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BAI MO DAU
Tur lau con ngudi da biét st dung xuc tdc (dudi dang men) dé tao ra sén

phdm phuc vu d&i séng con ngudi, nhu diéu ché ruou tir nho va sau dé 1a tir
ngi coc.

bén the ky thir 5, con ngudi da diéu ché dugc este tir rugu dudi tic dung clia
axit sunfuric. Ciing dudi tic dung cba axit sunfuric c6 thé bién tinh bdt thanh
duong theo phan tng:
(ConOs)n +H,0 = nCH,0,

Vao thé ky thit 18 d3 xudt hién cdc loai xidc tdc oxit nhom, silic... Khi cho
hén hgp rugu di qua cic loai xtc tic d6 ta s&€ thu duge etylen:

CH";CHEOH — CH2= CHZ + I'IEO

Nam 1781 Parmantier dd ti€n hanh khir hydro coa rugu etylic trén xic tic
kirm loai (Au, Fe, Ni, Pt, Sn, Mn, dac biét 1a Ag).

Budc sang thé ky 19, Faraday d& cong b8 mot loat cong trinh (1834) vé
phan tng hydro hod, dehydro hod, oxi hod-khir ... Thanh cong clta Faraday 12
dung xic tic Pt trong phan tmg hydro hod etylen thanh etan. Con Klusman diing
xtc tdc Pt trong phan tmg oxi hoa amoniac thanh axit nitric. Hofmann cfing diing
xtic tdc Pt trong phan iing di€u ché formaldehit di tir metanol.

Ngoai Pi, Sabatier diing xic tic Ni va cdc kim loai khdc c6 d6 hoat tinh cao
cho phan tng hydro hod, oxi hod ...

Sur phdt trién cia xic tac trong cédc thap ky gan day dugc Heinemann théng
ké (nim 1981) va dugc b3 sung bdi Davis va Hettinger (1987) nhur & bang 1.1.

Bang I.1. T6ng két mét vai cong trinh quan trong vé cac qua trinh
cb xuc tac da dua vao san xudt

sﬁl:fi[:ﬁt Qu4 trinh hoidc phan g Xiic tac sir dung
1875 San xuat axit sunfuric SO, +1/20, - SO, Pt, V,0,
1903 San xudl axit nitric; Ludi Pt
2NH, + 5/2 0, 5> 2NO + 3 H,0
1913 Téng hop amoniac: N, + 3H, —» 2NH, Fe/AlLL,O/K,0O




Bang 1.1 (tiép)

1923 Téng hop metanol CO + 2H, — CH,OH Cu.ZnO
1930 Téng hop Fischer-Tropsch Fe/K/CuOQ,
CO + H, —» Hydrocacbon C, - C,, Co/Kieselgur
1920-1940 |Céc phan ing hydro hod, hydro hod dau thuc vat | Ni/Kieselgur,
Ni Raney
1936-1942 | Cracking xic tac: Cyy+ Cyy o> G+ Cg SiO,- AlLO,
1937 Oxi hod etylen thanh etylen oxit: Ag/ALO,
CH, + 0, > CGH,0
1942 Alkyl hod parafin C;H, + C,H,, —» C;H¢ H,SQ,, HF
1938-1946 | Téng hop oxo: Alken + CO/H, —> aldehit Cacbonyl coban
(xtic tic dong thé)
1950 Reforming xtic tic, dehydro hod, isome hoa Pt/ALO,
1955 Trung hop khdi: nC,H, — polyetylen TiCl;, AIR,
1960 Téng hop Wacker: C,H, + H,0 — CH,CHO PdCl, (dong thé)
1963 Oxi hod amoniac: Bi-phospho
C.H; + NH, +3/20, —> CH,= CH - CN + 31,0 |molipdat
1964-1969 [Oxy clo hoa : CuCl, (déng thé)
CH, + HCl + O, —» C,H,Cl, + H,0O
1964-1968 |Cracking xiic téc, hydrocracking Zeolit X, Y
1960 Hydrodesunfua hod RS+ 2H, > H,S+RH, [CoMo/ALO,
1967 Reforming véi xtc tac da kim loai Pt-Re, Pt-Ir-Cu
1976, 1981 |Piéu khién khi thai dong co: oxi hod CO va|Pt, Pd/ALO,,
hydrocacbon, khir NO RW/ALO,
1980-1995 | Xuc tac chon loc cho phan (mg giam thiéu NO | VO,, TiO,, zeolit
6NQ + 4NH; — 5N, + 6H,0
1980-95 Phan ing chon loc hinh ddng (vi du: San xuat|Zeolit (vi du
etyl benzen C,HC,Hs) ZSM-3)




Tir nhitng nam 50 cua thé ky 20, hai su kién quan trong trong su phét trién
cha xfc tic Ja:
- Thir nhit, sir dung xiic tac v6i s& lugng 16n 1am tang van tdc phan ing,

cho phép tién hanh phan dng & diéu kién mém nhu nhiét do thap va 4p
sudt khong 1on.

- Thit hai, chuyén tir pha déng thé sang di thé, ting kha ning tiép xic
pha giffa chat xuc tdc va chét phan itng. Phan ng tién hanh lién tuc,
ning suat cao.

Nhimg hudng phit trién xic tic trong thdi gian t6i 1a khuynh huéng cai tién
so d6 cong nghé, kém theo phat minh xtc tic méi. Tién hanh phan ng & diéu
kién mém.

- Tim loai xiic tdc mdi: xiic tdc déng thé, xic tac da kim loai, da chiic
nang, xuc tdc enzym, zeolit mai.

- Dung céc thiét bi ho4 1y hién dai dé nghién citu cac dac trung xiic téc

- Cai tién cdc thiét bi vé xdc tic d€ ting cudng sy tiép xuc gilta xdc tic
v chét phan ing.

Tir nhimg tong két cac cong trinh vé xic tdc, ta ¢é6 mdt dinh nghia hoan
chinh vé xdc tdc nhur sau: Chat xdc tdc khi thém vao hén hgp phén dng mot luong
nho cling c6 thé thiic ddy téc do phan tng 1én nhiéu 14n (hang tram, hing ngan,
¢6 khi hang triéu 14n...). Chat xiic tac tham gia tao thanh hop chat trung gian véi
chét phan img, sau khi két thic phan img s& hoan nguyén lai xuc tdc. Chat xdc tac
lam tang phan ing thuan va 16c do phan ving nghich dé phan ftng mau dat can
bang chit khong lam chuyén dich can bing. Ngoai tinh nang 1am ting t6c d6 phan
timg, Xlic tdc con c6 tinh chon loc cao (tifc Ia tao ra san phdm chinh). Diéu nay rat
¢6 y nghia trong cdc phan tmg loc — hoa dau.

V1 ¢6 cdc dic tinh wu viét trén nén xiic tac duge tng dung nhiéu trong nganh
cong nghé hod hoc, dic biét 1a trong nganh loc - hoa dau, gin nhu haun hét céc
phén ting déu ¢6 xuc tic tham gia. Cdc phan ting xuc tdc thudng duge chia thanh
hai loai: phan ing xuc téc dong thé va phan g xiic tdc di thé.

Gido trinh mon Déng hoc— Xlic tac — Hap phu 6 thé dung lam tai liéu hoc
tap cho sinh vién va hoc vién cao hoc nganh ¢ong nghé héa dan va la tai liéu tham
khao cho sinh vién nganh c6ng nghé hod hoc, cong nghé méi trudong, cong nghé
hod duoc va hop chét bao vé thue vat. Gido trinh cling 1a sdch tham khéo cho can
b6 & cdc vien nghién ciu vé hod chdt, loc ~ hod diu...

Tdc gia xin cdm on va mong nhan duge nhing ¥y kién déng gép cua ban doc
vé& ndi dung ciing nhu hinh thic dé cuén gido trinh dugc bd sung va hoin thién
hon trong nhitng lan in sau.

Tdc gid



Chuong 1

XUC TAC DONG THE

T nam 1960 qua trinh xuc tdc déng thé di trd thanh qua trinh xdc tdc ¢6
nhiéu trién vong. Ngoai xiic tdc axit-bazo, cdn ¢6 xiic tic enzym va xic tac phitc.
Két qua cho ra doi nhiing vat liéu dac thi, cdc polyme, cdc san phdm thuc pham
va tan duge,

Qué trinh xic tic ddng thé la loai phan tng ma chat xtc tdc va chat phan
ing ¢ cing mot pha.

Céc chat xuc tdc ddng thé bao gébm cdc phan tir don gidn hoac céc ion nhu
HF, H,S0,, Mn**... hoic 4 t8 hop clia cdc phan tit nhu 13 hop chat co kim, phifc,
cdc enzym... T4t A céc loai xic tac nay ¢6 (hé hoa tan trong dung dich phan tng.

Quad trinh xdc tic dong thé cling ¢6 mot vai vu diém:

Tao ra mot hudng di doc ddo cho cdc phan tng, ma ciac phan tng nay
khé hoac khong thé xay ra.

Cdc chat xdc tic dong thé c6 do hoat tinh va do chon loc tuong d6i cao
so vdi xic tac di thé trong mot vai phan img nao day.

Do chiing c6 hoat tinh cao va d6 chon loc cao nén ¢6 thé tién hanh phan
g & diéu kién mém hon (nhiét do thap va ap sudt khi quyén).

Phan 16n cic qud trinh xic tdc dong thé xay ra khong ¢6 qud trinh
khuéch tdn trong mao quan (chdt xtic tic hoa tan hoan toan trong chat
phan tng), vi vay & day chi c6 van dé Ia sy chuyén khdi gifta pha khi v
pha long (dugc triét tieu bdi khudy tron ly tuong).

D6i véi phan ng tod nhiét hodc thu nhiét, qud trinh truyén nhiét dé
dang, {t xay ra nung néng cuc bo.

Co ché phan ting hoa hoc d& dang biéu dién hon, don gian va dé hiéu.

Qud trinh tién hanh phéan tng dé thao tic hon.

Tuy nhién ciling con nhitng nhuge diém cla qud trinh xic tdc dong thé:

Qua trinh phan ng ti€n hanh thudng gidn doan nén khong ti dong hod
dugc.



- Nang suét thiét bi khong cao va dé in mon thiét bi.

- Qua trinh tdch dé 14y xuc tac khoi khéi phan wing khé khan hon so véi
qué trinh xic tac di thé (day 13 nhuoc diém ch y&u).

- C6 nhiéu phan g & diéu kién mém khong thuc hién duge. Néu tién
hanh & nhiét do cao khé thuc hién trong phan tng xtc tac dong thé, vi
khi d6 can 4p suat rét cao.

I.1. PHAN CHIA CAC LOAI PHAN UNG XUC TAC DONG THE

Phan ing xic tac dong thé chi ¢6 the tién hanh trong hai pha:
- Pha khi: chat xic tdc va chdt phan ing cing & dang khi.
- Phaldéng: chat xiic tic va chat phan ing cing & dang 16ng.

1.1.1. Phan iing xtic tdc déng thé pha khi

Phan ung thuc hién & diéu kién cdc chat phan (mg va xic tic déu & thé khi.

Vi dy 1. Phan img c6 dién diéu ché H,SO, bing phuong phdp phong chi.
Giai doan khé khin 12 oxi hod SO, thanh SO, dudi tic dung cla xic tic NO,. Co
ché phén tng khong xic tdc cé thé viét don gidn nhy sau:

280, + O, = 2 S0,

Tée do phan (ng rat cham, song néu ¢6 mat cua xtc tic NO, thi phan tng
6 thé xay ra theo ca ché sau:

SO, + NO, > NO + SO,
Pé hoan nguyén lai NO, ta cho:
NO + 7/20,—> NO,
Co ché téng quit:
SO, + NO; —» SO;+ NO

b +ino, 1

C4c phan img déu tién hanh véi t6c do rt cao va nang lvong hoat hod thép.

Vi du 2. Phan tmg clo hod NO tao NOCI, xiic tdc brom. Co ché€ phan tng ¢6
thé viét nhu sau:



2NO + Br, = 2NOBr

2NOBr + Cl, > 2NOC! + Br,

Vi du 3. Cac phan Ung phan huy cic hop chat axetaldehit, etyl ete, ruou
etylic, formaldehilt, diing xic tdc 12 iot. Chi cdn mot Jugng rat nhd I, cling ¢ thé
lam tang t6c do phan tng 1én hang ngan ldn va giam nang lugng hoat hoa tir 50
kcal/mol (khong ¢6 xiic tic) xuéng 32,3 kcal/mol (cd xic tic).

Tinh t6¢ dd phan tng: dudi tdc dung cia xic tic (K) cho phan tng:

AB li) A+B
Ta s€ gia thiét co ché phan tng nhu sau:
AB+Kk—'> AK +B (I.1)
AK*2 KA (12)
Tdc¢ d6 phan tmg (1.1):
V, = k,.Cp.Cx

C - ndng do xic tac ban dau.
T6¢ do phan tmg (1.2):
Vy=k.Cax
Khi & trang thdi can bing tacd: V, =V, tic 1a:
k).CopCx = kyCax
Tir dé ta nit ra duoc:
k.C,,C,

C .. :T (1.3)

Tuy nhién phan g xdc tdc pha khi thudng tién hanh & nhiét do cao (700-
1000°C), phan tmg k&m theo hiéu ing nhiét cao, sy tao thanh hgp chat trung gian
khé tién hanh vi khong 6n dinh. Vi vay ta it gap hé xiic tdc dong thé pha khi.

I.1.2. Hé xic tac dong thé trong pha léng

Trong cong nghiép, qud trinh xiic tdc déng thé pha ldng thudng duge phin
chia ra thanh céc loai phan tng nhu & bang 1.2.



Béng 1.2. Cac loai phan tmg frong xuc téc déng thé pha Iéng

L.oai phan tmg va vi du Loai xiic tac

1. Phan (ng xtc tac axit-bazo
- C4c phan {mg ngung tu
- Dehydrat hoa, hydrat hoé _ ,

. . Axit, bazo long
- Hydro hoa, halogen hoa

Vidy: Phenol + axeton — bis-phenol A

(Phan ing ngung tu)

2. Alkyl hod, cracking, thly phén, déng phan

A , Axit Bronsted, Lewis
hoa, oligome hoa

Vidu: HF, H,S0,

CH;, CH;3 CH;  CH,
> | I AICI,, SbF,
H,C—C=CH, + HC—CH; —= H;C~CH-CH,-C—CHj
éHs (|3H3 HF dam dic
3. Phan (ng cacbonyl hod, decacbony! hoa Cacbonyl Co, Rh, Pd,
CH,OH + CO —» CH,COOH phosphin
CH,CH=CH, + H, + CO - CH,CH,CH,OH Vi du: (Rh(CO),l,)
4. Izome hoa, sap xép lai Xac tac co kim, kim leai
CH,=CH-CHCI-CH,CI —> CICH,-CH=CH-CH,C| | cluster, cac loai xic tac
phan tdr 16n:
W(OCH,); + C,HAICI,
5. Hydro hoa (téng hap L-dopa) Xuc tac co kim:

hop chat Rh-phosphin

6. Oxi hoa mdt phan

Mo(CQ),
CH,;-CH=CH,+ ROOH—-CH,-CH-O-CH,+ ROH
7. Polyme hoa: n{(CH,=CH,) » PE Xuc tac Ziegle:
TiCl,+(C,H;),Al
8. Cac phan (g vi sinh Xdc tac enzym

.2. THUYET XUC TAC DONG THE SPITANSKI - KOBOZEV
Thuyét dinh lugng clia phan tmg xiic tdc dong thé do E. I. Spitanski va N. L.

Kobozev dé xudng nam 1926. Thuyét duoc xay dung dua vao cac tién dé dudi
day:
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I.2.1. Phan tdng tién hanh biang con duong tao thanh hop chit trung
gian giira chit phan Ung va chit xic tac

Co ché tao thanh hgp chét trung gian ¢6 thé theo co ché phifc ion hodc co ché
phan tr.

12.1.1. Ca chéphic ion

Khi phan ing xuc tdc 12 H* ¢6 thé c6 hai kha nang: cong hop vio ion va sau
d6 chuyén dich lién két trong phan tir, nhd sy cong hop dé ma tach ra mot ion &
ché khic cla phan tlr. Vi du phan tng iot hod axeton, xtic tac 1a H* ¢6 thé trinh
bay co ché nhu sau:

CH,-CO-CH, +I, - CH,COCH,I + HI

CH; CH; CH;
>C'-=O +HY == />C“"OH = }C——OH +H*
H-CH; H—CH----~- H CHy
Tiép theo:
(lIHg, CH;
CH; —_
>C——0H + I —= C-“"'O H\‘ — C=—0 +HI
CHZ/ A\ -1
CHZ-_I CHZI

Khi phan tmg tién hanh, cic hop chit chita nhém cacbonyl ¢6 thé thé hién
tinh bazo yéu. Két qua ¢6 sy cong hop proton 1a s chuyén lién két C = O thanh
lién két C = C, nghia 1a c6 su chuyén dich n6i doi trong phéan tir, sau d6 cong hop
10t vao nd1 doi C=C.

Cic phifc trung gian 12 ion ¢6 thé tao thanh hop chat trung gian vong, vi du
trong phan img déng phan hod va sy chuyén vi ndi déi dudi tidc dung cla ion
hydroxyl OH".

LCH CH LCH
cH  Ch, c” %Ch, cH cH,
| - = + HO
Ho_ H. UM

0-H 0

hoiic trong phan img loai nudce cha alcol xiic tic H,O*:
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H,C—H H,C—-H HsC
/ ‘\

/ + ' N
{CH3)2: OH - (CH3)2:C’ OH2 C:CHz + Hzo + H30+
N X N ne’
o M o 3
H H

Con trong phan img trung hoa khong phai qué trinh chuyén ho4 proton don
thudn ma la qud trinh duge ti€n hanh qua sif tao thanh phite 5 canh:

H H-.
g O—H
HZO + - + ?"H —_ H20:_ -+ —_— 3H20
Q H o--H
H v

Khi diing ion kim loai 1am chét xic tac thudng hinh thanh phic ndi phan tr
v6i kim loai. Vi du phan dng loai CO, dé tao thanh a-xetoaxit trén cdc ion kim
loai khdc nhau, dic biét 1a nhimg kim loai ¢6 hoa tri khéng déi nhu Zn**, Al*. ..

0 0 R Gfen
1] +
o—B—'u-E—coo- + Me™ + H' 0=C—/—HC—C-C,0 + H
]
0
R O0—Meln2»
cO, + Il + — = - n+ +
—w CO,; HC_C\C/O —_— R—CH,"C—COO0" +Me™ + H
Hoooo 0
0

Dé& dang thdy ring trong cdc vi du dua ra cua phan g xiic tdc bang ion,
phan mg thuc hién duge nhd vao su chuyén dich noi phan tir.

L12.1.2. Co ché’theo phitc phén tu

Nhu da biét, su tac thanh céc phic vong véi chét xic tdc lam dé dang cho
viéc dit lién két. Vi dy phan tng sunfon hod benzen trong dung dich theo co ché
sau:

,S03H
H .H--O
O/ SO3H } XH SO3H
I'I'i \‘n 'ff’ + HZSOAl
0,5=06
O
0,87

Tuy nhién ciing ¢6 thé tao thinh phic phan tir véi chat xic tdc thi su giam
nang luong hoat hod phai dat dén muc lam cho chét xdc tac c6 orbital tu do va dé
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dang cho chuyén vi dién tlr. Cic hgp chat clia B, Al vA mét s6 chat khic ¢6 thé
thue hién chife nang nay. Vi du su chuyén vi pinacolic ¢6 thé tién hanh theo co
ché sau:

H. K _H
H  _H O,X o ﬁ (I:Ha
T Vo By | T on, —HC—C—C—CH, *H0 ¥
3 N \CH H30-C—,,C K
CH, CHs Xt eH H
3 CHs Tk xtc tac)

C6 thé cong hop axit vao olefin véi su tham gia clia BF, (chét xiic tac), co
ché cling gén gidng nhu vay:

R—ﬁ::_:ox
R—G—OH +>c=c< Q BFy H —» R=C—0—C—C—H + BF,
o) BF; AL 0
c—C
VARV ARN

Viéc tao thanh céc phic phan tf trong phan ting Xuc tac dong thé cdn ¢ dic
diém sau:

1. Nang luong hoat hod cua viée tao thanh phitc phan tir phai rat bé. Vidn
tao phite giita BF; va NH; can mét nang lugng hoat hod bé hon 2 kcal.

2. Qua trinh tao thanh phic phan tir 1a qud trinh toa nhiét tir hai, ba dén vai
chuc kcal. Trong qué trinh phan huy phiic phan tir dé tao ra san phim,
nang luong hoat hod gidm xuéng bing nhiét lugng tao thanh hgp chat
phan tir ban dau.

3. Su tao thanh phiic phan tir k&m theo sy phén cuc lién két. Phan tng giita
cac lién k&t phan cuc tién hanh véi su giam nang lugng hoat hoa.

1.2.2. Phuong trinh dong hoc cia phan (ng xiic téc dong thé

Ta ¢6 phan ing:
#A - mB, xictic K. (1.4)

Co ché phan ing c6 thé viét nhu sau:

ky k3 (1.5)
nA + K T Z — mB+K
2
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Z- hop chdt trung gian.
Co hai trudng hop xay ra.

1.2.2.1. Téc dé phdn huy hdp chét trung gian lén hon tée dé tao
thanh hop chdt trung gian

Nghia 1a k; >> k,. Nhu vay giai doan quyét dinh van téc phén (ng 1a giai
doan tao thanh hgp chat trung gian. Nong d6 hop chat trung gian rdt bé, ta goi
hgp chét trung gian d6 1a hop chét trung gian Van't Hoff.

T6e do phan (ng c6 thé viét theo cong thc:
VC = L,rl = k[.CAn.CK
Ddi véi phuong trinh nay tdt cd moi dit kién déu c6 thé do duge, nén dé
dang xdc dinh duge tée 46 phan ting.

Vi du, trong phan ting iot hod axeton (co ch€ di trinh bay trong muc
1.2.1.1.), giai doan enol hod axeton dé tao thanh hgp chit trung gian la cham, Vi
vy toc 40 phan tng sé la:

V.=V, = k.[CH,-CO-CH,].[H"] (L6)

1.2.2.2. Téc d¢ phian huy hop chét trung gian chdm so véi tée d¢ tgo
thanh hop chét trung gian

Trudng hgp nay k,; >> k;. Khi d6 ta c¢é nong do hop chat trung gian réit 16n,
vi vy luong xic tac két hop ciling rat 16n. Téc d¢ chung clia phan g duge quyét
dinh bai toc do phan huy hgp chét trung gian. Loai hop chét trung gian nay ta goi
12 hop chit trung gian Arhenius.

Phuong trinh téc do phéan ting ¢6 thé viét:
V.=V, = k() (1.7)

D¢ tinh dugc V. ta phai xdc dinh dugc ndng do cha C,. Hop chit trung gian
tén tai v&i thdi gian rdt bé (khodng 107" giay), vi vay viéc xdc dinh néng do C,
bing cac phuong tién hod 1y thong thudng khong thé thuc hién duoe.

D6i vé6i trudng hop hop chit trung gian kém bén, dé tinh dugc C, ta xét
phén ing giai doan I Ia nhanh, ta ¢6 hing s6 can bang K:

¢,

K, = " C"
At ke

(1.8)
Ccny - nOng do xuc tac khi can bing.
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Ta gia thiét tao thanh mot hop chat trung gian Z s& mat di mot phéan tlr xic
tac K, vi vay Cycy; = Ck, - Cz (V61 Cy,- nOng d6 ban ddu cha xiic tac). Ta c6:

C,

P RE——— ]..
C;-(Cx,, - Cz) e

H

Trién khai phuong trinh (1.9) ta cé:
K,.C\\Cro - K .CCr= Cy
C(K,.C'+1) = K,.C" Cro
T do ta cé:

K .CLC,
C. = (Rt o

= 1.10
2KCh A (1.10)

Thay (I.10) vao (1.7) ta cé:
V.=V, =k, ——= (1.11)

Xét hai truong hop:

K, rdt i6m: Phan img mau dat t3i cén bang: K,.C, >> 1. Phuong trinh
(I.11) cé thé viét:

VC = V], = k:;. CK,, (I. 12)
Nhur vay: Ve=fCy )

Ta thay ring trong trudng hogp phan Ung xdy ra theo chiéu hinh thanh mot
lugng 16n hop chat trung gian thi t6c d¢ phan img chung khong phu thudc nong
dé chat phan ing ma chi phu thudc néng do ban ddu cia xic téc.

- K, nhd: phan ung lau dat tdi can bing: K,.C << ]. Khi dé phuong trinh
(1.11) c6 thé viét:

V'C = 1’!3= kﬁ.Kl. C: ‘CK,, (1-13)

Ve=ACa. Cy. )
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Trong trudng hop phan img xay ra theo chiéu hinh thanh it hop chat trung
gian, t6c d6 phan ing chung phu thudc vao ca nong dé chdt phan ing va nong do
ban dau cia xdc téc.

1.2.2.3. Phan #ng c6 anion hodc cation tham gia
Ta ¢6 thé biéu dién phuong trinh phéan tng dudi dang:
LK ks
nRA+K+H —= 7Z —» mB+K+H" (1.14)
ks
H* va OH" tham gia phan iing sé day manh t6¢ do phan tng.

Vi du, phan dng xi phdng hod, hay phan (ng chuyén hod dudng. Trong cdc
phan tmg nay, té¢ do phan tng ty 1& thuin véi nong do H*. Ngoai H* ra, phan tr
axit chua dién ly cling ¢6 tdc dung nhu mot xic tic. Khi d6, hing s t6c do phan
ung duge tinh nhu sau:

k=lk, +k(-o)]C (1.15)

H"
trong d6: & - hing s6 dién ly ; C- néng d¢ clia axit ; k. va k, - hing s¢ t6c do

phan ting xtic téc clia xtic tic H* va axit chua dién ly.
Phan ttng iot hod axeton:
CH,-CO-CH; + I, —» CH,;-CO-CH,I + HI

Trong mdi trudng axit clohydric, axit axetic, monoclo axit axetic, diclo axit
axetic, gid tri k. va &, theo bang 1.3,

Béng 1.3. Gid trj k,,. va k, cta céc axit

Axit k.. k,

HCl 437 811

CH,COOH 425 1,55
CH,CICOOH 448 23,7

] CHCI,COOH 445 203

Tir bang (1.3) ta thdy gid tri 4. gdn nhu nhau. N&u hang s6 dién ly axit nho,
hoic néu bd sung thém mudi cla axit yéu s& lam gidm néng do ion H*, néng do
axit chura dién ly tang, khi do :
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k(I- ) = k,.C (do o giam) (1.16)

Khi cho mudi vao dung dich, gid tri & gidm ddn qua cuc tiéu sau d6 lai ting
lén. Nguoi ta cho ring anion cia axit ciing ¢6 tdc dung xic tdc, do dé6:

k = k“.c + kH.C“ + kA'CA (I.l?)

bé tinh t6c d¢ phan tng cho phan tmg (1.14) ciing véi gia thiét t6¢c do phan
ung phan huy hop chat trung gian nho hon so véi t6¢c do phan ing tao thanh hop
chat trung gian:

V’C = \’;3 = k}.Cz (I.lg)

Hing s6 can bing phan tng giai doan /:

[ SE— T— (1.19)
Criy L, €l (Cy ~C))
K.CiC,.Cp —K.CIC,.C, =C,
Tir d6 ta suy ra:
KCoi.C,.C
Lom A H K (1.20)
C K CC LA
Thay (1.20) vao (1.18) ta c6:
K.CyC,.C
V,=V, =k ——i 0 1.21)

Y KCC,. +1
Xét hai truong hop:

a) Khi K, rat I6n: K,.C,.C,.>> 1 thi phuong trinh (1.21) sau khi udc luge
¢0 dang:

Ve=Vi=kCp (1.22)
Ve=K Ck, )

Khi dé t6c 4o phan img phu thudc vao ndng d6 ban dau cha xic tic (gidng
trudng hop phan \ing khong ¢é tic dung cia anion hoac cation),

b) Khi K; nho: K.C.C,. << 1 thi phuong trinh (1.21) ¢6 dang:
Ve=Vy= ksK,.C}.Ce . Cy. (1.23)
vc =f(CA$ CK” ’CH‘ )
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Nghia la t6c¢ do phan ttng chung khong nhimg phu thude vdo nong d6 ban
dau cua chat phan img va ndng do xic tic, ma con phu thudc vio nong do H*.

1.2.3. Sur tao thanh hop chét trung gian do két hgp gitra nhém chite cha
phan tir chat phan ttng va nhom hoat dong cua xuc tac

Vi vay trong mot phan tng c6 thé tao thanh nhiéu hop chit trung gian cé do
hoat déng khac nhau.

Vi du phan tmg phan huy H,O, vdi cac xtc tic khac nhau cho ta nhiéu dang
hop chdt trung gian khdc nhau (bang 1.4).

Bang 1.4. Cac hgp chét trung gian tao thanh trong phan tmg phan huy H,0,
vdi cac loai xuc tac khac nhau

Xlc tac Hap chat trung gian
Hoat déng Hoat déng trung binh it hoat d@dng
MoO,/* MoO* MoOg> MoO,?
WO,” WO, WO

1.2.4. Phan itmg dong thé khi ¢6 mat clia xdc tac sé [am giam nang
lugng hoat hoa cua phan Gng

Khi ¢é mat clia xic tic, phan iing qua bude tao thanh hop chat trung gian
v6i thém ning lugng thdp. Vi du phan tng:

A+B - C+D

Khi ¢6 mit xic tac s& qua con dudng tao thanh hop chét trung gian:

A+ B —_ C+D

\+K /

AK+ B— ABK

Pudng biéu dién thé niang phan mg trén ¢6 dang nhu d hinh L.1.

18



Thé nidng

L J

Chiéu phan ung
Hinh 1.1. Thé€ ndng phan img khong xuc tac (1) va phan img c6 xac tac (2)

Véi phan ing khong xic tdc ta ¢6 thém nang lugng 1a E, c¢dn phai vuot
qua. Vdi phan tmg ¢6 xic tdc, thém ning luong cao nhit [a E,. Nang lugng cha
phan g khong xic tdc £, bao gid cfing 16n hon ning lugng ciia phan ting ¢6
xuc tac E,.

Pé so sanh ta dung hing sé t6c do phan tng:

- Khong xiic tic: k =z.e ' (1.25)

- C6 xiic tdc: k,=z,& " (1.26)

Néu z; ~z, ta cé:

-

_2 — eAE."RT
lkl
N6t chung ning luong hoat hod ciia phan dng khéng xic tic 16n hon nang
lugng ctia phan Ung ¢é xic tic khoang 10.000 cal/mol hodc hon nita.
Vi du phan ting x4y ra ¢ 300K, thay vao phuong trinh ta ¢é:

AR RT 0875300 B
e HT _elmouu :2,5I8

titc 1a t6¢c 46 phan img cé xlic tac 16n hon téc dd phan tng khong xiic tic hang
tram triéu lan.

1.3. PHAN UNG XUC TAC DONG THE - XUC TAC LA AXIT - BAZO

Phan I6n cdc phin tng dong thé duge xiic tdc boi axit-baza. Trong d6 nhiéu
phan ng duge xdc tic boi axit protonic (nhu HF, H,SO,, H,PO,...) va mot so
duoc xiic tac bang axit Lewis (nhu BF,, AlCl,, SnCl,...).
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Dé hi¢u rd hon ban chit cia phan (ng xic tac 1a axit-bazo ta dua ra mot s6
dinh nghia axit - bazo.

I.3.1. Dinh nghia axit - bazo

1.3.1.1. Dinh nghia c¢é dién vé axit - bazo

Axit 1a nhimg chat cho proton (H*). khi tic dung vd1 mot bazo cho ta muéi
va nude. Con bazo 1a nhitng chit cho hydroxyl (OH™). khi tac dung vé1 mot axii
cho ta mudi va nudc.

Pay 1a cic axit- bazo vd ¢c6 manh,
1.3.1.2. Pinh nghia ctia Brinsted-Lowry (1923)

Axit 12 nhitng chét ¢ kha ndng cho proton. con bazo 1a nhitng chét ¢d kha
ning nhan proton do. Vi vay day la mét cap axit - bazo, hay goi 1 cip axit - bazo
lién hop, cé axit phdi ¢6 bazo thl proton méi dugce chuyén. Bang 1.5 dua ra mot s6
vi du vé axit - bazo lién hop.

Béang 1.5. M6t s6 vi du vé axit - bazo lién hop

Axit Lién hgp T Bazo
- ——— —
CHB_%—OPI + H* CH3'*(“3—O'
O O
, 1 aaa
CH,OH + H CH,-O
NH,* + H' NH,
— |
—t
Hs E CHs s H* CH,-O-CH,
_ - I
Cong thic chung ta viét:
AH - H' + A (1.29)

20



Phuong trinh (1.29) khong dat ra mét su han ché no vé dién tich cha axit va
bazo. Ddu trir (-) chi ra ring A" kém AH mét dién tich duong. Mot cap axit-bazo
lién hop thit hai:

BH* - B + |’ (1.30)
Keét hop ca hai phuong trinh (1.29) va (1.30) ta ¢6:
AH + B » BH" + A (1.31)

Phuong trinh (1.31) biéu dién su chuyén dich proton hay c¢6 thé xem dé la
phan ing protonic.

Ldy vi du vé phén tng protonic:

Axit | Bazo 2 Axit 2 Bazo 1
H,S0, + HO - HO0"  + HSO,
HSO, + NH;, - NH,S + SO*
NH,* + OH — H,;O + NH;’

Nhu vay mot chét nao dé trong thién nhién déu ¢ hai tinh chat: vira ¢é tinh
axit, vira ¢6 tinh bazo. Vi du nhu nude (H,0), néu ding trude nhém OH thi nd
tr¢ thanh axit, nhung néu ditng sau nhém H,O* thi né lai 1 bazo. C6 nhimg axit
khong dién tich (H,SO., CH;COOH), c¢6 axit cation (NH,*, H,O"), cé axit anion
(HSO,). Dai vai bazo cling vay: ¢6 bazo khong tich dién (NH,), ¢é bazo anion
(OH-, CH,COO') va ¢6 bazo cation (NH,").

1.3.1.3. Pinh nghia cua Lewis (1923)
Dé giai thich cdc qud trinh xic tdc axit - baza khéng 6n tai proton (H*) va
hydroxyl (OH"), Lewis dua ra dinh nghia vé axit - bazo nhu sau:

Bazo 1a mét phin tir ¢6 cép dién tr tw do, cé kha nang cho dién tir, con axit
14 phan tir ¢6 kha nang nhan cap dién tir d6 d€ tao thanh lién két cho - nhan dién
tr (acepto-donor). Phan tmg giifa axit va bazo 12 su trung hoa tao thanh lién két
d6. Vi du:

BCL + RN — CIL,BNR,

21



