton va etan nhu sau :

(CH,),CO0C(CH,), —» 2(CH,),CO + C,H,
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g,

Hay xac dinh bfc va hing s6 tée do phan dng cho bi&t sy phu thuse cua 4p sudt
chung vao thdi gian (xem bang 6.7)

Loi gidi : Gia thist phan tng 13 bse 1. Ta cd :
K oo 2808 a 2308 P.-P
17 8a—x _ t g P, -P (6.38)
k
hodc lg(P,, — P) = lg(P, - P) - 5—310—3 ¢ (6.39)

O day ti 6 néng d6 a/a-x cia peoxit duge
thay bang ti 18 4p sudt (P_ -PHI(P, ~P)
theo hé thiuc (6.36). Gia tri k, tinh theo
cong thic (6.38) trinh bay & bang 6.7 la
kha &n dinh va trung véi gia tri k, tinh
tt d¢ dbc cla dudng bifu didn phuong
trinh (6.39) (hinh 6.8). Nhu viy gia thiét
phan dng bac 1 1a ding, va hing s§ téc
do k; = 2,09.10"%ph .

Qua vi du nay ta thdy d&i véi phan ing
bic 1, d& tinh k; khong bat budc phai bist
P, thay ndi chung 4_). Coén gis trj P, vé
nguyén tic cd thé suy ra tit phuong trinh
phan dng, ching han & day P = 3P . Tuy
nhién thong thudng ngudi ta st dung gia
tri P_ x4c dinh bang thuc nghiém, nhu
trong vi dy nay P_ = 491,8 < 3.173,5
Nguyén nhan vi 1 phdn peoxit phan hiy
thanh san phdm phu khie.

Bing 6.7. Phin hiy butyl peoxit bac 3 & 154,60°C

1 1 1

0 10 20 30 t,ph

Hinh 6.8
, Xac dinh k; thee phudng trinh (6.39)

. t, phut iif; 5;, P, —-P k; . 107, t, phit c?xinS; §IE, P, —-P k; - 107,
mmHg ph! mmHg ph™!
0 173,5 318,3 12 244 4 2474 2,07
2 ' 187,3 304,5 14 254,5 237,3 2,00
3 193,4 298,3 2,15 15 259,2 2325 2,06
5 205,3 286,5 2,03 17 268,7 223,1 2,08
6 211,3 280,5 2,05 18 273,9 217,9 2,16
8 222.9 268,9 2,10 20 282,0 209,7 2,08
9 228,6 263,2 2,07 | 21 286,8 204,9 2,05
11 239,8 251,9 2,16 w 491,8 Thinh | 2,09 + 0,05

Trong trudng hgp phic tap hon, néu san phdm phu la ddng k& thi ta phai tim cach
tinh duge phdn bién thién ap sust do phan dng phu giy ra, khi d6 médi ¢S th€ tinh
duge hing 6 téc do cia phin dng chinh mét cach chinh xé4c. Sau d4y néu mot vi du.
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Vi du 7 : (Loai trit phdn dng phu)

Trong phan dng ngung tu 1,3 butadien v acrolein d€ hinh thanh tetrah1drobenzandeh1t
xay ra ¢ 291,2°C, phan tdng phu la su dime hda butadien :

Ngung tu :
CH,CHCHCH, + CH,CHCHO —» C,H,CHO I
Dime hoa : 2CH, — C/H,, (I
T4t cA cdc chat trong hé déu & thé khi ; Cho 4p sudt ddu cia acrolein va butadien
la P, = 418,2, P}, = 240,0 mmHg. Ngudi ta theo d6i d6 gidm 4p suit chung AP

theo thai gian (3 <6t ddu § bang 6.8). Hﬁy xdc dinh hang s6 t6c dé k, cia phan tng
ngung tu, cho bié&t héng s6 téc dé k;; cia phan Ung dime hda & nhlét dé thi nghiém

bing 5.10°% mm 's™! ; Ca hai phan dng déu la bic 2 .
L&t gidi
Goi AP; va APy ]a bién thién dp sudt do méi phan dng (I) va (II) gay ra ; AP,
vad AP, .. 14 bidn thién ap suit butadien trong méi phan dng (I) va (II) ;
AP, . 14 bign thién 4p suit acrolein.
AP 1a bign thién 4p sudt chung trong hé.
Nhin vao 2 phan dung (I) va (II) cd thé viét :
APbutl = AlPacr = API
AP = 24P
AP = AP, + APy
Tit ba hé thic nay dé dang suy ra :
AP, = AP - AP (6.40)
APuu = APuur + APy = AP + AP (6.41)
Mat khdc, doi v6i phan dng (ID) ta o6
— AP} = k(P07 At (6.42)
Bigt AP, va AP, dua vao (6.40) va (6. 41} tinh duocc AP, va AP, ti d¢ tinh dudgc
Poor V2 Py, 9 tung. thoi di€m, cubi cung xdc dinh k; theo phuong trinh .
AP .
- ar = KPP (6.43)

Cach tinh cu th& nhu sau : .
D6i véi khoang th¥i gian déu tién, thay vao bidu thic (6.42) k; = 510 ¥ mm™'s™!;

Pp, = 240mmHg, At = 63s, tinh dugc AP = -0,2 mmHg ; Tiép theo dya vao (6.40)
va (6.41) tinh dugc
AP, = -6,1 + 02 = -59 ; P, = 4182 - 59 = 4123
AP, = 6,1 ~ 02 = 63 ; P, = 240 - 63 = 2337
Tié:R-dd dua vio {6.43) tinh duge.
k, = 5,9 =96. 107 "mm .57}

63 . (415,3)(236,8)

(& day Py, va P, 18y gid tri trung binh trong khoadng thdi gian At),
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Cach tinh tuong tu 4p dung cho cdc khoang thoi gian tigp theo -

ghi & bang 6.8.

K&t qua tinh toan

Bang 6.8. Phin ung ngung tu acrolein va butadien & 291,2°C {ap sudt - mmHg)

l t, 8 P -AP -AP, Pacr\ P kI.IO_?,mm_l‘s_
0 658,2 4182 240,0
63 652,1 6,1 0,2 412,3 233,7 9,6
181 641,4 10,7 0,3 401,9 2227 9,5
384 624,1 17,3 0,5 385,1 204,9 9,9
542 612,2 11,9 0,3 373,5 192,7 9,7
745 598,1 14,1 0,3 359,7 178,3 10,0
T 925 587,1 11,0 0,3 3490 167,0 9.7
1.145 574,9 12,2 0,3 337,1 154,5 9,8
1.374 564,1 10,8 0,3 326,6 143,4 9,3
1.627 552,8 11,3 0,2 3155 131,9 9,9
1.988 539 4 13,4 0,3 302,4 118,2 9,4
- Trung binh 9,7
Hing s6 k; ciing c6 thé xdc dinh bing d6 thi, dya vao phuong trinh :
k, = = I_PO )ln PZ: + const (6.44)
acr but

Tt do dde cda d6 thi 1g(P, /Py,) ~ t (hinh 6.9) tinh duge k, = 10,9.10 'mm™Ls? .

1

Gia tri nay hoi l6n hon gid tri k; trung bink (9,7.107) ghi & bang 6.8 ; Nguyén nhan I
do su ¢d méat cha phan dng phuy ma viée su dung phuong trinh (6.44) khéng loai trit duge.

Khi nghién cdu phan dng trong pha khi
cdn Itu y dén thd nguyén cha hing s6 téc
do k.

D&i v6i phan ting bac 1, thi nguyén cia
k 1a nghich dao cta th&i gian va khong
phu thuéc thd nguyén cia néng ds.

D&i véi phan dng bac cae hon thi thd
nguyén cua k phu thuée thi nguyén coa
nong d6. Dusi day néu 1 vi du vé& phan
ung bic 2.

Vi du 8 : (D8i thd nguyén cta k).

D8I v6i phan dng phan hty HI trong
pha khi ¢ nhist d¢ 321,4°C, ngudi ta xdc
dinh duge hang s§ téc do cta phan ung
thuan k va phan dng nghich k' nhu sau :

k = 1,99.10"%/mols ;
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0,40
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0 500

1000

Hinh 6.9.

] L
1500 2000 t,s

Xac dinh k| thco phucng trinh (6.44)

k' = 1,50.10"%/mol.s.



Céc gid tri k v& k' & thay d6i nhu th& nao né&u don vi néng 46 mol/l chuyén sang
atm (t8c d0 gii nguyén don vi mol/l. s)

Lol giai : PhAn dng :
k
2HI = H, +1,
X

dL;] , 2
gt = kclHIF = K[ NL] = b Py — KpPyy Py (6.45)

& day dfu ngoac ki hiéu ndéng 49 C, (mol/), cdn P, ki hidu 4p suidt riéng clha chit i
tinh bidng atm.
Theo dinh luat khi li tudng, ta ed :
P, = CRT (6.46)
Vi vay cd thé viét :

Ly
5 = kp(RT)’[HIF ~ k’p[RTP[L](H,) ' (6.47)
S0 sdnh (6.45) va (6.47) ta rat ra :
ke 1,99. 10 °(l/mol . 8) o .
kp = 5 = > > = 0,84.10 “(mol/l.atm*.s)
(RT)2  0,082%(321,4 + 273)%(1 . atr/mol)?
I
Kp = = 6,40.10"%(mol/l.atm? s)

(RT)?

Trong vi du nay s6 mol khéng thay dfi trong phan ing, do dd ap sudt chung cing
khéng thay déi.

Tuy nhién, néu cé mol trong phan dng thay d8i ma muén giit phdn ing & 4p suft
khong d8i thi thé tich phai thay d&i. Digu nay phai tinh dén khi xdc dinh hing s6 téc
do. Xét vi du dudi day.

Vi du 9 : (Thé tich thay déi)
Cho phén dng bac mot
A— B
xdy ra trong pha khi va & d4p sufit khong d6i.
IHéy tim bi€u thde ctia hing sd tdec d6 k, cho bigt a la néng do6 ddu cla A va x la
¢ phdn t¥ A phdn hiy & cdc thdi difm t.
Loi gidi : Vi ap suft khong d8i nén thé tich ting khi s6 mol tang. Thé tich ddu

V, Gng v6i a phan t& ; Thé tich V & thdi di€m t dng véi {(a - x) + vx phan tix. Tu
dé suy ra :

V = Votl + (v - 1)x/a] (6.48)

Viée tang thé tich ti V, d&n V lam cho néng dé gidm V/V, = 1 + (v - 1l)x/a l4n.
Vi vay thay cho biu thic théng thudng cla phan dng bac mot ¢ didu kién.

V = const
dx
En = k{a — %)
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9,

ta ¢6 bi€u thic k& dén sy gidm ndéng do do tang thé€ tich :

& L _@-x

at % (6.49)
1+ - 1)-a—
Tach bién s6 va 14y tich phan (6.49) ta duge :
[t+&-13]
kt = f @ - dx
a X
kt = sloe—— - - D2 (6.50)
14 bi€u thde cdn tim. Néu » = 1 (thé tich khong ddi) ta nhan duoe bigu thic quen thubde :
a
kt = 1n (?———xj (6.50")

6.2.4.3. Phdn ung trong dung dich _

Khi. nghién cdu phan dng trong dung dich, ngoai phuong phdap phan tich héa hoc
dé xdc dinh ndng d6 ngudi ta con su dung mét s6 phudng phdp vat If khac : do méat
d6 quang, do do dan dién, do d9 nd v.v.. Sau day néu mot s6 vi du vé& phuong phap nay.

Vi du 10. (Phuong phap d6 din)

Cho phan dng gitta piridin vA phenaxyl bromua dé tao thanh mudi amoni bac 4
trong dung dich rugu metylic § 35°C. Néng do ddu cta hai chat bing nhau va bing

0,0385mol/l. Hiy xic dinh bac va hidng s& téc 46, cho biét sy phu thudc cta dién trg
dung dich vao thdi gian (xem bang 6.9).

Bang 6.9 : Piridin va phenaxyl bromua trong rugu melylic, (ndng dé diu a = 0,0385mol/l, 35°C)

t, phit R, 6m R/R - R, t, phiat R,6m R/R - R,
7 45.000 1,019 110 5.100 1,186

28 11.620 1,074 127 4.560 1,213
53 9.200 1,096 153 3.958 1,253
68 7.490 1,120 203 3.220 1,330
84 6.310 1,145 368 2.182 1,680
99 5.537 1,170 o 8}01

Lai gidi

Phan ung

+
CH(CO)CH,Br + C,HN — C(H((CO)CH,NCH, + Br™

12 bdc hai v6i nong dd ddu méi chit bang a, do dd theo hé thic (3.17) ta cd :

a — X

-l ok
a

hoic —_
aa—x

1

1

- = =kt

a

(6.51)

Phan ung tao thanh cdc ion lam cho 4o din dién A tdng va dién tr6 R giam. Vi
R = 1/4, do d¢ theo (6.36) ta cé :
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1 1
a _AN“AO_R«, RO_RO-"RM. R 6 52
a-x A,-42_ 1 1~ R R-R, 6.52)
R, R
T (6.51) va (6.52) ta cd :
o 1% R R
T a R, R-R, a
) R kaRo Ro
hoac R - R, = R, - R, t + R - R, (6.53)
RD
Theo bang (6.9) R, » R, do d¢ R R~ 1, hé thde (6.53) trd thanh :
o o
R
rR.w = kat + 1

bé thi R/R — R_ phu thudc t duge trinh bay trén hinh (6.10). Viéc dudng biéu

dién la dudng thadng ching minh phan tUng
tge ="ka = 1,55.1073, vay

la bac 2. D& dbe cha dudng bidu dién

-3
k = t% = ﬂiﬂ = 0,041lmol™ . ph!
38,5.10

Qua vi du nay ta thdy dé tinh k R/(R-Re)
khong cén bi&t chinh xéc gia tri R,

Vi dy 11 : (Phuong phap hép thu 1.6+
quang)

Cho phan Ung gita diclorua stiren va 1,41
rugu etylic d& hinh thanh 1-clo-3-
etoxy~3-phenyl-1-propilen. Vi diclorua 1,20
stiren hidp thuy manh ving budc sdng
2600 A, nén ngudi ta do mat do quang
D & budc sdng nay dé theo d6i phan 1,0 : . L L -
ing. Dua vao su phu 'thuéc D = D({t) 0 100 200 300 400 tph
(xem bang 6.10) hdy xdc dinh bic va Hinh 6.10.

hang s8 tdc do.

Xac dinh hing sd % theo cong thic 6.54

Bang 6.10. Diclorua stiren trong rirou etylic _({RC!ZJ = 2,11.10_5 molfl, 22,6°C)

¢,phut Mgt ;C'zeqolﬁ’g k.10% phl| ¢ phit Mgt ;zggﬁlg k.103, ph!
0 0,406 127 0,184 6,0
10 0,382 6,0 178 0,143 5.8
31 0,338 5,8 1200 0.010
74 0,255 6,3
{ Trung binh 6,0
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Ldi gidgi : Phan ung

CgH,CH = CH-CHC, + C,H,0H — C/H, - CH — CH = CHCl + HCI
0C,H,
Phan dng xdy ra trong méi trudng etanol nén cé thé gia thist béc bing 1.

Theo cong thic D = ¢€lC

trong dé € = hé s6 hép thu phén tf, 1| - bé day 16p dung dich hdp thu, C - néng d6
(mol/l), thi mat dé quang D ti 16 thusn véi nbng d6 cia diclorua stiren. Vi viy 4ap
dung cOng thic (6.36) vao phan ing bic 1 ta cf : -

2803, a _ 2,303 D“hD°~2’3031 D,
t AP a—— t €D —-D ™ t ED

ow

k =

(6.55)

vi D, rdt nhé. Gia trj k tinh theo cong thde (6.55) 13 kha 6n dinh, ching td gia thist
bac 1 1a ding, k = 6.107°ph ! (xem bang 6.10)

Vi du 12 : (Phuong phap do do nd). Cho phan dng hidrat héa isobutilen thanh rugu
isobutylic duge xic tdc bdi ion H*, Phan dng kém theo su co thé tich cia dung dich,
tuy nhé nhung di dé phat hién biing phuong phép dilatomét, biing cdch doc vach muc
cia dung dich trong 6ng mao quan thong vai binh phan dng. Nhist do T = 25°C giit
chinh xdc dén phdn nghin d6, k&t qua ghi & bang 6.11, trén co s& do hay xac dinh
bac vad hdng s6 t6c d6 phan ting.

+
H

Loi gidi : Phan dng : (CH,),CCH, + H,0 —— (CH,),COH
Gia thiét phan dng 12 bac 1. Ta 4p dung céng g (V-Y)

thitec cd dang tuong tu (6.55) va vé d6 thi 1’0‘
lg(V ~ V) phu thude t (hinh 6.11). O day thg O8]
tich V tinh theo vach mic véi don vi tiy y. D6 06|
thi 13 dudng thing ching té phan dng la bic 1, 04
va hing s6 t6c d6 tinh bing d6 d6c nhan vai
2,303 c6 gia tri k = 1,322.10"%ph™!. Cén luu y 0.2
rang bic mét thu duge o day 13 bac mot bidu or
kién, vi rdng trong phén dng con cé nube va Q2L
proton tham gia. T6c d¢ phan @ng phu thudc 0.4 | | ;

T

vao ndng dé proton (chdt xic t4c). N&u chia 0 50 . 100 150
hidng s6 k & trén cho néng d6 (H*) ta s& nhan- t ph
dugc hing s tSc d6 cia phan @ng bace hai khong Phan éng ﬁ’é‘:;f;ga; sobutilen '
con phu thudc vao néng do proton (trong diéu 6 bgc mot bidu kién

kién bao toan lyc ion cua dung dich).
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yu

Bang 8.11. Hidrat héa isobutilen trong dung dich nxit pecloric
(25°C ; [HCIO,] = 0,3979 mol/l ; [iscbutilen] = 0,00483mol/)

V, Vach mdc d thoi diém V, Vach mic & thdi diém
t, phat t, phit
t t + 120ph t t + 120ph
18,84 18,50 25 16,86 13,12
5 18,34 13,42 30 16,56 18,05
10 17,91 13,35 35 16,27 13,00
15 17,53 13,27 40 16,00 12,94
20 - 17,19 13,19 o 12,16

6.2.5. M{t s6 phuong phdp dic biét dé xic l cde dudng cong ding hoc

Néu thi nghiém khong cho phép xdc dinh duge néng dd ddu va cudi hoac mot dai
lugng vat li tuong duong, thi ta khong thé ding cdc phuong phdp da néu trén d€ xéc
dinh hang sé t6c d¢. Trong trudng hdp nay ngudi ta phai sd dung nhitng phuong phap
dac biet d€ xu li cdac dudng cong déng hoc

6.2.5.1. Phuong phép Guggenheim (ap duﬁg cho phdan tng bac 1)

Néu ¢6 mét phan dng bac 1 ma ta biét néng d6 x (hodc mot dai lugng vat li tuong
duong) & thai diém t, nhung khong bi&t néng d6 ddu a cing nhu khéng bist néng d6
X, 0 t = oo, thi hing s8 téc dé ¢6 thé xdc dinh nhu sau.

Chon cdc thot diém t, t,, ty, v.v.. va t, +4A,t, +A t; + A vy, trong dd A = const.
Néu 1, 45, A5... v& A"}, 5, 5. 14 cdc gia tri cla dai lugng vat 1f do duge & cac thoi
di€m tuong ng trén, thi d8i voi phan wing bac 1 ta cd cdc phuong trinh :
Ay — ) = (4, — A e ™ (6.56)
W) = 1) = (g = A e T (6.57)
Cdc phuong trinh tuong tu cd thé vigt cho céc thoi di€m
ty va ty + Aty va ty + A vy
Trit 2 phuong trinh (6.56) va (6.57) cho nhau ta c¢ :
A, =) = (A, — A e Kl — e7* (6.58)
Suy ra :
' kt, +In (1, — 4') = In[(A, — A, )(1 — e )] = const (6.59)

Phuong trinh tdng quat sé nh4n dugc n&u ta bd chi s6 1 & cdc dai lugng t va A
trong phudng trinh (6.59), nhu vay ta sé cd :

In(A - A’) = const - kt (6.60)
trong d6 4 va A’ la gia tri cla dai lugng vat 1i d thoi di€m t va t + A, v6i A 12 khoang
thai gian chon tuy ¥ nhung khéng d8i. T4t nhidn nén chon A bing 2 - 3 l4n thai
gian bén huy (t,,) cta phan dng. Nhu vay trén &6 thi lg (1 - 4°) phu thudc t dudng
bifu dién cé d6 d8c tga = k/2,303.

DE minh hoa c¢d thé ldy vi du 12 (hinh 6.11) da néu & trén. N&u trong vi du nay
gid tri V khong xdc dinh duge, thi thay cho dé thi lg{V - V_) - t c6 thé dung d6
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thi 1g(V, — V, , 1,0 - t Ung véi phuong trinh (6.60) d& xdc dinh k. Gis tri k xdc dinh
duge ¢ day tring vdi gia tri nhan duge theo d8 thi 6.11.

Trong thyc t£ khi s dung phudng phip nay ngudi ta chia dudng cong déng hoc
A = A(t) thanh 2. n%a cd s6 di€m thuc nghiém bang nhau, Nia tr4i gém nhém difm
thuc nghiém 4; = A,(t) con nda phai gém nhém
di€ém thuc nghiém ') = X(t, + A). Nhu vay

khong c6 dim thyc nghiém nao duge si dung

2 lan trong tinh todn (xem hinh 6.12).
6.2.5.2. Phuong phap Mangelsdorph (6p dung

che phdan ung bac 1)

Chia hai phuong trinh (6.56) va (6.57) cho

nhau ta ¢d :
Ap=A, = @) -4 )e ™
hay ¥ o=2ek 4+ B

vai B = 4,1 —e*

i

Phuong trinh t6ng quat sé nhan duge né&u bo

chi s6 1 8 1 va ta e :

H . —kA
Ay a = Ae + B

A
;':2
x,
A A
A‘1
A
t, L+A  L+A t
Hinh 6.12,
Minh hoa phudng phap Guggenheim

{6.64)

Nhyu vy, néu xay dung d6 thi A’ phu thude A thi dudtng bi€u dién la moét duiing

thang c¢d d6 déc tgae = e tit ddg Suy ra :

Hinh 6.13.

Phin Ung hidrat héa butiten xac diph k theo cdng thitc

(664} va (6.65) (56 litu ¢ bang 6.11)

k = (6.65)

Dutng bi€u dién céit truc tung tai B.
D& minh hoa ta cd th€ st dung vi du
12 da néu trén. Theo phuong phép nay,
dé xdc dinh k ta xay dung d8 thi
Vi + 1590 phu thusc V, (s6 lidu & bang
6.11). T4 d6 thi trén hinh (6.13), theo
cong thde (6.65) ta xdc dinh duge
k = 1,2810 %ph™! gan vai gi4 tri nhan
duge theo cde phuong phdp trén.

—2,3031g (tgz)
I S

Viec chon A trong phuong phap
Mangelsdorph ciing giSng nhu trong
phuong phap Guggenheim. C4 hai phuong

- phdp nay sé cho két qua t8t néu o duge

dudng cong déng hoc trong khoidng thai
gian gdp 3 - 4 14n thoi gian ban huy.

6.2.5.3. Phuong phap Roseveare. (Ap dung cho phdn ung bac 2)

Phuong phép nay ap dung cho cdc phuong trinh déng hoc

W = k[A]?

hoic W = k[A])[B]
Trong trudsng hop nay, theo Roseveare,

[A; —4) = (3 - AP

- 6.66
5 =9l G, - G, 1 (6.66)
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trong d6 4,4,,4, 13 cac gid tri cta dai lugng
vat 1i t 16 véi néng do & cdc thai diém t), t,, t, *
cdch nhau mot khoang c¢d dinh A = t, -t =
= t, — t,. (hinh 6.14). %
Cédn luu ¥y rdng khac véi phén dng bac 1, d6i
vOi phan dng bac 2 d€ tinh hang s6 t6c do céin
biét méi litn hé gilta dai lugng vat H 1 va gia
tri tuyét d6i cla néng d6, vl thi nguyén cla k -
phu thude thi nguyén clha ndng dé. Néu khong A, SR
thi k s& nhan thd nguyen (171, [t]L

6.2.5.4. Cach tinh dé chinh xdéc cita hing s6
tée dé phdn ung

Hinh 6.14.
Sai s8 tuong d6i cha dai lugng cén do © phu Minh hoa phuong PT% ?60 seveare
thuge vao cédc bién s6 dfc lap a; duge cho bdi (phudng trinh 6.66)

biéu thdc :

i=1

2
AeV2 o [onq 1%(Ae
ﬁ) -3 o | 1w 6.67)
Gia thiét cdn xdc dinh d¢ chinh xdc cia hing s6 t8c dd phan ing béc hai :

Ta ¢6 : W = k [A]iB]

W
k = TATB]

¢ day k ddng vai trd Q, con W, [A], [B] 1a cde bién s6 doc lap a;. Ap dung (6.67) ta c6
Ak\* ok 7 (aw)® [ aink 1°[alA1]? | [ amk ]*[aB)]?
k lnW W aln[A] [A] 2ln[B] [B]

2 2 2
Ak AW AlA] A[BR], 2 '
* } (@) (6.68)

it

hoie :
= || + |=—==
k W [A]
két qua nay cho th4y binh phuong sai s§ tuung d&i cia dai lugng cdn do bing téng
binh phudng sai 56 tudng d6i cia cdc bién déc lap.
N&u d6 chinh xac clia tfc d6 W 12 8%, chia m&i ndng d6 1a 4% thi sai s6 cta k g8 14 .

Ak?

[T] = 0,08 + 0,04 + 0,04 = 0,0096

%Ek— = 0,098 hoac 9,8%.

Khac vdi n6ng do, téc d6 khong phai la dai lugng do tryc tip, ma duge tinh qua
sy bi€n thién clia nbéng d6 va thai gian. Do chinh xdc 8% cho & day cing 1a két qua
tinh todan thu duge gi6ng nhu da lam d&i véi k.

6.3. Cac phuong phap xac dinh ning lugng hoat hoa va thia sd trudc ham mu
Theo dinh luit Arrhenius :

k = ke E/RT (6.69)
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Ink = lnk0 ~ BT (6.70)

dink)

=

d —_

(T)

Nhu vay dua vao sy phu thudc ctia Ink vao /T ta tinh duge E. Mat khéc tit bi€u
thic cia téc d6 phan tdng

W = kC" ta c6
InW = Ink + nlnC

dinW  dink E
—“1— - ——';— = — g (v C khong phu thuse T)  (6.72)

aF)  a(3)

¢6 nghia la cd thé s dung sy phu thudc cia 1gW vao 1/T d€ xic dinh E.

E
"R (6.71)

6.3.1. Phuwong phdp tinh theo 2 nhigt d¢

Né&u biét cac gia tri cia W hosec k ¢ 2 nhiét d§ T, va T, thi E duge tinh nhu say :
Ta (6.70) ta cd :

E
Ink; = Ink, - g
|
1nk2 = lnk0 - _R_'f‘;
2. _E .1 L NPT
: R(T2 T, R\T, T,/ 17" %2
k, T,T, k, T,T,
'E= R(lnEI—) ﬁ = 4,575(lg‘k—1)?2—_—,ﬂ (6.73)

Vi dy 13 : Cho bi&t hing sé téc dé phidn dng ¢ 2 nhiét d6 nhu sau :

1 o

tC TK —,1;103 ks igk
25 298 3,35 3,19.107% © -3,497
35 308 324 9,86.,10™* ~3,007

Hay tinh nang lugng hoat héa E va hang 8 trudc ham ma k. ‘
Léi gidi : Theo (6.73) ta cd -

298.308

E = 4,575(3,497 ~ 3,007) 1o = 20575 cal/mol
' E 20575
gk = lgk + 15757 = -3,497 + 1575598 = 11,595

k, = 39310 s

Vi du 14 : T6c d0 cda mét phan ing & 30°C gdp d6i so v4i & 20°C. Hay tinh ning
lugng hoat hda clia phan dng dd.
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Loi gidi : Tu (6.72) cd th€ viét :

AlgW  E
LT TAET
T
W, E 1 1

e = 45m(T, ~T,)

B 1 1 E _,
: 4,575(§§§ - 365) = 4,5750’12'10

_0,3014,575107°
- 0,12

lg2 =

= 11,6kecal/mol .

6.3.2. Phuwang phdp db thi

N&u biét cdc gid tri cua W hosic k¥ & nhiéu nhiét d6 khéc nhau thl E duge tinh theo
phuong phap df thi. Dung dé thi 1gK hoac 1gW phu thugdc 1/T, theo phuong trinh (6.72)

do déc cia dudng biu dién s8 1a tge = 1575
Vi dy 156 : T céc gid tri k & 4 nhist d6 sau diay hdy xdc dinh nang lugng hoat
héa E vi thia s6 truéc ham mi k.

t°C 0 25 a5 45
T, K: 273 208 308 318
1
T 10° : 3,66 3,35 3,24 3,14
k, s7!: 1,06.107° 3,19.107* 9,86.10°* 2,92.1073
lgk -4,975 -3,497 -3,007 -2,635
Lui gidi -
L , Algk
Dyng d6 thi lgk phu thude 1/T (hinh 6.15) = T 4578 = - tge
. AT
_ -1,825 - (5 3175, E ¥
" 866 - 3103 086 10 = 3575 T :
gk
E = 22 000 cal/mol 9
E 2™
Igk, = lgk + 15757 \
22000 ‘
= -3,497 + m = 12,64 3 \
k, = 4,36.101%" L, \
6.3.3. Phuong phdp binh phuong t5i thi€u -4 \
Goi y la dai lugng do duge phu thu6c bién x, \
ddi voi n phép do ta nhan duge n di€m sau day 5 \
(xla Y1)) (Xz, Yz),--- (xi’ Yi)'“: (Xna yn) 3,0 3|2 3'4 . 3,6 3,8
Trong trudng hop don gidn nhidt, n&u gid thist (”-1-)103 .
ham y = f(x) 12 tuyén tinh ta cd Hinh 6.15. :
D6 thi lek — 1T
y = a, +ax (6.74) o e

(duting thadng Arrhenius, vi dy 15)
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Goi e, 14 sai s6 cha phép do, ta cé
y; ~ lag + ax) = e,
Goi S 1a t8ng s6 cdc sai 6 binh phuong ta cd

n

n a
2
S = Z & = v, —a, — alxi)z

i=1 i=1

Céc hé s6 a, va a, s& 1a thich hgp nhdt néu théa man didu kién

B
s, = 2 72017 a A = 0
B
oa, " 2 -2y~ a, —ax) = 0

i=1
Hai phuong trinh cuéi nay cé thé vigt dusi dang

n n
na, + 2 xa = 2 ¥i
i=1 i=1
| ¢

n n
E xa, + 3 xa = ¥ xy,

i=1 i=1 1=1
Giai ra ta duge

n n n
“.2 XY, _'Z xi_z ¥;
a = 1=1n ':1,1 - (6.75)
ny < - (3 x)
i=1 i=1
n n
z yl E xi
8, = o — 8 (6.76)
n n

Vi du 16 : Theo s6 liéu cta vi du 15 hay xdc dinh E va k, theo phuong phdp binh
phuong t8i thigu.

Loi gidi : Viét (6.69) & dang loga thap phén :

E 1
lgk = lgka - 4,575-rf ' (6.77)
Day 12 mét ham tuyén tinh cd dang (6.74), vi vy néu dat y = lgk v&a x = I/T ta
. E
86 cd a, = lgk vaa = ~ 1575
Theo 58 ligu cia vi du 15 ta cd :
x = %: 3,66.107% 3,35107° 3,24.100®>  3,14.1073
y =lgk: 4975  -3497  -3,007 -2,535
Tinh todn : n = 4 (s6 diém thyc nghiém) ;
2x = 13,39.1073 ; 2y = -14,014 ;
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2x% = 44,975.107° ; 2xy = -47,6259.1073

P W - XYY 4(-47,6259107%) + (13,39.10%)(14,019

| = : — = = —4,698.10°
ax? — (2 x) 444,975, 107° - 13,39.107%)
y x 14,014 13,39.1073
a = _2_ —a 2 - 14014 4,698.103,’—]0— = 12,223
o) n l n 4 4

Nhu vdy phuong trinh (6.74) cd dang :

y = 12,223 - 4,698.10%
hogc lgk = lgk_ - 4,698.10° %
Igk, = 12,223 ; k, = 1,67.10'%7!
74,—?75 = 4, = 4,698.10° ; E = 21469 cal /mol.

6.3.4. Ning luong hoat hdéa cia phdn wng trong pha khi

D6i vdi cac phan dng trong pha khi, hing s8 k, vé nguyén tde, phy thude vao viée
téc do phan dng dugc bifu dién qua ndéng d6 C, hay 4p sudt riéng p, cua céc chat
phan dng.

Phan ung bdc mét . T6c do phan dng bac 1 trong don vi mol/l.s chdng han, cé thé
bi€u dién qua néng d¢ C. hodc 4p sudt riéng p; cua cfu td i nhu sau

W = kC, = kai (6.78)
Theo dinh luat khi li tudng p, = CRT {6.79)
Ta ed . W =LkC = kpCiRT
Suy ra : k., = k,RT (6.80)

Ink, = lnkP + InT + InR

d(Ink ) d(lnkp) d(InT)
NS

iWz) 7)) )
b e EC EP
Hodc theo (6.69) cd thé viét : — =" ® T
Suy ra E = Ep + RT (6.81)

Phdn iung bgc hai : Bang cach li luidn tuong tu ta di dén két luan d6i vai phan
ung bac hai thi :

k. = k(RT)? (6.82)

va E. = Ep + 2RT {6.83)

Trong thuc t& RT « E. Chidng han cho T = 350K thi RT = 2.350 = 700 cal/mol.
Gia tri nay la kha nhd so véi E, do dd né&u khong ddi hoi dé chinh xdc cao thi su
khdc biét gita B va Ep c6 thé bd qua.
6.4. Mot so phuong phap xac dinh cd ché phan iing

Vidc tim hi€u co ch& phan dng rit da dang, sau day chi gidi thiéu mot s6 phuong
phdp théng thuing.
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Co ch& phan dng la t4p hop céc giai doan cd ban cua phan dng phic tap. Viéc tim
hi€u co ch& thudng biat ddu bing viec dua ra mot so d6 gia thiét cac giai doan, trén
co s¢ dd thiét lap phuong trinh t6c d6 phan Ung va sau dd ki€m tra bing thuc nghiém.

Didc diém cha phan dng phite tap 13 sy cd mat cta cac hop ch&t trung gian. Trong
phuong trinh dong hoc néng do6 hop chit trung gian phai dugc bi€u dién qua néng do
cac hdp chdt bén tham gia phan dng. Céng viéc nay thudng dugc don gian hdéa bing
cach dya vao gia thiét cn bdng né&u giai doan tuong wng 1A nhanh (xem vi du phan
ing 2NO + Cl, — 2NOCI da xét & §2) hoac dp dung nguyén i néng 46 8n dinh (xem
hé thde 4.71 & §4) n&u hop chat trung gian rit hoat dong. Viéc xdc dinh cac hgp chit
trung gian vé& dinh tinh ciing nhu dinh lugng duge thue hién bing nhidu phuong phéap
kbhde nhau.

Néu hop chédt trung gian bén thi ¢ th€ tich né ra khoi phdn ting bing phuong
phap toi (ha nhiét do do6t ngot) d& nghién cu. Vi du phan dng oxi hda hidro xdy ra
trong hén hgp nd. Khi ha thép nhiét d6 (qud trinh téi) bén canh hoi nuéc ngudi td
kham pha thay H,0, 1a hop chét trung gian.

Cac phuong phép quang phé cing duge ap dung & day. Vi du béing phuong phap quang
phé electron ngudi ta tim ra NO; 1a hgp chét trung gian trong phan ung N,O; + O,

Bang phuong phdp hdp thu héng ngoai ngusi ta di dén két ludn trong phan dng
gita HF va CIF; ¢ can bang HF + CIF, = HF. CIF,.

Ngoai ra cdn nhdc dén phuong phap cuc phé 6 thé dung d6 phan tich hén hgp
cdc chét hoéa tan trong nude hodc dung méi khac, phuong phap séc ki cd thé dung dé
phan tich hén hgp khi.

Né&u hop chidt trung gian khéng bén, vi du gbc tu do thi trit phuong phap quang
phé, cdc phuong phip k& trén khong dung duge vi thoi gian sfng cua cde hgp chat
nay qua ngan. Ta gidi thiéu vai phuong phap thuong dung trong truding hop nay {chu
y&u d€ xdc dinh géc tu do).

Trong cdc phuong phdp quang phd cé thé ding quang phd phdat xq cling nhu hép
thu. Vi du bang phuong phap phan tich phé phat xa cta ngon l¥a ngudi ta khdm pha
ra cdc gbc ty do CH, NH, OH, NO, PO, SO, BrO, CN, CS, CBr, C,, 8, HCO, NH,,
HO,,CH;. Qua phan tich phd h&p thu ngudi ta thdy trong ngon lda, trong cic phéan
Ung nhiét phan hay quang phan, trong sy phdng dién ¢ mat cac gdc tu do BH, CH,
NH, OH, PH,, SH, CH,;, NH;, CH,0, C,H,0, CsHy wvov...

Phé phat xa chi cd th& ding vao muc dich dink tinh chiy khéng dinh lugng vi cuding

d6 vach chi ti 1¢ v6i néng do vat chdt & trang thai kich thich, trong khi d¢ phé hdp

thu c¢é thé dung vao muc dich dinh tinh cing nhu dinh lugng.

Cac phuong phap cong hudng tiz cing cd thé ké ra & ddy : nguyén td va géc tu
do cd electron khéng ghép doi nén cd tinh thuan tit, khi dat vao ti truong déng nhat
ching sé hédp thu cdc vi song cd tén s8 thich hgp. Bang phuong phip nay (céng hudng
tit electron, coéng hudng tit hat nhan) cd thé kham pha duge cdc chit thuan tlt vdi nong
46 10°° M trong mau 0,1 ml. Trong céc phuong phap héa hoc ta k€ 3 phuong phép.

Phuong phdp chuyén hée ortho-para hidro '

O nhist dé phong, hén hop cAn bing hidro binh thuing bao gbm 75% ortho - H,
(hai hat nhan ¢d spin cing chiéu) va 25% para-H, (hai hat nhan ¢d spin nguge chiéu).
O nhiét do thdp (< 90K) ta ¢6 hén hop can bing chda t&i 100% parahidro. O nhiét
d% cao hon para-H, khong bén va chuy&n vé dang ortho. Phan ung chuyén hda nay

xay ra dudi tdc dung xdc tdc clia nguyén tt H hosc gbc tu do R,
H+p-Hy, = H+o-H, {6.81)
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tée do phin (ng cang nhanh khi noéng d6 cia H hoac R cang 16n, do d6 dua vao tée

d6 phin dng (6.81) cd th€ suy ra ndng d6 chdt thusn tit H hosic R. Han ché cia
phudng phap ndy 1d né khéng cho phép phan biét cdc géc tu do R khac nhau.

Phuong phéap toluen

Nguyén ti H cia nhdm metyl trong phin td toluen CsH CH, rdt linh dong, do dd
khi ¢ mat gdc ty do R dé dang x8y ra phan dng.

R + C¢H,CH, — RH + C,H,CH,
din dén sy hink thanh dibenzyl (C¢H;CH,), do sy két hgp 2 géc CH,CH, Nhu vay

sy cd mat cda géc ty do R o6 thé ching minh duge nh& sy tao thanh dibenzyl khi
thém tcluen vao hé nghién citu.

Phuong phép trang guong

Gée ty do, vi du gbc metyl CH3, gbc etyl _CZHS v.v.. dé dang tac dung véi cdc kim loai
nhu Pb, Hg, As, Bi v.v.. d€ tao thanh sAn phdm dé& bay hoi nhu Pb(CH3}4, Hg(CH,),, v.v...

Dya vao tinh chdt nay, khi cho mét dong khi cd chda gée tu do R di qua mét 6ng
thach anh ma bé mit trong duge trdng bang mot 16p mang kim loai theo phuong phap
thang hoa (b& mat thu duge béng nhu guong) thi gée tu do sé tdc dung v6i mang kim
loai cho san phdm c¢d th€ ngung tu trong binh ngung. Theo ddi sy bign din mang kim
loai va phan tich san phdm npung tu ta cd thé xdc dinh duge gbc tu do R

Ngoai ra phuong phép khéi phé thudng dung d€ xdc dinh cdc hgp chédt bén, cling
¢ thé dung d€ xéc dinh gbc tu do, néu nang lugng electron cdn thist d¢f ion hda gdc
tu do bé hon nang lugng electron cén thigt d€ ion hda phan ti ban dau. Viee dung
khéi phd ki 0 day cd han ché& la géc tu do cS thé hinh thanh trong cdc qué trinh tha
clp xdy ra trong budng ion hda.

Sau day ta gidi thidu thém 2 phuong phép duge dang phd bién trong viée xdc dinh
co ch& phan dng ndi chung. DJ 14 phuong phdp nhist lugng k& riéng biét va phuong
phap déng vi.

Phuong phdap nhiét luong ké riéng biét

Phar dng hda hoc cd th& xay ra trong thé€ tich binh phan @#ng (ddng thé), trén
thanh binh phan dng (di th€) hodc vita trong thé tich vita trén thanh binh (déng di thé)

Viéc phan biét phan dng 12 dong thé,

di thé hay ddng di th€ cd thé thye hién

duge theo phuong phap sau. Trén hinh f

6.16 vé binh phan wng hinh tru bén *
kinh R, trong dc¢ dat 2 cap nhiét dién, >

mot & trung tAm va mot & sat thanh
binh. Cap nhiét dién duge dat trong dng
mao quan ban kinh r lam bing vat liéu Hinh 6.16.
gidng nhu binh phan dng. Sd d8 binh phan ing x - didm ndi cip nhiét dién

Néu phan tng 14 thudn tdy déng thé thi nhiét d6 s6 cao nh&t & trung tam va thép
nh&t ¢ thanh binh va gia thiét d6 chénh léch nhiét d6 do duge bang hai cip nhiet
dién la AT,. Mat khdc AT, cé th€ tinh tit phuong trinh truyén nhiét va d&i véi binh
phan dng hinh tru AT, ¢d gid tri :

9,
AT, = e (6.82)
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Trong d6 1 - hé 8 din nhiét cda khi, q; luong nhiét tda ra trong don vi thdi gian
va trén don vi chiéu dai cta binh phan dng.
Né&u phén dng la thudn tdy di thé, nghia la x4y ra trén thanh binh va thanh mao

quan va gid thi&t d6 chénh léch nhiét do la AT, chang han, thi ctng nhu trén AT,
tinh duge theo phuong trinh,

9 2r R
ATZ = m ' R—ﬁ In '; : (883)

trong dd r —- ban kinh 6ng mao quan trung tdm : R - ban kinh binh phan dng, cdn
q, ¢ ¥ nghia nhu q,.

Néu phan dng vita déng thé vira di thé thi d0 chénh léch nhiét do AT s& la -
q q; 2r R
FEEAE I R (6.84

Nhu vay bing cach do d¢ chénh lach nhiét do gita trung tAm va thanh binh cd thé
phan biét duge phan dng 1a ddong thé, di thé hay déng di thé.

AT = AT, + AT, =

Thanh binh ecd th€ 14 tro, hodc 1a noi hay diét cta gée tu do (trong phan ing day
chuyén), hodc c6 tdc dung xdc tdc (xtc tdc di thé).

a) Phuong phdp déng vi

Tinh chédt cta cac déng vi bén va phdng xa c6 thé dude st dung dudi nhiéu hinh
thic khdc nhau dé€ phat hién co ché phan ¢ng.

Ta ldy mot s8 vi du :

Xac dinh t6c do hinh thanh va phan hiy hdp chit trung gian.

Gi4 thiét ¢d phan d¥ng oxi hda hidrocacbon

RH —— ROOH —— san phim
(1 (%)

trong dd ROOH la hgp chét trung gian. N&u ki hisu néng do [ROOH] = C ta c6

de

T =W - W, (6.85)
trong d6 W, va W, ~ t6c d¢ hinh thanh va phan hiuy hop chat trung gian. Higu W, - W,
¢S th&€ xac dinh dé dang ti dudng cong déng hoc C = C(t) , tuy nhién d€ xac dinh
W, va W, riéng biét cdn tién hanh cde thi nghidm phu trg. Mot trong nhitng phuong
phap ducc dung & day 1a phwong phdp dong hoc ddng vi xy dung trén nguyén téc
sau diy : .

Tai mot thoi diém t nao dé ta dua vao hé mét lugng rdt it hgp chst trung
gian R'OOH, trong d¢ nguyén td cacbon dude dénh dfu bdng déng vi phong xa C!
(R"OOH « ROOH).

. R'OOH , , o =

Goi t1 s6 ROGH = g la dé phdng xa riéng va néng d6 [R'OOH] = I 1a cudng do

phdng xa. Vi R'OOH va ROOH thuc t& phan hay véi hing s tde d6 nhu nhau, cho

nén téc d6 phan hiy R'OOH (-dI/dt) bing téc do phan hiy ROOH (W,) nhan véi g,
nghia la
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Vil = ¢f (¢ - ndng d6 hgp chét trung gian).

dl  de dg
che nén ETRR TS B+ ¢ = -W, 8 (6.86)
Két hop (6.85) va (6.86) sau vai bién d8i ta rit ra
c df
W, = - 3@ (6.87)

Nhu vay néu xdc dinh dugc ndng d¢ hop chét trung gian ¢, d4 phdng xa riéng B
v su bién thién cia nd theo thoi gian df/dt ta cd thé tim duge W, & bt ki thsi diém
nao. Bigt duge hieu W, - W, ta cd thé tinh W,

b) Phuong phdp trao doi déng uvi

Vi dy cdn xac dinh néng 40 nguyén tt H trong mét hé phin dng. N&u thém vao
hé dateri D, sé xdy ra phan tng trao d8i d6ng vi.

H+ D, »HD + D

Theo higu sudt HD cua phan dng nay cd thé xde dinh néng dé nguyén tt H.
Mot vi du khae :

Phan dng phén hiy axetandehit cd th€ x4y ra trong mot giai doan don phan tir :

CH,CHO -» CH, + CO (I
hodc qua nhiéu giai doan vdi sy hinh thanh géc tu do :
CH,CHO — CH, + CHO
CH, + CH;CHO — CH, + CH,CO (1D
CH,CO - CH, + CO

Mudn biét phdn dng di theo so d8 (I) hodc (II) ngudi ta thém viao hé phan tu ddnh
ddu CD,CDO. N&u phan 1ing xay ra theo so d6 (II) thi bén canh CH, va CD, con
nhan duge CH,D, CH,D,, CHD;, cdn néu theo so d6 (I) thi chi nhan duge CH, va
CD,. Bang phuong phap nay ngudi ta di dén k&t luan phan dng trén chu y&u x8y ra
theo sa 46 (II).

c) Hiéu ung déng hoc dong vi la sy khdc nhau cua t6c d6 phan dng gay ra do su
khdc nhau vé thanh phin déng vi trong chdt phan udng.

Lay vi du phan dng giita hai déng vi cda hidro H, va D, v6i nguyén ta Cl :
H, + Cl - HCl + H va D, + Cl - DC1 + D,

sy khdc nhau cda hang s6 téc 46 k cla 2 phan Ung cd thé tinh duge dua vao thuyét
va cham (xem chuong II, hé thdéc 10.5)

Mp (Myy + My \j Mp,
P My (Mp, + M) My,

ky ¢k = 1,41

(M la kh6i lugng phén tu), nhu vay téc d§ phan Ung cta H, nhanh hon téc d¢
phdn Ung cua D, 1,41 lan. Dya vio hidu dng nay ta cd th€ phat hién cg ch& phan
dng trong mot s8 trudmg hop.

Phuong phdp déng vi khong chi giéi han bdi cac vi du ¢ trén, day 1a moét trong
nhiing phugng phdp c¢d hiéu luc nhét trong viée tim hi€u co ché& phan tng.
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Bai tap
1. Mot phin ung bac hai cd t6e do 4,5.10 "mol/em®s, néu néng d6 hai chat phan

Uing tuong dng bang 1,5.10 Zmol/i va 2,5.10 mol/l. Hay tinh hing s6 t6c d6 véi thiy
nguyén cm?’;’mol.s, l/mol.s va l/mol.ph. '

2. Hay xac dinh k, n, m trong phuong trinh téc do
W = k [AJ™ [BIM
Cho biét su phu thude cia téc d9 W vao nfng dé cla A va B nhu sau -

[A]l, mol/l [B]l, moli W, mollls

2,3.1074 31.16° 5,2.107%
4,6.107* 6,2.107° 6,41.1073
921074 6,2.1075 1,664.10°2

3. Mot phian ung bac mét xay ra duge 30% trong 35 phit. Hay tinh hing s6 téc
d6 (s 1). Hdi sau 5 g% con lai bao nhidu % chdt phan ing.

DS : k = 0,01 ph™! ; 5%)
4. Phan Wng phan hiy mét chat khi cod bic 3/2. Néng 46 ddu cuia chit phan ing

la 5,2.10™* mol/l. N&u trong 50 phut phan ing hét 55% thi hing s6 t6c do (thd nguyén)
bang bac nhiéu.

5. Phan ung phan huy NH, trén bé mit vonfram dét ndng xay ra theo phuong trinh.
2NH, — N, + 3H,
Ngudi ta do sy ting 4p suit theo thdi gian nhu sau :
Théi gian, s 100 200 400 600 800 1000
AP, mmHg : 11,0 22,1 44 66,3 87,9 110
a) Hay x4c dinh bac phan tng.
b) Néu ap sudt P, = 200 mmHg thi hing s6 téc d6 (th¢ nguyén) bing bao nhiéu ?
6. Hoi dimetylete & 504°C phan hiy theo phuong trinh :
CH,0CH, — CH, + H, + CO
Su phu thudc cta ap suit chung véo thoi gian ghi nhu sau :
Thti gian, s 0 390 665 1195 2240 3155 o
Ap suit, mmHg : 312 408 468 562 714 779 931
Hay xde dinh bac va hing s6 tdc do.
7. 0 50°C phenyl diazo clorua néng d¢ dsu 10g/1 phan hity theo phuong trinh :
C,HGN,Cl — CJHCl + N, | '
Lugng khi nito thodt ra theo thdi gian do dwge nhu sau :
Thoi gian, ph : 6 9 12 14 18 22 24 30 =
N,, cm® : 19,3 26,0 32,6 41,3 450 465 50,4 583
Hay xdc dinh bac phan tng va héng s6 téc dé.
8. D4l v6i phan dng phan hiy thori (ThZY), sau 81" 457" thori chi con lai 10% so
v6i lugng ban ddu. Hay xdc dinh hing s6 t6c do va thai gian ban huy,
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9. Trong phan tng phan hiy N,O; thanh N,0, va O, , dp suit cia N,0, phu thude
th&i gian nhu sau :

Thai gian, ph : 0 20 40 60
Py o ratm : 0,564 0,480 0,409 0,348
P 1

Hay xdc dinh bdec va hang s6 téc d6.

10. Phan iing lam m&t mau cta mét chdt mau dusi tac dung tia td ngoai duge
theo d&i bang phuong phdp trac quang. M4t d6 quang D phu thuée th¥i gian nhu sau :

Thti gian, ph : 0 2 4 7 11 15 20 P

D{4440 A) : . 0,63 0,56 0,51 0,44 0,38 0,32 0,25 0

Hay xdc dinh bac va hing s8 t6c d6 .

DS :n=1;k = 4710%h™ Y

11. Trong mdi trudng axit, dudng saccarozdg thiy phéan theo phan dng bac 1 thanh
glucozo va fructozo theo phuong trinh :

Ci2H20y + HyO — CH 04 + CH ;04

Dudng saccarozo quay cuc vé phia phai, con sin phim quay cuc vé phia trai. Ngudi
ta do d9 quay cudc chung « phu thufe thdi gian nhu sau.

Théi gian, ph 0 176 o

a® 25,16 5,46 -8,38

a} Xdc dinh hing s6 t6c dé phan dng. |

b} Bao nhidu % saccarozo bi thiy phan sau 236 ph.

¢} Tai thoi di€m d6 gde quay o biang bao nhidu ?

(DS : k = 5.107°ph™! ; 69,5% ; 1,8%

12. Tron 2 chdt A va B cd cling thé tich v& n6ng d6. Phan Ung xdy ra theo phuong
trinh A + B — C. Sau 1 gid A phan dng h&t 756%. Hoi sau 2 gis A con lai bac nhiéu,
néu phan vWng la :

a) Bac 1 theo A va bic 0 theo B :

b} Bac 1 theo méi céu ti .

'¢) Bac khong theo méi cfu tu.

(DS : 6,25% ; 4,3% ; 0%).

13. Mot dung dich chda 3 chdt A, B va C ¢6 ndng d¢ bang nhau va bang 1 mol/l.
Sau 1000 gidy A con lai 50%. Héi sau 2000 gidy A con lai bao nhidu néu phan idng
tiéu hao A la :

a) Bac khéng ; b) bic mét ; ¢) bac hai ; d) bac ba

(DS : 0% ; 25% ; 33,3% ; 38%).

14. Mot phan dng cé phuong trinh ti lugng 2A + B -» 2C nhung téc d6 lai phu
thugée bac mot vao néng 4o cia mdbi cfu td A va B. Cho a vA b 12 néng dé ddu cla

A va B ; x la nfng dd cta C & thdi difm t. Hay tim bifu thic cia hiéng s6 téc do
phan dng.
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15. Axit monocloaxetic & 25°C trong méi trudng nudc phan hay thanh 2 axit khac
nhu sau :

CH,CICOOH + H,0 - CH,0HCOOH + HCl

ngudi ta chudin cac thé tich bang nhau cia dung dich phan dng bing NaOH & cic
thoi di€m khdc nhau, thu duge két qua sau :

t, phit : 0 600 700 2070
NaOH, ml : 129 15,8 16,4 20,5

Hay xdc dinh bac va hing s6 téc d6 phan dng. Sau bao lau ba axit o ham lugng
bing nhau ? '

DS :n =1,k =41910"h"! ; t = 1655 phat)

16. DGi vdi phan dng este hda mat axit (C, = 0,2M) bing moét rugu (C, = 0,2M)
ngudi ta xdc dinh dd sfu cia phan ung (%) phu thuéc thei gian nhu sau :

t, phit % phan ding t, phit % phan dng t, phut % phan tng |
0 0 300 49,70 780 66,90 |
15 6,20 360 53,60 900 69,20 |
30 8,50 420 57,00 1080 71,60
60 18,50 480 59,70 1320 7410
120 33,10 555 61,60 1620 76,60 _J
180 40,70 600 62,90
240 44,70 660 64,60 | i

Hay xdc dinh bac phan dng. (DS : n = 3)

17. Hay xdc dinh bac va hang s§ téc dé caa phdn dng thiy phan este metylic dua
Va0 sy bién thién néng d¢ este theo thdi gian nhu sau :

t, phut . | C.102, moll t, phut C.10%, mol/l t, phut C.10%, molil |
0 g,80 0,6 4,85 1,2 260 |
0,1 7,96 0,7 | 4,36 1,3 2,40 |
02 7,23 0,8 C 400 1,4 2,20 |
0,3 6,52 0,9 3,35 1,5 1,95
0,4 5,87 1,0 3,20 1,6 1,75
0,5 5,35 1,1 2,85 ‘ )

DS :n=1;k=0017}

18. Bién hda axit y - oxibutylic thanh y — lacton trong méi trudng nudc la phan
ding thuan nghich bac 1 ~ 1 :

CH,tOH)-CH,-CH,-COOH == CH,-CH,-CH,-CO + H,0

Nong do ddu cia axit 13 18,23 mol1. Luong axit {x} d4 phin Wng & cdc thai diém t
xdc dinh duoge nhu sau :

t, phut 21 50 100 160 220 co
x,molfl : 2,41 4,96 811 10,35 11,25 13,28
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Hay x4c dinh hing s6 t6c dé cia phan dng thuén k, phan dng nghich k’ va hing
g8 can bing K.

(DS : K = 2,68 ; k = 0,0068ph™ ' ; k' = 0,0025ph~1).

19. Cho phan ﬁng thudn nghich A = B vdi néng d6 ddu cua A bang A, cia B

bang 0. Cho hing s6 t6c dé ctia phan vUng thun k = 1,6.10 57! va hing s8 can bing
K = 1,12,

a) Tinh thdi gian d€ phan dng dat cin bang.
by Tinh thti gian d€ A con lai 70%.
(DS : 3,3.107% ; 2,75.10°s).

20. Cho phan dng thuan nghich bdc mdt A = B vdi hing s6 téc dd k va k' cla
phan dng thuan va nghich va v6i néng do ban dau cia A va B tuong dng 1a (A ) va
(B,). Hay ching minh :

A " k(K+1
a - % = kp([A] — [A]l,) véi kg = _(_K__l
({Al, - nfng d6 khi cin bing ; K ~ hing s6 can bing).
{A] — [Al,

b) ~ kgt

In m =
21. Téc 46 W caa phan dng bi&€n hda ortho-para hidro :

o-H, = p-H, trén chét xdc tac Ni/Al,0, tuan theo phudng trinh
W= kly, - Y)p

voi y, la ti 1¢ mol cia para hidro, k; - hé s6 tl l&. Hay chiéng minh phéan ung trén
la thudn nghich bie 1.

22, Cho hing s8 téc dé cla phan Ung thiy phdn d cdc nhigt d6 nhu sau
T, K : 298 303 - 307,6 312 321 330

k10%, sl ;. 040 0,75 0,95 148 3,30 7,72

Hay tinh nang lugng hoat hda :

(b8 : 17,6 kecal/mol)

23. T6c d6 clia mét phan dng & 300°C gdp dbi téc d& & 290°C. Hay tinh nang lugng
hoat hda.

24. Cho nang lugng hoat hda bing 20kcal/mol. Hay tinh ti so cliia hidng s0 toc do
& 20°C va 30°C (DS : 3,3)

25. Cho hing s6 t6c dé cia mot phan dng phu thude nhigt dé nhu sau :

T,°C : 0 25 35 45

k, s 1,06.10°°  3,19.107* 9,86.1074 2,92 1073

Hay tinh E va k, .

26. Mot phan ng ¢ nang lugng hoat hoa bang E = 33 keal/mol va k, = 5.102 7%,
O nhiét d6 nao thdi gian ban hay bang 1 phit ?
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Chuong IT
CAC THUYET VE PHAN UNG CO' BAN

Phan ing co ban la phan dng xAy ra trong mét giai doan trong dé gitta chdt phan
Ung va san phdm khéng phat hign duge mot—chéi trung gian nao. Trong chuong nay
“trinh bay cac thuyét sau day :

- Thuyét va cham ludng phan tu.

~ Thuyé&t phic hoat déng hay trang thai chuyé&n tiép.

- Thuyét phan ¥ng don phan t¥ va tam phan ti,

§7. THUYET VA CHAM LUONG PHAN TU

No¢i dung co ban cta thuyst va cham la cho ring téc d6 phdn Gng blng s6 va cham
hoat dong giita 2 phan ti phan ing trong don vi thdi gian va don vi thé tich. Va
cham hoat déng la va cham ma tdng dong nang cua 2 ti€u phan va cham 1én hon
hodc bing mét gia tri gidi han goi la nang luong hoat héa. Viec tinh s8 va cham
chung va va cham hoat déng dwa vao thuyét déng hoc ch&t khi. Thuyét va cham khéng
tinh duge bang li thuyst nang lugng hoat hda ctia phan dng, dai lugng nay l&y tit thuc
nghiém, Ngoai ra trong bifu thdc caa hdng s8 t6c d¢ phan dng cdn o mat mét thita
s6 P goi 1a thita s6 xac subt, thita s6 khong gian hay thita s6 dinh huéng. Thuyét va
cham cing khéng tinh duge thita s8 nay bang Ui thuyét, gid tri cta nd duge tinh bing
cadch so sdnh hding s8 tSc dé phan Ung theo Il thuyét va theo thyc nghiém, nghia la
P sé nhan gia tri sao cho Pk ({ thuyét) = k(thue nghiém).

7.1. Tinh tin s6 va cham ludng phan ti

Gia thiét cé 2 phan ti phan dng A vA A, c6 khéi lugng m, vd m, vi toa d¢
q; va q; {(cac vectd bén kinh). Goi F, 1a luc téc dung 16n A, tir phia A,. Phuong trinh
chuyén dong (phuong trinh Newton) ctia A s6 la

m ?2—(—1_—; = f
1 de? |
Vi lue téic dung lén A, ti phia A A f, = - f;, nén phuong trinh chuyén ddng cia
A, s& la : "
m E = -,
2ap 1
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D6i vai sy chuyén dong tuong d6i clia hé khi xem 1 phan td, vi du A, vdi van t6c
vy la ding yén, thi phan tit A; véi van t6c v) sé cd toa do tuong d6i "= q; ~ q, va
chuyén déng vdi van tdc tuong d6i.

V= v, v,
Phuong trinh chuyén dong tuong d6i ctia hé cd thé tim duge dé dang t 2 phuong
trinh trén :
y P —_—
d"q_d(ql_qZ) 1 1
dt? dat? -my - m;

1 1

1
- = — 4+ — i i ,
7 ) - duge goi 1& khéi lugng thu gon

Dai lugng u trong biéu thic trén :

. 2
Trong bai toan tinh s& va cham, ) - 6=m(r,+r,)

ngudi ta thay su khado sit sy chuyén
déng cia hai phan td riéng biét bang
s¥ khdo sit sy chuyén dong tuong
déi cha ching khi xem 1 phén ti la
ding yén (lam g8c toa d@), con phan - L
ti kia ¢6 khéi luong thu gon # chuyén et e e T
déng vi van t6éec tuong déi v iHink 7.1,

Thé tich hink tru do | phan 10 tac ra khi chuyén dong.

t ¢ca cic phan uf ¢¢ mat trong thé tich nay déu bi va cham

D& tinh s6 va cham ta st dung A
md hinh trinh bay trén hinh 7.1.

Gia thiét cdc phan t& A va A, 1a hinh cdu c6 ban kinh tuong Wng la r, va r, Coi
A, 1 ding yén, cdn A v6i ban kinh bang téng r, + tr, chuyén déng vdi van téc tuong
ddi v. Sau 1 gidy, A, di duge v em va vach ra trén dudng di cta minh moét vét trong
khong gian cd thé tich =(r, + rZ)EF em®. D& hidu rang tdt cd cdc phan tu A, cd mit
trong thé tich nay déu budc phai va cham vai A,. Vi néng d6 cua A, dugc gia thist
bang n, phdn tit/cm>, nén s6 phan ti A, cé mat trong thé tich ndi trén la

Z = x(r; + r)*¥ ., (7.1)

dd cing la s6 va cham thyc hién bdi 1 phan to A, trong 1 giay. Né&u gia thiét néng
d¢ caa A 14 n, phan td jem® thi t8ng s6 va cham trong lem® va 1 giay sé la

Zy_y = 7(r; + 1) ¥ 0.1, (7.2)

Theo hé thue (51.39) da duge ching minh ¢ Chuong X Hoa I tap II, téc do trung
binh cia cdc phan t& khi lf tudng cd gia tri :

8kT 1/2

(7.3)
am

Dai lugng v trong hé thde (7.1) la gia tri trung binh caéa téc dé tuong dé’i, vi viy
mudn sit dung hé thdc (7.3) ta phai thay khdi luong phan td m bang khéi lugng thu
gomw u va ta o6

112
8kT
= (?#-] (7.4)
172
8kT
Zl -2 = JT:(I'l + r2) (_J‘-fﬂ_] nl . n2 (75)

Dai lugng Z,_, la tan s6 va cham ludng phan ti gitta hai loai phan ti khéc nhau.
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D6i v6i cac phan ti cung loai, vi du A, thi td&n s6 va cham gilta chung ciing cé
thé tinh theo hé thuc tuong tu nhung cén luu ¥ ridng trong trudng hop nay méi va
cham dugc tinh hai 14n, mo6t 14n khi coi phan ti la ding yén va mét lan khi coi phan

td 1a chuyén dong. Vi vay, d€ c6 s6 va cham thuc ta phéi nhan hé thic trén véi 1/2,
nghia 1a :

172
1 ., (8kT 3

Trén day ching ta hinh dung
st va cham xdy ra khi 2 phan tu
hinh cdu dén gdn nhau & khoang
% 5 LA cich d = r; + r,. Dién tich
}”/’ n \‘.1 : o 6 = n(r; + 1-2)2 = nd? duge goi la
tiét dién va cham hinh hoc. Trong
thuc t& cac phan ti khéong phai la

tuong tdc véi nhau va cé thé bién
dang trong lGc va cham. Né&u hai

- T phan t& ddy nhau thi khoang céch
/ n C——— ¥ * =
/ — o va cham d° < r; + r, con néu
N A hat nhau thi d* > r, + r,. Dién
N -\ tich 6 = nd*? dugce goi 1a tiét dién

va cham hiéu dung. Trén hinh 7.2
vé so d6 tiét dién va cham hiéu
dung trong 3 trudng hogp : Hai
phan ti khéng tuong téc, hit nhau
va ddy nhau. .

Tiét dién va cham cd thé€ tinh
: duge qua khéi lugng riéng cta céc
¢) o < a(r, +r)’ chdt nhu sau.

nhiing qua cdu cing ma ching

Hinh 7.2,
S0.d6 ti€t dién va cham hiéu dung gilla hai phan t
trong 3 trudng hop :

Gitta thé tich mol V, kh6i lugng
phan td M va khéi luong riéng p

M
co hé thic V = 7

Néu vat chdt & trang thai ngung tu va néu cdc phan t& 1a.hinh cdu c6 ban kinh
r va sdp x&p dic khit thi tit sy suy luan hinh hoc ta cd thé suy ra thé tich quy vé
cho mét phan ta 1a

a) khong tuong tac ; b) hit nhau ; c¢) ddy nhau

ot R

v
e — ¢ = 8
NO 2].' l‘ﬁ ﬁ i o v“z-'

M
Thay V = 7 N, = 6,02. 107, tinh ra r = 0,665.10"3(M/p)!/3

1372

cm? (7.7)

Py

1/3
d Ml
6 = a(r, +ry)? = 1,39.1071¢ [(—] * |5
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Dudng kinh phén td (d) cling cé thé€ tinh duge néu bi&t do nhét cha khi () vﬁ
doan dudng tu do trung binh giita hai va cham lién ti&p (O) :

(7.8)

o] I

_l I: I =
_3vP =

Thay ¥ tit hé thdc (7.3) vd Z tit hé thic (7.1) va luu ¥ rdng d6i v4i cdc phén tu
cing loai thi r; + r, = d, m; = my = m, 4 = m/2, ta ¢

E 172
o 1 KT
! = - - (1.9)
P [SkT] . Verdn V2 dp
T

3 day n6éng do n (phan tit/em?) duge bi€u dién bang ap svdt qua phuong trinh trang
thai khi )i tudng PV = NkT hay n = N/V = P/kT. Nhu vAy biét 5 suy ra [, biét !
suy ra d. Ngoai ra dudng kinh phan t¥ cing cd thé xdc dinh duge qua d6 din nhiét,
hé s6 khu&ch tén hoac hing s6 b trong phuong trinh trang thai khi thuc Van der Waals.

Vi du 1. Tinh t6ng s6 va cham gia cdc phan ti A c¢é khéi lugng mol M = 40g/mol,
duding kinh phan tit d = 0,4 nm & dp sudt 1 bar va nhiét do 298K

Loi gidi : Ap dung cong thic (7.6) thay l/u = 2/m, kN, = R, mN_ = M, si dung
hé don vi SI ta nhan duoge :

1/2
Z 24% [@] n
A—A M DA

' 2
_ . 10710 [3,14.8,314.298]“2 [105.6,02‘ 1023]

4.1072 8,314. 298
= 8,34.10* va cham.m 3s"!
hoac  Z,. . = 8,34.10*! va cham. ls™!

Néu gia thit va cham ndo ciing din dén phan tUng thi ta s nhén duge mot tée

8,34. 10!
46 phan Ung vao khoang G—’W = 1,4.10° moll ls™!, di6u ma né&u x4y ra sé huy

diét moi biéu hién cla sy sbng.

Tuy nhién nhd sy ngéan cdn cia hang rdo nang lugng hay nang lugng hoat hda ma
chi mot ti 1& r&t nhd cla cdc va cham la din d&n phan 1ing.
7.2. Tinh hiing s6 tdc dé phan ing

Né&u Z, _, la t8ng s6 va cham chung thi s6 va cham cd nang lugng = ¢, theo dinh

luat phan bé Boltzmaﬁn, selaZ,_,. e ®*T k 1a hang s6 Boltzmann, T - nhiét do tuyst

déi. N€u € (hoac E = N_¢ tinh cho 1 mol, N 12 s6 Avogadro) 12 nang lugng hoat hda
cta phan dng thi s6 va cham hoat déng sé& la

7], =2, _,.e T =7 o BRT (7.10)
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Néu moi va cham hoat dong déu din dan phén iing thi ta cd th€ déng nhdt téc do
phdn tng véi Z, _,, vi vay ti (7.5) va (7.10) ta dugc.

172
8KkT —E/RT
— e ERT

W =21, = a(r, + 1)’ n;.n, (7.11)
Mat khdc, theo dinh luat tac dung khéi lugng ta cd
W = knn, (7.12)
So sénh (7.11) va (7.12) ta nhan duge bigu thife cia hing s6 t6c d6 phan ng k. :
172
8 - .
k. = #(r; + rz)z [;k;T] e BRI em?/ph.ti.s _ (7.13)
hoac k, = Z_.e ERT (1.14)
12
8kT
i —_— 2 3 )
vdi Z, = a(r, + 1) HJ cm’/ph.tis (7.15)

Z, duge goi 1a thita s8 t&n s6 va cham,

Trong cac bi€u thdc trén kT va Z, cd thd nguyén em>.ph.té ls™!. Néu ndng 4o bigu
dién bing mol/cm> ta sé cd : :

8kT | 2 -
Z', = Ng(r, + r2)2 ET) cm>.mol™ 157! (7.15°)
Néu néng d¢ bi€u dién bing mol/l ta s& c6 :
N 8kT 12
Z’, = E-(()JT) n(e, + r’z)2 (H] l.mo)™lg71 (7.15™")

7.3. Su dua thua s0 dinh hudng P vao bi€u thic cia k

Va cham hoat dong la cdn nhung chua ¢4 d€ phén ing xdy ra. Khi va cham véi
nhau, céc phan td con phai dinh hudng tuong hé mét cach thich hgp d€ cho su diit
va hinh thanh lién k&t mdi dude thuan lgi. Ldy vi du phan dng trao d8i déng vi giva
CH; va CD,. Sy tinh toan cho thdy phan dng & thuin lgi hon néu khi va cham lién
két CD va obitan sp® chia electron ty do ndm trén mét dudng thing (hinh 7.3).

) PR ’
\ /
@GCcea® ¢ C—H D—C
7\ /N / I\
H H D D H D D
] a
Hinh 7.3. .

Sy dinh hudng cic phan i khi va cham
(1) thuan 1gi cho phan ing ; (iI) khong thuan 1gi cho phin ing.

Néu khong tinh dén sy dinh hudng clia cdc phén dng khi va cham thi trong da s6
trudng hop gid tri cla hing s6 t8c d6 tinh theo li thuyét (hé thde 7.13) 16n hon gia
tri thye nghiém, k,, > k. D€ lam cho gia tri k;, phtt hop véi thuc nghiém, ngudi ta
phai nhan thém vao k,, mot hé s6 P sao cho :

P. k, =k - (7.16)
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P duge goi 14 thita s86 dinh huéng, thia s6 khong gian hoac thita s6 xac sufit. P < 1.
Nhu vay hé thdc (7.14) trd thanh :

k = PZ .e FRT = k.o FRT (7.17)

Viéc tinh cdc dai lugng P va Z, dugc minh hoa qua cdc vi du sau day :
Vi du 2. D6i voi phan Ung ludng phan ti phan huy HI :

2HI — H, + I,,
bing thuc nghiém ngudi ta xdc dinh duge hang s6 t6c d6 k nhu sau :

k — k ""EA"RT 5 1013 —44.000/RT

o em’/mol . s

Hay xéc dinh thita 6 va cham Z_ va thita s6 dinh huéng P theo l thuyét va cham,

cho bigt phan ti HI 6 dudng kinh d = 3,5 A va khéi lugng phan t& M = 128 ; Nhiét
do thi nghism T = 556 K.

Lai gidi : Day 12 bai todn vé su va cham gita 2 ti€u phén cing loai né&n khi s
dung bi€u thdc (7.15") ding I ta phdi nhan thém véi hé sd 1/2. Tuy nhién vi méi va
cham lam cho 2 phan tit phan dng, vi vay d€ tinh Z_ trong bai toan nay ta cd thé
diing bigu thdc (7.15’) ma khéng c8n nhan thém vdi 1/2. Ta ¢6 :

172
: 8kT
Z, = Nondz (W) cem>/mol.s
1—1+1—2—2N° ( khéi 1 han t& HI)
= m m o m s M m 61 lvgng phén tua
"R = kN_ = (1,38.107%),(6,02.10*®) = 831J . K ! mol!.
d = 3510°% cm
RT
2 _
ZD = 4N0d Eﬁ =
_ 3,14.8,3.10" . 556
= 4.6,02.10%% .35 .10 16'\’ ’ 98 = 1.10"em>/mol . s
k, 5.10'
P=qco=-"1 =05
Z 10t

Vi du 8 : DL v6i phan dng Menshutkin
+ j—
C,H{N + CH,l — C,H,NCH,1
bang thuc nghiém ngudi ta xdc dinh duge hing sd k nhu sau :
' k = 6,6.10° e #00RY emdimol s.

Hay dua vao li thuyét va cham, xdc dinh cdc thita s6 Z_ va P cho biét piridin ¢6 khéi lucng

riégng d, = 0,98 gz’cm khéi lugng phan ta M, = 79 ; ; metyl jodua c6 d, = 2,28 glem? ;

Nhiét do thi nghiem T = 308 K.
Giéi : Ap dung bifu thdc (7.15°) ta ¢ :

172
8kT
Z, = N zn(r, + 1'2)2 [—J;—;‘-] em>/mol.s
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Fheo (7.7) tinh ti&t dién va cham :

1/3
6 = a(r, +r)* = 1,39.10716 [[—79—] + [53

1372
— -15 2
0,98 298 } = 95.10 “em

Tinh khéi lugng thu gon :
1 1 1 N, N, NO(M1+M2) - N (79+142)

Fm T, WM, TN, T T MM, - miam
50,7
AERN

8]

N,k = R = 8,31J.K !.mol™!

Q

~ 883110?308
= 3 15 s
Zo = 6,02. 10° .9,5.10 V

3,14.50,7
= 6,02.10%2.9,5.10715.358.10° = 2.10%m%¥mol.s
k, 66.10°
P=;07—=—— =33 10"
Z, 2. 10"

Qua 2 vi dy trén diy ta cd nh4n xét cdc phén tif cd ciu tao cang phdc tap thi thia
s6 dinh huéng P cang bé. Phan Ung Menshutkin duge list vao loai cde phdn dng cham.

7.4. So sanh bi€u thic cia k theo thuyét Arrhenius va thuyét va cham

Theo thuyét Arrhenius kp = k, ¢ E/RT 5.1)
cdn thuyst va cham | k = PZC,e_E‘(RT (7.17)
S0 sanh hai hé thic cd thé vigt - k, = PZ, (7.18)

Cén luu ¥ rdng trong thuyét Arrhenius k, 12 mot hang s6 khéng phu thuée nhiét
d6, con trong thuyst va cham Z, phu thude T2 (hé¢ thdc 7.15). Vé nang lugng hoat
hda cling ¢6 moét s6 chéch léch. Thuc vay, 14y loga heé thic (7.17) ta cd .

1 E
Inkr = const + 5 InT - BT
va ldy dac ham cia Ink_ theo T ta duge :
S
mat khie tu (5.1) vi k_, khong phu thudéc T nén
dln E,
b = —2 (7.20)
dT g2
So sanh (7.19) va (7.20) ta rit ra :
1
E, = E + ERT (7.21)

Tuy nhién sy chénh léch gita E va E, khong lon. Néu cho T = 300K thi
12RT = 1/2.2.300 = 0,3kcal/mol, trong lic E va E_ 14 ¢ hang chuc kcal/mol. Trong
nhitng trudng hop khéng ddi héi su chinh xsc cao, sy chénh léch nay’cé thé bd qua.
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Trong bang 7.1 dudi day din ra cdc gia tri E, k, va P clia mot s6 phan tng ludng
phan tu.

Bang 7.1. Cidc hﬁng 56 E, k, va P trong phuong trinh (7.17) ciia mét s6 phdn ting heing
phén ur. (k, = cm fmals)

Phan ting Nhist do, °C {E, kcal/mol lgk P
oH] S H, +1, 283-508 44,0 14,0 0,5
HI + CH,I — CH, + I, 250-310 33,4 14,3 |
HI + nC,H,I — CyHg + 1, 250-310 - 14,1 w1
OH + H, - H,0 + H 600-1100 10,0 14,1 1
OH + C,H, — H,0 + C,H; 75-250 5,5 14,1 1
HI + C,H,JI — CH, + 1, 250-310 29,8 13,7 0,2
HI + H, — H, + HI 420-480 0,0 13,7 0,2
D, + HCI — HD +DC] 492-570 53,2 15,5 > 1
H, + IC1 — HI +HCI 205-241 33,9 15,2 > 1
20, 30, 85-250 28,2 18,8 > 1
CHy + CH, — CH,+CH, 350-525 14,3 11,5 1073
CH; + C,H, — CH,+C,H, 25-340 10,4 11,38 | 7.107*
| CH, + nC,H,, — CH, +C,H, 25-340 8,3 11,1 41074

[

Nhin vac bang 7.1 ta thdy nhiéu phan ung cé k, = 10Yem3/mols. Ta gol dd la
nhitng phan dng "binh thudtng". D8I voéi loai phan Ung nay thita s6 P = 1.

Ngoai ra cé mét s6 phan dng cdé k, > 1013 em’/mol.s, cé thita 86 P > 1, duge goi
la nhing phan dng "nhanh”, vi mét s6 phan Ung cd k < 102em?/mol. s, c6 thita s6
P« 1, duge goi la nhing phan dng “cham".

Nguyén nhan din dén nhitng phan dng nhanh va cham hién nay chua hoan toan
sdng té, moét trong nhing nguyén nhan 4y thudng dugc gdn véi su bi€n thién entropi
trong quad trinh hinh thanh phidc hoat déng (xem §8).

Mot nguyén nhan dan dén nhitng phan dng nhanh c6 thé 1a sy tham gia cla cdc
bac tu do dao dong trong qud trinh hoat hda phan tir.

Thuyét va cham dya trén céng thic :

7' = Ze ERT (7.10)

d€ tinh s6 va cham hodc 58 phan t& hoat déng (tic phan t¥ ¢ nang lugng bing hodc
lon hon ning lugng hoat hda E).

Tuy nhién eéng thdc trén vé nguyén tdc chi dp dung cho nhitng phan ti ¢ 1 bac
tu do dao déng. D6 v6i nhitng phan tud phidc tap cd nhiéu bac tu do dao dong thi
trong su hoat hdéa phan ti coén cé sy tham gia cua cdc bic ty do dao déng khac. Vi
vy s0 phan td hoat dong sé l6n hon so vai két qua tinh toan tit bidu thyc (7.10).
Chi tiét hon vé vin dé nay sé duoe trinh bay trong phén li thuyst phan dng don phéan
ti (§9). O day chi néu 16n nhan xét gia tri Igk, = 15,56 va 152 (bang 7.1) ding la
tuong dng véi 2 bac tu do dao dong. Tuy nhién gia tri lgk = 18,8 cia phdn dng phén
hiy ozon 1& ra phai tugng dng véi 9 bac tu do dao dﬁng, trong khi 2 phén t¥ ozon
chi ¢ 6 bac dao dong. Hon nita ciing khd hifu rang nang lugng duge phan t4n trén
nhiéu bac ty do lam sao cd thé t4p trung vé lién két bi dit & thai didm phén ng.
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Uu diém cua thuyét va cham 13 ns cho phép tinh dugc thita s6 tdn s§ va cham Z_
néu biét ban kinh phan td hoic tist disn va cham. Tuy nhién thuyét nay khong cho
phép tinh dugc niang lugng hoat héa E cing nhu thita s6 dinh huéng P, vi vay nd bat

lye trong viée tinh gig tri tuyét d6i cua hing s6 t6c d6 phan wWng. Cac nhuge di€m
nay duge khic phuc trong thuyét th¢ hai trinh bay dudi day 1a thuyét phic hoat dong.

§8. THUYET PHUC HOAT DONG
(Con goi thuyét trang thdi chuyén riép)

Thuyét va cham hinh dung phan
Ung x&y ra nhu két qua ctia va cham
phan ti. Thuyé&t phdc hoat déng hinh Ea
dung phan dng x4y ra nhu két qua
cua su bién déi lién tuc cfu trdc cta
hé phan dng tit trang thdi ddu déen
trang thdi cudi, di qua trang thai
chuyén ti€p. Noi cach khdc t& trang
thai ddu dén trang thai cu6i phan
Ung di theo mét con dudng, theo d¢
thé nang cha hé bién déi lién tuyc,
con dudng nay di qua moét hang rao
thé néng cé d6 cao biing nang lugng X¥+Z
hoat hda ecfia phadn tWng. Dinh cao Dudng phdn Jng'
nhdt cta dudng niy vng voi trang

s ’ . 5 p Hinh 8.1.
F]:lfnhc}Slul); én ti€p cia he phan ung Bién thién cha thé nidng theo dudng phin (ng
in A .

Qua trinh phan wng duge hinh dung nhu sy lin cda mdt vién bi cd khéi lugng m
(béing téng khéi lugng céc ti€u phan phan dng) va van tée vy, theo dudng phan ing.
C6 thé chon mét khoang cach & trén dinh cta con dudng nay ma hé vién bi lot duge
viao d6 thi ta ndi nd trd thanh phuc hoat dong (thudng ki hisu dfu *) va khi ra khdi
giéi han d6 thi bién thanh san ph&m phan iing, d€ tinh t6c d6 phan ng truéc hét
cdn xdc dinh dudng phan dng.

8.1. Xay dung bé mit thé nﬁﬁg va xac dinh dudng phan dng
Giad thiét cho phan iing :

XY +7Z = X.Y.2' >X+YZ

trong dd nguyén ti 2

tdn céng vao phan tu

XY. Mu6n xay dyng

dut(‘jng‘ phé:n ung truge Dé tinh thé ning cia he
hét cdn tim thé& nang 3 nguyen 1§ X, Y, Z.
cia hé phuy thudc vio Iy, Iy ry - khoang céch ;
khodng cdch gilta cac A, B, C - ning luong Culong ;
‘nguyén ti X, Y va Z @ B. vy - nang luong trao ddi
(hinh 8.2).

(8.1)

Hinh 8.2,
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Gia thiét Z & xa v6 tan luc d6 thé nang cta hé la th& nang cia phan tid XY. Theo
co hoc lugng tlt ta biét rdng nang lugng cta phén tl 2 nguyén t¥ cd thé tim duge
bing cach giai phudng trinh Schrodinger, d8i v6i phan t¥ XY ta duge :

Ex) = A+ aq
trong 46 A - nang lugng Coulomb, ¢ - ning lugng trao d&i. Mat khdc gia tri E(r))
¢6 th€ tim duge tit thuc nghiém, dya vao phuong trinh Morse
E(r}) = D[l - e 21712 (8.2)
trong d6 D — nang lugng phan li phan td, r, ~ khoang cdch cin bing gi¥a hai nguyén
tif, a — hing 8, cdc gia tri nay dudc xdc dinh t¥ thuc nghiém quang phs.
Tuong td mhu vdy d&i voi cac phén ti YZ va XZ ta cd :
E(,) = B + 8
E(ry) = C +vy
(B, C - nang lugng Coulomb) ; B, y — nang lugng trao dé&i).
Né&u hé bao gém 3 nguyén t& X, Y va Z thi viéc tinh néng lugng trd nén phic tap,
tuy nhién cd th& st dung phuong trinh gin ding cia Eyring va Polanyi nhu sau :
1 12
E = E(r, 1,150 = A+B+C - {E @ =B + (B -v)? +( —a)) (8.3)

Eyring va Polanyi gia thi6t ring d6i v6i phan t bai nguyén tu thi nang lugng Coulomb
chi chism 10 - 20%, phéan con lai 1a nang lugng trao ddi. Nhu vay, dua vao phuong trinh
Morse ta cd th8 tinh duge nang lugng cla cdc cip nguyén tl, ti¥ dé suy ra nang lugng
Coulomb A, B, C va nang lugng trao déi «, 8, y r6i dva vao hé thic (8.3} tinh E.

N&u hé gém hai nguyén tit thi sy phu thudc th€ nang E vio khoang cach r gida
hai nguyén ti cé thé bidu didn bing mét dudng cong cé cue tidu.

Trong truong hdp hé gém 3 nguyén tu

khong thédng hang, thé nang la mét ham cua r%

ba khoang cdch, do dd khéng thé bifu dién ) o

thé nang bang d& thi. X Y z

Tuy nhién d&i vai phan dng (8.1) sy tinh Hinh 8.3,
toan co lugng tu cho bi&t phan dng ¢d ning S0 d& phic hoat dong trong phan ng
lugng hoat héa thdp nhdt néu phic X..Y..Z XY+ Z X+ Y2
I2 4 XY +2 G0
\?y %0 la thang hang (hinh 8.3), khi d6 thé& ning
bo 4o cia hé chi phu thudc hai khodng cach r;

vh r, va sy phu thudc nay cé thé€ bi€u dién
trong khéng gian ba chiéu hoac hai chiéu.

Trén hinh 8.4, trén hai truc thing gdc
ghi cac gia tri r; va r,. Truc nang lugng
thdng gdéc vdi mat phdng cia hinh vé. Sy
bién thién cua nang luong khi r; va r, thay

40 d6i duoe thé hién qua cac dudng ddng ning
lugng ma gia tri dude ghi bang cdc con s8
1ink 8.4 tuong dng. Cdc dutng ding nang luong la
llinh chidu cic dudng ding thé trén bé mit thé ning hinh chigu cia nhing dudng cidt bé mit
cia he 3 nguyén td thing hang : X .. Y .. Z thé€ nang bing nhitng mit phidng song song
r, 6 d ciac do cao khac nhau.
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Khi nguyén t& Z & xa phan tu XY (gdc trén, phia trai bi€u d6) thl ning luong cla
hé phu thudc chi ysu vao khoang cich Tx-y: S phu thu6c nay duge bi€u dién bing
dudng cong th& nang cia phan ti X - Y. Khj Z tién dén gdn thi nay sinh tuong tac
gida Z va Y, trong khi d¢ lién k&t X - Y y&u ddn va khoang cdch Iy_v tdng dédn ;

khi phdn ¢ng két thic, nang lugng cta hé phy thude chu y&u vao khoang céch dy_,
dudng bi€u dién thé€ ning cia phan ti Y ~ Z duge ve & goe duéi, phia phai cta bi€u ds.

Trong qua trinh phan ing, he chuyén ti viing nang lugng thdp cua trang thai ddu
dén ving ning lugng thip cia trang thai cusi di qua mét trang thai trung gian co
nang lugng cao duge danh d#u bang hai gach chéo trén bi€u d6. Dudng ch&m chim
theo mai tén trén bi€u d6 duge goi la duting phan dng hay toa d6 phan ing. Do 1a
mdt hadm ctia hai khodng cach ry va r, Ung v4i th& nang cuc ti€u coa hé. Bién thién
thé nang ctia hé theo dudng phan ing dugc bi€u di&n trén hinh 8.1. Pi theo dudng
phin ing, phan dng vugt qua hang rao nang lugng th&p nhat ; di theo b&t ki dudng
nao khdc, phan dng déu phai vugt qua nhitng hang rdo nang lugng cao hon.

Phic hoat déng (trang thai chuyé&n tiép) 14 trang thai caa hé phan dng & trén dinh
cta hang rio nang lugng (di€m gach chéo). Néi ding ra thi phitc hoat déng khong
phai la mét ti€u phan theo nghia théng thuing, ma la mét trang thai dong, qua dg
hé chuyén tit chdt d4u thanh san phédm. Tuy nhién thuy&t phdc hoat ddng xem d6 nhwu
mot phan td binh thudng, c¢d cac tinh chit nhiét dong binh thudng, chi khac 14 ng
chuyén doéng theo mot toa do dac bi¢t - dudng phan dng. Dwa vao gia thigt nay bing
phuong phdp théng ké ta cd thé tinh dugc t8c d6 phan ing,

8.2. Tinh t6c d¢ phan ing

Xem phic hoat déng nhu mot phan tit cd khsi lugng m chuyén déng theo duong
phan dng (hinh 8.1) ta ¢ th& tinh téc d6 phén Ung.

Goi ¥, 1a tdc dé trung binh cta phtc theo huéng x {dudng phan @ng). T¥ bi€u thdc
(561.44 Héa li, Tap II) ta o6 :

v, = (%) 12 | (8.4)

k - hing s6 Boltzmann, T - nhiét do tuyst d6i, m = m, + m, + m, tdng khsi
ltgng hé phan iing,

Chon mgt khoadng cach |8| trén dinh hing rao nang lugng (dudng phan ing). Goi
T l1a thoi gian phic di qua doan dudng |35], ta cd :
a
T = !T'l_
vx
Goi C* 1a nong do phic hoat dong. Sau thoi gian 7 giay t&t cad C* phic hoat déng
déu vugt qua |&| d€ bi&n thanh san phdm, nghia 1a sau mot giay cs C* / ¢ phtic phan
huy, theo dinh nghia, d6 chinh la tée d3 phdn dng nén ta cd :

Ci
.W = _I'_’
Ké&t hap cdc bi€u thic trén ta duge .
c* kT | i
W o () o
Mat khac theo dinh ludt tac dung khéi lugng thi :
W = erlCZ,
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k., - hing s8 téc 49, C, va C, - ndng d6 cha XY va Z, so sanh 2 bigu thuc cia W
ta rat ra :

* 1)'2
C* 1 (kT
k,C,C, = =T [“] c,C

CC, 18] |2zm 2
* 1/2 .
) C 1 kT
hodgc kr = C1C2 W [%m} (8.6)

Mot trong nhilng di€m quan trong cta thuyét phite hoat dong 13 gia thiét cho ring
gitta cdc chdt phin dng va phdc hoat dong cé mot can biing, do d6 cd thé vist :
C _x 8.7)
€1C, @ '

¢ day K'~ ~ hang s6 can bang biu dién qua néng do.
Mat khde dya vao bi€u thic (55.41) (Hda li, Tap II) c¢6 thé viét :

1%

K! - q e— EO,I'RT

. o= (8.8)
¢ 99,

& day q”, q;, q, 12 téng trang thai cla phtc hoat dong va céc chdt phan dng ;
E. - hiéu cdc muc khéng, d6é chinh la ning liong hoat héa cia phan dng & OK,

Trong viéc tinh tdng trang thai ¢’ cta phdc hoat dong cdn luu ¥ rAdng so vdi mot
phan ti cd cdu tric tuong tu thi phdc hoat dong ¢ thém mot bac tu do dng véi
chuyén dong tinh tién cta phdc trén dudng |3] va bot mét bac tu do dao déng trén
dinh ctia hang rao thé nang, do dd cd thé viét : : :

q!* = qﬁt‘él .q‘
. 2nmkT)!/
trong dd q7s = g—% | 3] (8.9

la téng trang thai tinh tién cta phic di chuy&n trén doan dudng |J| (xem bi€u thitc
(54.21) & Hda 1i tap II), con q" 1a t8ng trang thai ¢ng v6i cac dang chuyén dong con lai.

Thay q’* vao bidu thdc (8.8) & trén ta duoge :

* (2emkT)Y? p*
w. = 4 GmkD" o ERT (8.10)
449, h
Két hgp (8.6), (8.7) va (8.10) ta duge :
kT gq* _*o
gk = — .9 -EmRT (8.11)

rT h 4149,

8.3. Tinh tdng trang thai q" cha phic hoat dong

Dé€ 4p dung cong thic (8.11) cdn bist téng trang thai q* cia phuc hoat dong. Khi tinh
q" cha phic hoat dong, thanh phan tinh tién va quay dugc tinh giSng nhu d8i vdi phan tu
binh thutng, cén thanh phdn dao déng thi vin ap dung cong thic (54.41) & Hoa li tap 11
d€ tinh, chi khac l1a s6 bac tu do dao dong giam di mot so véi phan +if binh thudng.

Mot phan t& binh thudng gém n nguyén ti thi téng s6 bde tu do bang 3n, trong
dé cd 3 bac ty do tinh ti€n, 3 bac tu do quay n&u 1a phan t& khong thing va 2 bac

ty do quay néu la phan ti thing, cdn lai 3n-6 bac tu do dao dong néu phan tir khéng
thdng va 3n-5 bdc tu do dao dong n&u phan tit thing
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Mot phic hoat dong gém n nguyén ti thi tdng s6 bac ty do cing bang 3n, trong
dd cé 3 bac ty do tinh tién, 3 bac tu do quay néu phic khong thing va 2 bic ty do
quay néu phdc thidng Diac di€m cta phic hoat déng 12 nd 6 thém t bac ty do "tinh

. i RIS o (2rmkT)Y2 s
tién" theo dudng phan dng, v6i tdng trang thai Qg = o |61 ma ta da tach
ra & trén. Chinh vi vay s6 bac ty do dao déng phai bét di mot, nghia 13 con 3n-7 bac
tu do dao dfng néu phic khong thing va 3n-6 bac tu do dao déng néu phuc thing.
Y nghia vat I cta viée bat di mét bac dao dong cd thé hi€u nhu sau (xem hinh 8.5)

f '
|

h

P!

lTQ—]r
e

I

r

"o
he

7

(o) (b) (c)

Hinh 8.5
Cac dao dong dude phép (1) va bi cdm (II) cla phic hoat déng X... Y.. 7.
a) Cic pha dac dong ; b) Dao dong thing goc voi dudng phin {ng (I) va theo duéng phin (ng (11} ;
' €) Vé& cit rén mit thé nang tai didm +.

e
.

Ta xét phic hoat déng gém 3 nguyén t (X..Y..Z)* thing hang trong phan ing XY +
Z — X + YZ. Néu phdc d6 trén bé mat thé nang E(r,, r,} dac déng theo kiéu I (dao
dong lién két d8i xing r, va r, déng bién) gifng nhu sy lan cia vién bi trong mot hd
th& nang cd diém cuc ti€u, thi dao dong d6 la bén va co thuc, nhung néu phic hoat
déng dao dong theo ki€u II (dao dong lién k&t phan d6i xing, r; vad r, nghich bién)
thi dao dgng dd bi cdm, ciing gidng nhu vién bi khong thé€ lan qua lai di€ém cuc dai
trén mot bé mit 186i.

Diéu nay cd thé ching minh nhu sau. Xét dudng biSu dién the ning E = E(x) (x
1a dudng phan dng) di qua cuc dai. '

Theo li thuyét dao déng, n&u goi K 13 hé sé lye dan héi, x ~ 1i do, thi ham Eix)

¢ dang : E = 0 x°.

Vi E(x) di qua di€m cuc dai, nén dao ham bac hai cia nd phai am, nghia la Ex) = K < 0.
Mat khac gita hé s6 luc dan héi K va tdn s6 dao déng v cd hé thic :

1 K .
V=g i (# - khéi luong thu gon)

Vi K < 0 nén v la m¢t s6 4o, nghia la dao dong ki€u 11 khéng cd thuc, dao dong
dé da chuyén thanh sy tinh tién cta phic hoat déng theo dudng phan ing.
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8.4. Hé s6 di qua y

Hé thic (8.11) nhé&n dugc trén cd sd gia thi& rdng moi phic hoat déng sau khi
dat dén dinh hang rao th& nang déu chuy&n thanh san phdm. Tuy nhién kha ning nay
khong phai 14 duy nhdt. Trong modt s6 trudng hgp phdc hoat déng cd thé quay vé
trang thai ddu ma khéng chuy&n thanh sidn phdm. Vi vdy ngudi ta dua thém vao cac
phudng trinh trén hé s6 y (doc la kapa) goi la hé s6 di qua, va viét :

kT q° _g
k = 4y 9 -EJRT

= 8.12)
c = Xh g, (

Péi v6i phdn 1én phan dng y =1. Tuy nhién ¢d 2 loai phan Ung ¢6 ¥y < 1. Thu
nhét, d6 1a cdc phan dng tai k&t hgp cdc nguyén ti thanh phén ti trong pha khi. D6i
véi cdac phan dng nay, phdc hoat doéng hinh thanh trong méi va cham vi niang lugng
hoat hda bang khéng. Tuy nhién phidc nay khong chuyén thanh san phdm vi nang
lugng cla né qud 16n, do dé nd phan huy thanh cde nguyén td trong dao déng diau
tién, nghia 1a trong bi€u thde (8.12) y =0. Tuy nhién, n&u trong hé cd mat phan t
tht ba ecd khd nang ldy bdt nang lugng thita dé lam bén phan to thi ¥y = 1.

Loai phan dng thid hai ¢6 y < 1 la cdc phan dng khoéng doan nhiét.

Ngugi ta phéan biét cdc phdn (ng doan nhiét va khoédng dean nhiét. Néu trong mét
phan udng, sdu chuyfn dong cla cdc electron va cdc hat nhan ¢ thé coi 1a tach rdi
nhau va déc lap d8i vdi nhau (vi electron chuy€n ddng nhanh hon nhidu so vai hat
nhan) thi phdn dng dugc goi 14 dogn nhiét (khai niém doan nhiét ¢ day khac khéi
niém doan nhiét trong nhiét dong hoc). Trong phan dng doan nhist, hé chuyén ti trang
thai d4u dén trang thai cudi do két qua chuyén dong cua cdac hat nhén, phan dng
khong kem theo sy thay d8i trang thai electron (khéng thay déi d6 boi). N&u cdc hat
nhAn dat d&n cfu hinh cta phic hoat déng thi phan dng xay ra {y =1).

Tuy nhién, ¢d nhitng phan tdng kém theo sy bign d8i trang thai electron. Vi du trong
phan dng CO + O — CO, nguyén ti O cd spin s = 1, cdn trong phan ti CO, s = 0,
nghia la mét trong ecde electron di thay déi spin. Phan dng kém theo su thay ddi trang
thai electron (thay d&i do bai) duge goi 1A khéong doan nhiét. Trong truting hop nay
ciac hat nhan c6 thé dat d&n cdu hinh cda phic hoat dong, nhung néu electron chua
kip thay ddi spin (xdc sudt clia sy thay d8i dé bdi cla electron thusng la thdp) thi
phadn dng vin khéng thé xiy ra, do dd y < 1.

Mot vi du khée la phadn dng déng phin hda cis-trans cla axit maleic kém theo sy
thay doi do bsi (xem §9, hinh 9.4 & phia sau).

Ngoai ra ciing ¢6 thé cd trudng hgp y > 1. Kha nang nay lién quan dén hiéu ing
ham. Trong sy chuyén ddng doan nhiét clla edc hat nhén theo dudng phan dng (tea
d6 phan dng), theo quy luat Co hoc cd dién hé bat budc phai di qua dinh cla hang
rac ning lugng. Tuy nhién, theo Co hot lugng t&, hé ¢ nang lugng thidp hon hang
rao nang lugng vln cd kha nidng vugt qua hang rdo nay véi xac xudt nh&t dinh dé
bi&n thanh san phfm. Day 14 mét higu dng lugng td, thudng goi 13 hidu dng him.
Xac sufit cia hiéu dng him cang lon néu khoi lugng cha hé cang LE, nhist dé cing
thdp va d6 cong cua dinh hang rao nang lugng d’E/dx” cang 16n. Vi vay, hidu dng
hdm thudng chi cd ¥ nghia d8i v6i cdc phAn dng di chuyén proton va dic biét la
electron & nhiét do thip.
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8.5. So sanh thuyét phiic hoat dong va thuyét va cham
8.5.1. Truirng hop don gidn nhdt : Phdn #ng pitta 2 nguyén .
Vi du xét phan dng giita 2 nguyén tif A va B :

A+B— (A. B - AB
Ta cd :

*

kT -
k, = y — —3 _ g~EJRT (8.13)

r X h 9.95

Phic hoat dong cd 3 bac ty do tinh tign, 2 bac ty do quay, khong cd bac ty do
dao dong (dao déng duy nh#t cha litn k&t AB & day bi cfm), do dd 4p dung céc he
thic (54.23) va (54.31) & Héa 1§ tap IT ta duge ;

. [a(m, + mp)kTP? g oopy

q 3 ) (8.14)
o) day
m,mp
I = pd? = —2 — g2 (d -~ khoang c4ch gita A va B)
m, + mp
D6i véi nguyen ti tu do thi chi c6 3 bdc tu do tinh ti€n, do dé ta duge
(2r m, kT)*>?
da = T e (8.15)
(2rmpkT)¥?
. BT

Thay cic gia tri t6ng trang thai vao (8.13), sau vai phép tinh don giadn ta rat ra

172
8kT +
= 2 [EX1) -EMRT
k, = ynd e e (8.16)

So sanh (8.16) va (7.11) ta thdy 2 bi€u thdic dé gifng nhau néu chdp nhan y = 1.
Diéu d6 ching td d6i v6i phan dng gitla 2 nguyén td, ca 2 thuyét va cham va phic
hoat déng cing din d&n mot ket qua (trong thyc t& d&i voi phan ing giita 2 nguyén
td y = 0 nhu di ndi & trén).

Tuy nhién nhuge di€m cia thuyst va cham la nd khéng xét dén cfu trie phic tap
cia phan t&. Vi vay déi véi phan dng cla céc phan t& phic tap, hing s6 tdc d6 k tinh
theo thuy&t va cham thudng 16n hon gid tri thuc nghiém. Trong trudng hop nay thuyét
va cham phai dua thém vao bi€u thic cda k, thia s6 dinh hudng P dya vao thuc nghiém
(hé thic 7.16). Thuyé&t phic hoat déng vé nguyén tdc cho phép tinh duge thita s6 dd.

8.5.2. Trudng hop phiic tap hon. Cdch tink thira s dink hudng P

D&i v6i phan ng gitta hai phan tir 1 va 2, hing s8 téc do k cd thé bidu dién theo
hé thic (7.17) hoac theo hé thiue (8.11), nghia la

B, KT q°  _pe
ke = PZe RT - 2= 9 —ERT (8.17)
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Mot cdch gdn ding, néu xem E = EJ vA xem tfng trang thai tinh tién (q,) (hoic

quay (qq) hoac dao déng (q,,)) tinh cho 1 bAc tu do la nhu nhau déi vdi cdc phan td
khéc nhau thi 4p dung hé thdic (8.17) d6i v6i phan Ung giita hai nguyén td ta cd P = 1,

4" = q,a; (he thic (8.14)), qiq, = qf (hé thie (8.15)), vi vay :

.2 2
kT 4dq kT Y94
0= % %5 “ 1% 3 (8.18)
qy Gy
Déi voi phan dng gitta hai phan ta phdc tap ta cd .
kT * .
PZ, = ~— —
h qq,
Thay Z, tit (8.18) vao ta duge :
* q3
P = %‘—‘2‘ (8.19)
1% qq

Vi du 1. Ddnh gid thia 8§ dinh huéng P trong phan dng gita nguyén td C va phan
td AB khi giad thi€t phic hoat dong 1a thang.

L& gidi.

s, O OO OO

Cic dao dong binh thudng

coa phan 1l thdng CO, (1} (2)
(1) - Dao ddng lien k& 46i xing ;
(2) - Dao doéng lien két

o sl O O—E—0O)
{3)

trong 2 mit phing vudng goc voi nhau. (4)

AB+C——A .. B..C ——>A+BC
Néu A-B-C la mot phan td thang binh thudng, vl du CO,, thi né sé cd 3n - 5 = 4
bac ty do dac dong nhu duge bigu didn trén hinh 8.6,

Tuy nhién ddi ¢6i phidc hoat déng thi dac ddng lién k&t phan déi xdng bi cdm nén
chi cdn 3 bac dao déng. Vi vay ta cd :

* 3. 2.3
4 = 949394q
321
4 = 9a T 949594
_ — 3
9z = 4¢c= 4y

Thay cdc gid tri nay vao (8.19) ta tinh duge :

q 2
ddt
P=|—
Néu chdp nhan qu4q = 1, q, = 10 (béng 54.1, Héa I tap II) thi P = 1072

Vi du 2. Danh gia thiua sd dinh huédng P trong phadn dUng gita phan ti thd nhit
gém m nguyén tl, ki hiéu A , va phan td thd hai gém n nguyén tl, ki hiéu B . Phic
khong thing.
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Bang 8.1. Thira s& trudc ham mii {k,), thita sé dinh huéng (P), bac phu thuje nhiét do
ciia k, (m) d6i voi cdc trudng hop khdc nhau cia phdn dng ludng phin ti.

k *Ipt. m
Cac kiSu chdt phan dng o CTIPLS T
5 phi "
va pade Cong thic Gid tri m Cm,lg Gid tri
thie
2
kT 9
! Hai nguyén ti o _;1 10710 _ 1o~ % 1 1
" qy
2
Nguyen tu + phan td& kT Yag -2 _ 1 Qg
. ) T3 [ 10TR-107 |~ dén o |2 1072
thang, phidc thdng h qu a .
Neuyen ti + phan ti | KT Jadly || o, ~1070| 0 den L | 107!
thang, phie khong thing| h ql3l 2 q,
Nguyén ti + phan ti 2 2
: kT Yda 1 1
| khong thang, phic + 3 | 107%-1o7M —3 dén 5 fad 1072
' khong thing qy 9
X ) 2 4 4
Hai phé:l ti thing, kT Yda 104 10713 | — 3 dén 1 dag i
phic thang h qaqé 2 2 qq
Hai phan ti th3 kT 9 AR
ai phén ti thang, ’ d -13 —12 | dd -3
. 2 5 10 ° —-10 -1 dén - _— 10
phic khéng thing h q?[qq 2 4
Phan td thdng + phén 4 4
. kT Ygd 3 1 :
't khong thang, phic T S 107 10713 | - 3 dén 3 q—dd— 1074
. khong thing 9 9q
i ) . . 5 §
Hai phan ti khong A % Qia 10715 — 107 | -2 dén % 944 1075
3 i 3.3 P
thang, phic khong thing AN 9q
Lot gidi. An T B, — (AB);,, — san phfim.
Ta ¢ : q" = qapaigt T
3.3 3m—6
9 = 9,99 94d
- o3 .3 3n—6
97 = %9, %q
q 5
. dd
Thay cac gia tri nay vao (8.19) ta tinh duge : P = E

94

Néu chdp nhén q44 = I, q, = 10 (bang 54.1, Hda li tap II) thi P = 1077,
dd q

Céc tinh toan tddng tu cd thé tién hanh d6i voi phan dng cia csc phan tit va phiic
khae nhau. Cac két qua duge trinh bay & bang 8.1.
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a®

Thee bang 8.1, ta théy k, = 107% - 107 ecmpts ; muén d6i sang thd nguyén
em®/mol.s phai nhan v6i s6 Avogadro N_ = 6,02.10%, khi d6 k, = 10'5 - 10° ecm*/mol s,
phit hgp v6i gid tri k, néu & bing 7.1. Gid tri m & bang 8.1 nhan dugc trén co sd
chdp nhén bac phu thudc nhiét d6 cta q,, va 4q la 1/2, con cia q 4 la t¥ 0 ~ 1/2 (xem
bang 54.1, Héa U tap II).

8.6. Bi€u dién hing s6 toc d§ qua cic ham nhi¢t dong
8.6.1. Bitu thitc chung
Ti bi€u thie (8.11) va theo biu thic (55.41) & Hda li tap II, néu dat

3

9  -E*/RT "
o~ EL/RT _ (8.20)
9119; Ke \
ta duge : k, = %KE (8.21)

Hing sd K & day chi khac véi hdng s6 K' (bifu thdc (8.10)) bsi thita sé
K5 = (27mkT)?8/h. D6 1a hing .s6 cén bing giita phdc hoat dong va cac chdt phan
Wng. Mot cach tdng quat, hdng s6 can bing cta hé XY + Z = XYZ" phai duge bi€u dién

o C

qua hoat d¢ a; cda cdc cu ti i, tacd : K = via, = C—l, trong dé C; - néng
Q

a a
122
d6 cfu-tl i, C, -~ don vi néng dd duge chon, vi du 1 mol/em?, do dé
Co c’ .
K, = C C - Ccc Co = Kl
()
CB CD
. kT ., ,
T (8.21) ta nhan duoc : k, = — KiC, (8.21")
Téng quat hon, déi véi phan dng b#t ki, thay cho (8.21°) ta co :
kT * e * s
k, = 4 K CA" (8.217)
trong do An® = 1 - x, x 12 s6 phan td tham gia phan dng.

An* = -1 d6i véi phan tng ludng phan tl.
An* = -2 d6i v6i phan Ung tam phén td.
An* = 0, d6i v6i phan dng don phan ti.

Néu AG” la bién thién nang lugng tu do tiéu chufn trong phan dng hinh thanh 1
mol phic hoat déng, thi ta cd :

RTIn K" = -AG' ' (8.22)
Két hgp cac ha thde (8.21") va (8.22) ta duge :

kT _ * *
k, = e  AORT.CO (8.23)
Né&u bigu dién AG™ tiéu chuéin qua cdc bién thién entanpi va entropi tiéu chuén ta cd :
AG* = AH" - TAS® (8.24)
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Do dd hé thic (8.23) c6 thé vi&t & dang :

kT ¥ _ - *
k = __eéS,fR_e AH/RT.CS“

P =3 (8.25)

e day AH" dugec goi la nhiét hoat hda con AS® ia entropi hoat hda cia qua trinh
hinh thanh phic hoat déng.

Céc bi€u thic (8.28) va (8.25) cho thdy y&u t6 quyét dinh tdc d6 phan Ung la nang
lugng ty do hoat hda AG*, chi khong phai & nhiét hay nang lugng hoat hda (AH")

nhu theo thuy& Arrhenius. Chi trong mét s6 it trudng hop khi bign thién entropl clia
qua trinh hoat hda khéng dang k& thi AH* méi la yéu t6 quyé&t dinh t8c dd phan Ing.

Chi ¥ : Vi C, = lmol/em® nén Cg" = 1, do dd trong hé thidc (8.25) thita s6 nhay
thuting dugc bé qua. Nhung ta cén luu ¥ né khi xét thd nguyén ctia k.G day thua s6
kT/h c6 thd nguyén JK 'KAJs = s7), con tha nguyén cia Cﬁ” = Cé_" phu thuéc x.

Néu x = 1 (phan @ng don phan tl) k. cd thd nguyén s! ;

Néu x = 2 (phan vng ludng phan td) k_cd thd nguyén cm>mol 157! ;
Néu x = 3 (phan dng tam phan ti) k ¢ thd nguyén em® mol™ 257 L.
8.6.2. Bidu thitc cia k, ddi véi phdn itng trong pha khi va trong dung dich
Phdn #ng trong pha khi

Quan hé gita AH" va nang lugng hoat héa thue nghi¢m E_.

Néu don vi cia néng d6 1a lmoliem® thi ta vist K} = K, khi d6 ldy loga cia (8.21)
ta dugc

Ink). = Ink/h + InT + In KE (8.26)

Ldy da2o ham theo T :

din dln
1 dnke (8.27)
dT T dT
dink; E,
Vi T = -, (xem (5.5)) (8.28)
danz: AU
va aT_ = - (xem (27.5) Hoa I tap I) ‘ (8.29)
nén dé dang suy ra E, = RT = AU" (8.30)
Mat khdc ta ¢d : AH* = AU* + PAV® (8.31)

trong dd AH", AU, AV® tuong dng la bign thién entanpi, noi nang va thé tich trong
qua trinh hinh thanh phdc hoat dong.

Nhu da ndi An® = 1 - x 13 bién thién s6 phan ti hoac s6 mol khi hinh thanh phic
hoat déng, theo dinh luat khi H tudng ta cd :

pAV® = An"RT = (1 - x)RT (8.32)
Két hgp (8.30), (8.31) v (8.32) ta dugc
AH® = E, - xRT ' (8.33)
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Thay AH” tit (8.33) vao (825) va luu y rang AS* = AS] ta dugc
kT * i .
kr = T exeaﬁch e EJ/RT (8.34)

Né&u don vi ndng d6 1a latm thi trong (8.34), thay cho AS] ta phai viét AS;. Quan

hé giita AS; va AS] cd thé tim dugc nhu sau

Theo hé thuic (16.7) (1Ida 1i tap D) ta c6
1;"l

5 -—Sl = Rln (P—)
2

(déi vai 1 mol) (8.35)

latm). Néu p; = RT/V,,

cho P, = latm, khi dé §, = S; (entropi tiédu chudn ¢ P
lem*/mol thi 5, = S‘C‘ {entropi tiéu chudn & néng d6 C = Imol/em?,
(8.36)

voi V, =
Nhu vay 9 - S = RInRT
D& vai An® mol ta ed : AS; — A8 = An'RInRT (8.37)

Két hop (8.32), (8.34) va (8.37) ta nhan duge
kT _ ASDR
ko = 5 R THe T e (8.38)

r

Ca hai hé thdc (8.34) va (8.38) 4p dung d6i vdi phan dng khi, trong dé (8.34) 4p
dung khi néng d¢ bifu dién bang mol/cm® , con (8.38) khi néng d9 bidu dién bing atm.

Phin iung trong dung dich
Riéng déi vdi phan dng trong dung dich, vi AV* = 0 nén theo (8.30) va (8.31) ta cd
AH' = AU* = E, - RT (8.39)
Thay AH® tu (8.39) vao (8.25) ta dugc
kT * —E R
AR B RT

k., = e
Hé thdc (8.40) duge ap dung ddi voi phdn dng cdc bac khac nhau trong dung dich

(8.40)

8.7. Y nghia cta entropi hoat hoa (AS)

Ti {7.17) va (7.21) ta cd thé viét biu thdic k_theo thuyst va cham ludng phén tu
nhu sau : '
k, = PZ_ . el &7HRT (8.41)
2 trong (8. 34) ta dudc biéu thie k, cia phdn dng ludng phan

Mat khac, thay x =

tli theo thuyét phic hoat déng -
K, = B}_;I: 62 BSUR TERT (8.34°)

So sanh (8.41) va (8.42) ta duge :
' {8.42)

kT *
Y2 X1 ASTR

pz() =
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Cho T = 600 K, khi d¢

—23
o2 KT _ o pan 188,107 600

=5.1013
h 6,62 1073

gia tri nay xdp xi véi gia trj Z, cia thuy&t va cham (xem 2 vi du 1 va 2 §7). Vi vay
trong bi€u thuc (8.42) cd thé chﬁp nhan

P = &™/R (8.43)°

Chinh xac hon, n&u ta viét biu thdc (8.42) cho 2 phan ung 1 va 2 réi chia cho
nhau va chdp nhan Z_ x4p xi nhau thi ta sé cd :

P
(A8), — (481, = Rh;.(I;;) (8.44)

Nhu vay thita s dinh huéng P phu thudc vao AS.
D6i voi phan dng binh thudmg Z, = 10“cm*mol. 5, AS] =~ 0 va P =~ 1

Dsi voi phan Gng nhanh Z, » 10 AS? » 0;P »1;

D8i v6i phan dng cham Z « 10'* | AS! « 0, P « 1.
Nhu vay entropi la mot trong 2 yé&u t6 (cing v6i AH®) quyst dinh téc do phan Uing.

Y nghia cla vén dé 14 & chd phic hoat déng cd d6 tu do cang cao (entropi cang lén)
thi kh&d nang phan dng clia nd cang cao.

8.8. Su phuy thudce dfmg dong hoc va hiéu dng bi tru

Trong chuong I ta da ndi dén hiéu ing b trd (he (5.7) biu dién su phu thude
tuyén tinh gilta Ink_ (k, - thita s6 truéc ham ma) va nang lugng hoat hoa E :

E = alnk  + 8 (8.45)
O day o va B la cic hang s6 dac trung cho cdc phan dng so sanh.

Tuong dng v6i E va Ink, 1a cdc dai lugng AH' va AS® trong phuong trinh (8.25),
do dd ta co thé vist :

AH* = aAS* + 8 (8.46)

Hé thic nay cdn duge goi 12 sy phu thudc ding déng hoc. ¥ nghia ctia tén goi nay
s€ dugc ré hon néu ta so sanh (8.48) voi hé thie :

AH* = AG™ + Tas* (847

Tt hé thic (8.47) ¢d thé suy ra ring néu trong ddy cac phan dng so sanh ta chon
duge mot nhigt d6 T, sao cho AG® cia cdc phan d@ng d6 bing nhau {cing ecd nghia la
hing s6 t6c d6 k,_ cua ching bing nhau) thi dudng bi€u dién AH' phu thudc AS* s&
12 mot dudng théng cd d6 dbc bing T, Nhiét d6 T, ma tai dé AG" hoac k) cia cdc

phdn dng trung nhau dugc goi 1a nh;ét d6 ddng dOng hoc (cing mot t8c do) (xem vi
du & dudi day).
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8.9. Cach tinh ti thue nghiém chc dai lugng AGy, AH™ va ASp

thude k,,

- 8.9.1. Cdc hé thiic cin thiét

Tir (8.25), bé qua thira s C2" ta dudc :

k " .
ok asr o -antrr
T h- ‘

"

lg-(%) = const — %;;—T

Ti (8.23) ta dugc :

kT k k
AGY = RTin ST 4575T{1g{ ] - lg[T]:l

1,38.1073 k,
= 4,575T [lg=———=7 —lg|m | | = 45757
[g 6,62.107> (T

Ta (8.24) ta dugce -
AH' - AGr
AS; = — 5

1{]"
10,32 - lg ¢

(8.48)

(8.49)

(8.50)

(8.51)

Cé&n lvu ¥ rang AH® khong phu thudc nhiét do T trong khodng cho sin, ‘khéng phu

8.9.2. Cdc vi du
Vi du 3

Phan dng giita hidrazin va malachit xanh 12 phan dng ludng pban ty, hang s6 téc
dé k, & cdc nhiét dg khde nhau duge ghi & 2 c4t ddu cia bang 82. Hay tinh cac gia

tri AH AGZ g VA ABJgg @ 25°C.

Loi gidi.

Cac s6 lieu cdn cho tinh todn duge ghi 6 bang sau.

Bang 8.2. Phin u'nﬁg gura hidrazin va malachit xanh (pH = 11 ; luc ion IM (KCI) ; ning

dd malachit xanh 5.10

coHn AG.‘I‘ va ASfr phu thuge T va phu thude k.

| T K k, Umol™' .ph™ | L/T. 10* | k,lYmol™" .7 k /T 1g(k /T)
280 1060 3,57 17,66 0,06 -1,22
287,8 1580 3,47 26,33 0,09 -1,04
296,8 2480 3,37 41,33 0,14 -0,85
303 3750 3,30 62,50 0,20 -0,69
3114 4680 3,21 78,00 0,25 ~0,60
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a; Xac dinh AH®

AH® ¢6 thé xac dinh theo mét trong 2 phuong phép, phuong phap dé thi va phucng
phap binh phudng t&i thiu.

Phuong phdp dbd thi.

k
Dya vao bi€u thie (8.49) dung d6 thi lg(—%) phu thude 1/T (xem hinh 8.7). Puang
. . AH® .
thang nhdn duge c6 do dée tga = 1575 i dd tinh duge AH®* = 7900 cal/mol.

Phuong phap binh phuong t6i thiéu.

Néu dat x = /T vay = lg(k /T} thi h¢ thic (8.49) c6 dang (6.74) 1la mot phuong
trinh tuy&n tinh v8i cdc hé s6 a; va a, duge tinh theo (6.75) va (6.76). Theo s6 lidu
ghi & bang 8.2 ta cd ;

n = 5
2x = 16,93.1073 ; Sy = -44
2x% = 57,3409.10°% . 2xy = -15,0817.1073
nxy—2 %)y 5(-15,0317. 107 + (16,92, 1073 . 4,4
R 2 -Qx¢  5(57,3409. 107% — (16,92, 10732
= -1,6993.1073
So sanh phuong trinh y = a, + a;x véi (8. 49) ta c6
4‘{???5 = a; = —1,6993. 10° ; AH* = 7775calimol

Ta cé nhan xét phuong phap d6 thi cho
két qui khong that chinh xdc.

b Xdc dinh AGE% gk
Theo (8.50) ta c6 : Laf c\
k 131 O
AGjgs = 4,5675.298. (10,32 ~ Ig ﬁ%) ] \\
i 1'2I:\“"'*---\\
gia tri Ig( 5o} duge tim trén d6 thi (hinh . | 119 IO\\
8.7). Ung véi gia tri §é—§ trén truc hoanh ’ i \ AH*_
ta tim duge 10f | 7500cal/mol
1 X
lg(z—gré) = -0,81 = 1, 19 = —0,81, 2.9f | e
trén truc tung. 28k : \o
Vay . o | :/:zls°c ‘ ?
AGleg = 4,575.298(10,32 + 0,81) = 31 82 33 34 35 36

= 15174cal/mol. Hirh 8.7,
: Phuong phap xac dinh AH” bing d6 thj (cong thic 5.49)
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Lo
¢) Xac dinh AS;y,

AH' — AGS -
Theo (8.51) ta cd ASE()8 = — 508 298 = 777529;;5174 = ~248 cal K '.mol !

Ta e¢6 nhan xét AG™ > 0 con AS® < 0.
Vi du 4,
Ctng bai toan trén, nhung né&u chuyén don vi néng d6 tit mol/l sang mol/em?® thi
cac gid tri AH", AG" va AS* sé thay ddi nhu thé& nao ?
Loi gidi.
k(. mol.s7!) = k(1000em® mol!.s7Y) = 1000k (cm®. mol™* . s}
Khi chuyén don vi néng 46 tir mol/l sang mol/cm® gid tri caa k. tang 1000 l&n.

Diéu nay khong anh huéng dén AH" (dugc xdc dinh theo d6 déc cita dudng thang irén

do thi 8.7) nhung anh hudng dén AG” vi AS™. Thyc vay, vi k, tang 10® lin nen lgk
tang 3 don vi :

k
T - -
lg(m) = —0,81 + 3 = 2,19, ti d6 suy ra

AGhes = 4,575.298(10,32 - 2,19) = 11084 cal/mol.

A8 g = EQZ_T}IOBE = ~1lleal. K™! . mol™!
Vi du 5 :
Phan dng bac mot phan hiuy protein bing kiém duge dac trung blng cac gid tri
AH® va AS” hoat hda néu & bang 8.3.
a) Hay xdc dinh hang 86 k_clia cdc phan dng g 25°C.

by Hay xdc dinh nhiét d6 ding déng hoc T, (tai d6 hdng s6 k_cta céc phan dng
so sanh déu bang nhau).

Loi gidi.
a) Ap dung cong thic :

K = KT astr - an'mRT

r h

a

Thay T = 298 va cédc gid tri AS] va AH" da cho ta tinh duoe k, 6 25°C (xem
bang 8.3).

Bang 8.3. Phdn hiy protein béing kitm

Protein AH®, keal/mol AS?, dve k., s”! (25°C)
Oxi hemoglobin ngudi 7,6 ' -39 4,97.1072
Oxi hemoglobin chu6t 15,1 -17 1,0.10°2
Hemeglobin chu6t 12,2 -27 8,61.10°
Hemoglobin thd 16,9 -13 3,31.107°
Oxi hemoglobin bd 21 -6 1,20.1074
Oxi hemoglobin thd 18,5 -8 3,02.10°3
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- b) Dua vao céng thdic (847) dung d6 thi
AH® phu thudc AS” ta tinh duoc T, (hinh 8.8). AH"kcaymoal
Két qua tim duge T, = 100°C, ¢d nghia la &
nhiét do nay hang s6 téc d6 phan hiy cdc protein
khéac nhau la nhy nhau, 20 1 "o

Chu y : o

15 + o tga =T,
Trong trudng hop ma gita AH" va AS" khang : o

¢d su phu thugc tuyén tinh, thi cd nghia la gita g } . <
nhitng phdn \ing khao sat khéng cd hidu dng bu ‘—L‘
trit {khong cd su phu thudc ding dong hoc). Higu s | ™
ing nay thudng gap trong mot kifu phan ing N
nhit dinh {vi du phan ing thay phan) cia mét day L L L L
chit, trong dd cac phaén td gifng nhau vé trung 0 10 20 30 40 45 calmol
tam phan dng (vi du ¢ nhém COQOH, nhém Hink 4.8,

NH,) va chi khdc nhau vé cdu trdic ngoai trung phan hiy protein. Phuong phap xéc dinh

tdm phan dng (vi du khac nhau v& nhom thg&). nhi¢t d6 d¢ing déng hoc (1)), cong thik (3.47) .

Tut hé thic (8.11) ta thdy thuy&t phiuc hoat déng vé nguyén tic tinh duge téc do
phan dng néu biét b& miat th& nang va cdu tric cha cic phan ti va phic hoat dong
ma khong cdn dua vao thuc nghiém. Vi vay thuyét phic hoat déng (trang thdi chuyén
ti€p) con dude goi 1a thuyét téc d¢ tuyét doi.

Tuy nhién trong thuc t€ viéc tinh toan thudn tiy I thuy8t (tuyst déi) gap hai kho
khan.

Mot la dé xay dung dugec bé mat thé nang cédn giai duge phuong trinh Schradinger
cho hé nhiéu hat. Day la mot viec khdé chua vugt qua duge, do d6 d& cd gia tri nang
iugng hoat hda van phai dua vao thyc nghiém.

Hai la d& tinh dugc t6ng trang thdi q° trong (8.11) caAn bidt cfu trac cla phic hoat
dong, ma céu tric cia phdc nay thuong chi 14 gid thiét, do dd cdc hing s6 phan ti
cia phifc {cdu hinh, d¢ dai lién két, t4n s& dao dong, v.v... ) cdn d& tinh todn cung
chi la nhitng gia thist gdn ding khac nhau.

Ngoai ra viéc danh gid hé s8 di qua x ciing khé khan.

Vi vy uu dim clia thuyét phdc hoat déng la nd cho phép giai thich dinh tinh
nhiéu khia canh cla phan dng co ban, cdn nhuge di€m thi vén la con it hidu luc dinh
lugng trong viée tinh toan d&i vdi cac phan dng cu th€. Chinh vi vay c& hai thuyét

va cham va phidc hoat dong 14 b8 sung che nhau, va duge xem nhu hai phuong phép
thudng duge dp duyng déng thdi khi xem xét cdc phan dUng cu.thé.

§9. PHAN UNG DON PHAN TU

Phan ing don phan t la phan Wng ma trong phic hoat déng chi ¢6 m#t mét phan
td cua chdt phan dng. Thong thudng d6 13 cdc phan dng phan hiy, phan dng déng
phan hda.

Phan Ung don phén t& ed th€ khao sit theo thuyét va cham hoac thuyét phic
hoat dong.
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Theo quan di€m cba thuyét va cham, d6i v6i nhing phan ing hda hoc dbi hdi nang
lugng hoat hda, néu cac phan t& phan wng khong dugc cung cdp ning lugng bang cdc
nguén phi nhiét (vi du bing tia bitc xa) thi nang Iugng d6 chi c6 thé tich liy bing
con dudng va cham phén t&, trong 46 nhiét niang chuyén thanh nang lugng dao déng
cua phan tU. Chinh sy cé mat cia giai doan va cham lam cho li thuyét phadn dng don
phin tu trd nén phdc tap.

Quan niém vé phuong thdc hoat hda phan tif bang sy va cham ludng phan td déi
v0i phan dng don phéan ti dugc Lindemann dé ra dau tién nam 1922 va sau dé duge
phat trién trong cdc cdng trinh cia Hinshelwood (1926), Rice, Ramsperger (1927-1928},
Kassel (1928-1932), Landau (1936), Slater (1939-1953) va nhitng ngudi khac.

Dudi day trinh bay mot s6 thuyét phan dng don phan tu.

9.1. Thuyét Lindemann

Quan niém co ban cta Lindemann 1a su hoat hda trong phan ing don phan tu duge
thuc hién bang sy va cham ludng ph&n td. Phan dng don phan ti¥ duge hinh dung
xdy ra qua céc giai doan co ban sau day :

k
D A+A — A" +A

k2
2) A"+A —sA+A
ky

3) A® — san phidm

Trong so d6 nay A la phan ti chdt phan dng, A’ Ia phan tit duge hoat hda, k,, ky,
k; tuong dng la hdng s t6c do cdc qua trinh hoat hda (qua trinh 1), gidi hoat (qua
trinh 2} va phan ing (qua trinh 3).

Xuit phat tif so d6 trén day va ap dung nguyén li néng d6 dn dinh d6i v6i A® ta cé

d(A"] . .
3 = KA - KIAIAT] - k(A" = 0

) k [AP? ;
hoac [AT] = m 9.1
tt dd suy ra téc do phan ing :
2
d[A] o _ KA »
Tl ky{A"] = m (9.2)

Xét hai truong hogp gidi han sau day :
O ap sust lon, khi k, [A] > k, biéu thic (9.2) tré thanh :

aal ki ks
T —kz‘— [A]l = k_[A] (9.3)
nghia 14 phan #ng tuan theo quy luat bac mét, vdi hang s6 t6c do
k; ky
k, = . 9.4)

2
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G ap sust bs, khi k, [A] << k,, bigu thie (9.2) trd thanh :

d[A 5
- % = kq[AJ 9.5)

nghia la phan dng tuin theo quy luat bac hai.

Nhu vdy thuyét Lindemann thanh céng trong viéc giai thich moét dac diém quan
trong cua phan dng don phdn ti : & 4p sudt 16n phan dng 12 bac mét, con & dp suft
bé phan dng la bac hai.

Tuy nhién thanh céng nay chl 12 vé mat dinh tinh, cdon vé mat dinh lugng thuyét
Lindemann gap moét s6 khé khan khdng th€ vugt qua duge.

Khd khan thd nhét : thuyét nay khong giai thich dugc tai sac t6c d6 phan Ung don
phan tit thudng l6n hon nhiéu so véi téc d6 hoat héa tinh theo thuy&t va cham. Lay
vi du phan #ng phan hiy etyl clorua. Bang thuc nghiém ngudi ta xac dinh duge téc
dd phan dng dé & nhiét d¢ 750 K va néng do etyl clorua 2,14. 107¢ mol. em™3 1a :

W=k, .eRT ¢ = 39 104 ¢780800/2.750) 9 14 1076

= 15,8.10 Ymolem™ 357!

Mat khac, néu dp dung L& thic (7.15°) d€ tinh t6c do hoat hoa etyl clorua (giai
doan 1 trong so d8 Lindemann) ta g

. _ 2 _ 2/ 7RT 12 gt
W'=k.C _4N0d(M ) e .C (9.6)
D& véi phan t etyl clorua d = 5 . 1078 cm, M = 68, nén.

3,14.8,3.107.750
68

W' = 4.6,02.10°.25. 1074 ) 12, gTOUR00/2.750 (9 14 10762

= 2,84.105molem 3571,

Nhu vay té6c d6 phadn ing etyl clorua lén hon t6c d6 hoat hda nd khoing
15,8.1071°
2,84.107%°
Két qua tuong ty cing nhén dugc d6i véi cac phan dng don phan td khic.
Khé khan thd hai cia thuyét Lindemann nhu sau ;

~ 10% 14n, diéu nay khong cho phép vi W chi c6 th& bé hon hoac bing W*

Néu goi k 1a t6c do riéng, nghia 1a téc d6 phan dng quy vé mot phan td, thi tu
phuong trinh (9.2) ta ed :

1 dfA] Kk kglAl

k=& - LA | O
Chia ti s6 vaA miu s§ cho k, [A] va luu ¥ (9.4) ta duge :
. S (9.8)
.
kyfA]
hodc % = é + E;Eﬁ {9.9)

Sy phu thufec cla t6c do riéng k vao néng do chit phan ting (hoac 4p suft) theo
pbuong trinh (9.8) dugc trinh bay trén hinh 9.1.
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P
0 5 10 mmHg (dudng dudi)
0 500 1000 mmHg {dudhng trén) 0 1 9 3 UP.mmHg?

Hinh 9.1
Sy phu thuge tde do ritng (k) cta phin (ng phan
hiy don phan 11 azometan
CH,NNCII, = C,ii, + N, vao 4p suft & 290° C

Hink 9.2,
|

it ki¢n tit hinh 9.1 trong toa 40 P

Su¢ phu thudc nay phi hgp vdi thuc nghiém & ch8 khi tang ap suft, t8e d6 riéng
cia phdn Gng don phan ti ting dén mét gidi han nhdt dinh ( k).

Tuy nhién n&u bidu dién sy phu thudc cia 1/k vao 1/A theo phuong trinh (9.9)
dudng bi€u dién 12 mét dudng thing, trong khi dé két qua thuc nghiém cho ta mét
dudng cong & viing Ap sudt 16n (hinh 9.2). N6i cdch khdc, khé khan thd hai cta thuyét
Lindemann la nd khéng giai thich duge sy ting 1én qua nhanh ctéa t6c do riéng cia
phan ing so voi H thuyst khi ting ap suit.

Nhing khé khan nay dugc gidi quyét trong cic thuyét trinh bay dudi day.

9.2 Thuyét Hinshelwood

Thuyét Hinshelwood da khidc phuc duge khg khan thid nhdt cta thuyé&t Lindemann
d mic 4§ nhat dinh.

Theo Hinshelwood, viéc ap dung cdng thidc (9.6) dé tinh t8c do hoat hoa chi ding
déi vai phan td hai nguyén ti. Khi tinh t6c d6 hoat hda cda nhiing phan t phic tap
gom nhidu bac tu do daoc dong phai k€ dé&n su tham gia cia cdc bac tu do dao dong
vao viéc hoat hda phan tu.

Theo li thuyét théng ké, d6i v46i phan ti gém s bac ty do dao doéng thi ti 1& cac
phan td cd nang lugng ndm trong khoidng E, E + dE dugc bifu dién bdi hé thic :

dn _ B ! o ERGR . ©.10)
n (s - DIRT)®
(Xem hé thde 51. 59, Hoa U tap II).
Ldy tich phan caa bi€u thic (9.10) t¥ E = E_ (nang lugng hoat hda) dén E = =,
ta tim dugc s§ phan td hoat hda n* :

n- - n J' ES""le"["fRTdE
(s — HURT)" g_
s—1 s—2
1 E, 1 Eo Eo
_ ERT| 1 | _t e o
= ne O/Rl(s-l)! RT] +(s—2)![R’I‘ tootgp Tl
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e

-E_RT

> 1 nén chi cdn M4y s hang dau trong dau ngoac, ta cé :

n  (s—1![RT 9.11)

So sdnh bi€u thdc (9.11) véi quy luat phan b6 Boltzmann
n* s N
— = k. /R1
n

ta thdy rang viéc k€ dén s bac ty do dao déng trong phan tt da lam cho s6 phan tu

-1

. 1 E : .
hoat hda tang lén f = o1y _R% 1an. Gia tri cia f khi s tang dan nhu sau :
| s 1 2 3 | a4 5 6 |
1 . T.‘i“‘l ) :
P w__ 1 40,8 83,2 1,13.10* | 1,15.10° | 9.6.10°
| (s — 1)!

Nhu v&y néu chdp nhan s = 6 thi téc dé hoat hda etyl clorua duge nhan lén khoang
10°% lan, phi hop véi gia tri thue nghiém. DS 1a wu diém cua thuyét Hinshelwood.

Tuy nhién néu chi ¥ ring phan ti etyl clorua chda 8 nguyén ti, do d6 ¢6 3.8 - 6 = 18
bac tu do dao dong, thi viec chon s = 6 Ia tuy tién. Su khéng phi hop nay cé thé
giai thich 1a khong phai t4t ca cde bac tu do dao dong déu tham gia vao viéc tich lay
nang lugng. Gi tri s duge chon dé pha hop vdi thyuc nghiém théng thuong chi vao
khodng mét nia téng sé bac tu do dao déng cia phan td.

9.3. Thuyét Kassel
Thuyét Kassel da khéc phuc khé khan thy hai cia thuyé&t Lindemann.

Trong thuyét Hinshelwood phan tf dugc xem la hoat déng néu né tich liy duoc
nang lugng E = E_.

Diém khdc nhau can ban giita thuyét Hinshelwood va cdc thuyst duge x4y dung vé
sau 12 & ché theo cic thuyét nay, phan t& hoat hoa khong phai la bdt ki phan ti nao
¢ nang lugng E = E, ma la phan tt trong dé mét lugng nang lugng xac dinh duge
tap trung tai lién k&t bi ddt. Nhu vay bai todn quy vé viéc tim xic sufit tap trung
nang lugng, vén duge phan bS trén nhidu bac tu do, vé mét bac. Trong thuyét Kassel
bai todn nay duge gidi quyét nhu sau :

Phan tu duge xem nhu tap hgp cta s dao dong td cd tdAn s6 dao dong v gidng nhau.
Méi dao dong tt cé thé chua nang lugng bang mot sd nguyén Idn lugng t hy. Gia
thiét phan ti ¢ nang lugng E = ihv, va gid thi€t nang lugng hoat hda E, = mhy
(E = E). Phan t{ tré nén hoat déng khi nang lhigng E, = mhv dugc tap trung tai
mot dao doéng t&t. Nhu vay phai tim xdc suft cua su phén b6, trong d6é m lugng tu
tap trung tai mot dao déng t&, con i - m lugng t tap trung tai s - 1 dao dong tu
con lal.

Got g; 1a s6 cach sdp x6p i lugng td trén s dao dong tli. Theo cdach tinh da trinh
bay & §52, Hda li tap II, s6 cich sdp x€p dd bang 6 hodn vi i + s - 1 vat, nghia la
bang (i + s - 1)}, tuy nhién vi tinh khong phan biét cia cic lugng tu eling nhu cha
cdc dao dfng ti, cho nén .
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(i+s—1)
&= -1y
Tuong tu nhu vay, goi g _ 14 s6 cach sap x€p i lugng tit trén s dao déng ti, trong
dé m lugng tu duge tap trung tai mét dao dong tit. Theo li thuyst xdc suft
_(i-m+s-1)
m T (i—m)is - 1)
Xdc suat cua sy phadn b8, trong dd m lugng ti tAp trung tai mot dao déng tid, cdn
i ~ m luong td tap trung tai s - 1 dao dong ti con lai, s& bing ti s& .

g -

Bi - m (i—m +s— i

g  ({-mli+s—1) (9.12)

Kassel gid thiét ring hang s6 phan hdy k, ctia phan tit c¢d nang lugng E = ihv ti
1& vai xdc sudt tap trung nang lugng tai mot lién két, nghia la

B@i—m+s— !

K = G-mylaFs- 1) (913)
trong dé B 12 hé s6 ti 18 dac trung cho téc dd truyén nang lugng giita cdc dao déng
th. Vidi-m+s-D!'=¢0-m)!i-m+D{Ii-m+2)..(G(G-m+s-1 va
t+s-1)!=it{i+1)(i+2)..{i +s -1}, cho nén khi i rdt 1dn, hé thic (9.13)
bign thanh

-1
. s—1 E-E
—m
k = B =B[ — (9.14)

(E = ihv, E_. = mh»)

0

Y nghia cia bifu thidc (9.14) 1a & chd phan ti tich liy duoe cang nhiu nang lugng
thi téc d6 phan hiy cta né cang lén.

0 ap suidt cang cao cdc phan td va cham nhau cing manh, vi vay ti 16 tuong dé&i
cac phan t¥ cd nang lugng cao cang lén va kha nang phan hiy phan td cing ciéng
lén. Diéu d6 giai thich vi sao ¢d su tang lén "bit thubng" cua tdc dod riéng cua phan
ing so v&i phuong trinh (9.9) khi tang ap suAt (xem hinh 9.2).

Trén day 14 mot s§ thuyét phan dng don phan t¢. Khi d6i chigu cdc thuyét dd voi
thuc nghiém, cn Iyu y d&n tinh han ch& vé do chinh xdc cia nhiéu s8 ligu thuc
nghiém, eGng nhu vé& sy gidn dding cla cdc thuyét dua trén nhiing giad thiét khac nhau.
Trong thuyét Hinshelwood dd la gid thist vé sy khéng phu thuée clia hang s6 téc do
phan Wng vao nang lugng cha ciac phan ti hoat déng. Trong thuyét Kassel do la gia
thiét vé sy déng nhAat ciua tan s6 dac déng cida cdc dao ddng ti. Cde thuy&t ndi chung
déu mac nhién chdp nhan giad thiét vé tinh diéu hoa cua cac dao dong tid va vé su
phidn bé cAn bing Maxwell Boltzmann trong hé phan ing.

9.4, Cac so0 liéu thuc nghiém vé phan dng don phan td
9.4.1. Thixa s¢ k,
Theo dinh luat Arrhenius hing s8 tSc d6 phdn dng c¢d dang :
k = k, e RT (9.15)

D6 v6i phan dng don phan ti, thong thudng k, =~ 10's”!. D& ching minh diéu
nay, ap dung thuyét phic hoat dong d6i vdi phidn dng don phan tu ta cd

k)= — - =+— — - (9.16)
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Trong phan #ng don phan td, cfu truc cua phin td ban ddu va phic hoat dong
gdn giéng nhau, téng trang thai cua céc bac ty do tuong dng cing xdp xi nhau, do
dé trong bi€u thic (9.16) ching gidn u6c 14n nhau, chi tri mot bac tu do dao dong
¢ mat trong phan ti nhung bi cdm d&i voi phic hoat déng.

Gia tri q 4 duge tinh theo bigu thiue (54.41), Héa li tap II. Néu h» » kT Quq = 1,
khi do

_ kT 1,88.10 23T
°© b 6,62.10

Cho T = 500K ta duge k, = 103!,

Néu cho kT > hv thi q,, = kT/hv. !

Khi d6 : k, = v = 10" + 107! (gia tri
phd bi&n cta tdn s6 dao dong),

Trong thuc t& gia tri k, cla mét s8 phan
Ung don phin t¥ c6 thé sai léch khoi gid tri
10" thuong gap. Chdng han khi tap hop 100
phan ding don phan tlit ngudi ta thdy 60% =6
phdn dng cé k= 1012 - 10%4g~ 1 nhung ciing
cé nhilng phan ung c6 k, rdt thap (10% )
hoac r&t cao (1075 ) (xem hinh 9.3).

Trudng hop k, 1on thudng 1a lién quan dén
viéc tdng entropi trong qua trinh hinh

k = 2.1007

0 1
thanh phic hoat dong. Vi du khi phan hay 10° 10 10" 10° 1=
diazometan ¢ 600K ngudi ta thdy k, = 10451,

Gia tri nay cd thf-,' thulducjc n&y chdp nhan 1o wone gt }‘Th;}i e dom ohan
w - - . 1 ca an
AS" = 10,8 cal K™ L.mol L. Thue vay, theo bigu phin b6 thgen i 1] r:h&a sdgzruéc Eam i
thdce (8.40) ta e6 :
kT o+ 1,38.102% . 600 -
kn = —~e.e A% R —_ _-—_T 2,7.95'4 - 10103 1
h 6,62.10

Khong loai trir kha ning, trong mét s8 trudng hop, phan Ung cd gia tri k, 1dn, vé
thyc chit xiy ra theo co ch& day chuyén, con quy luat don phin td nhin duge chi l1a
bi€u ki&én. Dac diém nay la kha phd bién

E déi v6i cdc phan dng day chuyén.

Trudng hgp k, nhin gid tri thap dé
giai thich hon. Néu k, rdt thdp thi chéac
chin phan dng x4y ra khéng doan nhiét
{thay d8i trang thai electron).

Mot vi du. Khi déng phan hda
cis~trans cic din xufit ciéa etilen ngudi
ta phan biét duoc 2 nhom phan ung :
1 nhém duge dac trung boi gid tri k|

cis trans thdp (10* + 10%s7! va nang luong hoat
t i } > héa thép, con 1 nhom duge dac trung
0°  90® 8¢ gde quay® bai gis tri k; & 107! va nang lugng
Hinh 9.4 hoat hda cao hon. Dudng phan iing trong

Hai con duong cla phan ing déng phan héa cis-trans : 2 trudng hop cd th€ hinh dung qua so
bio toan do boi (I — ) va thay ddi d6 boi (I — Il = I) d§ v& trén hinh (9.4).
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Vi du vé nhdm thd nhét 13 phan (ng déng phan hda axit maleic k, = 1,7.10%™ 1,
E = 15,8 kecal/mol) x4y ra theo co ch& thay d8i do beéi :

H H H opoq.0 H COOH
N / AN / N /
C=C —_— C=C —_— C=C
/ \ / \\‘ Vv ~
HOOC COOH HOOC COOH HOOC H
(1) (IIT) (D
(8 = 09 cis) (@ = 90° phic hoat déng) (f = 180° trans)

trong dé # 1a gdc quay cla mdt n¥a phan td xung quanh lien k&t C-C. Phan ti &
dang cis ho#c trans, ndm & trang thai co ban I (singlet), cdn phic hoat déng dng voi
goc quay # = 90° ndm 0 trang thai kich thich III (triplet). Hai mai tén & 2 nguyén
tit cacbon ki hidu 2 electron cd spin cling chiéu. Viée chuy&n tir trang thai singlet sang
triplet (thay ddi d0 boi) 14 khé khén, vi vay phan dng dac trung bing gid tri k, thép,
mat khac theo hinh vé& con dudng I — III — I ciing dac trung bang hang rao ning

lugng thip.
Vi du vé nhém thd hai la phan dng déng phan hda stinben (k, = 6.10'%7)
= 43kcal/mol), & day phdc hoat dong nam & trang thai singlet :

H
H ‘\\ T l/{(
Cc=C
e \\‘
C(}HS Cl’iHS
Vi su chuy&n hda singlet - singlet xdy ra d& dang, cho nén phan Ung dac trung

hang gid tri k, cao. Déng thdi theo hinh 9.4 con duong I — I phai vugt qua hang rao
niang lugng cao hon.

9.4.2, Ning lrong hoat héa va nhiét phdn ing

Xét vé quan hé gita nang lugng hoat hda E vA nhiét phan ing Q cé thé chia cdc
phan dng ddn phan td thanh 2 loai, moét loai gém nhitng phan dng cd E va Q khic

nhau, va mét loai gébm nhitng phin dng ¢ E = Q. Dudng phan dng trong hai trudng
hop nay duge bi€u dién trén hinh 9.5.

EIL E )

Trgng thdi trung gian Trong thdi cudi

Trang thai cudi

Trang thdi ddu Trqng thai déu

DGdng phan dng Dudng phdn dng

Hink 9.5
Dudng phin {ng ddn phan 1t khi E > Q (a) va khi E = Q(b)
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Vi du vé loai phan tng ¢6 E = Q 14 cdc phan ing dong phan hda cis-trans, trong
do nang lugng hoat hda ¢& hang chue kcal/mol con nhiét phan ing chi cg vai keal/mol,
cdc phan dng phan huy don phan t¥ tao thanh san phdm bén, vi du phin ung phan
hiy etyl bromua

C,H,Br — C,H, + HBr ; E = 53,7kcal/mol, Q@ = 16,8kecalimol |
phdn dng phan hay nito (II) oxit :
N,O — N, + 0 ; E = 60kcal/mol, Q = 38,8kcal/mol

Loai thy hai chi y&u bao gém cac phan dng phan hiy nhiét tac thanh gdc tu do,

trong dé nang lugng hoat héa bing nang lugng dit lien két (xem cac vi du @ bing 9.1).

Bang 9.1. Ning lwong hoat héa ciia mot sG phdn ng phin hiy don phdn tir va ning
fuong dit lién két tuwong ing.

Hgp chit E, kcal/mol Lien ké&t bj diit Nang lugng lién két, keal/mol I
Etyl iodua 51,56 CzHS -1 50,2 + 1 -
Allyl clorua 59,3 C,H, -Cl 58 + 2 |

. Etyl benzen 63 + 15 C,H,CH, - CH, 62,3 = 2.3

Benzyl bromua 50,5 = 2 CcHCH, — Br 485 + 4

| Diaxetyl 60 CH,CO - COCH, 58

Propilen : 78 CH, = CHCH, - H 77 _f

9.4.3. Ank hwing cia tap chdt

Tap chdt cd thé anh hudng dén téc do phan d¢ng don phan td. Anhk hudng nay co
thé gay ra bdi hai nguyén nhan. Mat la tap chédt tham gia vao qua trinh va cham
ludng phan tl, qua dé phan t¥ chat
phan dng duge hoat héa. Vi du anh
hudng ctia hidro dén tdc d6 phan ing
phan huy ete etylic duge minh hoa

trén hinh 9.6. 200
Dudng 1 ing v6i cdc thi nghiem E

khi khéng cé hidro. O ap sudt lén tm'iso

phan dng tuan theo quy luat bae mét,

thoi gian ban hiy la hing s6. O ap

suit bé, phan ng trd thanh bac hai, 100 =

thdi gian ban hay tang khi ap sust @

giam. Dudng 2 la trudng hgp thi _

nghiém khi cd hidro. Su cé mat cta 50 — ” o 400*’

400mmHg hidro lam cho qud trinh

hoat hda trd nén nhanh du khi &p ’ Ap sudlt hoi ete, mmHg

sudt hoi cha ete bé, trong digu kién . Hink 9.6

d6 phan dng lutn luén la bdc moét phan ing phin hity ete etylic ;, thdi gian ban huy phu thusc

vad khong phu thude 4p suét. ip suft hai ete ; du{)ng 1 - thi_nghiem khi khéng ¢ H, ;
dudng 2 - thi nghiém khi c6 H, (400mmHg)

—
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Tap chit cing c6 thé tham gia phan dng héa hoc. Vi du di€n hinh 1a anh hudng
cua brom hoac iot dén sy phan hiy N,O. Phuong trinh t6c do trong trudng hop nay
cc dang

dIN;01 2
T k[N,O1iX,]

trong ddé [X,] 14 ndng d6 halogen. T6c dé phan dng khi cd mat halogen tang khoang
250 1an so véi téc do phan hiy N,O tinh khiét ; halogen khong bi tiéu hao trong phan
ung, didu dd ching td né ddng vai trd chat xic tdc

§10. PHAN UNG TAM PHAN TU

Trong s6 cdc phdn iing tam phan tU x4y ra trong pha khi cd hai loai phan ng
di€n hinh 1a phan #ng trao d6i, vi du trao d8i déng vi va phan ing tai két hop goc
ty do va k&t hdp noéi do6i, thuc hién theo co ch& va cham véi ti€u phan thd ba. Sy
khdc nhau gita phan dng trao d6i v6i phan dng tai két hop va k&t hgp 1a & ché trong
phan 1ing dadu, sy tdi phdn bd cdc lién k&t duge thuc hién déng th3i trong ca 3 phan
td va cham, vi du phan dng trao d6i déng vi hidro ¢ thé hinh dung nhu sau :

R R R
No-H oo H No H
v N
H O-R — H O-R — H O—R
L ;
0 D 0.0 0—D
R/ ]E( R

Trong phan dng tdi k&t hgp géc tu do va k&t hop ndi doi chi ¢d 2 ti€u phan phan
Ung véi nhau, con ti€u phan thid ba M déng vai trd nhan nang lugng du d& lam bén
phan td duge hinh thanh, chid khéng bién d8i vé hda hoc. Vi du phan dng tai két hop
iot xay ra nhu sau :

I+1+M—>1,+M, M = CH,, H,0, CO, ..

Cung nhu d6i v6i phan dng ludng phan td, phan ng tam phan ti cd thé khao sat
theo thuy&t va cham hosc phdc hoat dong.

10.1. Ap dung thuyét va cham

DE tinh tSc 46 phan dng tam phan t¥ cdn biét tdn s va cham déng thoi giita 3
phan t& A, B va C. Cach tinh tdn s6 va cham ba nhu sau. Trudc hét tinh tdn s6 va
cham dbi gitta 2 phan tif, vi du A va B d€ hinh thanh phic khong bén A.B, sau dé
tinh ti€p t&n s6 va cham gita phic d¢ v@i phan ti thd ba C ta duge tdn s6 va cham
ba gitta 3 phan td A, B va C.

Gia thigt n,, ng, n. la néng d6 (phan ti/em>), m,, my, m. 1a khéi lugng cha 3
phan t& A, B va C. Ki hiéu t&n s6 va cham déi ting cap mdt trong lem® va 1 giay
la Z,p Zy¢r Zac va nong do phic khéng bén tuong Ung la n, 4,

Dai véi phiec AB ta co

Np s Npc

- 8kT
Zap = ZpapgmaTp Vol L,pg = GA.B[
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“eg,

m, my
) _ 2 N - .
trong do GA.H = J'I(I‘A + I'B) va Hap = m
(ro va r, - ban kinh phan t¥ A va B).
Gia thigt thdi gian s6ng trung binh cla phitc d6 1a 7, ,, 4p dung nguyen Ii néng
dd 8n dinh, ta e§ :

n
Al A.B
N, Dy — — =0
AB

te d6 rat ra Nag = Za gTayny Dy
Bi€u thidc tuong tu cing thu duge d&i véi phic B.C va A.C, nghia la
Lol
ngc = ZgcTynphe
_ g0
Bac = dycTachyng
56 va cham gita méi loai phuc véi ph&n ti thi ba trong 1 cm? va 1 giay bing :

AB +C: ZAB.CUARDC
BC + A : Za_c_AnB_(_\ n,
AC + B : Z?\.(I.B“A.(.‘ Ny
172
, BkT
g day A = Oy g | ———
A.B.C ABC|Z PR

Bi¢u thdc tuong ty cd thé vist d6i vai Zycava Z, o g Trong céac biéu thdec dé, cac
dai lugng 6, ;. Hape VY. tuong dng bang

(m, + my)m,.

_ 2 _
Canc = #tay + 1), Bapc = oy g m Ve

trong dd r, ; 1a ban kinh phic A.B.

Téng s6 va cham ba s& la :
_ 70 0 o
23 = ZancPanic * Zhoalp ol + 2 ¢ ynp oy
Thay cdc gia tri n, Np ey B, ~ VA0 ddy, sau vai tinh toin don g?én ta rit ra :
1/2

2 2
{(TA trp) (rap 1) Tup t+

(g ) (T o T T + (r, 1)t o 1) rA.C} ny g N
Néu chép nhén m, = mp = me = M/N, (M - khéi lugng phan tu trung binh, N_ -
86 Avogadro) ; Ty y = Ty =Ty o =T;1, =1y = Te=d2im,y =10 =1,0=d

(d - dudng kinh trung binh, thi dai lugng Z3 trong bigu thic Z, = Z3 n,npn,. bang

n ZIRT

4 :
M d't {10.1)

g = 548
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2

va hing so téc do phan dng tam phan ti sé la ky, = PZ).e MRT (10.2)

(E - nang lugng hoat hda, P - thira s6 dinh hudng, ZJ - thita s6 tdn s6 va cham
tam ﬁhén tit).

Ta thiét xdc dinh ¢& dai luong Z$ ; N&u phan tit 12 don nguyén ti thi thdi gian séng
g

cia phitc hai nguyén tu bing thdi gian ma nguyén td nay & canh nguyén ti kia khi
ching chuyén dong tu do, nghia la 7 = d/v, trong d6 v - téc do tuong d6i trung binh
ctta tifu phian. Cho d = 3.107%m, v = 5.10%m/s, M = 30, tit bi€u thic (10.1) néu
thay T = 300K ta nhan duge :

Z8 = 1,210 em® ph72 57! = 4,4.10%em® . mol ™% 57N

Ciing véi cac gia tri d, M vd T d6, n6u 12 va cham ludng phén ti thi thia s6 tén
s§ va cham ludng phan tu la .

1/2
5 = &? [@] = 1,810 %em® pht.s7L

M/2
Nhu vay ti 1&6 s6 va cham ba vA va cham d6i la :
23 zO 3 21 .
Z_z = __Z" 5 = §10 (10.3)

Dé&i véi khi H tudng ta 6 PV = mRT = nkT vist cho m mol hoac n phan ti.

. n P
DO dd : v = ﬁ
Trong don vi thé tich ta cd :
P(Pa’
n(ph .t/ m3) &= _23( 2) —
1,38. 1072 (J . KHT(K)
107° P(Pa)
hoac n(ph.tifem®) = —————=
) 1,381078 T

Cho T = 300K va n&u bi€u didn 4p sudt bang atm (1Pa = 10 %atm), ta ¢

107° P(atm).10°
1,38.10722 300

n(Ph.tfﬂ’cm?') =

Thay n trong (10.3) ta duge :
YA
7 = 1,6.1072 P(atm) (10.3")
2
Nhu véiy & 4p sufit v nhiét d6 binh thudng, s6 va cham tam phéan t it hon sé
va cham ludng phan ti khoang 100 1&n. K&t qua nay nhan duge khi gia thigt t = 10712,
d¢ la thii gian sfng cta phic hai nguyén tlit hay hai phin ti don gian. Khi s6 bac
ty do trong phan €4 ting lén thi théi gian sfng cua phdc tuong ting cing duge
tang 1én gdp boi. Vi du déi vén phic HO,(H + 0,) 7 = 107 = 1072, d6i voi phic
C;Hg(CH, + C,H)T = 4. 10"%s. Trong trudng hop dd s6 va cham ba va tl 18 Z,/Z, s¢
tang én danpg ké.
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Phan tng tam phan ty dude nghién ciu ddy da nhit 1a phan dng :
2NO + X, - 2NOX (X = ¢}, Br, 0)
Xét hai vi du sau day :

Vi dy 1. Phan dng 2NO + Cl, — 2NOCI (Q = 16,5 kecal/mol) trong khoang nhiét
d6 T = 60 + 300°C c6 hang s6 téc d6 :

k3 = pz(':: e F/RT = 1012 .e 7300RT . (31’1‘1(l . mol'z . S-_l.

Thay vao day Z3 = 10%em® mol™ 57! (7 = 10"2s) ta tim duge P = 107

Vi du 2. Khace vai phan dng trén, phan dng : 2NO + 0, = 2NO, (Q = 25,6kcal/mol}
trong khodng nhiet dé T = 193 = 390°C cg nang luogng hoat héa E = 0 va
ky = 7.10%cm®mol 257} (4 300°C).

Cho Z; = 10"%m®mol™? s} suy ra P = 10°% Sy thu duge thita s6 P bé nhu thé
khong thé giai thich trong khuén khé cia thuyét va cham. Cing nhu d6i vdi phan ing
lutng phan td, nhiéu dac diém cua phan dng tam phan ti chi c6 the giai thich duge
trén co s6 thuyét phdc hoat dong.

19.2. Ap dung thuyét phic hoat dong

Tro lai vi du 2 vita xét. Trong vi du nay, phic hoat déng dugc gia thigt cc dang
cau tric vudng :

O=N.. 0
O=N...0

vi cdu trie nay bao dam cho su xen phi tdt nh&t cdc electron z cia phan ti 0,, voi
electron hda tri cta méi phan td NO

Theo thuyét phic hoat déng (hé thic 8.11) hdng s6 t6c d6 cia phan Ung trén c6 dang :

K, = KT _ 4 o~ Fa/RT

3= g {10.4)

2
INo Y0,
trong dc :
. (23[111*1{':[‘)% &12(&:%21;];1:)3."2'(1{111)3!2 (&IzlnkT)”z 10
1 = B3 hs* h
O day i chi tdn s& dao dong trong phic hoat déng ;

(1 - e"hvj J{kT)_l

i=1

; P (21 mkT)*? 3 8n21jkT 3. N
ANolo, = H “(1 ~e” K

3 2
j=th j=1 hg

i=1

O day j chi ph&n td NO hoac 0,.

Cén luu y 1a déang l& phitc hoat déng ¢6 18 ~ 7 = 11 bic tu do dao dong, tuy nhién
trong trudng hop nay 1 bac ty do dao dong duge thay bing 1 bac tu do gquay xung
quanh lién két O..0 véi mémen quén tinh Ip.

Khi tinh todn, ngusi ta gia thiet phic hoat déng cd cfu tric tuong tu phén ti
N,O, va do d6 cd cdc tdn s6 dao dong " tuong ty phan ti nay. Ta bist ring phan

tit N;O, ¢d 12 bac tu do dao dong, trong d6 7 bac c6 tAn s6 < 900cm™! va do d6 c6

114



qj4 > 1 (680, 283, 7562, 500, 380, 813 va 843em™ ), cdc tdn s6 con lai déu lén hon
1000em™ !, do d6 co qéd = 1. Cung vay, hai phan ti O, va NO c6 tén s dao déng
tyong dng bang 1580,32 va 1906,54cm™ !, do do cdc téng trang thai dao dong tuong
ing cung = 1.

Vi vay, néu thay cdc gia tri cda téng trang thai vao bifu thdc (10.4) va sau dd
tach riéng cac thira s6 khong phu thudc nhiét do (ki hiéu la A) va phu thude nhiét do
ta nhian dugce :

7
ky = A%n a - e—h:-'Ta’k'l‘)—le—li:fR’l‘ (10.5)
T =1
L&y loga cua (10.5) va sau khi chuy&n v& ta dugce :
7 . E*
Ink, + 8InT = 3 In(1 — e ™07 = InA - (10.6)

i=1

Biét k, tu thuc nghiém & cac nhiét do khdc nhau, néu bi€u dién sy phu thuoc cua
gid tri ¢ vé& trai phuong trinh (10.6) vao 1/T ta sé nhan dugec duting thing cd dé doe
bing —E_/R. Két qua tinh todn cho thdy E; = 0. Diéu nay dé hifu vi phan ti NO

chda electron déc than giéng nhu mét géc ty do. Bigt E va cdc hang s phan td khac,

dya vao (10.4) ta tinh trd lai duge k,. Céc gid tri k, thu duge bang thuc nghiém va
tinh toan duge ghi & bang 10.1.

Nhin vac bang 10.1 ta nhén thay khi tang nhiét do hang s6 t6c do giam. Day la
mot dac diém cda phan éng tam phan td. Didu nay duge giai thich 1a trong biéu thic
110.5) k4 ti le nghich vai T3, Nhu vay, thuyét phic hoat dong cho phép giai thich dudc
nat s6 dac di€m cda phan dng tam phan t ma thuyét va cham khaéng giadi thich duge.
Ngoai ra sy phu hdp tuong d6i tét cla gia tri k; thu duge bang tinh toan va thye
nghiém cing ching minh thém sy didng dan cda phdc heat déng.

Bang 10.1. Hing s6 t6c 46 phdn dng 2NO + 0, — 2NO, theo tinh todn va thuc nghiém

T K k3.10_9,_cn*ng.l‘no.l._z...s_.u?_i
Tinh todn Thue nghiém
80 86,0 41,8
143 16,2 20,2
298 53 101 |
300 3,3 7,1
413 2,2 4,0
564 2,0 2.8
613 2,1 2,8
662 2,0 2,9




10.3. So sanh théa s6 truéc ham mi ko ciia cie phan dng don,

tam phan ti

D& cd mot ¥ niém so sdnh ve cdp dai lugng,
tri k, di€n hinh cua cdc phan dng don, ludng v

ludng va

trong bang 10.2 dudi day néu ra gia
4 tam phan ti. Dua vao cac sé lidu

nay ta dé dang suy dodn v& phan tu s6 va bac phan dng.
Bang 10.2. Thira s6 trudc ham ma k,
Don vi néng ds phan td/ecm? mol/em? mol/!
Don phéan ti 1013 1014571 101 = 10" ™! 1012 - 101451
=10 . 19 3 14, 9015 .3 Moyol2 003
Ludng phan tir 10 1~(1] _cl:m . 10 ._110 —fm . 100 = 1_01 Elm 3
phti “s mol ‘s mol ‘s
=32 10731, 6 15 . 116 i 9 . 1ql0 ;2
phti s mol “s mol g
Bai tap
1. Hing s6 téc d6 cta mot phan Ung phu thutc nhiét d6 nhu sau :
| m°c 25 30 34,5 39 48 57 |
i k105! 0,50 0,68 1,03 1,62 3,95 8,95 _]

Hay tinh AH;, va AS),, tiéu chufin

(DS : AH® = 16,4kcalmol ; AS* = -37d.v.¢6).

2. Hang s6 t8c d6 phan dng thuy phan benzoylimidazon phu thude nhiét dé nhu sau :

T, °C

15,54

25

34,53

44,92

k, 1:nh"1

0,138

0,312

0,638

1,22

Hay tinh AH,, va A8, tidu chudn.

(bS : AH" =

13,2 keal/mol ; AS* = -24.8 d.v.e)

3. Cho hing s6 t6c do k = 100 ph™! § 25°C. Hay tinh AG},, tiéu chudn,
(DS : AGSy4 = 17,15kcal/mol).

4. Hang s6 t6c do phan tng phan hiy hemoglobin & 2 va 28°C twong dng bang

2.107° va 1,5.107% ! Hay tinh AH' va AS,, tiéu chusn. '
(DS : AH® = 12 keal/mol ; ASZe = -36,3 dv.e)
5. Su phu thudc nhiét do cta hing sd tée d6 phan dng phan hiy B-lactoglobulin
nhu sau :
T, °C 64,3 67,2 69,8 72,0 74,6
k.10?, §7! 0,46 1,11 2,69 7,30 14,59

Hay xac dinh E,, AH® va AS” tiéu chufn.
(DS : E, = 86,5 keal/mol ; AH" = 85,9 keal/mol ; A3y, = 176 d.v.e)
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Chuong 111
PHAN UNG DAY CHUYEN

§11. NHUNG DAC DIEM CUA PHAN UNG GGC TU DO

Goc tu do 13 nguyén td hodc tp hop nguyén tit trung hda vé dién va o electron
khong ghép doéi do d6 c¢d hoa tri ty do. Gdc mang mot electron 1é (m6t héa tri ty do)

duge goi la gfc don, thudng ki higu R, gbc mang 2 electron khéng ghsp d6i (hai héa

- tri tu do) duge gol la g8c keép, thubng ki hieu R. D& tién loi khi vigt cd thé béd qua

ddu chdm. Géc ty do dugc tao thanh khi phan li déng cuc lién k&t hoa hoce dudi tac
dung cuia nhiét, quang nang, tia bic xa, sy phéng dien hay phan dng héa hoc.

Phan tit AB cd th€ phan li d6ng cuc tao thanh 2 gdc tu do hodc phin li di cue tae
thanh 2 ion :

a) A:B— A +B
b) A:B— AY + B

Né&u xét timg phin t& AB riéng biét thi sy phan li déng cuc xdy ra dé dang hon
so v4i phan li di cuc, vi trong trudng hgp sau phai tiéu t6n thém ning lugng dé€ tach
i 2 ion ngudc diu, do d6 phan ing géec tu do thudng gip trong pha khi.

Trong dung dich thi nguge lai, vi cdc phan td nidm sat nhau va cd tae dung phén
cye lan nhau (hinh 11.1), ngodi ra vi hing s6 dién méi cta dung méi cao lam giam sic
hut gitta cdc ion nguge ddu, cho nén sy phan 1i di
cuc cd th€ xay ra thuin lgi hon so véi phén 1i déng
cyc, do dé phan Ung ion thudng gip trong dung dich.

Vi du v& géc don : nguyén td H, Cl, gde hidroxyl
OH, g6c metyl CH,, g6c etyl C,H;, gbc phenyl C H..

B

Vi du vé g8c kép : nguyén ti O, S, Se, géc
metylen CH,.

Céc phan t cd electron 1&, vi du NO cd céu tric
electron :N=0: clng duge zem 1a géc tu do, mac

diu heat tinh cua chung thdp hon nguyén t& tu do.

Vi chda electron khong ghép déi nén gée tu do ¢d Hink 111

tinh thuan tit. M6t sd phudng phdp xdc dinh géc tu Su phan cyc tuong hé gitla cac
do da duge giéi thiéu & §6, phin t} trong dung dich
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Hoat tinh, cta gdc tu do phu thubc vao cdu tric phan td va d6 linh déng cuta
electron déc than. Vi du gée metyl CIH, rat hoat dong, nhung géc triphenyl metyl (CeHs),C
lai kém hoat déng vi electron bi ph&n tdn vac hé lién hop cla cde nhan benzen. Géc
ty do tham gia vAo cac loai phan dng di€n hinh sau day.

1. Phan dng thé :
R, + R,R; = RR, + R,
Trong dd R;, R,, R, 12 nguyén tl hay géc tu do. Trong cac phan ing the R, thudng
la nguyén t1. :
2. Phan dng k& hgp néi d6i :
mdt trudng hop dac biét cda phan dng 2 14 phan dng tring hop cao phan ti
R + A1=A2 — RAI_AZ ;
. RA-A, + A=A, > RA-A, - A-A, vivi
3. Phan dng phan hiy (ngugc vi phan #ng k&t hgp) vi du
4. Phan dng déng phén hda, vi du
H,C - CH, - CH; — H,C - CH - CH,
5. Phan dng tai k&t hop, vi du
R‘1 + R,Z—: Rle
din dén sy hay diét géc tu do. D6i v6i nguyén ti hay gdc don gian phan ing 5 doi
hdi ¢ thém phan td thdt ba M, vi du. :
Cl+H+M —-HCl + M

Sy hdy digt gbc tu do theo kiu nay xdy ra trong thé€ tich goi 1a huy diét bac hai
{téc d6 phu thudc bac hai vao ndng dé géc tu do).

6. Phan yng huy diét trén thanh binh :
R+V -—=RV :
trong dé V ki hiéu hda tri tu do cda thanh binh. Ki€u hay dist nay goi la huy diét
thing (t6c d6 phy thudc bfe nhdt vao néng do gbc tu do). :
Tinh chit dac sdc nhdt cia géc ty do 14 né c¢6 kha nang gay ra phan tdng day chuyén.
Gia thiét trong mot hé phan dng hinh thanh géc tu do ban ddu R, do két qua phan

li déng cuc cha phan td. Vi du CI, —» Cl + €1 Giai doan nay dugce goi la giai doan
khoi méo va duge ki hisu :

0—=1+1
v6i y nghia 12 t¥ | phan ti bao hoa hda tri hinh thanh 2 hda tri tu do. Sau khi R,
xuidt hign nd cd th€ tham gia ciac loai phan tng tit 1 dén 4 néi trén.
Dac di€m chung cta céc loai phan Ung nay 1a g6c tu do khong bi huy diét, géc R, mit

di thi g6c R, xudt hién, R, mdt di th] R, xuft hién theo so d6 R— R~ R~ R _, tao
thanh mot mach day chuyén. Giai doan kéo dai mach hay phat tri€n mach cd th& ki hisu
bang sd d6 : 1 — 1, v6i ¥ nghia 1a héa tri ty do dugc baio hoa trong céc giai doan nay.

Tuy nhién mach diy chuyén khong thé kéo dai v6 t4n, mach bi dit & mot khau R, nao

do, khi géc R, tham gia phan @ng 5 hosic 6. Cdc phan Ung nay (goi 1a phan dng dut
mach) ¢d thé ki hiéu bing so d6 :
. 1+1—-20

118



voi § nghia 14 hoa tri tu do bi hay diét. Phan Ung xay ra theo co ché trén goi 1a phan
ting day chuyén khéng phan nhdnh, nd bao gfm 3 giai doan co ban

a) (Giail doan khoi mao : 0 —1+1
b) Giai dogn phat trién manh : 1 -1
c¢) Giai doan didt mach 1+1—20

R la ti€u phaén trung gian rit hoat déng nén theo nguyén i néng dd 6n dinh
[R] = const. Vi & giai doan b ndng d6 [R] khoéng thay d8i, do d6 t6c d6 hinh thanh
goc ty do trong giai doan a phai bang téc d0 huy diét gc tu do trong giai doan c.
Sy bang nhau ciia t6c d¢ khoi mac va tdc d0 dit mach 13 dac di€m ciia phan ing
diy chuyén khong phan nhanh & diu kién &n dinh. D& hi€u 12 mach day chuyén cang
dai né€u x&ac sudt ddt mach cang thidp.

Trén diy ching ta mdéi xét trudng hgp khi trong hé chi ¢6 g6c don tham gia phan
ing. Néu bén canh gfc don trong hé con hinh thanh géc kép thi bwic tranh sé khac
han. Vi du trong phan dng gila H, va O, mach day chuyén phat tri€n nhu sau :

1) H+0, —-OH+D0
2) OH+H, -HO+H

Trong phan dng thd nhit, ngoai gic don OH con hinh thanh gbc kép 6, géc nay
phan ung vai H, theo phuong trinh :

3 O+H, —-OH+H

din dén sy hinh thanh 2 g6c don H va OH c6 kha ning khoi mao 2 mach méi kifu
1 va 2).

Phan dng day chuyén trong trudng hop nay goi la day chuyén phan nhanh cé thé
hinh dung bing sa d6 vé trén hinh 11.2.

Giai doan phan nhanh (phan @ng 1) ¢d thé bi€u dién bang su d6 :
1—=1+2

vdi ¥ nghia 1a tit mét hda tri tv do tao thanh 3 hoa tri ty do. N&u xéc sudt ddt mach
16n hon x4c sudt phan nhanh thi phdn #ng x4y ra trong diéu kién &n dinh. Tuy nhién
néu xdc sudt dit mach bé hon xdc sudt phian nhanh thi didu kién 8n dinh khéng thé
cd duge, khi dd néng d¢ gbc tu do tang l&n nhanh choéng, t6c d6 phan dng cing tang
nhanh chdéng theo thoi gian v sy bung chdy hodc né 13 khong tranh khéi.

Trong trudng hop phdn Ung gita H, va O, su
phian nhdnh thuc hién td mét gbc don (phdn dng
1) 14 sadn phdm trung gian ctia phan Ung.

Su phén nhdnh cing c¢d thé x4y ra néu mét san
phdm cia phan ing 12 phan td khong bén, ¢é kha
ndng ty phan hiy hoac va cham v6i phan ti khic
tac thanh g8c ty «do, cdc gbc nay khdi mao cic
mach day chuyén mdi lam cho mach diay chuyén Géc .

. . ] ) nguyén thuy
chinh bi phan nhédnh. Sy phin nhinh nay xay ra
thua hon so vai trudng hgp v& trén hinh 11.2 duge
goi 14 phan nhdanh cham hay phén nhédnh suy thoai.
Sy phan nhdnh suy thodi x8y ra trong cac phan
Ung oxi hdéa hidrocacbon.

Hinh 11.2
So dé phan dng diy chuyén phan nhanh
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Trude khi di sau vao chi tigt csc hién tugng nay ta cé thé tom tit nhu sau
Vi sao phan #ng day chuyén lai ph6 bién ? Co hai 1i do -

Thit nhat, vi hoat tinh ctta g6c ty do rat ca0, phan ung gilta gdc tu do va phan tu
x4y ra dé& hon so vai phan dng gilta hai phan ti bao hoa v hoa tri

Thit hai, vi géc ty do khéng bi huy diét khi nd phdn dng v6i phan t& thl hia tri
tu do duge bao toan, méi gdc tu do ban diu cd thé khai mao mot chudi dai phan ing
lam thanh mach day chuyén,

Cd 3 trung hop e thé xay ra

1) Néu géc tu do phan ting v6i phan tit dé tao thanh géc don thi mach day chuyén
s& khong phan nhanh, vi du :

CH, + CH,CHO — CH, + CH,(0
CH,CO — CH, + CO
2) Néu trong phan dng, tit mot hda tri ty do tao thanh 3 géc tu do, réi méi géc

khoi mao mot mach méi thi mach day chuyén sé phan nhénh, phan dng ¢d th& din
dén sy bung chay vi du :

H+0, -—O0OH+0
O+H, —-OH+H
OH + H, — H,0 +H
hodc viét gop dudi dang
H+ 0, + 2H, - H,0 + 21 + OH

3) N&u mach chinh khéng phan nhanh nhung sin phdm 13 phan td cé thé tu phin
hiy hay phan dng véi phan td khdc tao thanh gbe tu do thi mach day chuyén tuy
phit tri€én khong nhanh, nhung né mang cdic séc thai cia sy phian nhanh va goi la
phéan dng day chuyén phan nhanh cham hay phan nhanh suy thoai.

Vi dy trong phan dng oxi héa hidrocacbon cd thé hinh thanh phan t& hidropeoxit
ROOH hoac andehit R’"COH theo hai so d6 sau day

(1 (ID

R + 0, — RO, R + 0, — RO,
RO, + RH — ROOH + R RO, — R’COH + R"Q
Vv R”0 + RH - R'OH + R
V.V.. b

Hidropeoxit cd thé phan li cham theo lien k6t 0-O («40 kecal) d& tao thanh 2 gée
ty do

ROOH -» RO + OH
Andehit cling c¢6 thé oxi hda tiép, tao thanh cac goc tu do
R'COH + 0, - R’CO + HO,
dan dén su tang dan s6 lugng gbe tu do theo thai glan, do d6 phan ¥ng mang tinh

chdt ty xuc tdc. VOi t4t ¢4 sy phdc tap cia phan ing day chuyén, ching cd thé quy
vé 3 loail ndi trén.
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§12. PHAN UNG DAY CHUYEN KHONG PHAN NHANH

12.1. Cac giai doan cua phan dng diy chuyén khéng phan nhanh

Phan ung day chuyén khong phan nhanh gém 3 giai doan : khdi mao, phit trié€n
mach va ddt mach.

12.1.1. Khai mio tuc hinh thanh gde tu do nguyén thuy la giai doan kho khan nhat
cua phan ing day chuyén.

Sy khoi mao cd th& thyc hién bang su phan li déng cuc phan tif thanh 2 gbc tu
do, lugng nhiét @ can thigt cho su phan li thuﬁmg vao khoang 50 + 100 keal/mol.
Su phan li xay ra tai cac lién ké&t y&u nhat, vi dy C,H, chi y&u phan li thanh 2(‘H~6
{@ = 83 kcalimol) con it khi phan ii thanh c ,Hg va H (@ = 98 kcal/mol).

Tuy nhién sy phan !i phan t phan dng thudng la khé khan. Do d6, d€ khoi méo phan
Wng day chuyén ngudi ta dung nhitng chat kich thich 1 nhitng chdt dé phan li thanh
gdc tu do, cdc gic ndy tAn cdng vao phan td phdn dng tao thanh cdc gde tu do tiép
theo, nhitng chdt kich thich thutng dung la hoi natri hexaphenyletan, iot, peoxit :

Na, — 2Na - 17,5 kecal
(CH)RC-C(CHg)y  — 2(CH),C - 11 keal
L, + M —I14+1+M - 355 keal

(CH,),COOC(CH,);  — 2(CH,),CO - 36 kcal.

Su phan li Na, thanh 2Na x4y ra rit d§, ¢ 100°C hdi Na, phﬁn li hoan toan thanh Na.
Vi du khi thém hoi natri vac hén hgp H, + Cl, 6 100°C thi Na + Cl, — NaCl + CI
nguyén ti Cl sé khoi mhao mach day chuyén :

Cl + H, - HCl + H, H + Cl, — C1 + HCl

Két qua la méi nguyén ti Na cd thé kich thich d€ tao thanh 1000 phan td ICL

Iot cting dé phan li thanh nguyén td, nhung & nhiét do thdp nguyén tu 1 khéng
hoat déng, né khong cé kha nang tach hidro ra khéi phan ti phan ung. Chi & nhiat
dé cao I mdi cd kha nang kich thich phan tdng day chuyén.

Hexaphenyletan phan 1i thanh 2 g6c triphenyl metyl (C H.), C ngay 0 nhiét dé phong.
Cac gdc nay kha hoat dong, ¢ thé& két hop v6i O, dé tao thanh géc peoxit (C H),COO
cé kha nang khoi maoc mach day chuyén, vi du trong phan dng oxi hda cac olefin.

Chat kich thich phd bién nhat la cac peoxit hiru co. IDé phan li nhat la peoxit
kigu RCOO(,R cho 2 géc RCO hoac cho R + €O, + RCO.

Ii il
O O 0O 0

Peoxit ¢ thé kich thich phan dng trong pha léng cung nhu pha khi

Mot phuong phdp khoi mao phd bién la dung phdn dng quang hda. Lugng td 4nh
sdng vai budc séng di ngdn c¢d th€ phan 1i phan ti thanh gde tu do. Vi duy CH,COCH,
phan li thanh gée CH_ dusi tac dung cua anh sing cd 1 = 2540 A. Cu dlém cua
phudng phap nay la bang cach thay d8i cubng d¢ dnh sang cd thé thay d6i ndng do
goc ty do nguyén thiy thy y muén.

Néu phan tit, vi du H,, khéng hdp thu 4nh siang trong moét vung budc song che
phép nao dé thi ngudi ta thém vao hé modt it hoi thiy ngan. Hg dé hdp thu dnh sang
dé bien thanh Hg® & trang thdi kich thich. Sau dé qua va cham voi H,, Hg" chuyén
nang lugng cho phan ti nay vi H, phan li thanh nguyén t theo phan iing
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H, + H — Hg + 2H,
Hg duge goi la chidt cam quang.

12.1.2. Phdt tri€n mach 13 giai doan kéo dai mach day chuyén, trong dd néng do gdc
ty do khéng thay d6i, hda tri tu do béo toan.

Lady mét s§ vi du vé& phan d¥ng khoi mao va phat trién mach.
Vi du I : Phan dng H, + Cl, — 2HC1

Khoi mao : Cl, + hv — 2Ci

Phat trién mach : 1) Cl + H, — HCl + H

2) H + Cl, — HCI + C

Vi du 2 : Phan tng 50,CL, + CsHCH; — SO, + HCI + C4H;CH,CI
Khoi mao (tao thanh géc nguyén thay S0,Cl

(CgH;CO0),  — M, + CO, + C,H,CO0

CHs + 80,Cl, — C.HLCl + SO,Ci
Phat trién mach :

1) SO,CI - 80, + Ci
2) Ci + C,H,CH, — HCl + CH,CH;
3) CeHsCH, + 80,Cl, - CH,CH,CI + S0,€

Vi du 3 : Phan dng CH, + 0, —» CH,0 + H,0
Khoi mao (tao thanh géc CH,) :

CHy + 0, — CH; + HO,
Phat tri€n mach :

1) CH; + 0, -» CH,00

2) CH,00  — CH,O00H

3) CH,00H - CH,0 + GH
4) OH + CH, - CH, + H,0

Trong cic vi du trén phan ung kéo dai mach thuc hién bing cach luan phién 2
phan dng (vi du 1), 3 phan Ung (vi du 2) hosc 4 phan dng (vi du 3). Tap hop cac
phan dng nay (2,3 hoac 4 phan Ung) duge goi modt mét xich cua day chuyén. Nhu vay

mat xich la tap hgp cdc phan Ung m& mot gbc R’ phai trai qua tit khi bisn di cho
dén khi xudt hién trd lai. Trong mét - «ich cd it nhat mot giai doan tidu hao chat
phan dng vi mot giai doan hinh thanh san pham.

S8 trung binh cdc m4t xich ma moét géc R cd thé thuc hién tit ddu cho dé&n khi
dit mach day chuyén goi la d6 dai mach. Mach day chuyén cang dai n&u xs&c suft dat
mach cang thép,

12.1.3. Ditt mach 12 phan ing hdy diét hda tri tu do. Néu téc d6 dit mach ti 1& bac

nhdt voi néng d6 gée tu do R thi phan dng goi la dit mach thdng, kiSu dét mach
nay ¢ thé xdy ra trén thanh binh, vi dy R + V — RV {(V - hda tri tu do trén thanh

binh) hoac trong thé tich, vi du H + 0, +M - HO, + M, trong d6 tao thanh géc
HO, khéng hoat dong.
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Né&u téc do ddt mach ti 16 bac hai vdi ndng do gdc ty do thi phan vng goi la dat
mach bgc hai. Ki€u dit mach nay x8y ra trong thé tich. Néu sy kéo dai mach duge

thuc hién bang mét s6 gdc tw do, théong thudng la hai, vi du R| va R, thi su diat
mach c6 thé xdy ra bang 3 ki€u di két hop
1) 2R} — (R, ; 2) 2R, — (R,}, ; 3 Ry + R, - RR,

Trong 3 phan dng nay, phan dng nao ¢d t6c do 16n nhat thi duge xem la khéng
ché toc dd va cd th& bd qua 2 phan dng con lai.

Su dit mach bac hai cling cd thé xdy ra bang phan dng phan bé lai, trong dé mot
nguyén td H di tit gée nay qua goc kia d& hinh thanh 2 phan td trung hoa (tai mot
trong 2 phan t@ xudt hién néi d6i), vi du

X i
H3C—F + H—|C—CH2 — HSChlc—H + CH,=CH,
H H

12.2. Dong hoc cia phan iing diy chuyén khong phan nhanh
Ldy vi du phan dng )
H, + Cl, = 2HCI]
dugc kich thich bing anh sdng xdy ra theo so dé nhu sau :

Khoi mao : 0) Cl, + hv - Cl +Cl

Phat trién mach : 1) Cl +H, - HCl + H, £ = 6keal
2) H +Cl, — HCl + Cl, g = Z2kcal

Di#t mach : 3) cl +Cl+M —-C, +M

3 H +H+M —H, +M
3) H +Cl+M —HCl +M

Khi mach da dai thi t6c 46 hinh thanh HC] theo phan uUng 1 va 2 bang nhau,
W, = W,. Vi nang lugng hoat hda cha phin dng 1 va 2 tuong dng bang 6 va 2keca
nén cd thé viét :

10—]0 [Hz][Cl] ‘ e—GOOQ’RT — 10—1{] [Clz] [H]. e~ 20000RT

(107'% 1a thita s6 truéc ham md cia phan ing ludng phan ti).

[C1 [CL] 400GRT

Ti ding thic ndy rit ra gy = T ° , néu cho T =~ 600 K va [Cl,] = [H,]
.o
thi il 25

Nhu vay trong 3 phan d@ng ddt mach téc d9 phan dng W, phai 625 14n 1én hon téc
d¢ W’y va 25 lan 1é6n hon tée d6 W, Do d6 c¢d thé xem phan dng 3 14 khéng ché&
tde d6 va bd qua 2 phan dng 3’ va 3.

Trong diéu kién &n dinh, néng d6 [H] va [Cl] trong hé khong thay déi (nguyén I
néng d6 6n dinh), do dd nhin vdo so d6 phan Ung cd th€ viét :

d{Cl :
S = 0 = W, - &, [CNIH,] + k[HICL] - W,
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q :
_?[:1? = 0 = K[CH{H,} - k,[H]I[CL]

0] dﬁ){ W, va W, 1a téc do khoi mao va dit mach,
Cong hai ding thdc nay, ta rit ra W, = W,

Vi W, = 2k ICL] (m&i photon bi hdp thu sink ra 2 nguyén td Cly va vi
2 NEACS
W_.; = k,g[Cl] [M], cho nén [CI] = m

Téc d¢ hinh thanh san phdm HCI la

d[HCI] _ N o [CIV4 ,
a = Wi v W, = 2k[CHIH,] = 2k \’ 5 a2 [H,} (12.1)

Ta thdy toc do phan ung phu thude bac ot vao nbéng do [H,] va phu thude can
bac hai vao néng dd [Cl,). Bac phan s§ thuong la diu hiéu cta phan dng day chuyén.

Néu gia thiét giai doan dit mach bi khéng ch€ bdi phan dng 3’ thi c6 thé ching
minh rdng téc dé sé phu thude bac 3/2 vao néng ds [Cl,]. Nhu vay quy luat dong hoc
cua phan dng day chuyén phu thude vao kidu dut mach.

12.3. Vai tro chit tc ché va thgi gian cam ling

Trong phan dng cta hén hop H, + Cl, tinh khiét, d6 dai mach 6 thé dat dén hang
chue van mét xich. Néu trong hén hgp e¢é 1an mot it 0. (khoang 1%) thi su dit mach
chi y&u sé xdy ra theo phan dng H + 0, +M — HO, + M, d¢ dai mach sé giam di
khoang 1 000 13n. Né&u trong hén hop cd lin NCi, thi tac dung e ché con manh han
nhiéu. Trong truong hgp nay su dut mach chi y&u x4y ra theo phan ing :

NCl; + €1 — NCl, + Cl,

Chi cn mot lugng NCL, bé hon lugng 0, 10° 1an, n6 ciing cd the gay ra mot hiéu
qua dc ché tuong duong. Su cd mat caa chit ve ché lam cho mach day chuyén khéng
thé phat tri€n duge. Trong thdi gian diu cia phan ng, méi lugng t¥ dnh sang bi hap
thu lam xudt hién 2 nguyén tir Cl va do dd lam phan hay 2 phan to NCl;. Sau khi
tdt cad NCl, da bi phan hiy, mach diy chuyén mdi phat trién binh thudng.

Thoi gian ma mach day chuyén khong phat tri€n dudc (t6c do phan ung x4p xi
bang khéng) vi khéng tich liy duoe luong gée tu do cdn thist ban daiu duge goi la
thoi gian cdm wng. Hén hop H, + Cl, tinh khi&t s& phan ing khong cé thdi gian cam
ung. Sy cd mat cua théi gian cam Ung thudng 13 ddu hiéu cta phan tng day chuyén.
Ngoai ra thoi gian cAm wng con dac trung cho phan dng néi ti€p (xem §4) va phan
ing tu xdc tac (xem §31).

§13. PHAN UNG DAY CHUYEN PHAN NHANH

13.1. Quy luit déng hoc

Trong phan #ng day chuyén phan nhanh, ngoai 3 giai doan khoi mao, phat trién
va dut mach con ¢d thém giai doan phan nhanh, trong d6 t 1 hoa tri ty do thu duge
3 hoa tri tu do.

Gia thiét mach day chﬁyén khéng phan nhanh cd d6 dai trung binh bing v mat
xich (hinh 13.1),
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mit xich

(a) (b)
Hinh 13.1.
S db day chuyén : a) Khong phan nhanh ; b) Phan nhanh.

Vi d6i véi cdac mach khac nhau su dit mach ed th& xdy ra d bdt ki mat xich ndo
cho nén xac sufit dit mach trung binh 1a § =

N

Né&u gia thigét thoi gian thyc hién mot mdét xich la 7 gidy, thi thdi gian séng trung
binh cia gdc R 132 v giay.

Né&u ki hiéu n la s6 géc R trong 1 em® thi sau ™ gidy t4t c2 n géc ddu bi hay
diét, nghia 1a sau 1 gifly cd -r“—v = —“r—ﬁ gbc bi huy diet.

Nhu vdy néu goi n, la téc d9 xhoi mao (s6 gc R ban d4u sinh ra trong 1 giay
va lem®) thi ta ¢ phuong trinh :

dn nf

T N -

Y nghia cia phuong trinh nay 1a bién thién néng d6 géc tu do trcng don vi thai
gian bing s6 géc hinh Thanh trit s§ gdc bi hiy dist.

Né&u trong khi phit tri€n mach day chuyén thuc hién sy phan nhanh véi xac suit

8, thi trong phuong trinh trén ta phai thay § bdi § - 4, vi su phan nhdnh lam gidm
hiéu lyc cia sy ddt mach.

Vi du n&u et 2 l8n ddt mach cd mé6t 14n phan nhanh, thi ching khdc gi chi cé |
ldn ddt mach : 2 mach bi dit nhung lai ed 1 mach xudt hién.

Vi vay, d8i v4i phan dng dAy chuyén ph&n nhédnh, ta ¢d phuong trinh
dn @ —dn d - f

FTike n, — -7 =71, + T n
Né&u goi &/t = f la thiia s phdan nhdnh,

Bit = g 1a thita s6 ddt mach va ki hidu ¢ = f - g, ta c6 thé vist

dn
=M +({f-gn=mn +¢n (13.1)
Lay tich phan ecfa (13.1) va luu ¥ dén diéu kién ddu n = 0 khi t = 0, ta tim ra :
n, .
n = ™ -1 (13.2)

Néu ¢ < 0 tdc g > f thl tit mot thai di€m nao dd ta cd th€ bd qua ', khi dd ta duge
no nO

_ M Mo 13.3
T Tl Tt 18.3)

Dé 1a trudng hop phian ting diy chuyén khong phadn nhanh, san m@t thadi gian néng
do gdc tu do cd gia tri khong déi.
Néu ¢ = O tiic f = g, tit (18.1) ta ed dn/dt = n, sau khi 14y tich phén ta dugc :

n = nt : (13.4)
néng d6 géc tu do tang tuyén tinh theo thdi gian
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6u ¢ > 0 tdc f > g, ti (13.2) ta ¢ thé bs qua don vi va duge

n
n = — eft

" (13.5)

nong dé géc tu do tang theo ham mad vdi thai gian, phdn dng sé khoéng tranh khoi
din dé&n su biung chay. Vi téc do phan ing day chuyén ti 1& v6i néng do gbe tu do, nén
néu goi a la he s6 ti 18 thi thay cho 8 phuong trinh (13.3) (13.4) va (13.5) ta 6 ¢6 -

an, )
W=an=g_f khi g > f (13.6)
W = an = an t khi g = f (13.7)
n() -
W = an = =g elf ~en khi f > g (13.8)

Ta thdy khi g > f (xdc suit ddt mach l6n hon xgc sudt phadn nhanh) phan wng xay
ra d diu kitn 6n dinh (W = const, hé thdc (13.6) ; khi f = g diéu kién &én dinh
khéng thé cd duge, vi téc dd phan Ung tang theo thoi gian, vay f = g la gidi han
chuy&n tit trang thai 8n dinh sang khong 6n dinh, ta goi ds la gi6i han bung chay
hoac gigi han né day chuyén.

8 W/Wo

Néu bi€u dién su phu thuée téc do phan
dng hoac dé6 dai mach v = WW, (W, - tde 7
d0 khoi mao), vao théng s6 thoi gian thi ing 0.1
vai cac ti 16 (f - g)a = x khac nhau, ta dugc 6 )
cdc dudng bi€u dién trén hinh 13.2. 5 0

Pudng thing ng v6i x = 0 (f = g) bicu 01
dién gidi han nd : cdc dudng dng véi x < 0 4 '
(g > f) ndm trong mién &n dinh ; cdc dutng 3
Ung v6i x > 0 (f > g) nim trong mién né.

Khi di qua gi6i han né téc do phan dng 3 0.5
ting dot ngét. DE thdy ré didu nay ta hay i -0
&y vi du sau day.

Tinh t6¢ d6 cta mot phan Ung day chuyén Hinh 132
xdy ra gin gioi han nd & 4p sudt 0,01 mmHg. Su phu thude d6 dai mach v = WIW
Cho thia s6 phan nhanh f = 510% . tée do vao thang 8 thoi gian at dng vdi cac pia tri
khoi mao n, = 10 gdc tu do/em? s x = i) khiic nhau

Tai gidi han né ta cd :

— g = 8y _ 5 - 2
f g—-f( f)_0 va f = 5.10

Gia thiét khi tang hodc gidm 4p sufit ta c6 thé xé dich 1% ti s& g/f vé ca hai phia

so v6i don vi, khiddtacdl—%: + 10'2w§,f—g=f( —%) = + 5.
Theo hé thic (13.6), néu f - g = - 5vachoa = f = 5 102 ta c6 :
an, 5.10°. 10 3
wzg_f= = = 10°

nghia la chi ¢ 1000 phan t&t phan ung trong 1 gidy. N&u d& y rang & 4p sudt 0,0lmmHg
trong 1 em® cg khoang 10" phan t& thi t6c do d¢ thue t€ bang khong.
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Nhung néu f - g = & thi theo hé thuic (13.8) ta cd :

an
W= REPR Ui

Goi y 14 lugng chdt da phan dng hét ¢ thdi diém t, ta cd :

t

L an, B an_ - an, o
y = f Wdt = f — oltTER g¢ = e . % CelfTen
f-g 2 g 2
0 o (-8 fz(l—?)‘
= _ el 8N — ——~——~—10——.e5t = 2.10% . "
¢ 1_5_)2 5.10°. 107%
(1%

Khi t = 4s, y = 10'}, nghia 1a sau 4 giay chi méi cé 0,1% lugng chat da phan dng.
Dén thoi diém t = 5s, y = 2.10%e® = 1,4.10"® nghia 13 trong khoang thdi gian tir 4
dén 5 giay phan dng hé&t 14% lugng chat. Khi t = 5,35s thi y = 2.10%.e%75 = g.10!3
hay 80% lugng chédt dd phdn dng. Nhu vay trong thuc té toan bdé lugng chat da phan
ing hét trong thoi gian khong ddy 1 giady. Mot phan dng nhanh nhu véay goi 14 su
bung chay hay su n8.

Theo phuong trinh (13.8), f — g cang lon thi tSc d6 cang tang nhanh theo th&i gian,
tuy nhién W khéng th€ tang dén vo6 tan, vi trong quéa trinh phan dng lugng chéat bi
tiéu hao rdt nhanh chdng, lam cho su tu gia téc cia phan ung phai cham lai va cuési
cung triet tiéu. Nhu vady sy bung chdy khong phai 1a su tdng mai cia tée do phan
Ung ma 1A qua trinh, trong dd toan bo luogng chdt phan ung bi tidu hao trong thdi
gian rdt ngan, thudng 12 mot phin nhé cha giay.

13.2. Phan ung Hy + Oy — H30

Day la phan ung dugc nghién cdu ki nhit d€ ki€m tra dinh lugng thuyét day chuyén
phan nhanh va cing la mot trong s6 it phdn Wng ma co ché& hién nay duocc xem la
sang to. .

Phan dng H, + O, tao thanh hoi nuéc bao gém cdc giai doan sau day :

Khoi mao :

0) H, + O, — H + HO, (k)
Phdt trién va phan nhanh :

2) H + 0, - OH + O (k,)

3) O+ H, - OH + H (ky)

1) OH + H, - H,0+H (k)
it mach :

4 H+V — HV (k,)

5 H+0,+M —HO,+M (k)

Trong hé c6 3 loai gdc tu do la H, O va OH, nhung néng d¢ cua goc H 16n hon
nhiéu so vdi 2 gdc kia

[H] 3 [OH] hoic [Q

cho nén ta chi viét phin dng ddt mach d&i vai géc H trong dé 4) la phan ung dit
mach trén thanh binh, 5) 13 ddt mach trong thé tich.

Ap dung nguyén li néng d6 8n dinh vao trudng hgp nay ta thdy trong 3 loai géc
ty do, nong do cia [0] va [OH] r&t bé nén cd thé xem nhu khéng d8i, nghia la
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dIOH} _ dI0} _
dt — dt

do d6 chi cén theo d6i bién thién néng d6 cta H. Nhin vao sg d6 phan dng ta cd thé
viét cdc phuong trinh sau day :

%ﬂ_ = n, - KIHIIO,] + k,[01(H,) + k,(OHI{H,] - k,tH] - k;THI[O,1(M],
d[OH : % :

o = 0 = EN0, + O] [H) ~ k,[OH)[1L]

d[0]

- = 0 = KHI[0)] - lgs[ti][fIz]

n, trong phudng trinh d4u la t8c do hinh thanh nguyén tir H trong phan dng khoi mao.
Két hyp 3 phuong trinh trén day va ki hisu {H] = n ta duge :

:—1: = n, + {2k[0,] - k, — k[O0,)[Mlin = n_ + ¢n
Day chinh 1 phuong trinh (12. 1) thu duge & trén, cho nén gi6i han nd duge xac
dinh boi digu kién.
p = 2k,[0)] - k, - kJO,)IM] = 0 {13.9)
trong do f = 2k, [02] 13 thita sd phan nhanh, g = k, + ks[ozl[M} la thia s8§ ddt mach.

Né&u goi P la ap sudt chung cta hé tinh bing mmHg, y 14 ti 1& mol cua 0O, trong
hé va N la s6 phan t& trong I em> & ap sudt ! mmHg, ta cd

{0,] = yPN va [M] = PN.
Thay cac gid tri nay vao (12.9) ta dugc :

¢ = 2kyPN ~ k, — kyP?N? = 0 (13.10)
2 k

e P
kN ks ¥ N?

hodc p?

Day 1a phuong trinh bac hai, 2 nghiém caa nd la -

' KK
Pl=kEN(1— 1—15-"’—)
5 rks
Kk
va P2=?N(1+- 1—425)
5 vk;

O d4p sut P va P, p = 0, c6 nghla Ia P, va P, 12 hai gi6i han a8 & nhist do

cho sdn. Khi thay d8i nhiét d¢, cdc hing s6 k; thay d6i nén Py, va P, ciing thay déi,
ching vé thanh 2 dudng gi6i han nd nhu duge bidu dién trén hinh 13.3.

Ngodi 2 gidi han thd nh4t ab va th¢ hai be cia su né day chuyén, trén hinh 13.3
con bi€u dién gisi han thd ba ed. Gigi han thd ba la gi6i han n6 nhiét cs ban chét
khac nf day chuyén s& dugc khao st & §15. Ba gi6i han nay chia d6 thi thanh hai
mién, & phia trai ]2 mién 6n dinh, ¢ phia phai 1a mién nd. Gi6i han thd nh&t va tha
hai gap nhau tai b duge goi 124 mdi ban dio né.

D€ hi€u ro ¥ nghla cta cde gidi han n6 1a hdy tudng tugng ¢ moét hén hop H, + 0,
¢ th€ tich va nhiét do cho sin, con 4p suft dude tang din td thdp lén cao :
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3 ap sudt thdp hon gidi han dudi
ab phan dng x3y ra trong mién 8n
dinh, ¢6 nghia la ¢ = f - g < 0. o)
didy tdc d& phdn nhdnh thec phan
ing 2 ti l& vai 4p suat oxi 1a bé trong
khi t6c do ddt mach theo phan dng
4 1a 16n, vi 3 4p sudt thap cdc nguyén
td H dé dang khuéch tan dén thanh
binh v& bi huy diet & dd. Su dit
mach theo phan dng 5 & 4p sudt thdp
khéng ddng vai trdo dang ké.

§] dp suft cao hon gidi han ab
phdn dng chuyén gqua mién né, cd
nghia 1a ¢ = f -~ g > 0. DS 1la vi
viée tang dp sudt cd lgi cho phan dng
phan nhanh (téc d6 phan dng 2 ti 18
vfi 4p suit oxi) nhung lai can trd sy
khué&ch tdn cla nguyén tu hidro dén
thanh binh lam gidm téc d6 dit mach
theo phan dng 4.

Néu tang dp sufit 1én qua gidi han
trén be thi phan dng lai chuy&n sang

mién 8n dinh, nghiala p = f - g < 0.

S¢ di nhu vay vi viée tang dp suét
khong nhirng ¢6 lgi cho phan dng 2
{ph#n nhanh) ma con lgi hon cho
phéan ung 5 (ddt mach trong thé tich),
vi téc d6 phan dng 5 ti 18 bac hai
v6i ap sufit (xem phuong trinh 13.
10). Nhu vay & 4p sudt cao phin dng
lai chuyén sang mién 6n dinh.

Tdc
d A
phédn
dng
hong| né | khon
rnd nd ¢
L l
i
4 >
Pl Pl PS
Hink 13.4

Phan dng H, + O, -+ H,0 ;
Téc do& phy thudc ap sudt chung

1gP
10000
8000
6000

4000
2000

1000
800
600

400
200

100

60
10
20

10

— N e On gD

C gidi han nd

< nhiél

4|+ gidi han trén

gidi han dudi

400 440 480 520 560 580

Hink 133

Ba gidi han nd clia hén hgp H, + O, trong toa 4o Igf - 1.

ab - gidi han dudi (thd nhAt).
be - gidi han trén (thil hai).
ed - gidi han nd nhigt (1h{t ba)

Nhung né&u tiép tuc tang 4p sudt cho

dén khi vugt gidi han thi ba cd thi mién
nd lai xudt hién. Tuy nhién hién tugng nd
léc nay cd ban chét khac. Nguyén nhan
din dén sy nd & day 1a luong nhiét do
phan tdng (phat nhiét) phit ra l6n hon
lugng nhiét ma hé cd kha nang chuyén ra
moi trudng xung quanh, lam cho hé tu
ndng 1én, t8c do phan ftng ting lén theo
thoi gian va didn dén su nd. Hién. tugng
n8 nay dugc goi 12 nd nhiét sé& duge khao
sat & §15.

Né&u bifu dién t6c d6 phan ing phu
thutc vao dap sufit trong truding hodp nay
ta s& nhin duge d6 thi trén hinh 13.4.
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§14. PHAN UNG DAY CHUYEN PHAN NHANH SUY THOAI

Sy phan nhanh trong trudng hop
phan dng H, + O, la phan nhanh
lién tuc (hinh 14.1a) vi méi nguyén
td H sau khi hinh thanh lai tiép
tuc tham gia phan dng phan nhanh
(H + 0, - OH + O).

Tuy nhién trong phan ing oxi hda
cac hidrocacbon thudng gap su phan
nhdnh khéng lién tuc hay phan nhanh
thia (suy thodi) nhu duge bidu dién [b)
trén hinh 14.1(b).

s a y L Hirh 14.1. Hai kié 5

Dac diém cha ki€u phan nhanh nay (a}"phan nhﬁ:rl1 T:g: FUTH nnant
la n6 duge thuc hién nhd sy phan hay (b) phan nhanh cham (suy 1hoai)
san phdm trung gian cta phan ng.

Vi du phan Ung oxi hda nhiéu chit hitu co & nhiét do 50 - 200°C cd thé xdy ra
theo so 48 .

)R + 0O, -» RO,
2) RO, + RH —» ROOH + R, v.v
0 day mach day chuyén chinh khéng phan nhanh. San phim trung gian cia phan

Ung la hidropeoxit ROOH ; trong phan ti ROOH lién k&t O - O o6 nang lugng lién.

k&t y&u, khoing 40 kcal, bi phan hiy chadm thanh hai gfc tu do :
3) ROOH -» RO + OH

ta goi day la phan dng phén nhanh suy thoai. Trong thoi gian ddu san phdm trung
gian ROOH chua tich liy dugc nhidu nén day chuyén phat trién cham. Theo th#i gian

lugng ROOH tang lén, s8 gée tu do tang lén theo quy luat e’ Thai gian cam Ung
trong truong hop nay la khd dai od khi dé&n hang gio.

O nhiét d6 cao san phdm trung gian khéng phai 1a peoxit ma 1a andehit duge hinh
thanh theo phan @ng RO, — R'CHO + R0 va sy phan nhdnh dugc thuc hién béi
phdn dng oxi hda andehit theo so d6 :

4) R'CHO + 0, — R'CO + HO,

Két qua 1a s6 lugng géc tu do trong hé ting lén. Phan Ung ddy chuyén phan nhanh
suy thoai cing duge dac trung béi céc gisi han né, nhung d&i véi phan dng oxi hda
cac hidrocachon cao (bit ddu td etan) thi ti€p can véi mién nd cd thém mét mién dac
biét goi la mién "ngon lia lanh".

D€ lam vi du, trén hinh 14.2a trinh bay cac gi¢i han né cia phan ng oxi hda
propan. D6 thi duoc chia thanh 3 mién : mién ng {1), mién ngon lia lanh (2), mién
6n dinh (3).

Hién tugng oxi hda cd ngon lita lanh 1a trong mot khoang nhiét d6 nh4t dinh (thuang
2607C - 320°C) phan ing oxi hda kém theo su phdt ra cdc tia chdp xanh va sy gia
tang 4p suft trong hé (hinh 14.2b). Sau khi tia chdp (kéo dai khodng 1 giay) tat thi
ap sudt clng gidm. S8 ldn chdp cé th€ ti 1 dén 5.
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AP, mmHg
oF

89

70

T 60

d 50 -
a0} T
0]

20}

3
| ' .
|| . X
= I +— mmHg N th/ I | | L) b
190 540 640 1

(a) 10 50 100 150 200 250
(b)

450

340

Hinh 14.2,
. Phan dng oxi hoa propan : CiHg + O,
a) Mién n6 (1), mién ngon Ida lanh (2) va4 mién’8n dinh (3) ;
b} Sy thay ddi ap sufit dng vdi cdc tia chdp huynh quang (ngon lia lanh)

Hién nay xdc dinh dugc rdng hién tugng oxi hda cd ngon lua lanh dac trung cho
cac hidrocacbon no (bat ddu tir etan), khéng no (bdt ddu tit propilen), andehit, ete.
Thye nghiém ciing ching minh dude ring
ngon lita lanh la két qua phat huynh quang
cda cac phan tu fomandehit HCHO bi kich
thich. Hién tugng oxi hda cd ngon lia lanh
thudng dac trung bing thoi gian cam dng
dai ¢ hang chuc phut, con thoi gian giita
hai tia chép thudng khoang 6 - 10 giay.
Theo lf thuyét phan dng day chuyén, sy
xudt hién ving ngon lita lanh cd thé€ giai
thich nhu sau :

Trong khoang nhiét 46 nh&t dinh dng
v6i mién ngon lGa lanh (260 - 320°C) gée
RO, tham gia cdc phan dng sau day :

a) RO, -» CH,CHO + R'O

b) RO, + CH,CHO — RO + OH+CH,CO
k&t qua 13 mach bi phan nhdnh giy ra sy

né day chuyén. gL { ; A A /7
& nhist dé thp hon mién ngon lia lanh, 124 138 148 1,80 1,72 1,84

gbc RO, khong bi phan hiy, do d6 khong
tao thanh andehit ; & nhiét d6 cao hon o g’”"cfff- o

. 5 - an (ng
vung ngon lia lanh, géc ROZ bl‘ phan hidy Sy phy thudc g (37) vao lqu (13 - lhzc'ii gian cidm dng).
qua nhanh, do dd khong kip phan dng véi 1) P = 80 mmHg ; 2) P = 100 mmHg ;
andehit theo phan idng b. 3) P = 140 mmHg
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Nhu viy trong mét khodng nhiét d6 nhat dinh téc do phan ing oxi hda s& giam
khi nhiét do tang. Ta goi ddé la mién hé s8 nhiét d6 am. Vi dy d6i véi phan dng oxi hda
etan mién nhiét do am nam giga 300 va 350°C (hén hgp 2C,H, + O, ; P -~ 600 mmHg).

Déi véi phidn 16n cic hidrocacbon, mién hé s§ nhiét d6 Am nam trong khoang
350 - 450°C. D¢ minh hoa, trén hinh 14.3 bifu dién st phu thubc cua lg(l/r) vao nghich
dao cua nhiét do (T 12 thdi gian cam ung, 1/7 ti 1& v6i téc do cve dai cta phan ing).

Khi két thic mién hé s6 nhiét dé &m, t6c d6 phan ung lai tang binh thuong theo
nhiét dd va dén giéi han cd thi phan ing chuyén sang mién ng. _

Né&u so sanh hai hinh v& 13.3 va 14.2a thi ta thdy trong trudng hop phan dng H,+0,

ban dao nd ndm gita hai gigi han ap suéit (th¢ nhdt va thd hai), con trong phan ing
oxi hda hidrocacbon bin diaoc né nim gitta hai giéi han nhist do.

NGi chung cdn néu 16n nhan xét ring so v6i phan dng oxi héa hidro thi phan dng

oxi hda hidrocacbon la phic tap hon nhi€u va cho dén nay con nhiéu ché chua sang to.
Chang han cdch giai thich hé s6 nhiét d6 4m nhu vita néu cing chi 12 mot gia thist.

§15. NGO NHIET

Nhv di ndi, viing phia trén gi6i han cd trén d8 thi 13.3 la ving né nhigt. L{ thuyét
nG nhiét ¢d thé trinh bay tdm tdt nhu sau :

NA&u modt phan ng phét hien xay ra véi tée dé W (bAng s§ phan t¥ san phdm hinh
thanh trong 1 giay va lem?) thi lugng nhiét do phan dng phdt ra trong 1 giay trong
thé tich cda binh phan ing hay téc do phat nhigt 1a :

q, = vQ'w

O day Q la lugng nhiét phat ra khi hinh thanh 1 phan ti san ph&m, cho nén
Q" = Q/N_, Q - nhiét phan dWng khi hinh thanh 1 mol san phim, cdn N - 88 Avogadro.
Téc d6 phan dng phu thudc vao néng dé dfu a cda chit phan dng theo codng thae.

W = ka"e BRT 1 — | ngu phan Ung l1a don phan td, n = 2 néu phan ing la luang
phan ti.

v kar‘le"‘FJRT
Nhu vay : q, = ‘i—N—'—'* . (15.1)

o)

Lugng nhiét chuyé&n (¥ binh phan Ung qua thanh binh ra méi trudng xung quanh
trong mét gidy hay téc do m#&t nhiét la :

@ = aT ~ T)S ’ (15.2)

trong d6 a - hé s6 téa nhidt ; T - nhist do trong binh phan ing ; T,
thanh binh phan Gng ; S8 ~ dién tich thanh binh phan 1ing.

Trén hinh 151 va 152 bi€u dién sy phu thudc cla q, v& g, vao nhiét do.

Hinh 15.1 dng v6i trudng hop khi thanh binh phan dng duge gitt & nhiét dd khoéng
ddi T, chl thay d8i 4p su&it ch&t phan Ung, nghia & dai long a trong cong thic
(15.1). Dudng cong 1 dng véi néng d6 bé nhdt a = a;, du¥ng cong 2 nbng do trung
gian a, va dudng cong 3 - néng d6 l6n nhét a,.

Néu a = a; thi t6c dé phdt nhist q, lic ddu 16n hon t6c d6 mat nhiét q, do dé
chdt phan ng duge d6t nong lén. Tuy nhién sy d6t nong nay chi x8y ra cho dén. khi

- nhist d6
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{1} {3) T

Te To Tl Tn
Hink 15.1. Hinh 152,
Su phy thutc q, va g, vio T Sy phu thudc g, va q, vio T

dat nhiét d6 T, khi dd q; = q,, sau d¢ khi khoéng thé€ bi d6t ndng hon nita, vi d nhiét
46 T > T, q, > q; , cho nén néu gia thiét khi bj d6t ndng lén qui T, nd sé& bi ngudi
di cho dén T,. Nhu vay trong trudng hop nay phan dng x&y ra ¢ nhiét do 6n dinh T,
cao hon T, mét it, sy né khéng xay ra.

N&u a = a, thi t6c 44 phat nhiét q; (bifu dién bing dudng cong cong 3) ludn ludn
16n hon t8¢ dé m4t nhiét q, (bi€u dién bing dudng thing). Khi sé duge lién tuc d6t

néng trong qud trinh phan dng, t6c d6 phan dng tang 1én theo thdi gian va k&t qua
ddn dén sy nd (nd nhiét).

Néu a = a, hai dudng q; va g, ti€p tuyén véi nhau tai di€m b dng vai nhigt do T,.
Néng d6 a, chinh la gidi han nd nhiét tuong dng voi nhiét d6 T, cho sdn cua thanh binh.

Né&u giit khi phan dng & 4p sufit khéng d8i ma thay d8i nhiét do cta thanh binh

thi su phu thudc cha q, va q, vao T duge bi&u dién trén hinh 15.2. Cing Ul luan tuong
tu nhu trén ta di dén két luéin :

Né&u ’I‘(I‘) < T, sy n8 khong xdy ra ; néu Tg) > T_ phan ing din dé&n su nd ; nhiét

do thanh binh T_ dng véi trudng hop khi g, ti€p tuyén vdi g, 12 nhiet do thdp nhit
d¢ phan dng n6 cd thé xdy ra T, dugc goi 1a nhiét d6 bdc chay thdp nbat, hay don
gian goi la nhiét do béc chdy dng voi ap sudt P cho sdn. Hiéu AT = v, - T, duoc
goi la do dét néng trude nd.

Sy phu thuéc gitta nhiét d¢ bSc chdy T, va 4p sudt P (hay nbng d6 a) cia khi phan
ing cé thé tim duge ti didu kién tifp tuyén gita q, va g, Ti diéu kién

dg; dg,
4 = 9% V2T = 9T
i VQka"e E/RT, ’
ta ¢co —-—N;“— = CI(T1 - TO)S (15.3)
n
VQka'B -emT, _ .5 (15.4)
N, RT{
chia 2 phuong trinh cho nhau, rit ra :
RT}
T T, +T, = 0
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2 nghiém cua phuong trinh bac hai nay la

-" TD
1 + 1 _4R_E

2R
E

Thong thudng T, < 1000 K, E > 20kcal, cho nén RT/E < 0,05. Nghiém 14n
Ty =T, = E/R = 10 000 K khéng gap trong t

T, =

huc t&€ nén c6 th€ bé qua. Nghiem bé
Ung v6i di€m tisp tuyén trén hinh 151 va 15.9 cd gig tri. '
RT, RT,}?> ~ (RT \>
i-— 1_4RT° 2 ° +2‘——D + 4 > + ..
- 3 E E E
T, = R
2E ’E

.1 .
A-xn=q_1L 1.1,

113 4 1135,
2T 24" T3 16X "2268% -
4RT,
vii X = E
RT, RT, \*
Vi T < 0,05 nén cd thé bd qua cdc s6 hang tir 4 ®
RT;
trd di, ta c6 Ty =T, + (15.5)
D¢ d6t nong trude né
R O
ATy =T, - T, = ° (15.6)
RT, AT
Vi E = T < 0,05 12 bé nén c6 thé sit dung cong thic gén ding :
O
1 1 1 L, A%
—_ = = R —— ———— H
T, T, +AT, AT, T, ( T, ) '
To(l +_'f_]
L4
1 1 N P zﬁ _
- AT, \2 = 2 T, |
i T2 (1 + 1) O
o T
0
Thay gia tri cla T, vao bi€u thitc (15.4) ta dugc :
E ,ATI
QVka"E AT ) ~mr (=)
— {1 -2 e o °’ = af
N, RT? T,
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AT, RT, 24T

1 N
so v@i don vi & v& trdi phuong trinh
8] TO

néu thay

ta dudgc :
Vka"Ee _ppr
g_a._.___e_e ERT, _ 1 (15.7)
N_RT2 aS |
13 bi€u théc gén lién a va T & gidi han né (e - co s6 loga tu nhién). Giita a 1a sé

P
phan ti trong 1 cm® va P la 4ap sufit tinh bing mmHg ¢ hé thic a = T 10"

Thay a vao (15.7) ta rit ra

QVkp® Ee . 101" o ~ERT,
N, RTZ* "8

12 bi€u thdc gAn lién 4p suft khi & gidi han nd va nhiét dé bbc chay T.
D& ¢ thé ki€m tra bing thyc nghiém, ta bién ddi (15.8) thanh dang :

1 (15.8)

ljg——— = =~ + B (15.9)

g T(1}+2/n T0

1
v A=E§=0217E;

Rn n
1 NR.S'

B==1lgh; bom———
n QVkeE . 101"

Dya vao hé thdc (15.9) ta ¢d thé tinh dudec nang lugng hoat héa E tu 48 déc A

P i
cia dudng thing bi€u dién T phu thugc T Vi du d6i v4i phan ing phan huy
o o
2A
0,217

Ci,O (n = 2) ngudi ta tim duge A = 2500, tit d6 suy ra E = = 22kcal.

So sénh né day chuydn va né nhiét.

Trudc khi d€ ké&t thic phdn nay ta hay so sdnh ban chft cia sy nd diy chuyén va
n8 nhiét.

Néu t6c d6 phan #ng hda hgc trong nhitng diéu kién nhit dinh tang rét nhanh theo
thdi gian, dua dén k& qua 13 phdn 1on kh6i lugng vat chdt phin dng hét- trong thoi
gian rdt ngédn thi hién tuong do dude goi 12 su béc chdy hay sy nd.

‘C6 2 nguyén nhan dua d&n sy nd. Néu tSc d¢ phan iing khong nging dugc ting

lén do két qua cia sy tang s6 lugng gdc tu do trong hé & nhiét d6 khong ddi thi do
la sy nd day chuyén.

Né&u téc d¢ phan dng phat nhiét tang lén do két qui cia sy tu -dét ndng cita hé
khi diéu kién cin bing nhiét bi pha v& thi dd 12 sy nd nhiét.

Nhu vay khdc vai n8 day chuyén, n8 nhiét chi cd th€ x4y ra d6i voi phdn dng phat
nhiét.

V& mat co ché ¢d mot sy tuong tu nhit dinh gita cdc phan dng né hoa hoc vita
khdo sit va phan dng nd hat nhan cia bom nguyén ti va bom nhiét hach. Sy nd bom
nguyén ti xdy ra theo ca ché& day chuyén, khi méi hat nhan uran bi phan ra giai
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khic va gidi phdng ra mét s6 notron khdc. Cit nhu vay cac nguyén ti uran bj phan

rd theo co ch& day chuyén. phin nhinh, trong dd notron déng vai tro gibng nhu gdc
tu do trong phan ing héa hoc.

phéng ra mét s6 notron, médi notron laj bdn pha ti6p lam phan ra mdt nguyén ti uran

Khac v4i bom nguyén td, su n6 bom nhiét hach xdy ra do két qud téng hgp cic

hat nhén nhe (hidro) kém theo sy gidi phdng ra mét nang lugng rit 16n. Nhy nang
lugng dugc giai phdng ma tée d6 phan ng téng hop hat nhan ting lén rdt nhanh din
dén sy né. Nhu vay su né cta bom nhiét hach ¢d ban chdt né nhist.
Cau héi

1. Néu nhitng dac di€m cua phadn dng g6c tu do.

2. Phan tng day chuyén gdm nhitng giai doan co ban gi?

3. PhAn biét cdc phan dng day chuyén khong ph&n nhanh, phan nhdnh va phan
nhdnh thodi hda. ’ :

4. Ching minh ring d8i voi phan Ung diy chuyén phén nhanh tén tai hai giéi han
né. Giai thich ¥ nghia céc gisi han d4.

5. Phan bi¢t nd day chuyén va nd nhiét. Didy kién ng day chuyén va n8 nhist co
gi khéc nhau ?
Bai tap

1. Phan ing phan hay nhiét metan xdy ra theo co ché gla thiét sau day :

k
CH, —CH, + H

k
CH, + CH, — C,H, + H
k3
CH, + H — CH, + H,
kd
H + CH; + M — CH, + M

M 13 mét phdn tit b4t ki trong hé. Hay ap dung nguyén li ndng d6 8n dinh d6i véi
H va CH, d& thiét lap phuong trinhk dong hoc hinh thanh C,H,.

172
d(C,H k, k, ky(CH,)>
DS . —ditﬁ = ky(CH,)(CH,) = I—E(_M)“L

2. Phan dng phan huy axit nitric dugc gii thigt x4y ra theo co ché :

kl
HNO, —» HO + NO,

k
HO + NO, —» HNO,
k

HO + HNO, — H,0 + NO,
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Dua vao nguyén li néng do 6n dinh (d6i v6i OH) hay ching minh phuong trinh
SN0y gk N0y — L
av - AR TIRGINGY
NG

3. Phan dng NO,Cl — NO, + 1/2 Cl, xay ra theo co ch&:

K,

NO,Cl —> NO, + Cl

k;
NO,Cl + C1 — NO, + Cl,

Ap dung nguyén li néng do 8n dinh d6i v6i Cl hay ching minh ring
d(NO, C1)
—— = ~2K,(NO,Ch
4. Phan ung phan hiy nhiét N.O; xdy ra theo co ch&
kl
N, O, —+ NO, + NO,
k'l
NO, + NO; — N, O;
kz
NO, + NO, — NO, + NI + O,
k3
NO + N, 0, —» 3NO,
Ap dung nguyén i néng do én dinh d6i véi NO, va NO hay ching minh rang.
d(N,, 0g) k'
— = 2Kk [———k,l e 1] N,
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Chuong 1V
QUANG HOA HOQC

§16. MOT S6 KHAI NIEM VA DINH LUAT CO BAN

16.1. Cac giai doan cia phan ing quang héa

Quang hda hoc 1a linh vyc nghién ciu phan dng hdéa hoc dudi tdc dung cla tia bic
xa thudc ving nhin thiy va tu ngoai, khi phian t& hip thu nang lugng bic xa va
chuyén sang trang thai kich thich electron. Cgc tia héng ngoai khéng du nang luong
dé kich thich trang thai electron, cdn phan dng xdy ra dusdi tac dung cda cac tia cing
(tUr ngoai xa, tia X, tia y) duge nghién cdu trong linh vuc hda bic xa.

Phan dng quang hda bao gom ba giai doan co ban sau -

a) Giai doan hdp thuy photon, trong d¢ phan ti chuyén t& trang thai cg ban sang
trang thdi kich thich electron.

b) Giai doan quang hda su cdp, trong d6 cdc phan ti bji kich thich tham gia trye
tip vao phan ung. :

¢) Giai doan quang hda thuy cdp, con goi 12 giai doan phan Ung "t8i" hoic phan dng
nhiét, trong dd cic san phdm cua giai doan so cdp tham gia phan ing,

Vi du.

Péi véi phan dng H, + Cl, — HCI dugc kich thich bai anh sang da khdo =it & §12
thi ba giai doan d¢ 1a -

Hé4p thu photon : Cl, + v — CJ3
Giai doan so cfp : Cr - 2C1
Giai doan thi cdp : Cl + H, - HCl + H

Phan t& A cd thé hdp thu truc ti€p nang lugng bdc xa dé chuyén lén trang thai
kich thich A*, nhung cing c6 thé bi kich thich gian ti&p bing cach va cham v&i mét
phan td D° khac da bi kich thich :

D+ hy - D*
D+A—-D+ A

9] day chdt D duge goi la chit cam quang, dd la chdt cho nang lugng, con A 1a
chéit nhan ning lugng.
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Dac di€ém cua phan dng quang hda 1a ¢ d6 chon loc cao so véi phan tng nhiét.
Trong phan dng nhiét, phan td & trang thai electron co ban. Khi dét ndng phan td bi
kich thich lén cdc mic dae dong cao, ta ndi nd & trang thai "ndng”. Khac véi su kich
thich bang nhiét khéng cd tinh chon loc, vi moi phan td va moi lién két déu cé thé
dong thai bi kich thich, 4nh sdng v6i bude song thich hgp cé thé kich thich mét phan
ti hoac mot lién k&t nhat dinh ma khéng dung dén cac phan td hoac lién k&t khac.

16.2. Cac dinh lvidt quang hoa
Phan dng quang hda tudn theo cdc dinh luit sau day :

1} Dinh [ugt Grotthuss va Draper phat bifu : Chi anh sang bi hé hdp thy mdi co
kha nang giy ra phan dng, ndi cach khéc, phan dng quang héa chi cé kha nang x4y
ra néu phan td hap thu anh sang.

2) Dinh lugt Einstein phdat bi€u : Mot photon hay luong td& anh sdang bi hdp thu
chi cd kha nang kich thich mo6t phan ti trong giai doan so cdp. Dinh luat nay coén
dude goi la dinh luat duong lugng quang hda.

3) Khi hip thy photon, phan td c¢d xéc sudt nhdt dinh bi kich thich lén trang thai
singlet thap nhat 8, hoac triplet thdp nhdt T,. Trong phdn lén phan ¥ng quang hda
hitu co trong dung dich, phan ti bi kich thich 1én trang thai S, hosc T,. Quy luat nay
do Kasha t8ng k&t ti thuc nghiém, chi y&u d6i v6i cac phan dng quang hda hitu co.

4) Ngoa: 3 dinh luat quang hda viia
néu, ¢d thé ké thém dinh luat Lambert - 2
Beer vé su hip thu anh sdng. lem

/

Gia thiét ed mét ludng 4nh sang don N
sac ¢d cudng do I ec/em?s di qua mot &
dung dich cd tiét dién lem? (xem hinh 16.1) '

) . . . . I—-—-—. I —_—t L'_.' I_&
Gia thigt ¢ d¢ sau ! cudng d6 anh sdng

di t8i 14 I, va khi di qua 16p mong 8¢ cudng
dd giam moét lugng &I, Goi n 1a s6 phan
ti chdt hdp thu anh sang trong mét cm?.
Nhu vay s phan ti trong 16p méng & la iy ! "
dn = ndl. Vi s6 photon bi h&p thu ti lé 6

e n N N - - . 6.1,

vdi s& phéan tu hap thu Anh sing nén cd P [ink 161 —_

thé vidt Sy hép thy anh sang trong lop mong
viet !

|
1
]
|
|
f
1

o
L

trong dé k ~ hé s ti 8. Phuong trinrh (16.1) la bifu thic toan hoc ctia dinh luat
Lambert - Beer.

kdn = kndi (16.1)

Lay tich phén cua (16.1) va chd ¥ d&n didu kién ddu [ = I, khi I = 0 ta duge :

In = = —knl | (16.2)
IO
I —knd
hoac o = 8 (16.3)
. ICI .
1 I,
Ti s6 T = T dude goi la d6 truyén quang, —IgT = lg T = A duge goi 1a do hép
]

thu (trudc day goi 14 mat dd quang).
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Trong cdc bi€u thde trén, n la néng d6 tinh bing phan tid/ecm? Néu néng d6 tinh
bdng mol/llit va ki higu C ta cd : :

-

kn = £C (16.3) -
. £ _n _ 602102 ¢C 0
nghia la T(-—-C-—Wn-ﬁ.loz,
Khi d6 bi€u thdc (16.3) tré thanh Il = ¢"#0 (16.5)
(o]
Ta goi : k la hé s6 h&p thu phan tu

€ 12 hg s6 tit hay hé s6 hdp thu

Theo dinh luat Lambert - Beer (hé thdc 16.1) thi t s§ oI/1 khéng phu thude vao
cudng do 1 cta dnh sing. Didu nay chi ding véi sy chi&u sang thong thudng. Néu anh
sing cd cudng d6 rdt lon (vi du tia lade) thi dinh luat Lambert — Beer bi vi pham.
Ta hiy phan tich vi du sau day :

Vi du
Cho mot ludng anh sdng cd cudng d6 I = 1077 J/cm?s chiu vao mGt 16p méng
chdt hdp thy day 8! = 0,1mm = 10 %cm, Gia thiét néng do ch&t hap thu 1a C = 10°° M

hoac n = 107°.6.10%® /1000 = 10'5 phan ti fem3 Cho k = 10716, tir ebng thie (16.1)
ta tinh duge |SI| = Lk.ndl = 1077.107%.1085.102 = 1071° Jjom?s,

béi v6i anh sdng thudng, v = 10717 J nghia 14 cd :

|81 10710

__ 9
hy 10—19 = 10

photon bi hdp thu trong 1 gidy béi I6p mong 0,1 mm trén disn tich mot cm?Z, khi bj
chi€u sang bdi 4nh sing cd cudng do6 1077 J/iem?s. D6 thudng la cudng do dnh sdng
lot qua mdy chup anh. Cudng do 4nh sing mat trdi true ti€p khi trdi ndng cd gid tri
I = 107% Jjem?®s, trong diéu kién dd 1op mong s& hdp thu 10° 14n 16n hon nghia la
10'*photon /cm?s. S§ phan ti & trong lap méng 8/ 1A én = ndl = 1091072 = 1013
phan ti. Vay trung binh méi phan td hip thy 10 photon trong mét gidy. Qua trinh
kich thich (h&p thu photon) va quay vé trang théi co ban ¢6 thé bifu diBn bdi so d6 :

hw
A 3 » A’

-

Bay giv ta gia thist miu duge chidu bdi moét xung lade ph4t ra 10!° photon trong
1078 gisy. Theo trén ti sg 8171 = 1073 nghia 1a trong truding hop nay ¢é 10'? photon
bi hdp thu trong 1078 giay. T6c df quay vé trang thdi co ban thudng 1a 10% 14n trén
gity hay 10 ldn trong 10°® giay. Nhu vay, khi chi6u miu bing tia lade t6c d6 kich
thich vugt téc d6 quay vé& trang thai c¢o ban 10'! l4n.

Két qua 1a néng do6 cia A® 9 trang thai kich thich tdng lén dang k&. Sy tinh todn
cho thdy trong trudng hop nay [A ] = [A” ]. Lic nay sy phdt xa cudng bic cd vai
tro ding k€, nd lam gidm kha nang hép thu anh séng.

Thye vay, khi mét vat bi chi6u sdng c6 ba qua trinh x4y ra déng thdi.
1) Su hdp thy tia bdc xa ; '
2) Sy phat xa tu phidt ;

3) Su phat xa cudng buc.
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Khdc véi qud trinh 2 x&y ra ty phat, cdc qud trinh 1 va 3 xfy ra trong trudng tia
bic xa (cudng buc). Néu [A'] << [A] thi qua trinh 3 e6 thé hd qua, dd la trusng hop
thong thudng. Néu [A" ] = [A] thi qua trinh 3 trd nén dang ké, vi xac sudt chuyén doi
cua 2 qud trinh 1 va 3 la ngang nhau. Khac v6i sy phat xa ty phat, su phat xa cudng
bic truyén di cung chiéu vdéi tia di t6i. Két qua 1a kha nang hdp thy cta lop hdp thu
giam han, ta goi dd la sy hdp thu am. N&u tang cydng do tia lade dén gia tri t6i han
(= 10™* photon ‘em?® = s) thi lap hdp thu sé trd nén trong sudt, nghia 1a né khéng con
kha nang hdp thu. Lic nay dinh luit Lambert -~ Beer mdit hé&t y nghia.

16.3. Hi¢u suat lugng ti
Hiéu suat luung tu ¢ cua phan ng quang hda la ti s6 gitta s6 phan td phan dng
SN va 56 photon bi hdp thu &N trong don vi thai gian.
AN 86 phan td phan dng

v = AN, ~ S6 photon bi hip thu

Al '
trong dd AN = T A T - nang lugng bic xa bi hdp thu,
hv - nang lugng photon.
Vi du 1.
Néu mot qua trinh chi bao gém giai doan quang hda so cép thi ¢ = =2 = 1 theo

AN

3]
ding dinh luat dugng lugng quang hda cua Einstein. O day s6 phan td bi kich thich
vid phan dng dung bang s6 photon bi hdp thu. Nhu vay d& kich thich 1 mol chit can
N, = 6.02.10°° photon duge hap thu. N photon duge goi 12 mét einstein, cing tuong
tu nhu 6,02.]03:" electron = 96.487 Coulomb dude goi la 1 faraday.

Trong da s6 trudng hop sy tham gia cda cac giai doan quang hda thd cdp lam cho
4w khac 1.

Vi du 2.

Phan dng quang héa 2HI — H, + I, & viung séng 4 = 280 + 300 nm xdy ra theo
sa do

HI + hr —H +1 (phan dng so cép)
H +HI —H, +1
I +1 - I, Phan dng thu cdp, phan dng nhiét
2HI + v — H, +1, (Phan dng téng cdng) °
AN
fTAN, T1T?
Vi du 3.
Phan dng quang hda ZNO, — 2ZNO + O, & bude séng 4 = 366 nm. xdy ra theo so d6 :

NO, + v - NQ; (ddu’ chi phan td bi kich thich}
NO% + NO, — 2NO + 0,

2NO, + hv — 2NO + O,
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Vi du 4.

Phan ing quang héa (CH,), CO —CO + C,H, 6 ving song 1 < 330 nm xdy ra
theo so dd

a) (CH,),CO + hv — CH, + CH,CO (so cfip)

b) CH,CO - CO + CH, (thd edp, cho sin ph&m chinh)
c) 2CH, - C,H, (tht céip, cho san phim chinh)
d) 2CH,CO — (COCHy), (diaxetyl, sAn ph&m phu)

e) CHyCO + CH; — (CH,),CO (chat dau) |

Trong phadn iing nay ¢ = 0,2. Viée ¢ < 1 14 do cdc phan dng thd cdp d va e.
Vi du 5.
Phan dng quang phan amoniac
by
2NH; -— N, + 3H,

Xdy ra & budc séng A = 210 nm c6 p = 0,2. O day ¢ < 1 la do mot phdn cac
goc ty do hinh thanh trong phdn dng so cép tai két hgp thanh phan tif ban diu
Vi du 6.

: hy
Phan dng H, + Cl, — 2HCI dugc kich thich bai buéc séng 4 = 400 nm cd p = 10°.

¢ > 1 gdy ra do co ch& day chuyén x4y ra nhu sau :
CL, + hv — 2C1 (Phan dng so cdp : khoi mao)

Cl + H, —HCl + H| (Phan tng tht cfp : day chuyén phat trién mach)
H + Cl, —HCl + €l

Vi du 7.

hv
Phan tung quang phan xeton RR'CO — RR’ + CO trong pha khi ¢ ¢ = 0. O
day ¢ = O giy ra do hiéu tung "l16ng" : 2 gdc tu do sau khi hinh thanh trong phan

Uing so cdp, do bi nhdt trong "16ng" tao bdi dung mdi, tai k&t hop thanh phan tit xeton
ban dau, '

Vi du 8.
Phan dng brom hda quang hda axit xinamic thanh axit dibrom xinamic.
CcsHsCH = CHCOOH + Br, — C,H;CHBr - CHBrCOOH
x8y ra & budc séng 4 = 4358 nm va nhist d6 30°C. Khi chidu sdng vOi cudng do

1,410°3 Js7! trong thoi gian 1105s thi lugng brom giam 0,075 mmoi. Hay tinh higu
suidt lugng td o, cho biét 80% anh sing di qua dung dich bi hdp thu.

Loi gidi.

B - hC  6,62.1073 3 10
= ¥ = =
1 435,8.107°

= 4,54.1071% J/photon
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1,4.10720,8.1105
Lugng photon bi h&p thu : AN _ = = 2,74. 10" photon

© 4,54.1071°
S6 phan ti Br, phan dng : AN = 7,5.107°.6,02.10%> = 45,2.10'8

AN  45,2.10'8
Hiéu suat lugng ti p = = = 16,5.

16.4. Chat cam quang

Chdt cam quang (photosensitiser) 1a chét c¢d khia nang hdp thu anh SsAng va truyén
nang lugng tich liy duge cho phan ti khdc qua va cham phan t&. Vi du hidro khong ca
kha nang hdp thu anh sang (trong su6t d6i véi tia bic xa), tuy nhién néu hén hop hidro
va hot thiy ngan duoc chigu sang bing den hoi thiy ngan thi x4y ra phan dng :

Hg + v — Hg*
Hg" + H, —» 2H + Hg )

o day hoi Hg la chit cAm quang, né hdp thu photon va truy&n ning lugng dé cho
phan t¥ H, Qud trinh nay cd th€ xdy ra vi nang lugng phan li hidro 1a 4,4 eV, trong
khi nang luang cua muc kich thich ddu tién cta Hg 1a 4,9 eV. Hg® ciing cd th& kich
thich sy phan li cia NH; vA mét s6 hop chdt hitu co khéc.

lon uranyl UO%+ ciing 12 mét chit cdm quang. Vi du khi ¢6 mat ion uranyl, axit
oxalic bj phan hiy & budc séng 4 = 254 + 435 nm theo so d6 :

H,C,0, + (U03") — CO + CO, + H,0 + (U0
Vi du 9.

Mot dung dich gém axit oxalic 0,01M va uranyl sunfat 0,05M dugc chi€u sang bai
bude séng 4 = 300 nm. Thi nghiém cho thdy trung binh 1 photon bi hdp thu lam phan
huy 0,67 phan tl axit oxalic. Tinh nang lugng bic xa edn d€ phan hiy 1 mol axit oxalic.

L¥i gidi.
hC  6,62.107.3.10°

E=h = = = 6,62.107% J/photon
3 300.1077
D€ phén hdy 0,57 phan tit axit efn 1 photon.
NO
D€ phan hay 1 mol axit cén 057 photon dng vdi nang lugng
6,62. 10% 19
05T - 662,107 = 7.10°J = 167 keal

o) day lugng ion uranyl khéng bién ddi. Nhu vay dua vdo lugng axit oxalic phan
hiay ta cd thé tinh duge nang lugng buc xa bj hdp thy, dd 1a nguyén !l hoat dong cla
bdic xa k& oxalat (uranyl oxalat actinometer), cho phép ta xdc dinh duge cudng dé bilc
xa trong cdc phan ing quang hda.

16.5. Niang lugng photon

Nang lugng cén thi€t d€ kich thich phan td c¢é thé xac d;nh tit phé hdp thu hoac
phit xa cia phan td dya theo céng thitc :
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Trong d6 h - hding s Planck, v - tdn s§ buc xa (571
E; v& E, - nang lugng cla trang thai ddu va cubi cua phin tu. Vi trl cac vach

ph8 cd thé xdc dinh bai tdn s6 v, buéc sdng 4 = ; {c - tée d9 4anh sang bang 3. 10"
cm/s), hodc s6 song v = %—
Budc séng A thudng do bing nanomet (nm), cm, milimicron (mu) hay anstron (A).
Inm = 10°m = 1077cm = Imx = 10 (&),
Vi du budc séng 4 = 5000 A 1a dng véi tdn s6

3. 10¥%m . 57! -
v::;i(i=——~ﬂ~—s—=6,10145I

5.10 7 cm
1 1 -
sb sdng v=g=——7"—=2.10"em™,
5.107 ¢m
va nang lugng.
g _ g _hc_ 66210 5.3 10%m s 198 107 286107 Vel
2 PR A(cm)  Alem)  C A(cmy cAvmolL
] ,86 1073
Thay 4 = 5.10 %cm duge E, — E, = g-m-—_--h = 57,2 kealimol.
5.107°

Nhu d& ndi, nang luong cia 1 mol photon (6,02.10°3 photon) dugc goi 13 1 einstein.
Vay 1 einstein tng v6i buse séng 500 nm bang 57,2 keal.

. 286,107
1 einstein dng va4i bude séng 200 nm bang —- = 143 kecal.

2.107°
Ning luong mét s8 bude séng duge ghi ra 8 bang 16.1. D4i vai cdc phdn ung quang
hda h@tu co, ngudi ta thudng sit dung ving sdng tit 200 - 700 nm. Gigi han nay duge
chon vi nhitng séng A < 200 nm khéng di qua thach anh la chit thusng dang lam
binh phin @ng, con nhitng séng 4 > 700 nm thi bat diu chuyén sang viung héng ngoai
(chi cd kha ndng kich thich dao dong).

Bang 18.1. Budc séng, s¢ sing va niing luang photon

! E, - &,

A v, cm ! = :

keal/mol eV*
200 50000 143,0 6,20
300 33333 95,3 4,13
400 25000 71,5 3,10
500 20000 57,2 2,48 ;
600 16666 47,7 2,07 5
700 14286 | 40,8 1,77

+ leV (eleciron von) = 23,06 kealfmol = 80 68 cm b
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16.6. So sanh phan ing quang héa va phan idng nhiét

" Phan dng nhiét 13 phan ing duge kich thich bdi nhiét. Néi nang cta phan td la
tdng cdc phén ddng gop cla cdc dang chuyén dong : tinh tién, quay, dao dong, electron
va hat nhan. Khi nang cao nhiét d6 phin t& ndng lén cd nghia 1a né di nhanh hon,

quay nhanh hon, va mgt 86 bi kich thich lén cic mie dao déng cao hon, nhung electron
vd hat nhan van ndm & trang thai co ban.

Vi du 10.
Tinh AE gitta hai mdic dac déng cia phan td CO & nhiét d6 phdng cd s6 song
v = 2170cm L. '
Loi gidi. AE = hv = hev = 6,6.107*(J.5).3.10'% (em .s7) . 2170(cm ™))
= 4,3107°% = 1.107% cal = 1.10%.6.102® cal/mol = 6 kecal/mol.

D6i v8i nhidu phan tf hitu co di€n hinh AE;; = 2 + 10 keal/mol.
Vi du 11.

Tinh dong nang trung binh cta mét phan td & T
Lot gidi. D61 vai khi 1 tudng ta o6 :

3k _
E = —21: = 1,5.1,38.102.300 = 6,21.10°2J = 1,48.102! cal =

300 K.

= 1,48.10721.6.10%* cal/mol = 0,9 kcal/mol.

Ro rang ¢ nhiét do thudng, phan t¥ vin ndm & mic dao déng co ban, Chi & nhiét
dé cao, mot ti 16 nhé cdc phan ti bi kich thich dao ddng, va & nhist do rdt cao phan
tu méi bi phan H. Nang lugng phan li lién k&t C-H trong CH, 1a2 101 kcal/mol, nang
luong phén li lién két C-C trong C,H, 1a 83 kecal/mol.

Kich thich quang héa la moét phuong phip dua phan ti lén trang thai kich thich
electron.

Anh séng nhin thdy (1 = 700 + 400 nm) va t& ngoai gon (A = 400 + 200 nm) c6
nang lugng nim trong giéi han 40 + 143 keal/mol nhu duge thdy & bang 16.1.

Nang lugng dd 1a di dé€ dua phan ti 16n trang thai kich thich electron.
Kich thich nhigt va kich thich quang hda khéc nhau & nhirng difm sau :

a) V& h¢ s6 nhiét d6. Hé 6 nhiét dé clha tc d6 phan dng 1a t! s6 cha tdc dd phan
W
T+1

0
—— D61 v8i phan dng nhiét,
WT

thong thudng 4y = 2 + 3. DEi v6i phan dng quang hda so cép ’If = 1 (t8c do khong
phu thuéc nhiét d¢). Tuy nhién da s cic phan Wng quang hda bao gbém cac giai doan
s¢ cdp va thd cdp (phin dng nhiét), do dd 1 > 1.

b) Ve tinh chorn lpc. Kich thich nhist khéng o6 tinh chon loe, khi bi d6t nong tat
ca cdc phan t¥ déu ndng lén, sy va cham giifa cAc phan t& dén dé&n mot su phan bd
cin bing nang lugng (phan b6 Maxwell - Boltzmann). Kich thich quang hda c6 tinh
chon loc cao, chi nhitng phan ti hdp thu 4nh s4ng méi bi kich thich va phin dng
(dinh luat Grotthuss - Draper). Nang luong clia moét photon bi hfp thu chi tap trung
& mot phan tid va kich thich m6t phan t (dinh luAt Einstein).

Ung W & 2 nhiét d6 chéch léch nhau 10 do, 1t =

¢) V& cdu tgo phan ti. Trong kich thich nhiét phan ti git nguyén cfu tao hinh hoc,
con trong kich thich quang hda phan ti chuyén ti trang thdi electron co ban sang
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trang thédi kich thich electron thudng cd cfu tao hinh hoc khac véi trang thai co ban.

Ldy vi du phan td axetilen, & trang thai co ban la phan t& thing, con & trang thai
kich thich electron phan t& gay :

H
H-C=C-H ' = ¢’
(Trang thai ¢o ban) H {Trang thai kich thich electron)

Hoaec phan tu fomandehlt 14 phan t& phing & trang thdi co ban S, v6i momen ludng
cuc ¢ = 2,3 D, con § trang thai kich thich S; 1& hinh chép c6 ¢ = 1,6 D :

H
C = 0 ;C:‘..\
% -0
H H H
(Trang thai S_, » = 2,3 D) (Trang thai S, , 4 = 1,6 D)

16.7. Phan dng quang hgp

Phan dng quang hda quan trong nh&t xfy ra trong th& gidi tu nhién la phan dng
quang hdp ma so dé t8ng hop nhu sau :

1
CO, + H,0 + hv + clorophin — E((]Hzo)l_I + O, + clorophin

Clorophin & mét phidc co kim chita Mn dua lai mau xanh cho 14 cay (diep luc t6),
né hdp thy &nh sidng Mat Trai va ddéng vai trd chdt cam quang, chat nay truyén ning
luong hi&p thy duge cho khi cachonic va hoi nuge dé& phdn tdng tao thanh oxi va
cacbonhidrat (CH,0)_, vi du xenlulozs, dudng. Nh& phan dng nay ring dugc xem la
la phdi caa thé giGi.

Phan dng quang hgp la phan ¥ng thu nhiét, quang nang duge tich Iuy dudi dang

héa ning la nang lugng lién két trong phan t& cacbonhidrat. Khi d6t chdy, nédng lugng
dé chuy&n thanh nhiét, higu dng nhiét do duge la 112 keal/mol.

;(CH2 0), + 0, = CO, + H,0 AH = -112 kecal/mol.

Diéu do6 cho thdy phan ding nguge lai (tdc quang hgp) phai ¢6 nang lugng hoat hda
khong nhé hon 112 kcal/mol, tuong duong véi nang lugng cia photon c¢é budc séng
v < 230 nm. Nhung buc xa sdng ngén cuc tim nay cia Mat Troi bj khi quyén hép
thu khéng dat tdi mit d4t, tit d6 k&t luan : mubn tich lay duge 112 keal/mol phéan
Ung quang hop phai di qua nhidu budc, méi bude hfp thu 1 photon Thuc nghigém trén
tho cho thdy phan dng cin 8 photon cho 1 phan td CO,.

Vi dy 12,
Né&u 8 photon ¢d buéic séng 4 = 600 nm la cdn thist d€ tao ra 1 phan ti san phdm

quang hop cd thiéu nhiét 12 112 keal/mol thi hiu su&t & chuyén quang ning thanh
héa nang 1& bao nhiéu ?

2,86.10°
6000
8 photon : E = 47,7 x 8 = 381 kecal/mol

_ Nang luong tich lay 112
¢ = Ning lugng hdp thu = 381 0,293 = 30%.

Gidi. Iphoton : £ = = 47,7TkcalVmol
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Vi du 13.

Khi dugc mua cd th€ thu hoach 5 t&n chdt hiu co khé trén 1 ha trong 1 nam.
Hay tinh hiéu suft ¢ chuyén quang ning thanh hda ning, cho bi&t thidu nhiét cia
chat hita co la AH = 4.10° kcal/kg ; Mat Troi chifu trung binh 8h/ngay v6i cudng d6
anh sang I = 10 keal/min.m?.

Gidgi. Nang lugng Mat Troi = Its. -

Vi t = 60 min/h. 8h/ngay.365 ngay/nim = 1,75.10° min/nam.

S = 10* m%ha.

Its = 10kcal/min.m?.1,75.10°min/nam.10*m%Mha = 1,75.10'%kcal/ha.nam.

Héa nang tich liy = AH.m = 4.10°keal/kg.5000 kg/ha.nam = 2.107 kecal/ha.nam.

AH 2.10 _
o = 20 _ = 1,14.107% = 0,11%
Its 1,75. 101"

So sanh k&t qua cua 2 vi du trén, ta thiy hiéu sudt si¥ dung anh sang Mat Trai
trén déng rudng chi bang 1/300 so voi trong phong thi nghigém.

16.8. Nhiép anh

Phim 4nh 14 mét mang axetylxenlulo duge phta bing 1 16p méng gelatin trong dd
cd mudi bac bromua (halogenua) & dang hat huyén phlt min. Lép gelatin va bac
bromua c¢d tén goi 1& nhd tuong dnh. Khi phim bi chifu siang xiay ra phan dng quang
hda (1) :

Br +hy — Br +e

Agt +e - Ag

AgBr + hy — Ag + 1/2 Br, (1)

Thuc ra khi nhdy 4nh chi mét lugng nhé anh sdng lot qua may anh, di dé kich thich
tao ra hat bac cuc min ban dau. Trong qu4 trinh trdng phim xdy ra trong béng téi hoac
anh sang dé, phim dugc nhing vao dung dich chat khd hitu co, vi du hidroquinon,
la chdt hién hinh. Ldic nay phan dng khi Ag" — Ag xdy ra d& dang tai nhitng ché da
cd cdc hat Ag cde min lam mé&m hinh thanh trong phan dng (1). Nhu vay ché nac
trén phim nhan dnh sang khi chup anh thi trong qua trinh tring phim sé& ¢6 nhiéu
hat Ag dugc hinh thanh (mau den). Trong quad trinh him tiép theo, phdn AgBr khéng
bi khi# thanh kim loai sé duge hoa tan trong dung dich ham la natri hiposunfit
(natri thiosunfat), tao thanh phic bac thiosunfat hda tan : b

AgBr + 28,037 — Ag(8,0,53" + Br~
Két quAd nhan duge phim 4m ban la hinh anh ngude cia vat thé vé d6 dam nhat
cua tdng mau.

Cing giong nhu phim, gidy anh duge phd mdt l6p nhié tuong anh, D& nhan duge
anh thue, nguti ta cho anh sang di qua - phim trudc khi tac dung 1én gidy éanh,
sau khi rda va dinh hinh nhu trén ta nh&n duge hinh anh thuc cta vat th& (anh
dugng ban}
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§17. SU KIiCH THICH ELECTRON
VA CAC QUA TRINH GIAI HOAT

D6i v6i cac phan tit hitu co, cac electron & trang thai co ban thuong nidm & céc
obitan lién k&t 6 va n hoac obitan khong lién k&t n khu tra tai cdc nguyén tu oxi va

nito. Khi phan ti hdp thu 4nh sang, electron cé thé chuyé&n lén cdc obitan phan lién
két 7" hoac 6° ¢ nang lugng cao hon.

D& minh hoa, trén hinh 17.1 vé so d6 cac obitan cta phan tit fomandehit (HCHO).

(a) (b)

Hinh 17.1.
Dang cac obitan lien két (a) va phan lién két (b) cia phan i fomandehit

0] trang thai co ban cdu hinh electron cta phan t& HCHO nhu sau :

2 ] 2 2 2 2 * 0 * 0
(%H) (%cn) ("co) (”CO) (“o) -(“co) (9co)
0 day tai méi obitan lién két 6 va & déu o6 mat 2 electron, obitan p khéng lién két
cua di t6 oxi (n,) ciing chda 2 electron, con céc obitan phén lién két 7" va 6" déu tréng.

Theo nguyén 1i Pauli cdc electron & day déu ghép ddi nén téng s6 spin bing 0,
nguoi ta ndi phan ti ndm & trang thai singlet co ban S,. Trong thuc t& cac obitan
Ocy Tdt bén khéng bi kich thich; do d6 khéng can xét dén, va trang thdi co ban cia
phan t& HCHO c6 thé ki hiéu nfu sau :

¥ 2 2 * 0 0

S, : (“CO) (no) ("co) (52:0)
Khi hdp thu photon, electron chuyén 1én cac obitan phan lién két. Buéc nhay gan
nhit la su chuyén electron tit obitan n lén =* , trang thai kich thich duogc ki hiéu

la n, #* dng v6i cdu hinh electron izco 2(110)1 (JL'EO)I (6&0)0. Néu hai electron
khong ghép d6i ¢ day cd spin nguge chiéu thi téng s6 spin bing 0, ngudi ta ndi phan
td nam & trang thai kich thich singlet S, va ki hiéu trang thai dé 1a Y(n , n*) . Néu
trdi lai, 2 electron khong ghép déi cd spin cung chiéu thi tdng s6 spin bang 1, nguvi
ta noi phan td nam ¢ trang thai triplet T, va ki hiéu trang thai doé 1a 3(n, z*). Budc
nhay cao hon la su chuyén electron tit obitan z 1én z*, céc trang thai kich thich tuong
ing duge ki hiéu 1a (z, #*) hoac S,, 3(x, 7*) hoac T, tuy thuéc vao sy dinh huéng
cua hai electron cung chiéu hay ngugc chiéu.
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Céc trang thdi kich thich vAd cfu hinh tuong dng ctia phan t& fomadehit duge ki
higu nhu sau (mii tén chi chiéu spin) :

Ki hiéu trang thai C4u hinh electron
8, l(m,a" eo D@, 1 1Eeg 1)
T, *,x" o Mg 1) Eee
S, 'm, =% (o 1 V)M, Dty )
T, 3n,x% eo 4@, '@t 1!

Céc trang thai trén d4y dugc sip x&p theo thé tu nang lugng tang dan tu dudi lén
trén. Nhu vay trong cung moét cfu hinh thl trang thai triplet c¢d nang lugng th&p hon
trang thai singlet, vidu T, < 8, , T, < 8§, ...

Didu nay cd thé€ giai thich nhu sau :

Néu 2 electron cd spin cung chidu (trang thai triplet) thi theo nguyén li Pauli ching
khong thé & gdn nhau vi khéng thé ¢ cing mét toa do khong gian, do dd sic dfy
gita ching s& bé va trang thdi thu dugc cd nang lugng thép. Tréi lai néu 2 spin nguge
chidu (trang thdi singlet) thl nguyén li Pauli khéng ngin cfm viéc 2 electron cé xédc
sudt nhdt dinh & canh nhau, do dé s@c ddy tinh dién tang 1&n 1am cho trang thdi thu
duge ¢d nang lugng cao hon.

Chinh vi vay trang thai triplet cd thdi gian séng dai (10°* + 1073 s), & trong pha
ran cd thé dén 10 gidy, cd da thoi gian d€ tham gia phan dng, con trang thii singlet
c6 thdi gian séng rdt ngin (1071 + 1078 5) nén {t c6 ¥ nghia déi voi phan Ung.

Sy tinh todn co luong ti xdc nh4n ring khodng cdch trung binh giita 2 electron &
trang thai singlet 12 ngin hon so v6i & trang thai triplet.

Sag d6 céc mic néng lugng
cia phin ti fomandehit dugc
trinh bay trén hinh 17.2.

Trén sg dé nay S5 12 trang Sl(-rr 1T*)
thai singlet co ban. Khi bj kich EAR
thich, phan tid chuyén 1én trang
thai singlet cao hon, 8, 8,, ...

S,. Su hdp thu photon dugc ki  S(n, 7r*)
hiéu bang cdAc miii tén a va a’.
Ndi chung c6 nhidu trang thai
kich thich singlet va triplet,
nhung quan trong nhit d8i vdi
phan dWng quang hda thudng la
cdc trang thai kich thich thdp
nhdt, S, va T,. Theo qui téc

(n,m*)

chon loc. Su chuyén hda ) Hinh 17#' 1 kho nita di 18
singlet — triplet (thay d&i spin) So d6 cic milc ning '“&nisdiuz g Ii-g;u ng no chia dj
bi cfm, cho nén xdc suft chuy €én a, a' hip thy photon ; b, h chuyén ddi ngi phi bitc xa ;
thdng ti trang thai 5,1én T, ¢ phat huynh quang ; e, i chuyén ddi chéo phi bilc xa ;
12 khéng ddng ké. f chuydn doi ndi hé phi bic xa ; d phat 1an quang,
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0 trung thai kich thich, phan ti hoac tham gia phén dng quang hda, hoac bi giai
hoat. Su canh tranh gita phan dng quang hca so cdp va cdc qud trinh giai hoat la
dac difm quan trong clia phan Ung quang hda.

Giai hoat la su quay vé trang thdi co ban bang cdch giai phdng nang lugng da hdp
thu. Nang luong cd thé giai phéng bing cach phét tia bdc xa (vi du phat huynh quang),
hoac bing vdch phat nhiét qua sy va cham phan td (phi bic xa)

A’ A+ h v (bic xa
A" " A + nhist (phi biuc xa)
{mdi tén thdng ki hiéu phat bic xa, mii tén lugn song ki hidu phat nhiat).
T so d6 17.2 ta thdy sau khi bi kich thich lén trang thai S_ phan td trd vé trang

thai S, bidng céch chuyén dsi nsi phi bic xa, tde chuyén doi gita hai trang thai cd
cing d¢ béi (midi tén b),

T trang thai 8, phan t& co thé bj giai hoat bang 3 cdeh : phat huynh quang 1mui
tén c), chuy&n dsi néi phi bic xa (mdi tén h) hoac chuy&n =ang trang thai triplet T
goi 1a chuyén dai chéo, tic kém theo su thay d8i do bsi. O day su chuyén chéo 8.
xubng T; gém hai bude : budc thd nhat 1a bude chuyén didng nang luong (mii tén e),
ti€p theo la su phat nhiét tit trang thai T, "ndng", tdc cd nang luong dao dong cao,
dén trang thai T, cd nang lugng dao déng thip nh&t (mii tén ) qua trinh sau (f)
duge goi la chuyén doi ngi he.

L

0 trang thai triplet T, phan t& cg .thé' tham gia phan tdng quang hda so cdp hoac
bi giai hoat. Su giai hoat ¢d th& thuc hién bing cach phat lan quang (mai tén d) hoae
chuyén dai chéo phi bdc xa vé trang thai ca ban S, (mdi tén i) ; qua trinh nay cing
bac gdm 2 budc nhung khéng tach riéng trén hinh ve. '

Nhu da ndi, trang thai triplet T, eo thai gian séng dai nén ¢d ¥ nghia quan trong
d6i v8i phan tUng quang hda.

Trong viéc nghién cifu cén x4c dinh trang thai cua phan t@ khi tham gia phan ung .
trang thai S, hay T, hay trang thai co ban "ndng", nghia 1a phan t& chi bi kich thich
vé dao ddng (phan itng nhist),

Cén nh&n manh rang phan td & trang
thai kich thich electron khéng chi 1a phan
td cd nang luong cao, ma thyc chit la mot E
phén ti mdi, ¢ sy phan b8 electron. cau
tric va tinh chit khdc han so vdi phan t
¢ trang thdi co ban. Chinh vi vay nhiing T
quy luat vé& kha nang phan dng cia phan a B
tt  kich thich cin duge nghién ciu
riéng biét.

S,

Vi du phan tu fomandehit & trang thai
¢6 ban va trang thai kich thich singlet

Sﬂ 1
n, 7%) ¢6 efin tric phdng, cdon & trang 0 90 1g0°

thai kich thich (xz, z°) phéin tit d6 ¢d cdu ghc quay
tric hinh chdp ma dinh 12 nguyén ti cacbon
di lai hda sp’.

tink 17.3
Mot vi du khac, th€ nang clia phan tik Su phy thude niing lugng phan ti etilen
ki€u etilen phu thudéc vdo géc quay xung VAo goc quay xung quanh tryc C - C.
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quanh truc C-C, tuy nhién sy phu thudc dé 12 khdc nhau d&i véi cdc trang thai electron
khdc nhau nhu duoc bigu dién 17.3.

Tu hinh vé ta thdy phdn ¥ng déng phén héa cis - trans cd thé& di theo hai con
dusng khdc nhau : con dudng khong thay d6i dé bdi singlet - singlet dac trung bang
niang lugng hoat hda cao (8,), hodc con dudng thay d&i dé bsi singlet - triplet dac
trung bing nang luong hoat hda thip (a, b), (d8i chi€u vai hinh 9.4).

50 vai trang thai co ban, sy nghién cdu phan ti § trang thdi kich thich gap nhigu
khé khan hon vi th&i gian s6ng va ndéng do cua trang thai kich thich rdt bé. Sy tinh
todn co lugng tu thudng cho it k&t qua. Phuong phdp thuc nghiém quan trong dung
d¢ nghién cdu phan tdng quang hda 14 cdc phuong phap quang phd. Vi vay phan tiép
theo sé trinh bay méot s nét vé quang phd electron.

§18. SU CHUYEN DOI ELECTRON, NGUYEN Li FRANK - CONDON

Khi nghién ciu sy chuyén doi electron giita hai trang thai Frank va Condon dua
ra nguyén li nhu sau : trong qud trinh electron chuyén sang trang thai méi thi khoang
cach gita cdc hat nhdn va t8c dé chuyén déng cua ching duge xem la khéng d8i. Ndi
cach khac, trong thdi gian electron di chuyén hat nhan khong kip thay d6i vi tii va
téc d6. DS la vi thai gian chuy&n ddi cta electron (= 107'° s) 12 ngan hon nhidu so
vOi thoi gian cia mot chu ki dao déng cia hat nhan (= 10712 g).

Dva vao nguyén li Frank - Condon ta cd thé giai thich mét s6 dac diém cta phd
electron.

18.1. Phd hap thu electron

E.
&
0---.-2
0—--3
()—-'4
0—-1 0—u5
| l [
Txy —
v
Hinh 181 Hinh 152,
e dudng cong thé niing cba phin td XY 6 trang Phé hip thy ctia phan ti XY (d& chifu hinh 18.1)

thitl electron ed ban (£)) va kich thich (£)) d6i voi
rruing hap khodng cich can bing r, & trang thdi cd
bian bé han & trang thai kich thich.
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Trén hinh 18.1 bifu dién hai dudng cong th& nang cla phan td XY & trang thai
electron co ban (£,) va trang th4i kich thich (£;). Khoang cdch cAn bing r_ & trang
thai electron co ban bé hon ¢ trang thai kich thich. O trang thai electron cdx{)ém phan
t ndm ¢ mdc dao déng thdp nhdt n = 0. Khi bhép thu photon, electron chuyén lén
trang thai kich thich, theo nguyén li Frank - Condon khoang cach r_ = const, vi vay
buge nhéy electron duge bi€u dién bing mii tén AB thdng gdc v6i truc hoanh. Gia
thiét di€ém B dng véi mic dao déng n’ = 2 cua trang thai kich thich. Cutmg dé vach
hép thu tuong dng duge ki hidu 0 — 2 s& 1a vach dam nhit cua phd hdp thu electron
(hinh 18.2).

Tuy nhién vach 0 — 2 khéng phai 13 vach duy nh4t nhan duge, béi vi & trang thai
cd ban phan tit khong cé dinh & khodng cich céin bing r,, ma luén lubn dao dong
xung quanh khodng céch nay. Chinh vi vay AB 12 mo6t chum dudng thing gdc cit
dudng £ tai cdc mic n’ = 0, 1, 2, 3, ... cudng d0 tuong d6i cia cac vach ciia, phé
hp thu dugc bi€u dién trén hinh 18.2.

18.2. Phd phat xa electron

Sau khi bi kich thich phan ti¥ & trang th4i néng, nghia 14 & cdc mdc dao déng cao,
no sé nhanh chdng trd vé trang thdi dao dong thdp nhdt n’ = 0 bang cdch phat nhiét.
Tt trang thdi n’ = 0 phan ti trd vé trang thdi electron co ban bing cdch phdt xa. Theo
nguyén li Frank - Condon buéc chuy&n electron dugc bifu didn bing mai tén thdng ding
trén hinh 18.3. Gia thiét mdi tén nay cit dudng the nang £ & mic n = 2, khi dé vach
0 — 2 s8 la vach ddm nhat cia phS phit xa. Cing nhu trén, vi phan ti & trang thai
kich thich luén luén dao déng xung quanh vi tri cén bing nén thay cho mii tén nay ta
s& dugec mdt chim dudng thing géc cit dudng £, tai cdc mdc n = 0, 1, 2, 3, ... Cuding
d¢ tuong d6i cha cdc vach cla ph8 phéat xa duge bi€u didn trén hinh 18.4

Néu so sdnh hai hinh 18.2 va 18.4 ta s& thdy vach 0 — 0 ¢ budc séng dai nh4t
(tdn s8 v bé nhdt) trong phé hép thu va budc séng ngin nhét ¥ 16n nhat ) trong phd
phat xa. Déi v6i mot phan t, ph8 hép thu s& ndm vé phia séng ngin, phd phat xa

E
&
£
t o
3“' 0—3
n _ 0—e1
4 04 0—D
0 : l
Txy v
Hinh 18.3, )
Tucng «f hinh 18.1. D& gidi thich cfu trie : Hink 18.4.
dao ddng cda ph6 phat xa. . Phé phét xa cia phan tI XY (d6i chiéu hinh 18.3)
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vé phia song dai, hai phé phan Ige
bd d6i xing vdi nhau d hai bén
vach 0 — 0. D€ minh hoa trén 4.0 -
hinh 18.5 biéu dién phd hdp thu
(dudng s 2) va ph8 phat xa
huynh quang (dudng s6 1) cla
antraxen. 3.0

18.3. Su phin li va tién phin
li phan ty 20

Néu khoadng cach can bing
gitta hai nguyén tit ¢ trang thai
kich thich 18n hon ding k& so

£ 1 1 1 1 1 |
21000 23000 25000 27000 29000 31000 33000

< om-
v6i trang thdi cd ban thi sy hip . Hink 18.5. o
thy photon c¢d thé dé&n dén sy Phd hép thy (dudng 2) va phat xa hujnh quang (dudng 1)
phan li phén t& nhu duge bidu clia_aniraxen trong dioxan & 25°C

dién trén hinh 18.6.

Ph8 hép thu trong trudng hop nay bac gfm mot dam lién tuc va mot s6 vach riéng
biét vé phia song dai (hinh 18.7).

E1 \
B X+Y E
51
£n Py
pho
lién tuc
0—=5 0—6,0—~7
0—4a ’
0—3 I
yy | .
v
Hinh 186
Cic dudng cong th€ ning cba phan tnf XY
& trang thai co ban (£)) va kich thich (£)) ddi vdi
trudng hop khoang cach can bing r, Hinkh 187,
4 trang thai kich thich 16n hon dang ké Phé hfp thy trong rudng hop phin td
so vdi trang thai cd ban. bi phan li (d6i chifu hinh 18.6)

Trong trudng hop cé hai dudng cong th€ nang dng véi hai trang thai kich thich &,
va &, cht nhau, vi du tai di€m F nhu dugc bi€u dién trén hinh 18.8 thi sy hip thu
photon cd thé din dén sy phan li phan tit dugc goi la tién phan li.

Ta tudng tugng phan ti gidng nhu mot vién bi dude dua lén trang thai kich thich
BC ctia dutng cong £,. N&u khéng cd dudng cong &, thi vién bi sé lan tu do td& B dén
C va nguoc lai qua difm cuc ti€u cta th&€ nang. Tuy nhién, vi dubng &, cit dudng g,
tai F, cho nén khi lan qua vién bi cé xdc sufit nhdt dinh chuyén sang dudng &, Vi
phan ti bi kich thich cd nang lugng 16n hon nang lugng phan li cia trang thai £,
(mdc D) cho nén phén tif s& bi phan li. Hién tugng phén li trong trudng hgp nay duge
goi 1a tién phan li. Khai niém phan li va tién phan li déu chi mdt hién tugng gidng
nhau, d6 la sy phan li phan ti, hién tugng dé chi khac nhau vé co ché trong hai
truding hgp.

153



o

Ta biét ring sy chuyén electron ti trang £
thai £, sang trang thai €, bi han ch& bai quy B
tdc chon loc hay quy tic ngan cdm. Cac quy
tdc ndy cd thé bi mat higu Iwe khi he dudge
dit trong tit trudng (hién tugng dip tat huynh
quang bang tit) hodc khi ¢d mat ecac nguyén
td la. &o

Mot vi du. Phan t I, khi c6 mat cac nguyén
tir oxi hoac agon d& dang bi phan li khi chigu
sang bdi bude séng thudc viung phé h&p thy
vach (1 = 5100 A). Hién tugng d6 duoe goi
la tién phén li edm @ng. Hién tugng nay xay r
ra déi véi cac phan tu I, Br,, TI,, 8,. N, Y

I

i : £ e _ Hink 18.8.
NO. Hién tugng c6 thé bi€u didn bdi so db - Su hp thy photon dfn dén sy phan li phan G
hy trong truong hop hai dudng cong thé ning £, va g,
AB* + X — A +B + X (X = 0, Ar) cit nhau (ti€n phan Ii)

Hién tugng tién phan li, dac biét 1a tién phan li cAm dng, ¢6 ¥ nghia quan trong
ddi v6i quang hda hoc, vi chi cdn tidu tén ning lwgng bé hon so véi ving hdp thu
lién tuc da cd th€ phan li duge phan t& thanh cde nguyén ta. :

§19. NGHIEN CUU PONG HOC CAC QUA TRINH QUANG HOA

Khi nghién etu déng hoc cac qud trinh quang hda cn bi&t thai gian séng cta trang
thai kich thich, hiéu sudt lugng td va hing 86 van t6c cta cac quéd trinh. Duéi day
néu phuong phap xac dinh mot s8 dai lugng d¢ :

19.1. Xac dinh théi gian sGng cia trang thai kich thich

Gia thiét trang thai kich thich singlet b giai hoat bing con dudng phdt huynh
quang, nghia la :

k
8 — 5, +h

¢d th€ xem nhu phan tUng bac mét nén cd thé vist ;

_'d[Sll —kt [scl)]
——d‘t—— = k[Sll, [SI] = [Stl)] e va In E"j = kt (19.1)

trong d6 [S7] 1a néng d6 phan t& bi kich thich & thai di€m t = 0.

Theo dinh nghia, thai gian séng 1° cua trang thai kich thich la thdi gian cén thigt d&
s6 phan ti kich thich ban dfu gidm e lon, vi vay thay [S.MIS,] = e vao (19.1) ta dudgc -

° = % (19.2)
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7° duge goi 1a thdi gian s6ng thuc, nghia la thoi gian s6ng cta trang thai kich thich
khi né bi gidi hoat theo phuong thdc duy nh&t 14 phat bde xa. Trong thye t& bén
canh sy phat tia bidc xa, phdn t cdn cd th€ bi gidi hoat bAng nhiéu con duéng phi
bic xa khdac nhu chuy&n doi noi, chuy€n doi chéo, phan ting hda hoc, cho nén thoi
gian séng xac dinh dugc bing thuc nghiém sé bé hon 7° va cd gid tri.

X |
= o : (19.3)
2k

trong d6 k; 1a hang s6 téc d4 clia qua trinh gidi hoat i (bic xa hoéc phi bic xa).

Nhu vay, thoi gian séng cta trang thai kich thich duge dac trung bang nghich dao
cua t8ng cdc hing s8 t6c d6 giai hoat trang thai dd.

T

Mat khde, thoi gian sfng cing c¢d th€ xdc dinh trén co sd phd h#p thu theo cong
thdic gin ding sau day :

3,5.10°
vmsmAvlf'Z
trong d¢ ;m - tdn s6 trung binh cda vach hé&p thu (em™ 1) ;

€, — hé s8 hdp thu cuc dai.
m—zm — mét nita bé réng cia vach hép thu.
Vi du 1.

Trén hinh 19.1 trinh bay phé h&p thu cita benzophenon bigu dién su phu thude cia
hé s6 hdp thu & va tdn s6 v. D&i v6i vach 0 — O ghi trén hinh vé thi mot nita bé rong
cia vach nay la = 1000 em™ ! , hé s6 hdp thu cuc dai g, = 65 va tin sd cuc dai

v, = 27000cm "
Theo bidu thie (19.4) ta tinh dugce

3,5. 108

® = ;
27000°.65. 1000

= 7.10°%s,

dd la thoi gian sdng cla trang thai S, (n, ") cla benzophenon.

Td biéu thdc (19.4) ta thiy rang thdi gian s8ng 7° ti 1& nghich v6i hé s8 hdp thu
£, ¢ nghia la phan td cang dé hdp thu (¢ 14n) thi ciing cang dé phdt xa {(z° bé).

Su kich thich truc tip trang thai triplet bang cdch hdp thu photon, S + hv — T,

thue hién rdt khd khin (¢ <« 1), vi vy theo bi&u thdc (19.4) thadi gian séng 1° cha
trang thai triplet phai lén.

19.2. Xac dinh hing s6 toc do cia cac qua trinh gidi hoat

Gia thiét trang thai co ban S, dugc kich thich lén trang thai singlet S, (xem
hinh 19.3). Tit S; n&u khong cé cdc qud trinh truyén kich thich ludng phan ti thi
phan t& cd thé phat huynh quang (hang s6 t6c d¢ k), chuyén doi noi (kg) vé S_ hoac
chuy&n ddi chéo (kgp) vé trang thai triplet T,. Sau d6 tt T, phan ti cd thé€ trd vé
trang thai S hodc bing cdch phit lan quang (k;), hodc chuyén doi chéo (k).
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Téc dé céc qua trinh d6 nhu sau :

Qua trinh Téc ds
hv + S, — S, (hp thu) I
3, —= S, + hv (phat huynh quang) . ki (8,)
8; — 8_ + (nhiét chuy&n doi noi) k5]
S; — T, + (nhiét chuyén ddi chéo) kep(S)]
T, — S, + hv (phat lan quang) k [T}
T, —» S, + (nhigt chuy&n ddi chéo) kT[TI]

O day I 1a t6c do (cudng do) hép thu photon do béng don vi einstein/l. s. con [S,]
va [T)] la néng do (mol/l) céc trang thai tuong ing.

Ap dung nguyén I rigng d6 8n dinh cho cdc trang thai 5, va T, ta c6 :

I = (ky + kg + kgplS,] (19.5)
va kerS, = (k + kp)[T,] (19.6)
I
T dd suy ra : B8] = — (18.7
Y 1 ky; + kg + Kgp
I
va (T, = st (19.8)

(kg +kp)(ky +kg +kgp)
Theo dinh nghia, hiu sufit lugng ti huynh quang (py) hodc lan quang (p;) 1a ti s6
gita t6c do cdc qud trinh tuong dng va téc do hép thuy, nghia 1a :

_ Téc d§ phat huynh quang _ ky[T,]

fn = Téc db hip thu i (19.9)
R ~ _ T6c do phat lan quang k [T,] 1910
e L = T T6c db ndp thu 1 ‘

T ede bi€u thde (19.7) - (19.10)_ta rit ra :

P k k
Jo_ Tt ST (19.11)
Pun ky |[kp+kg

, PL
Trong bigu thdc (19.11), ti s§ ™ duge xdc dinh bing cdch so sdnh cudng d6 cua
H

phé lan quang va huynh quang, k; va k; duge xdc dinh dya vao bigu thuc (19.2) va
(19.4) trén co s6 tinh toan ph8 hdp thu, con lai phai xdc dinh k; va ke

Co thé giad thi€t ring tft ci cdc phan t¥ bi kich thich, n&u khéng phat lan quang
hogc huynh quang thi con dudng giai hoat phi bic xa chd y&u la qua trang thai T,,
trong trudng hop dd cd th€ vigt .

kr  1=(py+ep ) [1“(%“’1)}
- T

-~ = ————— hogc = 19.12)
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Néu biét k,, dua vao bigu thic (19.11) ta tinh duge kg N&u ky < ki, ta cd thé
bé qua k[ trong bi€u thiéc (19.11) va co6

kST=¢_

H

L

H

‘PHIIP)I

(19.13)

trong do¢ ‘c?{ thyi gian s6ng & trang thai singlet 5.

19.3. Xay dung bi€u d0 cic mic nang lugng

Trén co sd cac di kién quang phd cd thé x8y dung dugc bigu df cic mdic nang
lugng, trén d6 ghi thoi gian s6ng, mat d6 cac trang thai S, va T, vA hang s6 téc do
cdc quéd trinh gidi hoat. Nhitng s6 liéu dd gidp cho viée du dodn cdc huéng di cla
phan idng quang hda.

Vi du 2.

Phé hdp thu va phdt xa cia benzophenon duge trinh bay trén cac hinh (19.1) va (19.2)
trén dd cdc cuc dai thé€ hién c4u tric tinh vi dng v8i cac thanh phén dao dong khac nhe-

O

(<)

e

LOD

0-1

|

0-0(24100cnd 1)

_— -1
V.cm _
| ] I i ; | -
26000 28000 30000 15000 20000 25000
) Hmnh 19.1. v .cm
Phé hip thy cila benzophenon Hinh 19.2

4 77 K. £ — hé s8 hép thy

Phd phat xa cla benzophenon 3 77 K.

Benzophenon phat huynh quang rit y&u, hiéu sudt lugng tit ¢, < 1074 ; thoi gian séng

cia trang thai S, (thdi gian sdng huynh quang) da tinh d vidy 1 13 ‘c'}’{ = 7.107%s ; vach

hdp thu 0 - 0 ¢d tdn s6 v = 27000cm™! dng véi mic nang luqng 8, = 77,2 kcal/mol,
(lem™! = 2,859.1072 kecal/mol).

Vi [8,]1 = 0 nén toan bd phan ti bi kich thich déu tap trung & trang thai T,, lam
cho phd phdt xa la4n quang rdt dam, hiéu sufit lugng t& ¢; = 0,90 , thdi gian séng
lan quang Q = 0,006s ; vach 0 - 0 cia ph8 phat xa o6 tfn s6 v = 24100cm ™! dng
v6i mic nang lugng T, = 69,0 kcal/mol.

Dua vao cdc bi€u thde (19.11) - (19.13) ta c6 th€ tinh duge cde gid tri ki, ky ,
ky va kgp nhu sau :
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i 1 -
ky = — = — = 14 106%™
® 7.10
1=(py top) 1-0
kp = K, : = 1,6.102 2229
YL 0,9
P ky 0,9 14.10°
ST=——.F(kT+kL),——__4.—————2
Pu kg 10 1,6.10
Céc két qua tinh tosin nh4n
dugc cho phép xay dung bi€u
dd cac mifc nang luong ciia phan Syman®)
ti benzophenon nhu sau (hinh
193) . sl(ﬂ,ﬂ'] 0%
Phan tli benzophenon chda 77 2kcalimol

di t6 oxi nén trang thai kich
thich cia né cd the 1a (n, z")
hoac (n, n). D€ phan biét hai
trang thai nay d6i vai cac hop
chdt c¢é nhém cachonyl, ngudi
ta thudng dya vao mot s8 tidu
chufn rdit ra ti thuc nghiém
sau day {(bang 19.1).

So sdnh cac ddc trung chuyén
d3i clia benzophenon véi cdc tigu

17871

(160 + 17) = 100471

EX L))

k,, =10%%

T,ina*}
69kcalfmol

Hinh 19.3,

Biéu dé cic miic niang ludng cha benzophenon

chuén duge néu ra & bang (19.1) ta od thé két lu

va T, cta benzophenon déu la (n, =*). Ngoai ra kh

electron dao dong phat xa cia benzophenon (hinh

4n cad hai trang thai kich thich S,
odng cdch gita hai cvc dai clia phé

‘9&

la tén s6 dac trung cta dao dong lien két C=0, djé

triplet cta benzophenon khu tré tai nhém cacbonyl.

19.2) c6 gia tri =
u dé chitng té trang thdi kich thich

1700 em™!, day

Béang 19.1. So sdnh cdc dic trung chuyén doin - n° va n - =

Dac trung n~-n° T -a*
Hé s6 hdp thy cuc dai ¢ < 100 >1000¢
Ty > 107% 107 - 1077 ¢
. < 0,01 05 - 005 |
T = 1073 0,1 - 10s
L 0,6 - 0,05 0,56 - 0,05

Cau tric vach caa phé
electron dao déng

Rs rét trong dung méi khong
phan cye, m& trong dung
méi phan cyc. Vach dao déng
dac trung, vi du cia C=0

Khi r6 trong cac dung
moi khdc nhau. Vach
dao déng ddc trung cha
C=C

; Anh hudng dung mai
(tang do phan cuc) hoac
dua nhdm thé& cho
electron vao phin ti

Chuyé&n vé phia séng ngén

Chuy&n vé phia song
dai

]
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19.4. Phuong phap xung anh sang

Trong phan Ung quang hda trang thai triplet cha phan ti déng vai trd quan trong,
tuy nhién § trong dung dich trang thdi ndy bi tit nhanh chdng do su truyén kich thich
bang va cham phan ti&, vi vay viéc nghién citu phd phat xa lan quang rft kho khan.

Gén day ngudi ta da tim ra dugec mét phuong phap tao ra trang thai triplet véi
néng dd cho phép d€ nghién ctu kha ning phan dng cta trang thai nay mot céch
thuan lgi, d6 14 phuong phap xung 4nh séng.

Trén hinh 19.4 va 19.5 trinh bay so d6 nguyén tic ciia phudng phap xung dnh sdng.

Sg "‘:
T,
Sy T—-T, ]
T,
W]

S¢S, hoac §,

Sy

' [
Hinh 19.4.

Cic budc chuyén electron khi phan ti
hdp thu xung 4nh sang.

1. HAp thy xung anh eésg Hinh 19.5.
2. Phat huynh quang (107s 8o dé thift b 1ac xung anh sang.
3. Chuyén doi ni (107'%s) ; 4. Chuyen ddi chéo ; L. Den xing ; 2. Guong phin chi ; 3. Miu ;
5. HAp thy xung thi hai (~ 10° %s sau xung thi nhit). 4. Kinh anh hay b3 phan khuéch dai quang

Xung 4anh sdng phat ra do k& qua phong dién cdc tu dién cd dién dung lén qua
dén xung 1. Phan ti hdp thy xung 4nh sing, chuyfn ti trang thai 5y 1én trang thdi
S, hoae S, O trang thai S, khoang 107!% 5 phan ti& nhanh chéng thue hién sy chuyén
d(n ndi vé trang thai 8, , tu dé chuyén vé trang thdi T, bang sy chuyén doi chéo S,
— T,. D€ nhén dugc phd hdp thu cia phan td ti trang thai T, chuyén lén trang
thai triplet T, cao hon thi sau xung thi nh&t chiing 1 - 50 phén triéu gidy ngudi ta
phdng tiép mét xung thi hai y&u hon goi 14 xung quang phd. Ngay sau khi ghi duge
phd hdp thu ¢ thé tién hanh nghién cdu ddng hoc cha qué trinh giai hoat trang thai
triplet v4 4nh hudng cia mbi trudng.

Phuong phap xung dnh sing c6 thé ap dung dfi voi cd ba trang thai cua vat chét.
Khi st dung phuong phdp nay cén luu ¥y cde difm sau day :

1} Xung 4nh sdng phai dd manh dé& tao duoc trang thai triplet cé néng do du dé
nghién ctu.

2) Thoi gian séng cla trang tha&i T, phai lon hon thdi gian chi€u xung 4nh sdng.
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3) Phé hidp thu triplet - triplet phai nidm trong ving sdng thich hop nhung khac
v6i vung hap thy singlet - singlet.

4) Cd cach phdng ngita dé cho xung quang phd khéng bi hdp thu bdi cac san phdm
phan li quang hda.

Bai tap

1. Hiéu suét lugng t& huynh quang cta hoi benzen (py ~ 0,8) khong phu thugc ap
sudt hoi trong giéi han td 5. 1077 +« 107! mmHg. C6 thé€ két luan gi vé& sy kich thich
bang va cham d&i véi sy chuyén dai S, ™~— T, cua benzen trong céc diéu kién dg ?

TL : Sy chuyén doi §; ~~— T, & day xfy ra khéng cén phai kich thich bang va
cham. Ndi each khdc sy chuyén daij §; —— T, thyc hién trong thdi gian ngén han
thadi gian gita hai va cham.

2. Trén co sd nguyén H Frank - Condon gidi thich céc hién tugng sau :
a} Vach 0 — O trong phd ph4t xa la dam nhat.

b) Phan t¥ ¢ phd hép thy la moét dai rong khéng cd cdu tric vach, nhung phg
phdt xa gém nhitng vach r6 rét.

¢) Khi tang d6é phén cyc cla dung moéi, cic giai hép thu va phat xa dng vai busc
nhdy n - z° cha xeton chuyén dich vé phia sdng ngan.

TL : a) D6 la trudng hop khoang cédch can bang, gita hai hat nhan trong phan tu
¢ trang thai co ban va kich thich bang nhau.

b) Khoang cdch can bing giita hai hat nhan trong phén ti & trang thdi kich thich
16n hon & trang thai co ban. Khi hdp thu, phan tw chuyén tit mic v = 0 cua trang
thai co ban S, lén doan ddc cla dudng cong S 0 day cdc midc dao dong rdt gin
nhau nén cdc vach ph§ khong tach riéng biet. Trai lai khi phdt xa, phan ti chuyén
tl mic v = O cha trang thai kich thich S, vé cac muc dao doéng cia trang thai co
bian. Khoang cach gilta cdc muc dao dong & day kha xa nhau, do dé phd nhan duge
gém cac vach riéng biét.

¢) Trong dung méi phan cuc cdc electron n cia xeton bi sonvat hda lam cho nang
lugng cia trang thai S, gidm xuéng. Khi bi kich thich, cdc electron thuc hién budc
nhdy n — z° trudc khi cdc phén tit dung méi kip thay d8i su dinh huéng. K&t qua la
hiéu nang lugng gitta hai trang thai S, vd n, #° 16n hon so véi trudng hop dung moi
khong phan cuc, khi sy bén héa céc trang thai khéng xdy ra.

3. Dya trén cdc s6 liéu sau day hiy xac dinh hiéu suft lugng ti phén hiy uranyl oxalat
déi véi méi bude song : | .

A, A % oxalat phan hiy | -° phhﬁiflg'flé’ha“ 56 ti‘j‘;:: ap
3655 5,92 5,18 10,58
3655 4,98 4,32 8,93
4358 2,42 2,10 3,64
4358 2,08 1,79 3,10

(DS : 0,490 ; 0,483 ; 0,576 ; 0,577)
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4. Thoi gian s6ng lan quang cia phén ti benzen & 77K 7, = 10s nhung phé hdp
thy triplet - triplet (T, - T,) cta benzen trong dung dich léng & 25°C khéng nhan
duge. Vi sao ?

5. Cudng do phat huynh quang ciia clorophin trong dung méi hitu c¢g khan la khéng
dang k&, nhung sy cé mit cua nudc hoac dung moi chda nhom hidroxyl lam cho
clorophin ph&t huynh quang manh. Héy gidi thich hién tugng nay. (Chi din : xét anh
hudng cta dung méi phan cyc dén budc chuyén n — x).

6. Vi sao khi nghién citu phaAn tit bing phudng phip xung 4nh sdng thudng khéng
quan sat dugc cde budc chuyén 8, —= 8, S, — 55 ..

7. Hay tinh thdi gian s6ng huynh guang 7 cia antraxen & 25°C trén co s& phd
electron cta antraxen.

(Hinh 185 va he thdc (19.4)).
DS ;& =8 .10 ; v = 2,6 10%m™! ; Avp = 1000em™ 5 7y = 6,2. 107%)

8. Hay xay dung biu d6 cAc mic nang lugng (tuong tu hinh 19.3) d&i v6i cac phén ti :

Benzen (ES1 = 115 ET1 = 84 kcal/mol)
Naphtalen (ESI = 90, ]i‘.T1 = 60 kcal/mol)
| Diaxetyl (E‘.81 = 62, ET1 = 56 kcal/mol)
va cac dit kigdn sau day :
o PL ky; - 10787} k , gt ko, g Ko s !
Benzen 0,20 0,20 2 0,035 0,1 8.10°
nghtalen 0,55 0,05 1 0,044 0,35 1.10°
Diaxetyl 0,001 0,25 0,1 125 375 2.107

9. Trong trudng hop nio bénzen hép thu &nh sing tdt hon, khi nd duge chia
trong binh lam bing thach anh hay thiy tinh Pirex ?

TL : Binh thach anh.
10. Dén thiy ngan 4p suft trung binh cudng do 450 W phat sdng v6i cudng do

256W & bubc song 3660 A. Gia thi€t miu hdp thy 100% &nh sing nhén dugc, hay
tinh thdi gian cdn thi&t d€ phan li 1 mol vat chédt, néu higu suit luong th p = 0,1
(PS : Vi ¢ = 0,1 nén dé€ thu duge 1 mol san ph&m cén 10 mol photon
10

25,6W = 7,6.107° molis. Vay t = & 107% = 1,3.10° s = 3,6 gid)
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Chuong V

PHAN U'NG TRONG DUNG DICH

§20. NHUNG DAC DIEM CUA PHAN UNG TRONG DUNG DICH

Khdc véi trong pha khi khi cdc tidu phan phan dng cd thé xem nhu chuyé&n déng
tt do va khéng tuong tac vai nhau, trong dung dich SU tuong tdc gita cdic ti€u phan
phan dng va giia ching v&i dung moi anh hudng ding k& d&n qua trinh phan ing.

Trude hét dung méi anh hudng dén sy chuyén dong phan ti. Vé mat cdu truc, thé
I0ng nam trung gian gilta th& rian va th& khi. Chat Iéng cd cdu trac khong hoan toan
trdt tu nhu chdt rdn va cing khong hoan toan hén loan nhu chit khi, vi vay li thuyét
phdn ti vé trang thai tong rdt phic tap fam cho vigc khdo sat dong hoc phan dng
trong dung dich thém khé khan.

Trong dung dich, mdi tidu phan phan ing bi bao quanh bdi trung binh tir 4 dén
12 phan tg dung méi ¢ khodng cich gin nhat, Sy cd mit cha dung mai, mét mat lam
tang s6 va cham chung trong dung dich, gay thuan lgi cho sy hoat hda phan td, nhung
mat khiac cling lam gidm tdn s6 va cham gilla cac ti€u phan phan Ung. Diéu dac biat
cua sy va cham irong dung dich 1a hai tigu phan phan ting A va B sau khi va' cham
v0i nhau, chiung ¢ mot thai gian nhdt dinh & gin nhau va ti€p tuc va cham vdi nhau
tua nhu hai ti€u phan A va B dude nhét trong cai "Iéng" dung moi. Thoi gian tén tai
cua cip A B trong dung dich khodng 107! giay, gdp ching 100l4n so véi thoi gian tén
tai cia cap tuong tu trong pha khi (10713 gidy). Su tén tai lau cia tap ti€u phan va
cham trong dung dich dugc goi la hiéy ung "ldng". Dya vao hiéu Ung iéng cd thé giai
thich mét s6 dac digm cda phan dng treng dung dich.

Co thé chd doi hiéu dng 16ng sé anh hudng manh dén nhitng phan wng khi 2 tidy
phan phan dng duce hinh thanh trong "l6ng", vi xdc sudt va cham giua ching sé tang
lén nhidu lan.

Lay vi du, phan ung phan hiy phan ti AB trong dung dich, tao thanh 2 géc ty do
A va B, dudi tac dung cua nhist hoac dnh siang. So d6 phan Ung cd thé mé ta nhu sau :

1 3
[ABl = [ABl— [ ]+ A+B (20.1)
2
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Trong so dé [AB] ki hiéu phan td trong "i6ng’, cdn [A.B] la 2 géc tu do hinh thanh
trong "iong" do két qua phdn dng 1 ; vi xdc suéit va cham gita A vi B lén nén phan
ing 2 x8y ra rdt nhanh, va chi thinh thoang 2 géc ty do mdi chul duge ra khoi "léng”
theo phan dng 3.

Theo nguyén 1i néng do dn dinh ta ¢d :

d[A.B] .
P K([AB] - {k, + k)[AB] = 0
k;
nomn [AB] = —k‘_:ﬂl;.,’ [ABJ
Téc dd phan dng trong dung dich duge quyét dinh bhdi giai doan 3, do dé
d[AB] ks .
Wi = i - K;[A B} = m k,[AB] (20.2)

Néu tudng tugng cdt "18ng" di (chuy€n qua sang pha khi) thi t6c d6 phan dUng sé la :

Wi = — %‘E‘? = KAB (20.3)

So sanh (20.2) va (20.3) ta thdy :
R = E‘Eﬂ = -53__ (20.41

Wi kT kg

Néu k, « ky thi R = 1, hiéu dng "l6ng" bién mét. Truong hop nay xdy ra khi gia
thigt phan dng 2 bi can trd, vi du do su vudng khong gian.

Thong thudng k, > ky nén R = kyk, « 1 ;
Nhu vay su khdc nhau vé t8c dé gay ra bdi hiéu 'ing "léng"

Sy toén tai cia hiéu ung "léng" duge chﬁng. minh qua vi du phadn iUng phan huy
nhiét axetyl peoxit :

CH,C0-0-0-COCH, — 2CH,C00 — 2Cli, + 2CO,.

Hai géc metyl cd thé tai két hop thanh phan tt etan, hoac cd thé cudp nguyén 1
H cda dung méi, tac thanh CH,. Né&u trong dung dich cd mat quinon thi géc tu do
vd thé kér hgp voi quinon d€ cho nhimg san phdm phdc tap.

Thue nghi¢ém cho thdy su ¢d mat cia quinon lam gidm hiéu sudt CH, nhung khong
iinh hudng dén hiéu suét C’zHo‘ Diéu dd chiing téd phdn ung [2CH3] — [CZHG] xdy ra
trong "léng”, trude khi gdc metyl chui ra ngoai dé ¢d phadn dng v8i quinon,

Mé&r dac diem khac quan trong hon cia phdn dng trong dung dich 13 su cd mat
cla tudng tac gilta cdc ti€u phdn phan dng va gitta chung véi dung méi.

Cung nhu trong pha khi, trong dung dich cdc ti€u phan tham gia phan dng c6 thé
la phin to khéong phanr cyc hoac phén cue, ion hoac géc ty do. Tuy theo ban chit cia
cac tifu phan phan dng ma dung méi ¢6 anh hudng nhidu hay it dén téc do phan
ing. TU sy suy ludn chung cd thé chd dgi dung méi dnh hudng dén cdc phan dng di
li & mic 46 manh hon sc véi cdc phan dng déng li. Can cd vao mét s6 it tai lidu
thuc nghiém cd dudc cd thé néu lén vai nét vé sy so sadnh tSc d¢ phan dng x&y ra
trong pha khi va trong dung dich nhu sau.

D6i voi phan dng déng li don phan ti moi truong t6 ra it anh hudng d&n hing sé
téc dd phan dng (xem bang 20.1 va 20.2).
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Bang 20.1. Hing s6 t6c d6 k cia mét s6

truang khdc nhau

phdn ttng don phin tir dong ki trong cdc moi

Phan tng Nhiét d6 (°C) | Moéi truong k(s }) ]
a — pinen < dipenten 198 khi 1,43.107%
P P " ete déu hoa 2,13.1073
Phan hiy azo iso-butironitrin 77 C,,H,,8H 1,46.107°
CN-C(CH,),N = NC(CH,),-CN " cal, 1,21.107¢
Phan huy nitrozo axetanilit 20 Benzen 7,7.1073
CsH;-N(NO)-COCH, Toluen 5,75.107°
ccl, 6,75.107°
Nitrobenzen 8,35.107°
Clobenzen 6,65.107°
CH,COOH 1,67.107°
Bang 20.2. Hing s6 t6c 46 k caa mét s6 phdn ing phin hiy N,O; trong cdc méi trutng
khic nhau
Méi truong k(s Baung dict/ i
Khi 4,5.10" exp (-24500/RT) 1,00
CH,NO, 3,1.10" exp (-24500/RT) 0,81

Br, 2,5.10"% exp (-24000/RT) 1,14

CHCI,CCl, 10,4.10'% exp (-25000/RT) 1,16

CcCl, 2,8.10" exp (-24100/RT) 1,24

CH,CICH,CI 4,110 exp (-24400/RT) 1,26

CHCI, 6,4.10'% exp (~24600/RT) 1,45

CH,CHCL, 12,5.10 exp (-24900/RT) 1,70

N,0, 16,1.10'% exp (-25000/RT) 1,82

D6i v6i phan ing déng li luong phén td, s6 lieu thuc nghidm cang it hon. Vi du
khi oxi hda butan (hop chdt khéng phan cue) trong pha khi vd trong dung dich nguwi
ta thdy sy khdc nhau v& téc d6 phan Ung tuong ¥ng vdi sy khdc nhau vé mit dé moi
trudng. Diéu ddé ching td ban chét dung moi khéng ddng vai trdo 16n.

Tuy nhién, dnh hudng ctia dung méi dén téc d6 phan dng di i,
hodc phan ti ludng cyc tham gia, thi r&t r& r&t. Vi du tée do oxi hda
chdt phan cyc) trong dung dich gdp 320 l&n so vdi trong pha khi, s
vugt xa s¢ chénh l8ch v& mat d6 cia hai méi trudn

t6 y&u t6 phan cuc da dong vai trd quy&t dinh.

M6t vi du khic rdt di€n hinh la

ba (phan ng Menshutkin, 1890) :
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Phan dng nay cd hai dac di€ém, mét 14 né khéong xdy ra trong pha khi, ma chi xay
ra trong dung dich, hai la nd thudc loai phan ding "cham”, nghia 14 thita s8 trudc ham
mt k, trong bi€u thic cha hang s6 tdc do rdt bé, chi vae khoang 10*/mol.s, nghia la
bé hon nhiéu so v6i gid tri k, tinh theo thuy&t va cham («~10'"/mol.s). Hang s6 van
téc cua mot vai phan dng loai ndy dude didn ra & bang 20.3.

Bang 20.3. Hing 56 vdn t6c k mit phdn ing Menshuthin

Phan ung Dung moi k(l/mol .s)

(C,H),N + C,H.Br Benzen 0,28.10* exp (~11190/RT)
Axeton 0.85.10% exp (~11710/RT)
; 50% benzen + 50% CH,COOCH, |0,72.107 exp (~12040/RT)
Nitrob 2,6.10" exp (-13020/RT) |

C Hs(CH;),N + CH;4I itrobenzen exp
C,H,Cl, 2,1.10* exp (~11680/RT)
C,H,CH,0H 7.10° exp (-14400/RT)
C H(CH,),N + C,H,I Axeton 2,7.10* exp (-13680/RT)

Fi

Nhitng dac di€m clia phan dng Menshutkin sé dugc giai thich sau .

Khi so sanh phan dng trong dung dich va trong pha khi gap phai khd khan la trong
hang nghin phan ng da duge nghién cttu trong dung dich, khong ddy 20 phan dng
trong d6 cd thé nghién cdu trong pha khi d& so sinh. D6 1a vi phdn lén phan ung
xay ra trong dung dich la phdn dUng ion ma phan dng ion rdt khd tién hanh trong
pha khi : & nhiét d6 dudi 1000°C, téc d¢ phan dng ion trong pha khi thuc t& bing
khing. Vi du phan dng quen thubéc nhu thuy phan este x4y ra nhanh chdng trong dung
dich, khi chuy&n sang pha khi xdy ra hét sitc cham. Lop phan dng duy nhdt cé thé
tién hanh thuan lgi vita trong dung dich, vita trong pha khi 1a phan ing gdc ty do.
Tuy nhién trong chueng nay, sy khao sat chd y&u giéi han trong pham vi cdc phan
ung di li. Dau tién ta ap dung hai phuong phdp va cham phdc hoat ddng dé xét cac
dac di€ém cla phan iing trong dung dich, sau dé di siu nghién ciu tuong tic trong
dung dich va cdc yéu t6 anh hudng dén téc d6 phan dng.

§21. SY VA CHAM TRONG DUNG DICH

6] trong dung dich cac phan ti & gdn nhau. Ti 16 thé tich réng daoc déng trong
khoang 6-15%. Do mat d6 phan tit ting lén sé va cham chung trong dung dich ciing
tang ién. Vi du trong pha hoi N,O; v6i néng 46 0,01 moll & 25°C, trong lcm? chia
6,02.10'% phan ti, tdng s6 va cham la 3.10%® trong lem® va 1 giay. Khi hoa tan N,O;
trong clorofom cing vdi néng d¢ 0,01 mol/l & cung nhiét 46, t8ng s va cham giita cdc
phan ti trong dung dich, k€ ca v6i phan t¥ dung méi, len téi 4,2.10°! trong lem?® va

1 giay. Nhu vay trong vi du nay tdng s6 va cham tang 1én khodng 1000 lin khi chuyén
td pha hoi sang dung dich.
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Dé tinh s6 va cham trong dung dich dbi khi ngudi ta vin su dung cdng thic (7.13)
dp dung cho pha khi. Trong trudng hop dd bi€u thic cua hang s8 t6c d6 phan dng
bac hai gita 2 phan td A va B ¢6 dang :

1 L\ —wrr
—M: + ﬁa*]} e (21.1)

trong d6 P - thita 56 dinh hudng, N_ - s6 Avogadro.

54 di ¢ miat thiua sg N,/1000 vi don vi néng d¢ trong dung dich thudng 14 molit,
con trong pha khi la phan ti/em?3,

Tuy nhién céng thdc (10.1) duge thiét lap khi gia thiét phan ta chuyén déng tu do
vGi vAn t6c trung binh v, = (8kT/ru)2, con trong dung dich dung méi can trd su

chuyén déng tv do chia phan t¥ chst tan, tin $8 va cham giGa cdc phan ti chdt tan
bé hon so vdi trong pha khi,

D& tinh s6 va cham trong dung dich ¢ th8 s dyng m6 hinh sau day. Gia thiét cg
hai chdt A va B hoa tan trong dung méi S. Chon phan ti A lam trung tim, khi dg
xung quanh A sé c¢é nhitng phan tt B nh4t dinh chuyén déng hudng vé A. O thoi
di€m nao dd A bi bao vay bai nhitng phan tit B di vé phia A (hudng tam) vai gradien
néng do anp/or duge gia thist cé déi xing cdu, Déng thoi tit A sé di ra nhiing phan
td B’ sau khi da va cham véi A (i tam) véi gradien néng d6 bing nhung nguge diu
vGi gradien trén ( vi tOng sé cic phan t¢ B va B’ trong dung dich la khéng d6i). O
trang thai ding, dong chdt B di vé phia A qua dién tich mat ciu ban kinh r (s6 phan
td B di qua dién tich d¢ trong 1 giay), theo dinh luat Fic thd nhdt 1a

B
Zg = 4x1D—— = const - (21.2)
ar
t¥ dd suy ra :
an A
B _ B __ 2 (21.3)
or 4 % ¥*D r?
trong dd a - hdng 5, D - hé s8 khué&ch tan.
Ldy tich phan (21.8) duge : ny = ~ > + const | (21.4)

Gia thiét ny = nf khi r = » va ng = ¢ khi r = r,, (diéu kién bién), luc d6 giai
ra a = ny r,p- Thay a vao (21.3) sau dd vao (21.2) duge
Zy = 4nr, 3D '. (21.5)
Zg 12 58 va cham cida cidc phan t¥ B véi 1 phéan td A. Muén tim tdng s6 va cham
phai nhan Z, v6i néng 46 cia A, nghia 1a :
Zsp = 4mr,pDng nd (21.6)

Nhan 2 v& cua (21.6) véi thita s Boltzmann exp (-E/RT) ta dugc bidu thic cia tdc
40 phan dng. Vi & trong dung dich nfng do thudng tinh bang mol/lit nén bifu thic
(21.6) phai nhan thém véi N,/1000 (N_ - s6 Avogadro), dai luong

4nr,g DN,

ZO = _'mb—'- L"mol.s (217)
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duge goi 1& thita sd va cham trong dung dich. Trong trudng hgp di€n hinh Tap = 44,
D = 2107 cmz,fs, Z, = 6,2.1091;‘mol.s, nghia 12 khoang 30 ldn bé hon gia tri tuong
ing trong pha khi (2.101)/mol.s)

Khi thiét l4p bi€u thde (21.7) ta di bd qua tuong tdc gilta A va B. Trudng hop A
va B tuong tac vdi nhau, vi du néu ching la ion thi Z s& tang néu A va B nguge
dfu va gidm néu A va B cung ddu. Trong trudng hgp d6, hdng s6 dién mbéi cha dung
moi cing dnh huéng dén Z

Trong bi€u thic (21.7) vi r,p vd D phy thudc nhiét dg, nén Z_ cing phu thugc
nhigét d6. Néu bi€u dién sy phu thuéc d6 & dang tuong tu phuong trinh Arrhenius,

E,
Z, = Azexp( - ﬁf)’ thi dai lwugng E, duge goi 13 nang lugng hoat hdéa khuyéch tan

va thudng cd gid tri 2 + 5 keal/mol. Con A, = 5.10!'Y/mol.s. D&i vai nhitng phén ing
ma nang lugng hoat hda x&p xi bing khong, t6c d6 phan dng bi khéng ché& bdi tdc dé
khuéch tin. Trong truong hop dé hing s van t8c x4p xi gia tri Z,. Vi du d6i véi
phan ng tdi hop nguyén td I + I — L, trong dung méi CCl, & 23°C, k = 7.10%)/mol.s.
Phan tng ion cd proton tham gia thudng cd t8c d6 lon. Vi du d6i véi phan dng
H* + OH™ ¢6 k = 1,5.10"'/mols, phan tng H* + SO 6 k = 1.10'/mols.

§22. AP DUNG THUYET PHUC HOAT DONG.
ANH HUONG CUA DUNG MOI VA AP SUAT

Thuy&t phic hoat déng cho phép giai thich nhidu dac diém cia phan dng trong
dung dich, trong phén nay ta xét anh hudng cia dung mdi vd Ap suét.

22.1. Anh hudng cia dung méi
Theo thuyét phic hoat dong, hing s6 téc d6 k, cla phadn dng bac n cd thé bifu
dién qua hing s6 can bang K' gitta phuc hoat déng va cdc chdt phan ng nhu sau :

kT _,
k, = + K (22.1)

Su khac nhau vé& t6c d6 phan dng trong pha khi va trong dung dich duge qui vé
sy khic nhau clia hing s6 cAn bing K’ trong hai méi trudng, nghia la :

kydd)  K*@a)

R = = 22,
n T % (kh[) ~ Kr(kh) . (22.2)

goi A, B,.. 14 chét phan dng, X la phic hoat dong ; S 1a dung mei, C, va C, tuong
ing la néng dd cdu td i trong pha khi va trong dung dich.

Né&u bi€u dién K* qua néng d6 cAn bing cla cdc cfu ti trong hai pha ta nhin duge :
R = K*(dd) Cxs (Cak - Cox 22.3)
" K'khi) |Cas-Cps|'| Cxx '
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Néu chdp nhan dung dich 1a K tudng, theo dinh luat Raoult, quan hé giila phin
mol x;, cda cdu ti i trong dung dich va ap sudt hoi can bing cia nd trén dung dich
p, = x,p;, trong d¢ p{' - 4p suit hoi cta cfu ti i nguyén chat tai nhiét d¢ T Chuyén

qua ndng do, déi voi khi li tudng ta cg p; = CRT, con d6i véi dung dich lodng
C..
1S —
X, = m = C,ovy, trong d¢ vg = thé tich mol cia dung méi, con C = il—lé néng 46
b 5
dung méi (s mol trong 1 lit). :
Sau khi thay th& néng dé bang 4p suit, bidu thic (22.3) bién thanh :

n—i

4R 1Y)
PPy ..

O
PX

v,
BT

R =

n

(22.4)

Khi thiét lap bi€u thic (22.4) ta da sg dung dinh luat Raoult ap dung cho dung
dich khéng dién li. Vi vay d6i véi nhiing phan ung phi ion (déng li} cg bac n = 1 thi
R, it phu thudc ban chat dung moi, diéu nay phia hop veéi nhitng tai liéu thuc nghiém
da néu § (bang 20.1 va 20.2).

Su khac nhau vé téc d6 phan tdng trong dung dich va trong pha khi sé cang lén
néu béc phan idng cang cao. Tuy nhién tai liéu thyc nghiém & day khéng tim thay.

22.2. Anh hudng cia Ap suat

Tdc d6 phan dng phu thude vao nhist dé va 4p suit. Nghién ciu su phu thude nay
cho phép hi€u sau hon vé co ché phan tng. .

Goi a 1 bién s6 dac trung cho hé phan dng, vi du nhiét d6 hoac ap sufit. N&u hang
s6 téc d6 phu thudc o thi ti (22.1) ldy vi phan cua Ink, théo « ta duge :

dlnk, HInT  HInK*

dx T da dor
cho a = T va luu § RTInK" = - AF* = —AE* + TAS* ta of -

E, ok, 9 AF* 1 AE"

RTZ © 9T :$+F)_T—(_—RT)=T+RT2

hoac E, = RT + AE*

n

trong dé AF* - nang lugng tu do hoat héa, AE* - ndi ning hoat hda, E, - nang lugng
hoat hoa thyc nghiém.

Cho ¢ = P, ta ¢ :

Ak, oK 5 , AP 5 ,F*-F (V=
aP P _aP( RT)“ aP( R'I‘)* RT
Olnkn Av*

hoac P - T ®’T

— oF
trong dé V = (;—P)l theo dinh nghia la thé& tich mol.
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Dai lugng AV' = V* - (vA + \_TB 4+ ...} 12 bi&n thién th& tich mol cdc chdt phén
Ung khi hinh thanh phdc hoat dong duge goi 1a thé tich hoat héa, tuong tu nhu
AE " duoc goi la nang lugng hoat héa. Néu AE* dac trung cho mic ¢4 phu thuée caa
hing s6 t6c d6 phan dng vao nhiét 46 thi AV ™ dac trung cho mic d6 phu thuée cia
téc do phan Ung vao 4p sufit. Khdc véi AE* = 0, AV* c¢d thé am, duong hoac = 0.

Theo bi€u thic (22.5) khi tang ap sudt hang sé t6c d6 sé tang néu AV® < 0, =&
gidm n&u AV* > 0, va khéng phu thudc 4p sudt néu AV® = 0. )

AV" ¢6 th€ xac dinh bing thuc nghiém, dua vao d6 thi Ink, phu thuéc P. B6 ddc

-

= AV
cua dudng bi€u dién tai 4p sudt bt ki bing ’T Thuc nghiém cho thiy trong mét

s6 trudng hop dudng bi€u dién Ink-P la dudng thing, diéu d6 cd nghia la AV " khéng
phu thugc P trong khoing dp sudt nghién cdu.

Khi nghién citu sy phu thugc cia téc do phan Ung trong dung dich vao ap suit
ngudi ta cd thé phan biét 3 nhém phan dng sau day :

Nhdm thd nhdt duge goi la
nhitng phan dng "cham", dac di€m
cia nd la cd entropi hoat hda
AS* am, do d¢ thia s6 truéc ham ) P&" cham”
mii k, rdt th&p va thé tich hoat 1o AS*AV* am
héa AV am, khién cho téc dé phan igikky)
Ung tang cung véi ap sudt.

Nhdm thi hai duge goi la nhing

phan ing "binh thudng’, dac diém (n
cia nd la AS" va AV' déu = 0 : PN N
hodc chi hoi am, thita s6 k_ cd gid 051 P "binh thuong
ac c. ; : - ASHAV* am t
tri  binh thudng (~10""l/mol.s)
va téc d¢o phan dng it phu thude ()
dp sudt. 0 ] 3 t + ; .
Nhoém thi ba dude goi la nhitng P & "nhanh” P10" atm
phdn dng "nhanh", & day ca AS* () AS*AV* duong

vad AV* déu duong, k, 16n hon gis 0.5
tri binh thudng va téc d6 phan
Ung gidm khi 4p sudt tang.

Vi du vé céc phan dng thuoc 3 Hinh 22.1. Sy phu thudc cla hing 56 t6c do vao ép+su§t.
nhoém dugc néu & bang 22.1 . do (1) CHNCH,), + CHE = Ce s N (CHy); T
thi bigu dién sy phu thusc lnk-P O et co b0 co-c el !
duge trinh bay trén hinh 22.1. & e o

T cdc s6 liéu néu 6 bang 22.1 cd thé néu lén moét s§ nhan xét sau day.

Trude hét giita AS* va AV' c6 su d8ng bién.

Diéu nay ctng d& hi€u, vi khi hinh thanh phdc hoat dong, néu thé tich cia hé bi
co lai (AV® am) thi d6 trat ty cla cdc ti6u phan s& tang lén, do dd entropi giadm

(AS* am). D¢ la trudng hop phan ung Menshutkin (s6 2 trong bang 22.1) khi ti 2
phan ti phic tap hinh thanh 1 phan t ; sy m&t mét s6 bAc tu do khi hinh thanh phiec

hoat dong Jam cho AS" va AV’ déu rdt am, t6c d¢ phan ¥ng th4p khéng binh thudng.
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Bang 22.1. Thé tich hout hda, entropi hoat héa va thira sé trudc him mia cha mét s6
phdn tng.

AV" AS* k
Phan i ; ' »
noung cm? cal/mol | l/mol.s

Phan ng "chdm"
1. CHCCly — CHL.CCL + CI° 14,5 -35

2. (CEHG(CH,N + (CoHT — (CHHCH,),(C,HON'T™ | -16,8 | -35 | w10

OH

3. CH,CONH, + H,0 — CH,COOH + NH, “14.2 | -84

Phan iing bm{: thlrong_ i i 6.1 19 6.10'°
4. CH,CICO0™ + OH™ — CH,0HCOO™ + Cl

5. CH;0" + C,HJ  — C,HOCH, + I’ -4,1 | -10

Phdn itng "nhanh"

6. CH,BrCOOCH, + 8,02~ — CH, (5,0) COOCH, + B | >2 | © 101

7. (CH;HC,HMNC H)CHCH,)N"Br — 3,3 15
(CHC,H)(CGHNCHCH,N + C,HBr

8. Co(NH,);Br** + OH -» Co(NH,),0OH?* + Br~ 8,5 22 5.10!7

9. C,H;,CO-0-0-0CCH, — 2C H,CO0 10

Ngugce lai néu thé tich gian ra, d6 hén hoan tang lén, entropi cling tang lén. Day
12 trudng hop cia phan dng nguge v6i phan wng Menshutkin (s§ 7 trong bang 22.1).
Vi AS® va AV déu duong nén t6c d6 phan Ung nhanh khong binh thudng.

D61 v6i phan dng phan hiy don phan td déng li (phi ion) ¢6 thé cha dgi phtc hoat
déng cd thé tich 16n hon phan ti ban ddu. Cho nén AS* va AV déu duong khi hinh

thanh phdc hoat dong, dd 1a trudng hop phan dng phan hiay benzoyl peoxit trong CCl,
thanh 2 g6c tu do (phan dng s6 9).

D€ giai thich sy bién d&i thé tich va entropi trong phan Ung ion, ngoai y&u t6 cdu
tric vita xét cin k& dén ybu t6 tuong tdc tinh dién, déi khi con manh hon y&u t8 cdu
tric. Vi du cing 14 phin wng phan hiy don phan t#, nhung néu hinh thanh 2 ion
ngugc ddu (phan ting s8 1) thi thé tich entropi lai giam. Dd 1a vi so véi trang thai
ban dau, phic hoat déng la mét luong cuc cd trudng tinh dién manh hon, hit manh
hon cdc phan t& dung méi lam cho chiing it ty do hon, két qua la thé tich va entropi
déu giam. :

D&i v6i sy két hop 2 ion cing ddu (phan dng 4) phdc hoat déng cé dién tich lon
hon nén sy tdc déng dén dung moéi ciing manh hon khi&n cho AS* va AV* déu am.

Trong trudng hop co sy ké&t hgp 2 ion nguoe diu (phdn dng 8) thi nguoe lai, do
phiic hoat déng cd trudng tinh dién y&éu hon nén sy tic déng dén cac phan td dung
modi ciing yéu hon, ddn dén sy tang entropi va thé tich.
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§23. TUONG TAC TINH DIEN TRONG DUNG DICH.
ANH HUONG CUA HANG SO DIEN MOI

23.1. DO 1én cva tuong tac tinh dién
D6i v6i phan dng ion thi y&u t6 tuong tac tinh dién dong vai tro quy&t dinh. Mot
vai tinh todn dudi day cho ta thdy dé 16n cia tudng téac do :

Cho 2 ion tich dién Z,e va Z,e cdch nhau mét khoang r. Theo dlnh ludt Coulomb
lue tuong tac tinh dién gl\la ching 1a :

Z,Z, e?
f(r) = 5 (23.1)
ay
(¢ - hang s0 dién méi) ;
Thé ndng U bing céng cach li 2 dién tich ra khodng cich vd tén,
f Z,2,.%
U(r f(rydr = (23.2)
) = J Hr} 2
Codn dién trudng tao ra xung quanh méi dign tich bing
Z
B = = (23.3)
&r

Cho 2, =2, =1,r1 = 10A, € = 1(trong chan khong)
(4,80.1071% CGSE)

f(r) = — = 2,310 din.
(10 "cm)
(4,80.1071% CGSE)
Uir) = = = 2,3.10_12ec = 33 kecal/mol.
10 "em

fi 2.3.107'°N
E(r) = (¥) _ _
Ze 1,6.10°9¢C

Duéi tac dung cta lyc f{r), ion Na' ching han, vai khéi lugng 23/N, = 3,8.107%
gam sé chuyén dong véi gia téc a = f/m = 2,3.10° 538102 = 6,107 cm/s?, nghia 1a
gdp khoang 10'° 14n gia t6c cta trong trudng. Gia tri U(r) cung c& véi nang lugng
litn két hda hoc ; cdn dién trudng nhan duge gdp hang tram lidn (.u'ong dé tao duge
trong phong thi nghitm.

Khi chuy&n vao dung dich, cac gid tri f(r), U(r), E(r) 88 giam xufng £ lin. Dya vao
tugng quan gitta U{r) vad kT ngudi ta ddnh gia tugng tdc trong dung dich 134 manh
hay y&u. N&u U(r) > kT thi dd la tuong tdc manh, con néu U(r) = kT thi d6 la tuong
tac ygu. O nhiét d6 thudng (300K) kT = 1,38. 10716300 = 410" e

23.2 Anh hudng citia hiing s6 dién mdi dén téc d¢ phan ing

Xét phan ung gilta 2 ion A va B. D€ don gidn ta gid thiét ching 12 nhing qua cdu
cd ban kinh tuong uUng r, va rp va dién tich Z,e va Zje trong dé Z, va Z; 1a s
dién tich, e la dién tich electron. Gia thi& phuc hoat déng X duge hinh thanh ti A
va B c6 dang hinh cdu, c¢d ban kinh ry va dién tich (Z, + Zp)e.
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Theo thuyét phic hoat déng, hing s8 téc do phan dng

KT
k, = e 4F KT (23.4)

trong d6 AF” 12 ning lugng ty do hoat hda. D6i véi phan ing ion, ¢ thE xem AF*
bao gém 2 thanh phén, phi tinh dién va tinh dien, nghia 1a :

AF" = AF] , + AF;,

P
vi vay tit (28.4) cd thé vigt k = ke AFu/RT (23.5)
KT _p*
trong d¢ k, = e MFudRT (23.6)

12 hing s& téc d6 khi gia thist khéng co tuong tac tinh dién.
DE tinh AFj; trude hét cdn tim cong tich dién qua cdu c6 ban kinh r Ta bist rdng
moét qua cdu mang dién tich g tdc dung véi mét vi dién tich dq d cdch trung tam qua

cdu mot khodng x mét lue f = qdg/ex?, trong dd ¢ 14 hing s8 dién mo6i cia moi trudng,
d

cong chuyén dich dién tich tit khoang céch x dén x -dx 1a dA = %3 ax Lay tich phan
£x

bi€u thuc nay theo x (tf x = » dén x = r) vA theo qf{ti g = 0 dén q = Ze) ta
nhin dugc cong tich dién A cén tim, nghia la :

Zer 2 3
_ qdq . Ze
A= f £ —E.‘—zdx = T ox (23.7)
[#]

Dd chinh la phdn déng gdp vao nang lugng tu do clia mot ion nhd tuong tdc tinh
dién, do d6 cd thé& wvist

72 o2

Fa = 57 NG (23.8)

g day N 1a s8 Avogadro, vi F,4 tinh cho 1 mel.
D6i véi phan ing khio sat ta o6 :

Zizi\e2

Fld,A = 281}\ No (23.9)
Zﬁ e? .

Ftd‘B = 2“_8 N0 {23.10)

(2, + Zp)?e?
Ftd,x = _E;'x__NC' | : (23.11)

Nhu vay khi hinh thanh phée hoat dong, thanh phidn tinh dién cua nang lugng tu
do hoat hod tiang lén

2 2 2 2
N,e“ [(Z, + 2Zp) Z, I

AF = 5 |7 BN (23.12)
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Thay AF’, vao (23.5), sau khi ldy loga ta dude :

2 2 2
el [ + Zy) Zy Iy

Ink_ :Ilnko - SopT T (23.18)
- Né&u gia thiét ry, = ry =1, = ¢ thi (23.13) bi&n thanh :
y/ ZB92
Ink, = Ink, - —— (23.14)

Gia thist nay khong hoan toan ding nhung né don gian hda phuong trinh nhan
dudgc.

Bi€u thdc (23.14) cing thu duge khi gia thiét phic hoat dong gdm 2 qua cdu A va
B & cdch nhau r.

Lay vi phan (23.14) theo 1l/¢ hoac theo £ ta duge :

alnk, 2,2t
T = T TR (23.15)
°(%)
dlnk.  Z,Zye?
hoge | I 2
: kTre
T (23.15) va (23.16) ta thdy Ink va £ ddng bién néu Z, va Zy ciung ddu va nghich
bién néu Z, va Z,; ngugc dfu, nghia 12 khi hing s6 dién moi tang thi t6c d6 phan
ting & ting néu hai ion cing dfu va sé gidm néu hai ion nguge ddu.

Trén hinh 23.1 va 23.2 trinh bay sy phu thudc cua lgk vao 1/ d6i voi 2 phan dng :
CH,BrCOO™ + 8,0%” — CH, (S,07)COO™ + Br’

(23.16)

va NH, + CNO~ — (NH,),CO
Z+lgk Iz k- lg k,
195
1,0H
1,75 8-
0,6
L35 04k
] °r2 .
135 1 | 1 ] ! : ) I N SO W |
0008 0010 0.012 0013 Ve i§ = 26 s
: /e .10
Hinh 23.1. Hink 23.2
D& thj lgk-1/8 cGa phan Ung D4 1hj 1gk-1/€ cia phan {ng
CH,BrCOO™ + §,0}” — CH,(S,0,)CO0™ + Br_ NH, + CNO™ — CO(NH,), & 40°C
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Dé&i v6i phan ing dau (hinh 23.1) Igk, gidm tuyén tinh véi 1/e, theo ding bi€u thic
(23.15). Tuy nhién, déi v4i phan ing sau (hinh 13.2) lgk,, tang cung véi 1/¢ nhung
khéng tuy&n tinh, diéu d¢ ching té cac bi€u thdc thu duge & trén chi la gdn ding.

Néu trong phan dng A + B — X*, Ala ion cdn B 1a phan td hoac géc tu do, thi
khi thay ZB = 0 vao bi€u thiec (23.18) ta duge :

222
Ik, = Ink_+ —A 1 _1 23.17
n = Inkg 2!:kT|:rA r*] (23.17)
Lay vi phan cua Ink_ theo l/¢ ta dugc :
| dlnk e222 1 1
e = (7 - %) - (23.18)
a(1/e) 2kT \r, 1,

N6i chung vi r, >r, nén theo (23.18) Ink, phai tang tuy&n tinh véi 1/z.

Khi d&i chigu cong thic (23.18) vai két qua thve nghiém ta thdy cd lac phi hop

c6 lic sai léch. Vi du trén hinh 23.3 trinh bay d& thi Ilnk_-1/¢ cia phan dng thiay
phéan kiém metylaxetat : :

CHyCOOCH, + OH  — CH,CO0™ + CH,OH ;

Ta thdy cd sy phu thute tuyén tinh giita Ink_ va 1/g, tuy hién 46 déc cua dudng
bi¢u dién la am, trong khi theo phuong trinh (23.18) d¢ déc d6 phai duong.

D6l v6i phan iing trao d6i déng vi iot gitia metyl iodua vi ion iot :

CHjl + I3, — CHylyy, + T

1
thi Ink_lai tang ciing ¢ hhung khong tuyén tinh (xem hinh 23.4).

IgKe [
1g10%k, /
L3 |
05
05 -
25
L ! ) > 35 ] | ] ! lff
0,010 0,020 0,030 /e 010 0,036, 0,050
Hinh 23.3. Hink 23.4. D8 thi Igk- /& cta phan iing
DS thi lgk-1/¢ cva phin (ng CH,I + 1(‘]3,) = CH;lyy + 1 trong dung mdi
CH,COOCH, + OH  — CH;CO0™ + CH,OH & 25°C 1~ H,0 ; 2- HOCH,CH,OH ; 3-CH,OH ;
trong dung mdi nudc - rugu metylic. 4-C,H{OH ; 5-CH,COCH,

Néu trong phan tng A+ B - X", Ava B la nhitng phan ti phan cue, dic trung
bdi momen ludng cuc #a v& pp thi cdch thiét lap bidu thdc cda k. ciing tuong tu nhu
trén, chi khac la d&i véi mot ludng cye thi phén ddng gdp tinh dién vao nang luong
ty do, theo cach tinh cta Kirwood, la ' '

= =D _
F —‘-r};—fz—z_*_—l) : (23.19)
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Viét biéu thic tuong tu cho AB va X*, sau dd 14y hiéu AF* r6i thay vao (23.5) ta
duge

2 2
L e-1 |Ma #8 4
kT 2t + T3
=2 Tg 7

D& ki€m tra bi€u thdc (23.20) trén hinh (23.5) trinh bay d6 thi lgk  phu thuge
£ —1
2 + 1

Ink, = Ink - {23.20)

doi vai phan dng Menshutkin :

N(C,Hy); + CgH;CH,Br — [N(C,H,),;CH,CHI"Br
trong dung méi benzen + rugu etylic va 6+lgk
benzen + nitrobenzen cd thanh phin khéic '
nhau. Trong truong hgp diu lgk bign d6i = 4.
tuy€n tinh voi (€ - 1)(2e + 1), con trong
trutng hop sau dudng bi€u dién la duling
cong. Nhu vay bigu thic (23.20) chi cd thé
ap dung han ch& cho mot s8 trutng hogp
cia phan dng giita hai phan ti phan cyc. B

Nguyén nhan chinh cua nhitng su sai
léch khoi cdc hé thie nhén duge § trén la
khi thi&t lap cdc hé thdc dd ta chi htu ¥

dén tuong tac tinh dién giita cde ti€u phin
phan ing. D6i v4i ion thi ning lugng tuong
tac tinh dién gitta ching lon hon nhiéu so
véi cac dang tuong tde khdc nén sy sai léch
cd thé khéng nhiéu. Tuy nhién, ddi vai phan
t¢ hodc gdc tu do du chung cd momen
lugng cuc lén thi nang lugng tuong tac tinh

(e-DR2e+ )

]
2 U3 U4

‘Hink 23.5. :

D6 thi Igk-(£-1)/(27+1) cla phdn ing
N(C,ii), + CH,CH,Br — [N(C2H5)3CH2C6}-IS]*BE
trong dung moi :

(13- benzen + nidu etylic
{2)~ benzen + nitrobenzen

dién cing chi tuong duong vdi cac dang

tuong tac khac, vi du luc Van der Waals, lién két hidro v.v... Vi vay khi thay déi méi
trudng, nhiing bién d8i cha cad hai dang nang lugng cé th&€ 1a x&p xi nhau va sy khéng
tinh dén mot trong ching 1a khéng c¢é co sd.

3 trong dung dich ngoai cac ion riéng biét con tdn tai nhiing cdp ion do su lién
hop cdc ion khdc dfu. S¢ lién hgp ion con din d&n sy hinh thanh trong dung dich
nhing tap hgp ion 16n han (kép ba, kép bon v.v..). Su lién hgp ion cd thé gay ra do
tuong tac tinh dién gita hai ion khdc d4u do sy hinh thanh phic chuyén dien tich.
Sy hinh thanh cac lién hgp ion cing phu thudc vao méi trudng va.anh hudng dén tde
do phdn dng.

Trong i thuyét tinh dién, dung méi duge xem nhu méi trudng déng nhit, khéng cd
cdu tric va chi 4nh hudng dén t6c do phan iWng qua hing s6 dien méi. Thuc ra anh
hudng cia phén ti dung méi dén phan dng phic tap hon. Vi du téc d6 phan dng phu
thutc vao khd ndng sonvat hda clia cdc ion ma kha ndng nay lai phu thuéc ban chéit
dung méi : nudc, metanol, fomamit sonvat hda manh ca cation va anion ; axetonitrin
sonvat héa y&u moi ion ; dimetyl fomamit, dimetyl axetamit, dimetyl sunfoxit sonvat
héa manh cation nhung sonvat hda y&u anion, v.v.. Anh huéng cua sy sonvat hda
nhiéu khi lan at 4nh hudng cta hing 6 dién méi. Vi du khd nang hoa tan chét dién
li trong axit xianhidric (¢ = 113) § 22°C lai kém hon trong nuéc (¢ = 81). R6 rang
d day sy sonvat hda diac thi da c6 anh hudng quyét dinh.
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Tom lai ngoai y&u té tuong tac tinh dién, téc do phan dng di li con phu thude vao
cdc tuong tac khac gita cdc ti€u phan phan Ung va gita ching véi dung méi. Sy don
gidn hda cach xem xét, quy tat ca vé tuong tac tinh dién s& dan dén sy khong phu
hop gida li thuyst va thuc nghiém.

§24. ANH HUONG CUA LUC ION, HIEU UNG MUOI

Déi véi phan dng ion, téc d6 cita nd con phu thuéc lue ion caa méi trudng. Su phu
thugc nady duge goi 1a hidu wng muséi. Day la hi¢u tng dinh lugng duy nhét thé hién
st phu hgp tét gita i thuyét va thuc nghi¢m, do dé chiém vi tri quan trong trong li
thuyét tc d6 phan ung trong dung dich.

Hé thic gadn lién hang s6 téc dé k va luc ion I caa meéi trudng cd thé thiét lap
dua vao thuyét phidc hoat dong va thuy&t Debye-Huckel vé dung dich dién 1i.

Gia thiét ¢S phan tng : A + B = X* - gan phdm

Theo thuyé&t phic hoat dong :

kT C, kT _,
k. = T CA__CB_ = ‘h_Kc (24.1)

trong dé K{. la hang s6 can bing bi€u dién qua nbng dd C, cia phic hoat dong va
cic ciu ti ban diu. :

Tuy nhién trong nhiét déng hoc h&ng s8 can bing duoc bifu dién qua hoat do
. a’ C, v
K, = = C.C. .-

84 g AVB YAYR

{24.2)

trong d6 a, vd y, tuong dng la hoat d6 va hé s& hoat do cda cdu td i. Thay (24.2)
vao (24.1) ta duge :

kT _, Ya¥p YA Ve
k = +— K] v =K 7 (24.3)
trong dd k  c6 ¥ nghia 1a hing s§ téc d6 khi ¥; = 1 (dung dich v6 cung loang).
Hé thdic (24.3) cd tén la phuong trinh Bronsted,

Theo li thuyét Debye - Huckel ap dung cho dung dich dién li loang, giita hé s6 hoat
dé ¥, va lud jon I ¢6 su phu thudc . :

dlg?i 2
lim —— = -AZ; : (24.4)
1—o dI
. 1
trong dd =3 2 C, zf (24.5)

]

duge goi 1a luc ion cua dung dich, & day téng ldy theo moi ion j cd mat trong dung
dich, bao gém ca ion i ; Cj -~ nong d6, Cabn Z}. - dién tich cia ion j. Hé s6 A dugc
xdc dinh bdi bidu thuc :

(27N )12 &3 .
A = 0,4343 ——")——— = 1,825. 10%e T)~3? (24.6)
(10g kTY¥? _
trong d6 £ - hing s68 dién moi cia dung moi , N, - s6 Avogadro D8&i voi nude A bang
0,512 6 25°C ; 0,492 & 0°C ; 0,608 & 100°C.
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Heé thic (24.4) duge goi la dinh luit gidi han Debye - Huckel, theo dd thi dg déc
cia dudng bidu dién lgy, — I'? s6 tign t6i —AZ? khi I'? tign toi khong. Disu nay dugc
thuc nghiém ching minh. .

K&t hgp phuong trinh Bronsted (24.3) va dinh luat giéi han (24.4) sau vai phép tinh
khéng phic tap ta dugce :

o dlgk,
I]m; dI_”z = 2ZA ZBA (24.7)

Thita s6 2Z,Z; xufit hién vi Z, = Z, + Zg, do do Z3 + Z§ ~ Z! = -27, Z;. Nhu

vay dé dbc cla dudng bi€u dién lgk - 12 s6 duong néu A va B tich dién cing dfu, .

va &m néu ching tich dién nguge ddu. Trong moi trudng hop d8 déc cd gisd tri tuyst
d6i bang - 2Z,Z; ; Néu A va B la cac phan tif trung hoa thi d¢ dbc sé bing khong.
Néu lyc ion cia méi trudng &b nho thi Igk , cé th€ xem nhu bién d6i tuyén tinh véi

Im, trong diéu kién dd ti (24.7) suy ra :

lgk, = lgk, + 2AZ,Z; 12 (24.8)
Trong dung mdi nude & 25°C , vi A = 0,512 nén
lgk_ = Igk, + 1,024Z,Z, 1" (24.9)

[
Tglkk) ;pg @
U175 &
f G
02 {3 o

02 R &)
\gio Q O
04 : (6)
) W
D 0] (W) 0,3
Hinh 24.1,

D6 thi lglk/k) ~ Y2 d6i v8i mot s6 phan (ng ion trong mdi trudng nudc.
D¢ déc cac dudng bidy difn co gia t 1,02 2,725 Con sd chi phdn dng :

(1) - [CANH)Br™ + Hg™ — [CoNH,) " + HeBe' ZaZp = 4
@ 5,05 +20 - 280} + 1, ZpZg = 2
(3) [0,N = N = COOGHy|~ + OH™ — N,0 + c0}” + C,H;OH Z,Zp = 1
(4) [Cr(un:)s]3+ + H,O0 — thiy phin (chim tring) ZyZg =10
CH,CO0OGH, + OH™ — thiy phin (ch&m den) Z,7g =0
) H,0, + 2H' + 2Br~ — 2H,0 + Br, Z,25 = -1
) ([Co(NH,); Bf** + oH~ —» {Co(NHy; OH** + Br~ . Z,Zy = —2
') Ftt + [CoC, 0 = Fe'™ + [Co(C, 0,1 ZyZy = -6
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Dé ki¢m tra he thic (24.9) trén hinh 24.1, trinh bay d6 thi lgk. phu thuse 12 dsi
v0i mot s6 phan dng xf&y ra trong moéi trudng nudc. DO déc cia cac dudng bi€u dién
trung voi gia tri 1,02Z,7; trong bi€u thdc (24.9). Nhu vy sy phi hop gita 1i thuyé&t
va thuc nghiém & day la théa man.

Hé¢ thde (24.9) ciing duoc th€ nghiem d6i véi nhidu phan dng ion khiac. Mot vai sy
sal léch quan sdt thdy chi y&u d6i v6i nhitng dung dich dam dac khéng tuén theo dinh
luat gigi han Debye - Huckel. Trong nhitng truong hgp dé cdac k&t qua cé th€ dugc
gidi thich bang quan niém hinh thanh cap ion trong dung dich dam dac. Sy lién hgp
ion ¢ th& anh hudng dén tdc d6 phan dng bang nhiéu cdch, trong d6 can luu ¥ hai
hé qua : 1) nd ¢d thé lam giadm luc ion cha dung dich ; 2) lam gidm néng d6 ciia mét
hodc cad hai jon tham gia phan tng. Két qua la tuong tac tinh dién trong dung dich
thay ddi vA t6c d6 phan Ung cing thay déi.

Anh hudng cla lyc ion dén hdng s8 téc do phian dng th€ hién qua hé thde (24.8)
dude goi 1& hiéu ung mudi so cdp. %} day lyc ion Anh hudng dén hing s§ téc d6 phan
ing bing cich lam thay d8i hé s§ hoat d6 cia cdc ion tham gia phan dng.

Ngoai ra lyc ion ciing cd thé anh hudng dén t6c do phan dng bing caich lam thay
d6i n6éng d6 cla ion tham gia phan dng. Vi du ion A™ la géc cua mot axit y&u HA
tham gia phan dng. O trong dung dich HA phén li thanh H* v& A™ véi hing s6 phan 1i.

- - - 2 _ —
K - agt.a, _ CH+.CA YHY YA B Ca Yt YA
a4 Ay N sy
- Ka.aAH
suy ra - \’ -z
y A YH+<}’A_

Khi tang lye ion, theo bidu~thdc (24.4) y;* va y,- giam, khién cho C A~ tang lén.
Vi A" tham gia phan dng nén néu néng df cla nd ting thi tdc d6 phan Ung cing tang.

Sy thay dfi néng d6 ion tham gia phan dng va t6c d6 phan ting do k&t qua cha
sy thay déi lvc ion trong dung dich duge goi la hiéu ung muéi thi cdp.,

§25. CO CHE PHAN UNG TRONG DUNG DICH

Trong phan ing héa hoc cd su dit va hinh thanh cdc lién két. Tuy theo cach dit
va hinh thanh céc lién két ta cd th€ phan loai csic phan ing theo 3 co ché& chi yéu :
phan dng phan t&, phan ¥ng d6ng li va phan ing di li.

25.1. Co ché phan ti

Theo co ché phan ti, mot hay nhiéu phan t& tham gia phan dng trong mot giai

doan co ban d€ tao thanh san phdm, khéng qua giai doan trung gian hinh thanh ion
hay gdc tu do.

Trong phan dng phan ti it nhdt c¢d sy ddt 2 lién k&t va hinh thanh 2 lién két mai,
vi néu khéng thi san phdm phan ting sé 1a gbc tu do hoac ion chu khong thé€ la phan
td (tru trudng hgp bién hda déng phan khéng gian).

Phic hoat ddng hinh thanh trong phin Gng ph&n ti thudng 1a phic vdng 4 canh.
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Vi du phan dng H, + [, — 2HI :

H-H H . H H II-I
+ — ' luong phan ti) ;
R 1.1 11 (uong phan t0) ;
Phan dng phin hiy etyl bromua :
Br .. CH, Br CH,
Br-CH,~CH, —» | - — 14+ ¥ (don phan ti)
H .. CH, H CH,
Trong mét s6 trudng hop phan ding di qua phic vdng 6 canh, vi du phan dng Diels-Alder :
ALH; CH=CH, = CHy~ ~CH=CH, ~CH, ~CH=CH,
CH CH CH CH CH
” — |: ‘| — “ (ludng phan ti) ;
CH : :
CH .CH CH CH
X e - 2 2
CH, “SCH, “~cH;

Nhiéu phan ing trong dung dich di qua phdc vdng 6 canh thuong 13 tam phan ti,
vi du phan dng sunfo hda hgp chdt thom bing oleum :

SO3H

JH--- 0]
C,H¢ + SO, + H,80, —+© ~s\-——o-‘ — + H,50,
Vi \ SO,H (tam phan tu),

Nang lugng hoat hda cia phan ung phan t ndi chung cao hon so v6i phan ing
ion hay géc tu do, trong d6 phan ung di qua phdc vong 4 canh ed nang lugng hoat
hda cao hon phan itng di qua phiic vong 6 canh. :

25.2. Co ché dong li

Theo co ché ddng Ui, phan ti phan li thanh g6e tu do va gbc tu do tham gia phan ing.

Géc tu do cd thé hinh thanh do sy phan hdy don phan td, trong trudng hop dé
hang s6 toc d6 phan hiy k = kexp(-Q/RT), trong d¢ k, = 1083571 con Q - ning
ligng dut lién két.

Vi du d6i vai phan dng :
C.HCH, - CH; — CH,CH, + CH,  Q = 63kcal/mol.

Géc tu do cling cd thé hinh thanh do két qua phan dng ludng phan ti, vi du trong
phan tUng gitta 2 phan t hidro peoxit :

R-0-OH + H-0-0-R — RO + H,0 + 0-0-R
Trong trudng hc_Iia nay phic hoat ddng khong cé cdu truc vdong, ma 1a phic thang hang :
A-B+CD— A.B ..C..D—>A+B-C+D,

Phan dng di qua phic thadng hang vi sy dén gin cla 2 phan t¥ phan dng theo truc
phan td it bi cdn trd va thuén lgi cho viée hinh thanh géc tu do.

Céc loai phan dUng ¢d géc tu do tham gia ta di xét & §11. Tuong quan gita nang
lugng hoat hda vd hiéu dng nhiét cia phan dng gdc tu do da xét d §5.
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25.3. Co ché dj li

Loai co ché& thd ba 1a co ché di li r4t phé bién trong dung dich va la d6i tugng

chu y&u khdo sat & day. Trong phan dng di li, phan ti phan li thanh ion va ion tham
gia phan dng.

DO phén cuc cia phan t¥ phan dng va cha dung dich déng vai trd quan trong. V&
anh hudng cia cac y8u t6 "bén ngodi" nhu ap sudt, hing s8 dién mai, lyc ion dé&n téc
dé phan Ung ta da xét trong cdc muc trén. Trong muc nay ta chi di sAu vao co ché&
dién hinh : phan d@ng di chuy&n proton, phan tng di chuy&n electron va phan tng thé.
Phan dUng xic tdc trong dung dich theo co ché€ di li sé ditge khao sat & chuong sau.

25.3.1. Phdn itng di chuyén proton

Phan dng di chuyén proton trong dung dich xfy ra rdt nhanh, nén téc d6 cta nd
khong thé do bang phuong phdp théng thudng ma phai dung nhitng phuong phap dac
biét, vi du phuong phdp hdi phuc can bing (xem §6). Mot 6 két qua xac dinh hang sd
tdc d6 di chuy€n proton véi sy tham gia caa ion H3OJr va OH duge ddn ra ¢ bang 25.1.

Bang 25.1. Hing s6 téc d6 phdn itng di chuyén proton véi su tham gia cila H'30+ vd
OH™ (25°C)

Phan dng k,1/ mol.s
H,0% + OH  — 2H,0 1,5.10 *
H,0" + SH™ —H,0 + H,$ 7,5.1010
H, 0" +F~ —H,0 + HF 1.10"
H,0" + 80;” — H,0 + HSO, 1.10'!
H,0" + HOCOO™ — H,0 + H,CO, 4,7.10"
H,0* + CH,C00™ — H,0 + CH, COOH 4,5.101°
N NH*
H,0* + HC® YeH —- H,0 + i H
3 2
| | ! 1,5.1010

HN__ CH HN__ CH

{imidazon) (ion imidazon)
OH  + NHj — H,0 + NH, 3,3.101
OH™ + CH;NH;  —H,0 + CI,NH, 3,7.101°
OH™ + jon imidazoni — H,0 + imidazoni 2,3.10'°
OH + HOCOO™  —H,0 + CO2~ 7.10°

E Nhin vao bang trén ta thdy hing sf t6c d8 k cd gid tri x4p «l thita 86 va cham

trong dung dich (~10%/mol.s), digu ndy cho phép két luan t6c do phan tng bi khéng
ch& bdi y&u td khué&ch tén.
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25.3.2. Phdn iing di chuyén electron :
Vi du xét phan Ung trao d8i Fe®' va Fe® trong dung dich :

Fe*ll + Fell] _bFe*III + Fell

{d€ d& phan biét, nguyén tu Fell duge danh dfu sao), cdu héi dat ra la electron di
chuyén nhu thé ndo ? Day la vdn dé rit khd, k&t qua nghién ciu chua dat dugc nhiéu
nén chi ¢d thé néu nhing nét khai quat.

Nhu mét ti€u phan phan udng, electron c¢d dac di€ém la nd cd thé di chuyén gida
cac hat theo hidu dng hdm, khéng cdn tréo qua hang rao nang lugng. Vi c¢d khdi lugng
bé nén nd rit linh déng, téc dé chuyén dong nhiét khodng 5. 10°% cm/s, d8 vuogt khoang
cach 10A chi cdn 2.107* s. Trong khoang thoi gian ngin dd, cac ion hoac phan t& (vi
du Fe?*, Ce®, H,0 v. v..) véi téc d6 chuyén dong nhist = 3. 10% em/s, chi kip thay
d6i vi tri khong qud 0,1A, nhu viy nguyén H Frank - Condon & day khong bi vi pham.

Tuy nhién céc ion trong dung dich tén tai & dang sonvat hda, nén trong phan tng
electron cdn vugt qua l6p vé hang rio sonvat d6. Vi th€ d€ thdéa méan nguyén 1i
Frank~Condon, electron khéng th& di xa dugc ma chi cd thé di gdn, tUr ion nay sang
ion kia, vi du Fell d&n Fe'll khi cde ion d6 dén gdn nhau, tuy nhién didu nay lai lam
tang sdc ddy tinh dién giita cdc ion lam cho t8c dé phdn dng cham di

Vi nhitng li do trén, sy chuyén d&i electron trong phan dng it khi thuc hign true
ti€p, ma gian tiép, theo cu ch& bic cdu. C4u nbi cd thé 1a moét jon trong hé, hodc modt
ion khdc thém vao hé ddéng vai trd chidt xic tde.

Vi du d6i v6i phan dng gitta Fel! va Fe!'! ngudi ta thdy téc d6 phan dng tang khi
cd mat axit sunfuric, do dé ec6 th€ gia thist phan dng di qua phic béc cdu nhu sau :

H,80, . H,0 '
Fe'll + Fe'll -——— {(H,0); —Fe'l —080,;.. H .. 0,80 - Fe'' - (H,0),*" —

— [(H,0), Fe'l 080,1" + [HO,SOF'(H,0),"

Theo 0 d6 nay electron chuyén ti trdi sang phai nh& proton.

Vi du trén cé tinh chdt minh hoa nhung khéng cé hiéu lyc ching minh,

Vi du dudi day chdng minh cho su hinh thanh phic bic cdu.

Trong phan (ng [(NHy); Co' CI2* + Cr2* — 5NH,; + Co®* + [Cr'CI)*" hinh thanh
ion [Cr'!!CI]>* nhung ion nay khong hinh thanh khi cho ion Cr* tac dung tryc tiép
vai CI. '

Diéu nay chl cd th€ xdy ra n&u phan tung di qua phidc trung gian, trong dé ion CI°
ia cau néi gita Col'! va Cr?*, nghia 1a phdc hoat déng cé dang béc céu :

[(NH,)Co'll .. c17 .. ¢t (1, 0)1*
Khi chuyén ti trdi sang phai, ion CI” d4 nhudng electron cho Co™ va ldy electron

ciia Crll

Héng s6 tfc do phan ung di chuyén electron giita Fe?* va cac phic khic nhau cda
Fe** duge néu ra & bang 25.2
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Bang 25.2. Hing s6 t6¢ d6 phdn wng di chuyén electron giga ion Fe’* va cdc phitc khdc
nhau cide ion Fe** ¢ 0°C

[ Ton phic Fe* | k. l/mols ion phic Fe* ! k, I/molg B
Fe** (nudc) 0,87 FeF?* 9,7
Fe(OH)?* 1,103 FeF; 2,5
FeCI** 9,7 FeF, 0,5
FeCl} 15

Nhin vao bang 252 ta thdy téc d6 phan ung di chuy&n electron chim hon nhigu
so v6i phan wng di chuyén proton (bang 25.1)

25.3.3. Phin ing the
Phan dng thé c6 thé bi€u didn bdi cic so df :
X+Y—Z-—1-X-Y+Z;

0] trong dung djch nhitng phan Ung d6 thudng xfy ra theo c¢d ché di li. Tty theo
ban chét cia tde nhan tan ¢Ong X ma phan dng th& c6 thé chia thanh hai loai : the
Gi nhan va thé 4i electron. N&u X 1a chst cho cap electron thi nd duge goi 1A tac nhan
al nhan, phan iing tudng dng duge goi la phan ing thé 4i nhan (nucleophin). Ngugc
lai n&u X 1a ch4t nhan cap electron thi nd duge goi la tac phén ai eletron, phan Ung
tuong @ng duoe goi 1a phan Ung th€ 4i electron (electrophin).

Vi du cédce ion OH", Cl', I' , CNS™ v.v... 12 cde tdc nhan 4i nhan, cén N02+ Ia tac
nhan &i dién ti. '

Phan dng th& 4i nhan ed thé x8y ra theo quy luat déng hoc bac mét hoac biac hai.

Trong trudng hop ddu (bac mot) phan 1ng x4y ra qua 2 giai doan :

a} YZ =Y + 27 (cham)

b} Y' + X — XY (nhanh)

trong dd a) 1a giai doan cham quyé&t dinh t6c d6é chung cta qua trinh. Vi a) 12 phan
dng bac mét nén qua trinh cing tusn theo quy luat bac mét. Phan ¥ng thé& 4i nhan
bac mét duge ki higu la Syl (Substitution nucleofilic, bsdc mot).

Vi dy vé phan vng xdy ra theo co ché Syl 1a phan dng thiy phan kidm t-butyl
clorua :

(CHy),C — Cl — (CHy),C* + CI”

(CHy; C* + OH™ — (CH,), COH
'I‘1~01_1;g vl du nay, & giai doan ddu hinh thanh ion (CP13)3(’,'+ trong dd cacbon tich dién
duong. Nhitng ion tuong tu cd céng thic chung (RPBYH(R,) C* duge goi 14 ion cachoni.

Trudng hop thi hai la phan Ung thé &i nhan bac hai, ki higu SN2 x8y ra trong
mot giai doan, c6 thé bi€u din bdi sg d§

X" +YZ - XY + 7
trong dé ion bji thay th& Z~ 1a ion am.
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Vi du vé& loai nay 12 phan dng thiy phan kidm ankyl clorua :
OH + RCl — ROH + CI". '
Phan td dung moi cing cd th€ ddng val trd tdc nhan X, trong trudng hop d6 ddu
a4m cua ludng cyc (phan ti dung méi phan cuc) sé tAn cédng vao phan tit YZ. Trudng

hop X 1a phan td dung méi thi phan dng duge goila son phén (phan hiy sonvat) ma
thay phan la trudng hop riéng khi dung méi la nude.

Dac di€m cla phar dng xiy ra theo co ch& Sy2 la tdc nhén X tin cong tir phia
ddi dién v8i ion Y bi thay th& qua nguyén td cacbon. Vi du phan dng traoc ddi déng
vi gita 2 - octyl iodua va ion I (ddanh d4u sao) x4y ra theo so d8 sau (hinh 25.1).

CH, (‘ CH,

AN s

TR H7c—|—-|~ c I—-—l*—C*-H 1
CSHS SHI.‘S GHiS

(©) | (L)

Hink 25.1.
Phan dng thé & nguyén tu cacbon no.

Vi nguyén t¥ cacbon & day la khéng d6i xing nén 2-octyl iodua chuyén ti dang
déng phan D sang dang L. Phan dng tuong ty dugc goi 12 phép nghich dio Valden.

Chinh dy¢a vao sy nghich dao nay ngudi ta cd th€ phan bisdt 2 co ché 8\2 va B\ 1.

Thue vay, néu phin dng trén xfy ra theo co ch& Syl thi ¢ giai doan mo6t 2-octyl
iodua sé phan li thanh I' va ion cacboni ¢d cfu tric phdng (hinh 25.2).

CH, CH, H
N\ Nt -
H—C—| —— CF o+
/

CSHLS CSHS

Hinh 25.2.

Trudng hop 2 - octyl iodua phén li think ion cacboni phing.

Sang giai doan hai, ion I"" (d4nh ddu) c6 th€ tén cong vio cacbon ti 2 phia cla

mit phing véi xdc suft ngang nhau, két qua sé thu dugc mot hén hop raxemic cac
d6ng phin quang hoe D va L.

Nhu vay viée nhan dugc trong san ph&m loai déng phan (L) ching minh ring phan
ing khéo sat da xHy ra theo co ch€ Sy2. Nang lugng hoat hda va thita s6 tru6c ham
ma clia mot s6 phan dng th€ 4i nhan duge néu ra & bang 25.3.
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Vi du vé phan ing th& &i clectron la cdc phan Ung thé trong nhan thom. Phan wng
duge nghién cdu ddy dt nhat 13 phan tng nitro héa. Tac nhan ai electron trong truding

hop nay la ion nitroni NO;r hinh thanh trong hén hop axit sunfuric va nitric theo phan

Ung téng cong :

HNO; + 2H,80, - NO; + H,0" + 2HSO;

Khi tén c6ng vao phan ti ch4t thom, ion NO;' thay th& proton trong nhan thom :

H+
7
Ar - H + NO] — Ar
'NO,

—> ArNO, + HY

Phan dng thé ai electron trong nhan thom 1a mét trong nhitng 16p phan dng quan
trong cta hda hilu co. Tuy nhién viéc nghién citu hing s6 téc d6 cdc giai doan co ban
cia phan dng niay gap nhigu khd khan, vi mét trong nhitng ti€u phan phan dng la
san phim trung gian, nhiéu khi chi dugc gia thiet (5 day 1a NOJ ) va ndng do cia
nd khong duge bigt. Khi nghién cifu doéng hoc chi ¢ theé do dugc téc d6 chung cta
qué trinh, vi vdy cdc s8 liéu vé ning lugng hoat hda, thita s6 dinh huéng cia cac giai
doan co ban trong phan idng thé 4i electron khong tim thdy.

Bang 25.3. Ndng leong hoat héa va thira s6 trudc ham mii caa mot sé phin ting thé

di nhin
Phan ing Dung méi E, k, /mols
keal/mol

C,HsBr + OH™ — C,H;OH + Br~ CH,0H 21,4 4,3.10"
CHy(OH)CH, Cl + OH™ — CH)OH)CH, OH + CI” | 1,0 19,7 1,3.10%
CH, CICOOH + OH  — CH,(OH)COOH + Cl~ | H,0 25,8 4,5.10'1
CH,1COOH + CI” — CH,CICOOH + I~ H,0 22,8 2,6.10"
CH, CICOOH + I — CH,ICOOH + ClI~ H,0 19,7 1,4.10"
CH, ICOOH + SCN™ — CH,(SCN)COOH + I~ H,0 18,2 4.10'°
CH,I + C,H,O™ — CH,0CH, + I~ C,H,0H 19,5 1,9.10"
C,HI + C,H,0” — C,HOC,H, + I~ C,H,OH 20,6 2,2.10"
CHsN(CHy), + CHyl — [CHN(CH,), 1Y + 17 rugu benzyl | 14,4 8,5.10°
C{HN + CH,l — [C,H,NCH,)" + 1™ C,H,Cl, 13,2 9,5.10°
(C,H,),N + C,HBr — (C,H),N* + Br~ axeton 11,7 9.10°
(CH),N + CHBr — (C,H,),N* + Br~ benzen 11,2 3.10°
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§26. QUAN HE GIUA CAU TRUC VA KHA [qANG PHAN UNG.
HE THUC TUYEN TiNH CUA _BIF:'N THIEN NANG LUONG TU DO

T ldu li thuyét hda hoc hitu co dua trén nguyéh tic dinh tinh va kinh nghiém sau
day : Cac hgp chit ed cdu tric tuong ty thi phdn dng tuong tu, con su bién doi tuong
ty trong cdu truc din dén sy bién d8i tudng ty trong kha nang phan ung.

Mot trong nhitng bidu hién cia nguyén téc trén vé mat dinh lugng Ja nguyén li vé
su phu thuéc tuyén tinh ctia bién thién nang lugng tu do.

Theo nguyén li nay, néu xem phéan td nhu tap hgp cua nhém phan dng X v nhdm
thd R ma gitta chuing khéng cd tuong tdc manh dac tha thi :

1) D6i v6i bat ki phan dng nao dung dén X, bién thién nang luong tu do hoat hda
AG" gay ra do su thay ddi R phu thudc tuyén tinh vao bién thién nang luong tu do
AG"” cta chinh phan dng dd.

2) D6i voi nhitng phan dng cia cac phan tit RX,, RX, .. thi kht R thay ddi bién
thién AG] va AG] clia phan dng dung dén X, cling phu thudc tuyén tinh v4i cac dai
lugng tucng ty cta phin dng d_mig dén X, ..

Vé mat todn hoc, néu dung ki hiéu dp d€ chi su thay d6i gy ra bdi nhom thé& R
thi cdc quy luat trén cd thé vigt dudi dang cac phuong trinh :

S AG, = ad AGY (26.1)
va 8xAGY = by SpAG) = ab; 0,46 (26.2)
trong dé AG| va AG{ gin véi phan dng 1, cdn AG; va AGj gan véi phan dng 2.

Cac dai lugng a,, a,, b, 1a cdc hé s§ ti 16 khong phu thudc R ma chi phu thude
vao phan dng khao sat.

TU (26.1) va (26.2) ta c6 thé viét bi€u thdc tuong tu d6i v6i hang s8 toe do kg,
va hang s6 can bang K

Splgk,, = adplgK, - (26.3)

va Srlgk, = byfplek, = a0 5pleK, . - (26.4)

trong dé k., va k, - hing s6 t8c 4o phan dng 1 va 2, con K, va X, - héng sd cén
bang cdc phan dng do.

Hién nay viéc ching minh bang li thuy&t cdc hé thdc (26.1) - (26.4) con gap nhiéu
khé khan, tuy nhién cd moét 6 quy luat thuc nghiém phi hogp edc hé thde dé. Do la
cac phuong trinh Polanyi - Semenov 4p dung cho mét sd phan dng gbc tu do, phuong
trinh Hammet va phuong trinh Taft ap dung cho mot s§ phan idng ion va phuong trinh
Bronsted ap dung cho cAc phan dng xuc tac axit bazo

Sau day ta s& khao sat 3 phuong trinh didu, con phuong trinh Bronsted sé dugc
khao sat 4 chudng sau.
26.1. Phuong trinh Polanyi - Semenov
Nhu da trinh bay ¢ tiét §5 d6i v6i phan dng thé goc tu do
A + BC — AB +C
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Nang lugng l:{oat héa E bién d8i tuyén tinh véi hiéu Ung nhiét phan dng Q theo
phuong trinh Polanyi - Semenov ' .

E =A-aQ {26.5)
Co thé€ chitng minh phuong trinh (26.5) 1a hé qua hé thitc (26.3)
Thyc vay, ta cd

kT .t kT * A"
k = —— g 8C'RT _ Kl A"R _—AH'RT

r h h
va K = e AG'RT _ eAS“fR.e_AHD’}RT
2 “ - . AS* AH*
0. nhiét d6 khéng ddi Ink. = const + R T RT
" A8°  AH®
va InK = _R— - ﬁ— |
Thay Ink, va InK vao (26.3) ta c¢ :
AS* AH® AS°®  AH°
- @R[T " RT (26.6)
Vi entropi va entanpi la nhitng bién s6 déc lap, tu (26.6) suy ra.
3g - AS* = as, . AS° (26.7)
v dg - AH™ = adp . AH® (26.8)
Thay AH" = E va AH® = -Q vao (26.8) ta dugec &g E = —ad, Q
hoac cing vay : E = -aQ + const : (26.9)

D6 chinh Ia hé thic (26.5) & trén. Viee kifm tra phuong trinh (26.5) bang thuc
nghiém da duge trinh bay & §5. (hinh 5.4)

26.2. Phuong trinh Hammett

Nhém thé€ cd dnh hudng dén kha nang phan Ung 14 higén tugng quen thudc trong
hda hitu co. Vi du xét phan dWng thay phan kiém este cua axit benzoic chita nhém thé
R & vi tri para :

,0 Je
s s

R@.C + OH = R—@C + C,H,OH
N \

0C,H; on

Négu R 1a nhém NO, thi téc do phan Ung s& tang, con n&u R 13 nhém NH, thi t6e
dé phan dng sé gidm so v6i trudng hop phan ti khéng chtta nhdm thé&, nguyén nhan
duge gidi thich bang hinh (26.1).

D€ mé ta anh hudng cua cdac thé d&n kha ning phan dng cta cdc din xu&it khac
nhau cia benzen (nhom thé€ & vi tri meta hoac para) Hammett da dua ra cdc hé thic
sau déy :

lgk; ~ lgk, = £;0, (26.10)
va lgK; - 1gK,; = p,5, (26.11)

trong do kl-j- va K, tuong ung 1a hing s6 t6c d6 va hdng s§ can bang cta cic phan
ng j khic nhau dung d&n mach nhé4nh khi c¢6 mat cac nhdém th€ i khdc nhau trong
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vong bezen. Ki hiéu i = 0 13 trudng hop khong ¢6 nhém thé (R = Ii. dai ludng 6
chi phu thuéc ban chét va vi tri nhdm thé& khéng phu thuéc vao phan dng. dude goi
12 hang s6 nhém th& con dai lugng £ ddc trdng cho ting phan dng khio sat, khong
phu thudc nhém thé€ duge goi 12 hdng s6 phan dng. T su suy luan chung, ta chi cd
th€ ndi ring hidu lg]gj - lgkcj hoac ngij - ngOj 14 mot ham fj ndo dd phu thudc cai
nhdm thé& l4n phan dng.

0

O N
g 0C, Hs H

(a) (b)

b

!
@)
@ ©
N\ K 2an 0
d/\,N D@14 }(N’l(z P!

CH;
(c) ()

® —

&)
&)

CH,

Hinhk 26.1.
a) Nhom N'O2 hit electron, tao diéu kién thuin !0i cho viéc tin céng cua OII .
b} Nhom NH, diy clectron, gdy khd khin cho viéc t4n cdng cina jon 011 .
¢} Nhém NQ, hut electron, giy khd khin cho sy 1fin céng cia ion H3D+.
d) Nhom NH, ddy electron, tao thugn Igi cho sy 14n cong cia fon H,0F.

Phuong trinh Hammett chi ra ring fij la tich ctia hai ham s8 6, va £ déc lap v&i nhau.
Céach ki€m tra bing thuc nghiém cdc phuong trinh (26.10) va (26.11) nhu sau.
Chon r:n(f)t phan dng j = m nao dd 1am chufin va quy ude Pn = 1, réi tlt cdc thi

nghiém vdi cdc phan tit chda ciac nhém thé€ khic nhau ta xde dinh 6, theo bi€u thic :
gk, 18K,

%=X K

om om

Trong thuc t& Hammett da chon phdn dng phan hiy axit benzoic

@coon =< > coo +w

lam chuén vi hdng s8 phan li cda nd ¢ th€ xac dinh chinh xdc, do d¢ néu bé qua
chi s6 m trong hang s6 cAn bing ta c6 :

0, = 1gK, ~ IgK,
trong dé X va K la hing s8 phén li cia axit benzoic khéng chita va cd chda nhom thé i,
k..
Sau dd xay dung d8 thi, & truc tung ghi cdc gid tri g iﬂ cia phan dng j, con &
. oi

tru'c hoanh ghi gid tri 6, x4c dinh dugc & trén. Theo phuong trinh Hammett dudng
bi€u dién phai 1a dudng thing ma do déc 1a P dac trung cho phan ung j. D6i véi cac
phan dng j khédc nhauy, P nhan nhitng gia trj 4m hoac duong khiac nhau.
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D& minh hoa, trén hinh

| K

26.2 trinh bay d6 thi Ig R
a

ddi v6i sy phan li phenol phu

Ki
thuge lg R déi voi sy phan

[4]
li axit benzoic cing chda
nhém th& gidng nhau & vi tri
meta trong vong benzen.
Dutng bi€u dién la dutng
thang di qua g6c toa d6, méi
di€m thuc nghiém ng véi
mét nhém thé ghi trén d8 thi
ma gid tri 6, cia nd la diém
chiéu xuéng truc hoanh. Do
déc cia dudng bi€u dién bing
2,113 ; d6 chinh la gia tri p
cua phan dng phan li phenol
trong nude. Bang cdch nay cd
thé xdc dinh cdc gia tri Pj-
clia cac phan @ng khdc nhau.
Mot s8 gia tri o, va Pj cua
cic nhdm th& khée nhau va

Ig(K/K,) 2.8

(phanli 24 [
phenol} 20 L
16 F
1.2
08 I

04
0

04T
08

-1.2

1g(K/K.,,) phin li

0,8-06-04-02 0 0204 06 0.8 axitbenzoic

Hinh 26.2,

phan ng khic nhau duge din Bdi chidu hﬁng‘sd ph’an li cda phenol va axit benzo_ic ciing chf{a nhi:)m thé
gidng nhau 9 vi tri meta trong véng benzen (médi trudng nude 25°C)

ra d bang 26.1 va 26.2.

Bang 26.1. Mdér vai hing s6 nhém thé (6,)

Nhém th&

Meta para

CH, -0,069 -0,170
OCH, 0,115 -0,268
on 0,121 -0,37
OC4H, 0,252 -0,320
F 0,337 0,062

1 0,352 0,18

Cl 0,373 0,227
COCH, 0,376 0,502
Br 0,391 0,232
CN 0,56 0,660
NO, 0,710 0,778
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Bdng 26.2. Mot vai hiing s6 phdn ing Py

‘l Phan dng 2
Phén li axit benzoic trong H,O (ca&n bing) 1,000
Phan li phenol trong H,0 (cin bing) 2,113
Thay phén metylbenzoat bang kiém trong axeton 60% (t6c do6) 2,460
Thiy phan etylbenzoat bing axit trong etanol 60% (téc do) 0,144
Benzoil hda amin thom trong benzen (téc do) -2,781

Cd thé nhan thdy rdng nhom th& cd gia tri 6; duong hit electron manh hon so véi
hidro, con nhém th& ¢ 6; &m d&y electron manh hon so véi hidro. Phan dng co gia
tri p; duong c6 dac diém la mat do electron & tdm phan dng gidm, con phan ing co
p; am thi nguge lai, mat do electron & t4m phan ing tang.

Phuong trinh Hammett t& ra phit hgp v6i dé chinh xdc cao d6i v6i nhiéu phan dng
di li (son phan, ankyl hda, oxi hda, este hda v.v...} xdy ra trong mach nhanh cta vong
benzen chia nhém th& § vi meta va para.

Tuy nhién phuong trinh nay
bi sai léch khi 4p dung cho cac
trudmg hgp sau :

a) Phan udng cia cac dén
xuét cla benzen chda nhdm th&
& vi tri ortho.

b) Phin dng cta hidrocacbon
mach thing va mot s6 phan dng
khac. Mot vai trudng hop sai
léch khéi phuong trinh Hammett
cd thé thdy ro trén hinh 26.3.

Nguyén nhan ciia sy sai léch
khi nhdm th& & vi tri ortho nhu
sau. O vi tri ortho nhém the nay
ndm ngay canh tdm phan Wng,
do d6 gay ra hiéu dng khéng
gian. Vai trd cta higu dng khong
gian khéc nhau trong cdc trudng
hop khac nhau. Vi dy d6i vai
phan dng thay phén este cta
axit benzoic, sy ¢é mat cia nhém
th& & vi tri ortho sé can tré su
tdn cdng cda ion OH~ d&€ hinh
thanh phic hoat dong.

lgk 10
(thoy phan este)
0 +
o]
-1,0+ © Fa¥at
Fa
20— '

o5 0 05 10 15 IpK /Ky
(ton hoa axit)

Hinh 263,

Ddi chi€s héing s6 ion hoa (IgK, /K) cla cic axit cacboxylic
v4i hiing s§ tdc 46 (Igk) 1hiy phén este cla cic axit do.
@ Axit benzoic chita nhém thé meta vi para ;

A Axit benzoic chia nhém th€ ortho ;
o Chc axit mach thing.
(K,~ hing s ion hoa clia axil benzoic khong chila nhém thé).

a7

R A

‘0-H )
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do d6 t6c d6é phan wng thdp hon so véi truong hgp nhém th€ & vi tri meta hodc para.
Ngudc lai trong phan ung phan li axit benzoic, hing s6 phan li cda ddn xuft th& ortho
lai 1dn hon so vdi trudng hgp th& meta hoac para, dd 1a vi phan tit ¢d nhom th& & vi

tri ortho bi vuéng khong thé nam cing mot mat phang lam cho higu dng lién hop (ID)
bi can trd.

/O\\

7
T

11

+
0

]

o
?
Y

(I

Vi vay ddn xudt chda nhém th€& & vi tri ortho c¢6 nang lugng cao hon, kém bén
hon, nén dé phan li hon so v6i din xuét thé & meta hodc para ma ¢ dd hiéu ng lién
hop dé dang x4y ra.'Né&u hieu tdng khong gian chi th& hién khi nhém th& & gén tam
phan tng thi trong trudng hop nhém thé€ & xa tam phan dng, hidu Wng khong gian s&
giam. Vi du t6c d¢ thiy phan este cua axit £ - phenylacrilic {céng thie III) hdu nhu
khong thay d8i khi nhom thé& nim & vi tri ortho hodc para ciia vdng benzen :

H-C-COOC,H,

I
(R)Q‘ CH
R 11D
DE tién so sanh, & bang 26.3 dua ra ti s6 K/K_ hoac k. /k_ cia cic phan tng via

xét, khi nhém th€ & vi trf ortho va para (K, va k, la hing s§ can bang va hang s6
téc do cha hgp chdt khéng chia nhém thé).

Bang 26.3. Ti s6 K, /K, hodc k/k, cia mot s6 phin iing kki nhom thé & vi ri ortho
hoiic para.

! Nhom the Phén li axit Thiy phan kiém | Thiy phan kiém este etylic cda i
_ benzoic (II) etyl benzoat (I} axit §# - phenyl acrilic (III)
p-CH, 0,68 0,47 0,71
0-CH, 1,96 0,124 -
p—Cl 1,67 4,32 2,03
0~Cl - 18,2 1,9 1,99
p-NO, 6,00 104 o8

| 0-NO, 107 5,71 7,93 |

D6i véi phan dng cta hidrocacbon mach thing sy khéng tuin theo phuong trinh
Hammett cé nguyén nhan khac. Trong céc hop chidt mach thédng, nhém thé& anh hudng
dén mat do electron trong phan tit qua hiéu Ung cadm Ung, cdn trong cAc hgp chit
thom, bén canh hiéu tng cam ng con cd hisu ung lién hgp. Hai hiéu nay cd th& ciung
chiéu hodc nguoe chiéu tuy theo ban chit nhém thé nhu trinh bay & bang 26.4.
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Bang 26.4. Hiéu tng cim iing va hiéu wng lién hop cia mot s6 nhém thé @

CH,, C,H, .. + + cl ~ +

) Br - +
COO" + 0 I - +
O + + OH - +
NR; - 0 OR - +
NO, - - COOH - -
| F - + COOR - -

fa) DGu + chi su ddy electron, dfu — chi su hut electron, déu 0 chi khong c6 hiéu ung.

Chinh vi vay, phuong trinh Hammett m6 t34 anh hudng cia nhdm thé€ dén kha nang
phan ng cia cdc din xuft cha benzen chiu tac déng cia hai hiéu 1ing cdm dng va
lién hgp, khéng phén d4nh ding méi quan hé d¢ trong cac hgp chit mach thang ma &
dé chl ¢6 mat hiéu dng cdm dng. Trong trudng hdp nay Taft dua ra mét phuong trinh
khac dang tuong t¢ nhy phuong trinh Hammett.

' 26.3. Phuong trinh Taft

P& mo ta Anh hudng cla nhém th& dén kha ning phan dng cda cdc hgp chidt mach
thang, Taft dua ra phuong trinh, vé hinh thuc giéng phuong trinh Hammett :

lgk - Igk, = p; 6 (26.12)
va 1gK - 1gK = p; o, (26.13)
trong dd dai lugng I = P, 6, dic trung cho hiéu dng cdm dUng, I duge gia (hi&t khong
phu thude vae sy ¢d mat hay khéng c¢6 mat cia higu dng lién hgp va hidu ding khong
gian, £;- dai lugng chi phu thudc phan ¥ng duge goi 12 hing s8 phan ng, con g, -
dai lugng chi phu thuge nhém th& duge goi 1a hing s6 nhdm thé

Gia tri ¢, dac trung cho nhom

thé X dugc xac dinh tif bigu thic : | g

K | N (NHS)Z
6, = 0,262 1g (26.14) 1.0
(5]
trong dé K, — hiing s6 phan li cua 0.6
axit axetic, con K - cla axit
XCH,COOH trong nuéc & 25°C. 0.2

DE lam vi duy trén hinh 264

trinh bay d6 thi 1gK/K  — 67 cia 2.0 7 | | | | o,
phan Wng ion hda axit 4 - X - 0 0.2 04 06 08 10
bixyelo [2, 2, 2 ] octan - 1 - : Hinh 26.4.

cacboxylic (IV) : D& thi lgK/K ) — o, clla phan Ung ion hoa axit

4-X-bixyclo {2, 2, 2] oclan- 1-cacboxylic (IV)
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O-H (Iv)
Vigc cdc di€m ndm trén dudng thdng ching té phuong trinh Taft phil hgp kha t6t
véi thuc nghiém '
Cau hai
1. Néu nhitng dac diém céa phan dng trong dung dich.
- Giai thich cidc phan ¢ng "cham" , "binh thudng" va 'nhanh".
. Xét anh hudng cia hing s8 dién méi dén t6c d6 phan tng
. Hiéu dng musi 12 gl ? Phan biét hiéu Gng muéi so cdp va thd cdp.
. Vit cac hé thic tuyén tinh cta bign thién nang lugng ty do.
. Y nghia cta hdng s6 nhom thé va hing s8 phan dng trong phuong trinh Hammett.
- So sanh phuong trinh Hammett va phuong trinh Taft.

=] & & b W N

Bai tap
1. T6éc d6 c6 phan dUng sau dAy sé thay d6i nhu th& nao khi tang a) hing s6 dién
moi ; b) lyc ion cha dung dich ; ¢) 4p sust.

D 8,05 + 2I" - I, + 2502~

2) Co(NH,)Br** + NO, — Co(NH,);NO} + Br~
3) CH;Br + 2H,0 — CH,OH + H,0" + Br~

4) CHsBr + OH™ — CH,0H + Br~

2. Hing s6 t6c do cia phan dng gida cdc ion pesunfat via ion iot phu thudc vao
Iuc ion nhu sau :
I, mol/l : 0,00245  0,00365 0,00445 0,00645 0,00845 0,01245
k,l/mols : 1,05 1,12 1,16 1,18 1,26 1,39

Hay sit dung phuong trinh (24.9) dung d6 thi d6 xac dinh Z, Zy.
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Chuong VI
XUC TAC PONG THE

§27. CAC KHAI NIEM CHUNG VE XUC TAC

27.1. Pinh nghia chit xic tac

Nhidu qua trinh ma bay gid ta goi 1a phan dng xic tde duqé bigt tu lau, vi du ti
thdi Trung cd con ngudi di bigt sidn xudt ete bang céch cho rugu tdc dung vai axit
sunfuric :

9ROH + H,S0, — ROR + H,0 + H,S0, ;

san xudt rucu va ddm bing cach lén men tinh bot, v.v.. Tuy nhién chi d&én ddu thé&
ki 19, cing v0i sy tham nhap vao hoa hoc cac phuong phdp dinh lugng ngudi ta méi
chi y dén moét dac di€m chung ctia cdc qui trinh nay : dd la phan dng chi xdy ra
véi sy c6 mat cka modt chdt khong bi tidu hao hoac bié&n d8i hda hoc trong qua trinh.

Dé& ching minh cho k&t luan nay, dac biét quan trong la ciac phat minh cia Kirchhoff
vé phan tng dudng hda tinh bt dusi tdc dyng cua axit sunfuric (1809}, phit minh
cua Thenard vé phan #ng phan hiy H,0, dudi tdc dung cua MnO,, Ag, Pt, Au, v.v..
(1818}, phat minh cda Davy vé phan ing oxi hda rugu thanh axit axetic trén bé mat
platin (1820).

Thuit ngil xiuc tde dugec Berzelius dua vao khoa hoc nam 1835 dé& chi hién tugng
phan li vat chat dudi tdc dung cua nhitng chét goi la chét xtuc tdc

Nam 1884 Ostwald dua ra dinh nghia chdt xtc tdc ]a chat lam thay déi téc do
phan dng hda hoc nhung khong bién ddi trong phin dng. Dinh nghia nay khéng néu
duge ddy du ban ch&t cta hién tugng xuc tde vad khong chat ché. Diéu nay cé thé
thiy qua 2 vi du sau day : :

Vi du 1. Téc dd cha phan dng gifta khi A va chdt 16ng B cd th€ tang 1én khi choe
A va B di ngucc chiéu nhau qua mdt ong chia ddy manh thiy tinh cd tdc dung lam
tang dién tich ti€p xtc gitta hai pha. Thiy tinh day khéng phai 1a chdt xdic tdc mdc
di sy c6 mat cha nd lam tang tdc dd phan idng.

Vi du 2. T6c d6 cdc phan dng ion trong dung dich ¢d thé€ thay ddi khi thém vao dung
dich mot chat dién li b4t ki (hiéu dng mudi). Ch4t dién li thém vao & day khoéng phai
la chdt xic tde, nhung nd lam thay d8i luc ion vd anh hudng t8i téc dé cha phan dng.
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Ching ta sé hi€u hién tugng xdc téc la sy thay ddi té¢ d¢ phan ing hda hoe bing
nhitng chét goi la chédt xte tdc tham gia vio cdc giai doan trung gian cia phan dng theo
cd ché vong (chu ki) nhung sau phan dng duge bao toan vé lugng va ban chit hdéa hoc.

Binh nghia vita néu thé hién duoc nhitng dédc di€m co ban cia hién tugng xde tac.

1. Chét xic tdc lam thay d8i t6c dé phan Ung. N&u lam tang t6c dé phan ing ta
goi la chét xte tac duong, néu lam giam ta goi la chdt xdc tac am. Trong thuc t&
nguoi ta quan tam cht y&u dé&n chit xdc tac dugng, vi viy néu khong cd ghi chi kém
theo thi chdt xdc tdc duge higu la ch&t xtc téc duong. Chit xic tdc Am thudng gap
trong cac phan dng day chuyén, trong trutmng hop nay ti€u ban thuat ngit cua IUPAC
dé nghi dung khai niém chit wc ché€ thay cho ch&t xuc tdc Am.

2. Chat xde tac tham gia phan dng v6i tu cdch 1a mat chat phéan dng ciung véi cac
ch&t phan #ng khdc hinh thanh phuc hoat dong, do d¢ chét xuc tdc phai ¢d &i lyc héa
hoc véi {t nhadt 12 mot ch4t phan Ung. Day 12 mét goi ¥y quan trong trong viée lya
chon chit xuc tde d6i voi phan dng cho sin.

3. Chat xdc tdc tham gia phan dng theo cg ché& vong (chu ki) nghia 1a nd phai dugc
phuc héi thudng xuyén d€ kich nhing lugng méi chat phan ung, do dd chi cdn mot
luong nho chdt xde tac dé kich thich mat khéi lugng 1dn ch&t phan vng. Vi du trén
mot don vi khéi lugng chédt xidc tdc ¢d thé hinh thanh 10* don vi khéi luong san phd&m
trong san xuft axit sunfuric ; 10° - trong sadn xuft anhidrit phtalic bang cich oxi hda
naphtalen ; 10% - trong san xudt axit nitric bdng cach oxi héa amoniac. Co ché& vong
trong hoat dong cia chét xic tde cAng dic trung cho xic tde enzim. Trong trudng hgp
nay ngudi ta diang khai niém s6 vdong quay N la s6 phan t& cia chat phén dng phan
Ung trong mot phit dudi tic dung xdc tdc cla mét phan ti enzim. Vi du d8i véi enzim
catalaza trong phan dng phan huy H,0, N = 5.10%,

T ddc di€m nay suy ra nang lugng lien két giita chdt xdc tdec vA chét phan idng
phai cd gid tri vita phai, néu qud bé cé nghia 13 khong cé 41 lyc v6i chdt phan ing,
nhung néu qui 16n thi chit xdc tdic sé bi che phu bing mot 16p ch&t phan dng voi
lién k&t bén ving, va chit xdc tdc khéng con kha ning hoat dong. Day cing 1a mot
g01 ¥ quan trong trong viée lya chon chét xdc téc di vai mot phan dng cho sdn.

4. Chdt xic tdc khong bisn di hdéa hoc trong quéd trinh phan dng, yéu cdu nay
khéng loai trit kha mang bién dbi v8 mat vat li cua chit xdc tdc. Vi du du6i tac dung
cia nhiét hoac sy qud ndng cuc bd chét xic tdc cd thé t4] ket tinh, vén cuc, duéi tdc
dung co hoc ch&t xue tdc bi bao mdn nhit la trong 16 tang s6i v.v... Cing khong loai
trad kha nang trao d8i nguy8n ti giita chft xtc tdac va chat phan vng. Vi du trong
phan Ung oxi héa xtic tac cd th€ o6 sy trao di oxi gita ch&t xac tde la oxit kim loai
vol oxi cda madi trudng phan dng.

Chi cd ban chdt hda hoc cua chat xdc tac la khéng thay déi, va vi vdy chit xdc

tdc khong cd kha nang chuy8n dich can bang phan dng. Diéu nay duge chiing minh
nhy sau

Xét phadn ing gita 2 chit A va B x£y ra khi khéng e (phuong trinh a) va ¢ mat
(phuong trinh b) chit xic tdc K : A+ B — C (a)

A+B+K—->C+K {b)
Bién thién thé& ding 4p trong 2 trudng hop nay la :

(a) AGS = G — G° ~ G

(b) AGD

GY + G -G -G - G = G2 - G° — G°
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Nhu vay AG) = AGy, c6 nghia 12 hang s6 can bang K, duge xdc dinh tit bidu thidc
RTInK ,, = -AG® khong phu thuéc vi3o su cd mit clia chdt xdc tde. N6i cach khac chit
xdc tdc khong thé anh hudng dén hing 8 cAn biang, khéong thé dich chuyén cin bang.
Diéu nay rat cd ¥ nghia d6i voi viée lya chon chdt xdc tdc, khéng tén tai mét chit
xtic tde ¢6 kha nang kich thich mét phan dng bi ngan cdm bdi nhiét dong hoc. Céng
viée d4u tién ciia ngudi nghién cfu 1a tién hanh cic tinh toin nhiét démg hoc d€ xem
xét kha nang tu dién bién cia phan idng trong vang difu kién cho sdn vé& nhiét dg,
Ap sudt hoiic néng do. Viéc tiép theo méi 14 lua chon chdt xidc tde cho phan dng cé
kha nang xdy ra trong nhing digu kién d& cho. Vai trd cua chit xidc tdc 14 lam tang
téc d0 phan dng, tuc téc d6 dat t6i can bang. N&u phan dng x4y ra & gin trang thai
cin bang thi chit xic tdc phai lam tang téc d6 cha phan dng thuin va phan dng
nghich mét s6 14n nhu nhau. Day ciing 14 mdt goi ¥ trong viéc lva chon chédt xuc téc :
mot chét xdc tdc t6t cho phan dng thuan thi thudng cling la chit xdc tdc tét cho
phan dng nguge lai. Vi du platin la chdt xuc tdc cho phan dng hidro hoa thi déng
thoi nd cung la chat xic tdc tdt cho phin dng dehidro hda.

27.2. Ban chft tic dung cia chdt xic tac

Trude khi xét ban chit tdc dung clia chdt xGc tic cdn ndi ro thém vé cach thde
phan b8 nang lugng trong médt hé phan dng.

Nhu ta biét, moi phdn Wng hda hoe, xlGc tac hodc khéng xic tdac, déu phai di qua
mot hodc nhiéu giai doan cd ban. MAi giai doan co ban k2m theo sy hinh thanh mot
phic hoat déng (trang thai chuyén ti€p) dng vdi gia tri cuc dai clla ndng lugng tu do.
Nhu vay trong qud trinh phin dng, ning lugng tu do cta hé trong d6 cd néi nang
(sé goi 12 nang lugng) tang lén. Thong thuong nang lugng dv dé duge tép trung vao
cdc phan t¥ dudi ciac dang nang lugng tinh ti€n, dao déng va quay. Vi tdn s6 va cham
phdn td lén hon nhiéu cdp so vdi tdAn s8 phan hOy cda phie hoat ddng thanh sian
phdm cho nén nang lugng du ndy dugc truyén cho cdc phan ti khac trong he. Ngudi
ta ndi su xay ra phan dng khoéng Iam phd v8 quy luat phan bé Maxwell Boltzmann
vé nang lugng. Chinh vi 16 nay ma mdt trong nhitng di€m quan trong cia thuyé&t phic
hoat dong la gid thift v& sy tdn tai mét can bing gita phdc hoat dong va céc chit
ban dau.

Tuy nhién néu ning lugng du duge dung d€ tae ra san phdm trung g‘ian ridt hoat
dong, vi du g6c ty do, thi tinh hinh sé khac. Trong trudng hop nay trong hé sé xay
ra phan Ung day chuyén thuc hién bang géc tu do, nhitng ti€u phan mang ning luong
du (hda nang) nhadm tac ra chinh minh chd khong phin phat déu cho toan ha, va
trong trudng hgp nay sy phin b8 ki€u Maxwell Boltzmann la khong thé cd duge.

Moi phan dng hda hoc déu x4y ra theo mdt trong hai cdch phfn b8 nang lugng néu
trén.

Dudi day ta xem xét ban chit tdc dung clha chidt xdc tdc trong hai trudng hop dé6.

27.2.1. Vai trd chdt xie tdc khi trong hé c6 phin b6 Maxwell Boltmann vé ning luwong

Tdc do cua cdc phan dng hoda hoc trong nhitng diéu kién nhu nhau bi chi phéi bdi
hai y8u t& : ning lugng va entropi. Ching ta s& ching minh rang :

1. So vdi phén 1ing khong xic tdc, phin dng xic tdc ndéi chung bat lgi vé entropi

nhung cd lgi vé nang lugng, su ha thdp nang lugng hoat héa ld ban chét cia hién
tugng xic tdc.
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2. Phan dng xtc tdc o6 thé xdy ra qua
mét hodc nhidu giai doan nhung ban than
st chia ra nhiéu giai doan ty ng khéng
dua dén su tang téc dé6 phan dng néu
khong kém theo viéc ha thdp hang rao
ning lugng (nang lugng hoat hda) cua tat
cd cdc giai doan, tinh ti muc nang iugng
trung binh cta cdc phan t& ban diu.

P
12

D& don gidn ta hay khao sat phan dng Dudng phan ung
gita hai phan tit A v& B (xem hinh 27.1)

. . , Hinh 27.1.

Gia thiét trong trudng hop khong xic Hai con dudng phan iing © F khéng xic tac {1
taic phan dng xdy ra qua mét giai doan v Xuc tac (2). A, B ~ cht phan ing ;
(phuong trinh 27.1), cdn trong nhing X - chlll xic téc ; P\, P, - san phim ;
trudng hop cd chidt xic tac X, phan ing . -'g' Ya. ' - phile hoat dong ;

di qua hai giai doan (phuong trinh 27.2a AX - sin phim tr,u"g glan ; £, "2*“ f2 ~ MAng hiomg
va 2b) - hoat héa ; q - nhiét phan ing,

Khéng xuc tac . A+B =" P, +P, (27.1)

Co xiic tdc X :  a) A+X =AX (27.2a)

b) AX + B — P,+P,+X (27.2b)

Trong trudng hop phan Ung khéng xuc téc, theo thuyst phuc hoat dong, toc d6 phan
Ung cd th& bi€u dién bing cdc bidu thdc :

KT f»  _ :
W= fA*fB e *IRB ¢ ¢, (27.3)

kT * _

W= R o fRTe ¢y (27.4)
trong dd k — hing s8 Boltzmann ; T - nhiét d6 tuyét d6i ; h - hing s6 Planck ; f*,
frs fp tuong dng la téng trang thdi cia phic hoat dong *, phan ti A va B ; £ — nang
lugng hoat hda cia phan dng ; AS* - entropi hoat hda ; R - hing s6 khi ; Car Cy
tuong dng la néng d¢ cia cde chit phan Ung. Trong cdc bi€u thie nay coi hé sé di
qua y = 1. .

Tu 27.3 va 27.4 ta ed thé€ nhin thdy t6c d6 phan dng phu thuéc vao hai thia s6
thita s6 ndng lugng exp(-E,/RT} va thia s8 entropi

?[;— = exp(AS"/R) ‘ (27.5)
A'B

Trong trudng hop phan dng c6 xic tde, & day gia thi€t di qua hai giai doan, trbng
do giai doan a ¢ nang lugng hoat hda €, VA ¢o hiéu dng nhigt q dua dén sy hinh
thanh sdn ph&m trung gian AX, ti€p theo la giai doan b co nang lugng hoat hda £3n
tinh tit mie AX dua dén sy hinh thanh san phdm cudi cung la P, va P,

Truong hop I. Gid thi€t 2b la giai doan cham quyét dinh t6c dé phan Ung, trong
trudng hop dd ap dung thuyét phic hoat déng d6i vai giai doan 2b ta cd -
kT L

wx=w2bz_ﬁ_

- JRT
e 2 C,.C (27.6)
faxia AX™B
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Vi 2b la giai doan cham nén ta cd th€ xem C,y 12 néng d6 can bing Ung véi hing
s& can bang K, cia giai doan d4u nhanh :

Cax
= s (27.7)
Ka C, Cyx
Theo nhiét dong hoc thong ké, hing s8 can bing cd th€ bidu dién qua téng trang thai :
f i
e (27.8)
ATX
fAX RT
Suy ra Cax = fr e ¥RT ¢,Cy (27.9)
Thay gid tri C,y tit (27.9) vao (27.6) ta duge :
kT fw
- (£, +QV/RT
W= o e CACpCx (27.10)

Néu gid thiét £, + q = £, nghia 14 niang lugng hoat hda cha giai doan sau tinh

tit mdc chc chdt phan dng ban ddu bdng nang lugng hoat héa £ caa phan dng khéng
xuc tac (xem hinh 27.1) thl ta c6 :

KT Wb _aiwr,
Wy = b fAfox'e CACBCX (27.11)
Chia (27. 11) cho (27.3) ta dugce :
W f.C
X *bx
W = _f:f_x (27.12)

la ti s6 gitta t6c d6 phan dng xtc tdc va khong xuc tac khi gid thi&t nang lugng hoat
hda tinh tit muc ban dfu trong 2 trudng hgp 12 nhu nhau. Ta tht diénh gia céip dai
lugng cla ti s6 nay.

Gia thist phan dng xdy ra trong pha khi & diéu kién nhiét dd va ap sudt thudng
Gng v6i néng d6 cdc ch&t phan dng khodng 10" phan tifem®. Gia thist chat xuc thc
la chat khi chiém ti 16 10% , ta sé cd C, = 10'®. Téng trang thai f_ cta chét xdc tac

xem phu gém mét s§ nguysn tit khong thdng hang cé th€ danh gia nhu sau : Trong
f cd 3 tdng trang théi tinh tién voi gha‘n déng gop cd (1083 = 10%*, cd 3 t8ng trang
thai quay véi phin ddng gdp c& (10%)* = 10% con phén déng gdp cda t8ng trang thai
dao déng thudng x4p xi don vi nén cé th€ bd qua. Nhu vay

fy = 10%.10° = 10%

Téng trang thai cia phdc hoat dfng cd chdt xiGec tdc tham gia (f,,) 1&n hon so véi

phic hoat dong khong xidc téc (f,) do sy ting khdi lugng vA momen qudn tinh cia
phic xdc tdc, tuy nhién sy chénh léch & day khong l6n, chi c 10% l4n :

f‘b

T - 10
Thay cdc gid tri nay vao (27.12) ta cd :
W 1018
W" = 10% . o = 10710 (27.13)
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Ta thdy rang v6i gia thiét nang luuny hoat hda bing nhau thi téc do phan uag xv~
tac cham hon phin ng khong xie tice khoang chuc ti 14n. Diéu nay rit dé hicu. vi
SU cd mat cua chdt xde tac trong phuc hoat dong lam cho h¢ phan tng cang mét do
tu do. nghia cang lam giam entropi. Nhung wu viét cha chédt xic tac chinh 1a & ché
né c6 kha ning lam giam manh nang lugng hoat hda dén muc lan at entropi.

Ta thu tinh nang lugng hoat héa cdn phai giam bao nhiéu keal/mol dé vé hidu hoa
sy giam entropi. D6 giam AFE dé dang tinh duge tu dang thuc -

GBFRTY _ (410 hode AE = 23RT . 10

cho T = 300 K ta duge AE = 14 keal/mol.

Nhu vay mot chét sé cd tde dung xdc tac néu nd cd kha nang lam giam nang lugng
hoat hda vugt gid tri vita tinh toan. Do tinh chit ham mu ctha su phu thude téc do
phan @ng vao nang lugng hoat hda. ma mot sy ha di nhé cia nang luong hoat hoa,
hon nita so v6i gid tinh toan & trén, cing dan dén mot hiéu dng xuc tdc ddng ké.

Truong hop II. Bay git ta gia thist dsi voi phan dng xic tdc giai doan 2a 13 cham,
¢d nang lugng hoat hoa &, = £, (phan ing khéng xuc tde), trong trudng hop nay.

kT f“" —EI/RT
Wx = WZa = T fAfx =] CACX
Chia 127.18) cho (27.3) ta dugc :
W, f. f, C
_r_m B x (27.14)
W T &Gy

Trong trudng hgp nay, tc dé phan dng xuc tac (W} cung thdp han so véi phan
khong xuc tac (W), nhung su chénh léch & day khong 16n, chd yoéu do anh hudng cia
néng 46, Cy < C, cdn cac tdng trang thai tuang dng xap xi nhau, f, = f_ va f, =f,
(hai phic hoat dong chi khac nhau ¢ ché chat xic tde X thay ché chit phan dng B,
do ddé thita s8 entropi cing chénh léch nhau khong lén.

Tom lai, trong hai trudng hop vita xét ta thdy su tham gia cia chat xdc tac viao
phan twng lam clio thita s6 entropi hoac giam (trusng hgp D). hoac it thay d6i (truong
hgp [I). Hiéu tdng xuc tac chi xuat hiéa khi dat :Iugc sy gidm nang luong hoat hda
cia giai doan chdm nhdt c¢d hang rio nang luong cao nhat Két luan nay 1a chung doi
v0i cdc dang khiac nhau cia dudng phan dng, khang tuy thude van ¢ giai doan trung
gian. Can nh&n manh riang viéc hinh thanh hgp chdt trung gian (khong neén ldn +4i
phitc hoat dong), vi du & Jday la AX, khong phdi 1a didu kién bat budc d¢€ thé hién
tinh chdt xdc tac. Viee phan iing xdy ra thec nhiéu gini doan la mot cach dé giam
nang lugng hoat hda.

27.2.2. Vui tro chdt xic tic khi trong hé khéng c6 sw phin hé Maxwell Bolizmann ve
niing luwong

Trong truting hgp nay nang luong du ciia hé khéng phai gidi tdéa qua va cham phan
td d€ di tdi mot su phan bé kidu Maxwell Boltzmann ma nd duge tap trung vao cac
ti€u phin trung gian c6 hoat tinh rit cao, dé la cac géc tu do c¢d kha nang kich thich
phan ng day chuyén.

Bang thuc nghiém nguvi ta da chung minh duce rang néng d¢ goc tu do trong
cac phan dng day chuyén vugt xa noéng dé can bang. Trong phan ung cta hdn hgp
H, + O, - H,0 (day chuyén phan nhinh) néng d6 nguyén ti hidro dat tdi 20% , vuade
xa ndng dé cAn bang ; trong phan ung H, + Cl, — HCl (day chuyén khéng phan
nhdnh), néng 46 nguyén td hidro ciing vuot xa ndng d6 can bing.
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Nhu vay vai tro cda chét xiuc tac trong trudng hop nay la klch thich phan dng day
chuyén. Ta néu 2 vi du :

Vi du 1. Phan ing oxi hda cachon oxit.
| 2CO + 0, — CO,
chi xdy ra dé dang khi trong hé cd v8t hoi nudc, diéu nay duge giai thich nhu sau :
Trong m&t hén hgp hoan toan khé xdy ra phan dng :
CO+0,—-C0O,+0
Nguyén t& oxi vita hinb thanh bi hay diét trong cic qud trinh :
O+CO+M —CO,+M
0+0,+M -0, +M
0, + CO - €O, + 0,

(M la mét phan td bat ki, goi la ti€u phan thg ba, ¢d vai trd tich liy nang luong
du d& lam bén phan tt duge hinh thanh sau khi va cham).

Vi t6c d0 hiy diét gdc ty do (nguyén t# oxi) lén hon téc d6 hinh thanh nd nén
phan dUng khéng tién hanh duce.

Tinh hinh sé khac di né€u thém mét it nude vao hé Khi cé v6t nude lap tic xﬁ'y{
ra phan ing :

CO + H,0 - CO, + 2H
H+0, —-O0OH+O
O0+H, —-O0OH+H

Va phén ti nuéc duge phuc héi nhd phan dng :
H+OH+M —-H,0+M

Nhut vay hoi nuéec & day ddng vai trd chdt xdc tdc. Trong vi du nay vai trd cda
chit xdc tdc la khoi dudng cho phan ing day chuyén.

Vi du 2. Phan \ing ph&n huy hidro peoxit.
2H,0, — 2H,0 + O,

xdy ra nhanh khi c¢d mat ion Fe* duge giai thich nhu sau. Khi khong cd mat chit
x0c tae, phan dng phian li :

H,0, — 20H

tao thanh cdc géc ty do ban ddu (khoi mao) xdy ra rdt cham, vi phan dng thu nhiét
manh, AH,,. = 50kcalmol Ti&p theo dd 1a cac phan wng phat trién mach :

H,0, + OH — H,0 + HO),

H,0, + HO, -~ H,0 + O, + OH .
cudi cing la cdc phan dng hiy diét gdec tu do:

20H — H,0,

HO;, + OH — H,0 + O,

Vi toc do cta phan dng khoi mae cham nén tdc 46 chung cha qua trinh rat cham.
Khi ¢6 mat chadt xde téc, vi du jon Fe® , lap tic xdy ra phan dng :

Fe*" + H,0, — Fe’" + OH + OH™
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F&’" + H,0, - Fe** + HO, + H".

Ké&t qua 12 néng d6 cua géc ty do OH tang lén, do d6 tée d0 cia phan iing ciing
ting lén. Val trd cta chét xic tdc trong trudng hgp ndy 1a tao ra phan iing khdai mao
lam tang néng 4o chit ty do.

* *

Tdng két nhimng di€m da trinh bay, cd thé néi chit xdc tic ¢ 2 chde nang chinh.

1. Ha thip nang lugng hoat hda cta phan dng xdy ra trong hé cd su phan bd déu
nang lugng ;

2. Kich thich phan dng day chuyén x4y ra trong hé cd sy sai léch khdi sy phan bd
d&u nang lugng.

Khéng nén nghi ring tinh phd bién clia chdt xdc téc trong 2 chie nang nay la nhu
nhau. Trén co s§ cdc dit liéu thuc nghiém, c6 thé khdng dinh ring tinh phg bién cia
chdt xuc tdc ndm & chic nang diu (ha thép nang lugng hoat héa). Con § chic nang
thit 2 (kich thich phan dng day chuyén) thudng chi gap d6i véi mét s6 phan dng khi,
va chét xdc tdc cing la chdt khi. O mde d8 {t hon ¢S th8 gap d6i véi mot s6 phan
Ung trong dung dich, con d6i v6i cdc phén dng xic tic di thé x&y ra trén bé mat chat
ran thi theo co ch& day chuyén, néu ¢é cing hét sdc han ché.

Trong nhing nim 60 & Lién X6 c@ xudt hién moét quan didm (Semenov, Volkenstein,
Voevotski) cho ring cdc hda tri ty do trén bé mat chat xic tic cd kha nang kich thich
phdn Ung day chuyén. Hogc nhu Kobozop thi cho ring cic chdt xtGe tac ran va xic
tac enzim ¢d kha néng tich tu nang ldong cla phdn dng héa hoc va truyén dén cho
cdc phan tu phin dng tiép theo.

CS thé néu mot s6 luan cd d€ khéng dinh ridng co ch& day chuyén khéng phai la
ph8 bién d6i vdi xdc tic di thé,

Nhu da ndi & trén, cd ch€ day chuyén chi e kha nang x8y ra & trang th4i xa can
bang. Th€ nhung d6i véi nhiéu phan dng thuan nghich nhu phan dng téng hgp ameoniac,
hidro hda n&i doi, oxi hda 80, v.v.., ngudi ta thfy ridng cic quy luit doéng hoe, va do
dd co ch& phan Ung, khong thay ddi khi tién gin d&n trang thai cén .bang. Diéu d¢6
c6 nghia 14 d8i véi cdc phan dng nay khéng thé cd co ché diy chuyén,

27.3. Phan loai cAc phan iing xtc tac

Cdch phéan loai dé nhét la theo pha, vé mat nay cac phan idng xiuc tde duge phan
thanh hai nhdm 1l6n : déng th€ va di th&. Xdc tdc déng thé la trudng hop néu chat
xlc tac va chdt phdn dUng ndm trong cing moét pha, di thé - néu gitta chdt xuc tac
va chét phdn dng cd bé mat ngin cach pha.

Gita 2 nhém ndy ¢6 moét nhdm trung gian dd 13 chit xtc tic nim trong trang thai
keo hodc 1A cdc chdt cao phan ti. Xdc tde enzim thudng duge xép vao nhém nay. D&
tién lgi, nhdm trung gian thudng duge x6p chung vao xic tac déng thé.

Trong xtc téc déng thé phan dng cé thé xdy ra trong pha khi (vi du phan dng
1
cCO + 3 0, — CO, xdc tdc boi hoi nudc), hose pha 1dng (cdc phan dng trong dung dich).

Trong xidc tdc di thé, sy t§ hgp cdc pha da dang hon. Truéng hop thudng gip la
phdn Ung cta chdt khi trén chdt rén (vi du phan dng N, + H, — NH, trén xic téc
sdt), hoac chédt 1ong trén ch&t rin (vi du phan hiy dung dich H,0, trén platin).
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Truding hgp it gip hon la phén Ung cac chat khi trén chét long. Phén ing SO, + O, —»80,; .
trén xuc tac V,0, 1a mot vi du. Trong diéu kién phan dng (450 - 550°C) V,0; & trang
thai ndng chay trén bé mat chit mang 5i0,. Cd thé néu mot vi du khac : phan idng

hidrat hda olefin (khi) x4y ra trén chit xdc téc la axit photphoric (16ng) tdm trén chat
mang x&p.

Nhuge di€m cia cach phan loai theo pha la tinh hinh thte, khong chd ¥ dén co
ché tdc dung xuc tac. Mot cach phan loai khdc la dua trén co ch& phan dng. Mac dau
su hidu bist co ch& su ctia phin ¥ng xic tdc con rdt han ché, trén ¢o sd cdc nguyén
tic chung vé ban chdt cia lién két hda hoc va co ché phan dng, ngudi ta 6 ging
chia cdac phan tng xic tdc thanh hai nhém 16n : xdc tac dong li va xGe tac di li. Xae
tac déng li 14 trudng hgp khi phan dng xfy ra kém theo sy phan chia cép electron
héa tri trong lién két cil va sy tao thanh cap electron trong lién k&t moi. Di li - khi
khoéng c6 sy phan chia hoac tao thanh cdp electron hda tri.

ChAt xtc tac déng li thudng 1a nguyén t& hoac hop chdt cia kim loai chuyén tiép
¢6 phan 1ép electron d hodc f chua bdo hoda, ¢ hda tri bi€n d6i, cd khd nang cung
‘cdp 1 electron 1& d€ hinh thanh cip electron lién k&t v&i chdt phan dng.

Ch4t xdc tdc di li thuong la cac axit, bazo, ion cd kha nang tao lién k&t phan tu
(cho — nhan) v&i chdt phan ding bing cich cung cép cap electron (tinh bazo) hodc nhan
cap electron {(tinh axit). '

Xac tac dong li con goi 14 xtc tac oxi hda - khi, xic tdc di 1i —xic tac axit bazdg.

Su phan chia cac chdt xtc tdc thanh d6ng li (oxi hda - kht) va di li (axit - bazo)
khong hoan toan nghiém ngat, vi hién tugng xuc tac phdc tap va cd tinh dac thi, vi
vay cdch phan chia nay phdn nao mang tinh chédt dinh huéng va quy udc.

§28. PHAN UNG XUC TAC DONG THE TRONG PHA KHi

28.1. Phan biét vai tro cva tiéu phan thii ba va chat xdc tic
Xét phan ing tai hgp nguyén tit iot theo phuang trinh sau day :
1+14M -1, + M (28.1)

Trong dé M thudng duge goi la "ti€u phan thd ba" cd vai trd 1am bén hda phén tu
I, nhan dugc. N&u trong hé khong cd mat M thi phan &ng khéng xay ra, vi phan td
I hinh thanh qua va cham déi gita hai nguyén ti 1 cd nang lugng qua 16n, nang
luong dé duge tAp trung & mot lién k& duy nhat I ..I sé l4p tdc pha v0 lién két nay
dé tao ra cdc nguyén ti ban ddu. Ndi chung d6i véi phin Ung tai hop cac nguyén tu
hoae cdc gbc tu do don gian nhu géc metyl CH, , sy cd mat cia ti€u phan thid ba la
cdn thiét, nd dong vai trdo moét binh chda nang lugng du cla phan td dugc tao thanh.
Trong trudng hgp nay ngudi ta khﬁng goi M 12 chét xdc tac, mac di vé hinh thic nd
lam tang t6c d6 phan dng. Li do vi tdc doéng cia né dén phan dng mang ban chat
vat 1{ chd khong phai hda hoc. Tuy nhién trong thuc t&€ viéc vach ra mdt ranh gidi
giila "tiéu phan thid ba" va chdt xic tdc hodn toan khong don gian. Ta néu mot vi du.

Theo sé lidu ctia Russel vad Simons cing nhu cia Norrish va ctia Britton thi d6i voi
phan ung (28.1) & trén, hiéu qua lam bén th€ hién qua hing s6 t6c do tai hop k vdi
cac phan ti M khdc nhau 14 r4t khic nhau (bang 28.1).
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Bang 28.1. Hdng 56 t6c d6 tdi hop k (cm‘.pht&“z.s_"‘) ¢ 25°C cia phin wng
I+1T+M—1,+ M

M Hing s6 tai hop k M Hing s6 tai hop k |
. He 0,94 o, 7.4 ' |
Ne 1,0 H,0 27 T
Ar 2,0 CH, 48 o
N, 2,5 ~ C,H,CH, 183 | |
H, 2,6 " CH,(CH,), 224 B
0, 3,7 I, 470 (Norrish) i
i 720 (Britton) i

Theo Russel va Simons, su khac nhau nay gdy ra do sy khac nhau vé tuong tdc
Van der Walls trong phic va cham ba LI.M, tuong tac nay cang manh thi sy tai phan
b6 nang lugng trong phdc cing dé dang va hing s6 t6c 46 tai hgp cang ldn.

Lap luan duge xdc minh khi d6i chigu nhiét
dé s6i cia M vi hang s6 tfc do phan wng

(hinh 28.1), vi nhiét dé s6i dac trung cho & Y]
tudng tac Van der Walls gita cdc phan tu. 2 |
. o o
Tuy nhién gid trj 16n cta k khi M 1a phan \/&/6 o®o
t¥ I, khong thé giai thich chi dua vao tuong 1 o A
tac vat H. O day ngoai tuong tac vat Ii con >
¢o tuong tdc hda hoc trong phdc 1, cta phan 0 p(,/QS
ﬁngI+I+IZ—»13+I—>IZ+IZ. Nhu vay I,
0 TK
via la ti€u phan thd ba vita 1a chdt xde tic. 0 100 200 300 400 1
M6t vi du khac, trong phan ing tai hop Hinh 281
nguyén ti brom : Su phy thudc cla hing s6 16c do phén ing tam
phan i [+ 1+ M = I, + M va0o nhiét do soi
Br + Br + M — Br2 + M (28.2) cia chit M (theo Russel va Simons)

Vai M = CO, N,, ngudi ta thdy CO higu qua hon hang chuc 14n, mac du nhist do
s01 cia ching xdp xi nhau (t(N)) = -195,8°C ; t(CO) = —-192°C). Nhu vay & day déi
v6i CO tuong tdc hda hoc c6 ¥ nghia quyést dinh, vd CO la chét xuc tac.

Nhu vy ta thdy trong nhiéu truong hop ranh giéi gita "ti€u phan thd ba" va chat
xtc tde 1a khéng r6 rét. Co thé noi phan dng tai hop nguyén td qua va cham ba la
linh vue trung gian giita phan Ung xdc tdc va phan dng khéng xic tac.

28.2. Phan ung xiic tac trong pha khi theo cd ché gbe ty do

Trt mét s6 it phan dng xic tdc trong pha khi thuc hién qua va cham ba via trinh
bay & trén, cho dén nay khéng dugc biét mot phan ung xic tdc nao trong pha khi
thuc hién theo co ch& hai giai doan théng thudng kiéu

A+K—>X+P
B+X->K+P,
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trong dé A va B la chdt phan Ung ; P, vA P, 1a san phdm ; K la chdt xic tdc ; X
}a san phdm trung gian cta chdt phan dng va chdt xuc tdc. T&t cAd cAc phan dUng xic
tac loai nay ma phudng trinh tdng cong cd dang :

A+B+K->P +P, +K
xay ra trong pha khi déu theo co ché& diy chuyén thuyc hign bing géc tu do. Li do vi
d6i vdi phAdn dng gilla cdc phan td bdc héa hda tri, nang lugng hoat hda thudng cd
30 - 50 kcal/mol nghia la gdp khodng 10 lan nang lugng hoat hda cia phan dng cd
goc ty do tham gia.
: 1. .
Ngoai vi du vé phan dng CO + -2302 ~» CO, xdc tdc béi hoi nuée x3y ra theo co
ch& day chuyén da phan tich & (27.2.2), ta néu thém vai vi du khac.
Vi du 1. Phan ing oxi hda hidro thanh hoi nude dude xic tac bdi NO xiy ra nhu sau :

Chat xuc tac ké&t hgp oxi : 1) 2NO + O, — 2NO,
Khoi mao : 2) NO, + H, = HNO, + H
Phat trién mach 3 H + NO, = NO + OH
4) OH + H, - H,0 + H
Dt mach - 5 OH + NO, — HNO,

6) OH + NO — HNO,.

Chat xic tdc duge hodn nguyén trong phan dng 3 lai ti€p tuc tham gia phan dng 1.
Tu cdac chit diu di dén san phadm, co ché day chuyén té ra thuan loi hon so véi co
ché 2 giai doan duge gid thiét nhu sau :

D 2NO + O, — 2NO,
2) NO, + H, — H,O0 + NO

trong do giai doan 2 cho sin phdm H,0 va hodn nguyén chit xdc tdc NO.
Vi du 2. Oxi hda metan.

Phan dng oxi hda metan duge ing dung trong cdng nghiép d€ san xudt fomandehit
HCHO. Khi khong ¢6 chit xdc tde, phdn dng xfy ra qua cdc giai doan nhu sau (co
ch& day chuyén phan nhdnh thoai hda) :

Khai mao : 1) CH, + 0, - CH, + HO, AH = 55 keal/mol.
Phat trién mach : 2) CH, + O, - CH,0 + OH :
3 OH + CH, —H,0 + CH, ;
4) OH + CH,0 -» H,0 + HCO
Phin nhanh chim (phan nhanh thoii héa) :
5 CH,0 + 0, — HCO + HO, ;
6) HCO + 0, — CO + HO, ;
7) HO, + CH, —» H,0, + CH, ;
Huy diet : 8) OH + thanh binh

Trong s¢ d6 nay, phan dng khoi mao 1 thu nhiét (55 kcal/mol) cho néy luc ddu tdc
dé rdt cham. Theo thdi gian tich Hiy ddn san phdm fomandebhit [HCHO ma ban than
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né tham gia vao qud trinh phan nhanh cham (phan vng 5, 6, 7) d€ tao ra géc tu do
méi kich thich phan dng. Vi vay phén dng oxi hda metan mang- tinh ch#it tu xie tac
bdi sdn phdm va dac trung bai thai gian cdm dng dai. Khi c6 mat ch&t xuc tic NO,,
sd d6 trén khdng thay d&i nhung duge bé sung thém phan dng 1’ khoi mao CH;

1) CH, + NO, — CH, + HNO,

¢d nang luong hoat hda E = 30kcal/mol thdp hon ning lugng hoat hda cia phdn ing t
(E > 55 keal/mol) két qua 1a thdi gian cam Ung gidm va t6c d6 phan dng tang.

Co thé ndi con s6 it 6i csc phan dng xidc tdc d6éng thé giita cic phan ta trong pha
khi dugc bigt cho dén nay déu xdy ra theo co ché day chuyén. Ngoai ra co ch& day
chuyén cing cho phép hiu duge hién tugng xdc tac am : trong trudng hop nay chit
xUe tdac khong phai kich thich phan Ung ma nguge lai lien k&t voi cac gée tu do, loai
ching ra khéi phan dng. Cadn phan biét chét dc ché va chdt xuc tac Am, chat dc ché
cing 13 chét tiéu diét chdt ty do trong phdn Wng day chuyén nhung no bj tiéu hao
trong phan dng. Vi vay theo thoi gian nong 4o chit dc ch& giam va di dén triét tiéu
(k&t thac thoi ki cam dng) sau d6¢ phan Ung day chuyén phat trién binh thudng. Khac
véi chdt dc ché, chat xiec tic &m duge héi phuc sau méi vong hoat déng va ti€p tuc
tham gia tiéu diét géc ty do. Tuy nhién trong thyc t€ mot phén chdt xdc tic am cing
bi tiéu hao lam cho ranh gidi giita ch4t xuc tdc Am va chit e ché khéng that ro rét.

§29. PHAN UNG XUC TAC AXIT - BAZO TRONG DUNG DICH

29.1. Khai niém vé axit, bazo va xuic tac axit bazg

Theo nghia hep, axit la nhitng chat phan li thanh jon H' trong dung dich, con bazo
&2 nhitng ch&t phan li thanh ion OH .

Bronsted da md réng khai niém axit bazog.

Déi v6i nhitng chét c6 céng thdc chung HA, néu ¢ kha niang nhudng H* cho mot
chdt B theo phan dng : HA + B - A ~ + BH' thi HA duge goi la axit, con B 1A chat

cd kha ning k&t hgp proton duge goi 14 bazg. Ngoai ra nguoi ta con goi anion A™ 1a
bazd lién hgp véi axit HA con anion BH" 1a axit lign hogp véi bazo B.

Lewis d& mé réong hon nita khai niém axit - bazd,
Vi du d6i v6i phan dng : AH + NH; — A~ + NH].

Theo Lewis sd di NH; ¢ kha ning nh4n H* 1a nhd su c6 mat cl@a cdp electron
khéng phan chia, vi vay t4t ci céc chédt c6 cap electron khéng phan chia va c6 thé
nhudng cho chit khac thi goi 13 bazo con nhitng chdt ¢ thé ket hop vdi cap electron
dé goi la axit.

Cac phan tng duge xuc tac bang axit hoac bazo duge goi la phadn dng xitic tic axit
bazd. N&u chit xic tac la ion HY hoic OH™ thi phan dng duge gol la xic tac axit
bazo dac thii. Néu chét xuc tdc la axit hoac bazo mé rong thi phan vng duge goi la
xuc tdc axit bazo md rong. Sau day ta khao sit mot s6 trudng hgp.

29.2. Xiic tac axit bazo dic thd

Thay phan este (vi du etylaxetat) l1a vi du di&n hinh vé phan dng xic téc béi H'
hoac OH™. O day giai doan hinh thanh phdc trung gian gita chdt xic tdc va chit
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o

.nhung phu thude pH trong

phan dng la giai doan cham nh&t. N&u ki hiéu S 1a chét phan dng thi trong méi trudng
axit phuong trinh téc do c¢6 dang :

W = k;[H,0"][8] (29.1)
va trong moi trudng kiém :
W = kg, [OH7][S] (29.2)

Trong trudng hop chung khi phin dng ¢d thé€ tién hanh theo con dudng vita khong
xic tac, vita xuc tdc bang cad hai ion H" va OH thi phuong trinh téc d6 cd dang :

W = k[S] + ky[H,0')MS] + kg (OH1[S] = kIS]

~

voi k = k, + k;[H; 071 + kg [OH]

K,

=k +k 01 + ———e
() ll[I_L.'» 1 kOH [H30+]

(29.3)

Trong do k., k;;, k; tuong dng 14 hing s6 toc dff) cia phan ing khéng xic téc,
xtic tdc bing H* va bang OH , con k, = [H, 0T)OH] la hing s6 phan li cia nudc,
k, = 107" § 25°C.

Né&u moi trudng la axit manh thi sé hang thd nhdt va thd ba trong phuong trinh
(29.3) cd thé bd qua, khi do :

igk = lgk,; + lglH,0"] = 1gk, — pH (29.4)

N&u mbéi trudng 12 kiém manh thi hai s6 hang d8u trong phuong trinh (29.3) cd
thé bé qua, khi do

lgk = gk, ky, + pH (29.5)

Nhu vay trong trusng hgp xhc tdc axit bazo dac tho, dudng biu dién igk phu thude
pH 1a dudng thing c¢é do doc bang - 1 trong mdi trudng axit, v bang + 1 trong moi
trugng kiém.

Bd thi lgk - pH d6i vai
cac trudng hgp khdc nhau
cia phan dng xic tdc axit
bazo dae thi duge bidu dién
trén hinh 29.1. Trén hinh nay
dusng a 1a trddng hop tdc
d¢ phén dng khong phu thudce
pH trong vung trung gian

viing axit manh va kiém
manh ; duong b la trudng
hgp khéng cd ving trung
gian, khi phan dng khoéng
xtc tdc khdng c6 vai tro dang
k&, dudng c la trudng hop
phan tng xdc tdc chi x4y ra

o X pH
trong moi trudng kiém,

dudng d 1a trudng hgp phan Hinh 29.1.

ing xac tic chi x#dy ra trong Sy phu thuge Igk vao pH d6i vdi cac trudng hop khac nhau
méi trudng axit. cia phan (ng xic tac axit bazo dic thi
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29.3. Xic tac axit bazo mé rjng

Su phan hty nitroamit trong dung dich
NH,NO, — N,0 + H,0

2 vi du di€n hinh cta phan Ung xtc tdc axit bazg md réng. Thuc nghiém cho thdy
phdn Ung 1A bac 1 d6i véi chat phan dng va t6e d6 khéng phu thude pH cta mai
trugng, nghia 1a cic ion H* va OH"- khéng ¢d tac dung xic tac. Tuy nhién téc do
phan 1ing ting tuyén tinh vai néng do ion axetat, va hiang s6 toc dd ¢ 15°C duge bidu
dién bdi phuong trinh : )

k = 633.107° + 833, 1073[CH, CO0™)

Nhu vay ion axetat la bazo Bronsted & diy déng vai trd chit xac tac.

Trong trutng hop tdng quat, néu trong dung dich ¢d mat H* , OH", axit Bronsted
AH va bazo lién hgp cia né A~ thi hing s6 téc do cua phan ung xic tdc axit bazg
cd dang

k =k, + ky[H0'] + ko fOH] + ky[AH] + k,[A7] (29.6)

Nhu vay dé xdc dinh k can bist 5 bing s6, mdi hang s6 dd cd thé xdc dinh tu
thuc nghiém bang cach thay dai néng do cdc chdt xic tic tuong ing. Trong thuc té&
khong phai c& 5 hang s8 dé c6 vai trd tugng duong nhau, thy thube vao co ché ma
phdn dng c¢d thé 1a xic tde axit bazg dac thi hodec mé rong. Sau day khdo sit vai co
ch€ dién hinh.

Co ché 1. N&u ki hiéu S Ia chast phan tng, BH* va B la axit va bazd Bronsted, P
la sdn phd&m phan tng ta cd sd d6 sau day :

k
(1) S +BH" = SH' +H
II{‘I
Ky
(2) SH" + H,0 — P + H,0"
(3) BH* + H,0 = B + H,0"

Ap dung nguyén Ii néng d6 dn dinh d&i véi SH* ta co -
k [SIBH'] - k',[SH'I(B] - k,ISH'] = 0

(néng d6 H,0 nim trong hing s§ k;), suy ra

.. kISIBH']
(SHY = k, (BT + k,
..k k,SIBH"
Toc d6 phadn dng W = k,[SH'] = _HBT*‘—IK.Z_
k, k,[SIIBH™"
[BIH,0"]

Theo cian bang (3) ta c6 K = —k—lK——-
(ndng d6 H,O nidm trong hing s6 K),
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k, k

=

. _ +

do dd W = R (51(H,07] (29.1
Nhu vay day 1A trudng hgp xie tde axit bazo déc thi, mac ddu trong giai doan (1)

"H* duge ldy ti axit Bronsted. Nguge lai, néu gia thiét k' [B] <« k, ta c6

W = kl[S][BHJr], day 1a trudng hogp xic tde axit bazd mé rong.

Co ché 2.

R1
(13 S +BH' = sSH™ +B

k,l

kz
(2) SH* + B— P + BH'

K

(3) BH" + H,0 = B + H,0"

Co ch& nay chi khdac co ch€ 1 d giai doan (2), trong dé khéng phai phan tu H,O ,
ma la baze B cudp H' tit SH*.

Tuang ty nhy trén, 4p dung nguyén li ndng do 6n dinh d6i vai SH* dé dang suy ra
k,[SIBH")

+ —
[SH ] - (k’l+k2)[B]

k, k,[SIBH"]

N — + - -
va W = k,[SH'][B} = &, ¥k, (29.8)

Trong truting hgp nay phén dng bac gid cing 1A xic tdc axit bazg mdé rong.

29.4, Quan hé giiia hoat tinh xic tac va hdc axit, luc bazu
Dal véi axit AH, lde axit th€ hién kha nang nhudng proton cha nd trong phan tng :
AH + H,0 = H,0" + A~
[H,0"][A7)
{AH]

Tuong tu nhu vAy déi v6i bazo B, luc bazo th€ hién kha niang k&t hgp proton cua
ndé trong phan dng :

cé th& duge dac trung bang hing s6 cin bing K, =

B + H,O = BH' + OH~

(BH'][OH ]

_ [B]

Trong co ch& cia phdn dng xdc tde axit bazo xét & trén cd mét giai doan tach

proton ti axit hodc két hgp proton vac kiém. Vi vay cd thé chd dgi ¢d méi quan hé
gitta hoat tinh xuc tdc cia axit hoac bazo v6i lyc axit hodc ldc bazag clia chdt xic tdc.

c6 thé duge dac trung bang hang sé can bang K, =

Trén co sd cdc s6 lieu thuc nghiém vé xdc tdc axit - bazo md rong, Bronsted da dua
ra cac hé thic sau day gdn hidng s6 tdc d6 phén dng xidc tde axit k, vdi hing s6 cén
bing K,, cing nhu hang s6 t6c dé phan dng xic tdc bazo k, vdi hang s6 can bang K, :

k, = aK® (29.9)
k, = bK{ (29.10)
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4] day a, @, b, f 1a cac hing s6 dac trung cho phdn #ng va khong phy thudc chat
xuc tac, (29.9) va (29. 10) 1a csc hé thic Bronsted vé xdc tdc axit - bazog.
Dé minh hoa, trén hinh (29.2) trinh bay d6 thi lgk - Igk, d6i v6i phan dng phan

hiy nitroamit NH, - NO, — H,0 + N,0 dugc xic tac bdi cdc bazo Bronsted, dudng
bi€u dién 1 tuan theo phuong trinh :

Igk = - 5, 964 + 0,822Igk,

di qua céc di€ém dng véi cdc anion cla axit cacb'oxylié ¢ mdt nhom chite. O day K
la hang 86 can bang cia phan ing :

RCOO™ + H,; 0" = RCOOH + H, 0,

va nhu vay K, 12 nghich dio cta hang s6 axit K, cia axit RCOOH. Cic vdng tron
den trén d6 thi tng v&i cac anion hda tri 1 cda axit cacboxylic ¢ 2 nhém chde
HOOC(CH,) COOH. Vi trl cia cdc diém nay trong thuc t€ @ng vdi 2K, chit khéng phai
uUng voi K, clia bazo tuong wng, vide xudt hién thita s6 2 cd i do nhu sau. Dé&i véi
axit ¢d 2 nhdm chwec, proton c¢d th€ tach ti mot trong 2 nhém chidec d€ tao thanh
anion hda tri 1, do d6 cong tach proton ti le khong phai vai K, ma ti le véi K, /2. Tu
dd tinh kiém ti 1¢ khong phai véi K, ma la 2K, .

Duong bi€u dién 2 tren dé
thi tuan theo phuong trinh :

Ink = -5,418 + 0,718lgK, ok

di qua cdc di€m tam gidc ung
v8i cdc ddn xudt cua anilin 3
CGHSNH2 (1) chita nhdém thé

trong vong benzen. Ba dié€m 4
hinh vuong tng véi cdc nhém
amin bac 3 la piridin (2),
quinolin (3} va dimetylanilin (4)
hinh (29.8). Sy sai léch cta cac
di€ém nay khéi dudng thing c6
thé lién quan d&n anh hudng

1gK

L3

Hinkh 29.2,
S5u phu thude cia hiing s& tc do k, vao hiing s8 kiém K,
clia cic bazd Bronsted (rong phin iing phan hdy nitroamit.

cia hiéu #ng khéng gian, khi
su bién déi cdu tric x4y ra gin
tdm phdn dng. '

NH, N

O O

(1 ' (2)

anion cla cAc axit cacboxylic mdt nhém chilc ;
® anion héa trj } cda axit cacboxylic hai nhém chilc ;
A Cac dan xuft cia anilin chita nhom thé trong nhan benzen
{1 amin bic ba

N fs'I((;H3) )

(3} (4)

Hinh 29.3

29.5. Xuc tac axit trong méi trudng axit dic. Ham axit

Dgi voi phan dng xdc tde bdi proton, tit hé¢ thic (4) ta thdy lgk phu thudc tuyén
tinh d8i v6i pH cia moi trudng. Tuy nhién viée ding pH d€ do d6 axit chi cd ¥ nghia
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d6i voi dung dich loang. D6i v6i dung dich ¢é néng dé trung binh vd dam dac phai
ding mot chi s8 khac goi 1a ham axit. Dudi day ta gi6i thiéu mot s6 ham axit va quan
hé gitta ching vdi hoat tinh xdc tac.

29.5.1. Ham H, (ham Hammett)
Xét can bing cda bazo B va axit lien hgp BH' trong méi trubng axit :

B + H* == BH"' (29.11)
v6i hang s6 can bing :

agy* (BH'} Yu*
= = 912
trong d6 a, la hoat dg, y; 12 hé 6 hoat d¢ cua tiéu phan i.
[BH" YB
i = = + —
Goi 1 [B] vda  hy ay -
X [BH™)
td (29.12) suy ra : I = B = K, h, _ (29.13
, YB .
Theo Hammett, ti s6 . khéng phu thudc vao ban ch&t cia bazo B, cé nghia la
BH
v8i cdc bazo B,, B,, B; khdc nhau ta ludn cé :
"B, = 78, = 3, = = const
veut  Yeu't o Yeut
do do dai | h i 4
3 i = ¥ —
o dé dai lugng o = 8y — (29.14)

dac trung cho kha nang cung cfp proton cia mdi trudng dude goi la dé axit cia moi
trudng.

. H"
Nhu vay ti s86 1 = [B[B]] dac trung cho kha néng proton hda cta bazo trong mit

mdi trudng axit, phu thudc vao 2 dai luong K, va h, K, 12 hing s6 baza dac trung cho
kha nang két hgp proton cda bazd B, phu thude vao ban chét cha baza B, con h  dac
trung cho kha nidng cho proton ctia modi trudng. Cing tuong tu nhuy pH = —lga,+, d6i

véi dung dich axit loang, dai lugng

Lg:
H, = ph, = ~lgh, = —lgay* ;— , (29.15)

duge gei la ham axit. Ham axit H, do Hammett dua ra nim 1932 nén cing dugce goi
la ham Hammett.

D6i voi dung dich lodang y, = 1, ygyt = 1 , khi d6 H, = pH., Nhu vy ham axit
H, téng quat hon chi s6 pH 4p dung cho dung dich-loﬁng.

Céch xdc dinh ham axit H, bdng phuong phap chi thi

Liy loga cta (29.13) va ltu y H = -lgh  (29.15) ta cd :

BH"
H, = —lgh, = IgK, — lg [—[-]—3]—] (28.16)
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; ' ) . BH' . BH"
Dé xdc dinh H_ cdn bigt ti s6 cac néng do —-—.__[ [B]] va k. Ti s8 [[I;]]
dinh bang cdc phép chudn d6, can k,, duge xdc dinh bing phuong phap chi thi nhy sau

cd thé xac

Hammett da chon cac din xufit cua nitroanilin lam ch4t chi thi va sip x6p chung
theo thi tu tinh bazg y&u dan.

Dau tién chon chi thj B, cd tinh bazo manh nhat, khi dd theo phuong trinh (29.11),
néng d6 H' sé nho nhét, do dg¢ trong hé thuc (29.16) ¢ thé coi H, = pH, va tu
{19.16) ta cg :

[BH']
[B]

Biet pH va ti s8 [BH*}/{B] ti thue nghigm ta tinh duge ky,.

Ti€p theo véi chit chi thi B, ¢d tinh bazo y&u hon, do dd theo phuong trinh (29.11)
H" s& c6 nong do cao hon. Lic nay H, # pH, do dd khong thé xdc Adinh k,, gifng
nhu trén. Trong trudng hop nay ki, duge tinh qua k,, da biét nhy sau :

[B] H+] V[;I T
[Bl] At ?[;1 ’

lgk,, = pH + Ig

Khl =

+ +
[ByH'T vy
[Bz] . aH+ sz

sz =

Zwont  Yput

Theo gid thigt cia Hammett

B, 7R,
| [B]  [BH']
do d¢ Kip = Ky x [BHT (B,
[B,H"]

Bigt K,, va B dya vao (29.16) ta tinh duge H cta mai trusng msi. Bang cach
2

nhu vay ta xac dinh duge H  cua dung dich axit cd nong d¢ [H'] tang d&n. Cac gia
tri H cla dung dich nudc cta axit sunfuric duge néu ra & bang 29.1.

Bang 29.1. Ham axit H, va H’y cia dung dich nirée coq H,50,

|

L H,50, % H, H'y H,50, % H_ H,
: 5 0,11 ~0,06 55 -3,91 -7,07
T -0,31 -0,69 60 -4,46 -8,13
15 -0.66 -1,28 65 -5,08 -9,13
[ 20 ~1,01 1,86 70 -5,80 -10,16
| 25 -1.37 ~92.46 75 -6,56 -
| 30 1,72 310 80 77,34 -11,84
" 35 2,06 73,82 85 814 -
! 40 -2.41 ~4,55 90 -8,92 -13,23
45 -2,85 -5,31 95 -9,85 -13,61
. 50 3,38 -6.15 100 122 -
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29.5.2. llam Hyp va ham H’g
Xét cAn bang cua arylcachinol va axit lién

(C4Hs);,COH + H”

—
-

(Cq HS)SC+ + H,0

hup trong méi trudng axit

2917

Dac diém clia phdn dng nay so vdi phan dng clia bazo B da xét 1a cung v8i su
proton hda ¢d mdt phan ti nudc bi tach ra. Cing nhu trén ¢ day ta co :

X 240 [Rl.ver 2o (99 13
- 29 . 9 13
b apop-ant  IROHL.ypon  agt
R a*  Yron .
) _ S 19
hoac ROH] ~ % a,, 7 (29.19
Lay loga 2 v& va néu ki higu :
a7 Yrou
H, = g — (29.20)
R Ay, 0 rR*
.y [R*] [RT) _
ta s& co Hp; = 1gK, —lg moH] -pK, — 1g [ROH] 129.21)
. , YROH
Néu ki hiéu HR = —lgaH+ . TRT {29 22)
N . = oK - 1B (29.23
ta sé o r = —pK, 2 TROH] 821, 0 .23}

Ham HR va H’R do Deno dua ra nam 1955,

Cac gia tri cia ham axit H  vda H'p cda dung dich

nudc cua stoq phu thuge vao

ning d6 duge dua ra O bang 23.1 va trén dé thi 29.4.

Tua hinh (29.4) ta c¢d nbhan xét khi néng
do H,SO, tang lén tit 0 + 100%, 1gC, chi
ting lén khoang mot cadp, con -H, tang 12
cdp, -H'; tang nhanh hon nua.

29.5.3. Quan hé giwa hdng 56 t6¢c dp phdn itng
vii cdc ham axit

Cing nhu trong phan dng xuc tac proton
x4y ra trong dung dich loang lgk phu thudc
tuyén tinh vaoc pH, ¢d thé chiing minh trong
dung dich axit ddm dic 1gk phy thude tuyén
tinh vao ham axit.

Truong hop I .
Gia thiét phan ¥ng x3y ra theo co ch€ ma

giai doan proton héa chit phan dng S xdy ra
tugng ty phan dng (29.11)

K
S + H® = SH" (nhanh)

k

SH* —> san phdm (cham) (29.24)

-14

Azt

4oL

sk

60 80

Ndng 48 H,S0,, %
Hinh 29.4.
5u phu thude cac ham axit H_ HYpova — 1gC
€, - néng dd mol caa H,80,) vao ndng a6
phin tram cla dung dich H,80, trong nudc.

100
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Téc d6 phan dng duge quyést dinh bai giai doan cham, deo d¢ ;

k, K.[S].yg.a,+

+

W = k,[SH']
Giai doan ddu nhanh nén ¢ th€ xem la qué trinh cin bdng vai
sy’ SH'] . ygy+
- ag.agt [S].75.a,+
K. [S].y..a,+
Suy ra [SHY} = v _?_ H do dé W =
SH

YsH

Mat khdc, phan «dng 12 bac 1 d6i v6i S nén W = k [8],

k =k, K ’s
= K.a,,+ —
2 H yg *

suy ra

Theo gid thi6t cia Hammett, n&u chip nhéan

thi tir (29.14) ta o :

h ’s
= a,,*+ ——
o H' ygu*

Igk

Lay loga phuong trinh (29.25) va
luu ¥ H, = ~lgH, ta nhan dugc :

lgk = lgk, K - H, (29.26)

Nhy vay lgk phy thudc tuy&n tinh
vao H_ v6i d6 déc cia dudng bi€u
dién bang -1.

D€ lam vi duy, trén hinh (29.5)
trinh bay dé thi lgk - H, d6i vai
phdn dng phan hidy trioxan xidc tdc
bdi axit.

Trudng hop IT :

Né&u gia thiét phan dng xdy ra
theo co ch& ma giai doan proton hda
chdt phan @ng x4y ra tuong ty phan
ung (29.17), ta cd :

K _
ROH + H* = R' + H,0

+ R
R" — s4n phém
Cing li lusn nhu trudng hop I, ta c6 :

(29.25)

YB

7sn* ~ Yput

1,0 0 -1,0 =20 -30 -4,0
Hinh 293

D4 thi 1gk - H_ cua phin iing phan hiy trioxan

duge xic tde bdi axit
0
e
Hztl: \Cle

O\ p — SHCHO
CH,

o - dung dich H,50, trong nudc

#~ dung dich HCI trong miéc

(nhal-lh}

(cham) (29.27)

W = kR
X ‘aR+.aH20 aHzO[R+]‘?R+
© egon 8yt ay* [ROHI .ypoy
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K.a,+ [ROH] . vpqy

[R] = -
A0 YR
¥ L&t
do ds W=k . K-~ [ROH] = k[ROH]
4,0 ¥R
YrRoti - 2p7
voi k=kK. ——
: 8,0 YRT
Lay loga cua 2 v& va luyu ¥ dén (29.20) ta duge
lgk = lgk,K - Hg ' : (29.28)
Nhu vay gk phu thu¢c tuy&n tinh vao Hy va db déc cta dudng bi€u dién lgk - Hyp
bang -1.

Xuc tde axit bazd trong dung dich 1a mét bd phan quan trong trong xtc tdc déng
thé. Li thuyét xdc tac axit - bazo dat duge nhitng thanh tuu ding k&, nd cho phép
giai thich duge phin 16n cac k&t qua thi nghiém, déng théi trong nhiéu trudng hop
cho phép du dodn khad nang xidc tdc cla chdt xuc tac axit - bazo. Sy du doan nay
dua trén méi quan hé giita hoat tinh xic tdc va lue axit hay luc bazo (hé thic Bronsted).
Xic téc axit bazo cing cd nhiéu dng dung thuc tién. CAc phan Ung di li quan trong
nhu déng phan hda, hidrat hda, dehidrat hda, thuy phan, amkyl hoa, este hoa v.v..
duge xic tdc bing céc axit hoac bazo. Mot s8 phan ing c6 th& xdy ra trong dung dich
loang, khi ¢6 thé diung pH d& dac trung cho do axit, m6t s6 khdc chi c6 thé xdy ra
trong dung dich dam dae, thudc do cha dé axit lic nay 12 ham axit.

Vi du di€n hinh cta xtc tde axit dam dac la phan #ng nitro hda cac hgp chét thom.
Trong mdi trudng axit manh xdy ra su proton hda axit nitric, tac thanh ion H, NOJ,

ion nay phan huy cham thanh ion NO; Ia tdc nhé&n nitro héa theo phan tng :
H,NO; — NO; + H,0

Trong moi trudng axit manh d4m dac, vi du hén hgp HNO, + H,80,, qué trinh tao
ra NO x8y ra nhanh va phan ng giita NO2 va hgp chét thom 12 giai doan quyét
dinh téc d6.

§30. XUC TAC PHUC KIM LOAI CHUYEN TIEP

30.1. So luge vé ciiu tao phic chit
30.1.f. Cdu hinh khong gian

Phic chét 1a nhitng hop chdt gém moOt nguyén tt hodc ion trung tam & giita (kim
loai)} duge bao quanh bdi cdc phdi t&. S& phdi ti xung quanh nguyén ti hoac ion trung
tam dugce goi 1a s6 phdi trl. S8 phdi tri vé nguyén tdc cé thé€ thay d8i td 2 dén 12.
Trong s6 ciac nguyén ti trung tam, cdc kim loai chuyén ti€p cé vai trd dac biét quan
trong, dd 14 cdc nguyén td cé 14p electron d hodc f chua diy. V& mat xic téc ngudi
ta quan tam dac biét dén cdc kim loai d chuyén' ti€p. Phic kim loai chuy&n ti€p c6
nhidu ¥ nghia d6i véi xdc tac vi cac i do sau :

- Kha nang hinh thanh lién két cia kim loai chuyén ti&p lon ;
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- Tinh da dang cta cdc phéi ti :
— Anh hudng cua phdi ti dén tinh chét cta phtc ;
- Kha nang bién déi hda tri (s6 oxi hda) ctia kim loai ;

1

- Kha nang bién déi s phéi tri.

Cédc cdu hinh khong gian thudn

trén hinh 30.1.

Theo li thuyét ciu tao, cac cdu hinh khéng gian d6 tuong dng véi cac ki€u lai hda

Hinh 301
C#u hinh kh6ng gian cta phitc kim loai chuyén tiép : _
a) bat dién ; b) Wi dign ; ¢} hinh chép ; d) ludng chép tam giac ; e) vudng phing.

cac obitan clia nguyén t® kim loai nhu duge trinh bay & bang 30.1.
Bang 30.1. Cdu hinh khéng gian va kicu lai héa

g gap cha phdc kim loai chuyén tiép duge trinh bay

C4u hinh khong gian Obitan tham gia lién két Kigu lai héa max
—Bét dién d,2 -y 42,8, p,, Pys P, d%sp> d®
1 T dién dxy, dﬂ, dy,s 8 By, Py, P, d’, sp’ g
—Luang chdp tam gide | 8, Py, Py, P, dxz_yz dsp3 g8
I Chdp vudng S; Px Py Py dxl_yl dsp’ a®
_Vuﬁng phéng S, Px» Pys d2_ 2 dsp? a®

Cét cudi cung ciia bang trén la s6 electron d. 161 da c6 thé co

loai. Cach tinh d_.. nhu sau :

X

Ldy vi du phdc bat dién. Vi cdc obitan cua kim loai tham
d€ nhén electron tit phsi t&, ¢ day dxz_y

Vi du trong phic ¢ dién Ni (CO),, Ni cé cfu hinh d!°

214

mit trong kim

gia lién k&t ¢ phai tréng
2 va d2 phai tréng, do d¢ dom = 10 -4 = 6. Vi
du trong phic bat dién Cr(CO),Cr c6 cdu hinh electron d° Mst vi du khac i phidc td

dién doi héi lai hda sp’, & day obitan d khéng duge sit dung, do do d_.=10-0 =10
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30.1.2. Phan loai cdc phéi i

Phéi tu 12 nguyén tl, ion hofic phan t¥ ¢ khd nang lién k&t phéi tri vai nguyén
td trung tam. D6i véi cde phdi tit khong véng cang cd thé phan loai nhu sau :
1. Céc phéi tu ki€u NH,, H,O ¢6 mot cdp electron khéng phan chia ¢ kha nang

tao lién két 6 véi kim loai, trong d6 phéi tit doéng vai trd cho electron {(bazg Lewis)
c¢on kim loai nhén electron (axit Lewis).

2. Cac phoi t kifu I, géc ankyl R ¢6 mét electron khong ghép doi, ciing véi 1
electron cia kim loai hinh thanh lién k&t 6. Nhu vay 1 electron cta kim loai chuyén
tU obitan khéng lién k&t sang obitan lién két, nghia 12 kim loai bi oxi hda.

3. Cac phdi ta kiéu CI°, Br™, T,
OH", cd hai obitan ddy hoac hon, cd .
kha ning tuong tdc v@i hai obitan
tréng cua kim loai nhu duge bi€u
dién trén hinh 30.2. O day obitan p,
ddy cda CI” tuong tac voi obitan
ck(z_yl tr_b’ng cha kim loai tac thanh

lién két &, con cbitan p, day ctia CI”
tuong tdc véi obitan dxy tréng cha
kim logi tao thanh lién k& =z hay
cdn goi 12 = cho d&€ nhdn manh viée
phdi ti cho electron.

Hinh 360.2.

Su hinh thanh lién k& ¢ va a cho gilta kim loai
va cic phéi i kidw CI”, Br , I, OH

4. Cac phéi td la cdc phan td ki€u CO, olefin, photphin, bén canh cic obitan day
con cd cac obitan tréng ¢6 khd nang tham gia lién ké&t véi kim loai.

Trén hinh 30.3 trinh
bay sd d8 hinh thanh lién
két gida kim loai va phéi
td C,H,. Trong trudng hop
nay obitan x ddy (gach
chéo) ciia etilen tuong tac

—

e

dyz . 42

7 phan lién két tréng cia

day - vOi obitan d -y trdng cia

9 kim loai tao thanh lien ket

C ¢ (khong déi ddu ham séng

:;///é % khi quay 180° xung quanh

S @ Ti + %? % X — truc Lién.két), con obitan
U

c etilen tuong tac vdi obitan

” @ | ddy d,, cia kim loai, tao

- thanh lién két x hay con

goi 2 « nhan hoac lién

Hinh 30.3, két chuyé&n ng'UOC electron

So dé hinh thanh lién két ¢ va « gida kim loai va phéi ul C,H,. dé chi viéc phdi ti nhan
Truc € - C thing goc vdi tryc kim loai - phéi tif electron tit kim loai.

Cing tuong tu nhu vy, so d6 hinh thanh lien két gita kim loai va phéi t& CO
duge trinh bay trén hinh 30.4. :
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W C -0 + §W‘C—ogz

lien két o lien k&t o liten két o /7
(a) (b} (c)
Hinh 30.4.
56 d6 hinh thanh lién két o va x giita kim logi va phéi tf CO.
M~C-0O mdm wen mét duong thing.

O day lien két 6 duge hinh thanh do sy xzen phu giita obitan ¢ tréng cua kim loai
v8i cap electron khéng phan chia cla nguyén ti cacbon, con lién két » duge hinh thanh
do sy xen phd giita obitan diy dx}r cua kim loai v4i obitan tréng z* cia CO.

Khi trd thanh ph6i ti trong phic, d§ bén ctia cde lién k&t C = C va C = O giam,

dé 1&4 vi mat d6 electron trong cdc obitan lién két ctia cdc phan ti niy gidm, trong
khi d6 mat do electron trong cac obitan phan lién k&t tang. Diéu nay duoc thé hién
qua tidn s6 dao dong. Ching han d6i véi phan tt CO ty do v, = 2143cm™, con déi
vai cdc hgp chit cacbonyl nhu (Cr(CO),, Fe(COPIP(C, Hs)s)y veg = 1800 + 2100 em™!
(liéen két cang bén thi v cang lén). Day la mot nguyén nhan gay ra hiéu dng xtc tac
cla cac phic kim loai chuyén tiép. '

Ngoai ra cdc phdi tit ¢ néi d6i lien hgp nhu butadien, cac hgp chit thom 13 cdc
cdu tric cdng hudng dugc xay dung tif cdc obitan P, cd ki€u d8i xing cua lién két x,
¢6 kha nang tao lién k&t x nhin véi kim loai.

Photphin cling 12 mét ph6i tt phd bién trong cdc chédt xdc tac. O day cap electron
khong phan chia cua obitan lai héa sp’ cua photpho tham gia lién két 6 vdi kim loai,
con cac obitan d tréng cua photpho nhan electron tit kim loai tao ra lién k&t 7 nhan.

30.2. Cac phan ing xic tac phic kim loai chuyén tiép

Théng thudng cdac qud trinh xuic tic phic kim loai chuyén ti€p bao gém cédc phan
Ung co ban sau day : trao d8i phdi tt, cong oxi héa, dich chuyén phéi td (phan dng
xdm nhép) va tich khia. - '

30.2.1, Trao d6i phéi ti

Trao d6i phéi td la bude ddu tién dua phan td phan d@ng vao trang thai hoat dong.
Giad thiét cd phan dng gita 2 phan t& A va B duge xde téc bdi phdc co kim ML
trong dé M 124 kim loai, L 1a phéi t&. Su hoat hoa bat dau khi A va B tham gia vao
cdu phéi tri cia phic, do dd ddi héi phitc phai gidi phdng 2 phéi ti L theo so d& :

ML, — ML, [, + 2L '

a day [ ki hiéu vi tri frﬁng ph6i tu, ti€p d6 A va B thé vao 2 vi tri trong, tao
ra phic ML, AB.

30.2.2. Phdn ting céng oxi héa va tdch khi

Né&u phéi td trao ddi 13 cac phan tu trung hoa ki€u CO, C,H, thi khi cong vao
phic nd khong lam thay déi ding k€ méat do electron cia kim loai trung tim, nghia
12 khong lam thay déi s6 oxi héa cia kim loai. Diu nay phdn nao tuong ty nhu sy
"hdp thy khéng phan li" trong xtc tdc dji thé.
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Ngude lai, néu phdi t I1a cdc phan ti khi cong hgp vao phdc kém theo su phan li,
vi du H,, HI, CH,I thi kim loai cdn phai cung cip 2 electron d€ ti&€p nhan 2 phéi tu
nghia 1a kim loai bi oxi hda, va s§ oxi héa ctia nd tang 2. Trong trudng hop nay phan
ung duge goi 14 cong oxi hda, c6 phén nao twong tu nhu sy hip phu phan li trong
xuc tdc di th&€ va duge bifu dién trén hinh 30.5.

o »’L I.?'"L
1,— M':(n+ —L + AB cOne oxi hoa L IG[(n + 2)+A
/o v /|
L L
Hinh 30.5

Ngudc vai phan ung céng oxi héa l1a phan dng tach khit trong dé 2 phdi tit A va
‘B két hgp véi nhau va tach ra khéi phdc va s6 oxi hda cia kim loai giam 2. Phan
ung tach khu la giai doan cufi cung tach san phd&m cua chu trinh xic tac. D€ dé hinh
dung phan dng tach khd ¢6 thé biéu dién bdi so d8 don gian nhu sau :

H

|+

+
M" —R—M""2 +RH

Vi du vé& phan iing cdng oxi hda : phic Vaska IrX (CO) (PPh,}, ¢6 kha nang cong
cde phan tu bé nhu H,, HX, O,, X, chuyén thanh phidc bat dién Ir (III) (xem hinh 30.6).

H
Ph,P Cco Ph,P H
H
/ Irl/ -—1» / Irm/
/ -
X — PPh, X ~ PPh,
{Ph = phenyl) - CO

Hink 306

Vi du vé phan tng tach khi¥ : Phan ing hidrofomyl hda (tng hop oxo) dude xic
tdac bdi phic coban :

cong tsch kil .0
Col(COR)(CO), L + H, —--—» Co'!"H,(COR)(CO), L RC\H + Co'H(CO),L

oxi hda

30.2.3. Phdn iing xdm nhédp va dich chuyén phéi tir

Day 14 phan dng co bin eta moi qua trinh xdc tdce dude bi€u difn bdi su 45 :
A K
Ir\f[— B — M- BA
trong dé mét phdi tit (B) x4m nhap vao gifa kim loai (M) va mét phdi ta khac (A)
Phan dng x4m nhép cd thé€ thuc hién qua trang thai chuyén tigp 3 canh, vi du
phan ¥ng xAm nhép phdi td CO (hinh 30.7).

*

R,
CR, C
I FanY a ~CR,
— M-CO = -M---CO = — M-C
I ! Hinh 30.7 !

217



.2
o

&S

Phan dng cing cd th€ thyc hién qua trang thai chuy&n ti€p 4 canh, vi du trong
qua trinh trung hop Ziegler -~ Natta xAy ra phan dUng sau day (hinh 30.8).

H H H H
. C
CR3 C g:i ----- C | R;
1I\{I [l = ! = HCH
| _M.. C v &
H H | H H ‘ '
H H
Hinh 30.8

Céc phan dng trén goi 1a phan ng xam nhép cis vi 2 phéi ti ¢ lién quan nam canh
nhau trong cdu phdi tri. Trong phan dng trung hgp Ziegler-Natta, § trang thai chuyén
ti€p 4 caph ta thdy rang kim lcai M va géc ankyl CR, lién két vé mot phia cha néi doi
C = C, ching nam trong mat phang tao bdi cAc obitan lién két 6 vi n cua etilen.

30.3. Xuic tac phic kim loai chuyén tiép trong céng nghiép
Hién nay xidc tdc phuc kim loai chuyén ti€p duge st dung 4 quy méd cobng nghiép
trong cdc quy trinh chd y&u sau day :

Oxi hda etilen thanh axetandehit (qua trinh Wacker), tdng hop vinyl axetat, téng hop
s0x0 {(hidrofomyl hda oclefin), cacbonyl héa metanol thanh axit axetic, triung hygp cao phan
1 (xic tAc Ziegle - Natta)

30.3.1. Qud trinh Wacker

Dd la quy trinh oxi hda etilen thanh axetandehit duge xic tdc bdi dung dich mudi
PdCl, khi ¢d mat CuCl,. Phan d¢ng x4y ra theo so dé téng cong :

C,H, + H,0 + PaCl, — CH,CHO + Pd + 2HCI
Pd + 2CuCl, — PdCl, + 2CuCl
2CuCl + 1/20, + 2HC] - 2CuCl, + H,0

C,H, + 1/20, — CH,CHO
Co ch& phén dng dugc mé td nhu sau : ion PdCli_ khi ¢é mat etilen tac ra phic

n PdlIl - olefin ¢ cdu tric clia mudi xede, phic nay thiy phan tao thanh axetandehit
thinh 30.9

Cl~ Cl™ OH,
5, CH, -1 <. CH, +H1,0 /. CH;
CI'—Pd**—CI” + | —s  CI—pa*"—| . CI—-P&—]|
/ CH, CH, o CH,
cr- Cl- cl-
QH" OH . OH, -
THO . CH, . C +H,0 X
— CI—Pd*"—|| " —s|CI—Pa?"—] — | CI"—Pd**— CH,- CH,- OH| —,
10" / CH, /T CHy 4
: cr cr cr”

x

7
— Pd® + 2CI" + H,0" + CH,-C-H
Hinh 309
Phén dng x4y ra & khoang 110°C, Satm, moi trudng nudc, hiéu suit 85%.
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30.3.2. Téng hop vinyl axetat

Ciing voi hé xic tic PACL,/CuCl,, tif etilen vA axit axetic ¢d th& thu duge vinyl axetat
theo so0 d6 t8ng cdng.

0O

7 7
I,C = CH, + CH,C  +PdOlL; —> CH,C + Pd + 2HCI
OH NOCH=CH,
Pd + 2CuCl, — PdCl, + 2CuCl
CuCl + 1/20, + 2HCl —> 2CuCl, + H,0
0 0
/ 7
H,C = CH, + 1120, + CHQ — CHy=C_ + H,0
OH 0-CH =CH,

Vi sin phdm cia phan dng 13 nude, cho nén qua trinh Wacker cing xay ra cho sdn
phdm phuy la axetandehit.

Co ché phan ung dugce gia thiét tuong tu qua trinh Wacker ma sy hinh thanh phic
i, sau d4d chuyén thanh phuc 6 ¢d thé mé6 td nhu sau (hinh 30.10).

/\‘c- CH,
cI- o 0 ;120 0
" CH, A9 . CH, +11,0 [
ClI—Pd?*—|| ~ + CH,¢. -~ CPd**—|| % CI"-Pd- CH,CH,- O- C- CH,
/ - CH, ~o /  CH, /
Cl cl” cr
Hinh 1010

Qua trinh ti#n hanh & khoang 130°C , 30atm, moéi trudng nude.
30.3.3. Ting hop oxo (hidrofomyl héa olefin)

Tdng hgp oxo con goi 1a hidrofomyl hda olefin 12 qua trinh tdng hgp andehit mach
thing va mach nhdnh ti olefin, CO va H, theo phuong trinh phdn tng.
CHO

|
RCH = CH, + CO + H, — RCH,CH,CHO + RCHCH,

(mach thing) (mach nhanh)

Thuat ngit téng hop oxo cd nghia 1a k&t hop oxi vao ndi déi, khong chinh xic bang
thuat ngit hidrofomyl hdéa, cé nghia la két hop nguyén tit H va g6c fomyl CHO vao
ndi d6i. Phan #ng nay duge Roelen (Ddc) tim ra nam 1938, duge thuc hién & quy md
cong nghiép rdt 16n (4,56 triéu tdn andehit/nam hién nay) nhd st dung cdc chat xic
tac phic cia coban va rodi. Olefin duge ding chi y&u la propilen. S0 véi xtc tde coban
thi xtc tdc rodi cho phép thuc hién phdn dng & diéu kién mém hon (80 — 100°C,
15 - 25atm) va cho san phim cé chét lugng t8t hon (ti 1& andehit mach thadng /mach
nhanh cao hon nfiso 10 + 14/1)

Co ch€ téng hop oxo bang xic tdc RhCIH(CO)PPh,), duge trinh bay & trén hinh
30.11. Tay diédu kién phan ing cd th€ xdy ra theo co ch&€ phan li hoac co ché€ két hop.
Nhin vao so d6 ta thdy dudng di cia phan dng phu thudc vao cAn bang giita cac phic
XII, IV, vd V. Néu PPh, du, cAn bang chuyén dich vé phia tang néng d6 phic IV thi
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(I} Pth-—Fh-—CO
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Hinh 30.11.

Cd ché 18ng hop oxo dude xic téc bdj phifc photphyl cia rodi.
D& don gidn chi dua ra co ché hinh thanh andehit mach thing (Ph = phenyl)

phan ing cha y&u x4y ra theo cd ché goi la keét hgp v6i chu trinh IV, XI, VIII, IX,
XII, III, IV. Néu néng d6 PPh, qui du thita thi can bing sé chuy&n dich vé phia tao

ra phitc XIIT lam cho téc do phdn dng giam xuéng.

Cac phdc hinh thanh do sy cong hop olefin (VI va XI), nhanh chéng chuy&n thanh
cde phdc ankyl VII va VIII, Tiép theo 1a phan d¢ng xam nhap va dich chuyén phsi ti

CO tao ra phic vuéng phang IX, phic nay cong oxi héa vdi H,
d6 Rh cd s6 oxi hda 3. Tiép theo la phan Ung tdch khd, san

tach ra va phdc III, trong dé Rh cd s6 oxi hda
hidrofomyl hda ti 18 CO/H, bang 1

1 duge phuc héi.
: 1. N&u CO du thita c6 thé dua dén viée tao ra

tao ra phde XII trong
pham la andehit dugc
Trong phan tng

phic X, diéu nay giai thich tsie dung tc ché cia CO d6i vai phadn ng.
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30.3.4. Cacbonyl héa metanol thinh axit axetic
Phan dng xay ra theo phudng trinh CH,0H + CO — CH,COOH

Phan dng x4y ra & nhiét d§ 150 - 175°C, 4p sudt 1 - 15atm. Phan dng xay ra
trong dung dich v6i sy ¢d mat cia CH,I déng vai trd chdt xdc tin, chat xuc téc la
phic rodi, RhCI(CO)(PPh,}, hoac anion Rh(CO),I;.

Co ché phan ing ¢d th€é moé ta bdi chu trinh sau day.

CH,COOH
CH,O0H (3 CH,I

r

I~ Rh -CO () o
CH,COL | L,
co "= RK — CH,
g
oc” co

. / i2)
(4) II I

AN
ocC 0
11 , /I /\ Co
I'—Rh.C .CH,4 {3)
A1 N
CC CO o
Hinh 30.12,

Ca ché cachonyl hdéa melanol thanh axit axetic.

(13 Cong oxi héa CH,I vao anion philc Rh(CO), Iz_

(2) Phan ing xam nhap CO vao gida lien k& Rh ~ CH,.

(3) Lién két CO vao philc.

(4) Phan fing tach khit CHH,COI va phuc hdi phitc Rh(CO), 1,

{5) CH,COl + CH,0H — CH,COOH + CILI

So vai chdt xtc tdc Col, dung trudc ddy trong diéu kién phan wng 210 - 250°C va

470 - 670 atm thi xdc tidc phic rodi hoat déng trong diéu kién mém hon cho phép
bt dap gia thanh cao cta chdt xac tac. Voi viéc metanol trd thanh nguyén liéu cong
nghiép thi day sé la phuong phap chi y&u sdn xuft axit axetic.

30.3.5. Phdn ting tring hop a-olefin, xic tdc Ziegler Natta ditu hoa lip thé

Theo dinh nghia chdt xtGc tdc Ziegler 1a nhitng hé bao gém hai thanh ph&n, mot la
cdc ankyl, hidrua hoac halogenua kim loai nhdm I - III, hai & cdc mudi kim loai
chuy&n tiép nhdm IV - VIII. Chit xic tdc Ziegler cd th& la nhitng hé déng thé hoac
di thé. Nhing hé cd hiéu qua v duge sit dung rong rii trong cdng nghiép hién nay,
dic biét dé didu ché& polipropilen dang isotactic 14 hé di thé trén co sd cac mudi titan.
Mot trong nhiing hé dé 14 «TiCly; + ANC,H,); hodc Al(C,Hq),Cl

Tuy 1a hé di thé (aTiCl; & dang tinh thé) nhung co ch€ phdn dng rdt gln véi céc
hé ddng thé, do d6 ta cd thé xem xét ¢ day.

V& cdu hinh khéng gian polipropilen cd th€ tén tai & 3 dang khdc nhau : atactic,
sindiotactic va isotactic nhy duge bi€u didén trén hinh 30.13.
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Hink 30.13.
Cac cau hinh khic nhau ciia polipropilen khi trung hop thing theo kidu "diu g dubi’.

3 dang nay giéng nhau o ch8 cdc monome sdp x&p theo kiu dau ndi dudi. ¢ nghia
la cacbon bdc 3 (chia nhdm metyl) néi vao cacbon bac 2 mdt cach déu dan, nhung
khdc nhau & sy dinh huéng cia nhém metyl. O dang atactic nhdm metyl huéng vé 2
phia cia mach cachon mét ciach ngiu nhién ; & dang sindiotactic nhém metyl hudng
vé 2 phia cta mach cacbon nhung theo mot trat tu nhét dinh ; ¢ dang isotactic nhém
metyl chi hudng vé mét phia cda mach cacbon. Uu viét cua chdt xic tac Ziegler -
Natta 14 nd cho phép thu duge polime & dang isotactic cd tinh diéu hoa lap thé cao,
do dd cd tinh chét co li t6t hon (d6 tinh thé& cao hon, kh6i lugng riéng va modun dan
hél 16n hon...j

Dudi day ta khéo sit phan Ung vdi hé xuc tdc aTiCl, + Al(C,H.),, phan dng dugc
ti€n hanh trong dung dich, dung moi thudng 1a n - hexan, bot aTiCl, ndm & dang
huyén phi, nhigt d6 phan dng 756 - 120°C, 4p sudt khodng 10atm. Cg ché phan iing
do Cossec va Arlman dé xudt (1964), cho dén nay duge xem la hop li nhit, e6 the tém
tat nhu sau. Phan d@ng trung hop la phan ing xAm nhép cis xay ra 'trén cdc trung tam
bé mat TiCly. Ion Ti** trong tinh thé TiCl; nam & trang thai phdi tit bat dién, nhung
vi ¢ trén bé mat nén né dugc bao quanh bdi 5 phdi ti CI” con mot phdi td tréng. Su
trac doi phdi tu vai ANC,;Hy), x4y ra qua phic cdu trung gian theo so d6 (hinh 30.14).

_ CH
ICI on B Hslcz cr
. . . % ol
- m3t 3+ s - :3
Cl— Fl O + AlC,Hy), _’%Tl‘\ AT Cl:* 'ITI ‘a-+ Al(C,H,),Cl
oo o o
Hinh 30.14
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Tiép dé olefin tdn cébng vao vi tri tréng tac ra phdc n, rdi phdc n chuyén thanh
phic 6 nhd phan dng xam nhép cis :

CH,  _ K
“ v Cl Fl
.«° 7 CH, C,H,.. CH, 0
Ci— T || — | — --Ti**—CH,CH,CH,CH,
e | (_1].12 _— Ti3++—- CH2
crm o d
(phiic =) (phic 6)

Hink 3015

Két qua thu duge nhdm ankyl dai hon & bén canh mét vi tri tréng trong cau phdi
tri cia Ti. Phan dng lai lap lai nhu trén vdi su tao thanh mach polime ngay cang dai
han lién k&t v6i trung tém Ti trén bé mat.

Trong qud trinh nay ngudi ta ding hidro d€ diéu chinh d6 trung hop vi hidro tham
gia phan dng ddt mach :

a . [ e
__/_rIl‘i_—CnHZnH + H, H;TI_H + CnH2n+2

Co ché trén cho phép giai thich duge nhiing nét co @ R
ban cia qua trinh trung hgp clefin ndi chung. Tuy nhién /,11
dé giai thich dugce tinh didu hoda lap thé cda xuc téc | I
Ziegler—-Natta trong viéc trung hgp propilen (polime 9§ @ O
dang isotactic) thi con phdi dua vao cdu tric khong gian I
cua TiCl, va higu dng khong gian cia viéc dinh hudng / |
phan t& monome lén bé mat. Cdu phdi tri cha phic xdc @
tac trén b8 mat dugc biéu dién trén hinh 30.16. @

Theo mé hinh cua Cossee, do sy vudng khéng gian Hith 30 16
khac nhau, hai vi tri I va 1l khong tuong duong nhau. ppie xic tac wen bé mat a - Tict,

[ 1a vi tri tdn cong cia monome, con 1113 vi tel cia nhédm R - nhom anky) (mach polime) .
ankyl (mach polime}. N&u R bugce phai chuyén sang vi tri T~ v w1 wong phé wi

1 do k&t qua cua phan dng xam nhap cis thi nd s& nhanh

chong tré vé vi tri 11 (sau khi dugc néi thém 1 monome) va I duge giai phong dé tiép
nhan monome ti€p theo. Nhu viy monome ludn t4n ebng vace 1 vi tri xac dinh trén
bé mat tinh thé. N&u monome la propilen thi doi hoi trén c¢d th& bidu dién bsi so dé -

CH, b CH, CH,
— | -
(In (I (1 (I}

Khi td&n cong vao vi tri (I) phan ti propilen dinh hudng sao cho khi hinh thanh
litn két 6, nhdm CH,; nam xa kim loal. Chang han trong hai cach dinh huéng sau day :
. Ti-CH,CH-R

CH,

-

|
Ti-R + CH,=CH _ CH,
[
Ti-CH- CH,~ R
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thi cdch (a) 1a thuan Igi hon, it vudng khong gian hon, diéu nay giai thich tinh trat
ty "ddu n&i dudi" trong qua trinh tring hop.

Dé nhan dugc polime cd dang isotactic, ngoai su djnh huéng clla monome theo truc
lién két Ti-C-C thi nhdm CH; cdn phai dinh huéng vé phia xdc dinh cta mach cacbon.
Chang han trong hai cich duéi day (hinh 30.17).

CH, CH,
CH, T | Tt
s ?“CHZ-—(Ti)--—--}C\ va \/'\/—-(ij—CHf— (Tiy~ - - ;C‘
H CH, H H H CH,
(a) (b)

Hinh 3617

nhém CH, chi dinh huéng theo cach a (hinh 30.18).
Diéu nay cé nghia 1a khi nhém CH, t8i gén phéi
tu X cta Ti it giy can trd khong gian hon so véi X H CH,

phéi tit Y (CH,; hutng vé phia X) ,/("\'
Nhu vay, uu di€m cia xic tac Ziegler- Natta ,Ti_ T _IC H

la nd tao ra dwge nhitng trung tim cd efu hinh ; ’ H

khéng gian xdc dinh, cho phép monome t&n cdng CHy - F = =/ CHy

vao nhing vi tri xéc dinh vita theo true lién két, \

vita theo vi tri nhdm thé& xung guanh truc lién két. Y H

Diéu d6 dua dén sy tao ra sin phim polime cd

cdu trdc isotactic digu hoa lap thé. Hinh 3018

Su dinh hudng cla nhom CH, cia propilen
trong phifc xac 14¢ theo cach (a) khi X
it can 1rd khong gian hon so véi Y.

§31. XUC TAC ENzZIM

31.1. Tinh chat chung va phan loai

Nam 1926 Sumner két tinh dugc ureaza (enzim thiy phan uré) va ching minh do
la protein tinh khiét. Tt d6 nhiéu enzim khac la nhifng protein tinh khiét hay cha
y€u la protein dugc phat hién.

Enzim con goi 1a feemen la nhing chat xdc tde sinh hoe.

Enzim hoda tan trong nudc, dung dich mudi loang, dung dich rugu loang, khéng tan
trong dung dich rugu dac, c¢6 thé két taa boi axit picric.
Enzim ¢6 c4u tao mach polipeptit :

—NH— CH-- CO-- NH -+ CH—C0_- NHL CH+CO- NH—

e - - ] - e . - e =
| i |

R R R

trong d6 nhém ~CO-NH- hinh thanh mach peptit. Khi bi thiy phan cde axit amin
NH,-CRH-COOH sé dugc tdch ra, ban chdt va sé lugng ctda ching trong mot phan -
_ ti enzim cd thé xde dinh dugc ; tuy nhidn visc tim ra cach sdp x&p chung thi rat
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phic tap. Ndi chung dai phan td enzim c¢6 thé ¢ hai dang : dang sgi va dang cdu.
Enzim ¢6 kich thuéc 16n nén khd khuéch tdn qua mang. Khéi lugng phAn td enzim
thudng <& 30.000 = 80.000 nhung cing cd thé bé hon hoac ldn hon gidi han dd.

Nhém R trong phéan ti enzim ¢6 th& la - COOH, - NH,, - OH nén khi thdy phan
xay ra phan dng :

~COOH + H,0 = -COO™ + H,0* (pK = 4)
-NH, + H,0 = -NH] + OH" (pK = 9)
-0OH + H,0 = -0 + H,0" (PK = 10)

Tuy thudc pH cia mdi truong phin ti enzim sé tich dién khac nhau. Khi dién di
trong moéi trudng axit, phén tt chia nhdm COOH va NH;’ s& chuyén vé cuc &m, trong

. moi trudng kiém phan ti¥ chda nhém NH, vd COO™ sé di chuyén vé cyc duong. Gia

tri pH ma tai d6 [NH;] = {COO7] dugc goi la diém dang dién,

Enzim c¢ hoat tinh xuc tdc cuc dai khi méi chiét ti sinh vat. Khi ding yén, dac
biét dudi tdc dung cua nhiét, axit, kiém v.v... thi hoat tinh xdc tdc gidm dan, hién
tugng dd goi 14 su pgidi hoat hay sy bién chit.

Cdc enzim nhu pepxin, ureaza la protein tinh khit. Tuy nhién nhiédu enzim khéc
gém hai nhém chinh : nhdm protein, con goi 12 apoenzim, va khéng protein, con goi
la prostetic. Néu nhém prostetic lién k&t khéong chat v6i nhdm apoenzim va dé& tach
ra thi duge goi 1a coenzim. Né&u 12 ion kim loai duwge gin vao thi goi la chdt kich hoat
(khong goi la coenzim). Nhém protein cd thé tdch khéi prostetic bing phuong phap
ludng phan : nhdm protestic di qua mang c¢bdn protein & lai.

Vi du v& coenzim la cdc vitamin hoac cdc nucleotit don gian nhu adenozin triphotphat

(ATP).

Vi du vé nhom prostetic la hematin gdn chat vdi protein 1am thanh enzim catalaza
(men phén hay H,0, thanh O, + H,0).

Hoat tinh xGc tdc enzim thudng rdt cao vd duge ddc trung bing s6 vdong quay N
téc 12 s6 phan t¥ phadn dng trong 1 phut dudi td¢ dung xic tdc cha 1 phan td enzim.
Vi du d6i v4i enzim catalaza N = 5.10°

Khong phai ca dai phan tit enzim ma chi mét nhdm nguyén td trong dé tham gia
litn k&t vdi chat phan dng dé€ hinh thanh phic trung gian. Nhdm nguyén td nay duge
goi 14 trung tam hogt dong xic tdc. Khi ¢6 miat chdt tc ché, cdc trung tdm nay bi
che 1dp lam cho hoat tinh xuc tdc gidm. Dya vao phuong phdp dc ché ngudi ta cé thé
xdc dinh duge s§ trung tam hoat dong trén mot phdn t0 enzim.

Vi du khi cho enzim chimotripxin (ki hiéu la X - H) tac dung vé&i diisopropyl

florophoiphat (DFP) thi k&t qua phéan tich cho thdy 1 phan ta DFP két hgp vdi 1 phan
tt chimotripxin :

P + X-H —— X—P —0 + HF
7N /
i-C,H,0 F - 0-C,H,

Khéi lugng phan td enzim chia cho s8 trung tam hoat dong dude goi 1a khéi lugng

k&t hyp. Khdi lugng két hgp cia cdc enzim khdc nhau khdng sai léch nhau nhiéu (xem
bang 31.1). : '
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Bang 31.1. Cdc ddc trieng cia mét 56 enzim

Enzim Kh6i luong phan i :;ngt?;a:"?g Khéi llf;:png két |
|~ «-Chimotripxin 22.000 - 27.000 1 25.000
Tripxin 17.000 — 20.000 1 18.500
Cachoxypeptidaza 34.400 1 34.400
Cholinesteraza - 2 - 3 tridu 20 - 100 30 - 80 nghin
Ureaza 483,000 3 -4 140.000

Dac di€m ndi bat cha xic tdc enzim 1 do chon loc cao. D9 chon loc o6 thé la tuyét
déi, vi dy nhu enzim ureaza chi xic tac phan {ng thuy phan ure :

NH,CONH, + H,0 — 2NH, + CO,

enzim nay khong cd tdc dung ngay ci véi su thuy phan metyl urs CH,NHCONH,. Su
chon loc ciing ¢6 th€ md réng trong pham vi mdt nhém phan dng, vi dy : enzim
pepxin ¢é tac dung thiuy phin mét s6 mach peptit, enzim lipaza ¢d tac dung thiy phan
lipit va cdc este khac.

Su chon loc ciing cd thé 1a lap thé, vi du 'céc enzim proteaza chi ¢d tac dung vdi
mach peptit gdm céc ait amin & dang L.

Phan logi. Nguti ta thudng phan loai enzim theo phdn dng ma né xic tac. Triu
nhiing tén goi théng thudng, tén goi enzim thudng e dudi aza. Dudi day néu mét s
vi du di€n hinh.

1. Enzim thay phan, xic tdc cho phan idng thiiy phan :

AB + H,0 — AOH + BH
a) Enzim proteaza xidc tdc thiy phan mach peptit :
-CO-NH- + H,0 — -COOH + -NH,
Cac enzim pepxin, trypxin, chimotryxin, cacboxypeptidaza thuéc nhdm nay.
b} Enzim cachohidraza xidc tdc thiy phan mach glucozit :
| 2C0—0-CZ + H0 — 3C—O0H + HO—CZ

Vi du enzim sucraza thiy phan dudng sucro thanh dudng glucozd va fructozd.

¢} Enzim esteraza thiy phan este thanh axit va rugu :
0 0
_¢or + HO —> _8_ou + ron

Vi du enzim miozin hay ATP - aza thily phan adenozin triphotphat (ATP) thanh
adenozin diphotphat.

d) Enzim giai amin (deaminaza), enzim giai amit (deamidaza) xdc tac thay phan
cac amin va giai phéng NH, :

~ ~—

;C—NHZ + H20 —_— 7C—OH + NH3
i

—C~NH, + H,0 — —COOH + NH,
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Vi du enzim ureaza thiy phan uré :
NH,CONH, + H,0 — CO, + ZNH,
2. Enzim oxi hda, xide tdc cho phan ing oxi hda.

Vi du enzim dehidro hda (dehidrogenaza) oxi hda axit lactic thanh axit piruvic theo
phan dng :

CH,CHOHCOOH + Col — CH,COCOOH + H,Col
(axit factic) (axit piruvic)
3. Enzim cdng hgp, xiuc tdec che phdn dng cdng hop .
A+ B — AB

Vi du enzim fumaraza xic tdc cho phan Ung cong hgp nudc vdi axit maleic thanh
axit fumaric :

HOOC-CH=CH-COOH + H,0 — HOOC-CH,~-CHOH-COOH

(axit maleic) (axit fumaric)

31.2. Dong hoc phan ing xic tic enzim

Téc do phdn dng xuc tdc enzim phu thudc vao chét xic tdc va chét phan dng, pH
méi truting, nhiét dé. Dusi day khao siat cde dang phu thuée do.

31.2.1. Anh huwdng ciia ning dé

Sy phu thudc téc d¢d6 phan Ung vao
néng dé chat xuc tac thudng cd dang

nhu duge bifu dién trén hinh 31.1 ; W.10%mells W = ko{E,
4 néng d6 thip tdc ddé phu thudc 020 b o—
tuyén tinh voi néng do6 chdt phan
ing, con & néng dé cao, tdc 46 khoéng 0.15
phu thuéc vao ndng do. Dang phu =
thudée nay duge Michaelis vA Menten 0.10
{1913) giai thich trén co sd co ché& 0.05 F
sau day : s | J
K, 0.1 0.2 0.3 [S1.10°moln
E+8 =ES
k, Hink 311
Su phy thude t6c do phin Ung viao ndng dé chit phan dng
ES — E + P (phan Ung thiy phan adenozin triphotphat xic 14c bdi miozim)

0 day E vA4 S5 - enzim va chit phdn dng, P - san phdm phan dng va ES -~ phde
giita enzim va chit phin iUng. Ap dung nguyén li ndéng do dn dinh véi ES ta cd :

k,{EI[S] - k', [ES] - k,[ES] = 0 (3L.1)
Vi enzim cd thé & dang tu do E va d dang phic ES nén ndng d6 chung cta nd la :
(El, = [E] + [ES] (31.2)
Ké&t hgp hai phuong trinh (22.1) va (22.2) ta dugc :
k,([E], - [ESDIS] - (k'; + k,}ES] = 0 (31.3)
k’ [E] [S]
Suy ra [ES] = (31.4)

k', +k, + Kk [S]
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vid téc do phan dng :

k, k,[E],[S] |
W = K,[ES)] = m—] 31.5)
k,[E]_[8S]
= E:'Tz_—_ (31.6)
k, + [5]
k,[E] 8] . ' ]
= m (31.7)

D¢ 1a phuong trinh Michaelis - Menten. Trong phuong trinh nay K, = (k') + kk,
duge goi la hadng s6 Michaelis.
T phuong trinh (31.7) ta thdy néu [ 8] « K, (néng d6 bé) thi :

kZ[E]()
W = K [S] (31.8)

m

nghia la téc d6 phu thuse bac nhdt vao néng 4o chat phan dng. Nguge lai n&u [S)
> K (néng d¢ 16n) thi :

W = W = K[E] (31.9)

nghia 13 téc do khong phu thusc néng d6 chit phan dng Tom lai phuong trinh (31.7)
cho phép giai thich dang dudng biu dién hinh (3.1

Cich xdc dinh hing s6 trong phuong trinh (31.7) nhu sau :
Céch 1. Thay ky [E], = W, ti (31.9) vao (31.7) ta duge :
W [S]
W = _IZmT[S_] {31.100

khi [S8 ] = K_ thi W = W./2. Do dd theo d8 thi (31.1) nong d6 tuong ung vai tée
d6 W = W_/2 chinh 1a K_.

LAy nghich dac phuong trinh (31.10) ta duge

WS W B Y wo (31.11)

w

8]

Hink 31.2. Hinh 313,
D6 thi 1/W-1/[S] (theo phucng trinh 22.11) D6 thi W/[S]-W (thco phuong trinh 22.12)

228



o

Néu dung d6 thi I/W phu thudc 1/{S] (hinh 31.2) thi do d6c dudng bi€u dién bang
K /W_, do dé bigt W _ cing tinh ra duge K, con doan cét ctia dudng bi€u dién voi
truc tung chinh la /W _ = 1/k, [E], , do d6 néu biét [E]; suy ra duge k.

Céch 2. Chia tit s6 va miu s8 phudng trinh (31.7) cho K, sau vai phép tinh don
gian ta cd :

w_.-L W+E (22.12)
s1° 7K, K, e

N&u dung d6 thi W/[S] phu thuée W (hinh 31.3) thi d¢ déc dudng biéu dién béng
-1/K, , doan cht trén truc tung bing W _/K . con doan cAt trén truc hoanh bang W_.

31.2.2. Bién thién nbng 46 theo thiri gian

Xét trudng hop don gidn nh&t khi chi ¢ mat mot chdt phan dng va gia thiét phan
dng trén tuan theo phudng trinh Michaelis - Menten (31.7). Goi a la ndng do dau,
a - x la néng do & thdi difm t cda chéit phan @ng ti phuong trinh (31.7) n€u nhan
tit s6 va miu s6 voi K = /K va thay W = dx/dt, k, {El, = W ta duge :

dx Wm -K(a —X)

_ (31.13)
dt 1 +K(a—x)
— d —
Néu néng do dauw bé (K.a « 1) ta ¢d : E,E = W _K(a — x)
Sau khi ldy tich phan duge :
= 1 a .
WK = T In pg (31.14)

a— —_

Dusng bi€u dién In

X phu thudc t 1a mot dudng thing c6 d6 dbc bang -W_K

m

a
{(xem hinh 31.4a)

13X (@) X ® X

Hinh 31.4. ol
Bié€n thién ndng ¢ theo thoi gian.
(a) Theo phudng trinh (31.14) ;
(b} theo phuang trinh (31.13) ;
{c) theo phuong irinh (31.16).

Néu néng 40 ddu lén K.a > 1 ta cd : % = W,
Sau khi 14y tich phan dugc

W =% (31.15)
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Dubdng bi€u dién x phu thuac t 1a dudng thing di qua géc toa doé va cg d6 déce l1a
(W, = k,[El, (hinh 31.4b),

Trong trudng hop téng quat, néu chuyén phuong trinh (31.13) thanh dang :

1
Wodt = | ———— + 1| dx
K(a - x)
thi sau khi ldy tich phan ta duge : Wt = — —IIE In(a —x) + x + const
1
Tit didu kién bién : x = O khi t = 0, suy ra const = E.lna, tt d6 ta co
1
W.t==1In a + x
K a-—-x
) — 1 a Kx
hoac W_K = : ln(a—x) 4+ - (31.16)

dd 1a phuong trinh Henry. Dé dang nhan thdy rang phuong trinh Henry trd thanh
(31.14) khi K rdt bé va trd thanh (31.15) khi K rat 16n.

Theo phuong trinh Henry dudng bigu dién x/t phu thude 1/t. in (a/a —x) phai 1a dudng
thang cd do ddc —1/K, cit truc tung tai W va cét truc hoanh tai W_ K (hinh 31 4c).

31.2.3. Anh hudng clia pH

Khi thay d6i pH, t6c d6 phan dng xic tic enzim thudng di qua cuc dai. Didu nay
cd thé gidi thich néu gia thist enzim trong qud trinh phian tng ¢d th€ & cac trang
thdi proton hda khae nhau :

K, K,
E =EH" =EH

Trong so d6 nay enzim E hoac & dang tu do, hodc két hop véi 1 hoac 2 proton.

Mé6i mot dang enzim ¢ trén khi tudng tac v6i chdt phan dng 8 c¢d thé hinh thanh
cdc phdc trung gian khdc nhau.
K/, K,
E =ESH" =EH,s*

Néu gia thiét trong 3 phie trung
gian nay chi ¢ phdc EHS* 1a hoat 100
dong, con 2 phic kia it hoat dong,
thi r6 rang sé cd mot gia tri pH tsi Hogt tinh 80
uu ma & d6 néng d6 phic EHSY dat  twongdsi%
cdc dai, do dd t6c d6 phan ing cing 60
dat cue dai. Khi chuy&n dich pH khéi
gid tri t6i wu, can bang s& chuyén 40
dich v& phia tao thanh phitc ES hoac
phiic EI—Lz S%* kém hoat déng hon, do
dd téc d& phan vng giam.

D€ minh hoa, trén hinh 31.5 trinh

20

bay d6 thi hoat tinh -pH cta enzim Hinh 31.5.
esteraza trong phidn dng thay phéan D6 thi hoat tinh - pH
phenylaxetat. Phan ing thoy phan phenyl axctat bdi enzim csteraza.
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Sy nghién cdu t8c do phan dng khi thay d8i néng d6 chit phan dng va pH cho
phép tinh duoc cdc hang s6 K,, K,, K’|, K’,. Biét cac hing s6 K, va K, d6i voi enzim
tu do ta ¢ thé du dodan dugc ban chidt cta nhdm ion hda cua tam xuc tac. Vi du
pepxin (enzim thdiy phan peptit trong da day) cd pK = 2,2, gia tri nay trung vdi gia
tri pK eda nhém cacboxylic -COOH. Vay ¢ day nhom cacboxylic 13 tAm xic téc ; enzim
chimotripxin va cholinesteraza cd pK = 7,2, diéu nay cho phép két luan proton bi ion
hda gian véi nguyén tlt nito trong imidazol 13 tAm =xuc tac,

Bi&t cac hang s6 K'| v K', ta c¢d th& suy ra kidu lién két giita enzim va chit phan dng.
31.2.4. Anh hudng chu nhiét dé

O nhiét d6 35°C hoac cao hon enzim bi m#t hoat tinh nhanh chdng trong qua trinh
phan dng. Vi vay khi tang nhiét d6, tdc dd phan dng xdc tdc enzim di qua di€m cuc
dai (xem hinh 5.3, §5).

Néu phan dng duge ti€n hanh & nhiét dd thdp, khi sy m4t hoat tinh khong dang
ké thi dya vao dé thi IgW - 1/T ta oS thé tinh duge nang lugng hoat héa E. Tuy
nhién d€ hi€u duge ¥ nghia cla gia tri E thu duge cdn biét co ch& va phuong trinh
téc d6 cua phan dng. Vi du néu t6c do phdn ung tudn theo phudng trinh (31.9) thi
E = E, (hé s6 nhiét dé cla héng s6 k,), con néu téc do phan ¥ng tuan theo phuong
trinh (31. 8) thi E thu duge chi 12 ning lugng hoat héa bigu kién, khéng dng véi mot
giai doan co ban nao.

o} bang 31.2 néu cdc thong s8 dong hoc cha phian dng xic tac enzim va xuc téc
théng thudng.

Nhin vao bang 31.2 ta thiy so vai cdc chdt xdic tac dién hinh théng thuong thi
hoat tinh xuc téc enzim cao hon nhigu. Téc d6 pban dng xilc tac enzim gip khoang
107 = 10" 1an so véi xuc tac thudng. Enzim cd tdc dung hoac 1dm gidm nang lugng
heat hda E, hoac lam tang thita s8 trude ham mid k , hoac ci hai.

Bang 31.2. Cdc thing sd ding hoc cia mdt s§ phdn ing xiic tdc enzim v xic tdc thong thuong

o

Phan dng Chit xuc tac T, °C k, /mols | k,, l/mols [E, kcal/mol
H,0" 62,0 741077 | 1,810 24,6
Thuy phan uré
Ureaza 20,8 5,0.10° 1,7.10" 6,8
L
Thily phan H,0" 40,0 4,7107° | 2,4.10° 21,1
adenozintriphotphat ™5 > 25.0 8210° | 1,610 211 |
Fe’t 22,0 56,0 1,8.107 10,1
Phan hay H,0, -
Catalaza 22,0 3,5.107 6,4.10 1,7

31.3. Co ché xiic tac enzim

Hoat tinh xuc tdc va tinh chon loc cao cliia enzim ¢d duge la do enzim cd khad nang
tao thanh vdi chat phédn dng nhing phdc trung gian (phdic Michaelis) dap dng nhing
diéu kién can thiét dé phan ung tién hanh thuan lgi nhAit.

Trudc hét dd la nhiing phdc cong hda tri, trong dd cdc nhdm hoat déng cita chat
phan ung lién k&t v6i enzim tai nhitng vung "thd neo" goi 14 tim xidc tdc. Khic vdi
phén con lai cha phéan td enzim & trang th4i c8n bing nhiét déng, cdc tim hoat dong
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(lien két véi ch4t phan ing) bao gi¥ ciing & trang thai khong can bing, ¢d nang luong
tu do cao, cd sdc cang 16n va do 1A diéu kién can thist d& ha thdp nang lugng hoat
hda. Mgt trong nhitng thé& hién ciia sic cang nay la su thay d6i gia tri pK, cta cac
nhém chic khi nd duge gén vao phan t& enzim. Vi du pK, cta nhom hidroxyl trong
tirozin la 10, con trong tirozin cacboxypeptidaza 1a 7,9. Tuy c6 suc cahg 0 tdm hoat
dong nhung phan td enzim vAn bén 1a nhd s ha thép nang luung tu do gay ra béi
tddng tic cua nhitng phdn con lai ctta phan td enzim. CS thé do doi héj ctia sy b
trlt nang luong tu do ndy ma phén t& enzim cd kich thuéc 16n. ’

Mot ddi héi rét quan trong cta phic trung gian la sy dinh huéng t8i wu cdc nhém
nguyén ti phan dng. C4u tric cia phuc trung gian cang gdn voi trang thai chuyén
ti€p (phitc hoat dong) thi phan dng cang thuan lgi. Sy dinh hudng nay dé dang thuc
hién vi enzim ¢ kha nang lién k&t vai chat phan ing tai nhidu di€m cing mot lic.
Tac doéng dbng thai cia nhidu diém tigp xic gilta enzim va chédt phan Yng ¢d hiéu qua
cao hon nhiéu so vgi tac dong cia tung di€m riéng bist.

Lay vi du enzim axetyl cholinesteraza xtc tdc cho phan tng thiy phan este sau day :

+ +
(CHy),NCH,CH, OCOCH, + H,0 = (CH,),NCH,CH,0H + CH,COOH

K&t qua nghién citu cho phép gia thiét co ba kifu trung tAm xic téc tham gia phan
Ung : tam thd nhit lién k&t ¥6i nhom axetyl ; tdm thd hai cd th€ 1a nhom hidroxyl
ki€u phenol nhuong nguyén td -hidro cho nguyén ti oxi cia nhdm este ; con tam thad
ba tham gia vao viée git phan t& este & vi tri thuén lgi cho phan dng. So d8 phan
Ung ¢ th€ hinh dung nhu sau (hinh 31:8).

M6t dac di€m nita cia xdc tdc enzim la phan Ung x4y ra qua nhigu giai doan ing
vOi nhiéu phic trung gian k& ti€p nhau, giai doan trudc chudn bj didu kién tdi wu cho

giai doan sau. Sy t8i vu héa k& ti6p nhau nhu vay khéng thé nao thuc hién duge d6i
vOi cdc phdn dng xdc tdc déng thé va di the théng thuong.

0 o
I + | +
CH;-C-0-CH,CHN(CH,), = CH,-C~ Q CH,CH,N(CHy), =

(|) + H20 (3 +
= CH,-C¢ HOCHCH,N(CHy); — CH,COH HOCH,CH,N(CH,),

THo—BH T T

Hinh 31.8.
S0 96 phan Ung thiy phan este bdi enzim axetylchobinestcraza.

Trén co sd hi€u biét co ch& tac dung céa enzim ngudi ta cd th€ mé hinh hda enzim.
M6 hinh héa khong phai 1a tac ra chat xidc tic hoan toan gidng phan td enzim ma
chi la mé phéng trung tam hoat dong cta nd. Vi dy ngudi ta da tao duge nhing hé
xlc tic ¢6 hoat tinh cao bdng cdch gin lén mach cao phan t& cdc nhdm chdc khdc
nhau dé€ tao ra cdc trung tdm hoat déng tuong ty nhu enzim.

Enzim thudng hoa tan trong dung dich, do d6 khé tdch khdi mai trudng phan dng.
Gén day ngudi ta di tim cdach ghn enzim lén ch4t mang, bién né thanh mot kifu xuc
tac di thé va goi 12 enzim khéng tan. Enzim khong tan cd uu di€m 1a dé tach khsi
moi trudng phadn dng, do dé cd th€ st dung duge nhidu l4n.
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§32. PHAN UNG TU XUC TAC

32.1. Phuong trinh ddng hoc

Néu trong mét phin \ng ma san phdm duge hinh thanh cd tdc dung xic tdc déi véi
phan (dng thi phan dng gy duge goi 1a tu xdc tde. Ly vi du phan dng thiy phan etylaxetat ;

CH,C00C,H; + H,0 — CH,COOH + C,H,OH

Axit duge tao thanh & day vita 1a san ph&m via 1a chdt xdc tdc d8i v6i phan ing
thiy phan, vi vay téc do phan dng luc dau tang theo thdi gian sau dd gidm déan do
k&t qua tiéu hao chdt phan dng. Dudng cong dong hoc bi€u dién su phu thude néng
dé san phdm vao théi gian cé dang chit S.

Xét phan ding A — B

Néu phan ung chi xay ra khi e6 mat san phdm B thi B phai duge thém vao ti diu
trong hé phan dng.

Goi a va b [a nong d6 ddu clda A va B & thdi giant = 0, a - x va b + x 14 ndng
dd A va B & thoi diém t. Néu phan dng 12 bic mét d6i. vii méi chdt A va B thi
phuong trinh ¢6 dang :

d -
W = d—’t‘ = kia —x)b +x) ° - (32.1)
Day 14 phuong trinh dong hoc bac hai, viéc 14y tich phan (32.1) cho két qua :
(b +xja
In o = kx Bt (32.2)
bol@ + )kt _
hoac x = b =™ -1 (32.3)

1+_}§’_ o3+ bkt
T

Néu & thai di€ém ddu trong hé khéng c¢6 san phdm B (b = 0) thi phan dng chi cd
thé xay ra néu bén canh qud trinh xdc tdc ¢6 quid trinh khéng xic tdac kém theo.
Trong trudng hop nay phuong trinh déng hoc ¢ dang :

k

W:%:ku(awx)+k(a—x)x=k[f+x](a_x)

trong d6 k va k_ tudng dng 1a hing sé t6e db cla phan dng xic tic va khdng xic téc.
Phuong trinh (32.4) hoan toan gi6ng (32.1) néu thay k /k bing b, vi vay két qua giai
hai phuong trinh nay phdi giéng nhau. Thay b = k_/k vao hé thic (32.3) ta nhan duge :

ka[e(k° +ka)t _ 1]

(32.4)

(32.5)

Xx =a
k_ +kaht

) k, +k el i)

D& dang nhan thdy rAng khi t = 0, x = 0, ¢dn khi t — «, x = a. Dudng bigu dién

x (t) ¢ dang hinh chit 8 ¢é diém ufn. Ldy dao ham bac hai cia x d&i véi t theo

X =
phuong trinh (32.5) va cho két qua bing khéng, ta tim duge théi gian dng v6i di€m udn :
K
lni—
~ (32.6)

tuon = k_+ak
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Tu bi€u thic trén ta thay k cang tang thi tus, cang giam.

Tai di€m ubn téc d6 phan ng dat cuc dai, do d6 néu ldy dao ham ctia W d&i vdi x
theo phuong trinh (32.4) va cho k&t qua bang khéng ta tim duge gid tri x tai di€m uén :

X
k(: a

. a X N
x‘l.l('\n - § - 2L = § (327) B

(cd thé bé qua k /2k vi theo y nghia k, <« k). _
Trén hinh 321 bigu dién hai dudng cong x(t) dng ' '
v6i hai gia tri k khac nhau. Dudng ch&m chim ’
trén hinh vé dua ra dé so sdnh la trudng hop cua
phan dng bac mét khang xie tac.

.o "
Eiin LERTEN T

: . N . Hinkh 121
Muén khao sdt su phu thuée cua tde do phan Luong chét da phan tng (x) phu thusc

Ung vao thoi gian, ta ldy dao ham cda x d&i vOi t théi gian (0. T va 2 - Phan ing 1 xde e

theo phugng trinh (32.5), ta cg : 3 - Phan Ung bic mdt khéng xic tac
( i{- * E ) (k‘o + ka}e(k" *ka
dx k, a
W= — = - (32.8)
dt Kl a2 .
[, *2 <]

Luu ¥ rang k > k, nén néu t dd bé ta cé thé bd qua ham mi ¢ mAu s4. Khi dé
néu ki hiéu

k 1
(k_o +;)(k0+ka)

3|

va k“+ka = ¢

thi d6i voi t bé, téc 'do sé phu thuée thdi gian theo phuong trinh :
W = A ¢ (32.9)

Phuong trinh nay ¢6 dang giéng phuong trinh t6c d6 cta phan dng day chuyén phan
nhanh (xem bi€u thdc 13.5). Dong hoc clia cdc phan dng tu xuc téc va day chuyén phan
nhanh thuing gidéng nhau va khé phan biét, mac ddu ching c¢d ban chit khéc nhau.

Déi vi phan dng trong pha rdn, vi du phan dng phan hiy chdt né, thi su tang téc
do ty xuc tac cdn kém theo sy tang téc d6 do tu dét ndng.

Cdach gidi téng quat, ding cac dai lugng vé thu nguyén.
Pat x/a = £ | kat = 1, b/a = &o
Tu phuong trinh (32.1) ta nhan duge phuong trinh :

d¢ . .
i = (1 =&, + 5 132.100
Sau khi ldy tich phan ta tim duoe & ;

g fell TE —

b= —m—— (32.11)
1 +‘Sn - e“ +;“)T

tudng Lty nhu bidu thite (32.3) d6i voi x.
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Putimg bi€u dién & phu thude T cd dang hinh chit S va di qua di€m uén nhu dude
mo ta trén hinh 32.2a. T& hinh vé ta ¢ thé nhan théy ring néu £ bé thi trong mot

- khoang thoi gian nhdt dinh § = 0 (hiéu suit phan dng gdn bang khong).

g 2
1-§
2

e

10
075
0,50
0
025} }/6
A I': . e _1

10 20 30 40 tph
0 P 20 30 t, ph

<

Hinh 322,
Phan tng oxi hoa axit oxalic bing kali pemanganal.

(a) D6 thi § -t (b) DS thi Ig 5 2 F dé xac dinh k.

Thoi gian ma hiéu sudt phan dng x4p xi bang khong goi la thdi gian cam dng. Sy
¢o mat cda thoi gian cAdm dng 14 didu hiéu cha phadn dng tu xdc tae, phan dng néi
ti€p va phan dng day chuyén.

Vi tri clia diém udn trén dudng cong ddng hoc phan Ung tuy xuc tdac duge xdc dinh
bdi diéu kién d’/dT® = 0. Vi :

e e [5] - [i)

2 ar |ar| " @] @
va vi df /dt # 0 trong sudt qud trinh, cho nén tai difm uén ta cd
d ,d&, d
it lar) =@ L -HE v+ =1-¢ -2%=0
L-£,
hay Suin = 2 (32.12)

Néu &, « 1 thi g = 1/2, dng v6i thoi difm khi mot nia luong ch&t ban dau
bién thanh san phdm. '

Phuong trinh (32.1), va (32.10) dng voi trudng hgp khi phan dng ty xdc téc la bac
moét doi véi chdt ddu cing nhu san phdm. Néu phan dng cd bac moét d6i véi chat dau
va bac haj d8i vdi san phdm thi phuong trinh déng hoc sé& cd dang :

Lo -pe, + e (32.13)
Cing tugng tu nhu trén, vi tri di€m udn dugc xdac dinh bai didu kién -
F(E) m G0 D&+ 5 = € +DH2 - & -8 =0
hay Euon = : ;EO (32.14)

Néu &, <« 1 thi &4,
thanh san phédm.

2/3, dng voi thoi diém khi 2/3 lugng chit ban ddu bién
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Cing tuong 'ty nhu viy, néu phan Ung tu xic tde cé bac hai d6i véi chat ddu va
bac mét d6i v@i san ph&m thi phuong trinh dong hoc sé cd dang :

¢ 2
@ = A-9E+d (32.15)
Trong trudng hgp nay
1-2¢
uon = T3 (32.16)

Néu &, « 1 thi Scun = 173, dng voi thoi di€m khi 1/3 lugng chat ban diu bign
thanh san phdm.
32.2. Cach xac dinh hiing s6 tioc d¢ k

Gia thi€t phan wng xady ra theo phuong trinh (32.1) khi dé k o8 thé tinh dya vao
bi€u thie (32.11). Ung vai hai thoi gian t, va t,, tu bidu thie (32.11) cé thé viét :

go[e(l +§o)katl —1]

V7 v o +E gk va
(o
Eolel! * ek, 1]
27 g g ol ok,
Néu chon t, = 2t, va dat
ol +E ket (32.17)
, £ - 1) £E° -1
ta co : | = o T— va , = ————
+ 2
1+&y 1+&y
Tu hai bi€u thie nay ta c6 th& rat ra :
£ i 2 ©(32.18)
0_y—}_—£ly_y2_1__62y2 :

Véy y 1A nghiém cta phuong trinh bac hai.

(1 - 52)‘513’2 -1 - 51)62)’ + (Ez - ‘E]) =0
Giai phuong trinh nay ta tim duge y, sau dd dua vao (32.18) ta tim duge £, . Biét
y va §, dua vao (31.17) ta tim duge k :

Iny

k = T+Ey) ¥ at, (32.19)

Trong trudng hgp néu ndng do dau cua sin phim bé ( b «a) ti phuong trinh (31.2)
cd thé rit ra :

s _ {
T = kat + Inf,, (32.20)

ka X
do dé dudng thang bifu dién ig & phu thudc t cé 46 déc tge = —— va cit truc

1-¢ 2,3
tung tai lgf_, tit dd ta xdc dinh duge k va £,

In
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Vi du. Phan dng oxi hda axit oxalic béng kali pemanganat 14 mot phan dng ty xie
tac, co co ché phdc tap trong d6 giai doan khéng ché& téc do la phdn Ung ;

MnO; + Mn?" — Ma0?™ + Mn**
sau dd Mn>* tac dung véi axit oxalic theo phan dng :
H,C,0, + 2Mn*" — 2C0, + 2H' + 2Mn?*
Nhu vay t8c do phan dng ti 1& v6i néng d6 chdt phan dng ( MnO;) v s&n phdm
1a chét xde tac (Mn?*).

Néu goi £ la ndng d6 vo thd nguyén cia ion Mn®' thi dudng bigu dién £ - t duge
vé trén hinh 32.2a. Nhin vao d6 thi ta th&y thdi gian cAm dng kha dai, ching 16 dai
lugng £ = b/a bé, do dd d&€ xdc dinh &, va k cd thé sit dung cong thdc (31.20) bang

cach dung dé thi lg TE_E phu thute t (hinh 32.2b). Theo d6 déc cia dudng thing ta

k _
xédc dinh duge tga = — = 0,130ph~! ; Néng d6 ddu cua kali pemanganat dugc biét
2,303 P

12 a = 0,000128 mol/l, tit dd suy ra k = 234 l/molph, khi t = 31 phat lg £ 0,

1-&8 7
do do theo phugng trinh (32.20) g, = —0,130 . 31 = —4,03

£, = 93.107

§33. PHAN UNG KEM NHAU

Ta 14y vi du sau day. Khi cho axit iothidric va axit, cromic tron l&n véi nhau khong
x4y ra phan ing.

6HI + 2H,CrO, -» 31, + Cr,0, + 5H,0 (33.1)
Tuy nhién, n&u dua thém sit (II) oxit vao hé thi sé xay ra phan ing :
6FeO + 2H,Cr0, — 3Fe,0, + Cr,0,; + 2H,0 (33.2)

Sy xdy ra phan dng (33.2) ¢d tdc dung gy ra mot cdm wng hda hoc lam cho phan
ing (33.1) cing x4y ra déng thai v6i phan dng (33.2).

Hién tugng ma mét phdn dng hda hoc khi xdy ra cd tdc dung kich thich (cam ing),
mot phin dng khéc trong cing hé mia ty nd khéng xay ra néu thi€u phan dng thd
nhit, duge goi la sy cam dng hda hoe.

Hai phdn dng xdy ra d6ng thoi, trong d6 phan ing thd nhét (so cAp) kich thich
phan dng thd hai (thd cdp), duge goi 12 cdc phan dng kém nhau.

Hai phan ing kém nhau c6 thé& bi€u dién bdi so db :
A + B — phan dng so cép
A + C — phadn t@ng thd cdp (33.3)

Ngudi ta goi chdt tham gia trong cd hai phan dng (chdt A) la chdt hoat doéng ;
chdt chi tham gia trong phan tdng so cdp va cd tde dung gdy cAm ung hda hoc (chidt
B) 1a chdt cAm dng ; chdt chi tham gia trong phan éng thy cdp vA nhan sv cAm ing
{(chdt C) 1a ch&t nhan.
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Trong vi du trén, H,CrO, 1a chét hoat dong ; FeO 1a chit cam ung ; HI la chdt nhan.

Hién tugng cAm ung hda hoc khac véi hién tugng xic tdc & chd néng d& cha tat
cd cac chdt tham gia trong hé phdn dng déu giam theo thi gian.

Hién tuong cam dng hda hoc chi xdy ra néu ca hai phian ing kém nhau déu la
nhitng phdn dng phdc tap, nghia 12 gém nhigu giai doan.

Mot phan dng co ban khong thé gay cam iing hda hoc d8i vai mét phdn dng co
ban khdc, vi theo nguyén li vé sy doc lap cta cdc phan Ung thi hang s6 téc dé cua
phan dng co ban khong phu thudc vao su ed mat céa cac phan idng khac xay ra trong
cung mét hé

Hign tugng cam dng hda hoc duoe N.A Shilov nghién ctfu chi ti&t trén vi du cac
phdn ing oxi hda kém nhau. Theo Shilov, hién tuong cam Ung hda hoc xdy ra vi 2
phan dng kém nhau déu thoéng qua nhitng hop chat trung gian gidng nhau

Vi du I. Benzen trong dung dich nudc khong phan dng truc tiép vai H,0, Tuy
nhién n&u thém vao hé dung dich muéi s4t (II) thi ion Fe?' chuyén thanh Fe¥* , dong
thdi benzen ciing bi oxi hda thanh pheno! va diphenyl. Diéu nay cé thé giai thich bang
s0 d6 phdn Ung sau day :

Fe’' + H,0, > Fe* + OH + OH~

Fe'™ + OH — Fe** + OH™
CHy + OH — CH; + H,O
CiHs + OH — CH.OH
2C H, — CH; - C.H,
Trong vi du trén H,0, 14 chit hoat déng, Fe®* la chit cam ung, C H, la chat nhan ;
hai phan dng kém nhau cd hgp chét trung gian chung la géc OH.
So d6 tong quat cia phan dng kém nhau ¢S thé bi€u didn nhu sau :
A+B —R k)
R+ B — P, (k) (33.4)
R+ C —P, (ky
trong do A - chédt hoat dong ; B - chdt cdm idng : R - hgp chét trung gian ; C - chit

nhan ; P| va P, - san phdm bién hda cua chdt cdm ung va chit nhan. Phuong trinh
téc do viét cho cde ti€u phan R, B va C nhu sau :

d(R]

T k [AIB] — k,[RI[B] - k,[R][C] » (33.5
d[C] .
T Tar = k(RHECT, (33.6)
- % = k,[RIB] + k [Al(B} (33.7)
Chia (33.6) cho (33.7) ta duoe :
d[C] k,[C]
= 33.8
drB] k_[AI[B] (33.8)
kl[B] + "'ﬁ.]-‘—
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. . d[(R ; .
Néu chidp nhan _([it_] = 0 (nguyén li néng dd dia 6n dinh) tid (33.5) ta rut ra :

R k [AJLB]
[R] = k,[—m:_k_ZTC_] (33.9)
Thay gia tri caa [R] vao (33.8) ta co :
arey - kalY] 33.10)
d(B) T ZKBI + k,IC] (93,10
Lay tich phan cua (33.10) va theo diéu kién diu [B] = [B], khi [C] = [C}, ta co :
[C] [Cl, —2k /%, 2k K
[B] = _mﬁ_f + |[B), - 2k [C1, “krke (O™ (33.11)
1 -— 1-
k, k.,
Néng d6 cia chit A lién hé vdi néng d6 cua cdc chdt B va C nhu sau
. diA
Vi _iit] = —k,[AliB] (theo so d6 33.4), nén dua v&o cdc bi€u thdic (33.5 - 33.7) cd
thé rit ra :
2d{A] 4 d[R} d[C] d[B] _
dt dt dt dt
do d6 2([Al, - [AD + [R] + [C] - [C], + (B] - [B], = ©
Né&u bé qua néng d6 hop chit trung gian R (rdt bé) ta cd ;
[C)-(C}, (B}-IBI,
[A] = (A}, + —5— + — (33.12)

St dung cac biéu thuc (33.9), (33.11), va (33.12) ta c6 thé bifu dién ndng do cia
R qua C. Sau dé thay vao bi€u thdc (33.6) d& 14y tich phan. Dd la cach giai bai todn
tim su phu thudc ndéng do cdc chit vao thoi gian d6i vdi cac phan dng kém nhau.

Ti s6 I = d[Cl/diB] trong bifu thuc (32.8) duge goi la hé s6 cam dng, nd chi sé

phan ti1 chét nhan bi tiéu hao do k&t qua tham gia phan dng cia mat phan ti chat
eam ung.

Tuy thudc vao hé s6 cAm dng ta cd thé chia cac phan dng kém nhau thanh ba
trudgng hgp sau day.

1. Néu do k&t qua phan @ng, mot phan chit phan dng hoac hgp chdt trung gian
duge phuc héi, thi chdt nhan bj tiéu hao cang nhiéu hé s6 cadm dng cang ign. Trong
trudng hop gidéi han, néu chdt cdm dng hoac hgp chit trung gian duge phuc hdi hoan
toan, tuc d[B] = 0, thi hé 36 cAm dng s& bang v6 tdn (I = ). Day la trudng hgp
cdc phan dng xte tac va day chuyén khong phin nhdnh.

2. Néu do két qua phédn dng, ndéng d¢ chat cam dng heac hdp chdt trung gian gidm,
néng do chdt nhan gidm, thi hé s6 cam iing sé lén hon khong (I > 0).

3. Né&u do két qud phan dng, ndng dé chit cam dng hoac h¢p chit trung gian tang,
néng d& chat nhan gidm thi hé s6 cam dng sé bé han khéng (I < 0) . Day la trudng
hop cta phan dng day chuyén phin nhanh. Nhu vay gita hién tuong ciAm idng hoda
hoe, phan dng day chuyén va phan idng xGe tde cd sy gidng nhau nhét dinh. Tuy vay
gitta cdac hién tugng dé cd nhing sy khdc nhau co ban.
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Hay phan tich vi dy sau day.
Vi du 2. Phan tng :
3As,0; + 2HBrO; — 3As,0, + 2HBr (33.13)

tu nd khéng xay ra. Nhung néu thém HBr vao hé thi phan dng sé xay ra, va cang

X8y ra thi t6c d6 phén dng cang tang nghia 1a ¢ sy tang t8c. Nguyén nhén cd thé
hi€u duge qua so d6 phan ing sau day :

HBrO3 + HBr — HB:'O2 + HBrO {a)
4HBr + HBrO + HBrO, —» 3Br, + 3H,0 (b)
2Br2 + A5203 + 2H,0 — Aszos + 4HBr (c)

Dé dang nhan thdy ring phan #ng (33.13) la tdng cong cia 3 phan dng (a), (b), va
(¢} Nhu vay & day HBrO, 1a chédt hoat dong, HBr 1a chét cam ung As,0, la chdt nhan.

Qua so d6 trén (phan dng (33.13)) ta nhén thdy ring néng do chit phan dng HBr
theo thdi gian chdng nhitng khong giam ma lai tang, iam cho t6c d6 phan ing cing
tang giéng nhu trudng hop phan Ung ty xdc tdc bdi san phdm. Tuy nhién hién tugng
cam Ung hoa hoc va hién tugng xic tdac khac nhau & hai di€m co ban.

1. Trong phan dng xdc tdc va tu xuc tdc, chi co mot chdt duy nhdt lam tang téc
d¢ phan dng, dd la ché&t xic tic. Trong phan ing kém nhau nh3 cam dng hda hoc,
chdt lam tang t6c d¢ phan ¥ng khéng phai chinh chdt cam Wng, ma la san phdm trung
gian do nd tao ra. Trong vi du 1, ch4t !am cho benzen bi oxi hda khéng phai 1a ion
Fe?* (chdt cam Ung) ma gdc tu do OH (san ph&m trung gian). Trong vi dy hai, chdt
lam cho As,0, bi oxi héa khéng phai 12 HBr (ch&t cam tng) ma la Br, (sin phim
trung gian),

2. Trong hién tugng cdm dng hda hoc giita hai phan dng keém nhau thi mét phan
ung (so cdp) la ty dién bién (AG, < 0) vd mot phan dng (thd cap} 1a khéng ty dién
bién (AG, > 0). D€ cho su cAm dng héa hoc cé thé thuc hién thi ph4n gidm nang
lugng tu do AG, cta phan Ung so cip phai vugt phin tang nang lugng tu do AG, cua
phin dng thd cdp sao cho AG, + AG, < 0.

Khdc vdi chdt cam @ng, chdt xtc téc khong thé€ kich thich phan dng ¢ AG > 0,
ma nd chi ¢6 khd nang lam tang téc do cia céc phan ing ¢ AG < 0.

Hién tuong cdm ing héa hoe (phan #¥ng kém nhau) I3 rat phd bién trong sinh vat.
Vi du sy hinh thanh mach peptit 1a mot phan dUng kém theo sy tidng nang luong ty
do. Nhung phan dng dd cd th€ xdy ra khi cd mat dixiclohexyl cacbodiimit, vi ch4t nay
khi hidrat hoa sé giadi phéng ra nang lugng ty do, di d€ ba dap nang lugng tu do bi
hdp thu khi tdng hgp mach peptit.

Mét vi du khéc. Phan dng oxi hda cham trong sinh vat ¢d vai trd cung cép nang
lugng ty do d€ t&ng hop nhiéu thanh phén quan trong cia t€ bao. Vi du tdng hop
protein 14 mét qua trinh kém theo sy tdng nang luong tu do.

Ciau héi
1. Dinh nghia hién tugng xtic tdc. Neu nhitng chic nang co ban ctia chét xdc tic.
2. Viét phuong trinh Bronsted d6i v6i phan Ung xic tdc axit baza.

3. Thé nao la ham axit va néu phuong phip x4c dinh. Phan biét ham H, Hg, va Hg.

4. Co ché€ Michaelis - Menten d6i voi phan Ung xuc tdc enzim. Phuong phdp x4c
dinh hang s8 Michaelis.
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5. Néu nhiing dac di€m dong hoc cia phan iUng tu xic tdc bdi san phim.
6. Néu phuong phiap xdc dinh hing sd tdc d6 cha phan ing tu xhGc tac.

7. Dudng cong déng hoc dang chit 8 (cd giai doan cAm ung) diac trung cho nhiing
loai phan dWng nao ?

8. Dac di€m cha phan iding keém nhau, th& nao la hé s8 cdm Ung.
9. Hién tugng cAm dng hda hoc va hién tugng xtc tdc khdc nhau & ché nao ?

Bai tap

‘1. Hang & t8c d¢ cta phdn 1ing thuy phan diazo etylaxetat phu thu6c nfng d6 cua
ion H' nhu sau :

(H, 0", moll : 0,00046  0,00087 0,00158  0,00323

k, Jmol. s : 0,0168  0,0320  0,0578  0,1218

Bang phuong phdp d8 thi dua vao phuong trinh (29.3) hiy xac dinh hing s xuc
tac bdi proton k.

2. Duéi day din ra hing s6 phan li axit K, va hing s6 xdc tdc k, cla phan iing
phan hiy nitroamit bdi anion, trén cd sd d6 bing phuong phdap 48 thi hay xdc dinb
hing 86 « trong phuong trinh Bronsted (29.8)

Ion K, k,
hidroxyl 1,1.10"1¢ 1.10°
trimetylaxetat 9,4.107° 0,822
propionat 131073 0,649
axetat 1,810°° 0,504
phenylaxzetat 5,3.107° 0,232
benzoat 6,5.107° 0,189
fomiat 2,1.107* 0,082
monocloaxetat 1,4.1073 0,016
o-nitrobenzoat 7,3.1073 0,0042
dicloaxetat 5.1072 0,0007
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Chuong VII
PONG HOC VI MO

Dong hoa hoc c6 di€n nghién céu sy difn bign cha phan tng trong diéu kién i

tudng : didu kién bao toan nhiét d6 theo thoi gian va khong gian, va bao toan néng
dé trong khong gian.

Nhiém vy ctia déng hoc vi md l1a nghién ciu sy dién bién cua phan dng trong diéu
kién thyc trong thién nhién cing nhu trong ki thuat, véi su k& dén cde qua trinh vat
li k¢m theo, trong dé quan trong nh4t la qua trinh khuéch tan va truyén nhist.

Dong hoc vi mé bao gém nhitng phén chinh sau day :

1) Bong hoc khugch tan, nghién ciu vai trd cia su khuéch tan chat phan dng va
san phdm cha cdc phan dng di thé, khi 4nh hudng cua sy truyén nhiét cd thé€ bd qua,

2) Li thuy8t chdy, nghién cdu vai trd cta sy truyén nhiét déi voi cac phan dng
déng th& phdt nhist.

3) Li thuyét vé ché d6 nhiét cia cic phan dng di thé phdat nhiet, khi ca hai yé&u
t6 khu&ch tdn va truyén nhiét téc déng déng thoi.

§34. SU DONG DANG GIJA KHUECH TAN VA TRUYEN NHIET

Trong méi trudng ding yén su truyédn nhiét tudn theo dinh luat Fourier, theo d¢
thi dong nhiét ti 18 vai gradien nhiét da :

dT :
q = —AgradT = —Aa (34.1)

3 day q - dong nhigt, nghia 13 luong nhigt truyén qua don vi bé mat trong don vi
thei gian ; gradT - gradien nhiét d6, nghia 14 dao ham cia nhiét do theo toa do y
hudng thdng géc vdi bé mit qua d6 xdy ra su truyén nhiét, vA A - hé s6 din nhiét.
Diu a4m chi sy truyén nhiét x4y ra theo hudng gidm nhiét do, nghia 1a theo hudng
gradien nhiét d6 Am.

binh luat tuong @ng cua sy khuéch tan 1a dinh luﬁt Fick I theo d¢ thi dong khuéch
tdn ti lé vdi gradien nhigt do -

) dC
J = —-DgradC = "'DE;: ’ (342)
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trong d6 C - néng dé ch4t khuéch tan, j - dong khuéch tdn, tdc lugng chét (tinh theo
mol) khué&ch tdn qua don vi bé mat trong don vi thoi gian, va D - hé &6 khuéch tan.

Cac dinh luat Fourier va Fick la gdn dung ap dung cho trudng hgp moi trudng
ding yén khi su truyén nhiét vA khuéch tan xdy ra theo co ch& phan t¥ (qua chuyén
dong nhiét cha cdac phan td).

Sy truyén nhiét va khu€ch tan trong méi trudng dding yén thuc t& chi khao sat
thdy trong chét ran. Trong ch&t khi va chét 16ng, bén canh qua trinh truyén nhiét va
khuéch tan con cd thé cd su chuyén déng coa moi trudng, ta goi dé la su chuyén
déng dé&i lvu. N&u nguyén nhan cia su chuyén dong d6i luu 1a do su chénh léch cua
nhiét d6 hodc néng dé thi goi 1a d8i luu tu nhién. Néu sy chuyén dong d6i uu gay
ra bai lde ngoai thi goi ia d6i luu cudng bic.

Chuyén dong d6i luu cd thé x8y ra theo ch& do chdy tdng hoac chdy roi. Chay téng
la trudng hop chuyén dong én dinh va cd trat tu, khi van téc tai mdi di€m khéng
bién d8i theo th&i gian vd vAn tfe tai cdc diém canh nhau 12 song song nhau. Chay
v8i la trudng hgp chuyén dong khong 8n dinh va khang trat tu, khi tdc dé tai méi
di€ém bién d8i hén loan theo th&i gian.

Khi trong hé cd sy chuyén dong d8i luu, dac biét theo ché 46 chay rdi, thi dong
nhigt duge tinh theo céng thic :

q = AT, {34.3)
trong dd AT - hiéu s8 nhiét 49, « duge goi 12 hé s§ truyén nhiét.
Tuong t¢ nhu vay trong trualng hop nay dong khuéch tdn duge tinh theo cong thic :

j = BAC, (34.4)
trong dé AC - hidu s8 néng d6, § dugc goi 1a hé sé chuyén khéi.

Vi j biu dién lugng chat di qua don vi dién tich trong don vi thoi gian, con néng
d6 bi€u dién Iugng chédt trong don vi thé tich, nén khong phu thudc vao don vi lugng
chit, 8 c6 thd nguyén cua d6 dai trén thoi gian. Dd la thd nguyén cia vén tée.

Cac cong thic (34.3) va 34.4) chi ding d€ dinh nghia, chd khong dung dé€ tinh toan
cdc hé a va . C4ac hé s6 dd tim ra trén co s0 khai quat cac sd liéu thuc nghiém.
Phuong phap khdi quat cho béi i thuyét déng dang ma nguyén li co ban la khong cd
mot quy luat ndo cla ty nhién lai phu thudc vao hé théng do ludng. Vi vay moi quy
luat ¢ thé bi€u dién dudi dang phu thudc giita cdc dai lugng vé thd nguyén goi la
cde chuin s6 dong dang.

Theo li thuyét déng dang, cac hé s e va 8 cd thé tinh dua vao hai théng s6 vo
thi nguyén xdc dinh tit thyc nghiém, mot goi 14 chudn s6 Nusseit, vA mét goi la chudn
s0 Stenton,

Chuéin s§ Nusselt {Nu) ding d€ tinh tofn céc qua trinh chuyén van trong mdi
trudng ding yén va trong dong chay tdng, nd lidn hé v8i cdc hé s6 « vA f qua céc
bidu thite :

d
Nu = ay (34.5)
va Nu = % {34.6)

trong dé @ ~ hé s8 truyén nhiét, § - hé s8 chuyén khéi, A - hé s6 din nhiét, D - hé
s6 khudch tian, d — chidu dai. Néu mot vat dat trong dong thi d e¢d kich thudc cta
vat dé. N&u dong chay trong mét dudng &ng thi d 1a dudng kinh caa Sng.
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Trong trudng hop dong chay r6i ngudi ta dung chufin s8 Stenton (St), né lién hé
vOl cdc hé s6 @ va B qua ciac bifu thic :

o
S5t = U_CP'F (34.7)
va St = % (34.8)

trong d6 a va § c6 ¥ nghia nhu trén con U - téc d6 thing cua dong, Cp - nhiét dung,
£ - khéi lugng riéng.

Trong nhitng phidn trinh bay trén ta chdp nhén d6i véi moi trudng khi thi kich
thuée d cia h¢ 16n hon nhiéu so véi khodng dudng tu do trung binh L ctGa phan tu
khi, d trong chan khéng cao (L>d) xu#t hién dong phan t¥ ty do, khi dé cdn d& y

dén khodng dudng ty do trung binh, né lién hé dén mot chuin sé méi la chufn s6
Knutsen K, = d/L.

§35. DONG.HOC KHUECH TAN

Téc dé quan sat duge cha phan ing di thé duge quyét dinh, moét mat bdi téc do
vidn chuyén chdt phan dng dén bé mat, mat khac bdi tdc do thuc caa phan udng xdy
ra trén b& mit. Nghién etu sy tién hanh phan dng trong didu kién d6 la déi tugng
cia dong hoc khué&ch tan.

Hay gid thiét sy dat tdi bé mat 1a d6ng déu trén toan b bé mat.

Goi C 14 néng d6 chdt phan dUng trong thé tich, C’' 14 néng d6 dd trén bé mat, f(C")
12 t6c d¢ phan ing, 14 mét ham cha C'. O trang thai én dinh t6c dé phan vng phai
bang t6c d6 khuéch t4n, nghia 1a : '

J = pC -C) = {(C) (35.1)
1. Phan ung bic mdt
Néu phan dng bdc mot, F(C) = kC’, khi d6 phuong trinh (39.1) cé dang

BC - C) = kC (35.2)
. . BC
Gidi ra dugc C = Kk + B (35.3)

O trang thai &n dinh, t8c do phan dng

L y kIB — ]
J“kc_k+ﬁc“kc (35.4)
, , _ KB
v6i kK = K+ B (35.5)
L4y nghich dio (39.5) dugc :
1 1 1
w "Rt B (35.6)

k’ ]a hang s6 van t8c hiéu dung, nghich dio cta nd bang téng cua 1/k (khang dong
hoc) va 1/ (khang khu&ch tdn),
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Phuong phip phan tich dong hoc dua trén bi€u thic kidu (35.6) goi 14 phuong phap
cong cde khang.

2. Ving dong hoc va vang khuéch tan

T4 bi€u thde (35.5) d8i v&i phan dWng bdc m6t néu k >» B thi k¥ = g ; Khi dd
theo (35.3) C° « C, va téc d6 chung cia qué trinh bing téc dé6 khu&ch tdn, ta ndi
phan dng x4y ra trong viung khuéch tdn.

Nguge lai nfu k « 8 thi theo (35.3) k' = k ; v theo (35.3) C’ = C. Trong trudng
hop nay téc dé chung cia qua trinh phu thudc hodn toan vao t6c df phan Ung xay ra
trén bé mat va phan tng duge goi la xdy ra trong vung ddng hoc.

Suy rong ra d6i v6i cdc phan dng ma phuong trinh tdc 46 f(C) cé dang phic tap
hon, néu khdng khué&ch tdan bé hon nhidu so v6i khing dong hoe, nghia la

BC » fiC) va C" = C,

trong trudng hop dd t6c dd quan sat duge trung véi téc do thuc f(C) cta phan Ung,
ta ndi phan Gng xay ra trong ving ding hoc.

Nguge lai néu khing khuéch tdn 16n hon nhiéu so v6i khang doéng hoc nghia 12
BC « f(C) va C « C,
khi d¢ t6c do cla qua trinh chinh la tdc d6 khuéch tan va bing

N
;D C, (35.7)

i=pC =

ta ndi phan Ung xay ra trong ving khuéch tdn. T6c d6 phan tng trong ving khuéch
tan ludn luén 13 bac mot dé6i voi ndng dé chdt phan @ng, khéng phu thudc vac déng
hoc trén bé mat. Thém vao dd t6c d6 phan dng trong ving khuéch tin khéng phu
thude vao 4p sudt chung cta hé. Thuyc vay theo bi€u thic (35.7) Nu va d chi phu thuéc
vao dang hinh hoc cua hé va khoéng phu thuéc vio ap suidt, con C ti l& thuan vdi ap
suft trong khi D ti 1& nghich véi ap suft, k&t qua 12 j khong phu thudc vao dp sudt.

Mét di€m noa 1a tée do khuéch tén phu thudc y&u vao nhiét dé cdn téc df thuc
cta phan dUng ndi chung phy thufc manh vao nhigt do.

D& biét phan dng xiy ra trong vung ddng hoc hay viung khuéch tin c¢6 nhiéu cach,
cich chinh xdc nh&t 13 tién hanh phan tng trong nhitng diéu kién hinh hoc va thiy
d6ng xac dinh dé cé thé do t8c d6 khuéch tan mét cach chinh xdc. Néu phan dng xay
ra trong ving khu&h tin thi t6c d6 phan ing biang t6c do khuéch tin. Néu tée do
phan dng bé hon nhidu so vdi téc d6 khu&ch tén thi phan dng xay ra trong ving déng
hoc. Trong moi trudng hop t6c d6 phan ung khong th€ 16n hon téc do khuéch tan.

N&u phan dng tién hanh trong nhing diéu kién hinh hoc va thuy luc it xdc dinh
(vi du khi diing que khufly hay khi th8i dong khi qua vat x&p) thi khong th&€ xdc dinh
duge téc d6 khuéch tdn. Khi do d€ phan biét ving dng hoc va ving khuéch tin c6
thé dua vao tinh chit ctoa sy phu thudc tSc d6 phan dng vao mét théng sb.

a) Su phu thudc téc d6 phan ng vao t6c do ddng ching té qud trinh xay ra trong
vimg khuéch tin.

b) Su phu thuéc manh cha t6c d6 phén dng vao nhiét do ching té phan dng xay
ra trong ving dong hoc (néu sy khuéch tdn xdy ra trong pha khi).

¢) Trong trudng hop phén dng xdy ra trén thanh d8ng khi cho ddng khi hay chét
l1éng di qua, n€u phan dng xay ra trong ving khué&ch tdn thi khdo sit thdy bube chuyén
4t dac trung tit ché do chay tfing sang ch& do chay réi ngin cach boi diém gidi han.
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Trong vlung chay tdng (t6c do dong bé) téc do phan dng phu thuoc y&u vao tde do
‘dong, va nfng d6 san phém ti 1é nghich vai téc do dong. Trong vung chay r8i (téc do
dong lén) tdc d6 phan Ung phu thuéc gdn nhu tuyén tinh vao téc dd dong, con néng
d san phdm thuc t&€ khéong phu thude téc d6 dong.

Cdc vi dy di€n hinh vé qua trinh x4y ra trong ving khuéch tan la phan ﬁhg chay
than & nhiét do trén 1100°C, qua trinh hoa tan muéi trong nudc va hoa tan kim loai

trong axit.

D€ minh hoa trén hinh 35.1 din ra d6 thi bidu dién st phu thudc tdc do dot chay
than va t6c d6 dong oxi thdi qua 6ng. Hinh 35.2 bidu dién néng dé san pham phu

thudc tdc d6 dong. T cdc hinh vé cd thé
ngan ciach boi di€m gisi han.

gfphait
26
20 F
15 b
1600°¢C
1,0 }
900°C o Qe
0,5 |- Uu
800°C
1 1 1 1 1 ]
0 10 20 30 40 60 60 70
L/ph
Hinh 35.1.

Su phu thude 16c d6 chdy than (g/phul) vao e d6
théi (I/ph) & 800°C. 900°C va 1000°C,

3. Phén iing trén bé mat xdp

phan biét ving chay ting va vang chay roi

%
20

15

10

0 b 100 150 200 250

Hink 35.2
SU phu thuge thanh phdp sin phdm phin ing chay
than vio t8c d6 dong khi (m/s) & 900°C va 1000°C.

Béi voi bé mat x6p su dat dén bé mat khéng déng déu ma phu thuéc vao hinh
dang va kich thuée 16 x8p. Trong trudng hgp nay phan dng 6 thé xem nhu déng thé
xy ra trong thé tich vat x6p dac trung bang hang sf van téc hiéu dung k’ va.sy van
chuyén chét phan ung tit pha thé tich vao vat x6p dac trung bang hé s6 khu&ch tin

higu dung D’

Hidy khido sat su van chuy€n vat chit
theo huéng y thing gdc véi mat ngoai cua
vat x8p cd dién tich S, = lem?. Goi C, 1a
nong d6 chdt phan dng ngoai thé tich (&
xa bé mit), C, 12 ndng do trén mat ngoai
S, (hinh 35.3).

Gia thiét ¢ d6 sau y (tist dién S)) néng
dé ch&t phan dng 1a C, dong khuéch tan
qua tist dién S, (lem?) la :
oC
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o

al

J(,
3 do sau y + dy (tiét dién S, ,) ndéng do chdt phan dng la C + ——, dong khuéch tan
qua tist dién 8, la

] aC aC  9%C
= -D— (C + ==d = =D - —d
12 ay ( 9y ) By gyt
* 2C - ” 4 3
Ta cé j, — =D dy 12 s6 mol chat phan dng tich liy duge sau 1 giay trong
ay*
thé tich Sndy = dy em”, vay tdc do tich ldy chadt phan dng trong don vi thé tich la
oC I #%C
— = = D'— (36.8)
at dy ayz

Bifu thuc (35.8) la dinh luat Fick IL

2 at Y At . ac T

O trang thai n dinh néng do chdt phan dng khong d6i theo thdi gian — = 0, vi
vay t6c do tich liiy chdt phan ¥ng phai bang téc dd phan dng trong dan vi thé tich
vat x86p. D6i v4i phan dng bac n ta cd :

2
D — CAY = Kk'C" (35.9)

Giai phuong trink (35.9), luu ¥ dén diéu kién bién
C=C, khiy=0
aC

va C >0, 5 —0khiy =
2
C y n-1 l1-n
t 3 — = |1 + = 35.10
a cd Co |: 7 2+ 1)] { )
v6i [ = D (35.11)
k' Ch!

D6i véi phan dng bic mdt » = 1, bi€u thde (35.10) trd nén bdr dinh, trién khai
ra ta ed :

c .
= = e (35.12)
CD
Bs thi C/C, phu thude y/l duge bi€u din trén hinh 35.4 dng véi hai phuong trinh
(35.10) va (35 12). D6i vai phan dng bac phan 86, n < 1, ta cd C/C = 0 khi
2@+ D)
1 —-n

y =1 (35.13)

Nhu vAy néng d6 chét phan ung triét tiéu tai khoang cdch hitu han tinh tu bé mat
ngoai clia vat x6p.

Néu n = 1, néng do khéng triét tiéu tai b&t ki khodng cdch hitu han nao, ma chi
tién t8i 0 khi y — .

Dai lugng ! xac dinh bdi bidu thde (85.11) cd ¥ nghia dé dai, né dédc trung cho dé
th&m sdu cta phan dng vao 16p chit x6p. Riéng d6i véi phan ng bic mot [ la khodng
cdch, tai d6 ndong dé chdt phan udng giam e 14n.
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CiCo
' 0,8 <
Hink 35.4, _ \\
Sy gidm ndng d¢ theo chidu sau 0,6 \ e
hat xic tac xdp, \\ \2
86 ghi & dudng cong chi bac phan 0,4 ~]
iing \ 1
0 g -
1

_1 _\/; 2 ¥ 3 2_\/§f

Trong bi€u thie (35.9) k'C" Ia t6c do phan ing trong mét don vi thé tich vat x8p.

‘Néu quy vé 1 don vi dién tich mat ngoai cia vat x6p thi téc d6 phan dng sé bing
dong chét di qua don vi dién tich mat ngoai, nghia la

. , , 9C
j=-D (ny)y=0 = B(C, - C) (35.14)
é day 8 - hé s6 chuyén khéi, C, va C_ tuong dng la néng do trong thé tich va
trén mat ngoii.

L&y dao ham cua C theo y trong bi€u thic (35.10) suy ra :

j = \In 3 TDRC T = B, - ¢y (35.15)
D&i vdi phan Wng bac mot ta cd
i=VDK x C, = giC, - C) (35.16)
suy ra C = ——ﬁc"—__— (35.17)
° " B+ VDK
tir dd j= ALLS C (35.18)
GRS D

Ngudi ta phan biét 4 trudng hop gidi han sau day

1. Neu VD'® > B thij = fC, va C, « C,.
téc d6 phan dng bi gigi han bdi t6c d6 khuéch tan trong pha thé tich, ta ndi phan
Ung xay ra trong viing khuéeh tan ngodi.

2. Néu g > VDK thi j = VD'’ .C, va C, = C

Q

Tuy theo tudng quan giita ba dai lugng : H - b8 day cia vién hoac 10p xte tdc
x8p, { -d6 thdm sau cta phan ing xédc dinh t¥ bi€u thdc (35.11) va h -dudng kinh
trung binh cita 1§ x6p, c6 thé phan bist cac ving sau day -

2a) Néu H >» I » h thi giai doan cham nh4t 1a giai doan khué&ch tan trong 16 x6p.

Néng d3 chat phan dng trong 16 x6p giam rdt nhanh theo d¢ s&u. Ta ndi phan ing
xdy ra trong ving -khuéch tén trong.

2b) Néu ! >>H thi phan dng x4y ra trong toan bd 16 x8p. Néng d6 ch4t phan ing trong
16 x8p bing néng dd dd trong thé tich. Ta néi phan dng xdy ra trong viing déng hoc trong.

2c) Néu I < h thi phan dng chi xay ra trén b& mat ngoai. Ta ndéi phan dng Xay
ra trong ving déng hoc ngodi.
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§36. SU CHAY VA NGO

Chdy la sy xay ra phédn ing hda hoc trong diéu kién ty téng tde, gidy ra bdi su
tich ldy nhiét hoac san phdm c6 tac dung kich thich phan ing Trudng hop ddu chi
x8y ra d6i v6i phan dng phat nhiét vA goi la chday nhiét, ; Trudng hop sau xay ra déi
véi phadn Ung ty xdc téc, trong dé quan trong nh&t la phan Wng day chuyén phén
nhdanh va goi 14 chdy day chuyén.

Trong dinh nghia trén ta nhin manh dic diém tu tidng téc, nghia 132 cdc didu kién
cédn thiét cho phadn dng xay ra nhanh phai do chinh phan dng tao ra. Nhu vay dac

diém ctia sy chiay khéng ndm trong ban chét hda hoc cia chdt phan tng, ma lién quan
dén didu kién ti€n hanh phan idng.

Hai dic di€m co badn cia hién tugng chdy 13 sy c¢d mit cia nhing didu kién toi
han va kha nang lan truyén qud trinh trong khéng gian. Trong chday nhiét sy lan
truyén thyc hién bing cdch truyén nhiét, trong chdy day chuyén - bing con dudng
khuéch tian gdc tu do. Vi vay chdy day chuyén con goi 12 chdy khuéeh tin.

Diéu kién téi han quy dinh gidi han cia cdc thong s6 nhu nhidt d6, ap suét, thanh
phdn, hé s8 truyén nhiét, hé s8 khu&ch tan, kich thuéc binh phan ng khi can bing
nhist hay can bing néng d6 bi phda v8. Li thuyét vé cac gidi han n8 trong hai trudng
hop nd day chuyén va n€ nhiét ta da khdo sat & § 13 va § 15.

Hién tugng lan truyén sy chdy bao gfm su lan truydn binh thudng cia ngon lda,
st chdy trong dong va sy kich nd. Lan truyén binh thudng la trudng hgp khi sy chay
xay ra khéng kém theo cdc hiéu tng khi ddéng hoc gin lién voi gradien 4p sulit va

tinh chay rfi, phuong lan truyén thdng géc v4i bé mit cia tuyén chiy (mién xay ra
phan dng chay).

Trong trudng hop H tudng tuyé&n chdy sé ditng yén khi th8i vao ngon lita mét dong
khi theo phuong thidng gdc véi tuyén chay va v6i téc do bang t6c do lan truyén ngon
lda. N&u théi v6i t6c dé bé hon thi ngon lka & tién tai theo dong khi. Né&u thdi véi
toc ¢6 16n hon thi ngon lia sé tit.

Su chay trong dong la sy chdy kém theo su chuyén dong cta khi. Su chuyén déng
d6 cd thé duge gAy ra nhan tao, hodc ty sinh ra do gidn nd nhiét. Néu sy chuyén
dong khi khong déng déu thi tuy&n chdy s& méo md lam tang tOc do chay. Néu sy
chuyén ddng mang tinh chay r8i thi dién tich tuy&n chdy s& tang 1én nhiéu, téc do
chdy sé cang lén.

Né&u khi chuyén déng véi téc do siu Am sé sinh ra séng dap (séng xung kich),
nghia 1&2 nhing bé mat chiu sic ép nhay vot, k&t qua din dén sy qud ndng va sy bbc
chday. Sy lan truyén su chay bdng cich bdc chdy giy ra bdi sdng dap goi 12 su kich né.

Nguai ta phan bigt chay déng thé, chay di th& va chay khuéch tén.

Qué trinh chdy di thé cd ¥ nghia ki thuit quan trong nhét 1a chdy than. Sy chdy
& day khong hoan toan di thé vi trong than cd chdt béc (thanh phdn dé bay hoi). Sy
chay kem theo su cSc hda trong dé than phén huy thanh hidrocacbon va khi hidro
chay tiép trong th& tich. Ngay khi d6t than nguyén ch4t thi bén canh CO, ciing hinh
thanh CO chdy ti€p trong thé tich. Tuy nhién néu lugng khong khi di du va nhiét do
dd cao, cac phan dng xay ra rét nhanh ngay trén b& mat than, do dd qud trinh vén
¢d thé xem nhu thufin tuy dj thé. .
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Mot vi du khéac 1a su chay kim loai khéng bay hoi. Dac di€m & day 1a phan dng
thudng dan dén sy hinh thanh I16p oxit khd nong chay trén bé mat ngan can su tiép
xuc gitta oxi va kim loai. Néu lép oxit do dé ran ndt thi oxi vén tiép xdic duge véi
kim loai (vi du trudng hgp chay magie). Sat khong chay trong khong khi nhung cg
thé chdy trong oxi. Dd 1a vi nhist do chdy sat trong khong khi thdp hon, con trong
oxi cao hon so v6i nhiét d6 ndng chay sit oxit. Trong dong oxi 16p sit oxit ndng chay
bi cudn di, tao didu kién cho sit ti€p xtGc véi oxi. N&u nhiét 46 ban ddu dd cao thi
sat vin cd thé chay trong khéng khi. Vi vay trong nhiing dam chdy 16n sit chay ty
do trong khéng khi. Nhitng tia lita ma sat thdy duge khi mai sit chinh 1a nhitng bui
sat chay trong khéng khi.

Su chdy moét hén hgp khi da tron déu g0l 1a chay dong thé. Vi du kinh dién 1a sy
chay cac hén hop hidro va oxi, cacbon oxit va oxi, hidrocacbon va oxi. Cdc hén hgp
nay cd y nghia ki thuat to 1én.

Trong ki thuit sy chay déng thé thudng tin hanh trong dong chay tAng hoac chay
réi. Su chay rdi bao gis cing lam tang cudng dé cla su chay.

Vai trd cua chédt oxi héa trong hén hgp chdy khong nhdt thiét phai la oxi, ma cg
th& 1a flo, clo hay brom. Sy chdy dong th€ ciing bao gém cac qua trinh phan huy
trong pha khi cdc hop ch4t thu nhiat, Vi dy phan hdy ozon, N,O, metyl nitrat, nitroglicol,
azometan v.v... Didc biét 12 sy phan hty kém theo sy nd axetilen thanh cacbon va
hidro. Day 13 qua trinh ki thuat diéu ch& mudi than.

Su chay hén hgp khi khéng duge trén lin ti trude goi 1a chay khuéch tan, qua
trinh chdy xay ra dfng thdi v6i qua trinh khuyé&ch tan, phan Wng xay ra & lép tiép
xuc gitta hai khi.

Su chdy nhién liéu 16ng & dang giot trong dong phun ciing cd thé xé&p vao day, nd
¢6 y nghia ki thuat quan trong, vi du trong vidc d6t 1o bing xang, d6t nhién lidu trong
dong co diezen, trong dong co phan lue. Sy chdy nhién litu phun 13 mét qua trinh
phic tap bao gém qua trinh phun (tao thanh giot), sy bay cua giot theo quy dao, sy
bay hdi, qua trinh khuéch tén trong khéng khi va su chdy.

Chdt n6 va thude nd. Chat nd la b4t ki hop ch&t thu nhiét nao ¢é kha nang phan
huy nhanh chdng. Quan trong nhdt 1a cac hgp chdt nitro hitu co chida oxi lien két yéu
trong nhém NO,. 0 day trong cing m6t phan ti cd mat chst chay va chit oxi hda.
Cac chét n8 di€n hinh 13 nitroglixerin, trinitrotoluen {trotyl), tetranitropentaeritrit,
piroxilin. Nhidu hgp chdt peoxit chwa oxi lién ké&t y&u l1a nhitng chdt né manh nhung
vi quid nhay nén khéng duge su dung.

Cac chdt n8 khong chda oxi bao gém cac azit (chi, bac v.v..). Nguén nang luong &
day khéng phai 1a phan ung oxi hda ma la sy phan hay trvec tiép.

Chédt n6 ed tdc dung céng phd duge chia thanh chdt méi va chit nd thit cAp. Chat
mdi la chdt né rdt nhay véi sy kich thich bang tia lita dién hay va cham co hoc. Cac
chdt nhu NCl,;, NI,, HN, la nhitng ch&t né siéu nhay, ngay & nhiét do va ap sudt
thudng nd di ndm trong ving béc chay. Ch4t né thi clp ¢d do nhay thdp, dam bao
SU an toan trong bao quan va lam viée. Sy giy nf nd thuc hién bing song dap tao
ra khi cho nd chdt méi.

Phén trén néu cac hién tugng chay va nd. Li thuyét chdy va nd khd phic tap va
kém theo b6 may todn hoe, vi vy ngoai mét s6 co sd nhu da trinh bay & day khéong
di sdu thém.
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§37. CHE DO NHIET CUA CAC PHAN UNG Di THE PHAT NHIET

Ta da xét cdc truong hop, trong d6 y&u t6 tdac dong dén qu.é trinh hoac la su khuéch
tan (déng hoc khué&ch tan), hodc la su truydn nhigt (1i thuyst né nhiét).

Bay gitd khao sat trudng hogp, trong dd cd 2 y&u t6 khuyéch tan va truyén flhiét
déu quan trong, d6 la trudng hgp cdac phan dng di thé phat nhigt. Phuong phiap khao
sat d day tuong ty phuong phap da trinh bay § §15.

Trén hinh 37.1 trinh bay d5 thi bi€u dién I~
nhiét phan dng q, (lugng nhiét do phan dng a1, 92
phat ra trong 1 gidy) va nhiét chuyén ra méi
trudng q, phu thude nhiét do.

Goi @ 1a hiéu dng nhiét phan dng va j - téc
do phin dng, Do6i véi phan dng bac mot j duge
bi€u dién bdi cong thdc (35.4) do do dudng cong
q, trén hinh 37.1 dugc mo ta béi phuong trinh

q1=Qj=lefﬁc (37.1)

trong d6 k - hing s6 tdc do phan dng di thé,
B - hé s6 chuyén khéi, C - nfng d6 chidt phan
dng trong thé tich. Dudng bi€u dién q, c6 dang Sy phy 1huoc nhict phan ung (q,) vh nhict
chit 8, phia dudi ding véi ving déng hoc, phia chuydn ra moi trudng (q,) vao nhigt dé.
trén dng vdi ving khuyéch tan.

T

Hink 3171,

Cac dudng q, bi€u dién t8c do truyén nhidt ra moi trudng duge md ta bdi phuong trinh :
q, = o(T = T)) (37.2)"

trong dd a« - hé sé téoa nhiét, T - nhiét d6 phan Ung (bing nhiét dé cha bé mat),
T, - nhiét d6 moéi trudng (bing nhiét do dong khi & xa bé mat),

Néu duong thdng q, ndm & vi tri 1 thi phan dng xay ra ¢ trang thai 6n dinh (diém
a} trong viing dong hoc. Bé mat it bi dét nong. N&u q, ndm & vi tri 3 nd sé cét q,
tai 3 diém b, ¢ va d, trong dé b vd d Wng vdi trang thai 6n dinh, con ¢ - khéng dn
dinh, chi cdn mot sai léch nhé giiia q, v q, la phdn Ung chuyén ti c vé b (trang
thai én dinh trong vung dong hoc) hodac v& d (trang thai 8n dinh trong ving khué&ch
tan). N&u q, nim & vi tri 5 thi phin dng ludén & trang th4i 8n dinh (di€m e) trong
viing khué&ch tdn, b& mat bi d6t ndng manh.

3 vi tri 4, q, tiép tuyén véi q, tai f. Di€m f dng véi trang thai khong 8n dinh va
la gigi han chuyén tit ving d6ng hoc sang ving khu&ch tdan. Thue vay tai { tit 2 phia
q, > G, do dd bé mat bi d&t nong tu nhigt d¢ T < T, léen T = Tg va ding lai &
day. T, duge goi 1& nhiét dé béc chdy bé mat.

Néu ha nhiét do T, cia moi truong cho dén khi q, ti€p tuyén v6i voi g, tai h (v
tri 2) thi nguge lai, vi tai h tit 2 phia q, > q, nén nhiét d6 bé mat ha xuéng nhanh
chong ti gia tri T > T, xuéng gia tri T = T, vh ding lai § day. T, dugc goi ia nhiét
dd suy gidm. '

Diéu kién t&i han (b8c chay, suy giam) cd thé€ suy ra khi cin bang q, va q, Ti
(37.1) va (37.2) cd th€ viét :

kg
Qv gl =aT-T) {37.3)
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_E _E _5[1_ 1] _E E T“Te}
Vi k = ko RT — ko e RT R|IT T - ko e RT‘,_l e R T"I‘0
- (T-T,) -
= ko.e RTO.e Ti = ko‘e RT".ee (37.4)
trong dd g = . (T - Ty (37.5)
RTZ '
1a nhiét dé vd thd nguyén, ti (37.3) ta rat ra :
| QEC  Bke R I 376
czRT(z)‘ ea.koe_mTo + B '
EC '
Né&u ki hidu s = JECH (37.7)
a:RTfJ
5 -8
va u o= \ o ERT, (37.8)
4]
tit (37.6) rat ra : f@ = 001 + ue® = ¢ (37.9)

Néu vé& trai cla phuong trinh (37.9) ki hidu bang f(6) 12 mo6t ham don diéu cda 6
thi chi tén tai mot trang thai 6n dinh. Diéu kién t6i han chi xu&t hién khi &) co
cue tri. Di€m cyuc tri chinh 12 di€m t4i han. L&y dao ham cda f(§) theo 8 va cho ndg
triét tigdu, rdit ra

e (37.10)

Két hop (37.9) va (37.10) ta duge 3 9_21 = ¢

Day la phuong trinh bac hai d6i vdi 6, gidi ra dugc

e=i‘11¢1’1—%] (37.11)

2

Trong phudng trinh (37.11) d4u cong 12 nghiém Ung véi nhiét do suy gidm (di€m h),
cdn ddu trid dng voi nhiét d6 béc chay (di€m f trén hinh 37.1). T phuong trinh nay
c6 thé thdy néu ¢ <4 hién tugng t6i han khdng xay ra va chi tén tai mdt trang thai

6n dinh duy nhdt. Nhu vay d6i v6i phan Ung bac mét didu kién tdi han chi xust hién
khi ¢ > 4. ' '

Cau hoi
1. D6i tugng nghién cdu cia déng hoc vi mé.
2. Néu cdc dinh ludt Fourier, Fick I va Fick II.

3. Néu cdc tidu chugn d€ phan bist cdc ving : khubch tdn trong va ngoiai, dong
hoc trong va ngoai.

4. Giai thich gidn d8 vé& trén hinh 37.1.
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Chudng VIII
XUC TAC DI THE

§38. DAC DIEM CUA PHAN UNG XUC TAC DI THE

38.1. So sanh xidc thc dong th€ va xdc tac di thé

Phan dng xtc tdc di thé xdy ra trén bé mat phan cach pha, thong thudng chit xic
tac ndm & pha rén cdn ch&t phan Ung ndm & pha idng hoac khi. Trong mét s6 truding
hgp phan dng x4y ra vita trén bé mit vita ngodi thé€ tich, ta goi 12 phén dng dong di
thé, trong d6 phan dng thuing xay ra theo co ch€ day chuyén ma bé mat cd tac dung
kich thich sy tao thanh géc tu do.

Gita phan dng xic tac déng thé va di thé khong ¢6 sy khic nhau vé ban chit.
Tuy nhién trong trudng hgp xic tdc di th€ su tham gia cia bé mat vao phan ding lam
cho hién tugng trd nén phic tap hon.

a) Trong phan dng xtc tdc déng th€ cac ti€u phan trung gian duge hinh thanh véi
néng do6 tuong déi 16n di cho sy phat hién va nghién cdu ching. Trong phan dng xic
tdc di thé hgp chit trung gian chi tén tai trén bé mat v4i ndng d¢ rdt bé khd phat
hién. chi trong mét s8 trugng hgp, bing phuong phip hfng ngoai va c6ng hudng tif
electron cd th€ kham phé trang thdi hdp thu hda hgc cha phan ti trén bé mit.

b) Cac phan ing déng th€ xiy ra trong mot th&€ tich xdc dinh, con d6i véi cac phan
tng xuc tdc di thé viéc xdc dinh khéng gian phan ing thutng gip nhiéu khé khin :

- Trong viéc xac dinh dai lugng b8 mat trén dd xay ra phdn dng.

- Trong viée xdc dinh ban chat cua bé mit hoat déng (su tén tai cha trung tam
xtic téc, b8 mit ddng nhédt hay khong déng nhdt v.v..). .

- D6i vdi b6 mat x6p tly theo kich thudc cia 16 x6p va diéu kién ti&n hanh phan
ing ma quy luat ddéng hoc cd thé bi thay th& bdi quy luat khuéch tan.

¢) Trong da 8§ truimg hop (phén l6n thudc l6p cdc phan Ung oxi héa khir) hoat
tinh xidc tdc rft nhay cdm v&i sy c6 mat cta chét la. Vi th€ sy khong hoan thién

trong phuong phdp diéu ch& va ch& hda ch&t xic tdc ¢ thé din dén nhitng két qua
khéng phit hgp nhau.

Vi nhitng khd khan trén va cdc khé khin khdc, mic ddu chét xiGc tdc dudc dng
dung rong rai ti lau (hon 80% céng nghiép héa chdt th& gidi hién nay dua trén su
ung dung chit xic téc) li thuyét xuc tdc phat tri€n chim, viéc tim chdt xuc tde mdi
cdon phai dua vao kinh nghiém.
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Tuy vay su dat duge nhitng thanh tuu trong linh vvc nay cho phép néu lén mot s6
quy luat chung cta xic tdc dj thé.

38.2. Cac giai doan phan vng di thé

Phan dng xiuc tde di thé xay ra trén bé mat nén nhat thist phai di qua cdc giai
doan sau day : _

1. Khuéch tdn chédt phan dng tit ngoai thé tich dén bé mat chét xdc téce ;
Hip phu chidt phan dng trén bé mit ;

Phan dng trén bé mat ;

¥

Giai hdp san ph&m phan dng khéi bé miat ;

oo Wt

Khuéch tan san ph&m tit bé mat ra ngoai thé tich.
Tée dé toan qua trinh bi khéng ch& béi tée do giai doan cham nhat got la giai doan

quyé€t dinh téc d6. Tuy theo giai doan chadm nhé&t 13 giai doan khuéch tan, hidp phu

hay phan #ng ma ngudi ta phin biét mién khué&ch tan, hap phu hay déng hoc caa
phan dng. D&i vai nghién cdu dong hoc, didu quan trong 13 ti€n hanh phan Ung trong
mién dong hoc khi téc dé phan ung trén bé mat la cham nhat,

Vé mat khong gian 6 thé chia hé phan ing — chit xic tac thanh cac lop khac
nhau theo so d8 :

(IV) Lép khuéch tén

(III) Lop hép phu

(II) Lop bé mat xic tac

(I) Ldp thé tich chdt xic tac

Trong viéc nghién cdu chit xdc tac I6p (IV) khéng dong vai tro dac biét, lép (III)
la d6i tugng nghién ciu cia cdc thuyédt hap phu, 16p (I} 1a d6i tuong nghién ciu cia
cac thuyét vé& trung tAm xic tac, con lap (1) 12 d&i tuong nghién cdu cta vat li chét rén.

38.3. Phin loai chat xic tac di thé

Tuy phan dng xic tdc di th€ phuc tap, ching ¢ th€ chia thanh hai loai khac nhau -
xlc tdc oxi hda khit va xiac tdc axit bazd.
Xuc tac oxi hosa khi hay xuc téc electron thue hién trén cdc chdt din dién : kim

loai va ban dan. Thugc loai nay thudng la céc phdn ung déng 1i : oxi hda, khd, hidro
dehidro hda v.v..,

Xdc tdc axit bazd hay xuc tdc ion thuc hién trén cac chét tich- dién. Thuoc lép nay
thudng 14 cdc phan dng di li : déng phan hda, k&t hop (hidrat hda, amin hda), th&
{thuy phan), gidi amin v.v...

Cach phan loai trén day khong hoan toan nghiém ngit va khéng bao gdm moi co
ché xic tdac, chdng han trén cung mot chdt xdc tde (mét s oxit) cd thé x4y ra phan
Ung thu6c ca hai loai oxi hda khi va axit bazo, tuy vay cdch phan loai dé té ra tién
loi cho viéc nghién cdu.

38.4. Phan loai co ché

Ngudi ta thudng plhﬁn bigt 2 co ch& phan dng xuc tdc. Theo c¢ ché Langmuir va
Hishelwood thi phan ting xic tdc dj thé xay ra giita céc phan ti hdp phu trén bé mat,
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. con theo co ch& Rideal va Eley thi phidn dng xdy ra gilta cdéc phan ti h&p phu hda

hoc vA cde phan td tif pha khi hodc hdp phu vat li. Cac co ch& d6 c¢d th€ bi€u dién
nhu sau :

A wan
‘ Ca ché Langmuir -
Hinshelwood

A

‘ ARB Co ché Rideal - Ele
g W)W — /)Wi; R ’

38.5. B¢ miat dong nhat va khong dong nhat

Vé ban chdt cia bé mat hoat dong hién nay cé 2 quan diém. Mot quan di€m cho
rang bé mat khéng déng nhét, trén bé mat khong phai tdt cd moi di€m déu c¢d hoat
tinh xtc tdc nhu nhau, ma chi c6 mot s6 difm hay tap hop difm goi la trung tam

hoat ddéng cé hoat tinh xic tdc.

Trung tdm hoat dong thec Taylor 13 nhiing nguyén td it duge bao hda nhdt vé mat
hoa tri, theo Ioffé dé la nhitng chd ran nitt trong tinh thé, theo De Boer dd la nhitng
canh, géc, dinh cia tinh thé, theo Schwab dé 1a nhitng noi ma cdu tric lién tuc bi
pha v&. Roginski da phat trién li thuyét théng k& vé bé mat khéng déng nhdt, gia
thig€t vé sy khéng ddng nh#t vé nhiét hdp phu vd nang lugng hoat hdéa va dua ra
nhitng ham phan b6 khic nhau mo ta tinh khong déng nhat dé. V& cfu tric cla trung
tam hoat dong bao gém nhidu di€m dugc dé ra trong thuyét da vi cua Balandin va &
ching muc nhédt dinh trong thuyét tap hgp cia Kobazov.

Quan di€m thd 2, Boreskov cho ring b&8 mat 14 déng nhit ; hién tuong xuc tac cé
ban chdt hda hoc, vi th€ bé mit cd thanh phdn héa hoc nhit dinh =& dng véi hoat
tinh xdc tdc xdc dinh ; n&u b8 mat tinh khiét vé héa hoc thi hoat tinh & moi diém
phai déng nhét ; su phu thudc cta nhiét hdp phu vao dé che phi bé mat cd thé giai
thich trén cd s6 tuong tac ddy, khéng nhét thiét phai dua ra gia thi6t vé bé mit khong
dong nhit,

V& vai trd electron cia chdt rdn tham gia phan #ng xtc tdic ¢ 2 cach xem xét.
Mot cdch nh&n manh dén vai trd cla y&u t6 dia phuong, nghia 12 vai trd nhiing di€m
dac biét trén bé mat, vé thuc chft 12 nh4n manh y&u t8 khong déng nhit. Cach thu
2 nhin manh d&n vai trd cia y&i t3 tap thé, nghia & vai trd cta toan bd chit ran
tie vai trdo mic Fecmi, v& thuc chdt 12 nh&n manh y&u t6 déng nh4t.

Nhin chung, hién tugng xic tdc la phic tap, ca y&u t6 khong dfng nhdt va déng
nhit, dia phuong va tdp thé déu déng vai trd, nhung vai trd d6 thay d8i tay theo
phan tng va tuy theo chét xtec tdc cu thé.

38.6. Nhiing dic trung co ban cia chét xiic tic di thé

B2 mdgt riéng, do x6p, hoat tink xiic tée va d6 chon loc. Dién tich bé mat duge do
bang cdc phuong phap hdp phuy, dién tich quy vé mot don vi khéi lugng (1 gam) goi la
bé& mat riéng. B& mat riéng clia moit s6 ch&t mang xdc tiac thudng diing nhu sau (mzfg) :
bét thach anh 3,6 ; BaSO két tua 2,7 ; Zn0O k&t taa 8,8 ; bot than chi 25 - 30 ;
Al,0, 100-300, mé hdng 200 300 ; sﬂmagen 300-600 ; than hoat tinh 700-2000.

Hoat tinh xic tac tl lé v6i bé mat riéng, vi vay chﬁt xtc tdc cong nghiép thudng
x0p. Do x6p duoe xdc dinh nhu sau. Ung véi | gam chét xGe tdc cd khdi lugng riéng

255



£ thi phdn thé tich ma cac hat xtc tac chiém sé la 1/p. N&u V, la phén thé€ tich réng
tac bdi cdc 16 xdp thi thé& tich chung cia 1 gam chét xic tdc la Lip + V,, 40 x8p ¢
duge dinh nghia la

\Y

4]

€= 71— (38.1)
7 + V,
Da&i v6i chdt xic tdc x8p, b6 mat trong (thanh khe x6p) déng vai trdo cht yéu. Né&u
gia thigt khe x8p la déng nhdt, c¢6 dang hinh tru véi ban kinh trung binh r thi thé
tich réng V_ va dién tich b& mat trong S bing :

V_ = ar‘h vdi 8 = 2xrh,

[}

trong dd h la chiéu dai clia t4t cd cdc khe x6p cong lai ; chia hai hé thite trén cho
nhau duge.

r =3 (38.2)

Nhu vay biét thé€ tich réng V_ va b& mat riéng S c6 thé suy ra ban kinh trung
binh r cua 1§ x8p.

Hoat tinh xtc téc 12 mét dac trung quan trong nhung khéng cd tidu chudn xidc dinh
théng nhdt. Ty nhién nhdt cd thé ding hing 6 t6c d6 phan dng quy vé moét don vi
bé mat & nhiét d6 cho sén lam thudc do hoat tinh. Nhung vi viéc xdc dinh hang s6
t6c do va dién tich bé mat thudng khd chinh xac, do dd phuong phap nay kho ap dung.

Thong thudng ngudi ta dung téc d6 phan ing quy vé mét don vi thé tich hodc khéi
lugng chédt xic tac & 4p sufit va nhiét do cho sdn lam thudc do hoat tinh. Phuong phap
nay ¢d nhuge di€m la t6c d¢ phan dng khéng nhitng ti 16 voi hoat tinh ma con phu
thudc bé mat riéng cla chét xic tac. Ndi chung hoat tinh xuc tdc a mét ham phitc tap
phu thudéc nhiéu y&u t6 va khéng phai ldc n#o cling cé thé cf dinh duge cac y&u t6 dd.

Vé mat nhisét dong hoc, tit mot hé chdt phan dng cé thé xay ra nhidu phan idng
theo nhiéu huéng khdc nhau. Kha nang chét xde tac didu khién phan dng di theo mot
huéng nh4t dinh goi 1a d& chon loc cia nd. Do chon loc duoe xdc dinh bang ti s6 giita
téc do hosc hi¢u sufit clia phadn Ung mong mufn so véi téc dd hodc hidu sudt chung
cua qud trinh.

Vi du trong hén hgp CO + H, c6 kha nang xiy ra nhidu phan @ng khac nhau :

1) CO + 2H, — CH,0H
2) 2CO + 4H, - C,H,0H + H,0
3) CO + 3H, — CH, + H,0

4) nCO + @n+1)H, — C H, ., + niL0

Trén xtc tdc niken x4y ra phan dng (3) ; trén h6n hop mangan oxit va nhém oxit
x4y ra phadn dng (4) ; trén hén hgp ZnO + Cr,0; & dp sufit cao xay ra phan dng (1) ;
cung trén hén hgp dd, n€u thém mot {t kiém thi xay ra phan iing (2).

D¢ chon loc khéng nhitng phu thudc vao ban chdt bé mat ma con rhu thude cfu
tric x6p cua chdt xdic tdc. D4i vai nhilng phdn Ung xdy ra qua nhibu giai doan k&
ti€p, vi du phan d¥ng oxi hda etilen thanh etilen oxit, sau dd thanh CO, va hdgi nude,
thi dé chon lgc cia phan Ung hinh thanh sin ph&m trung gian gidm khi do x8p tang,
dac bigt khi kich thuéc 16 bé, nguyén nhan vi trong qua trinh khuéch tdn ra khéi cac
16 x0p, cdc san phdm trung gian cd co hoi phan dng tidp.

256

-
S,



L)

§39. CAC CHAT XUC TAC

39.1. Kim loai va ban din

Cac phan dng oxi hda khi thudng xéy ra trén chéat xic tdc kim loai va ban dén
(xde tac electron). DJ 14 cdc phan wng oxi hda khi, hidro,dehidro hda, phan hay hgp
chét chda oxi v.v... Diac di€m cia phan ¥ng loai nay Ia c6 su chuyén disi electron tu
chét phan \@ng dén chat xic tdc hodc nguge lai, vi vay cd méi lién quan phic tap gilta
hoat tinh xtc tic vA cac ddc trung electron cia chdt rdn : do dan dién, céng tdach
electron, bé rong vung cdm, néng do v ban chit cic khuyét tat tinh thé v.v.. Tu lau
nguoi ta quan niém cac khuyét tat tinh thé tao ra cdc trung tam hoat dong xic tic
Mot trong nhitng chitng minh dinh tinh cho guan diém nay la sy thay d8i heat tinh
xue tac dudi tde dung tia bie xa (xiic tac bic xa) : su tang hoat tinh gan lién véi su
tang nong do ciac khuyét tat trong chdt xic tdc, con sy gidm hoat tinh (vi du déi vai
phan dng hidro héa etilen trén Cu hoac Ni bi chiu bdi cac tia «, 8, y) duoc giai thich
bing sy phd hiy cdc trung tam hoat dong duéi tdc dung cua tia bic xa.

Duéi tdc dung cia dnh sdang ti ngoai c¢d thé hinh thanh cac cap electron {6 tréng
trén bé mat mot sd chdt xhGe tdc din dén sy tang hoat tinh, vi du truong hgp ZnO,
hién tuong ducc goi 1a quang xic tac.

Déi v6i kim loai va hgp kim, mot quy luat quan treng dugc tong két 1a hoat tinh
xUc tdc dac biét cao § nhiing kim leai chuyén tiép (cd phan 10p electron d chua bao
hoa). Theo Pauling cdc obitan d e¢d th& phan thanh 3 loai : obitan d lién két 1a nhing
obitan cé kba nang lai héa d,s,p d€ hinh thanh lién k&t : obitan d kim loai la cdc
obitan gay ra tinh din dién ; obitan d nguyén ti 13 cac obitan khéng lien ké&t. Ti I8
cac clectron d tham gia cac obitan lien k&t d, s, p duoe goi la dac trung d () tinh
bang phdn tram,

Dac trung d cia mot s6 kim loai duge din ra & bang 39.1.

Trong mot s6 trudng hop ngudi ta tim thdy m6i lién quan gita hoat tinh xdc tac
vA dac trung d cua kim leai ¢hinh 39.1).

Bang 39.1. Ddc trung d (5) trong lién két kim loai cia mét s& nguyén ti.

Cr.

n .

| Fe Co | Ni | Cu Ta | W | Rh
'L_- 39 40,1 39,7 39,5 40 36 39 ; 43 20

Chat xic tdc oxi hda khi thudng cg |
mau cing la mot hién tugng phd bign. 52 |

Vi dy trong phan idng phan huay kali
ciorat bang xuc tac, nhitng chit xuc tdc
hoat déng nhit nhu NiO, Co,0,, MnO,,
Cu0 c6 mau den hoac nau, nhitng chat
xGc tac cé hoat tinh trung binh nhu
SnQ,, PbO, Zn0, CdO ¢ mau da cam
hay vang, con nhirng chat nhu AlLO,,
MgO, TiO,, SnO, mau trang thi khong
cé hoat tinh. Ta biét ring mau sic gay
ra bii cde bude nhay electron, buéc nhay
cang cac thi mau cang nhat. Trong bén
dan, d6 cao cia budc nhay phu thude
vio bé rong cia viung c&m, déng thoi

4 -
40 - O Niiilp

36

4,0 3.9 .0 BEE

Hink 391

lgk

Su phu thude cia hogt tinh xic tac {Igk) vio dac inung

d mdt 56 kim loai trong phan dng hidro hoa
CH, + H, = O,
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phu thuéc vao sy ¢d mat cha tap chdt. D6i véi oxit cia céc nguyén t6 chuyén ti€p, cac
hop chét 6 cfu trac electron d° va g0 thudng khéng mau (tri Cu,0), cac hgp chat
¢6 cHu trac d° (MnO va Fe,O,)e6 mau nhat hon so véi cfu trac d' + d4* va d® = 4%

39.2. Chit xdc tac ion

Chédt xuc tdc ion cd tdc dung xdc tac d&i voi cac phan dng di li. Vi du mu6i thiy
ngan 14 chdt xdc tdc cho phan dng hidrat hda axetilen. Tuy nhién su nghidn cdu &
day tap trung chu y&u vao céc axit va bazo rdn. Vai trd céa cac axit (HB) hoac bazo
(B) ran trong phan dng ¢6 thé hinh dung qua vi du sau :

Xac tdac axit
~CH-C=0 + HB = /CH—q--OH+ +B = °C = C-0H + HB

Xdc tac bazo ;

Co (I |
“CH-C=0 +B = JC=C-0 + HB = ~C=COH + R

Cac phdn Ung xtGc tdc bdi axit rdn thudng 1 : d6ng phan hda, crackinh, tring hogp
anken, halogen hda, hidrat hda hodc két hgp cdc phan t¥ phan cwc khic vao néi déi,
ankyl héa, aryl hda, phan Ung ngung tu kém theo sy t4ch nude, amoniac, HCl hodc
phan té phan cuc khde, thiy phan, céc phan dng chuy&n vi, vi du chuyén vi Beckmann.

Céc phan dng xic tdc bdi bazo rdn thudng la : phdn dng ngung tu cac hgp chét

cacbonyl, axetylenic, phin dng Peckin, Favorski v.v... mét sd phan dng trung hop, dong
phan hda, ankyl hda v.v..

Theo dinh nghia cia Bronsted va Lewis ta hifu axit rdn 13 nhitng chét c6 kha ning

nhuing proton hodc nhan cip electron, con bazo rdn - chdt nhan proton hodc cho cip
electron.

Cédc axit rédn cd tac dung xdc tdc gbm :
1. Khodng sét tu nhién : caolinit, bentonit, montmorilonit, clarit, d4dt phule, zeolit.

2. Céc axit trén chit mang : H,80,, H,PO,, H;BO,, CH,(COOH), mang trén silicagen,
cat thach anh, nhém oxit, diatomit.

3. Nhuya trao d8i cation.

4. Cac hén hgp oxit : 8i0,.AL0,, B,0,AL0,, Cr,0; AL Q,;, Mo0,.Al,0,, Zn0,.8i0,,
Ga,0.5i0,, BeO,.5i0,, MgO.8i0,, Ca0.5i0,, $r0.8i0,, Y,0;.8i0,, La,0,.8i0,, Sn0.8i0,,
Pb0.5i0,, MoO,.Fe,(Mo0,),, MgQ.B,0,, TiG,.Zn0.

5. Cac hgp chdt vé cou : ZnO, Al,0,, TiO,, Ce0,, As,0,, V,0,, 8i0,, Cr,0,, MoO,,
Zn8, Ca8, Cad0,, Mn30,, Ni50,, CuS0,, CoSO,, CdS0,, Sr80,, ZnS0,, MgS0,, FeSO,,
BaS0,, KHSO,, K,80,, (NH,),80,, Al,(S0,),, Fe,(80,),, Cr,(80,);, Ca(NO,),, Bi(NO,),,
Zn(NO,),, Fe(NO,);, CaCO;, BPO,, FePO,, CrPO, Ti,(PO,),, Zry(PO,),, Cuy(PO,),,
Ni;(PO,),, AIPO,, Zn,(PO,),, Mg,(PQ,),, AICL,, TiCl,, CaCly, AgCl, CuCl, 8nCl,, CaF,,
BaF,, AgClO,, Mg,(ClO0,),.

6. Than nung & 300°C.

Cac bazo rdn cd tdc dung xic tic gém :

1) Céc bazs trén chit mang : NaOH, KOH mang trén silicagen hoac nhom oxit :
cac kim loai kiém v& kiém thd phén tén trén silicagen, nhom oxit, K,CO;, NR,, NH,
KNH, trén rhom oxit ; Li,CO, trén silicagen.

2) Nhya trao déi anion.
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3) Cac oxit hén hgp : 8i0,.Al,0,, 8i0, MgO, $i0,.Ca0, 8i0,.5r0, 8i0,.Ba0.

4) Cdc hop chdt vé6 co : BeO, MgO, CaO, SrO, BaO, Si0,, Al,0,, Zn0, Na,CO,,
K,CO,;, KHCO,, (NH,),CO,, CaCO,, 8rCO,, BaCO,;, KNaCO,, Na,W0,2H,0, KCN.

5) Than nung d 900°C hoac hoat héa bdi N,0, NH,, ZnCl,-NH,CI-CO,

Qua sy théng k& trén ta thdy nhing ch4t nhu ZnO, Al 0,3, 8i0,, vita ¢d tinh axit
via cd tinh bazo d6 la nhitng ché&t xic tdc hai chic nang axit bazo.

Céc proton trén bé mit 1a céc tdm axit Bronsted (tAm B). Cac cation kim loai cd

kha nang nhén cap electron la cdc tAm axit Lewis (t&m L), con cdc anion nhudng cap
electron la cdc tdm bazd.

Vi du trén nhém oxit, qua trinh hinh thanh cdc tam axit va bazo cé thé hinh dung
nhu sau :

H\ H*
J
OH OH , - 0 0~
| | dot nong | +H,0 ; |
—O0—A-0—Al —o-gu"—o—{u— ——> —O0—AF0-Al-
o, A -H,0 s A A
' : : (Tam L) Tam bazo Tam B Tam bazo
(D (1D (111)

Cong thic (I) Ung v6i nhom oxit bi hidroxyl hda bé mat ; cdéng thic (II) dng véi
su mit nude khi d6t din d&n sy hinh thanh tam axit Lewis (nguyén ti Al khéng bio
hoa hod tri}) vd tam bazo (anion O7) ; céng thic (III) dng vdi su hinh thanh t4m axit
Bronsted (tdm B) do k&t qua hgp nudc cla t&m L. Su tén tai céc tam axit va bazg
trén nhém oxit cing cé th€ hinh dung biAng so d6 (hinh 39.2)

Trén hinh (39.2) nhém hidroxyl ki€u A bi bao quanh bdi 4 ion O nén ¢ tinh am
cao nhét, dd la tdm bazo ; ngude lai nhom hidroxyl ki€u E khéng c6 cdc ion am @
g4n nén cd tinh duong cao nhit, dé 1a tam axit.

Su cd mit cla 5 ki€u nhom hidroxyl trén b&é mat duge ching minh bing 5 cyc dai
trong phd hdp thu héng ngoai cua AL,Q, (3800, 3780, 3744, 3733 va 3700 em™ 1y,

Mot vi du khéc 14 zeolit. Zeolit 1a alumosilicat hidrat hda & dang tinh thé&, cdu tao
bdi cac ti dién Si0, va AlQ,. Ton ducng bt tri dién tich &m cia nhém cé thé la Na*,
NH,, H*, Ca®, La* v. v..

E
0 + /0¥ +
+ OH + OF
o + 0¥ +
OH 0¥ + 0o*
0 + 0¥ + \+ 0¥ + D
+ 0¥ oH oF + O}F’:/
0% + 02\+ O\ + 0O

A C
Hinh 39.2.
Céac tim axit va bazd trén ¥~ Al O, :
Céc chil A-E chi § nhém hidroxyl duge bao quanh khac nhau.
Dfu + chi ion AI’* & 18p dudi 1op bé mat.

/+
ra
©
a2
1
+ + + o+
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Trong s6 hang chuc loai zeolit khéc nhau gap trong thién nhién ciing nhu tdng hop
zeolit cd cfu truc ki€u fojazit (zeolit X va Y) cé Ung dung rong rdi nhat. Sy hinh
thanh cdc tam axit va bazo tif mudi amoni cGa zeolit ¢6 thé hinh dung nhu sau.

bac gébm nhiéu cdu tit vA nhidu pha.
Ngoai cdu tu chinh dugc goi 1a chéat
xic tdc, cde cfu to khdc thém vao
néu voi luong nho thi duge goi la
chdt bién tink, néu voi lugng 16n ta
thu duge chdt xtdc tac hén hop.

A NH; H*
0 0 0 : 0 0 0
~ - TN dd nang
CA sl — NHy o+ AT sl
o~ Yoo 0 0 o0~ ™o
Tam B
B. H*
O\A!'" -0 ./O déit nong O\A] HO\S_/O
- 8i = i
- -~
0" Noo0” Mo 0" Mo”7 Do
C.
O HO_ O 46t nong 0. . o, _O 0. Pe.
2 Al S o HO 4+ AT St o+ Al Si*
0" Moo 0 0 00 0 O 007 Yo
Tam bazg Tam L
Tinh axit hodc bazd cia bé& mit
phu thutc vao s6 lugng va luc cua
cde tAm. Liye cla tAm axit dac trung Hoat tinh xdc tac
bang ham axit H_ (chudn bing chi
thi Hammett), con s6 lugng chiing 200 p E F
dac trung bang s8 milimol tam axit c
trén 1 gam chéit xic tdc {cd th& chuidn
bang amin, vi du n-butylamin). 100 - 8
Tinh axit cia bé méit cang cao thi hoat A
tinh xdc tde cang cao (xem hinh 39.3).
1 I | .
39.3. Chat xic tac nhiéu ciu tu, 0 0,1 0.2 0,3 0.4
chdt bién tinh, chit mang Néng dé axit, nmalig
Chit xuc ta hiép thud
hit xuc tdc cong nghiép thuing ik 30,3

Sy phu thuge hoat tinh xuc tic (don vi quy udc)
vao do axit cia alumosilical d8i véi phan ing
crackink cumen & 500°C.

Chét xdc 1ac : A B G D k. b
% khdéi lugng AlyGy 0 0,12 0,32 104 205 356 103

Cé thé c6 moét s6 nguyén nhan bién tinh : bign tinh electron, bién tinh pha, bién

tinh céu truc.

Vi du v& bién tinh electron cd thé 1a trudng hop tang hoat tinh cua déng khi thém
niken trong phan tng hidro hda, hoac tang hoat tinh cta WO, khi thém 1% NaOH
trong phan Wng oxi hda hoan todn hidrocacbon.

Bién tinh pha la truong hgp khi chd&t thém cd tac dung biao vé pha ¢6 hoat tinh
cac khoi bi pha hay. Chang han CrO, trong chét xtc tdic déng - crom oxit cd tdc
dung bac vé dfing oxit khéi bi khit thanh déng kim loai khéng ¢é hoat tinh.
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Bién tinh cfu trac la trudng hop khi ch&t thém cé tdc dung bao vé chét xic tdc
khoi bi thiéu k&t hay tdi két tinh. Chidng han s4t duge thém Al,O, 12 chdt xic tdc t6t
cho phan Ung tdng hgp amoniac. Thyc nghiém cho thdy Al,O, v6i ham lugng 0,42%
cé kha nang che phi 35% bé méit chat xdc tac, hinh thanh mot 16p rit méng chéng
lai su thiéu k&t va 1dn lén cta tinh thé a-Fe.

Chét xdc tdc hén hgp thudng cd hoat tinh cao hon so véi hoat tinh tiung cdu ti riéng
biét. Ngoai nhitng nguyén nhan bién tinh ké trén ¢6 thé cd nhing nguyén nhan khdc.

Ching han trong hén hgp MoO, va V,0, hinh thanh dung dich rdn véi cdu tric
cia V,0;, d6 la chdt xdc tdc t6t cho phdn dUng oxi hda benzen thanh axit maleic.

Mdt nguyén nhén quan trong la khd nang hinh thanh hé xdc tac nhiéu chdc nang.
M6t vi du : mudi platin trén than va alumosilicat 1a chdt xic tdc cho phan ¢¥ng thom hda
parafin. O day platin ¢¢ chic nang dehidro hda con alumosilicat ¢d chidc nang déng vong.

Chdt xic tac hén hgp phd bién hon cd 1a chit xdc tdc trén chdt mang. Ban than
chit mang thudng khéng cd hoat tinh d6i vdi phan tding nghién ciu. NG lam nén, trén
dé phén b6 cdc hat xic tdc. Nhitng chét mang thutng dung la silicagen, nhém oxit,
alumosilicagen, than hoat tinh, d4 bot, kizengua, amiang, gach chju lita, corun («-Al,0,),
ziriconi oxit, v.v.... Chit mang cd tinh chit chung la tro, c6 bé mat phdt trién (x8p)
va khd ndng chay, ndé cd vai trd :

- Lam tiang b8 mat ti€p xdc va tao ra cHu tric x8p thich hop, do dé lam tang dd
chon lgc va hoat tinh trén don vi khdi lugng chét xac téc.

- Ngin cadn su thiéu ké&t, tdi két tinh chdt xde tde, do d6 lam tang d6 bén nhiét
va kéo dai thoi gian lam viéc cua chédt xidc tde.

- Ngin can su ddu déc xic tée.

- Tang khad ning truyén nhiét cia chdt xidc tdc, didu nay rit quan trong d6i véi
phédn Ung phét nhist.

- Cho phép tigt kiém chdt xic tac, diéu nay clng rdt quan trong d6i v8i cdc chit
xuc tdc )a kim loai quy nhu platin, paladi.

Ranh giéi gitta chdt mang va ch&t bién tinh khong hoan toan nghiém ngat, khong
loai trit chd4t mang dong thai 13 chdt bién tinh xdc téc.

39.4. Chat doc xic tac

Hién tugng chat xuc tac bj ddu doc trong qué trinh lam vige la rdt phé bién. Pau déc
la sy gidm ho#c m&t hén hoat tinh xde tdc dudi tdc dung cia nhitng chit doc xic tdc.

a) Diu déc cd th€ giy ra do su che phu bé mit hoat dong. Ching han trong qua
trinh crackinh hidrccacbon bén canh phan Ung chinh xay ra sy cc hda : trén bé mit
chédt xdc tdc hinh thanh mdt 10p mang cao phén td, chd yéu gom cacbon, che phu cac
trung tam hoat do6ng. Su c¢8¢ hda cd th&-din dén su lam hep hoac bit kin cdc cita di
vao 16 x0p cua ch4t xic tde, lam cadn trd qua trinh khuch tan va thay d8i dang ké
hoat tinh va d6 chon loc clia chét xdc tde x8p.

b} Ddu déc cd the ghy ra do sy bi&n di cdu tric bé mait. Vi du dudi tac dung cla
hoi nudc trén bé mat alumosilicat xdy ra sy tdi két tinh va tdi sinh cfu irdc gen lam
giam bé& mat hoat dong.

c) D8i voi chdt xde tdc axit, ddu déc cd th€ gay ra do su hdp phu cdc bazo manh
trén cdc tdm axit (xem hinh 39.4).
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Su dau déec dac biét nhay cam d8i véi
chdt xdc tdc kim loai. Theo Maxsted chit
doc d6i voi kim loai ¢ th&€ chia thanh 3
nhém :

- Hop chéit cac nguyén t& thude phan
nhém V va VI : N, P, As, O, S8, Se, Fe.

- Céc ion kim loai ;

— Hop chidt co lién k&t kép, vi du CO,
hop chdt xianua v.v..

Tinh déc cia nhom thd nhit lien quan
dén kha nang cla cgp electron khong phan
chia cta cdc nguyén t6 phan nhém V va
Vi dé litn két voi b& mat kim loai. Mét
ching minh cho diéu nay 1a khi cac cap
electron dd bi che khuét thi tinh doc cing
mét (xem bang 39.1).

Hituxudt 3 ; ¢

benzen,% \O\ 1
khai lugng 20

T

40 T T

RN

B\ RN

NG\ —

VAV
Lbd, |

10 1 2 4

Lugng chit déc/gam xdc tae, mol.10*
Hinh 3.4

Anh hudng céa sy dfiu déc dén hidu suit crackinh

tumen trén xic tac alumosilicat.

Chit ddc 1) quinandin ; 2) quinolin ; 3) pirol ;
4} piperidin ; 5) dexilamin ; 6)anilin,

Bang 39.1. Anh huéng cia cdu tric electron dén tinh dbc xiic tdc.

Dang déc Dang khong déc
. g . QO q2-
Hidrosunfua H:S:H Ion sunfat [0 : S : O]
O
Mecaptan R-C:$:H 0
- RC: 3:CR’
O
I:I . Q 3
Asin H:As:H lon asenat [O 1As: O]
. 0
H 0 13-
Photphin H:P:H Ion photphat {O 1P 0]
0
H H 9+
Amoniac H: N :H Ion amoni [H : N : H}
' H

Nhém thd hai, gém céc ion kim loai nhu thiy ngan, chi, bitmut, thiée, cadimi, dong,
sdt v.v.. l1a chdt déc d6i v6i platin v.v... Dac di€m cua cdce ion kim loai ndi trén la &
5 obian d cta ching déu cd mat electron, tinh ddc cd 16 lién quan d&n kha nang hinh
thanh lién k&t kim loai gita cdc ion d¢ véi platin, paladi nh& cdc electron d.

Tinh déc cia nhém thd ba gdy ra bdi khi nang hép phu manh clia cdc hop chét

cé lién ké&t kép trén trung tam xdc tdc.

Khi ting lugng chdt doc trén bé m4t néu hoat tinh xdc tée giam tuyé&n tinh thi do
12 mot ddu hiéu v€ tinh déng nh4t cta cdc trung tAm xdc tde. N&u bé mat khéng déng
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nhdt, dudng bi€u dién hoat tinh phu thusc vao lugng chit déc lach khéi quy lugt tuyén
tinh va dang cua né phu thuéc vao ham phan b8 va nang lugng cua cic trung taim
xic tac.

Mot quy luat thudng gip la d8i véi phan dng xay ra theo co chf néi tiép nhidu giai
doan, do k&t qua ddu déc hoat tinh chét xuc tdc tuy gidm nhung d& chon loc tinh
theo hiéu sudt tuong ddi cha sdn phdm trung gian lai tidng. Chéng han trong phan
ng oxi hda etilen trén chit xdc tdc bac, su diu ddc bac bang halogen cho phép ning
cao ti 1& tuong d8i cia etilen oxit trong san phiAm.

Phuong phdap ddu déc chon loc dd duge d4p dung kha phd bién.

Chat ddec (loai trit trudng hgp che phll c¢ hoc bé mit) 14 mét trudng hgp cta chét
bién tinh. Théng thutmg khi tang lugng chat bién tinh trong chdt xic tde, hoat tinh
xic tde ldge ddu tang, sau gidm. Nhu vay tuy theo ham lugng ma mot chdt bi€n tinh
cé thé e¢6 tde dung tang hoat hay dau doéc.

§40. PONG HOC PHAN UNG XUC TAC D} THE

Trong trudng hgp téng quat, n€u phin Ung trén bé mat x8y ra trong moét giai doan
theo phudng trinh.

VA AL By By = A VLA LL T B+ LB, 4, (400)
trong dd cdc chat A, A,.. phdn Ung & trang thai hdp phy, B,, B,.. phan ing tryc
tiép ti pha khi, san phdm A';, A',... hinh thanh & trang thai hdp phy B’,, B’,... hinh
thanh va bay truc ti&p ra pha khi, thi phuong trinh t6c d6 cd thé vigt dudi dang.

W = k6o, PhibPh ' (40.2)
trong dé k - hang s6 toc do, 8,, 8,... phan bé mat chiém bdi A, A,., P, P,... dp
suft hoi cac chdt B, B,..

Phuong trinh (40.2) chi ding né&u s& chd ma phdc hoat dong chi€m trén bé mait
khéng vugt qua sd chf ma cdc phan td phan dng chiém.

Néu s6 chdé ma phiic hoat déng chidm nhiéu hon so vgi cdc chdt ddu chiém, nghia
la cén thém chd mdi dé x&p dat cic phan td sin phdm thi phuong trinh téc dé cdn
duge viét dudi dang :

W = koN16y ... PhPL . 8 {40.3)
trong dd 4, 14 phin bé mat ty do, con v, 12 hé s6 ti lugng tuong vng.

Néu chdp nhan m6i phan td chi h&p phy trén bé mat tai mot di€m thi v cd thé
tinh bing hidu giita tng s6 chd ma sin phdm va cic chdt ddu chiém trén bé mat,
nghia la v, = ZgV’i - Z‘VI-.

Phuong trinh (40.2) va (40.3) do Temkin thit lap la phuong trinh tdng quat caa
phan dng di th&, né bao gém ca phuong trinh Langmuir cing ¢d dang tudng ty nhung
khong cd thanh phdn P7, vi theo cd ch& Langmuir cdc chat chi phan Ung & trang thai
hap phu.

Cae dai lugng 6,, 6, 8;... trong cac phuong trinh (40.2) va (40.3) khéng do duge
true tiép, vi vay ching cdn duge bifu dién qua dap sudt hodac ndng d6 trong thé tich.
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Con dudng don gidn nhét 12 st dung phudng trinh hép phu ding nhiét Langmuir véi
gia thiét bé mat 14 dong nh4t. Sau dé dua vao co ché cla tung phan dng cu thé véi
cdc gid thiét gdn ding khdc nhau, ngudi ta dua phuong trinh vé dang don gian nh4t
dé ki€m tra bang thuc nghiém. Sau day 12 mét vi du.

Vi du 1. Xét phan dng A — B (vi du phan tng déng phan hda) Gia thiét phan
Ung x4y ra qua 3 giai doan :

1. A(khf) —  A(hD

2. A(hf) —  B(h)

3. B(hfy —  B(khi)
trong d6 giai doan 2 (phan d¢ng bé mat) 12 cham nhst. Ap dung phudng trinh (40.2)
d6i voi giai doan 2 (& day vy = 2’ - 2y, = 0, ta ¢ : W = k0,

1 1

Theo phuong trinh Langmuir ta cd :

g - by Py
AT 1 +b,P, + byPy
kP,
cho nén W = T +b, P, + by Py _ (40.4)
vl k = ksz
Né&u gia thigt B hdp phu rit manh, nghia 1a bgPp »1 + b,P,, tit (40.4) ta c¢ :
P
W= k— (40.5).
Py

b
Vel k' = kzb—A , nhu vy san phdm B cin trd phan dng.
B

Nguge lai néu gia thi€t A hdp phu r4t manh, thi ¢ ap suft Ién b, Py »1 + byPg,
ti (40.4) ta duoe phuong trinh :

W = k, (40.6)

nhit vy phan dng xdy ra theo bac khong v6i téc do6 khéng d6i, vl chft phan ing A
bac hda trén bé mat ;

O 4p suft trung binh ta c6 :

kP,
W= n— (40.7)
14+b, P, :
o] ap suft thép ta cd :
W = kP, (40.8)

Vay phan dng 14 bdc mét.

Vi du 2. Cing phan Ung trén, nhung gia thiét giai doan hédp phu (giai doan 1) Ia
cham nhat. D€ hdp phu moét phan ti ta gia thist cn moét trung tAm trén bé mat, khi
dé v, = 1, 4p dung phuong trinh (40.3) cho giai doan 1 ta cd :

W = kPL6,

1
Vi ts‘0=1“6‘%_6’1321+bAPA+lo

¥
alp,
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klPA
cho nén W = (40.9)
1 +b,P, +bgPy

N&u gia thiét ca 2 chdt A va B déu hép phu y&u thi b,P, + byPp « 1, khi dd

W = kP,, (40.10)
Vay phén dng tuéin theo quy ludt bic mot.

§41. CAC QUAN PIEM VE NGUYEN NHAN XUC TAC

41.1. Quan diém vat li va hoa hoc

Faraday va Liebig & th& ki 19 cho rdng phan dng xtuc tdc di thé gay ra bdi sy tich
liy chét phdn dng (tdng ndéng d6) trén bé mat do k&t qua hip phu. Quan di€m thudn
tdy vat li ndy nhanh chdng bi bae b6 vi sy tinh todn cho thdy su tang t8c d6 do ting
nong d6 1a bé hon nhiéu so véi t8c dd thuc clia phan dng. Sabatier va Ipatiev diu thé
ki 20 12 nhitng ngudi ddu tién dua ra quan di€ém hda hoc vé xic tac. Thuyét hgp chit
trung gian ctia Sabatier (1913) c¢d th€ cu th€ hda bang cdc vi du sau :

Hidro hda etilen trén niken :

H, + 2Ni — H,Ni,

H,Ni, + C,H, — C,H, + 2Ni ;
Oxi hda CO trén dbng oxit :

CO + CuO — CO, + Cu

Cu + 1/20, — Cu0O

Cac quan diém hién dai vé nguyén nhan xidc tdc ciing khang dinh vé ban chit héa
hoc ctia hién tudng nhung chi ti€t hda vé& co ché€ tic dyng cda bé mit, dic biét vé
cdc cdu tric cia cdc trung tdm hoat ddng.

'41.2. Vai trd ciia cac yéu t0 hinh hoc va niing hugng. Thuyét da vi ciia Balandin
Chidng han khdo sit phdc etilen trén bé mit niken

1,54 A
H,C CH,

Ni Ni
3,154
Tu sy _suy luan thufn tay hinh hoc ¢d th€ chd dgi phiic cang hoat déng néu goc
hda tri NiCC cang léch nhiéu mng giéi han nh4t dinh) khéi gde td dién cta cachon
bang 109°28’. Mat khdc gdc NiCC phu thuéc vao khodng cach giita cic nguyén tu
niken. Khodng cach dd d6i v6i cdc mit tinh th€ khic nhau dugec mo ta trén hinh (41.1).

Su tinh todn cho thdy néu chi&p nhan khodng cdch Ni-C bang 1,82A (nhu trong
Ni(C0),, khodng ciach C-C bang 1,54 A (hidrocacbon mach th&ng) thl dng v6i 2 khoadng
cich Ni- Ni bing 2,48 va 3,561 A gdc héa tri NiCC tuong dng bang 105° va 123°
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Hinh 41.1.

Khodng cach gilta nguyén oI trén 3 mit tinh thé cua niken (lap phudng 1Am miit)
Gia tri sau léch nhiéu hon gia

tri truGe so voi gdc ti dign - 0
(109,28 vi vay cd th& cho doi Igk
khoang cach 3,51A 1a thich hap e
hon. Thuc nghiém chidng minh

' - Ni{110}
diéu dd. Khi nghién cttu phan

Ung hidro hda etilen trén cac
mang moéng kim loai khdac nhau
ngudi ta nhan thdy hoat tinh
xic tdc phy thu6e khoang cdch . o)
gita cdc nguyén tit trén bé mat 5 ] l | Ta
thinh 41.2). N&u so sanh hai d6 3,0 3,6 4,0 4.5
thi 41.2 v4 39.1 ta thdy rodi

trong hai truong hgp déu o6, Hink 41.2.

; e e sy phu thudc hoat tinh (Igk & G°C) cac Kim lpai khac nhau vao
hoat tinh cao nhat d6i voi phan khodng cich gilla cac nguyén 1t déi voi phin ung hidro héa ctilen,
ing nghién cdu.

Val trd clta y&u t6 hinh hoc dugc d& cap dén diy da nh&t trong thuyét da vi ctia

Balandin (1929). Ngoai ra thuy&t nay cdn dé cap dén vai trd ciua y&u t6 nang lugng.

Thuy&t da vi cho nguyén nhan xtc tdc 13 ty bign dang phan t& khi nd hdp phu lén
nhing trung tdm nhdt dinh trén bé mat gém nhiéu diém goi la da vi.

Trung tadm da vi 14 nhitng trung tam k&t tinh chua kip phat tri€n, hoac mét ving
nhé cda mang tinh thé trén dd cdc nguyén ti duge s&p x&p hoan chinh tiiy theo kidu
mang iudi. Nhitng nguyén td khdc trén bé mit khong thu¢c trung tam da vi khong
¢d hoat tinh xic tdc nhung ¢6 thé la tam hdp phu. g

Giua trung tdm da vj va phan tit hdp phy trén dd dé phén tng cdn cd su tuong
ing vé hinh hoc va nang lugng. Ching han so d6 phdn dng trén trung tdm hai di€m
cd thé hinh dung nhu sau :

A C Acmemome ¢ A C
‘ ’ M :. ! ) 41.1)
B D : S D B____ D
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Theo sd d6 nay, dudi tdc dung cua hai nguyén t& K hai lien két AB va CD b dut
dé hinh thanh haij lién két mdi AC va BD. Yéu cdu tuong ding vé hinh hoc & day doi

hoi khodng cach KK phai thich hgp véi cfu hinh phic ABCD dé€ phan Ung xay ra
thuan lgi nhat.

Hinh 41.3.
Dehidro - hidro hoa C¢H, theo Balandin

@ hguyeén td xic tic,
¢ nguyén i cacbon,
s nguyén td hidro.

Vi du dién hinh nhdt 14 phdn dng dehidro hda xyclohexan trén trung tdm siu diém
(hinh 41.3). Su tuong dng hinh hoc & day khéng chi vé khodng cdch ma vé ca tinh
d6l xung cda tinh thé. Trung tam sdu di€ém trén hinh 41.3 chi ¢6 trén cdc mat tinh
th€ hai hé lap phuong tdm mat (vi du mat {111} cia Ni trén hinh 41.1) va luc giac
dac khit nhdt. Thyc nghiém cho thdy nhitng kim loai thu6c hai hé tinh thé nay cdg
khoang cach gita cdc nguyén t& ndm trong gidi han 2,48 - 2,77A déu c¢d hoat tinh
xuc tdc ddi vdi phan ing dehidro - hidro hda xyclohexan - benzen. D¢ 1a cdc kim loai
Pt, Pd, Ir, Cu, Co, Ni thudc hé lap phuong tam mat va Re, Te, Os, Zn, Ru thudc hé
lac gidc.

Yéu cdu thid hai - tuong dng v& ning lugng, ddi héi ning lugng lién k&t gitta chit
phan Ung va ch&t xdGc tdc phai cd gia tri thich hgp. D& cu thé ta trd lai so dé
{41.1). Nang lugng lién két gilta chdt phan Ung va chdt xic tdc do bang thé hdp phu
q = gag T 9k * 9k + 9 pg cla phdc ABCD trén bé mat. Y nghia cia yéu cdu tuong
Ung v& nang lugng 12 & ché néu q qu4 lén thi phic sé hdp phu bdt thuan nghich va
che phi bé mat, con néu q bé qud thi chc lién k&t tuong dng khong thé ddt va hinh
thanh, do vdy q cén phai ¢ gid tri t8i uu. Cach tim q téi uu nhu sau.

Goi Qup V@ Qcp 12 nang lugng lién két cdc phan t¥ AB va CD. Hiéu dng nhiét
cua cic giai doan (1) va (2) trong so d§ (41.1) tuong ing bing

E, = Qa5 - Q¢p +q (41.2)

E; = Qqc +Qup -1 (41.3)
Hiéu dng nhiét cia todn qua trinh bing :

E)+E) = -Qu - Qcp +Qac+ Qup = U (41.4)

Co thé gia thiét t6c dd giai doan (1) va (2) cang 16n n&u méi hiéu idng nhiet E,
vad B, tudng ung cang lén. Khi thay d8i chdt xuc tdc gid tri q thay d8i. Sy phu thudc
cia E, va E, vao q theo cdc phuong trinh (41.2) va (41.8) dudc bi€u dién bang dé thi
trén hinh (41.4).
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Sy suy luan don gidn cho
thiy q t8i uvu dat duge khi
E, = E,, nghia la khi ¢ = OT
(xem hinh v&). Thuc vay néu

L. Ey

q > OT thi giai doan (1) tuy Qac-Qup |7 N~
cd th& xay ra nhanh hon nhung | Ll /| - q
giai doan (2) tré thanh quyét 1 I Ur
dinh t6c do lai xdy ra' cham l Rl
hon. Nguge lai néu q < OT H
“Qap  -Qep

giai doan (2) tuy c6 thé x4y
ra nhanh hon nhung giai doan 1 E,
(1) trd thanh quyét dinh t6c
d6 lai xay ra chim hon. Trén
hinh vé tam gidc FHG 12 tam
gidc vudng cdn nén OT.= FG/2,
do d¢6

Hinkh 41.4.
Dudng biéu dién hiéu {ing nhi¢t cia phan iing
phu thuge thé hdp phy g

1Quapl +1Qcpl +Qac + Qgp &
Qgivu = 2 _ = § {(41.5)

8 = Qg + Qcp + Qac + Qpp (41.6)

la t6ng nang lugng cée lién két bi ddt va hinh thanh. Nhu vay cht xdc tdc K sé& cd

hoat tinh cao nhdt d6i véi phan dng cho s&n néu th& hdp phu q = Zqu cua cic
i

trong dd¢

nguyén tif i tryc ti€p tham gia phan dng bing mét nia téng nang lugng cac lien k6t
gita cdc nguyén td i hinh thanh va bi ddt (s/2). DS 1a quy téc lua chon chét xidc tdc
vé ning lugng theo thuyét da vi.

Gia tri s c6 thé biét duge t¥ cde gia tri cia nang lugng lidn két. D& tinh cac gia
tri q;x Balandin d& ra phuong phap déng hoc : x4c dinh q,x dua trén ning lugng hoat
hod thuc nghiém cta mot s phan ing nhdt dinh x4y ra trén ch&t xic tdac K.

Mot vi du : tinh q trén cd sd 3 phan ung xdy ra trén cling mét chédt xdc tic K
cho sén :

a) DPehidro hda hidrocacbon,
b} Hidro héa rugu,
¢) Dehidrat hdéa rugu.

Gia thiét d6i véi cad 3 phan dng giai doan hinh thanh phic da vi la cham nhét.
Phic da vi va hiéu dng nhiét hinh thanh phdc da vi tugng {ing nhu sau :

a) Dehidro hda hidrocachon :

K
C::T—"hc
] E, = - 2Qcy + 2q¢cg + 2q (41.7)
H-----H
*K
b} Dehidro hda rugu :
.o
¢ == o]
| | By = Qecny — Qon + 9k + 2apg T aox (41.8)
H----H
'K )
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c) Dehidrat hoa rugu :

K
C===C
f | Ec = Qcu ~ Qo *t 29¢k + 9ux + 9ok 419
H---- 0-H
‘K
Giai hé 3 phuong trinh trén ta tim duoe :
1)1
Ak = 5[5 E, (&, —Ep) +Qeg + Q¢y — QOH] (41.10)
| 3
Qok = E[EL + Eh - § Ea + Qc() + Q()[[ - QCI-]] (41.11)
1]1
Uik = 5|3 Ba + By —E) + Qey + Qo ~ Qo (41.12)

Balandin cho rang hidu @ng nhiét E cia giai doan ch&m nhit lién quan v6i nang
higng hoat hoa £ cta phan dng bdi hé thdc :
3
4
trong dd hé s& 3/4 duge dua vao d€ chi trong phan dng xic tac xdy ra su bién dang
chi khong phai sy didt hoidn toan lién ké&. Nhu vay néu bidt nang lugng hoat hda va
nang lugng lién két, tit cac biu thdc (41.10) (41.13) tinh duge g Cac két qua nhan
duge trong nhiéu trudng hgp t0 ra phi hop vdi thue nghiém.

£ = E 41 13

Bén canh mét s6 wu di€m, thuyét da vi gap mé6t s6 khd khan va nhuoe diém.

1) Sy chdp nhén phidc da vi ndi chung mau thudn v6i nguyén li can biang vi md
doi héi 2 phan dng thuin va nghich phai di qua ciing mét trang thai trung gian. Vi
du xét phan dng trén trung tim hai diém :

+K K .K
A C A----- C A—C
:- j oK' = Ko oK’ (41.14)
B D B----D B—D :
‘K ‘K ‘K
phdn dWng thuan xdy ra trén trung tAm KK, con phdn ing nghich xdy ra trén trung tam
K’K’, nhu vay trang thai trung gian trong 2 trudng hop la khde nhau la diéu khéng chdp
nhan duge. D€ khdi mau thuéin ta bude phai chip nhan cd phan ¥ng thudn va nghich déu
xay ra trén trung tam 4 di€m KKK'K’ va nhu vay loai trit vai tré cia trung tAm 2 didm.

~2) Thuyét da vi chi khao sit phan iing trong trudng hop cdc chit phan tdng hip phu
dong thoi trén trung tdm da vi, loai trit co ch& va dap truc tiép cac phan t tu pha khi
lén céac phén td hidp phu (co ch& Rideal Eley) cing phd bién trong xtc tdc di thé.

Thuyét da vi quy viée lya chon chdt xbc tde {vé mat ndng lugng) vao viéc tim thé
hap phu q; t8i wu ma khoéng xét dén cdc y&u t6 khie.
41.3. Cac quan di€m electron vé xic tac

Truge h&t néu mét s6 vi dy minh hoa vai trd cdc khuyét tat tinh thé dén hoat tinh
cia chidt xtc tdéc rdn, Khi nghién edu phan dng phén hiy hoi axit fomic trén chat xuc
tdc bac Sosnovsky nhan thiy riang hoat tinh xic tac thay déi khi ban pha bé mat bac
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bing cac ion duong cia agon, trong d6 Igk, 15
d6i v6i cd 3 mat tinh thé (111), (110) p A
va (100) khi tang cudng dé bin pha 71
thi ca ning lugng hoat héa E va thita (1133.// (100)
s6 trudc ham mi k, déu tang va su - % /’
bién thién hai dai lugng nay tuan theo (111) 5¢P.
nguyén li bu trit (5.7), két qua thuc 6
nghiém dugc din ra trén hinh 41.5. 3 ,/

Vi du khéc : Kohn va Taylor tim
thdy t6c do phan d@ng trao déi déng 0
vi hidro—-doteri trén silicagen & -195°C 1012 14 1618 20 22 24 26 28 30 32 34 36
tang 10° 14n do két qua ban pha chat E kcal/mol
xuc tdc bang notron va tia y. Cho Hinh 41.5.
dén nay da tich liy dudc mot s6 16n Phin {ng phan hiy axit fomic trén bé mét bac. DS thi Igk_
s6 liéu thuc nghiém thé hién méi phu thugc E. Trén hinh vé ghi chi s6 cic mit phing

tuong quan gita tinh chét xidc téc Sobiey oo

va tinh chdt electron ctia chdt rdn nhu dé dén dién, coéng tach electron khéi bé mat,

bé rong vung cdm, néng do tap chdt, d6 am dién cua nguyén t8, vai trd electron d
(xem hinh 39.1) vv..

D€ giai thich va hé théng héa cac s6 liéu thue nghiém tich liy duge, nhiéu quan
di€m electron vé xidc tdc da xué&t hién.

Méc dédu hién tugng xic tdc suy cho cung cé ban chat electron, su hi€u biét vé mat
nay con rdt han ché€. C6 hai li do, mot 12 ban than li thuyst electron vé chit rin chua
hoan hao ma chi 1a gidn ding, nhat 1a d6i v6i kim loai, hai la hién tugng xdc tac phic
tap, hoat tinh khéng nhitng khoéng phu thude vao tinh chét electron trong thé tich vat
ran (y&u t6 tap th€) ma con phu thude vao tinh chat riéng biét cta ting trung tam
hoat dong trén bé mit (yéu t6 dia phuong), diéu ma li thuy&t electron it dé cap tdi.

Sau day gi6i thiéu mot s6 ti€p can electron vé h&p phu hda hoc va xic tdc di thé.

41.3.1. Li thuyét lop bién vé hdp phu héa hoc

Do ké&t qua hdp phu héa hoc, mat do electron hodc & 16 tréng trén bé mat ban din
thay d8i. Cé th€ c6 médy trudng hop sau :

Né&u sy hdp phu xay ra
trén chdt ban din ki€u n
(ban dén electron) trong do
chat bi hdp phu cuép electron
cua bé mat va trd thanh ion
am (hdp phu anion) thi néng
do electron & bé mat (l6p
bién) giam.

Q

m?- - == —»

Néu su hdp phu xdy ra
trén ban din ki€u p (ban
dan 16), trong dd ch4t bi hdp

5

phu nhudng electron cho bé a b
mat va trd thanh ion duong

(hdp phu cation) thi néng d6 ‘ i ou Hinh 41.6. ),

16 tréng & 16p bién giam. Sd d6 biéu dién sy hdp phu anion trén ban din kiéu n.

a = Chét ban din trudc hdp phyu ; b - sau hdp phu
Trong ca hai trudng hop 1 - Ving dén ; 2 - mic fecmi ; 3 - mic cho ; 4~ vung hoa tri ;
mac ddu huéng di chuyén 5 - chét ban din ; 6 - chat bi hdp phu.
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electron ngugc nhau nhung
néng doé chdt mang dong
(electron, 16 tréng) déu giam,
do d6 d6 din dién cta chéit
hdp phu gidm. Ta goi d6 la |
su hdp phu tiéu hao. N
Trudng hop thd hai goi la : ‘
hdp phu tich liy x8y ra néu . : . a2 P it

do két qua hdp phu néng dg I o 7 R
chéat 1r:n(alng d(‘)l;gp tlioﬁgnihﬂ?c By gy f-_g‘ —Tm e _Nf_ \Q\\\\\\\\\\\&\\\.

______ DO o
ran tang lén, dd 1a trudng : 4 \\\\\
hogp hédp phu cation trén ban =~  RNNONWWNNWNNNNWG _ o _ p
dan ki€u n hoac hdp phu 5

anion trén ban din kiéu p.

Vg

a b
D& moé td cédc hién tugng
nay Aigrain, Dugas, Hauffe, Pu s Miwis 437 i
Weisz da dé ra thuyét 16p Sd d6 biéu dién sy hdp phu cation trén ban din kiéu p

: e 2 : a - chdt ban din trudc hdp phu ; b - sau hdp phu.
bién ma ndi dung co thé minh 1 - ving din ; 2 - milc Fermi ; 3 - mic nhan ; 4 - viung héa trj ;
hoa trén hinh 41.6 va 41.7. 5 - chét ban din ; 6 - chat bj hdp phu ;

Xét su hdp phu anion trén ban dan ki€u n (hinh 46.1), néu goi a— 4i luc electron
cia nguyén ti bi hdp phu va ¢ - cong tiach electron cia chidt ban din thi kha nang
hdp phu cta nguyén tl ddu tién bang (a-p)e, trong dé e — dién tich ctia electron. Qua
trinh h&p phu cang xay ra thi chdt ban din cang ngheo electron va bé mat cang tich
dién duong, do dJ cong tach electron tang lén, mic Fermi ha xuéng (hinh 41.6b). Gia
thiét sau khi hdp phu N nguyén td muic Fermi ha xuéng mét gia tri V,, can bing v6i
hda thé cha nguyén ti bi hdp phu, khi d6 su hdp phu ding lai (dat can bing), N;
electron bi tiéu hao trong 16p bé mat cd doé sau L.

D6i véi su hdp phu cation trén ban din p (hinh 41.7) nang lugng hdp phu cta
nguyén ti dau tién bang (p - I)e, trong d6 I - thé& jon hda nguyén ti bi hdp phu.
Qué trinh hdp phu cang xay ra mdc Fermi cang dugc nang lén, cho dén khi can bing
v6i thé nang cua nguyén ti bi hdp phu. Khi d6 sy hdp phu diing lai. N&éu c¢6 N; nguyén
ti bi hdp phu thi bdy nhiéu electron dugc chuyén vao ldp cac 16 tréng cta chit ban
ddn trén 16p bé méat cé d6 sau ! (hinh 41.7b).

Néu chdp nhan mat d¢ dién tich trong 16p bién [ la khong d6i c6 thé ching minh
dude hé thie
Nf =

2T AV, (41.15)

trong d6 k — d6 th4&m dién mé6i ; n - néng dd chdt mang dong trong thé tich ban
dan. Thay cac gia tri dién hinh ciua céc théong s trong phuong trinh (41.15) c6 thé
tinh duge N, k&t qua cho thdy d6i v6i su hdp phu tiéu hao khi can bing do che phu
bé mat dat khoang 1%. Mac déu gia tri thu dugec phu hgp v6i mot s6 hé hdp phu, li
thuyét 16p bién cé nhiéu nhuge di€m la qud nhd&n manh dén y&u t6 vat li thuan tay
cua hién tugng ma xem nhe dac trung hda hoc ciia bé mat chdt hdp phu.

Trong céac so d6 nang lugng via xét, cdc muic cho va nhan nidm trong ving cdm
bi€u thi cdc trang thai nang lugng gay ra bdéi nhitng khuyét tat trong tinh th€. Tamm
ching minh rdng su pha v tinh lién tuc trén bé mat li tudng lam xudt hién cdc mic
nang lugng trong vung cim, va electron cdc muc dé (goi l1a mic Tamm) cé khad nang
di dong trén bé mat, khéong di vao pha thé tich.
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41.3.2. Li thuyét electron vé xiic tdc bdn ddn cia Volkensiein

Li thuyét nay dua ra gia thiét vé ba ki€u lién k&t gita nguyén td4 hoac phan tu
hip phu hdéa hoc va bé mat.

1) Lién két "yé&u", trong do electron tu do hay 16 tréng cua mang luéi tinh thé
khong tham gia hinh thanh lién ké&t. Lien két nay thuc hién bang mét electron cha
chdt bi hdp phu.

2) Lién két nhan "manh” hay n "manh", trong d6 chat bi hap phu nidm & mdec nhan
trong vung cidm. Electron ty do cia mang lugi chuyén dén mte nhan d€ hinh thanh
lién két.

3) Lién két cho "manh” hay p "manh", trong d6 chat bi hap phu nim & mic cho
trong vung cdm, 16 tréng cia mang lusi chuyén dén muc ndy dé& hinh thanh lién két

Trén hinh 41.8 trinh bay sc
d6 3 ki€u lién k&t ndi trén cua
nguyén tu natri trén bé mait.
Electron tu do va 15 tréng cua
mang ludi tinh th€ duge xem
nht nhitng hda trj ty do.

Nz

Na -]

s

a C

Dya vao quy luat phan b6
electron trong chdt ban din
(théng ké Fermi Dirac) co thé Hinh 41.8. 3 kifu lien k€t hdp phu héa hoc theo Volkenstein.
tinh duge néng d¢ tuong dé6i a) licn ket "yéu". '

. . - . n b) Lien k&t nhan "manh® hay n "manh”.
cac kigu hdp phu hda hoc trén ¢) Lien k& cho "manh" hay p "manh”.
b& mat.

Néu ki hieu N°. N",N" la s6 phan tit hdp phy lién két "y&u", lién k&t nhan "manh”
va lién két cho "manh" tuong ng trén bé mat thi dva vao cac céng thdc (57.9), (57 10)
tHda 1i tap 2) va so d6 41.9a cd thé vidt cac bifu thue :

ON - 1 (41.16)
N° + N 1 + elf, —v YKT
N+ 1 .
va = — (41.17)
Nﬂ + N 1 + e(Eo Tw )"rK'T
Né&u ki hiéu
Nn _ N_ N+
’IOEF;QE?;’f—EF; (41.18)

Trong d6 N = N°® + N™ + N* - téng s cdc tifu phan hap phu hda hoc, va luu ¥

P+ gt =1 (41.19)
T cdc bi€u thic (48.27) - (48.30) ¢é thé nhan dude :
n° = R (41.20)
—AU &, ~U)
KT KT
1+ 2 Ch
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AU & —-u
KT KT

e

N = T | (41.21)
TKT KT
1 + 2e Ch
Al S:—U+
KT KT
o (41.22)"
1 AU s:—U+ '
TKT KT
1 + 2e Ch

D6 thi bi€u dién 7° 57, 4" phu thu¢c mic Fermi duge trinh bay trén hinh 41.9b.

Né&u gia thiét téc d6 phan
ing xte tac ti 16 voi ndng

dé cua mét trong ba kifu Pt ggt
hdp phu hod hoc thi khi tang W
mitc Fermi t6c dd phan tng bty u -
cd thé€ tang giam hoac di qua F T g vTou- F
cuc dai. Nhu vay mic Fermi e 1A=
‘ R . chb2 AL _ 1 e ] N~ i
ddng vai tro cai thude diéu iy th R -

s ; et — D) n

chinh hoat tinh xte tac. l ° u- t,
‘ n*

Tuy theo tinh ch&t phu - ¢ 1
thude cta téc d6 phan iing DRI 0 1
vao miuc Fermi cac phan dng (a) (b}
duge phian thanh hai leai :
phE}n ing ch? va p‘hén‘f L’rng Hink 419,
nhan. Phan dng ma toc dd - 8o d6 ving clia bAn ¢4n (a) v2 sy phu thudc néng 4o
tiang khi ha thip mue Fermi chft hip phy vio mic Fermi (b).
dugc goi 1a phan dng cho, 1 - Ving héa trj ; 2 - ving Jdin ; FF - miic Fermi ;
con tdc dé tang khi nang cao CC - gida ving cm ; u - chiu rong;rung cfm ; A - miic nhan ;

O N - + — -— —
muc Fermi dugc goi 1a phan D - mic cho ; £, 2, U, U, @', V

dng nhan. AU - khoang cich gilta cdc viing v cac milc.

Mic Fermi ctta chdt ban din c¢é thé nang lén bing cdch thém cdc tap chit cho
electron, vi du Ga,0, trong ZnO, va cé thé ha xufng bing céch thém cac tap chat
nhan electron, vi du Li,O trong NiO.

Lay vi du phan dng trao d6i H, - D, x4y ra trén ZnO (ban din ki'é’u n). Téc do
phan tng nay tang khi thém Al,O, hosc Ga,0; (tap chét cho) vao ZnO va gidm khi
thém Li,O (tap chit nhidn). Vay cd thé gia thist day la phan dng nhan ( electron
chuyén tit chit xuc tdc sang chdt phan dng) xay ra theo so d6 :

H, = A‘ZH;f + 2e (nhanh)
D, = 2D} + 2e (nhanh)
Hy  + Dy +2 = HD (cham)

x+e—x
{*) Ham cosin hipecbolic Chx =
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Mot vi du khéc la phan dng phan hiy N,O xay ra trén NiO (ban din kiéu p) ; téc
dd phén dng nay tang khi thém Li,O (tap chét nhan) vao NiQ, gidm khi thém Inz()

(tap chét cho), vi vay cd thé gia thlét day 1a phén ing cho (chﬁt phan dng nhuting
electron cho chédt xdc téc) x4y ra theo so d6 :

NZO —-N,+0 +P (nhanh)
20" +2p — 0, (cham)

Trén day trinh bay nhiing di€m chinh cta li thuy&t electron vé xiic tdc b4n din cuia
Volkenstein

Bén canh vé dep toan hoc, li thuyét electron gap mét s6 nhugc diém va khé khan.
Nhuge di€ém cta li thuy&t nay la nd xem mic Fermi nhu cai thudc diéu chinh hoat
tinh xdc tae, trong thuc t€ Fermi tuy cé dnh hudng d&n hoat tinh xic tic nhung khéng
phai 1a y&u t8 quyét dinh. Mic Fermi diéu khién néng d6 chdt mang dong (electron
tu do, 18 tréng) trong th& tich ch&t ban din, tuy nhién hoat tinh xdc tdc khong chi
phu thuée vao néng dé chdt mang dong (d6i véi phdn Ung oxi héa khi) ma con phu
thuge vao tinh chdt cia ting trung tadm riéng biét trén bé mat.

Chinh vi vay khi d6i chi€e nhing duy dodn cua li thuy8t vé6i k&t qua thuc nghiém
ngudi ta thdy cd truong hop phit hgp, cé trudng hgp mau thufin. Hon nita nhitng
so sdnh nhu vay nhiéu khi it can cid, vi d6i tugng khdo sdt cua 1i thuy&t bdn din
thudng 13 nhitng chit gidu tinh khi&t hodac chia mot ham lugng tap chét cyc bé (néng
d6 ch&t mang dong khoang 10'> -~ 10 em™ dng v6i néng dé tap chét 0,001 - 0,0001%)
trong khi dé dé tinh khiét cla nhing chét xuc tac ban din thudng diung {t khi vugt
qua 99,90 - 99,99%. CS thé nghi rdng nhitng chdt xic tdc ban din trong phdng thi
nghiém va nhét Ia trong cong nghiép thudng la "bdn tuyst déi', cdc mitc tap chédt cho
va nhin déu no dén mdc néu khong phai trén todn bé miat thi & nhing vung nhit
dinh cd thé hinh thanh pha mdi ¢d hoat tinh xuc tdc khac han so véi chit xic tac tinh
khigt. Chinh vl vdy nhing du doin cia li thuyét electron vé xiic tdc rit khd ki€m tra.

41.4. Yéu t6 tao phic trong xtc tic di thé

Cde nguyén t8 chuyén ti€p (cd ldp electron d chua ddy) va cdc hgp chét cia ching
thuong cd hoat tinh xhGc tac cao. Tuy nhién so d8 ving nang lugng ndéi chung khong

thé dung d€ xét cac hgp chdt nay. Chidng han d6i v6i cic hgp chit nguyén t8 chuyé&n
ti€p, vi ¢6 16p eleciron d chua bao hda nén lé
ra ching phai cd tinh din dién kim loai, tuy -
nhién tinh ch&t nay chi cé vi du d6i v6i Ti,0,4
va V,0,, cdn oxit cde nguyén t& ti€p theo (thude
chu ki IV) déu c¢ tinh ban dén di€n hinh. Morin

gidi thich diéu nay bing so dé tach mic d vé A
trén hinh 41.10 Bé rong ving chd 3d :

D6i voi céc oxit Sc,0,4, Tiy04, V,04 vi tuong
tdc cation - cation manh nén d& hinh thanh
vung 3d. D6i voi cac oxit tigp theo chi cd tuong

tac cation — anion nén mdc 3d khéng tdch thanh 8¢;03Ti,03 V305 Cr;05 Mn, 05
viung ma khu tri & ting cation riéng biét. Electron

khu trd tai cdc cation it linh dong, tinh dén Hink 41.10

dién cta tinh thé dudc giai thich bdng so dé S0 d8 tach mifc 3d thanh viing 3d

bién d6i hda tri. Vi du d6i véi NiO tinh khist cha cic oxit kim loai chuyén ti€p.

ta cd sd dd sau :

0% (2p% + Ni**(3d®) — 07(2p®) + Ni*(3a%)
Ni?*(3d®) + Ni?*(3d®%) — Ni**(3d") + Ni*(8d%
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Cé quan difm (Toffd) cho ridng cdéc cht ban ddn ma sy dén dién thyc hién bang
cd ch& bign d8i hda tri (Mn,05, Fe,0;, Co0,0,, Ni,0,) cd kha nang kich thich lién két ¢
trong phan tit (chft xic tdc hoat dong 6). Con céc chdt ban dén, trong dé cic electron
d duge tap th€ hda, c6 khuynh hudng hinh thanh phdc & v&i cde hgp chidt cd lién két
kép (chat xdc tdc hoat dong ux).

Trong viéc xét khd nang hinh thanh phic hoat dong trén bé& mit cd thé su dung
ii thuyét trudng tinh th€ va trudng phdi td.

41.4.1. Thuyét truirng tinh thé

Theo thuyét nady nguyén nhén bén viing cua phdc l1a lyc hiat tinh dign gitta ion
trung tdm va cdc ph6i tif 13 ion hodc phén td phan cuc xung quanh. Lyc tuung tac
¢6 ban chdt thufin tdy tinh dién, gidng nhu trong tinh th€ iom, ti d¢ xudt hién tén
goi trudng tinh thé&, mic ddu phdc khao sit ¢ thé khéng & pha ran.

Di€m m#u ch8t cia thuyét trudng tinh thé€ la chdp nhin sy tach cdc mic d cla
ion trung tim dudi tdc dung cla trudng tao ra bdi cdc ph6i tu.

Vi du déi vdi phic bat dién, néu hinh
dung 6 phéi td nim trén 3 truc x, y, z
di qua ion trung tdm thi do luc ddy
khong dong déu gilta cdc obitan d va — Aldpd
phéi ti tich dién &m, 2 obitan dxz_yz va v’

d,> ndm theo 3 truc x, y, z 86 bi diy s

manh hon, cd nang lugng cao hon, ching
duge ki hiéu e, con 3 obitan , dyz, E———— i S
d, ndm theo dudng chéo gilta cic truc ) >
gé bi ddy y&u hon, cé nang lugng thép ~ -2/5 &
hon, ching duge ki hiéu t,,. So 48 tach
mdc d duge vé trén hinh 4111, khodng N L
tach mdc duge ki hiéu A hoiac 10Dq. Vi
nang lugng trung binh cta 5 obitan
khong thay déi, do d6 so véi trudec khi
tach, mic e, ndm cao hun 3/54A, con
mic t,, nadm thdp hon 2/5A, D8I véi cdc
phic kghé.c nhau khoang céch A thay d8i thy theo ban chét céc phdi t& va sip x&p
theo thd tu {goi 1a day quang hda) ting din nhu sau :

Hinh 41.11.
So dé tach cic milc d trong trudng bat dign

I’ « Br™ <« CI" « 8CN <« F < OH <H20<NH3<N02'<CN_
Trong bang 41.1 ghi 6 electron d ctia cac ion kim loai chuyén ti&p thudc chu ki IV.

Bang 41.1. §¢ electron 3d ciia cdc ion M** va MY cia cdc nguyén 16 chuyén tiép thudc
chu ki 1V

Ti v Cr Mn - Fe Co Ni Cu
M2 2 3 4 5 7 8 9
M 1 3 4 5 6 7

Khi hinh thanh phic ctia cdc nguyén t8 ndi trén, electron d dugc x&p vao cdc muic
i), V& e, Co 2 cach sdp x€p : hodc xép ddy 3 muc t,, trude (t8i da 6 electron) réi
moi x6p vao 2 mic e, (t6i da 4 electron), hodc la sdp x&p sao cho téng s6 spin cla
cde electron dat gid tri cuc dai. Khuynh huéng ddu d& thyc hién n&u kho2ng cdch A
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lon (trudng manh) két qua din d&n sy hinh thanh phie cd spin thdp ; khuynh hudng sau
chiém uu th& néu A bé (trudng y€u}, k&t qua dén d&n su hinh thanh phic cd spin cao.

Néu m electron dugc x6p vao mue t'Zg thi nang lugng dugc ha xuéng -2/5mA, néu
n electron duge x&p vdo muc e, thi ndng lugng duge tang 1én 3,5nA. Nhu vay d6i vai
phic cé cdu tric electron (tzg)m(eg)” thi nang lugng téng cong duge giai phong ra goi
12 néng lugng bén hda trudng tinh thé (BHTTT } s& bang A(8n - 2m)/5.

Cach sap xé&p electron d va nang lugng BHTTT d6i véi cdc ion khdc nhau trong
trudng bat dién duge din ra & bang 41.2.

Bang 41.2. Sy phin b6 electron 3d va ndng leong BHTTT d6i vdi cic ion khdc nhau
trong truing bdt dién

S8 Phic gpin cao Nang Phic spin thép Nang
leot I (trutsng yé&u) “ lugng (truimg manh) lugng
o on BHTTT, — BHTTT,

1:2g eg A t2g eg A

1 Ti¥, v¥* 1 -0,4 |1 -0,4
2 |Ti¥, v tt 0,8 |11 -0,8
3 V¥, Cr’, Mn* 114 -1,2 {414 ~-1,2
4 |Cr*; Ma™, Fe't [t 11 t 0.6 1ttt -1,6
5  |Mn®™, Fe*, Co* {111 ik 0 [titit -2,0
6 |Fe**, Co™ titt |1t 04 Itityty -2.4
7 |Co™, Ni** Titit 1t 0.8 ftytyty | -1.8
8 INi* EERENIEE SL2 Ittty [t -1,2
9 {cu® PPt Litit | =06 [1ytyty (141 -0,6
10 |zZn*, Cu* POtdt i tuty | 0 Jhptitl |ty 0
Can luu y nang lugng BHTTT chi a2 mot ysu 5 o+

t6 dan dén su tao phitc. Y&u t8 thd hai la lye hat g 700 / \_

tinh dién gia ion trung tim va cde phdi tu. Dég ® /+

minh hoa trén hinh 41.12 din ra nang lugng hidrat :. - +

hoa cdc ion kim loai khéc nhau trong qua trinh e

tac phitc véi nudc. Dudng ddu cong dng voi nang ® |

lugng hidrat hda. N&u tru bét ning lugng BHTTT I

ta duge dudng chdm den, bigu dién su ting dédn 'g, :

cua lde hit tinh dién khi dién tich hat nhan tang §, B a

va ban kinh ion giam (ti Ca?" den Zn2*). 2 |
Vi ddi v6i cdc ion ¢d cdu tric dign tit d° (Ca?*), § 600_+ :

4> (Mn**) va d'%Zn®*) nang lugng BHTTT bing T

khéng, do dd nang lugng hidrat hda bidu thi d&
bén cua phic di qua 2 cuc dai.

Khi so0 sanh hoat tinh xdc tde cia cic oxit kim loai
chuyén tiép, trong mot s6 phan ¢ng ngudi ta nhan thay
hoat tinh xuc tdc cling phu thuée vio s§ electron d
cia ion kim loai. Vi du d6i véi phan iing trao d6i
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CaSiTIVCrMnFeCaNiCuZn
Hinh 41.12.
Nang ludng hidrat hoa
cac ion kim loai héa tri hai
+ 58 lieu thyc nghigm
& Sau khi trdl bdt nang lugng
bén hoéa trudng tinh thé.



H, + D, = 2HD (hinh 41.13), hoat
tinh xdc tdc gdn bang khong & TiO,

0 n 3 0,08 |
(d), dat eye dai ¢ Cr,0,1d7), qua cyc

tifu & Fe,0, (d”), dat cuc dai thd hai % o6}
& C0,0,(d® - @), réi ha thip 6 CuO

va ZnO (d°, d'%). Néu so sanh hai hinh & o004}
41.12 va 41.13 c6 thé thdy cic dudng

bi€u dién cd- dang giing nhau la déu 0.02}
di qua 2 cyc dai. Digdu nay din Dowden
va Wells dén gia thiét cho ring giita

-

hoat tinh xac tdc va nang luong bén Ti0, V20, MnO Co304 Cub  Zn0  GeO,
héa trudng tinh thé cia phic xdc tac Vs Go03  Fes0; N0 Cu0 a0y
cd mdi quan hé truc tiép. Hinh 41.13.

Theo Dowden va Wll, s i phy it 00 e ol i st v o 1V
hda hoc cia phdn td M trén cation : z z

kim loai chuyén ti€p c¢d thé xem nhu sy tao phdc bé mat, trong dd cation kim loai 14

ion trung tam, phan td M 12 mOt ph6i td, cac phéi td cdn lai 13 cAc anion cua mang
lugi tinh thé.

D€ minh hoa trén hinh 41.14 bi€u dién sy thay d6i s8 phdi tri cia ion niken khi
oxi hdp phu hda hoc trén cdc mat phing khdc nhau cda NiO. Trén mat {100} jon Ni?*
bi bao quanh bai 5 phéi ti (5 anion cua mang ludi), ching tao thanh hinh chdp vuéng,
sau khi hdp phu oxi Ni’* c¢d thém mot phdi té oxi vA trd thanh tam cva hinh bat
dién tao bdi 6 phdi tu.

{100} {110} {in}

T b c
Hinh 41.14.
Sy thay d8i s8 phdi tri cua niken khi hfp phu héa hoc oxi trén NiO.
Hang 1rén : trudc hdp phy ; hang dudi : sau hdp phy.
a - mit {100} ; b - mat {110} ; c - mat {111}
e - ion niken ; o— anion oxi cla mang UG ; [ ] phan t oxi hip phy hoa hoc
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Trén mat {110} ion Ni%* o6 ths hdp phu 2 phan t¢ oxi va nhu vy cdc phéi tu
xung quanh ion nay chuyén ti hinh tg dién sang hinh bat dién.

Cang vay, trén mat {111} ion Ni' bi bao quanh bdi 3 phéi ti, do két qua hdp phu
né e¢d thém 3 phdi td, nhu vly cdc phéi td xung quanh ion Ni2* chuy€n ti hinh tam
giac sang hinh bat dién.

Qua vi du trén ta thdy do két qua hdp phu hda hoc s8 phdi tr cta ion tang lén,
trudng tinh thé thay déi, do do ning lugng bén hda trudng tinh thé cing thay d4i ;
su tinh todn cho thay nang ligng duge gidi phong ra, két qua ghi & bang 41.3.

Bang 41.3. Sir bicn dii ndng luong bén héa truirng tinh thé (BHTTT) khi oxi hdp phu
hda hoc trén NiO.

—

) . nang |sé nguyén nang nang AE tinh cho
truong b X t .
mat | truong ban lugng tt hdp raong lugng | lugng giai | mot nguyén

phang|  d8U | BHTIT | phg |52 cing| ppiE phong AE | ti hdp phy

{100} |chdp vuéng |~10Dq* 1 bat disn |-12Dgq 2Dq 2Dgq
{110} |t dign -3,6Dgq 2 bat dién |{-12Dq 8,4Dq 4,2Dq
{111} {tam gise |-10,9Dq 3 bt dién |-12Dgq 1,1Dq 0,4Dq

Dq = 2,6kcal.mol”!
TU bang trén cd thé nhan thdy nang luong hdp phy trén mat phéng {110} cua NiO

16n nh&t, diéu nay cing ching minh tinh ch&t hdp phu hda hoc va xidc tdc cia cac
mat phing khdc nhau trong tinh thé la khong déng déu.

41.4.2. Thuyét trudrng phé'i tir

Nhuge di€m cia thuyst truong tinh th€ 12 né xem phdi td nhu nhitng di€m dien
tich, khong xét dé&n sy xen pht obitan giita ph&i ti va ion trung tdm. Vi vay khi xét
phic v6i nhitng phsi ti khong phén cuc nhu etilen, axetilen thuyét trudng tinh thé
gap nhi€u han ché& Thuyét truong tinh thé duge bé sung bang thuyét obitan phan tu
(MO) goi 1a thuyét trudng phsi tu.

Ldy vi du phidc bat dién

* * ok
[Ti(H,0)s}*". Cac MO cta % "% %
phic nay duge hinh thanh : P
bang cdch t8 hgp céc obitan 4 -7 0 !
y P . —O—
3d, 4s, 4p caa Ti voi 6 obitan —O0— " - .
cua phéi tit nudc. So d6 hinh 45 A G:;U:?-vl W
thanh cic MO trinh bay trén —O0— ‘\ . ; \\\
hinh 41.15. - ad LA |ﬂx;nyznu S
N 0000 2% -

Khoang c4ch giita cac mic N \\ N M
T T Mgy VA 6,2, O';z_yz 3 ‘\ q 6,0 ’:l,’,
tuong dng véi khodng A trong MO ciatitan = —%)—'_ .77 MO ctia nude
thuyét truding tinh thé. Phic \‘ mﬁ 1oyl /oy
[Ti(H,0)P" c6 13 _electron e
hoa tri, 12 electron ¢ cta 6 - \—'—GS-——/
phan ti nudc va 1 electron MO ciia phitc
d cta ion Ti**, ching duge
x€p vio cdc MO cua phic tix
thdp 1én cao, ki hidu bing céc Hink 4115, .
mii tén trén hinh ve, S0 d8 hinh thinh cic MO cla phitc bat dién, vi dy [Ti(H,0))
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Trong phic khao sdt chi cd cac obitan
& cia phéi ti tham gia t& hop thanh MO
cha phic. N&u phéi tif cd lién két x, vi du d,(t,)
etilen, thi so 46 xen pha cac MO caa phéi .
{0 va ion trung tdm dugc bidu dién trén
hinh 41.16.

Trén hinh vé phéan ti etilen duge gia -

thiét ndm song song vdi truc z, do dd __G\
obitan = cta etilen c¢d th€ xen phu vdi -
obitan d._.(e)) cta ion kim loai dé€ hinh /(/C?Q
Y B +

thanh lién k&t 6. Ngoai ra obitan »° (phan
litan két) cua etilen cd thé xen pht voi
obitan d, (t,,) cia kim loai d€ hinh thanh
lien két . Nﬁu vay gita etilen v& kim loai
hinh thanh lién k&t kép (phic x). Trong
viée hinh thanh lién k&t =, céc electron d Hinh 4116,
cta kim loai chuyén sang obitan n* tréng S0 d6 xen phu obitan gilla phdi wl (CH, = CHy)

, . . . . . ) , véi jon kim loai chuyén tiép M.
cia etilen, tdc kim loai chuy&n dién tich :
cho phéi ti, Nhu viy lién két sé cang bén néu kich thufc cac obitan d cang lon (dé
d& xen phu) va s6 electron d cang nhiéu. Diéu nay giai thich tai sao cde ion tao phic
x bén vitng voi etilen, axetilen thudng cd céu tric al? . Hg®*, Cd?*, Cu*, Ag' ; cac
ion dé cling thudng la chit xdc tde tét cho cdc phan dng cd etilen, axetilen tham gia
(hidrat hda, hidro clo hda axetilen, t6ng hop vinylaxetat v.v..). Trong s6 cdc ion kim
loai cg.cdu tric d'® hoat tinh xic tdc tang lén ti trén xubng dudi trong bang tudin
hoan dng v&i su tang din kba nang cho electron. Hoat tinh xdc tac dac biét cao &
ion Hg®" nho tinh linh déng cao caa cdc electron 5d cua nd va tinh dé phan cuc cla
ion d¢ hon hén cdc ion khic.

Mot vi du dién hinh khdc la hé xuc tdc Ziegler-Natta, vi du hén hop a-TiCl, va
Al(C,H,),, trong phan tng trung hop cdc @ - olefin hay dien dé€ tao ra cac polime ¢6
cdu trdc diéu hoa lap thé (dang isotactic). {(xem muc 30.3.5 & chuong 6). Khac véi
truong hop trén (Hg?') ¢ day ion hoat dong nht lai cd cu tric dl(Ti>). D&i v6i cdu
trdc nay khong thé chd doi su hinh thanh phdc x that bén. Cossee da gial thich nguyén
nhan hoat tinh cao cda ion d! trong phan dng trung hop olefin nhu sau.

Trong hé xtc tac TiCl; + Al(C,H;); triankyl nhém cung cip nhom ankyl R = C,Hq
cho titan. Trén bé mat tinh thé TiCl; ion kim loai ndm trong trudng d6i xing bat
dién nhung chi ¢é 5 lién két phéi tri véi 4 anion CI” va mét nhom ankyl R. Lién két
thd 6 bo trong dé lien k&t voi etilen. Phan dng xay ra theo so dé sau :

R‘-.
i Cl I € ¢ Clcq
Cl—Til—- + CH, — C1—Ti7 :[H"l — Cl—_Ti7 —
- - I - S
c1” | a”l CH, c1” | ~CH,
Ci C1 Cl
R\ CH, == CH,
l./Cl CH, ./Cl
Cl—Ti | — Cl—Ti"—CH,-CH,~R —...
Ci ICI\CH2 Cl El
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Theo so d6 nay khi etilen tdn cong vao

%t

titan lién k&t C = C eda nd ndm song vai s "~ - etilen - TT*
lien k&t Ti-R. Sau dd lién két nay bi dat :I P\ /
lam xudt hién mot ché tréng xung quanh ,J" "N )
Ti va phén t etilen thd hai tdn cong vao i,; NN
day. Qua trinh cu thé tiép tl_lf:, phan tu Tiaa dy “"\
etilen va chudi mach polime l4n lugt ddi ‘: IR A SN
.t . e \ 2 / \ etilen - =
vi tri cho nhau trong céu phéi tri clta titan. by ’ N,
Dae di€m caa co ch& nay 1a c¢é su xen ké k \—f-—‘p‘ﬂ A g
. . . 5 3 . : ] PR R
gitta hai gqua trinh hinh thanh lién kéi 1 e
monome — Ti va didt lién k& Ti - mach W |AE P /”
polime, et m&i 1dn nhu vay polime lai duge ‘:_H_/ Y,
thém 1 monome. \ ”fPu !

Dé giai thich tai sao 2 lién két trén cd
thé dit va hinh thanh xen ké& nhau, ¢d Hink 41.17.
thé dua vao so d8 cac MO cha phdc xic Sd dd cdc obitan clia phic ion Ti'*. etilen
tdc vé trdén hinh 41.17. va nhém ankyl R trén bé mit TiCl,.

Trén hinh nay hai obitan p, va o] dugc hinh thanh ti obitan 7 cda etilen va da_ 2 (e,)
cia iton kim loai (d6i chigu voi hinh 41.16) ; hai obitan P, VA p5 tir obitan n* cta etilen

va d (t,,) cia ion kim loai ; hai obitan pp,; va pg,, — tit obitan 0 cia nhom ankyl va
d,2 cia ion kim loai ; con hai obitan dxy va d_ khéng lien két. Phic cd 5 electron hda

tri thai electron z cla etilen, 2 electron 6 ciia R va 1 electron d cua Ti3+), ching duge
x€p vao cdc obitan ¢, ppy va ¥, nhung & y, chi ¢ mét electron (danh ddu bang mai
tén trén hinh vé). Vi khodng cich AE giita 2 muc Y, VA pp,, du gin d€ electron cd thé
nhay ti obitan pp), lén obitan y, va nguge lai. Chinh vi vay cdc lién két Ti - monome
va Ti - polime 1&8n lugt dit va hinh thanh.

Sy dinh huéng phan td monome (vi du
propilen) trén trung tim xuc tdc dugc trinh
bay trén hinh 41.18. Trong mat phing td
gify ion Ti** duge bao quanh bdi 3 nguyén
t¢ Cl va 1 nhdm ankyl R ; nguyén tix Cl
thi tu ndm sau trong tinh thé phia dudi
titan khéng vé ; cdn & phia trén la phan
ti propilen. Arlman va Cossee dya trén cac
nguyén li tinh thé hoc dd ching minh ring
nhdm CH; cha propilen chi ¢ mot cach
dinh hudng duy nhdt (it vuéng khong gian)
nhu md t4 trén hinh 41.18, tir ddé giai thich
duge tinh diéu hda 13p thé (dang isotactic)
cia propilen nhan dugc.

Hinh 41.18.

Sy dinh hudng phan u! monome (propilen)
trén trung tAm Mic tic
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§42. Y NGHIA CUA c TAC
' TRONG CONG NGHIEP VA pO1I SONG

Chit xidc tac lam tang t6c d6 phan ¥ng ma khoéng tiéu hao thém nang lugng (so
v6i phan {ng khong xdc tdc) va khong tiéu hao ban than chdt xdc tdc lam cho cac
phdn dng xuic tdac cd ¥ nghia cong nghiép lon.

Miac ddu hién tugng xic tdc duge bist tif lau nhung viéc Ung dung rong rdi né ¢
quy mé coéng nghiép chl bAt ddu o thé ki 20 va dua lai hiéu qua kinh t& ngly cang
to lon. Hon 80% san phdm hda hoc hién nay trén thé€ gidi duge siAn xudt ra la nhd
céc qua trinh xiic tde. Ndi riéng ¢ Mi trong vAi chuc ndm gan day, gia tri do cdc san
phdm ctia phan dng xic tdc tao ra chim ti 18 10-15% tdng thu nhap qudc dan.

D& ¢6 mot ¥ niém bao quit dudi day trinh bay moét cdch so ldge mot s6 qud trinh
xlic tac quan trong nhdt trong cobng nghiép.

42.1. San xuft axit sunfuric

Viéc didu ché axit sunfuric bing phuong phap ti&p xdc cudi thé ki 19 la thanh tuu

ddu tién vé ap dung chét xic tdc § quy mod cong nghiép. Qua trinh ddi héi chdt xde
tdc d day la phan dng :

S0, + 0, — S0,
Viéc hidrat hda ti&p theo khi 8O; cho san ph&m cuéi cing 1a H,80, hodc oleum.

Trude day nguén nguyén liéu cha y&u 1a quing pirit FeS,, khi nung tao thanh SO,,
nhung ngay nay nguyén liéu phd bién la luu huynh nguyén t8, khi H,S hodc sunfua
kim loai mau. V& chit xuc tde, cubi th€ ki 19 ding Pt nhung nhuge di€m 18n clda xdc
tac platin la nhay cAdm vdi chit déc. Nam 1914 & Dic ngudi ta di tim ra chédt xic
tdc méi 1a vanadi oxit V,0;. Chét xic tdc duge dung hién nay la hén hgp V,0, + K,8,0,
tkali pirosunfat) mang trén chdt mang chda 35i0, Dac di€m cha chdt xdc tdc nay la
trong diéu kién phan dng (450 -~ 550°C), thanh phdn hoat déng cla né d trang thai
néng chay nidm trén bé mat hodc thdm vao cdc 16 cia 8i0,. Ndi cdch khdc, day 1a he
xdc tdc di thé khi/ldng. Uu di€m ndi bat cha chét xic tdc V,0 la rdt bén, thdi gian
hoat déng ti 5-10 nam ¢ nhiét dé cao.

Axit sunfuric thuoc loai hda chdt dugc san xuft v4i khdi lugng 16n nhat, 142 triéu
t&n/nam tinh cho nam 1980, va trung binh gia ting 5% hang nam. Nd duge dung chd

y&u d& sian xudt phan lan va phan hda hoc néi chung (& Mi 70% axit sunfuric dugc
diing vao muc dich nay).

42.2. San xuft phin dam va axit nitric

Cho dén ddu thé& ki nay, ngudn phan dam trén th€ gioi chh yé&u la sanpét hay diém
tigu chita KNO, gap trong thién nhién & Chilé vd mét lugng amoniac it &i thu duge
trong san ph&m phu cta 1o cée.

Phan dng tdng hgp amoniac bang xtc tdc tU nguyén t6

N, + 3H, = 2NH,
dugc phat minh nam 1906 va duge thuc hién & quy mé co6ng nghiép ndm 1918 trén
co s& cdac cong trinh nghién ecdu cia Haber, Bosch va Mittasch. Phan dng nay thuc
hién & 450-550°C va 300-700 atm dé chuyén dich cin bing vé phia tao thanh NH,.
Chit xie tdc 1a sdt kim logi duge bién tinh bdi kali oxit K,O vai nhém oxit Al,O,.

281



Chat doc d6i v6i xic tae tdng hgp amoniac la CO, hoi nuée, cac hgp chdt chda lhyu
huynh va halogen. T khi phat minh cho dén ngay nay da hon 80 nam ma thanh phan
chat xdc tdc rdt it bi thay déi, day la trudmg hop hi&m thay,

Amoniac dugc sdn xudt trén thé gidi khoang 70 tridu tan/nam, mot phin lén dugc
dung d€ san xudt phan dam, phin con lai dung d€ san xuft axit nitric bang cach oxi
hdéa NH;. Khi oxi héa c6 thé xay ra 3 phan dng sau day :

4NH; + 30, — 2N, + 6H,0 (a)
4NH,; + 40, - 2N,0 + 6H,0 (b)
4NH; + 50, - 4NO + 6H,0 (c)

Khi d6t NH, trong khong khi khong cd xtc tdc thu duge nito (phan ng a). Véi chat
xuc tdc thich hop c¢d thé thyc hién phin dng (¢) d€ thu duge nitos oxit NO, nito oxit
tac dung véi oxi va nuéc tao thanh HNO,. Phan dng (¢} duge thue hién & 750 - 900°C
va 4p sudt thudng, it khi & 4p sudt cao hon (5 - 10 atm), chat xdc tac la platin kim
loai v& hgp kim platin-rodi, platin-paladi, hén hgp coban (I) va coban (II) oxit, hén hgp
sdt oxit v bitmut oxit v.v.. Qu4 trinh oxi hda NH; 1a mét vi du vé tinh chon loc
cda chdt xdc tdc, tdc kha nang kich thich phan Ung di theo mdt huéng uwu tién nao
dé. Chéng han trong.trudng hop nay, -néu dung MnO, lam ch4t xdc tdc thi chu yé&u
s€ x4y ra phan dng (b).

42.3. Diéu ché hidro

Phan dng téng hyp amoniac, phan tng hidro héa lam sach diu mo d&€ loai luu
huynh, nito 1a nhitng phan dng tiéu thy mét lugng 16n hidro trong cong nghisp. Nguén
nguyén liéu ré nh&t d€ diéu ch& hidro 12 khi thién nhién. Giai doan ddu trong diéu
ché hidro 12 phan dng giita khi metan va hoi nuéc o6 them mét it oxi hoac khong khi
¢ nhigt do 700 - 1000°C, ch&t xtc tdc ta Ni trén chat mang chiu nhiat :

CH, + H,0 = CO + 3H, (a)

Sau phdn dng nay tao thanh mét lugng 1dn CO. Giai doan tiép theo la CO tac dung
v6i hoi nuée § 345°C tao thanh hidro theo phan ing :

CO + H,0 = CO, + H, (b)

Cho dén gan day, chdt xtc tac cho phan Ung (b) 1a hén hop Fe,0, + Cr,0,. Chat
xlic tdc nay chi cd hoat tinh ¢ nhiét dé > 400°C. (3 nhiét d6 nay can bang phdn ung
(b) chuy&n vé phia trii ngay ca khi ltgng hoi nude du thita, do d¢ hidro thu dude
chita nhiéu khi CO la chat doc d8i vai chit xdc tac téng hdp amoniac. D& loai "CO
nguoi ta phai suc hén hogp khi vao dung dich amoniac cua déng (I) oxit duédi ap suAt.

Thoi gian gdn day da tim duge chét xic tde méi cho phan ting (b), dd la cac spinen
hodc mot s6 hgp chit oxit cd chia déng, c6 hoat tinh xte tdc ngay & nhist d6 150-200°C,
nhy d6 cd thé ha thdp ti 16 cua CO trong H, xuéng con vai phan nghin. Céng doan
ria khi ¢ trén duge thay d8i bing phin ung metan hda sau day :

CO + 3H, - CH, + H,0 (c)

nhdm chuyén héa vét CO thanh khi metan khong ddc d6i voi chiat xdc téc téng hop

amoniac. Nhiét dé phan dng T = 371 - 427°C, chdt xtc tdc niken trén chit mang
chiu nhiét,

Ngoai ra, trong qua trinh refominh naphta ddu mé cing hinh thanh mét lugng 16n
hidro. Nguén hidro nay thudng duge dung d€ thuc hién qud trinh hidro hda cée chit
chida Iuu huynh, nito nhidm loai ching ra khéi ddu md, vi ching c6 téc dung ddu doc
chit xdc tdc trong qua trinh ch& bi&n ti€p theo.
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42.4. Téng hgp metanol

Metanol la mot trong nhing hda chdt co ban dude sin xudt véi lugng 1dm, ding
sau axit sunfuric, amoniac va etilen. Trong viéc nghién ciu t8ng hop metanol nguai
ta da sit dyng nhiéu k&t qua nghién cdu d6i véi phan dng téng hgp amoniac. Qua nghién
ciu vd thd nghiém cia Mittasch, Patar va Piere trong khoang thai gian 1913 - 1923,
metanol duge bat ddu san xudt & quy md cOng nghiép nam 1924,

Metanol duge hinh thanh trong cic phan Ung thuan nghich :
CO + 2H, = CH,OH, AH,y = 90,84 kJ/mol (a)
€O, + 3H, = CH,0H + H,0, AH,os = -49,57 kd/mol (b}

Ca hai déu la phan d@ng phat nhiét va gidm s6 mol, vi vAy 4p suft cao va nhiét do
thdp tao diéu kién cho can bing chuyén dich sang phai.

Trong thuc t&, tuy thudc vao hoat tinh clia ch&t xdc tdc ngudi ta phan biét hai ché
d¢ cua quéd trinh t8ng hgp. Néu chit xde tdc la hén hop ZnO + Cr,0;- thi phan ing
duge tién hanh & nhiét do 320-400 va 4p sudt 250-350atm, goi 1a ché d6 ap suft cao,
cho dén nhing nim 60, metanol dugc tdng hop theo ché& dé nay.

T& nhing nam 70, nhd cd duge khi tdng hop sach (tén goi hén hyp H, + CO) khong
chita leu huynh, ngudi ta bat ddu s¥ dung chdt xic tdc déng (pha thém kém va mot
s6 nguyén t6 khdc dugc bigt tir nhitng nam 20) c¢é hoat tinh cac hdn, cho phép ha
nhiét d§ dén 230-280°C va 4p sudt dén 50-100 atm, goi la ché do ap sudt thdp. Hién
nay cac nha mdy san xuft metanol déu lam viéc & ch& d6 4p sudt thdp vi hiéu qua
kinh t& cao cia nd. Ngudn nguyén lidu dé san xuft metanol cd thé 1a khi thién nhién,
naphta, ddu nang (phan doan chan khéng), than d4.

Metanol duge sdn xudt trén thé& gidi khoang 12 tridu tdn/nam (1980), khoang hon
50% s6 dd duge dung d€ sin xusdt fomandehit, phdn con lai dung lam dung moi (10%),
diéu ché metyl halogenua (7%}, metylamin (5%), mety]l metacrylat (5%), axit axetic (4%)
va cdc chat khdc. Trong tudng lai, metanol ¢6 th€ duge diing 1am nhién liéu cho déng
co dét trong.

42.5. Téng hop Fischer — Tropsch

Day la qua trinh t&ng hop nhién liéu lédng (hidrocacbon) ti H, va CO. Khi nang
nay duge phat hién tit ddu thé€ ki, d4 dugc Fischer va Tropsch nghién cdu va hoan
thién, va nam 1936 cd 4 nha may ¢ Dic d4 thuc hién viée t8ng hgp nhién lidu Iéng
theo phuong phdp nay Tit cudi chién tranh th& gisi 14n thd hai, cac nha miay d Duc
nging hoat dong nhung viéc nghién cdu quéd trinh ndy vén tifp tuc, dac biét la & Mi.
Cho dén gilia nhitng nam 50, khi nhiing mé d8u & Trung Déng dugc phat hién thi
viéc nghién cdu qud trinh Fischer-Tropsch bi ling xuéng. Tt 1955 dén nay, Cong hoa
Nam Phi 14 nudc duy nhdt ¢ mét s6 nha mdy san xuét nhién liéu léng theo phuong
phap nay. Tuy vdy cugc khing hodng ddu mé Trung Déng nam 1973 va viéc tang gia
déu sau d6 lai lam cho ngudi ta chi ¥ dén qua trinh Fischer-Tropsch.

Qué trinh ndy gém cdc khau khi hda than, lam sach khi va t8ng hop nhién lisu. Chst
xac tac ban déu 1a hén hgp cdc oxit cia sit, déng, kali va silic. Truéc phan ting hén hop
xdc tac duge hoat hda bang hidro, su ¢d mat cta déng kich thich su khi s&t oxit
thanh Fe kim leai. Trong thanh phdn xic tde, ti 1& khéi lugng 8i0y/Fe = 1/4 ; K,0/Fe
= 1/20. Phan dng duge tién hanh theo ch& do xlc tdc 16p tinh hoic xic tac 1op soi.

Theo ch€ d6 xdc tdc 16p tinh & nhiét d6 220-250°C, 4p sufit =~ 30atm, chi y&u thu
dugc nhién liéu diezen ¢d nhiét d¢ s6i cao (180-370°C). Theo ché& d6 l6p s6i (nhiet
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dé = 340°C, ap suéit 30-60atm) chu y&u thu duge hidrocachon nhe va xang C; - C

10
cd nhiét do s6i thdp (38-130°C).

Céac ti€u muc 3,4,5 vita trinh bay cho ta mét ¥ niém vé vai trdo chét xdc tdc trong
linh vic ch& bign khi metan hoac than da. Bay gid ta chuyén qua vai ird caa chat
xdc tde trong linh vyec hda dau,

Truéc 1940, ddu mdé duge ch& bién nhim thay d6i thanh phin chi y&u dua vao ecac

phuong phip nhiét phan. Tit cu6i nhiing nam 40, chdt xtc tde bat dau dugce st dung -

véi quy m6 ngay cang lon trong cdc qus trinh ch& bign ddu ms. Hién nay, hon 80% diu
mé trén th& giGi duge ch& bién bang con dudng xuic tac trong cdc qud trinh crackinh,
refocminh, hidro hda lam sach cdc hop chét chda luu huynh va nito, hidrocrackinh va cac
qua trinh xtc tdc khac. Diéu nay cho phép tit ddu mé thu dugc nhién lidu, cac monome
d€ trung hgp cdc hgp chdt cao phan t¥ va cdc ban thanh phdm d€ t8ng hop hitu co.

42.6. Crackinh xic tac

La phan dng chuyén hda cic sian phim nang cia ddu mdé thanh xang cd nhiet do
soi 38 + 200°C. So véi crackinh nhiét, crackinh xic tdc cho hiéu sudt xang cao hon,
co chi 86 octan cao hon va gidm duge ti 16 FO va khi trong san phidm. Ch4t xic tac
trude day la alumosilicat ty nhién tdm axit, con hién nay chét xtc tac cdng nghiép
thuding gébm 15% zeolit chda d4t hiém + 85% alumosilicat tdng hop vd dinh hinh. Uu
di€m cida xdc tdc zeolit 14 ¢d hoat tinh cao, cho higéu suft xang cao chita nhiéu parafin
va aren v3 han ch& sy tao c6e. Sy tao c8c trén bé mat chdt xidc tac trong qud trinh
phan Wng xay ra nhanh (10-20 phit) lam gidm hoat tinh xic tac. Do dd, phudng phép
hién dai 12 tién hanh phan dng theo ché dé 16p s6i la FCC (fluid catalytic cracker),
trong dd cdc hat xdc tdc ¢8 70 micron duge dua vao 1o phan dng & nhiét 46 475-510°C,
ap sufit 0,5-2atm ciung v6i dong nguyén lidu va duge chuyén lién tuc qua 1o hoat hda
¢ nhigt d¢ 650-815°C va ap sudt 1-Zatm. Trong 16 hoat hda, c6c duge dét chay bdi
khong khi. Nhiét cla phan dng dét chdy cdc duge ding d€ thuc hién phan Ung crackinh
thu nhiat.

Crackinh xtc tac 12 quy trinh xic tac cong nghiép ¢ quy mé 16n nhdt. Chi riéng
6 Mi méi ngay cd 1 tridgu t&n ddu dude ch& bign bang crackinh xic tsc.

42.7. Refominh xiic tac

La qua trinh thuc hién moét s6 phan ung, trong dé ddu mod chuyén hda thanh
hidrocacbon thom v mach nhdnh, nham 2 muc dich chinh la sin xudt nhién liéu xang
¢d chi s§ octan cac va hidrocacbon thom (benzen, toluen, xilen). Ngoai ra trong qu4
trinh refominh tao thanh mét lugng 1dn hidro la san ph&m phu, duge dung lam nguyén
lidu cho qua trinh hidro hda nhim loai luu huynh va nitg khoi ddu mo.

Néu d€ diéu ch& nhién lidu xang thi nguyén lidu dua vio refominh thudng 1a naphta
nang c¢é t. 82 + 200°C. Néu d€ didu ché hidrocacbon thom thi phai dung naphta nhe
hon cd t, dén 150°C.

Lugng ddu mo dua vao refominh khoang hon 200 triéu t&n/nam. Qu4d trinh refominh
duge thuc hign & nhist 46 480 + 520°C va ap sudt 6 + 20 atm tuy theo ch& dé, bao
gém mot s6 phan dng chinh sau day :

- Dehidro hda naphten, vi du :
Xyclohexan — benzen + 3H,
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- Déng phan hda naphten, vi du

Xyclohexan ~» metyl xyclopentan
- Dehidro vong hda, vi du :

n-hexan -» benzen + 4H,

~ Déng phin hda parafin, vi dy :

CH,
- |
CH,(CH,),CH, — CH,-CH- CH,~ CH,— CH,
(n-hexan) (2-metylpentan)

V& chit xic tde, trong nhiing nam 50 ding phd bién 1a platin trén chdt mang Al,0,
(xic tdc don kim). Tu cuéi nhitng nam 60 bat ddu sd dung chit xuc tdc ludng kim
gdm platin vA reni trén chdt mang Al,0,. Reni thém viao cd tdc dung chéng lai sy céc
hda bé mat, kéo dai tufi tho xic tdc. Chat xtic tdc refominh 13 mét vi dy vé xic tac
da chie,  day kim loai cd chic nang hidro-dehidro hda, con Al,O, chda cdc tam axit
lam chidc ndng xuc téac crackinh, d8ng phin hda...

Chédt xdc tdc refominh d& bi ddu doc bdi cdc hgp chét chida S, N va cde kim loai
nang (Pb, As). Vi vay nguyén liéu trudc khi dua viao refominh phai qua giai doan hidro
héa d€ loai ltu huynh, nito...

42.8. Hidro hoa xic tic

Hidro héa xic tdc bao gém cidc phan ung hidro hda lam sach nguyén liéu va
hidrocrackinh.

Hidro hoa lam sgeh duge dung cha y&u dé loai cde hop chét chda luu huynh va
nito ra khéi ddu mo, bing cdch chuyén ching thanh H,S vd NH, nhu dugc thdy qua
cdc vi du sau day :

CH,-CH,-CH,~-CH,-8H + H, — CH,-CH,-CH,-CH, + H,S
(butylmecaptan) (n—butan)

el
m + 5H, —» CH,~CH,~CH,-CH,~CH, + H,S
N (n-pentan)

Nguyén lidu cdn lam sach 0 diy thudng 1a naphta trudc khi dua vao refominh, vi
luu huynh va nitg dfu doc chdt xdc tdc refominh, hodc 1a ddu héa, nhién liéu phan
luc, nhién lidu diezen. Diéu kién phan dng thay d8i tuy theo nguyén liéu dugc lam
sach, trong gifji'han nhigét d¢6 300 =+ 430°C va ap sudt 15 + 50atm.

Ch4t xdc tac cho qua trinh nay la hén hgp molipden oxit va coban oxit trén chit
mang y-Al,0,, hoac hén hgp vonfram oxit vad niken oxit trén y-Al,0;. Trong thanh
phdn chét xde tdc kho, MoO, chi€ém 18% kh&i lugng, CoO hogc NiO khodng 3%, con
lai la Al,O, D€ tranh su céc hda nhanh chét xic tdc, tru6e khi chay phan ing cée
oxit kim loai duge chuyén sang dang sunfua bing cach nung trong dong cdé tic nhén
sunfua hda nhu cacbon disunfua hoic mecaptan nhe. Luong san phdm déu mé duge
dua vao lam sach bing hidro hda khoang 300 triéu tdn/nam.

Hidrocrackinh 13 qud trinh trong ddé xdy ra dfng thdi cdc phdn dng crackinh, déng
phan hoa va hidro hod lam sach & trén nhdm diéu ché& nhién liéu xang cd chi s octan
cao. Phan dng tién hanh & 430 - 470°C va khodng 50atm.
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Cing nhu trén, chdt xic tac thudng 14 cac hén hgp vonfram sunfua va niken sunfua,
molipden sunfua va coban sunfua trén chit mang Al,O,,

42.9. Chit xuc tac trong téng hgp hiiu ¢d, monome vi polime

Ddu moé khong nhiing la ngudn nhién liéu ma con la ngudén nguyén liéu cho téng
hdp hitu co, monome va polime. Tt ddu mé thu duoc etilen, propilen, butilen, benzen,
toluen, xilen 1a nhitng nguyén liu quan trong cho tdng hop hitu co. V& mat nay 1 t&n
dau thd tuong duong véi 15 t4n than mo. Ndi riéng & Mi, ti sau 1950 cong nghiép
héa ch&t phat trién nhanh 1a nhd cd duge ngudn etilen va propilen ré tit ddu mo va
khi thién nhién va nho tim duge chét xic tac t6t cho hai qud trinh quan trong nhat

la oxi hda va triung hgp polime. Bang du6i day cho ta hinh dung vé tdm quan trong
ctia hai nguyén liéu ddu nay.

Bang 42.1. Mgt s¢ sdn phdm thu duwoc tiv etilen va propilen
_ axit axetic
Etilen + O, —— axetandehit
' * butanol — octanol
* etilen oxit — etylenglicol — s¢i polieste

- acrilonitrin — polime
Etilen + benzen — etylbenzen —» stiren —» polime
Etilen + Cl, — vinyl clorua — polime
Etilen + H,0  — etanol
Etilen + axit axetic — vinyl axetat —» polime
Propilen + O, —— axeton

- acrolein — glixerin — nhya ankit

Propilen + O, + NH,; -» acrilonitrin — polime
Polime : polietilen, polipropilen, polivinyl clorua (PV(C),

cis~1,4~poliisopren, cis-1, 4~polibutadien, polistiren, poliacrilonitrin.

Vai trd quan trong cia xic tdc oxi hda cling cdé thé€ thdy duge qua bang dusi day.

Bang 42.2. Mgt 56 sdn phdm trung gian dién hink cia qud trinh oxi hod xiic tic hidrocachon

Etilen Propilen Butilen Benzen Xilen Naphtalen
B i - [
+0, ! +0, | +02 +0, - 10, +0,
¥ JI ¥ - ¥ ¥
: hidei
O_XIt acrolein mety'l an ld?lt anhidrit phtalic
etilen acrolein maleic

Trong cdc san phdm trung gian cia qud trinh oxi hda xéc tic & trén, quan trong
nhédt la etilen oxit va acrolein. T¥ etilen oxit diéu ché ra etylenglicol, acrilonitrin va
etanolamin. Etylenglicol la thanh phén chinh cta chat chéng déng dung trong nhién
liéu déng co. Tit acrolein didu ché& ra glixerin, tit dd c¢hé€ ra nhua ankit va chat déo (son).

286

. '95'8’



Lo

Pac diém cia cac qua trinh oxi hda hidrocacbon la phan «ing di qua giai doan oxi
hda khéng hoan toan va oxi hda hoan toAn (oxi hda sfu) véi san phdm -cudi la CO,.

Trong tong hop hiu co, diéu quan trong 1a thu duge san phim oxi hda khong hoan
toan, ¢ day thudng s dung cdc chét xic tdc oxi héa khéng hoan toan, vi du : Ag déi
vai etilen, Cu,O déi véi propilen, V,0, d6i v6i benzen, toluen, naphtalen.

Trong nhiing trudng hgp khéc, vi du trong viée oxi héa khi thai cia ddng co dét
trong nhim chéng 0 nhiém moi trudng, thi phai ding xiic tdc oxi héa glu, vi du : Pt,
Pd, CuO, MnQ,, spinen coban-mangan. '

béi v6i qua trinh tring hop cao phan t, vai trd ch&t xidc tdc cing rit quan trong,
dic biét vai viéc phat hién ra chdt xuc téc Ziegler Natta. Trong phan Ung tring hgp
a-olefin va dien ngudi ta cd th€ thu duge céc polime cd cfiu tric diéu hoa lap thé,
D6 1a hé xic tdc phic gém titan clorua va nhém ankyl, vi du TiCl; + Al(C,Hj),.

Lay vi du butadien, khi trang hop cd thé€ tao thanh polime dang cis hodc trans : -

~CH, CH,-CH, CHs;

CH=CH CH =CH n dang cis
~CH, CH  CH, CH
( ~cf” ToH, o "TCHy ) dang trans

trong d6 dang cis c¢d tinh chét co hoe vu viet hon, khi tring hop g6c thu duge polime
¢ cdc dang cfu tric 14p th€ khdc nhau. Xdc tdc Ziegler Natta cho phép thu duge
polime ¢ cfu tric 1l4p th€ xic djnh.

Trén day chi 1a mot s6 vi du cd tinh ch4t minh hoa vé& dng dung ctia chét xde téc
trong cong nghigp. Nhu da ndi, lugng chét xdc tde duge sd dung trong céc qud trinh
khdc nhau 14 khoidng 1/1000 lugng sin phdm thu duge. Vi du : lugng san phdm hda
chdt thu dugc bang con dudng xdc tdc cd 1 tl t4n thl lugng chét xbc tdc tidu thu cd
1 triéu tdn. N&u luu ¥ ring chét xtc téc thudng dung dén cdc nguyén t6 chién luge
nh¢ crom, coban, mangan, cdc kim loai nhdm platin thi vén dé ngufn va giia thanh
chét xic tdic rft ddng quan tdm. Mot vi du : trong qu& trinh hidro hda ddu moé d&
logi luu huynh, nhiéu nha may trudc diy ding ch&t xdc tdc coban, nay chuyén sang
ding xiuc tic niken kinh t& hon.

Vidn dé su dyng lai kim loai trong chét xic tde da sit dyng cing duge dat ra. Dsi
voi kim loai quy nhu platin ngudi ta tim moi céch thu h6i d& sd dung lai. Con d6i
voi kim loai dat tién khdc nhu niken, coban, d6ng, crom, viéec thu héi ching hién nay
chua dugc ti€n hanh vi khéng kinh t& Tuy nhién trong tuong lai, viéc thu héi nay
cing sé duge dat ra, ngodi li do kinh t& cdn c6 M do bao vé moi trudng. Cdc chit xic
tdc dd sit dung 14 mét ngudn chdt doc, dac biét cdc kim loai nang, cé thé gay 6 nhiém
cdc ngudn nudc, cho nén viée tang trit ching la mét v&n dé phai luu t4m cia cac
qudc gia.
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Cau hai
1. Néu nhitng dac difm cua phan tdng xtc tdc di thé.

2. Trong mot chdt xic tdg hén hgp thuong ¢6 nhitng thanh phdn gi ? Chic nang
ciia m6i thanh phdn ?

3. Néu nhirng di€m co ban cia thuyét da vi vé xuc téc di thé. Nhitng nhuge diém
cla thuyét nay.

4. Noi dung cta thuyét 16p bién vé hdp phu hda hoc.

5. Li thuyét electron cia Vonkenstein vé& xic tdc ban din. Nhitng nhuge diém ctlia
thuyét nay.

6. Ap dung thuyét trudng tinh thé va trudng phéi ti dé giai thich hoat tinh xuc
tdc ctla bé mat.

7. Hay so sanh cac chdt xic tac dong thé, di th€, xlc tde phdc va xic tac enzim.
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LD

Chiu trdach nhiém xudt bdn :
Chi tich HDQT kiém Téng Gidm d6c NGO TRAN AT
Phé Téng Gidm déc kiem Téng bien tap NGUYEN QUY THAO

Bién tdp ldn dau :
NGUYEN VAN THOAI
Bién tdp tdi ban :
NGUYEN BICH LAN
Trinh bay bia :
NGUYEN MINH HIEN
_ Stta ban in:
PHONG SUA BAI (NHA XUAT BAN GIAO DUC)
Ché ban:
PHONG CHE BAN (NHA XUAT BAN GIAO DUC)
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