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Abstract 
~ a l  evidence for the fixation of triphenylmethyl cation in 
the ini t iat ion step is given in the case of cyclopentad~ene poly- 
merization initiated by stable t r i t y l  salts. With SbCIA as 
counter ion, negligible transfer reaction takes place ~t O~ The 
situation is more complex with SbCI~OH-. Mono and bifunctional 
t r i t y l  salts have also been used foF the synthesis of AB and ABA 
block copolymers. 

Introduction 
Direct addition of a cation to the double bond is the most gene- 
rally admitted mechanism for ini t iat ion of cationic polymerization 
of vinyl or ethylenic monomers by stable organic salts like t r i -  
tyl or tropylium derivatives (1). Evidences were provided for this 
mechanism using spectroscopic end groups determinations (2,3,4). 
Nevertheless, the presence of salt residues in the polymer chain 
might also result from termination reactions. In order to deter- 
mine conclusively the mechanism of ini t iat ion (direct addition, 
hydride transfer, or electron transfer from monomer), we in i t ia -  
ted the polymerization of cyclopentadiene (CPD) -for which trans- 
fer processes are very low or even negligible (5)- in CH~CÎ  solu- 
tion by a bifunctional analogue of triphenylmethyl carbe~iu~ ion: 

+0 0 Ph2C CH2-CH 2 CPh 2 (noted D ++ in text) 

This salt was previously used by KUNTZ (6) in order to show that 
ini t iat ion of THF polymerization proceeded essentially through hy- 
dride transfer, whereas FRANTA et al (7), using a similar ~pproach, 
proved the direct addition of oxocarbenium ions onto THF. 

Experimental 
Bifunctional salts D ++ -4,4'-bis (diphenylmethylcarbenium)bi- 

benzyl bis (antimonyhexachloride) and bis (antimony hydroxypenta- 
chloride) - were respectively prepared by addition of a solution 
of SbCl~ to solutions of the corresponding chloride and carbinol 
in CHpCTp. These last compounds were synthetised from bibenzyl 
using~a method+derived from SLaiN and VAUGHAN (8). The two salts, 
referred as D (SbCl6-)2 and D (SbCI5OH)2 were purified by se- 
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veral precipitations in hexane. 
Macromolecular mono and bis salts were prepared from mono and 

bifunctional living anionic.poly-~-methylstyrene chains (respec- 
tively initiated by cumyl-Kt/THF and by Na/THF), through the fol- 
lowing sequence of reactions 

~C 

Ph 
BrCH2-~_ ~ -  COOEt~ ~ # ~ _ _  PhMgBr I 

~ ~CH~-<~=>~-C-OH 
low temp.  ~ C H : ~  COOEtor PhLi in THF ~ ~L-c/ ~hr 

After precipitation and purification, the macrocarbinol is trans- 
formed into the corresponding salt by addition of SbCl 5 to a 
CH2CI 2 solution. 

Results 
�9 + +  . . 

~ n l c  spectra of+D and macromolecular salts dlffer notlcea- 
bly from that of PhRC (Figure l) and agree with reported ~ma v 
for monoparasubstit~ted triphenyl methyl carbenium ions (9). ~p- 
parent molar extinction coefficients of the various salts were 
determined in CHiCle either by simple weighting or by adding to a 
solution of the ~or~esponding precursor successive increments of 
a titrated solution of SbCl~, until a plateau is reached. This 
second method leads simultaBeously to ~ value (slope) and to t~ 
final concentration of functionalized species (plateau). I t  ap- 
pears on Figure l ,  f i rs t  that the shape of the absorption peak of 
the bis salt varies with molecular wright, and second that the os- 
ci l lator strength f (f = 4,317.10 -~ f ~  dr) is strongly~ffec- 
ted (divided by a factor of ~ 2) when increasing MW from D- to 
~F-= 80,000. For each copolymerization experiment we specifical- 
l~ used the c460 of the corresponding macromolecular in i t iator.  

Parallel polymerizations of CPD were performed at O~ respecti- 
ve~ in the presence of monofunctional (PhRC) and bifunctional 
(D -~) salts, with similar concentrations of monomer and in i t ia-  
ting cation (Table l) .  Reactions were stopped when at least 90 % 
of in i t iator was consumed. When the counter ion is SbCl~z, compa- 
r ision of M.W. of the resul~ng polymers shows that the~DP of 
the product obtained wi~h D ~ is about twice the l31~ of th~ pro- 
duct obtained with Ph~C , which proves the direct addition mecha- 
nism. A correct and r~producible agreement is observed in this 
case between the experimental l)l~ and the theoretical value com- 
puted from polymer yield and i n i t i a l  salt concentration. 
This is no longer the case for propagation with SbCI~OH- counter- 
ion. Even i f  transfer remains low, i t  may decrease drast ical ly 
the experimental DF-~n.+~his is part icular ly clear for polymeriza- 
tions in i t ia ted by D (SbClmOH-)2 and i t  may be seen on Figure 2, 
that even i f  the main peak of the G.P. chromatogram corresponds 
to the expected theoretical molecular weight, the distr ibut ion is 
broadened by a low MW ta i l .  Deviation between expsrimental and 
theoretical l~F. is less sensitive when using Ph~C SbCI~OH" as ini-  
tiator (Table~). In this case, transfer le~s ~o a larger propor- 
tion of low MW chains than in the case of D (SbCl~OH-)p, so that 
oligomers lost during polymer recovery represent a ~reat~r part 
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Figure 3: 

Example of block copolymeriza- 
t ion.  GP chromatogram of resul- 
t ing mixture, expt. M 2 
(see Table I I )  
UV absorption of PCPD at 254nm 
may be neglected. 
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o f  the whole polymer,  and thus values o f  k ~ / k §  -computed from 
t h e o r e t i c a l  and experimental ~g~(4) - are ~ r o ~ l y  overestimated�9 
Never the less ,  i t  appears t h a t  these r a t i o s ,  which are very  h igh or 
even meaningless with the counter ion (SbCI~),  are s i g n i f i c a n t l y  
lower w i t h  (SbCI50H) .  Th is  i n d i c a t e s  the t~ans fe r  processes to 
be more favoured when the growing carbenium ion is associed w i t h  
SbC15OH- rather  than with SbCl 6 , and to occur mainly on ion pairs. 

TABLE I 

Polymerizations of cyclo.pentadiene i n i t i a t e d  by Ph3 c+ and D ++ at  
0% in  CH2C~I?L 

: . . . .  : . . . . . . . . .  : . . . . . . . .  . . . . .  . . . . . .  ; 7 :  
�9 " �9 �9 " + G "  " " n " n " " 
: E x p . : I n l t l a t o r : I I  I o . I 0  : :Y ol : : : k : 
: : : - I  : - I :  p :osm.: theor.: - k  p : 
: : :eq. 1 :mo l . l  : % : : : trm : 

: : SbCI6_ - : : : : : : : 

: A 1 : + Ph3 C+ : 7.5 : 1.35 : 20 : 3 8 0 : 3 8 6  : ve ry  h igh :  
A 2 D + : 7.6 : 1.35 : 20 : 6 1 0 : 7 0 0  : 4,700 : 

: B 1 : + Ph3 C+ : 7.4 : 1.39 : 21 : 4 3 0 : 4 3 9  : ve ry  h igh :  
B 2 D + : 7.3 : 1.39 : 20 : 6 7 0 : 7 8 2  : 4,900 : 

: C : D ++ : 0.93 : 1.12 : 4 : 8 2 0 : 9 7 3  : 5,200 : 

: : SbCI5OH-: : : : : : : 

: D 1 : ~ C + : 9.7 : 0.87 : 34 : 2 9 0 : 3 3 8  : 2,000 
D 2 D +-h3 : 9.7 : 0.87 : 27 : 3 2 0 : 4 9 0  : 900 :: 

: E l : ~ ~h3 c+ : 6.5 : 1.35 : 18 : 3 5 0 : 4 0 2  : 2,700 
E 2 u + : 7.6 : 1.35 : 19 : 3 6 0 : 6 6 8  : 800 : 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

i c a l c u l a t e d  from yie ld  and consumed i n i t i a t o r  (> 90 % II+[o),  
assuming no t r a n s f e r  

m~ est imated e r r o r  : • I0 %. 

Block copol~nners may be prepared us ing mono or b i f u n c t i o n a l  ma- 
c romo lecu la r  i n i t i a t o r s  o f  the above type .  We syn thes ized  t r i -  
t y l  ends from l i v i n g  a n i o n i c  po ly  ~ m e t h y l s t y r e n e  chains (see 
Exper imenta l )  and the r e s u l t i n g  s a l t s  were used in  A-B and A-B-A 
copo lymer i za t i ons  w i t h  cyc lopen tad iene .  U n f o r t u n a t e l y  i s o l a t i o n  
o f  pure macromolecular  t r i a r y l c h l o r i d e  ( l ead ing  to SbClA-) ap- 
peared t e c h n i c a l l y  d i f f i c u l t .  Copo lymer iza t ions  were performed 
w i t h  SbCI~OH counter  ion and even i f  t r a n s f e r  led to some homo- 
polymer,  the sequencing e f f i c i e n c y  (S.E. = overalIPCPD in  PcPDbl~ %) re -  

mained r a t h e r  h igh .  The k~/k ,~  m r a t i o s  f o r  CPD b lock  copolyme- 
r i z a t i o n  were computed from t ~  t h e o r e t i c a l  ~ , assuming no 
t r a n s f e r ,  and the exper imenta l  one t ak ing  i n tonaccoun t  b locks 
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and homo PCPD chains. Values are somewhat scattered but the order 
of magnitude is c~mparable to that  observed for  polymerizat ion 
i n i t i a t e d  by Ph3C with SbCI~OH- as counterion. Funct ional izat ion 
of anionic poly~methylstyren~ was general ly incomplete and copol~ 
mers were separated from unreacted i n i t i a l  polymer by recycled 
preparat~e GPC (Figure 3). Typical examples are summarized in 
Table I I .  We are present ly studying these copolymerizations and 
deta i l s  w i l l  be published elsewhere. 

TABLE I I  

Examples o.f A-B and A-B-A block copolymerization of cyclopenta- 
dielne and poIy ~-methylstyrene." 

T = O~ ICPDIo ~ 2 mol.l "I solvent = CH2CI 2 
=====:=========:============::=========::==============--===--=========== 

: : : ~ : y ie ld :  + 4: : i :  ~n o{ ~ : 
: . :  : " : of n : [ I  [o.lO :Copolym.:S.E.:PCPD sequences:k /k t 
:Exp~:Funct~:p MS : func t - :  -I :weight %: : a : b : v 
: - :  : : : mol .I : : % : �9 : 
: .... : ...... : ...... : ...... : ......... : ........ : .... : ....... : ...... : ..... 

: M] : ~ z w ~ :  9 500: 28 : 1.9 : 41 : 86 : 9 900 : 8500 : 3 O0 
: : : : : : : : : : 

: M 2 :~vvv~9:9 500: 7l : 3.3 : 51 : 61:32 000:25]00 : 80 
: : : : : : : : : : 
: M 3 :(BywaY):82 500 : I00  : 3.7 : 96 : 85 :15  800:13400 : 1 30 
: �9 . : : : : : : : 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

Sequencing e f f i c iency  - See tex t .  
mm a : t heore t i ca l ,  assuming no t ransfer  

: experimental (blocks + transfered chains). 
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