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~~nzonitr1le 1’ _ imethyl fonsamide at the cathode leads to a polymer with
conjugated -C—N- bonds. Mass spectroscopy did not reveal the presence of any
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the formation of -C—N- conjugation in polybenzonitrlle.
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4 inks I ELECTR O I N I T I ATED POLYMERIZATION THROU GH C~C AND C_N BONDS -

R . Y. Suhramanidn , J. Jakubowskl and B. K. Garg
~~ Depirtitient of M .ilerial ’ Sd ”, “ and Engineering

W i ’.hinqton Sta te University , Pul lma n , WA 99164

I NTRODUCTION

In the context of a comprehensive study In our laboratories , of electro-
initiated polymerization on electrodes (1-5) It became of interest to investi-
gate the participation of acetylenic and nitrilic groups in electropo lymerl-
zation. Phenylacetylene and benzon itrile were chosen for this research and
the f irst results are reported here .

EXPERIMENTA L

Dimethylfonnamide , Ma l li nckro dt chemical , ana lyti cal grade was refluxe d over
calc ium hydride , Alfa Products , -4~4O mesh , for 24 hours and distilled at 10
torr. Phenylacetylene , Aldrich Chemical , 98% was distilled at 10 torr before
use. Sod i um nitra te, Mallinckrod t chemical , anal yti cal grade , was dried at
120°C for 48 hours. NaNO3 was then stored In a desiccator until used .
Hercules type AU carbon fibers in the form of bundles tied at each end with
rayon thr’~ad were used as elec trodes : wt - .4 to .6 g each.

Ph enylace tylene was polymerized in the cathode compartment of a two-compart-
ment electrolytic cell , separated by fritted glass from the anode compart-
ment. The cathode compartment was charged with 50 ml of a 0.2 g per ml
phenylacetylene in ONE solution which was 0.2 N NaNO3. The anode compart-
men t was similarly charged wi th 50 ml of 0.2 N NaNO 3-DMF solu tion but with-
out any monomer. Carbon fiber elec trodes were then placed in the appro-
priate compartments. The electrode distance was fixed at 5 cm. Constant
DC voltage was applied for 18 hours. All experiments were conducted at
room temperature ‘

~~ 25’C. For 36 and 48 volts DC, a water cooling bath was
found to be necessary because of heating caused by the higher current.

Upon completion of the electropolymerization , the electrode solutions were
removed and the products isolated as fo llows , from the cathode and anode
solutions separately; the electrode solutions were diluted > 8 fold with
distilled water and extracted severa l times wi th 100 ml port1~ns of benzene.
The combined benzene extracts were washed severa l times with distilled
hater and dried over magnesium sulfate . After filtering, the benzene was -

removed by using a roto-vac (steam ). The resulting polymer was dried in a
vacuum oven at ‘~ 60°C for 24 hours.

In the case of benzonltr lle, the cathod ic polymerizations were conducted In
the middle compartment of a three compartment cell partitioned by fritted
glass discs with the counter electrodes being pl aced In the end compartments.
Typically, a dry solution of benzonitrile in DMF containing lithium nitrate
was electrolyzed for up to 72 hours. The loose polymer deposit formed on
the cathode was scraped off, thoroughly washed with water and dried . During
washing with water, an aninoniacal odor was quite noticeable.

Viscosity measurements of polyphenylacetylene were conducted in benzene
solution In an Oswald type viscometer (Kimax #50), at 35°C at four different
concentrations and the results plotted as In or/c vs. C. Extrapolation to S

.

.. -.

conc • 0 gave the intrinsic viscosity. Mv was ca lculated using the Mark-
Nouwink equation (n] — IGI~ where K 1.03 x 1010 and a • 2.42. The
intrinsic viscosities of polybenzonltrile were measured at 35°C in conc .
11250,.
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RESULTS AND DISCUSSION
• The polymer from phenylacetylene was formed In the cathode compartment with

the development of a deep red c~1~r in N.iNO~/DMF solutions , bu t no react ion
was observed when the monomer was present in the anode compartment. The
mi gration of the color to the anode compartment from the cathodic solution
w~s also noted . These observations , coupled with the high sensitivity to
moisture which completely inhibited the polyme’izatlon , suggest an anionic
mechanism of polymerization.

The polymer was deposited on the cathode and was also present in solution .
Even though the reaction was conducted for a long time to collect enough
polymer for characterization , polymer formation was visually observable in
only 5 minutes. The slow reaction after a facile initiation would seem to
indica te that the activity of the growing species was attenuated by
resonance stabilization.

From viscosity measurements of the red-orange polymer Isolated from the
reaction mixture , the average mol ecular weight was found to be 3000.
Fractional precipitation by methanol and methanol-water separated the
polymer into fractions of molecular weight from 4000 to 2700 which had
identical nmr and ir spectra though different mel t-softening temperatures
(15 5-167°C, 110- 122°C, 55-75°C). X-ray diffraction did not show any
crystallinity . The results are suninarized in Table 1.

Table 1. Cathodic Polymerization of P~~ y~~ etyl ene

V applied Yield (cathode) % Yield (anode) % M~ (cathode) M~~(anode1
6 17.0 3.0 3132 3074

12 35.0 4.0 2969 3074
18 45.0 9.0 3179 2931
24 52.0 11.0 3336 3016
36 36.0 23.0 3247 3030
48 37.0 27.0 3349 3011

Carbon hydrogen analyses agreed wel l with calculated values for polyphenyl-
acetylene (calculated for C8H6: C , 94.08; H, 5.92. Found : C, 92.14-93.05;
H, 5.75-5.84). The ir spectrum showed absorption~ due to stretching vibra-tions of poly-conjugated double bonds at 1590 cnr ’ and those dye to C-H
out-of-plane deformation of monosubstituted benzene at 750 cm ’ and 690 cm~~.Weak absorptlons are also seen at 910 csrl and 870 cm 1 , the larger of
these being a t 910 cm-’. This region is bel ieved to be involved in the
unsa tura tion in po~yphenylace~y1enes , with characteristic absorptions
arising at 910 cm 1 ’ 870 cm ’ and 840 cm 1 (6-8). Of these three absor-
tion bands, the one at 870 cm 1 has been taken as characteristic of a
£t~.-structure (6); it is seen from Figure 1 that This band is not presentconspicuously in the Ir spectrum of the polymer prepared In this study.

Kern (7) has studied and compared polyphenylacetylenes formed from several
types of Initiation reactions and grouped them Into three types of products.
The methanol insoluble polymer obtained in our study by electropolym.riza-
tion of phenylacetylene and reprecipitated with methanol from a benz.n. —

.

solution appears to be similar to the thermal polymerization product, Type
I I I  described by Kern (7).

Type III is a yellow solid, readily soluble in acgtone and benzene at
20-25°C, havIng weak IR absorption at 910-840 cnr ’, and displaying no -~~crystallinity. Kern suggested this polymer to be a cis-trans copolymer
and, When recovered from solvents like pyr ldine and d1~~ )iylform.m1de,to ha

• - richer In trans. Polar solvents like pyr idine and DNF Were found to pro-
ci: s~Is Ii.. [.~~ , 

a: iso erlzatlon of cis unsaturatlon to trans unsaturatlon In



Df~ ~~~~ 1l,’,~ — polyphenylacetylenes (7 ) .

The yeliow methanol insoluble portion obtained after electropolymerization is
sim ilar to th is thermal type 111 polymer ., as it is readily soluble In
acetone and Denzene, reveals no crystalizabi ]ity by x-ray diffraction and
has absorption bands at 910 cm 1 an d 840 cm i . Also , since the polymeriza-
tion and original isolation of polymer products were conducted in DMF, it is
l ikely this product is richer In trans structu;’e than cis. This would also
explain the absence of absorption at 870 cm 1 (Fig. 1).

Other fractions of polymer from the electropolymerization experiments have
the same ir ’s as the yellow methanol insoluble fraction , although they
differ in color , MW , and melting point. It is suggested here that these
other products are just lower molecular weight fractions of the same polymer,
a trans rich, c is-trans copolymer.

1H-NMR Spectra: Polyphenylacetylenes.
The proton (1,1) NMR spectra were observed using a 60 MHz instrument an d
c hec ked on a 100 MHz , JOEL spectrometer. Spectra of the polymers were taken
in CDC1 3 using TMS as an internal standard .

The spectra consisted of a single broad multiplet centered about 7.0 ppm .
This is consisten t with published ‘H-NMR spectra of polyphenylacetylene (8).
Al so, in compounds like 1 ,4 diphenyl-l ,3-butadiene the _ C C ~H absorption in
the NMR occurs at about 6.6 to 6.8 ppm (9). An extended chain , an d more
likely a 1 ,3 placement of pheny l groups as in the more probable head-to-tall
structure could cause a broadening of the phenyl and -C=C~H proton absorp-tions and perhaps also cause chemical shift of the -C=C.!ji protons to higher
ppm values. This could lead to their being included In the benzene proton
absorption resulting in a single broad multiplet about 7.0 ppm.

The available evidence then indicates the polymer to be a linear polymer
wi th a polyene structure . The polymer , as sug ges ted earl ier , i s probabl y
formed by an anionic mechanism at the cathode. The presence of polymer at
the anode, as seen in Table I , increases with increasing vol tage, and pro-
bably results from electrophoretic migration of living polymer anions since
no monomer was present in the anode compartment. It is significant that
the molecula r we ights of the polymers from both compartments are the same.
This might indicate that the living anions had reached equilibrium growth
before migrating to the anode. This aspect is being investigated in more
detail.

The experiments with benzonltrile provided ~1mI1ar evidence for the forma- *

tion of a linear , -C-N- conjugated polybenzonltrile by an anionic mechanism.
The results are suninarized in Table 2. For convenience of isolation of
coated polymer, metal plate electrodes were used in these experiments.

Here aga in, small amounts of water completely inhibited the polymerization
reaction, which occurred only at the cathode. An anionic mechanism is
thus indicated. The reaction rate was also slow presumably because of the
resonance stabilizat ion of the anions of the growing polymer. Such
resonance stabilization may also be a limiting factor in the max imum molec-
ular weight achievable by electropolymerization. The intrinsic viscosity
of the polymer, measured at 35°C, was found to be 0.07 dl/g in conc. 11250k
in which the polymer was completely soluble. The polymer was also parti-
ally soluble in D?4F.

The mass spectroscopic study was conducted at low temperature (50-200°C)
In order to volatilize law molecular weight compounds only, as well as to
prevent thermal degradation of the polymer. It Indicated that the polymer

predo inantly the cyclic tria*r 2,4 ,6-tr iphenyl -s-tr iazlne ; it

uI _ _J  , .~- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ .:



“~IS ?~S showed no sign ificant excess of mass 309. The sample also showed signif icant
amounts of mas 103 - presumably benzon i trile , and mass 120 - presumably
benzolc acid or benzamide. The Infrared spectrum indicated the presence of
abso rption bands for conj ugated -C~N- honds at 1605 cm~ and l 52O~~, (Fig. 3).
The facile electropolymerization of benzunitrile under ambient conditions to
a l inear conjugated polymer is In striking contrast to the general observa-
tion that nitriles homopolymerize only under conditions of high temperature
and pressure , usuall y in the presence of a complexing agent such as titanium
tetrachioride. The ordering of the C:N dipol es under the Influence of the
electric field In the electrode region must be a contributing fac tor in
electropolymeri zation.
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FIg. 2. 1H NMR spectrum of electro lnitiated polymer of phenylacetylene.

Table 2. Electroinitiated Polymerization of Benzon itrile

Composition Electrode Cel l Voltage Current (mA ) [n] a .
of Catholyte b 

_________ 
Vol ts Initial Final dlLg

1. Benzonitrile (200g) steel 12 104 28 0.062
11N03 ( 5g)

2. Same as above zinc 12 103 18 0.073
3. Same as above copper 12 117 20 0.070
4. Benzonitrile ( 80g) aluminum 12 64 17 0.068

LiNO3 ( 2g)
5. Benzonitrlle 80g a luminum 12 108 101 no

LtN 0~~ 2g polymer
11,0 5g . 

~~

6. Benzonitrile Neat platinum 60 0.1 0.02 no
polymer

7. Benzonftrfle (200g) zinc 12 74 56 0.062
(C,N5)~N8r

a intrinsic viscosity determined in conc . H2S01, at 35°C .
b1~ ~~ solution , except 6.
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(a) Benzonitrlle

(b) Polybenzonltrile
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2500 2000 1800 1600 1400 1200 1000 800
WAVE N(I4BER (~~-l)

Figure 3. IR spectra of (a) benzonitrile, using a drop between KCl crystals
(b) polybenzonltrl le , using K81’ pellet.
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