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SUMMARY 

The .reactivi ty ratios of styrene and acrylonitr i le were computed from 
the t~C-NMR spectra of copolymers prepared using cobalt acetylacetonate 
-triethylaluminum ini t iator system and compared with a free radical ini- 
t iator such as AIBN. The results indicate that polymerization using the 
former has pronounced free radical characteristics. 

INTRODUCTION 

In a previous paper ( l) we described the synthesis and kinetics of poly- 
merization of styrene-acrylonitri le copolymers using Co(acac)~-AIEt~ 
ini t iator system. It  was speculated that the catalyst site migh~ poss~ess 
both coordinate anionic and free radical characteristics. We present in 
this paper . the monomer sequence distributions in these copolymers as 
studied by I~C-NMR. The bearing of sequence distributions on reaction 
mechanism is elaborated. 

EXPERIMENTAL 

The synthesis of styrene-acrylonitri le copolymers was described earlier 
(1). The relevant details are summarized in Table I. From the yield of 
the polymer, the monomer composition at the time of quenching the poly- 
merization was deduced and found to be nearly the same as the ini t ial  
composition. This ensures the applicabil i ty of the instantaneous copolyme- 
rization model (2) in cases I, 2 & 3 (Table I). 

The synthesis of 1:1 al ternat ing copolymer of styrene and acrylonitr i le 
was performed using ZnCI^. Styrene (0.05 tool) was added to a preformed 
l : l  acrylonitr i le-zinc chlo~de complex (0.05 tool) at 50~ The reaction 
mixture was quenched with methanol af ter  # h. The polymer was purified 
by dissolving in DMSO and reprecipitation with methanol. 

The 13C-NMR spectra were taken on a 3EOL FX 100 MHz NMR instrument .  
The polymers were dissolved in DMSO-d the center  peak of which (39o5 
ppm) was taken as the internal standarc~. The pulse angle was #5 u and 
the pulse repetit ion t ime was 5 sec which ~as  more than five t imes the 
T I value for every carbon in the polymer . The polymer composition 
was deduced directly from the areas under the signals for the C. carbon 
of the phenyl group and the mtrt le carbon of the acrylomtrHe umt. The 
peak intensit ies were determined by cut t ing and weighing the various peaks. 
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Table 2: Synthesis of s tyrene (S) - acryloni t r i le  (A) copolymers 

Sample Ini t iator  2nitial Conversion Polymer 
ref .  no. Co/AI = 1 monomer to polymer composi t  

feed S/A (%) S/A 

Monomer 
composit. 
at quen- 
ching time, 

1. Co(acac)3-AIEt 3 20/80 10 #1/59 

2. Co(acac)3-AIEt 3 50/50 16 62.6137.# 

3. Co(acac)3-AIEt 3 80/20 12 73.2/26,8 

#. ZnCI 2 50/50 200 50/50 

+) Intrinsic viscosity ca.  0.2 dl/g 
RESULTS AND DISCUSS2ON 

18.#/81.6 

47.5/52.5 

80.6/19.# 

The 13C signals for the C. carbon of the phenyl group of the s tyrene 
unit and the ni t r i le  carbon of the ac ry lomtn l e  umt were t r iad sensi t ive 
(3) and were ut i l ized in all the calculat ions.  The methine carbon of the 
acryloni t r i le  unit was also t r iad sensit ive but overlapping between AAA 
and AAS signals was serious. But the qwuant i ta t ive  changes in the inten-  
si t ies of the methine carbon signals of the acryloni t r i le  unit were in agree -  
ment with those in ni t r i le  carbon signals. 

The t r iad  signal in tensi t ies  of C 2 and -CN carbons are  given in Table 2. 
The computed intensi t ies  based on a f irst  order Markovian model are  in 
good agreement  with the exper imenta l  ones (Table II). Hence the appli-  
cabi l i ty  of a terminal  copolymer iza t ion  model is indicated.  

The reac t iv i ty  rat ios of acryloni t r i le  and s tyrene were obtained by plot t ing 
the average sequence length of the respect ive  monomer versus the monomer 
feed rat io  (4) (Fig. 1 and 2). 

The close correspondence of the reac t iv i ty  ra t ios  in this complex ini t ia tor  
system with those from AIBN ini t ia tor  system (5) as well as the simple 
conformity  with f irst  o rde r  Markovian s ta t i s t ics  (the l a t t e r  finding pointing 
out the operat ion of probably a single mechanism) show that  the polyme-  
rizing end has very pronounced free radical  cha rac te r i s t i c s  in the Co(acac) 3- 
AIEt 3 ini t ia tor  system.  

Since the original assignment of 13C signals for the s ty rene-acry lon i t r i l e  
polymer (3) more deta i led  assignments have been made by Pichot and 
Pham (5). The l a t t e r  authors assigned a signal at  32.8 ppm to the methy-  
lene carbon of SA dyad. We synthesized an a l te rna t ing  copolymer of 
s ty rene-acry lon i t r i l e  using ZnCI 2 ini t ia tor  (Sample referenced no.#, Table 
1). While the SAS tr iad signal was the most intense for this polymer indi- 
cat ing high a l ternat ion  of the monomers,  the signal a t  3[.8 ppm assigned 
by Pichot and Pham to the mixed dyad SA was very weak (Fig.3) pointing 
out the error  in assignment.  This signal is to be a t t r ibu ted  to the methy-  
lene carbon of AA dyad and presumably arises from co tac t i c i t y  e f fec t s  
or t e t r ad  p lacements  as in the case of acryloni t r i le-vinyl  a c e t a t e  copolymer 
(6). 
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Fi@ure I: Average sequence 
length of acrylonitrile (n A) 
versus initial monomer com- 
position ([A]/[S ]) 

Figure 2: Average sequence 
length of styrene (n s) ver- 
sus initial monomer compo- 
sition ([SI/[A]) 

Figure 3: 13C NMR spectrum 
of an alternating copolymer 
I/I of styrene and acrylo- 
nitrile (sample reference 4 
Table I, see also text) 
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Table 2: Experimental and calculated triad intensities in styrene (S) - 
acrylonitr i l  e(A) copolymers 
Calculated intensities in brackets 
PAS = Probability of adding S to A-end of growing polymer 

Sample SSS SSA ASA SAS SAA AAA Conditional 
no. probabilit. 

.0 .I05 .305 .292 .266 .041 .712 
1. (.008) (,101) (.341) (.279) (.226) (.046) PAS = .871 

.079 .302 .243 .299 .054 .021 ,872 
2. (.080) (.271) (.230) (.319) (.094) (.007) PAS= .629 

.269 .348 .114 .227 .041 .0 .924 
3. (.259) (.334) (.108) (.255) (.042) (.002) PAS= .933 
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