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ABSTRACT

TMEQ has been found to homopolymerize and copoly- 
merize with various vinyl comonomers in a one-to-one fashion. 
Unlike its analog, TCNQ, TMEQ does not form charge exchange 
salts with tetrathiafulvalene and tetramethylparaphenylene- 
diamine, but it does form a charge exchange complex with 
tetramethylparaphenylenediamine in acetonitrile. Slow 
cyclic voltametry measurements indicate the anion to be un- , 
stable with probable self-coupling to the dimer to to higher 
weight moieties.



CHAPTER 1

INTRODUCTION

Tetracyanoguinodimethane (TCNQ) has occupied the 
attention of chemists for some time now, mainly because of 
the unusual affinity of the material for electron density 
in electron transfer reactions. The charge exchange ten
dency of TCNQ with various electron donors has been studied 
by various investigators, with great interest focused on 
the single-axis electron conduction characteristics of TCNQ 
charge exchange salts. Literature reports exist of elec
trical conduction measurements of such single crystal salts, 
which exhibit relatively large conductivities along the 
crystal c-axis (Ferraris et al., 1973), while behaving as 
any other insulating organic material in the other two 
orthogonal directions. The TCNQ/tetrathiafulvalene (TTF) 
is one such complex of special interest.

Although TCNQ has never been reported to homopoly- 
merize, some recent attention has been given by Iwatsuki 
and Itoh (1979), to its copolymerization with various vinyl 
comonomers, where 1:1 copolymer was formed in three of five 
cases studied.

1
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In part, this report will make a comparison of the 

chemistry of a TCNQ analog, tetramethylesterguinodimethane 
(TMEQ) , with that of TCNQ, as to reactivity as a tt acid in 
charge exchange complexes and as a comonomer with various 
vinyl compounds. Additionally, the TMEQ homopolymer will 
be examined.

TMEQ was originally prepared by Acker and Hertier 
(1962) by the method shown in Fig. 1. The overall reaction 
yield from 1,4-cyclohexanedione is 14%.

The instability of TMEQ to light and heat was also 
reported by Acker and Hertler (1962) . It was reported that 
TMEQ reacted with itself to form a cyclic oligomer. This 
was deduced from an x-ray pattern of some of the powdered 
material.
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Fig. 1. TMEQ Method by Acker and Hertler (19 62).



CHAPTER 2

EXPERIMENTAL

TMEQ Synthesis 
The TMEQ monomer was synthesized as follows:

Ethyl succinate was treated with NaOEt in EtOH, cyclized 
to the diester diketone, and de-esterified according to the
method of Nielsen and Carpenter, Organic Synthesis, Collec-

■* ' ' ; .

tive Vol. V (.197 3) . The following synthetic procedure, 
from 1,4-cyclohexanedione-to.TMEQH 2 , was done generally 
according to the method of Acker and Hertler (19 62).

1,4-Bis-(dicyanomethylene)-cyclohexane
A mix of 20.0 gram -1,4-cyclohexanedione and 24.0 

gram malononitrile was placed into a 250 milliliter Erlen- 
meyer flask and melted on a steam bath. A mix of 100 milli
gram (3-alanine in 100 milliliter was poured into the
flask with constant swirling and continued heating. In a 
short time crystals began to form in the mixture followed
by complete solidification. Steam evolution followed imme-

. /diately as the reaction exothermy continued. Self-cooling . 
to room temperature was followed by addition of water and 
physical breaking up of the solid for filtration. The solid 
(l,4-bis-(dicyanomethylene)-cyclohexane) was washed in filter 
several times with and finally several times with cold

■ 4 - '



ether. The yield was 99.5% and the melting point was 216- 
217°C.

Tetracyanoquinodimethane (TCNQ) '•
1,4-Bis-(dicyanomethylene)-cyclohexane (20.0 gram) 

was mixed with N-bromosuccinimide (4.18 gram) in a one liter, 
3 necked, round bottomed flask followed by 400 milliliters 
of dried acetoni.trile. A dry nitrogen stream was immediately 
applied with cooling to -20 °C by means of magnetic bar stir
ring in a dry ice/acetone bath. At -20°C a mix of 18.8 gram 
dry pyridine in 2 60 milliliter dry ether was added to the 
cold mix and stirring continued for 15 additional minutes.
The cooling bath was then removed and the stirring mix 
allowed to self-warm to room temperature. The contents of 
the flask were then added to 200 milliliter HgO in a 2000 
milliliter beaker, stirred, and the TCNQ reclaimed by fil
tration. The reaction yield was 91% and the TCNQ melting 
point was 288-289°C.

p-Phenylenedimalononitrile (TCNQHg)
TCNQ (16.0 gram) was placed into a 2000 milliliter 

Erlenmeyer flask followed by 800 milliliter dry reagent grade 
acetone. This mix was heated to boiling on a steam bath 
and 32 milliliter of 47% HI added slowly. The heat was 
continued with occasional swirling until ~80% of the liquid 
had evaporated. ' The flask contents were then added to 1000 
milliliter CH^Cl^ in a 2000 milliliter beaker and magnetic



bar stirred for 15 minutes. The TCNQE^ was collected via 
filtration and water washed. The reaction yield was 93% 
with a melting point of 246-248°C.

p-Phenylenebis-(dimethyl malonate) (TMEQE^)
TCNQE^ (28 gram) was placed into a 2000 milliliter,

3 necked, round bottomed flask along with 12 00 milliters 
MeOH and 7.3 gram ^ 0 .  A fast HCl stream was bubbled through 
the liquid for 4.0 hours. The solid TCNQH 2  dissolved after 
about 20 minutes as the mix became quite warm. The completed 
reaction mix was poured into 1200 milliliter H 2 O and the 
solid filtered out. The ppt was washed in a filter with 
plenty of water - The reaction yield was 90% with a TMEQH 2  

melting point of 151-152°C.

Tetramethylesterquinodimethane (TMEQ)
A suspension of KH in oil was separated by means of 

dried pentane with a slow, continuous dry nitrogen "stream. 
Three washes were done with the final wash pentane residue 
evaporated to dryness via stream. To the stoppered 
Erlenmeyer (50 0 milliliter) was added enough tetrahydro- 
furan to provide 35 milliliter tetrahydrofuran per gram 
of TMEQH 2 . A 10% excess of KH was used in the reaction.

The tetrahydrofuran was dried with 4 Angstrom 
microsieves overnight and treated with a trace^of di-tert- 
butyIcatechol as an antioxidant. This treatment was



necessary to avoid in situ free-radicalAomopolymeriza- 
tion of the TMEQ. The TMEQH2 was added to the reaction mix 
and a dry N2 stream applied immediately.

Reaction took place in a temperature controlled bath 
(51-54°) over a period of 92 hours with fast stirring via 
magnetic bar. The reaction system was provided with a N2 
bubbler working at a steady rate of one to three bubbles per 
second, maintained throughout the period.

At the end of 92 hours, a 1.1 stoichiometric amount
of I2 was added to the still stirring reaction mix as a
I2/tetrahydrofuran solution. This solution was mixed at a 
ratio of 3-1/3 milliliter tetrahydrofuran per gram of I2.

While maintaining the reaction temperature and rapid 
stirring, the darkened reaction mix was subjected to a rapid 
1 ^ 2  stream (flask top open to the atmosphere) to evaporate 
the solvent. A black, slightly moist solid results.

A solution of 'vlO gram KI and 10 gram NaHSOg in 300
milliliter water was poured into the reaction flask. After 
removal of the stirring bar, the flask was stoppered and 
shaken for ~0.5 hours, until all the dark %2 color dissipated.

The yellow solid was water washed, isolated via fil
tration, vacuum dried at room temperature in darkness and 
dissolved in a minimum amount of hot (100°) toluene which 
had been dried with microsieves overnight and treated with 
di-tert-butyIcatechol. A two-to-one excess of dried.



di-tert-butylcatechol treated pentane was added to the 
toluene solution and the mixture refrigerated (freezer) for 
3 hours or longer.

The precipitated TMEQ was isolated by filtration 
and vacuum dried at room temperature in darkness.

The canary yellow TMEQ so isolated melts at 142° 
followed by immediate resolidification, and starts a homo
polymerization reaction at 180°. This results in a light 
pink solid, melting at 290 to 310° (no purification) with 
red discoloration and evident decomposition. The reaction 
yield was 87%. The overall reaction yield from 1,4- 
cyclohexanedione to TMEQ is 6 6%.

TMEQ Homopolymerization 
The TMEQ homopolymer used forviscosity determina

tion was made by free radical polymerization with benzoyl . 
peroxide initiator (1% by weight). The reaction was done 
in tetrahydrofuran in a pressure tube with a ratio of one- 
half gram TMEQ to 10 mi H i  1 liter tetrahydrofuran. The reac
tion temperature was kept at 90°C for a period of about 
18 hours. Prior dry purging and rapid magnetic bar 
stirring were used.
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Copolymerization 

TMEQ was found to undergo free radical copolymeriza
tion with several comonomers. Sulfolane was used exclusively 
as the reaction solvent in the compilation of the copolymeri
zation table, in the amount of approximately 10 milliliter 
per reaction. The free radical initiator for all compiled 
copolymerizations was a,a-azobis(isobutyronitrile)(AIBN), 
used in approximately 5 milligram amounts. The reaction 
temperature used was 57°C, allowing relatively slow break
down of the AIBN. All reactions were done with rapid mag
netic bar stirring, and thorough dry N^ purging of the 
reaction ullage, in 20 milliliter Pyrex pressure tubes of 
the type requiring a bottle cap. One-half gram of TMEQ was 
used in each case.

All polymerizations were quenched in 200 milliliter 
of methanol followed by filtration. The solid precipitate 
was redissolved in a tetrahydrofuran/acetone mixture and ■ 
boiled open to the atmosphere, for 15 minutes. This pro
cedure forces homopolymerization of any TMEQ monomer still 
present in the isolated copolymer. The copolymer was again 
precipitated in a 20:1 excess of methanol and the precipi
tate isolated by filtration. The polymer was vacuum oven- 
dried and weighed to determine yield. Elemental analyses 
were done on all such isolated copolymers.

All viscosity measurements were done at 30°C in 
sulfolane, utilizing a large bore Canon-Fensk tube.



CHAPTER 3

RESULTS

TMEQ Synthesis 
The synthesis according to Acker and Hertier (1962) 

went generally well up to the last reaction step, although 
minor modifications were made to improve experimental yields 
in some cases. The last step of this reaction sequence 
could not be repeated by this investigator. As ah alterna
tive, the very strong and non-nucleophilic base, potassium 
hydride, was used to create the dianion. The chemistry, 
but not the technique, was the same as Acker and Hertler's 
thereafter. This last step modification resulted in a
yield of 87%, instead of the 26% previously reported.

\ ' .

TMEQ Properties
Tetramethylesterquinodimethane (TMEQ), also known

as tetracarbomethoxyquinodimethane,.is a-canary yellow '
solid of melting point 142° with NMR-peaks at 3.826 and
7.426 in dg-acetone (Fig. 2). Infrared absorptions for

— 1TMEQ occur (Fig. 3) as one might expect at 1725 cm
(conjugated ester) with a series of what appear to be ring

-1bending peaks in the.500 to 700 cm region as depicted in 
Fig. 4. The pure compound may exist as a fine powder or as 
long, needle-shaped crystals, depending on mode of

. 10



Fig. 2. NMR Scan of TMEQ.
Instrument— Varian T60
Conditions: (1) dg acetone solvent treated
with a trace of 3,5-di-tert-butylcatechol;
(2) spectrum amplitude of 8.
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Fig. 2. NMR Scan of TMEQ.



Fig. 3 . TMFQ:■ High Frequency - Infrared Scan.
Instrument— Perkin Elmer 337 Spectrophotometer 
Conditions: (1) Potassium bromide pellet;
(2) Slow scan speed/normal slit opening;
(3) Air reference.
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Fig. 3. TMEQ: High Frequency Infrared Scan.



Fig..4. TMEQ: Low Frequency Infrared Scan.
Instrument— Perkin Elmer 337 Spectrophotometer 
Conditions: (1) Potassium bromide pellet;
(2) Slow scan speed/normal slit opening;
(3) Air reference.
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recrystallization. TMEQ does spontaneously homopolymerize 
at room temperature in ambient light, and may homopolymerize 
at room temperature in the absence of light. Long-term 
storage at normal refrigerator temperatures (circa 3°C) is 
adequate to preserve the material.

The melting point behavior of TMEQ is non-standard 
in that it appears to start melting, but immediately re
solidifies., evidently as a glass, followed by color change 
(pink) and thermally initiated homopolymerization at about 
180°C. This polymerization usually starts at an edge of 
the TMEQ mass and can be observed propagating throughout the 
solid as the temperature slowly rises through 200°C.

This investigator found no variance with these 
observed TMEQ characteristics reported by Acker and Hertler 
(1962). .

TMEQ Homopolymerization
TMEQ homopolymerization occurs with great facility 

on (1) prolonged exposure to room level lighting; (2) heating 
above about 180°.; (3) recrystallization from solvents not.
treated with an antitoxidant; (4) initiation by free radical
initiator such as benzoyl peroxide or AIBN; or (5) anionic 
initiation by n-butyllithium. All- five methods yielded 
homopolymer melting (with decomposition) at approximately 
the same temperature (295-315°). All of the methods pro
duced polymer which is insoluble in the common organic
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solvents. Dissolution occurred only with the strongest acid 
solvents such as H2SC>4 , CISC^OH, and CF^SOgOH. CF^SOgOH 
was chosen as a viscosity measurement solvent for reason of 
the solvent viscosity and ease of disposal of the used sol
vent.

No attempt to differentiate among homopolymer vis
cosities " of-the .different- polymerization methods was made 
•because an inherent" vis cos ity-,de termination made bn the 
homopolymer generated by TMEQ recrystallization indicated 
that a poly-electrolyte had occurred. A time-dependent 
reduction in viscosity was also noticed, although it is 
felt that the relative viscosities were taken over a time 
period that was short with respect to the suspected homo
polymer degradation time. Extrapolation of the most con
centrated straight line part of the inherent viscosity curve 
resulted in an intrinsic viscosity of 0.93, as indicated in 
Fig. 5. The homopolymer NMR is quite spread out over the 
base line as might be expected, but does provide one defini
tive peak at 4.26 due to the relativity free to rotate car- 
borne thoxy protons (Fig. 6). The homopolymer infrared shows 
considerable structure in the ring bending region 600 to

_ I900 cm (Fig. 7). This long wavelength section of the 
spectrum is considerably more complex than that of the un
substituted quinodimethane homopolymer (Gorham, 1971), 
evidently due to the effect of the tetracarbonmethoxy
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Fig. 5. TMEQ Homopolymer Viscosity Plot.
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Fig. 6. NMR Scan of TMEQ Homopolymer.
Instrument— Varian T60
Conditions: (1) Con. Sulfuric Acid
Solvent; (2) Spectrum Amplitude— 160.
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Fig. 6. NMR Scan of TMEQ Homopolymer.



Fig. 7. Infrared Scan of TMEQ Homopolymer.
Instrument— Perkin Elmer 337 Spectrophotometer. 
Conditions: (1) Potassium Bromide Pellet;
(2) Slow Scan Speed/Normal Slit Opening;
(3) Air Reference.
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substitution. This conclusion is re-enforced by the low 
frequency infrared scan . of p-phenylene-bis-(dimethyImalonate) 
in Fig. 8, where similar excess structure is noticed in the

-I60 0 to 900 cm region.

Copolymerizations 
TMEQ copolymerized with a number of comonomers in 

various - solvents. The TMEQ/styrene copolymerization reaction 
was used as a model to identify a "best conditions" reaction . 
methodology. The "best conditions" were those which produced 
the most viscous polymer.

Both tetrahydrofuran and CH^CN solvents supported 
reasonably good TMEQ/styrene copolymerization reactions at 
various temperatures between 57°C and 85°C, with both 
benzoyl peroxide and AIBN initiators. Both solvents sup
ported polymerization with UV initiation alone. The TMEQ/ 
styrene copolymerization occurred with no solvent (excess 
styrene), with UV as well as AIBN or benzoyl peroxide initia
tion. The use of sulfolane as a polymerization solvent 
immediately increased both yields and viscosities of the 
isolated copolymers. The amount of -AIBN initiator was varied 
between 5 and 50 milligrams, and the reaction times varied 
between a few hours and 72 hours. It was decided that the 
best results could be expected using sulfolane solvent, 
about 5 milligrams of AIBN as initiator, at a temperature 
of 51°C, with the reaction done over a period of 72 hours.



Fig. 8. Infrared Scan of p-phenylene-bis-(dimethyl 
malonate) (TMEQHg).
Instrument--Perkin Elmer 337 Spectrophotometer 
Conditions: (1) Potassium Bromide Pellet;
(2) Slow Scan Speed/Normal Slit Opening;
(3) Air Reference.
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All copolymerizations reported in Table 1 were done under 
these conditions.

The following vinyl compounds showed no free radical 
copolymerization activity with TMEQ, although the 4-vinyl- 
pyridine reaction turned red after about 10 minutes of reac
tion time.

1. vinyl acetate
2. ethyl vinyl ether
3. 4-vinylpyridine
4. maleic anhydride
5. 1,1-diphenylethylene
6. trans-stilbene

The "drop times" for relative viscosities were rather 
long with sulfolane (circa 10 minutes), but seemed to be 
nicely repeatable.

Charge Transfer Observations.
TMEQ was dissolved in both tetrahydrofuran and 

acetonitrile, and solutions of both tetrathiafulvalene and 
tetramethylparaphenylenediamine (TMPPD), were mixed in. No 
reaction sufficient to produce a precipitated salt was ob
served. However, an immediate deep blue color was produced 
by TMEQ/TMPPD in acetonitrile solution.

In an effort to quantify the electron accepting 
capability of TMEQ, several cyclic voltametry scans were done.
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Table 1. TMEQ Copolymerization.

Comonomer
Comonomer 
Weight(g)

TMEQ 
Weight(g)

Molar Ratio 
TMEQ: Comonomer

Polymer 
Weight(g)

Polymer 
% Yield

Inherent
Viscosity

Elemental Analysis (%) 
C H Other

Polymer Mole 
% TMEQ Remarks

Styrene 0.16 0.50 1:1 0.56 85 0.324 65.02 5.70 50.98

p-Methoxystyrene 0.20 0.50 1:1 0.35 50 0.335 63.10 5.77 53.89 No initiator used. 
10 minutes. Spontaneous reaction. Solution turned red after

p-Methoxystyrene 0.20 0.50 1:1 0.56 80 0.443 62.51 5.41 57.29 Solution turned red after 10 minutes.

N-Vinylcarbazole 0.18 0.50 1.61:1 0. 08 10 0.155 65.34 5.38 N2.07 60.28 No initiator used. 
15 minutes. Spontaneous reaction. Solution turned red after

N-Vinylcarbazole 0.29 0.50 1:1 0.33 42 0.194 66. 86 5.12 N2.80 54.36 Solution turned red after 15 minutes.

9-Vinylanthracene 0.30 0.50 1:1 0.20 25 0.194 67.55 5.23 60.75

2-Vinylnaphthalene 0.23 0.50 1:1 0.56 77 0.353 67 . 33 5.39 54.03

4-Chlorostyrene 0.21 0.50 1:1 0.58 82 0.410 60.47 5.10 C&8.55 52.30

Styrene 0.16 1.00 2:1 0.33 28 0.230 65.18 5.54 51.06

Styrene 0.32 0.50 1:2 0.33 40 0.431 67.95 5.83 41.05

Notes: 1. All reactions were done in 10 milliliter sulfolane,
at 57°C, for 72 hours.

2. All viscosities were measured in sulfolane at 30°C.
3. All reactions used 5.5 ±1 milligrams AIBN as a

free radical initiator except as noted.
4. All polymer mole ratio determinations are based

on carbon content analyses.



The scans were first done with TCNQ, which proved to be 
nicely reversible, with a reduction potential at -0.69 volts. 
This was done in acetonitrile at a scan rate of 0.1 volts 
per second, relative to a silver-silver nitrate electrode 
(0.1 molar).

Under the same conditions, TMEQ was not reversible, 
with a reduction potential current peak at -0.83 volts and 
no evident oxidation peak.



CHAPTER 4 

DISCUSSION

TMEQ Synthesis 
The synthetic methodology originally reported by 

Acker and Hertler (1962) was used, for the most part, for 
the preparation of the TMEQ used in these experiments. 
Certain minor modifications were done to various parts of 
zthe procedure to increase yields.

The last step in this synthesis could not be re
peated by this investigator, so a different procedure was 
used. Instead of preparing the TMEQH 2  dianion by means of 
sodium methoxide in methanol, the more basic and non- 
nucleophilic potassium hydride was used in tetrahydrofuran. 
This was followed by the addition of elemental iodine.to 
effect the overall oxidation of TMEQHg to TMEQ. This reac
tion, although heterogeneous, resulted in a 335% increase 
in yield over that reported by Acker and Hertler.

TMEQ Properties 
TMEQ was found to be isolable and capable of being 

stored long-term in a refrigerator. TMEQ recrystallization 
could be accomplished from hot toluene, followed by the 
addition of pentane, but only with an antioxidant (di-tert- 
butylcatechol) added. Use of the pure solvents resulted
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in homopolymer. This TMEQ characteristic of being isolable 
and even recrystallizable seems to place it,part-way between 
TCNQ and the xylylene compounds in polymerization reactivity, 
TCNQ has not been reported to homopolymerize while TMEQ does. 
TMEQ is isolable as a stable compound capable of long-term 
storage z: while the unsubstituted xylylenes are not isolable 
at all, but are generated in situ by vacuum pyrolysis of the 
corresponding cyclophane. Evidently, the extreme electron 
withdrawing nature of the four cyano groups in TCNQ is enough 
to reduce considerably the activity of the exo carbon-carbon 
double bonds, so that homopolymerization will not take place.' 
The reduced electron withdrawing nature of the carbomethoxy 
groups in TMEQ results in greater participation of the exo 
double bonds in 1,6 reactions which result in aromaticity.
The xylylene compounds have exo double bonds that are so 
reactive that they are not isolable and, although stable in 
the vapor phase (Gorham, 1971, Encyclopedia of ..Poly. Science 
and Technology, Vol. 15, pp. 99-124), homopolymerize' on 
condensation to the 1-4 substituted aromatic homopolymer.

It may thus be argued that withdrawal of electron 
density at the exo double bond positions stabilizes this 
molecule against 1,.6 reactions simply by virtue of the fact 
that the electron density, which would support such a reac
tion, is not present. The logical extrapolation of this
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idea leads one to consider a "gedanken experiment" in which 
the four cyano groups are replaced by four acid chloride, 
or even acid fluoride groups which may represent extremes 
in the electron withdrawing nature of these types of the 
common organic functional groups. Such a molecule should be 
readily isolable (from 1/6 reaction tendency at least), and 
exhibit considerable reluctance to enter the 1/6 copolymeri
zation reaction.

TMEQ Polymerization Mechanism
Any examination of the polymerization characteristics 

of a molecule such as TMEQ should define a suitable mechanism 
for that polymerization. TMEQ, and its analog, TCNQ,.has 
four carbon-carbon double bonds per molecule. This quinone- 
type structure allows the theoretical consideration of four 
identical mechanisms which involve free radical initiator 
attack on a ring double bond to give a carbon free radical 
as seen in Fig. 9. This free radical is less conjugated 
(both in-line and "cross conjugation) than the original mole
cule.

There exist four more possible mechanisms which in
volve free radical initiator attack on a single carbon/carbon 
double bond. These seem improbable because of the energy 
requirements that the breaking of the conjugated system would 
require. .
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Fig. 9. Possible Free Radical Mechanism.

Finally, there exist two identical mechanisms, which 
evidently do occur, which involve free radical attack on 
carbons 1 or 6, give benzyl radicals and result in the genera
tion of an aromatic system, with the consequent liberation of 
considerable reaction energy. This mechanism is presented 
in Fig. 10. All of these modes of attack allow for the 
stabilization of the free radical by the electron withdrawing 
ester groups.

TMEQ Homopolymerization 
TMEQ homopolymerization results in a linear 1,4 sub

stituted aromatic polymer with great reluctance to dissolve 
in any common organic solvent, or even in hexafluoroisopro- 
panol. It was found to dissolve in concentrated sulfuric acid.



Fig. 10. Actual Free Radical Mechanism.

chlorosulfonic acid, and trifluoromethanesulfonic acid. 
Viscosity measurements taken in trifluoromethanesulfonic 
acid indicated that a polyelectrolyte had been formed, 
evidently from protonation of the polymer. The resultant 
inherent viscosity curve gave classic polyelectrolyte be
havior, with an extrapolated intrinsic viscosity of 0.93.
This would seem to indicate that a reasonably long linear 
homopolymer had been formed, or at least a somewhat straight 
one. There did exist some time-dependent viscosity reduc
tion in trifluoromethanesulfonic acid, perhaps indicating 
polymer degradation under these conditions.

Acker and Hertler (1962) subjected powdered TMEQ 
homopolymer to x-ray analysis and concluded that the material 
might be a cyclic oligomer. It is interesting to note that



29
the linear xylylene polymers reported by Gorham (1971) were 
also suspected of being nonlinear (Brown and Farthing, 1953; 
Auspos et al., 1955), cross-linked (Auspos et al., 1955) 
structures of high molecular weight. At least some of the 
evidence for this conclusion seemed to stem from the poly
mer's reluctance to dissolve in the common organic solvents. 
Insolubility of 1,4 substituted aromatic high polymers in 
common organic solvents would seem to be a common character
istic.

TMEQ Copolymerization 
TMEQ copolymerizes readily in solution with a variety 

of comonomers. It is perhaps surprising, however, that no 
copolymer was formed with ethyl vinyl either or 4-vinyl-. 
pyridine. The vinyl ethers are certainly electron rich 
monomers and should copolymerize with an electron poor 
comonomer such as TMEQ. It seems that free radical stabili
zation, via the phenyl moiety, is simply more important for 
copolymer formation than the electron donating capability of 
a comonomer. This same characteristic was found to hold with 
TCNQ as reported by Iwatsuki and Itoh (1979) who reported no 
TCNQ copolymer formed with normal and secondary butyl vinyl 
ethers, while copolymer was formed with phenyl vinyl ether. 
However, there evidently exists the usual reluctance of a 
sterically hindered moiety to take part in these copolymeri
zation reactions, as evidenced by a comparison of less
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hindered comonomers such as styrene, paramethoxystyrene,
and 4-chlorostyrene, with the more hindered N-vinylcarbazole

1and 9-vinylanthracene. 2-Vinylnapthalene is an unusually
good comonomer as evidenced by its yield and inherent vis
cosity. It could be reasoned, however, that 1-vinylnapthalene 
would show more reluctance for copolymerization than its 
isomer because of steric hinderance.

The refusal of 1,1-diphenylethylene to copolymerize 
is evidently also because of steric hinderance. This ten
dency of non-polymerization was noticed by Hall and Daly
(1978) with the less hindered a-methyIstyrene.

TMEQ/Styrene Feed Ratio Variations 
Altogether three different ratios of comonomers were 

used in the TMEQ/styrene copolymerization reactions. The 
ratio variations of TMEQ to styrene were 1:2, 1:1, and 2:1.
The viscosity of the 2:1 mix was the lowest at 0.23 0 (r)̂ nj1) , 
followed by the 1:1 mix at 0.324 , and the .1:2 . mix
at 0.431 ( n ^ ^ ) . NMR scans indicate no separate strings ' 
of polystyrene being formed, and NMR integrations measure 
an increase in aromatic protons in the 1:2 mix.. "Copolymer 
mole percent calculations (from carbon analyses) indicate

1. ^9-Vinylanthracene can. polymerize across the 
central ring, but would result in an even more hindered free 
radical than that of simple vinyl polyerrzation.
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that the 2:1 and 1:1 feed ratios result in very nearly 1:1 
copolymers, while the styrene rich 1:2 mix gave a polymer 
more nearly 3:2, styrene to TMEQ. All these results point 
to a "peaking" of the copolymerization tendency of TMEQ 
toward the 1:1 copolymer.

TMEQ Charge Transfer 
In order, to quantify the ability of TMEQ to accept 

electronic charge, a comparison was.made of TMEQ. with TCNQ 
by the method of cyclic voltametry. This measurement was 
done in acetonitrile, with a 0.1 molar silver-silver nitrate 
electrode. The reversible reduction potential of TCNQ was 
-0.69 volts with a reduction potential current peak at -0.72 
volts. TMEQ proved to be irreversible under the experimental, 
conditions used, with a reduction potential current peak at 
-0.83 volts. .A chemical reaction is evidently occurring, 
so as to alter the molecular configuration of the TMEQ 
moiety. It is suspected that dimerization or further molecu
lar coupling is occurring, effectively using the reduced 
TMEQ molecule as a free radical initiator (TCNQ does not 
homopolymerize under these conditions, and has not been 
reported to homopolymerize at all). Very fast scan rates, 
along with reduced TMEQ solution concentration, could offer 
a method of defining an accurate TMEQ reduction potential 
for comparison with TCNQ.
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