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Chuong 4
trung hop ion

4.1. Su khac nhau giira trung hop gbc va tring hop ion

Trung hop ion xay ra khi c6 mat chat xuc tac va phan tng khoi mao xay ra c6 nang
luong hoat hod thap nén phan tmg c6 thé dat dugc tée d6 10n ngay ca & nhiét do thap.

Ban chat cta xtc tac, dung méi va cac tap chat trong méi trudng c6 anh huong 16n
dén co ché cta phan tng.

~ Phan ung trung hop gbc xay ra trén cc trung tdm hoat dong 1a gdc tu do bang cach
chuyén di¢n tir chua ghép d6i doc theo mach.

Dbi véi phan tGng trung hop ion thi trung tim hoat dong 1a cacbocation (ion cacboni)
hodc cabanion. Cacbocation va cabanion dugc tao thanh do sy phan cat di ly lién két cua phan
tir trung hoa dudi anh hudng cua cac tac nhan phan cuc khac nhau va xdy ra véi sy c6 mat
chit xtic tic. Chat xtic tic khong bi tiéu hao trong qua trinh phan tng va khong tham gia vio
thanh phan polyme.

| |

-C | X - -C’ + X
| ca‘cbocation

C‘ | X - C‘ + X*
| Ca|banion

Tuy thudc dac tinh ctua chit xuc tac va dién tich cua ion tao thanh ma trung hop ion
dugc chia thanh 2 loai: trung hgp cation va trung hop anion.

4.2. Trung hgp cation
4.2.1. Su tao thanh cacbocation (ion cacboni) va cac phan ung cua chung

Céc ion hitu co it khi ton tai & dang tu do trong pha ngung ty, thuong cac ion doé it
nhiéu déu co6 sy tuong tac tinh dién v4i nhitng ion c6 dién tich trai dau. Trong dung dich, cac
phan tir hitu co ion hod ton tai can bang véi cdp ion va cac ion tu do.

K, K,
R-X S [RX] & R+ X
cap ion ion ty do
Moi truong cang phan cuc thi can bang cua phan ung trén cang dich chuyén vé phia
phai, nghia 1a xu hudng tao thanh ion tu do cang nhiéu.

Vi du : Triphenylclometan trong méi trudng SO, 10ng t6n tai cac can bang sau :

K1 KZ

(C¢Hs)sCCl S [(CeHs);CP,CIT S (CeHs);C™ + CI

Nong d6 ciia cdp ion va ion tu do duoc xac dinh bang cach phdi hop phuong phap do
do dan dién va phuong phap quang pho Phuong phap do do dan dién cho phép xac dinh nong
d6 ion ty do, phuong phap quang phd cho phép xac dinh nong do ciia cap ion va ca ion tu do.
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Vi trong dung dich déng thoi ¢6 mat ion tu c}o va ’ca_“lp’ ion, do d6 khi c6 mat monome
phan tng trung hop s€ xay ra trén ca cap ion (vo1i hang s6 toc do kei) va trén ion ty do (voi
hiang s0 toc dd k).

Binh thudng cac ion cacboni c6 thé tham gia nhitng phan tng sau ddy:

1. Phan tng thé

R"+ RX - R/ +RX
Vidu : CH;" + (C¢Hs);CCl - CH;Cl + (C¢Hs);,C*

PE phan (ng thé xay ra thi ion mdi dugc tao thanh phai co6
hoat tinh thadp hdn ion ban dau. No6i khac di, ndng |udng tu do
cla ion dudc tao thanh phai thdp hdn ndng lugng tu do cla ion
ban dau. D& vdi ddy cac cation cua hydrocacbon mach thang,
hoat tinh c6 thé s3p x&p nhu sau :

CH+* > GH* > n-GH* > izo- GH?
2. Phén ing dong phan hoa

Nhiéu cation hitu co dé dang ddng phan hod dé chuyén sang mot dang khac bén hon
(c6 nang luong thap hon). Vi du:

CH:-CH,-CH* S CHi;-CH-CH," — (CH;),C’

| |
CH3 CH3

Phéan tng dong phan hoa c6 y nghia rat 16n ddi véi qua trinh trung hop cation. Trong
mdt s6 didu kién cu thé, qua trinh trung hop c6 the xay ra dong thoi voi qua trinh dong phéan
hoa cation. Néu toc do dong phan hoa nhanh hon tdc d6 tring hop thi qué trinh néu trén cang
dé xdy ra. Vi du khi tring hop propylen thi ngoai polypropylen con cé polyetylen tao thanh.

—>  (-CH-CH-),
|

HCH2:CH _ 1 CH3

|
CH;

——>  (-CH»-CH»-CH;-),

3. Phén ng cong hop voi lién két doi

Phédn mg cong hop cuia ion cacboni vao ndi d6i trong diéu kién thuan loi c6 thé dan
to1 su trung hop:

R"+M - RM'

lon cacboni vira dugc tao thanh c6 kha nang tham gia phan Umg phat trién mach véi
cac monome c6 trong hé, néu diéu kién thuan loi thi s& tao thanh san pham polyme c6 phan tir
luong 16n.

RM™ + nM - R-(M-),M"
4.2.2. Dic diém clia qua trinh trang hgp cation

1. Pac diém ciia monome
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Xét phan Umg trang hop cation cua monome dang vinyl CH,= CHX, ion cacboni R" s&
tan cong vao noi doi cua monome, nhung ¢ vi tri cacbon ciia monome nao thi tuy thude vao
ban chit ctia nhom thé -X 1a ddy hay hat dién tu.

—> Néu -X ddy dién tir CH,-CH" (1)
|1
CH=CH +R* — R X

|
X

> Néu - X hut dién tir ‘CH-CH-R  (2)
!
X

Cation dang (1) bén hon dang (2), do d6 thudng duogc tao thanh trong qua trinh tring
hop cation. Nhu vay, ddi voi cac monome dang vinyl tham gia phan tng tring hop cation thi
monome ndo c6 chira nhom thé déy dién t& s€ thuan loi hon va trung tdm hoat dong
cacbocation s€ cdng vao vi tri cacbon cua phan tir monome c6 mat dé dién tir cao nhét.

Vi du : trong qua trinh tring hop cation cua styren va izobuten, cation R* s& tin cong
vao vi tri C ¢6 mat do dién tir cao (C")

0,0340  0,1894 0,0998
C 0,5464 125
0,3106@—C: c' Sc=c
0,306 0,7084 c
0,0340  0,1894 0,0998
Styren Izobuten

2. Pic diém cia chit xic tac
Xdc tac cho phan tng tring hop cation ¢6 thé 1a :
a. Cac axit chira proton : HA

Céc axit vo co nhu HCL, H,SO., H;PO,,... déu c6 kha ning xtc tic cho phan tng
trung hop cation.

Téng quat phan mg tao thanh ion cacboni ¢é thé viét :
HA + CH=CHX - CH;-CHX" + A

Néu anion A" mdi tao thanh c6 do &i nhan cao thi c6 thé két hop véi cation tao thanh
phan tur trung hoa lam mat trung tam hoat dong va dung phan ung.

CH;-CHX" + A - CH;-CHXA

Vi vady ma céc axit c6 géc anion thud¢c nhom halogen it dugc sir dung lam xtc tac cho
phan tmg trung hop cation. Cac axit nhu HClO4, H,SO4, H;sPO, ciing c6 thé sir dung lam xuc
tac nhung khdi luong phan tir ciia polyme thu dugc khong 16n, do vay san pham chi duoc
dung lam dau mazut, dau nhon, chit déo hoa...

b. Cac hé¢ axit - bazo Lewis
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Axit Lewis 1a nhiing chét c6 kha nang nhan madt cap dién tir clia cht khac dé tao thanh
lién két phéi tri. Vi du BF;, AICL, ZnCl, SnCly, TiCl... Sau ndy ngudi ta thiy rang trong dai
da sb cac trudng hop, cac axit Lewis khong c6 kha ning khoi mao trung hop. Qua trinh tring
hop chi c6 thé xay ra khi cac axit Lewis két hop v6i cac bazo Lewis (nhimng chat cho dién tir)
nhu H,0, C,;HsOH, (C,H;),0... va cac chat ndy dugc goi 1a chat dong xuc tac. Trong trudng
hop néu chi mot minh axit Lewis ma lai c¢6 kha ning khoi mao cho phan tng trang hop cation
thi ¢ 1& chinh cac monome da dong vai trd chat cho cip dién tir. Sy twong tac giira axit Lewis
va bazo Lewis dan dén hinh thanh cip ion hay ion ti do nhu sau :

A1C13 + C2H5OH : H+[A1CI3,C2H50] : HJr + A1C13,C2HSO-
hay BF; + H,O 5 H'[BF;0H] S H' + BF:OH

. Néu méi truong phan Gng cang phan cyc thi can bang cang c6 xu hudng chuyén dich
vé phia tao thanh ion ty do.
4.2.3. Co ché va dong hoc ciia phin tng tring hop cation
Xét phan g trung hop cation cua izobuten, khi st dung hé xtc tac axit-bazo Lewis
BF;- (C;H;s),0.

Nhu da trinh bay ¢ phan trén, tuy thudc ban chit ciia chit xtc tac va méi truong ma
trong h¢ phan tng c6 thé ton tai can bang cdp ion va ion tu do. Vay phan tng tring hop cation
c6 thé xay ra 2 trudng hop d6 1a phan tmg xay ra trén cdp ion hay trén ion tu do.

A. Néu phan irng xay ra trén cip ion

~ Qua trinh trung hop cation cling xay ra qua 3 giai doan : khoi mao, phat trién mach va
ngat mach.

1. Giai doan khoi mao

BF; + C2H5OC2H5 hary C2H5+, BF3C2H50- s CQH5Jr + BF3C2H5O-

cap ion ion tu do

CH;

|
C2H5+, BF;C,HsO + CH,=C-CH; - Csz-CHz-C+, BF;C,Hs;O

| |
CH3 CH3

Néu goiv;la tdc d6 cua giai doan khoi mao, ta c6 :
vi = ki[1][M] 4.1)
[1] 1a ndng d6 cta chat xuc tac

2. Giai doan phit trién mach

CH;

|
C2H5-CH2-C+, BF;C,H;O + nCH,=C-CH; -

| |
CH3 CH3

CHs CH;

| |
— C,Hs-(CH,-C-),CH,-C",BF:C,H;O

4
http://vietham12h.com



Céng ty Héa Chat Xay Dwng Phuvong Nam
vietham12h.com

CH; CH;
Goi vp 12 tdc d6 cua giai doan phat trién mach, ta c6 :
vp = kp.[R7][M] 4.2)

R*] 14 tong nong d6 cip ion co trong hé
g g p g

3. Giai doan ngit mach
Xay ra theo hai co ché

CH; CH;
| |
CZHS'(CHz'C-)nCHz-C+,BF3C2H5O- —
| |
CH; CH;
CH; CH;
| |
—> (1)-» CHs-(CH»-C-),CH=C + BF; + C,HsOH
éH3 C|3H3 Hé xuc tac moi
CH; CH;
| |
_> (2) » C,Hs-(CH»-C-),CH,-C- O - C,Hs + BF;
| |

CH; CH;
Goi v, 1a téc do cua giai doan ngét mach, ta co :
Vo = ko[R] (4.3)

. Vay néu phan Ung xay ra trén cdp cation, thi ¢ giai doan
ngat mach toc do phan Ung phu thubc bac nhat vao nong dd cua
cation dang phat trién.

Chu y : Néu phan tmg ngat mach xdy ra theo co ché (1) thi s€ tao thanh mot hé xuc tac
méi (BF;+ C,HsOH) c6 kha nang khoti mao cho phan ung tiép tuc xay ra neu cO mat monome,
vi viy trong truong hop nay “mach vat chat” bi ngat con “mach dong hoc” van tiép tuc.

Khi trang thai dimg duoc thiét lap, ta c6 : v, =v;
ko.[R']=Kki[I][M]
Kk, [1][M]
k

[}

[R']=

Khi d6 téc do phat trién mach vp va do tring hop trung binh p duoc xac dinh theo
biéu thirc :

VP:kPM (4.4)
kO
_ Gk [IIMP K, [M]
Pk k. [1.[M] k, (4.5)
5
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Tir hai biéu thirc (4. 4) va (4.5) chuing ta c6 nhan xét: trong trung hop cation, néu phan
ung xay ra trén cap ion th1 tbc do phat trién mach Ve ty 16 thuan voi ndng do chat xtc tac, con
do trang hop trung binh p khong phu thudc vao nong dd chat xtc tac.

B. Néu phan ng xay ra trén ion ty do

Trong moi trudng phan cyc manh, trong dung digh tdn tai chu yéu 1a cac ion tu do, do
do phan ung trung hop xay ra trén ion tu do. Tuy vay bi€u thirc téc d6 cua phan tmg khoi mao
va phat trién mach van gilr nguyén (gidng trudng hop phan ung trén cip ion), chi khac 1a &
day dai luong R* biéu dién tong ndng do cac ion ty do.

1. Giai doan khoi mao

BF; + C,HsOC,H; s C2H5+, BF;C,H;O" hary C2H5+ + BF;C,HsO"

cap ion ion tu do

CH;

|
C2H54r + CHQZ C - CH3 — Csz-CHz-C+

| |
CH3 CH3

Goi v; 1a toc do cua giai doan khoi mao, ta c6 :
vi = k[1][M] (4.6)
2. Giai doan phit trién mach:

CH; CHs CH;

| | |
C:Hs-CH»-C* + nCH,=C-CH; -  CHs«(-CH,- C-),-CH,- C"

| | | |
CH3 CH3 CH3 CH3

Téc do giai doan phat trién mach :
vr = kp.[R].[M] (4.7)
3. Giai doan ngit mach
~ Phan ung ngit mach & day 13 do phan ung giita cation dang phat trién véi anion cua
chat xuc tac (1a phan ung bac 2)
CH; CH; CH; CHs

| | | |
CoHs-(CH,-C-),CH,-C* + BF:CGHsO'  —»  CoHs-(CH»-C-),CH,-C- O- C;Hs  + BF;

| | | |
CH3 CH3 CH3 CH3

Tbc d6 giai doan ngét mach:
Vo = ko.[1].[R] (4.8)
Khi trang thai dung duogc thiét lap, taco :
ko.[T].[R"] = ki[1].[M]
k

o

[R']=
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Khi dé tdc do phat trién mach vp va do tring hop trung binh p dugc x4c dinh theo
biéu thuc :

— ki'[M]2 4.9
— 49)
= _ Kk MP ke [M] 4.10
P TRk M) k[0 @

Nhu vy trong truong hop phan tng trung hop cation xay ra trén ion ty do thi tir hai
phuong trinh (4.9) va (4.10) ching ta ¢6 nhan xét : toc do phat trién mach khong phu thude
vao nong do chat xuc tac, trong khi d6 d6 trung hop trung binh ty 1& nghich véi nong do chat
xuc tac.

Qua khao sat hai truong hop cu thé cua phan tng tring hop cation xay ra trén cip ion
hodc trén ion tu do, tir thuc nghlem c¢6 thé biét duoc phan tng xay ra theo co ché nao bang
cach xét sy phu thudc cta tbe dd phan tmg phat trién mach v, va do tring hop trung binh p
vao nong d6 chat khoi mao.

Mbi trudng cé ndt vai tro quyét dinh cho qua trinh trung
hgp ion. Trong dung mdi c6 hang s dién ndi thdp, thudng ton
tai cac ion c6 ddu ngudc nhau va nam sat nhau (cdp ion). Trong
cac dung mdi c6 hang s6 dién mdi cao, thudng ton tai ion tu
do. Mit khac, cd ché va dbéng hoc cua phan (ng khoi mao phu
t hudc nhi éu vao ban chat cua mdi trudng.

Vi du khi tring hop styren duéi tac dung cua hydrat tetraclorua thiéc trong dung méi
nitrobenzen c6 hang s6 dién méi 16n thi chi co chit xuc tic tham gia khoi mao tring hop
(vi =k[I]). Trong dung méi dicloetan c6 hing sé dién méi thip hon thi phan tng khoi mao
doi hoi co6 sy tham gia cia mdt phan tr monome (vi = ki[I][M]) con trong dung mdi CCly thi
phaéi c6 sy tham gia cta hai phan tir monome (vi = ki[I][M]?).

4.2.4. Cac yéu t6 anh hwong dén qua trinh tring hop cation
1. anh huéng ciia chét xic tac

Néu tién hanh tring hop styren voi xtic tac HCIO, trong moi truong dicloetan thi phan
g s& dé dang xdy ra vé6i do blen hoa q = 100% dbi véi bat ky lwong xtc tac nao. Mat khac,
trong qua trinh nay phan tng ngit mach khong xay ra nghia la K, = 0. Diéu nay co thé chimg
minh bang cach sau khi phan tng dat do bién hoa 100% ta lai cho mot luong monome nhu
trudc vao thi phan Gmg xdy ra v6i toc d6 nhu ban dau. Trong cing diéu kién Ay thi xuc tac
H,SO, chi cho phép dat duoc do chuyén hoa 100% néu ndng do xic tac vuot qua dugce nong
d6 t6i han C,ndo d6. V&i nong do axit thap hon gia tri d6 thi phan tng bi dimg lai trudc khi
dat 6 chuyén hoa 100%. Nhu vay c6 thé néi rang H,SO, mat dan trong qua trinh phan tng.

q(%) A

100

C Crasos
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Hinh 4.1. Sy phu thudc cia do chuyén hoa vao néng d6 H,SO,
trong phan Ung trung hop styren

Nguyén nhan sy khac biét gitra HC104 va H,SO4 1a do luc axit khac nhau trong dung
mo61 hitu co lam cho ty s6 ke/ko bi thay d6i. Ta c6 thé ching minh di€u do néu str dung cac gia
thict sau:

* k; >> kp: nghia 1a cho rang ngay tir ddu chét xuc tac di chuyén hét thanh trung tim
phan ung trc 1a [I]o =[R"]

*k, # 0 : qué trinh c6 phan Gmg ngat mach.

Téc do bién thién clia cic trung tim phan g duoc biéu dién theo phwong trinh:

JdR7] ]: k,JR"] hay -k t-= ln—[R+ ]
dt [R"],
Nong d6 ctia trung tAm phan tng & thoi diém t bat ky 1a :
[R]= [Re™" (4.11)
Mit khac, biéu thire tc do phan Gmg cua giai doan phat trién mach c6 thé viét:
dM .
vp =" ——= kp[R"].[M] (4.12)
dt
\ r dM - + -K,t
Thay (4.11) vao (4.12),ta cé : - o k,[R"] e ™ .[M]

(4.13)

Néu k; >> kp , nghia 1a phan tng khoi mao chiém wuu the, cho nén c6 thé xem nong do
cua trung tam hoat dong bang ndng do cua chat xuc tac :

[Tl = [R'T (4.14)
Thay (4.14) vao (4.13) taco :
dM _ Kyt
T kp[1], e " .[M] (4.15)
[Mo] - kp[I]O _ o Kot
hay T (1- e 4.16)

Néu thoi gian phan Gmg t — oo thi gia tri e** 0, biéu thirc (4.16) co thé viét:

ML Kl

[M] k. (4.17)
M1, %
hay M. e (4.18)
Mat khac, ta lai ¢6 :
Do chuyén hoa q = MM, hay q=1- M. ] (4.19)
M ] M ]

Thay (4.19) vao (4.18),taco :
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q=1- "% (4.20)

Gia tri néng d6 ban dau cua chit xuc tac [I], da biét, nén tur biéu thurc (4.20) sau khi
xéac dinh do chuyén hoa bang thyc nghiém, ta s€ xac dinh dugc ty sO kp/ko. Ty s6 d6 cang l6n
thi qua trinh xdy ra cang it bi ngat mach. Dudi déy 1a ty s6 ke/k, cia mot s6 xtic tac:

Xc tac HCI HBr HzSOg. HzSO4 HC104
ke/k, 10 30 300 - 600 800 2000

Qua bang sd liéu thyc nghiém trén chung ta nhan thiy rang, khi sir dung cac axit vo co
c6 goc anion thugc nhom halogel (HCI, HBr) xuc tac cho phan trg trung hop cation thi ty s6
ke/k, rat bé, nghia 1a chat xuc tac da tao di€u kién cho phan Gng ngat mach xay ra dé dang
hon phan tng phat trién mach, 1am mat trung tdm hoat dong va nhu vay la khong thuan loi
doi voi qua trinh trung hop cation.

2. anh hwéng ciia ty 18 chét xic tac va chat dong xic tac

Pbi véi mot hé xuc tac thi ty 1 giita chit xtc tac va chit dong xic tac co thé khac
nhau va c¢6 anh huong 16n dén hoat tinh xuc tac trong phan Gng trung hop cation. Vi vay
chung ta phai nghién ctru dé chon duogc ty 1€ to1 wu cia hé xuc tdc. Thong thuong ty 1€ 1:1 1a
to1 uu.

Vi du hé xtc tac gdm ROH va AICI; ¢6 thé ¢6 cac ty 1¢ nhu sau:

4ROH.AICIL;, 2ROH.AICL;, ROH.AICI;, ROH.2AICI;s

Trong truong hop phan tmg trung hop izobuten (trong dung moi etylclorua) thi phire
c6 thanh phan 1:1 ¢6 hoat tinh cao nhat. Trong cac h¢ nhu vay, su thay dbi gitra ty 1& xtc tac
va ddng xuc tac khong nhimg lam thay d6i hoat tinh cua chat xtc tac ma con lam thay d6i vai
tro cuia bazo Lewis. Cac chat nay & lugng du s€ tham gia phan ing ngat mach.

Mt khéc di v6i mdt h¢ xic tic ¢6 dinh, vi du nhu BFy/H,0, SnCl/H,O thi chang c6
thé ton tai & 2 dang: monohydrat va dihydrat.
BF;.2H,O S HY[BF;OH].H,O
‘ Noi chung chi ¢6 dang monohydrat tham gia khoi mao trung hop nhung ca hai dang
déu cung ton tai vi vay toc do dat dugc cuc dai khi ty 1€ H,O/BF; = 2.

Vp

; SH:0/BF;

Hinh 4.2. anh hudng cua ty 1¢ chit xtc tic va chit dong xuc tac
H,O/BF; dén phan tng trung hop cation

3. anh hwéng ciia ban chat monome
Tuy thudc vao ban chat cia monome ma co ché ciia giai doan ngat mach trong qué
trinh trung hop cation c¢6 thé khac nhau. Vi du xét phan ung trung hop styren va izobuten khi
st dung h¢ xuc tac TiCl,/H,O trong dung moi CH;Cl.
9
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Trong nhimg diéu kién nhu nhau thi phan ing trung hop styren c6 thé dat duoc do
bién hoa 100% (lwgng monome tham gia phan tng hét). Trong khi d6, dé cho phan mg trung
hop izobuten c6 thé dat duoc do bién hod cao thi doi hoi trong hé & moi thoi diém phai bao
dam c6 mét lugng nudce nhét dinh.

Néu cho rang luong nudc tbi thiéu c6 trong hé dé monome tham gia phan tng hoan
toan la [HO]. thi khi [H,O] <[H,Ol. tbe d6 phan tmg phu thu¢c vao lugng nudc, cu thé 1a
néu nong do nugc cang lon  thi tbc d0 phan tUng cang 16n. Nhung khi
[H,O] >> [H,0]. thi tc do phan Gmg khong phu thudc vao lwong nude co mit trong hé

Diéu nay co thé giai thich trén co sé phan tng ngit mach:

CH; > C=CH + TiCl + H:0 (1)
| | H¢ xuc tac moi
-C*[TiICLOH] CH;
|
CH3 CH3
|
> _.C-OH + TiCl, )
|
CH;

D6i véi styren thi phan ing ngit mach xay ra theo cach (1), tao thanh mot hé xuc tac
moi ¢d kha nang xtc tac cho phan Uing xay ra tiép tuc, do d6 "mach dong hoc" hoan toan
khong bi ngat, chi ngat "mach vat chat".

Dbi vé6i izobuten phan tmg ngit mach xay ra theo cach (2) nghia 13 "mach dong hoc"
bi ngat. Mudn phan ung ti€p tuc phai c6 mét lwong H.O duge bo sung dé tao phirc xuc tac
khoi mao phan rng xay ra dén cung.

Bing phuong phap phan tich pho nguoi ta chimg minh duge sy ¢6 mat cua nhém OH
trong polyizobuten, diéu nay ching t6 rang nuwéc di mat dan trong qua trinh phan tng.

4. anh hwéng cia do phan cuc ciia moi trudng

Khao sat phan tmg gitra CF;COOH va styren, nhung dugc tién hanh trong hai trudng
hop khac nhau, cuy thé:

a. Cho tir tir CF;COOH vao styren

Ban than styren hau nhu khong phéan cuc cho nén khong ton tai cic cip ion va cac ion
tu do, do d6 qué trinh cong CF;COOH vao styren chi xay ra nhu sau:

CF;COOH + CH,=CH - CH;-CH',;OCOCF; - CH;-CH-O-CO-CF;

| | |
C6H5 C6H5 C6H5

C6 thé cho rang & day toc dd ngit mach xay ra 16n hon nhiéu so véi tdc d6 khoi mao
(Ko>> Kjj) vi vay c6 thé xem trung tdm phan ung khong ton tai trong h¢ phan tng.

b. Cho tir tir styren vao CF;COOH
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Nguoc lai néu thay ddi thir tu, cho styren vao moi truong CF;COOH. Do d6 phan cuc
cao cua CF;COOH nén trong hé ton tai cac cdp ion va ion tu do. Vi vay phan rng phat trién
mach xdy ra dan tdi tao thanh polyme c6 phan tr [ugng 16n. Qua trinh c6 thé xay ra nhu sau:

CF;COOH S CF;COOH" S CF,COO + H”

—
CF;COO H" + CH,=CH S CH;-CH',CF;COO

| |
CsH; CeHs

CH3-CH+,CF3COO- +n CHzZCH —
| |
C6H5 C6H5
- H-(-CH,-CH-),-CH,-CH",CF;COO"
| |
C¢H; C¢Hs
Nhu' vay néu ndi trudng phan (ng cé do phan cuc cang |dn
thi toc do phan Ung trung hgp va kh6i |ugng phan t& cua pol yme
cang cao.
Vi du khao sat phan (ng trung hgp styren trong cac nodi
trudng phan Ung khac nhau ta thu dudgc két qua dugc trinh bay &
bang sau.

_Béng 4.1. anh hudng cua do phan cyc cua moi truong phan Ung dén tdc do phan ung
va khoi lugng phan tur cua polystyren.

Dung moi Do phan cuc (g) '[I'Efl); ggp Kl;i)lié;u%ng
Xyclohexan 1,9 1,25 2040
Benzen 2,3 - 2190
Brom benzen 5,0 1,45 -
Diclo etan 10 3,32 4200
Nitro etan 28 20,46 4450
Nitro benzen 36 150,11 8300

S. anh huwéng cua nhiét do
Pbi véi phan tng trung hop ion ndi chung va trung hop cation noi riéng thi yéu tb
nhiét d6 it anh hudng va nhiéu khi theo chiéu hudng nguoc lai so véi tring hop gbe, boi vi :
~ - Phan tng khoi mao sir dung chat xtc tic co ning lugng hoat hoa thip, nén phan tng
c6 thé dat dugce toc do 16n ngay ca khi & nhi¢t do khong cao.
- Khi giam nhi¢t d6 thi d6 phan cyc cua moi truong tang 1én, do do trong dung dich
chi yéu t6n tai cac ion tur do, tao diéu kién thuan loi cho phan mg phat trién mach tang.

Do vay khi trung hop cation nguoi ta thuong tién hanh & nhiét do thip hon nhiéu so
vol trung hop gbc. Ciing chinh & nhiét d6 thap ma phan tng ngit mach dong vai tro khong
dang ké (vi nang luong hoat hoa cta phan tmg ngit mach cao hon nhiéu so v6i phan tng phat
trién mach).
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4.3. Trung hop anion

Phan tng tring hop anion c6 2 diém dic biét ma cic phan tng tring hop khac khong
codola:

- Bang phuong phap triung hop anion c¢6 thé cho phép tong hop cac polyme co céu tric
dicu hoa lap thé cao.

- Trong diéu kién phan tng cu thé, qua trinh tring hop anion c6 thé xay ra ma khong
c6 phan tng ngit mach, két thiic phan Gmg ta thu dugc cac "mach polyme sdng", nghia 14 van
con cac trung tAm hoat dong. Luc nay néu thém vao hé phan tng monome thir hai thi phan
g trung hop sé tiép tuc v6i monome d6. Bang cach nay co thé tong hop duoc cac copolyme
khéi.

4.3.1. Su tao thanh cacbanion va cac phan ing cua chung

Cacbanion c6 mot cdp electron du va mang di¢n tich am, duoc hinh thanh do sy phan
cat di ly lién két C-X cua phan tir trung hoa. Muon lién két C-X dé bi phan cat di ly thanh
cacbanion thi can cac diéu kién do la:

’ - Céap electron ¢ lién két’ C-X chuyén manh vé phia nguyén tir cacbon, ching han lién
két C-Na, C-Na ... trong hop chat co kim

- Cabanion - C" tao thanh phai trong d6i bén, chang han anion triarylmetyl
- Dung moi str dung c6 kha nang ion hoa cao, thuong str dung 1a NH; long, ete...

Triphenylmetan (CeHs);C-H ré:[ kho phén ly thanh cacbanion, ngugc lai dé phan ly tao
thanh cacbocation. Nhung néu chuyén triphenylmetan thanh dan xuét ctua kim loai kiém:
(C6Hs);C-Na thi dé dang tao thanh cacbanion trong mdi truong NH; 10ng

(C¢Hs);C-Na — (C¢Hs);C + Na®
Téng quat:
Ki Kz
RX S RX S R +X
cap ion ion tur do
Hoat tinh ctia cac cacbanion hitu co dugc sap xép nhu sau:
(CH3);C > nC4Hy > izo-C3H; >n CiH > C,Hs > CHy
Tuong tu cac ion cacboni, cacbanion co thé tham gia cac loai phan tig thé, dong phan
hod va cong hop vao lién két doi.
1. Phan g thé
R+ RRH - R + RH
Vidu:CHs +C¢Hs-CH; - C,H¢ + CeHs-CHy

Piéu kién thuan lgi cho phan mg nay 1a anion méi duoc tao thanh phai bén hon anion
ban dau.

2. Phin ing dong phan hoa

Phan g nay dan dén Yiéc tao thanh cacb7anion khéac bén hon. Vi du nhu khi trung
hop izopren (CsHs), phan tng dong phan hoa c6 thé xay ra nhu sau:

.-CH-CH' - ..-CH»CH - ..-CH»CH,
| | |

7 N\ 07\12 7N
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C C- C-
CH, CH; CH, CH; CH, CH,
3. Phan irng cong hop vao lién két doi

Phan (ng cOng hgp cua cacbanion vao nmonome c6 néi doi
trong di€éu kién thuan Igi c6 thé tao thanh pol yne:

R +M - RM
RM" + nM - R-(M),M
4.3.2. Pic diém ciia phan tng tring hop anion
1. Pic diém ciia monome

Xét qua trinh trung hop anion cia monome dang vinyl CH,=CHX. Phan Ung cua
cacbanion vao noi doi co thé xay ra theo hai hudéng nhu sau:

P> Néu X diy dién ti ‘CH,- CHR 1)
1
R+ CH=CH — X
\
X r
2> Néu X hat dién tr R-CH,-CH- )
!
X

Anion R s& cong hop vao vi tri cacbon c6 mat do dién tr thép hon cua monome dang
vinyl. Kha ndng phan img ctia R vé1 monome trong qua trinh trung hop anion phu thudc vao
tinh On dinh cua cac anion méi tao thanh. Xét vé mat nang lugng thi anion (2) bén hon, nén
n6 dé tao thanh hon so vé6i anion (1). Nhu vdy ddi v6i phan tng trang hop anion thi céac
monome dang vinyl c6 nhom thé hat dién ttr s& thuan lgi cho phan ung. Cic monome c6
nhém thé -X 14 —=CN, =COOH, -NO,, COOR... thuong dugc sir dung 1am nguyén liéu trong
qué trinh trung hop anion.

Tuy nhién d6i véi styren, phan tng tring hop anion khong xay ra theo qui luat da néu.
Tac nhan R™ phan tng vai styren c6 thé theo 2 hudng sau :

>  CH-CH-R 1)
0,7084  0,3062 ’
R +CH,=CH CsH;
\
CeHs R-CH,- CH' @)
> \
CeHs

Trén co sé mat d6 dién tir cua phan tir styren thi theo 1y thuyét anion R sé& tin cong
vao vi tri c6 mat do dién tir thap nhat, nghia 1a thu dugc san pham (1). Nhung trong thuc té
qua trinh trang hop anion cua styren chung ta thu dwgc san pham (2), boi vi san pham (2) bén
hon do c6 hi€u ung lién hop cua vong thom.

2. Pac diém cua xic tac
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Mic du c6 nhitng diém chung so véi tring hop cation nhung do dién tich cta trung
tam phan tng khac nhau nén phan tmg tring hop anion ciing c6 nhitng dic diém riéng. Néu
cac monome c¢6 nhom thé hut dién tir 1a nhing monome hoat dong trong trung hop anion thi
cac loai axit hitu co, vong lactam ciing c6 kha ning tring hop theo co ché nay.

Phan tng tring hop anion xay ra & nhiét do thap, tuy rang khong that nhay cam voi
nhiét do 1dm. Phan Gng ngit mach trong tring hop anion thudng do su chuyén phan tir tich
dién duong (vi du nhu proton) tir dung méi sang trung tdm phan Gng, tuy rang ciing c6 nhiing
phan tmg ngit mach khac. Trong mét sd trudng hop phan tmg ngit mach khéng xay ra, d6 1a
nét khac biét ciia tring hop anion so véi tring hop cation va trung hop gbc.

Thong thudng xuc tac cho phan img trung hop anion la cac kim loai kiém va cac din
xuat cua chiing (amid, alkoxid...). Ngoai ra cac hop chat nhu alkolat, cac alkyl, aryl, hydroxit,
diamit cling c6 kha nang xtic tac cho phan ung trung hop anion.

Kha nang phéan trng cta xuc tac trong phan ung khoi mao phu thudc vao do bazo cua
chung. Vi du cac monome ¢6 mang nhom hut dién tir manh nhu acrynitril, metylmetacrylat co
thé trung hop dudi tac dung cua cac bazo yéu nhu R-OH. Tuy nhién dé tring hop cac
monome nhu styren, butadien thi phai sit dung xuc tac bazo manh nhu anion NH,, R*(R :
nhém alkyl). Nhirng monome hoat ddng nhur cac loai xianat, acrylat, dinitroetylen c6 thé tring
hop dudi tic dung cuia bazo yéu nhu pyridin hay thdm chi 1a nudc. Nhu vy c6 thé xem phan
g tring hop anion 1a mot loai phan tmg axit - bazo bién hinh, trong d6 cdc monome dong
vai tro axit, con xuc tac 1a cac bazo. Do d6 chat xuc tac 1a nhiing chét cho dién tir va monome
mang nhém thé hat dién tir s& d& dang trung hop theo co ché anion. Mot s6 hé xuc tac cu thé :

a. Cac amid kim loai kiém

Phan tng tring hop anion cua styren dudi tac dung ctia amid kim loai kiém trong
amoniac long la phan tng dugc nghién clru twong doi ky nhat. Kha nang solvat hod ctua
amoniac kha cao nén trong dung dich céc ion ton tai ¢ dang tu do.

Qua trinh khoi mao xay ra nhu sau:

K
KNH, & K" + NHy

ki
NHz- + CHzZCH — HzN-CHz-CH-

| |
C(,Hs C6H5

Phan (g phat trién mach xay ra nhu sau:

H,N-CH,-CH + nCH,=CH -

| |
C6H5 C6H5

— HzN-(-CHz-CH-)nCHQ-CH-

| |
CoHs CHs

Qué trinh ngat mach xay ra khong gidng nhu tring hop gdc tu do hay trong tring hop
cation, & ddy khong co qua trinh chuyén ion H' sang monome vi trong polyme thu dugc
khong chira céac lién két khong no. Su két hop giita anion dang phat trién va cac cation ciing
khong xay ra, vi amid kim loai kiém khong mat di trong qua trinh tring hop. Do d6 phan tng
ngit mach thuong xay ra do sy chuyén mach qua dung moéi.
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HQN‘('CHQ'CH')HCHZ'CH_ + NH; -
| |
C¢Hs C¢H;
— HzN-(-CHz-CH-)nCHz-CHz + NH»

| |
CeHs CeHs

b. Cac hop chit co kim

Nhiéu hop chit co kim ctia cac kim loai nhém I & 11 ciia bang hé thong tudn hoan c6
kha nang khoi mao phan trng trung hop anion. Hoat tinh cua chung giam dan véi su tang di¢n
tich am cua kim loai, v6i sy gidm ban kiqh ion va tang so di¢n tr hoé’ tri cia nguyén tr. Vi
vay cac kim loai nhom I s€ hoat dong nhat. Hoat tinh cua cac hop chat co kim cua cac kim
loai nhom IIT rat thap Trong mdi truong khong phén cyc thi hoat tinh cac hop chat co kim
cta cac kim loai kiém c6 thé dugc sip xép nhu sau Rb* > K* > Na*" > Li*. Trong s cac hé
xuc tac nay thi C4HoLi (butyliti) dugc str dung phd bién nhat trong cong nghiép.

Phan tng trung hop monome dang vinyl khi stir dung xtc tac 1a C;HyLi xdy ra nhu sau:

C4H9Li s C4H9-, Li*

C4H9Li + CHQZCH — C4H9_CH2_CH"Li+

| |
X X

C4H9-CH2-CH_,Li+ + nCH,=CH — C4H9-(CHz-CH-)nCHz-CH_:,Lfr

| | | |
X X X X

Phan (g ngit mach c6 thé xay ra theo hai co ché sau:

C4H9'(CH2'CH')nCH2'CH-,Li+ + CHQZCH — C4H9-(CH2-CH-)HCH:CH + CH3-CH-, LIJr

| | | | | |
X X X X X X

hoic : C;Ho-(CH,-CH-),CH,-CH",Li* -  C4Ho-(CH,-CH-),CH=CH + LiH

| | | |
X X X X

Trong mdi truong c6 kha nang solvat hoa cao thi cac ion c6 kich thudc bé s€ bi solvat
hoa manh nhat. Do d6 hoat tinh ctia xuc tac c6 thé bi dao nguoc: Li* > Na" > K*

4.3.3. Co ché va dong hoc ciia phén wng tring hop anion

Trung hop anion ¢ kha nang xay ra & nhiét do thap va trong mot sé truong hop khong
cO qua trinh ngat mach, day 1a mgt dac diém quan trong ma chi c6 phan ung trung hop anion
mdi co.

Xét qué trinh trang hop anion trong hai trudng hop: ¢6 va khong c6 phan tmg ngit
mach.

A. Qua trinh c6 ngit mach

Xét qua trinh tring hop anion cia monome M khi sir dung chit xuc tac 14 amid cta
kim loai kiém, vi du KNH, trong moi truong NH; 16ng. Cac phan ing xay ra trong 3 giai doan
co ban cua qua trinh trung hop nhu sau:

1. Giai doan khoi mao
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K
KNH, & K"+ NHy
Y PN , ., . . K LINH]
Hang s6 can bang cua phan tmg phan ly KNH, la: K= m
Vi sy phan ly cia KNH, 14 1: 1, nén ta cé : NHy] = /K .[KNH ]

k;
NH, + M - HN-M

Tée do cua giai doan khoi mao : v; = ki.[M]. /K.[KNH .1
(4.21)
2. Giai doan phat trién mach

Phan ung phat trién mach xdy ra bang cach cong hop cac anion hoat dong vao
monome trong h¢ phan tng:

H,N-M"+nM - H,N-(M),-M-
Tbc do phat trién mach: v =kp.[M].[R] (4.22)
[R7] 12 ndng dd cac anion dang phat trién.
3. Giai doan ngit mach
H,N-M),-M" + NH; - H,N-(M),-MH + NH;

Phan tng ngat mach xay ra 1a do su chl{yén mach qua dung moéi, do d6 téc do phan
ung ngat mach (v,) cling chinh 1a phan tmg chuyén mach qua dung moi (v).

Vo = Vs = k{NH;].[R] (4.23)

Khi trang thai dimg dugc thiét 1ap thi vi = v, do d6 ta s& xac dinh duoc nong do cac
trung tam hoat dong [R7]

ki.[M]. {/K.[IKNH 1 =k[NH3].[R]

_ k[M]/K.[KNH,] (4.24)

NN TN

Thay (4.24) vao (4.22),ta co :

 kpk[MJ*/JK.[KNH, ]
Vp = (4.25)
k,.[NH,]

Vi dung méi 1a NHs, ndng do ciia n6 ¢ thé xem nhu khong ddi trong qua trinh phan
ung, do do cé thé ghép vao voi hang so ks, khi d6 biéu thirc (4.25) c6 thé viét :

k, k [M]*./K.[KNH,]
Vp = . (4.26)
_ k,
D9 trung hop trung binh p = k—[M] (4.27)

S

B. Qua trinh khéng c6 ngit mach
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Pé thyc hién qué trinh tring hop anion khong ¢ phan tng ngit mach can phai thoa
man cac diéu kién sau :

1. St dung xtc tic 1a hé chuyén dién tir : Na + Naphtalen trong méi truong
tetrahydrofuran (T.H.F).

2. Mbi truong phai hoan toan khong c6 tap chét
3. Phai khudy tron that déu trong subt qua trinh phan tng

Nh1eu khi, qua trinh trang hop anion xay ra khong c6 phan tng ngit mach, do d6 phan
{rmg phat trién mach van tiép tuc cho den khi cdc monome bi bién hoa hoan toan, trong khi d6
cac trung tAm phan ng khong bi mat di vi khong ¢ su chuyén proton sang trung tdm phan
mg. Nhirng mach polyme nhu viy goi 1a "mach sdng". Cac "mach song" duoc tao thanh khi
sir dung cac dung moi khong c6 kha ning ngiat mach nhu tetrahydrofuran hay dioxan... Hién
tuong khong co ngat mach c6 thé dé dang quan sat vi nhiéu cacbanion c6 mau sic. Néu phan
ung ngat mach xay ra thi mau sic s& bj thay d6i va c6 thé xac dinh chinh xac bang phuong
phap trac quang hay bang cach do su bién ddi ctia mot tac nhan c6 kha ning ngit mach. Su
ton tai ciia cac "mach sdng" ciing c6 thé dugc ching minh bang phuong phap dong hoc: sau
khi monome da bién hoa hoan toan (ve = 0), neu cho mot lvong monome mai ¢6 nong do nhu
ban dau vao thi phan tmg s& tiép tuc xay ra véi téc do nhu trude.

Mot hé nhu vay co thé thu dugc khi hoa tan Na kim loai vao naphtalen trong moi
truong tetrahydrofuran, trung tdm hoat dong s€ dugc tao thanh theo phan ung sau:

T.H.F -
G

Phan tng trén day xay ra do su chuyén dién tir tir Na sang naphtalen. Gdc-anion ¢6
mau xanh 14 ma, gdc-anion ndy c6 thé tham gia phan ung theo co ché gbc tu do hay co ché
anion bang cach chuyén dién tr qua monome. Vi du ddi véi styren:

[J Na' +CH=CH - + °CH,-CH"Na'
| |

6H5 C5H5
& nhiét do khong cao cac gdc-anion s& tai két hop tao thanh dianion c6 mau do va
phan ing phat trién mach c6 thé xay ra trén ca 2 trung tdm cua dianion :
2°CH,-CH ,Na" - Na',CH-CH,-CH,-CH" ,Na’

| | |
C6H5 C6H5 C6H5

Na',CH-CH,-CH,-CH" Na®" + (n+m) CH,=CH -

| | |
C6H5 C6H5 C6H5

~ Na’, CH-CH,~(CH,-CH-),-(CH,-CH),,-CH,-CH",Na*

| | | |
CoHs CoHs CsHs CsHs

Phan (ng phat trién nmach sé& xay ra tiép tuc cho dén khi
hét nonone, san phdm | & nmach poI ynme van con chlra céac trung tam
hoat dong. Mach polyme nhu vdy dudc goi la "mach séng". Néu
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cho thém rmonome vao hé thi phan (ng lai tiép tuc xdy ra. Bdng
phuong phap nay c6 thé tong hdp dudc cac copol ynme khoi .

Phan ung ngét mach khong xay ra néu dam bao cho hé co do tinh khiét cao. Su c6 mat
cua O,, CO; hay H,O du ¢ lugng rat nho cling gady nén phan ung ngat mach. Céac phan tor O,
va CO, tuong tac véi anion phat trién s€ tao thanh anion peroxyt va cacboxyl:

> +0, - ....CH>-CH-0-O

...CH»-CH",Na" (‘36H5
‘C(,Hs _> +CO; - ....CH>-CH-COO

Ca

Nhitng anion nay deu kém hoat dong, khong c6 kha ning tiép tuc phat trién mach do
do "mach dong hoc" bi ngit. Trudng hop c6 mit nude, do co phan ting chuyén mach ma sy
ngdat mach xay ra:

...CH,-CH' \Na" + H,0O - ..-CH,-CH, + NaOH

| |
C6H5 CGHS

Pbi vi qué trinh trung hop anion khong c6 phan Umg ngat mach, két thuc phan tng ¢

su tao thanh cac "mach song" thi toc d§ phan ung phat trién mach c6 dang :
vp =kp.[RT.[M] (4.28)

Trong truong hop khi ki >> kp va ko = 0 thi ¢6 thé cho riang nong do cia cac trung tim
phan ung bang nong do cua chat xtc tac vi vay co thé viet:

[R] = [1] (4.29)

Thay (29) vao (28),tacd:  vp=ke.[I] [M] (4.30)

Nong do cua trung tim phan tng c6 thé xac dinh bang phuong phap so mau hay bang
phuong phap xac dinh sy thay d6i néng do cua cac tac nhén ngat mach, vi du cua mot axit
cacboxylic nao do. Trong mdt s6 truong hop, khi phan ung xay ra rat nhanh thi toc d6 phan
ung duoc nghién ctiru bang cac phuong phap dac biét goi 1a phuong phap dong mao quan.

Do trung hop cua polyme trong diéu kién tao thanh mach sdng chi phu thudc vao ndng
do ban dau ctia monome va chat xuc tac nhu sau:

[m

o]
[

] (4.31)

P:

Néu polyme tao thanh trén dianon thi d6 trang hop cua polyme sé& ting gap doi:
M, 1]

- (4.32)

o

Su phén bd cua polyme theo khéi lwong luong phan tir tuan theo phuwong trinh Poisson

(4.33)
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Tir phuong trinh (33) chiing ta thiy ring, néu p, >>1 thi sy phan bd cua polyme theo
khéi luong 1a rat hep, nghia 1a polyme gin don phan tan. Thuc nghiém di ching minh duoc
rang, khi trung hop styren vdi hé xtc tac Na + Naphtalen trong dung méi tetrahydrofuran thi:

Pw

—=1,06-1,12
Pn

Céc tinh toan 1y thuyét ciing nhu thuc nghiém ciing cho thay rang, ngay ca khi qua
trinh khoi mao xay ra chdm thi sy phan b ctia polyme theo khéi lugng phan tir ciing kha hep,
bai vi cac phan tng ngat mach trong tring hop anion xay ra khé hon nhiéu so véi trong tring

hop gbe.
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