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Abst rac t  

This paper dents  with chain t r a n s f e r  r e a c t i o n s ,  p r i m a r i l y  to monomer 

and to i n i f e r  (p-DCC/BCt3) in the c a r boc a t i on i c  po tymer i za t i on  of 

i sobu ty i ene  (IB).  I t  is found that  the MW and f u n c t i o n a t i t y  of the potymer 

depend very much upon chain t r a n s f e r  to i n i f e r .  C t r , [ ,  Ctr, M. Ctr, s, in 

CH2CI2 are c a l c u l a t e d ;  they are 1 . 0 9 ( - 4 0 ~ ) ,  n e g l i g i b l e ,  and 5 . 6 •  

r e s p e c t i v e t y .  

I n t r o d u c t i o n  

In conven t iona l  c a t i o n i c  po lymer i za t i on  of i sobu ty tene ,  chain t r a n s -  

fer to monomer u s u a l l y  de termines  MW and MWD, and very of ten  extremely 

tow temperatures  are requ i red  to ob ta in  commercially use fu l  polymers. 

In c o n t r a s t ,  i n i f e r  systems f i r s t  proposed by Kennedy f u n c t i o n i n  9 both 

as i n i t i a t o r  and chain t r a n s f e r  agent [1] can play 

predominant rote  in de te rmin ln9  MW, MWD of the polymer and in t roduce  

f u n c t i o n a l  9roups at both ends of the polymers formln9 t e t e c h e t i c  pro-  

ducts at r e t a t i v e i y  high temperature .  Kennedy and coworkers a lso 

repor ted  that  chain t r a n s f e r  to i sobu ty i ene  in polar  media such as CH2Ci2 

and CH3Ct with a p-DCC/BCt3 i n i f e r  system was i n s l s n i f i c a n t  , and that  

chain t r a n s f e r  to i n i t i a t o r  was almost unaf fec ted  by the temperature 

[2,3]. These are somewhat in c o n t r a d i c t i o n  to conven t iona l  s i t u a t i o n s ,  

thus a sys temat ic  i n v e s t i g a t i o n  was ca r r i ed  out to v e r i f y  the i n l f e r  

concept.  

Exper imental  

The p u r i f i c a t i o n  and s y n t h e s i s  of reagents ,  and the ch lo r ine  t e r -  

minated t e t e c h e t i c  p o t y i s o b u t y t e n e  have been descr ibed  in the previous  
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paper i f  th is  ser ies .  

ResuLts and Discussion 

1.Chain t r a n s f e r  to isobut~tene [IB] 

The e f f e c t  of [IB] on ~ of the potyaer  is Listed in TabLe I. 

Assuming [ ' IB] :{ [ IB]o- [ IB] ) / ( tn~IB]o / [ IB] ) )  [3] and [T]=[I]o/2,  

s ince the b i n i f e r  is used, l/lYP=kt/kp[T~]+ktr,| l [ I ] / k p [ I B ] .  I f  

we keep a11 va r i ab l e s  except lIB] constant  and by p t o t t i n  9 1/IlPn vs. 

I/[TU]~ We obta in  Ctr, m:3 .36•  in pure CH2C12 at -40"C. This value 

su99ests  i n s i p n i f i c a n t  chain t r a n s f e r  to monomer under 9iven condt ions .  

TabLe I. The e f f e c t  of [IB] on ~ of the polymer 

[IB] oM cony. C(~6) Mn 1/[IB] M" 1/DPnX 10' 

0.? ?3.0 3950 2.56 14.2 
1.1 ?0.1 5940 1.56 9.43 
1.5 ?4.6 8430 1.22 6.64 
1.9 72.0 10400 0.93 5.38 

[p-DCC]=8.SXI0"M, [BCLs]--0.1M, -40"C, CH2C12, 20 rain. 

CorreLation coeff ic ient  r=0.99 
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Fi9. I PLot of 1/IXPn vs. I/[TU] 
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2. The e f f e c t  of temperature on Ctr, t 

Kennedy and coworker showed i n s i 9 n i f i c a n t  temperature e f f e c t  on 

Ctr. i. in  the ran9e - 4 0 ~ - 7 0 ~  [3]. 

Assumino Ctr.m can be neo tec ted  as mentioned above we p lo t  

2X [TB]/ITPn aoa ins t  [I]o/2.  The r e s u l t s  are 9iven in TabLe II through V. in 

the temperature range of -10 ~ - 5 0 ~  in CH2CL2/n-C6HI4 70/30 ( v / v ) .  

I t  is seen that  a set  of s t r a i o h t  Lines are drawn as shown in 

Fig.  I I .  From the slopes of these Lines, the Ctr, i va lues  at d e f f e r e n t  

temperature  are obta ined.  

TabLe I I .  The e f fec t  of [p-DCC] on PIB Mn at -10~ 

[ I ]o /2X 10'M MnX 10" C(~)(conv.) 2-[~FJ'/ffPnx 10' 

9.5 0.56 44.5 19.2 

7.65 0.69 38.1 16.0 

4.75 0.91 33.7 12.8 

2.4 1.39 16.9 9.3 

0.4.75 1.86 5.8 7.47 

[IB]o=l.27N, [BCL3]o:8.2XI0=N, CH2CL2n-C6HI4 70/30(v/v), 10 min. 

CorreLation coe f f i c i en t  r=0.998 

TabLe I I I .  The e f fec t  of [p-DCC] on PIB ~ at -30~ 

[ I ]o /2X 10'M MnX 10" C(~)(conv.) 2"['Nl]-/ffPnx 10' 

9.5 0.69 58.4 9.41 

7.65 0.92 52.2 7.48 

4.75 1.12 38.8 6.87 

2.4 1.59 30.75 5.13 

0.475 2.33 6.1 4.05 

[IB]o=O.87M, [BCL,]o=gxI0=M, CH2Ct2/n-CeHI4 70/30 ( v / v ) ,  10rain. 

CorreLation coe f f i c i en t  r=0.983 
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Tabte IV. The effect of [p-DCC] on PIB Mn at -40"C 

[I] 0/2• 10'M MnX I0" C(~)(conv. ) 2 [1~]/l)'Pn X I0' 

7.65 1.06 60.2 5.45 
4.75 1.40 57.7 4.24 
2.4 1.83 41.85 3.73 
0.48 2.92 21 2.70 

[IB]o:0.?9M, [BCta]o:B.5• GHzCt2/n-CsHt4 70-/30 v/v, 10rain. 
Cprretatlon coefficient r:0.989 

Tabte V. The effect of [p-DCC] on PIB Mn at -50"C 

[l]o/2X 10'M MnX I0" C(~)(conv. ) 2[M] /]~PnX I 0' 

7.65 1+02 85.1 3.14 
4.75 1,33 81.4 2.61 
2.4 1.75 71.5 2.33 
0. 475 2.94 21. B 2. l& 

[IBJo:0.64M, [BCt3]o:gXI0"M, CH2Ctz/n-C6H14 70-/30 v/v, lOmin. 
Corretation coefficient r:0.989 

2O, 

Fig. II ~ I~; 
Ptot of +< 

2 [~11/~n ,, 
vs. If]o/2 ~ i  ~ 

-~O'C ..'+ I 

r l ] o / 2  XJO s 
10 
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Since Ctr, t - k t r ,  t /kp and both k t r ,  I and kp are f u n c t i o n s  of 

t empera tu re ,  so i t  is  Logical  tha t  C t r , !  could a l so  be d e s c r i b e d  by the 

Ar rhen ius  equa t ion  Ctr, t=A. exp(AE/RT)  and tnCtr,  l= tnA-[Et r ,  i-Ep]/RT. By 

p t o t t i n  9 tnCtr,  i vs. 1/T ( F i g .  I l l) ,  we o b t a i n  AE=Etr ,  I-Ep=26 

KJ/mole. From these  da ta ,  i t  i s  seen tha t  t empera tu re  a l so  has 

c o n s i d e r a b l e  e f f e c t  upon Ctr ,  under 9iven c o n d i t i o n s  . 

Table VI. the E f f e c t  

of t empera tu re  o n  Ctr. l 

T Ctr. l 

-10 1.32 

-30 0.47 

-40 0.37 

-50 0.14 

Fig .  m Po t t  of 

[nctv, t vs.  1/T 

""J . ~  g 

- i s  a.o 4.1 414 ~ 6  

1/7" x 10" 
3.The e f f e c t  of medium ~ o t a r i t F  on Ctr, i. 

The change of medium p o l a r i t y  was achieved by mixin9 CHzCI2 and 

n-hexane in d i f f e r e n t  p r o p o r t i o n s .  The apparent  e f f e c t  may be due to both 

the e f f e c t  of medium p o t a r i t y  and chain  t r a n s f e r  to CH2Ct2. 

Table ~ The e f f e c t  of [p-DCC] on l~  in CH2Ct2/n-CsHI4--80/20(v/v) 

[I] o /2•  10'M ~1~• 10' C(~) (cony . )  2 IN] ATFn• 10' 

9.1 0.719 78.2 10.4 

7.3 1.01 59.8 9.46 

4.55 0.93 81.5 7.5 

2.28 1.33 57.1 7.39 

[IB]o:I.3M, [BCtz]o:9XI0"ZM, -40"C 10rain 

C o r r e l a t i o n  c o e f f i e i e n t  r : 0 . 9 6  
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TabLe ~ The e f f ec t  of [p-DCC] on ~ in Clt~Ct2/n-CeH14:60/40(v/v) 

[I] o/2• IO'M ]Ql~• 10' C(~)(conv. ) 2 [~]]/lYP'~ • 10' 

9.1 1.62 51.2 7.01 

7.3 1.98 51.4 5.71 

4.55 2.53 36.7 5.04 

2.28 2.75 33.5 4.75 

0.455 3.20 24.4 4.34 

[IB]o:l.42M, [BCL3]o:9• -40"C 10rain 

CorreLation c o e f f i c i e n t  r :0.95 

TabLe IX The e f f ec t  of [p-DCC] on ~ in CI-I2CL2 

[I]o/2 ]~[a• 10' 1/gP• 10' 2 [T]~]/IYFn • 10' 

9.6 3.47 16.1 24.8 

6.6 4.34 12.9 19.8 

3.8 7.4 8.0 12.28 

1.6 11.5 4.87 7.47 

[IB]o=I.32M, [BCL3]o--5.3X10"M, -40"C CR2Ct2 10rain 

Conversions are 70+__5~.(a,verage 70~) c o r r e l a t i o n  c o e f f i c i e n t : 0 . 9 8  

As shown in TabLes I I ,  IV, VII, IX the i r  Ctr, l values  obta ined 

d i f f e r e n t  medium p o l a r i t y  are t l s t e d  ia TabLe X. 

TabLe X The e f f ec t  of medium p o l a r i t y  on Ctr, l 

CH2CL2/n-C6H14(v/v) mote f r a c t i o n  of CH2Ct2 Ctr. l 

~I00/0 I. 19 2.14 
80/20 O. 89 O. 47 
70/30 0.83 O. 37 
60/40 0.76 0.28 

[p-DCC]o:8.8• [BCL3]=O.09M, [IB]o--0.64M, -40"C 10rain. 
*As described in TabLe rl. 

in 
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Fi 9 . Iv  Ptot  of 

2 [1~]/lYP v s .  

[I] ~ 

/2 

8 

H1o/2 x 10 ~ 

These f i9ures  i n d i c a t e  an abrupt  chan9e of Ctr, i with medium po- 

Lar i ty  between 100/0 and 80/20(v /v)  of CH2Ct2/n-C6H14. This su99ests  

that  bes ides  the ionic  dependence of Ctr, l, CH2Ct2 may atso act as a 

chain t r a n s f e r  a9ent to a c e r t a i n  extent  under 9iven c o n d i t i o n s .  In 

order to c t a r i f y  th i s  p o s s i b i t i t y  f u r t h e r  i n v e s t i 9 a t i o n s  wi t t  be c a r r i e d  

out. 

4.The e f f e c t  of medium p o t a r i t ~  on 

The data  of medium p o t a r i t y  on I~ are shown in Tabte XI 

Tabte XI. The effect of medium p o t a r i t y  on 1~ 

CH2Ct2/n-CeH14(v/v) MoLe f ract ion of CH2CL2 MnX10" Conv~ 2[I~]/DP'~• 10' 

90/15 0.92 7.8 51.6 11.2 

80/25 0.87 13.7 4.32 6.87 

70/35 0.80 24.5 28.9 4.28 

[IB]o:I.IM, [p-DCC]o:9.TX10"M [BCt3] 4.18• -40"C 10rain 

C o r r e t a t l o n  c o e f f i c i e n t  r :0 .989 .  
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1. Durin9 the synthesis of chtorine-terminated te teche t ic  PIB with a 

p-DCC/BCt3/CH2Ct2 system, cyc toa tkyta t lon  witt occur in pa ra t t e t  with 

propagation. This react ion d r a s t i c a t t y  inftuences motecutar parameters, 

such as NW, MWD and func t iona t i ty .  

2. The main factors  that a f fec t  cyc toa tkyta t ion  are temperature, 

po ta r i ty  of the medium and monomer concentration.  High temperature, 

hi9h medium pota r i ty  and tow monomer concentrat ion favor 

cyctoatkyta t lon.  

3. The order of addit ion of p-DCC and BCt3 inftuences cyc toa tkyta t lon  

and thls is a t t r ibu ted  to the instantaneous and high tocat 

concentrat ion of the i n i t i a t i n g  center. 

Acknowtedgement 

Financiat  support from the Nationat Fund of Naturat Science is 

9 ra te fu t ty  acknowtedged. 

References 

(1) V.S, C. Chang, J.P. Kennedy and B. Ivan, Potym. Butt. 3, 339(1980). 

(2) O. Nuyken, D.P. Stephen, Macromot. Chem., 184, 553(1983). 

Accepted July 27, 1988 K 


