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Electroinitiated Cationic Polymerization 
of lndene 

U. AKBULUT, S. EREN, and L. K. TOPPARE* 

Polymer Research Division 
Department of Chemistry 
Middle East  Technical University 
Ankara, Turkey 

A B S T R A C T  

The polymerization of indene by constant potential electrolysis in 
dichloromethane was achieved at low temperatures.  Molecular 
weights were found to be inversely proportional to polymerization 
temperature. The oxidation peak potential of indene in the (C4Hs )4 - 
NBF4 -CHs CN electrolyte-solvent system was measured by cyclic 
voltammetry. Polymers  which were produced electrochemically by 
constant potential electrolysis have the same  spectral  propert ies  
with those obtained by chemical methods. 

I N T R O D U C T I O N  

A large number of publications have appeared on electrochemical 
polymerization of vinyl and cyclic monomers. Detailed work is also 
available on the polymerization of indene by chemical [ 1-41 and by 
constant current electrolysis [5-91. Polymerization of indene by con- 
stant potential electrolysis (CPE),  which is based on cyclic voltam- 

*To whom correspondence should be addressed. 
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336 AKBULUT, EREN, AND TOPPARE 

metry measurements, has not been reported. It was  claimed that the 
electroinitiated polymerization of indene below + 15" was not possible 
[8]. In the constant current approach, for polymerization tempera- 
tures below +15", i t  was also claimed that the electric current passing 
through the reaction mixture could not be maintained constant because 
the applied voltage increased considerably [8]. 

In constant potential electrolysis technique, the electroinitiation 
potential is kept constant at the oxidation peak potential of the mono- 
mer while the current varies. 

In this work, CPE of indene was carried out at and above the oxida- 
tion peak potential of the monomer which was  measured by cyclic 
voltammetry (CV). CPE allowed the cationic polymerization of indene 
in dichloromethane by direct electron transfer at temperatures below 
+15". 

E X P E R I M E N T A L  

M a t e r i a l s  

Tetrabutylammonium fluoroborate (TBAFB) was prepared and puri- 

Dichloromethane was dried over CaHz for 12 h and later distilled 

Acetonitrile was dried over CaHz for 24 h, then refluxed over fresh 

fied as described previously [lo]. 

over fresh CaHz. 

CaHz under nitrogen for 10 h and fractionally distilled, and stored 
over molecular sieves. 

CaHz for 12 h, and vacuum dirtilled over CaHz at 24°C at 5 mmHg 
pressure. The literature value is 114.5"C at 100 mmHg pressure [ll]. 

Indene was washed with 6 M HC1, then with 40% NaOH, s t i r red on 

P r o c e d u r e  

Cyclic Voltammetry 

publication [ 121. CV data were obtained in acetonitrile and in dichloro- 
methane at - 10, 0, and 20°C. The controlled potential electrolysis sys- 
tem consisted of an electrolysis cell (Fig. l), a Tacussell potentiostat 
type PRT 30-0.1, and a Sefram X-Y recorder. The reference electrode 
in the three-electrode system was a Ag"/Ag+ electrode which contained 
0.01 M silver fluoroborate and 0.10 M TBAFB. The cathode and anode 
wereplatinum foils with 2.5 cm2 are%, and the voltage scan rate (VSR) 
was 200 mV/s. 

The cyclic voltammetry system has been discussed in a previous 
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Counter 
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FIG. 1. Constant potential electrolysis cell. 

Polymerization 

Equal amounts of recrystallized and freshly dried TBAFB were 
placed in both cell compartments. The cell was purged with nitrogen, 
and then distilled dichIoromethane and indene were introduced into the 
cell. Before the controlled potential electrolysis was  started, the solu- 
tions in each compartment of the cell were equilibrated and then the 
cell was  placed into a constant temperature bath. The solution was 
blanked with nitrogen, and 40 pL aliquots were transferred by micro- 
syringes from each compartment into 1 mL of methanol containing 10 
pL a-methylstyrene which was  used as the internaI standard. During 
electrolysis at definite time intervals, 40 pL samples from each com- 
partment, for analysis of monomer concentration, were transferred in- 
to 1 mL methanol. Unreacted monomer concentrations were deter- 
mined by gas chromatography. A column of 2.80 m packed with 1.5% 
Apiezon L on 80-100 mesh size chromosorb was used. 

The anode potential was +2.00 V versus Ag"/Ag' and the current was 
measured as a function of time (Fig. 2). The polymerization was car- 
ried out at three different temperatures. The polymer was precipitated 
at the end of each run by adding the anolyte to 0.5 L of methanol. The 
molecular weights were determined by viscosity measurements using 
the literature parameters for polyindene [ 137. 
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4 8 12 16 20 
Time in rnin 

FIG. 2. Current versus  time plot for  electroinitiated cationic 
polymerization of indene. 

R E S U L T S  AND D I S C U S S I O N  

The cyclic voltammogram of indene obtained in acetonitrile at room 
temperature was reported [12] to  have one oxidation peak at +1.40 V 
and one reduction peak at  -2.90 V versus Ago/Ag+. We have found that 
the oxidation peak potential ( E  ) measured in dichloromethane tends 
to  shift to more anodic values as the temperature decreases.  E 

P,a 
+1.40 V at +2OoC which shifts to +3.20 V at -40°C (Fig. 3). Such a 
large shift in E due to a temperature change in this range is not ac- 

ceptable. We have observed that the shift was due to the quick coating 
of the electrode surface by a polymer film at low temperatures.  When 
the surface was cleaned and flamed before each CV measurement, the 
effect of temperature on E was not easily detectable. Even at room 

P,a 
temperature after a few cycles, the working electrode was sti l l  coated 
by a film, which caused the E 
than +1.40 V. During polymerization the thin polymer film coating the 
anode caused the current  to drop very quickly, Because of this  property 
of indene, the polymerizations were carr ied out a t  potentials slightly 
above the E of the monomer measured on freshly cleaned electrodes. 

P,a 
is 

Pya 

to  shift to more anodic potentials 
P,a 

P,a 
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+3.0 t2.0 +1.0 0 -1.0 -2.0 -3.0 
E (vol t )  

- 10°C 0 O C  t 20°C 

"TIE 0 +20 0 t2.0 Eo +20 

- 10°C o'c t 2O0C 

t2.0 0 1.2.0 0 t2.0 0 

VSR = 200 mV/sec  

FIG. 3. Cyclic voltammograms of indene ( M) obtained on 
platinum wire ve r sus  Ago/Ag'. a) Cyclic voltammogram of indene 
measured in acetonitrile. Electrolyte was 0.10 M TBAFB. b) Cyclic 
voltammogram measurements in d i ch lo romethas  obtained succes- 
sively without clearing the anode surface. c) Cyclic voltammogram 
measurements obtained by flaming the electrode surface before each 
run. 

The potential chosen for  polymerization was +2.00 V ve r sus  Ago/Ag'. 
Since the chain t ransfer  constants are negligible for  dichloromethane 
[ 141 in cationic polymerization, it was preferred over acetonitrile. 

During constant potential electrolyses a t  +l.40 V versus  Ag"/Ag', 
a polymer film, which lowered the current  passing through the system 
coated the anode, and the polymerization rate dropped very quickly. 
At  +2.00 V the large IR drop due to  coating was overcome and the 
polymerization rate  was enhanced, Electrolyses carr ied out at - 10, 
0, and +20°C produced polyindene with different yields and molecular 
weights (Table 1). 

For analysis of the reacted monomer, 40 pL aliquots were taken 
from both compartments. Samples which were taken only from one 
compartment (anolyte) gave misleading resul ts  in gas chromatography 
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340 AKBULUT, EREN, AND TOPPARE 

TABLE 1. Electroinitiated Cationic Polymerization of Indene at 
Constant Potential 

b E Molecular 
T Yielda weight Initial ra te  x 105 P,a 
("C) ( % I  x (mol/L*s)  ( V )  ( V )  

20 4.7 3.0 20.30 +1.4 +2.0 

0 3.2 4.8 8.25 +1.4 +2.0 

-10 2.6 4.9 4.98 +1.4 +2.0 

Ysolated by precipitation. 
bMeasured in acetonitrile-tetrabutylammonium fluoroborate sys-  

CMinimum electrolysis potential for  the formation of the polymer 
tem ve r sus  Ago/Ag' reference electrode. 

in the solution. 
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FIG. 4. Polymerization of indene carr ied out in dichloromethane by 
constant potential electrolysis a t  three different temperatures.  
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ELECTROINITIATED CATIONIC POLYMERIZATION O F  INDENE 341 

due to the diffusion of the monomer through the sintered disk. When- 
ever  a certain amount of monomer was consumed by polymerization, 
equilibrium was immediately established in both compartments by 
means of diffusion due to the concentration gradient. This was elim- 
inated by taking aliquots from both compartments at certain time in- 
tervals. Monomer consumption in the cathode compartment by elec- 
trolytic decomposition was neglected since i t  is very small. The re- 
acted monomer concentration during polymerization was plotted as a 
function of time (Fig. 4). From the slope of these plots, the initial 
rates were found fo r  three different temperatures (Table 1). The 
apparent activation energy of the electroinitiated polymerization was 
found, from initial ra tes ,  to be 29.73 kJ/mol. 

In the present work it is shown that the electroinitiated polymeri- 
zation of indene at temperatures below room temperature can be 
achieved by CPE. The molecular weight increases  as the polymeri- 
zation temperature decreases. 
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