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SUMMARY 
I t  is well known that physical propert ies such as mechanical and 

thermal character is t ics  of a polymer are highly dependent on i ts  molecular 
weight and molecular weight d is t r ibu t ion  (MWD). This feature encourages 
our in terest  for  f inding sui table condit ions that allow us to control the 
molecular weight of the formed polymer, by cont ro l l ing  the experimental 
parameters. We are report ing some resul ts  about the electropolymerizat ion 
of styrene in tetrahydrofuran with tetrabutylammonium tet raf luoroborate 
and sodium tetraphenylboron as supporting e lec t ro ly tes .  From the e lec t ro-  
lyses using tetrabutylammonium tet raf luoroborate two molecular weight dis- 
t r i bu t i on  curves, showing weight average3molecular weight values (MW) of 
3.6xi05 - 1.7xi06 for  the f i r s t  and 5xi0 for  the second one were observed. 
When using sodium tetraphenylboron a unique d is t r ibu t ion  curve was dis - 
played suggesting that the weight average molecular weight of the polysty- 
rene, increases by increasing the current density; the observed MWD being 
rather low. 

INTRODUCTION 
Electropolymerization of styrene has been widely studied ( I -7)  

and the present resul ts  indicate that ,  depending upon the system under 
study, d i f f e ren t  mechanistic routes can take plac e . The electrochemical 
route of polymerization has the addit ional advantage of producing a "clea- 
ner" react ion and allowing s imp l ic i t y  in the separation of the products. 
Furthermore, i t  has been recognized that the e l ec t ro i n i t i a t ed  polymeriza- 
t ion permits the control of the reaction rates in some cases and molecular 
weights in others. B.Funt et al .  (2) have reported the molecular weight 
control of polystyrene and po ly(~-methy ls ty rene) ,  at low temperatures. 

In the present work the resul ts  of the electropolymerizat ion of 
styrene in tetrahydrofuran in the presence of sodium tetraphenyl boron and 
tetrabutylammonium tet ra f luoroborate at room temperature and d i f fe ren t  cu- 
r rent  densit ies are discussed. 

EXPERIMENTAL 
Cyclic voltammetry and polar izat ion experiments were performed 

using a PAR 173 Potentiostat/Galvanostat coupled to a PAR 175 Universal 
programmer and an HP 7044A x-y recorder. The electrolyses were carr ied out 
with an HP 6186C DC current source, a LRG16FM DC Power Suply and an HP 
34750A d ig i ta l  multimeter. 

For the analysis of products and character izat ion of the poly - 
mer, a Perkin-Elmer 72713 IR Spectrometer, a Varian T60A NMR Spectrometer 
and a Waters Associates 200 GPC instrument were used. The GPC was operated 
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at 40~C and equipped with four columns connected in series and packed 
with "Styragel" 103, 104 , 103 , 106 ~. Chloroform was used as solvent 
and cal ibrat ion was made with standard polystyrenes of known molecular 
weight. 

The voltammetric cell was used for both, c i c l i c  voltammetry 
and polar izat ion experiments. The working electrode was a 5xi0-2 Cm2 plat- 
inum wire surrounded by a 200 mesh platinum gauze counter electrode. 
Al l  measurements were made against a Ag/AgNO 3 (0.01M) reference electrode. 

For preparative electrolyses 10% styrene solut ions in THF/ 
supporting e lect ro ly te (0.1M)were used. Two 9 Cm2 paral lel  platinum gauzes 
placed in a two compartment cel l  were the workingand secondary electrodes. 
The catholyte was magnetically s t i r red and an inert  atmosphere was kept 
during the experiment. 

Al l  the experiments were run at room temperature and the 
concentration of supporting e lectro ly te was always 0.1M. 

Except for the sodium tetraphenyl boron (BDH R.G.) which 
was used from the bott le and vacuum dried during 24 hours at 80s al l  the 
other reagents were pur i f ied according to the cited references: styrene 
(8) (MERCK 99%), tetrahydrofuran (9) (MERCK 99%), tetrabutylammonium te t ra-  
fluoroborate (10) (SIGMA P.G.), chloroform (11) (MERCK A.G.) and methanol 
(11) (BDH 99%). 

Cyclic voltammograms were monitored within the potential 
range 0.000-3.500 V, scanning from 50 to 300 mV.s -I 

Polarization curves of 10% w/v styrene solution and i t s  
backgrouad were constructed using a point by point procedure between 
0.000 V and 250 V. 

For controlled current electrolyses in both systems the 
current densit ies used were within the range 10-30 mA.Cm-2, according to 
the polar izat ion curves. 

After completion of each e lect ro lys is  the working electrode 
was washed with chloroform, the resul t ing solution was poured into the 
catholyte and then evaporated to a lower volume. The polymer was precipi-  
tated from methanol, f i l t e red  and pur i f ied (12). IR, NMR and GPC analyses 
were then carried out. 

RESULTS 
Cyclic voltammetry of styrene in THF/NaB~ at 200 mV.s-lshows 

in Fig. I ,  an i r revers ib le  reduction peak at -2.500 V'. The voltammetric 
data for the system THF/n-Bu4NBF m has been reported (13). 

Polarization curve~ for the reduction of styrene in n-Bu4NF 4 
predict an increase of the current density (Fig. 2b) compared with i ts  
background (Fig. 2a), whi lst  the styrene, in the presence of NaB~ 4, tends 
to depress s l i gh t l y  the background curve (Figs. 3a and 3b). 

Electrolyses, followed at d i f ferent  current densit ies, pro- 
duce the data shown in Tables I and I I .  
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Table I .  E l e c t r o l y s i s  r e s u l t s .  10% Styrene in THF/n-Bu4NBF 4 (0.1M). 

EXPERIMENT CURRENT POLYMER CONVERSION "Mn "Mw MWD 

DENSITY OBTAINED % x10 -3 x10 -3 
mA.Cm "2 (mg) 

I 11.10 20.33 1.12 180 362 2.01 

2 13.30 23.40 1.29 219 1,566 7.16 

3 20.00 26.72 1.47 158 313 1.98 

4 24.40 29.34 1.61 113 336 2.93 

5 28.90 32.01 1.76 271 1,808 6,66 

Table I I .  Electrolysis results. 10% Styrene in THF/NeB~I4(O. IM). 

EXPERIMENT CURRENT POLYMER CONVERSION ~n ~ w  MWD 
DENSITY OBTAINED % x10 "3 x10 "3 
mA.Cm "2 (mg) 

4 

5 
ml 

10.70 25.60 1.41 2.95 5.60 1.90 

11.90 28.10 1.55 3.24 6.33 1.96 

14.10 28.95 1.60 143.00 352.00 2.47 

15.40 29.40 1.62 271.00 825.00 3.05 

16.10 31.14 1.72 382.00 951.00 2.49 

When the n-Bu 4NBF 4 is used as supporting e l e c t r o l y t e  the polymer grows 

to approximately~Tw = 3 . 6 x I 0  s in some cases and ~lw = 1 . 7 x i 0  6 in others. 

Fig. 4 shows the gel permeation chromatograms fo r  several values of current 

dens i t ies  and a second d i s t r i b u t i o n  curve (~w = 5 x i 0  3 ) is  observed at  

l ow.e~ current densi t ies.  When the Styrene is reduced in the preSence of NaB(~ 4 
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a d i r e c t  p r o p o r t i o n a l i t y  ~ is  found between~W and the cur rent  dens i ty  
(F ig .  5),  and a s ing le  d i s t r i b u t i o n  curve is observed. 
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DISCUSSIOII 
As i t  is well known, the electroinit iated polymerization 

of styrene at a cathode occurs by formation of the ion radical, which 
undergoes a further reaction to the dianion: 

( i )  ~-CH = CH~ .+ ~-CH = CH 2 - - -  "CH~-CH2-CH2-CH ~- 

( i i )  2 CH-O = CH~ -- -  -CH-O-CH2-CH2-CH-~- 
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depending on the rate of the heterogeneous i n i t i a t i o n  and the monomer con- 
centrat ion ( I ) .  The presence of proton in the medium inh ib i t s  the growth 
of the polymer chain by destruct ion of the radical anion and the polyanion 
formed during the propagation step. 

E lect ro lys is  of styrene in THF and n-Bu4NBF 4 resul ts  in the de- 
p let ion of two d is t r i bu t ion  curves in the GPC when working at low current 
densit ies and room temperature. The low molecular weight d is t r ibu t ion  cur- 
ve which could be a t t r ibu tab le  to the destruct ion of the growing polymer 
chain by the proton (from the weak supporting eTectrolyte acid in a very 
strong basic medium), is less s ign i f i can t  as the current density increases. 
A unique d is t r i bu t ion  curve is indeed observe~ at high_current densit ies 
(over 25 mA.Cm -2) with a ~ ranging from 3xI0 ~ to 2xlO 6. From these and 
previous resul ts  (7), i t  seems that when working in an aprotic medium in 
the presence of the sa l t  n-Bu4NBF 4 and high current densi t ies,  a unique 
d is t r i bu t ion  curve is obtained for the electrochemical polymerization of 
styrene, with a constant value of F~w with a confidence l im i t  of about +10%. 

When solut ions of styrene containing sodium tetraphenyl boro~ 
were electro lyzed at various current densi t ies,  the GPC showed a proport io-  
nal var iat ion of the Mw of the polymer with the applied current density 
(Fig. 6). A single d i s t r i bu t ion  curve was found in the range of current 
densi t ies studied. Under the working condit ions employed we were able ~o 
perform electro lyses at current densit ies ranging from 10 to 16 mA.Cm -~ . 
Such values led to molecular weights such as 5.75X103 and 9.16xi05 at 
room temperature . 

The d ispers i t ies  were r e l a t i v e l y  narrow and the polymerization 
stoped af ter  the cessation of the applied current. These in terest ing re - 
sul ts suggests that fu r ther  studies have to be done to increase the conver- 
sion and the current e f f ic ient .  In agreement with the l i t e ra tu re  (14) NMR 
analysis of the polymer formed shows that i t  is a tact ic .  
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I ,m5%m ~ 
Fig. 6. ]~w of the polymer formed vs current density. Styrene-THF-NaB~4 
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