Polymer (Korea) Vol. 16, No. 5, pp 563—569 (1992)

ADIALS TRAE AT TRATS B
SEERFRLEEIRLT B DR EL

a3 A-2420" -5 A 2247
o gy RS - F )
MR L L

(19923 59 11 %

Syntheses of Precursor Polymers Containing Methyl Vinyl Ketone
and Their Electrical Conductivities on Being Treated with
Phosphorous Oxychloride

Young Min Kim*, Chang Sik Ha, Seong Jin Cho**, Dong Kyu Park***, and Won Jei Cho™

Department of Polymer Science and Engineering, Pusan National University, Pusan 609-735, Korea
*R & D Center, Petrochemicals & Polymers, Lucky Ltd, Daejeon, 305-343. Korea
* * Dept. of Physics, Kyung Sung University, Pusan 608-045, Korea
** X Dept. of Chemistry, Kyung Sung University, Pusan 608-045, Korea
(Received May 11, 1992)

£ o WEnIAEMVK)S EFete FEAEE FHFHL 8T A2 4APOC S
W AlA e A uEse] AVAEEE -zoa}ﬁu} e dAEMVK)S 3714 &8 5=

o] AIBN2 7} A 2l & 3l benzene&-ujl 3ol 500 A 7A1Zt 242} e 258t Do FHAE Ca-
nnon-Fenske AT A2 23 A9 n/dx [n]9 GPCE ¥2 zagFRtE(M,) o2y
B [n]=7.7X10°M,> 79} 2o fAAE At =3 4712 b 24)(0.5~5.0(MVK]/[MA]) 9|
WeguldAE(MVK)H vgolzd g o] E(MA)E AIBNS A2 2 dto] 50ToA oz F5F
o) 22 A (poly(MVK-co-MA)) & A8ttt o) T3 W&o g d&Fx wgAHE Ke-
lene-Tidos®™ ¢ 2 ZAA3AT} ; rn(MVK)=1.85, r,(MA)=0.99. PMVK<} poly(MVK-co-MA)E 0
Toll M, FZRIEE30)A] POCLY gHgAlA HEAHLEAQ] E (I oNEdFEAES &
otk o5 AEAREASS THF 2 DMF &si5gion Aen 4 Aol £33 o £
A olF A A4 AS HAsHAc). 4-point probe DCFYRO 2 o] 59 ArwE FHT 2#
AP LEAQ PMVKE Bxgko] Z7125:2 w3 POCLe Y] whA7le] F71E4% dnEe
Z7lst Qe 107~10°Sem? B9 & 2ATh POCkS} ¥&A12] 3FEA 9 39 PMVKe
Hlaf oFzk v ghe Bow, FEIAY MATH e Pkl TitESE dEEE i

*To whom all correspondence should be addressed.

Z2|0 A16¥ A535 19923 9¢

563



Young Min Kim, Chang Sik Ha, Seong Jin Cho, Dong Kyu Park, and Won Jei Cho

Abstract : Electrical conductivities of polymers containing methyl vinyl ketone(MVK) on being treu-
ted with phosphorous oxychloride, were investigated. Poly(methyl vinyl ketone) (PMVK)s were syn-
thesized with three different concentrations of AIBN in benzene at 50T ; Intrinsic viscosity(n) of
PMVK measured with a Cannon-Fenske viscometer was correlated with weight-average molecular
weight by GPC as the following Mark-Houwink-Sakurada relationship ; (n]1=7.7X 10°M,%  Four
types of copolymers with MVK and methyl acrylate(MA), poly(MVK-co-MA)'s having different mo-
nomer feed ratios(0.5~50{MVK]/[MA]) were obtained by radical copolymerization with 3.7 X 10*M
of AIBN at 50C. The reactivity ratio of each monomer was determined by the Kelen-Tudos method
as follows ; r;(MVK) =185, r(MA) =0.99. Poly(acetylacetylene) derivatives were obtained by reac-
ting PMVK or poly(MVK-co-MA) with phosphorous oxychloride in chloroform at 0C under various
reaction times. The conductive polymers were soluble in THF and DMF. The formation of double
bond in the polymers was identified by IR and UV spectra. Their conductivities were measured by
4-point probe DC method. The conductivity of the poly(acetylacetylene) lay in the range of
107~10° Sem™! and increased with increasing molecular weight of PMVK and POCl; treatment time.
It was found that the conductivity of the POCls-treated copolymer was slightly lower than that of

PMVK and decreased with increasing MA content in the copolymers.

INTRODUCTION

The electrically conductive polymers have attrac-
ted much interests from theoretical and practical
standpoints.!™* Among them, polyacetylene has
been extensively studied because of its high elect-
rical conductivity and ease of synthesis.s”8 Poly-
acethylene is,however, unstable in air, is insoluble
in the usual organic solvents, and decomposed
before melting.

Therefore, studies of the syntheses and proper-
ties of substituted polyacetylene, polyarylenes or
poly(arylenevinylene)s, etc. have been intensively
made.’~ 1 Ogawa et al’31% reported on the reac-
tion of poly(alkyl vinly ketone)s with active chlori-
des such as phosphoryl chloride to obtain the elec-
trical conductive poly(acylacetylene) films.!81°
The conductivities of polyacetylenes are depen-
dent on the number of duble bonds such as the
degree of polymerization of the starting material,
poly(alkyl vinyl ketone) and the regularity of the
repeating unit.

Of great importance is the fact that poly(methyl
vinyl ketone) (PMVK) can be used as a precursor
polymer to obtain a novel semiconductor material
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since it shows high conductivity on being treated
with phosphoryl chloride or phosphorous oxychlo-
ride.’® However, it is not clear as yet whether the
high conductivity of PMVK reacted with active ch-
lorides is inherent property of PMVK or not. Thus,
more detailed studies on the characterization and
electrical conductivities of homopolymer of methyl
vinyl ketone(MVK) and its copolymers should be
continued.

In this connection, we synthesized several
PMVK’s using 2,2'-azobisisobutylonitrile(AIBN) as
an initiator at 50C and studied the effets of mole-
cular weights of the precursor polymers on the
electrical conductivities after being reacted with
phosphorous oxychloride. We also prepared a co-
polymer with MVK and methyl acrylate(MA),
(poly(MVK-co-MA)), by radical copolymerization
and determined the monomer reactivity ratios by
the Kelen-Tudos method. We report their conduc-
tivities after being treated with phosphorus oxych-
loride and the effects of the compositions of the
precursor copolymers on the conductivities. Elect-
rical conductivity of the polymers was measured
by 4-point probe DC method.
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EXPERIMENTAL

Materials

Methyl vinyl ketone (MVK ; Merck) was dehy-
drated with calcium chloride and fractionally disti-
lled. Methyl acrylate(MA ; Tokyo Kasei) was
washed with 5% aqueous solution of sodium
hydroxide two times and dehydrated with calcium
chloride, followed by fractionally distillation. 2,2'-
Azobisisobutylonitrile (AIBN ; Wako) was recrys-
tallized from dehydrated ethanol and phosphorous
oxychloride(POCI; ; Nakarai) was used without
further purification. Tetrahydrofuran (THF ; Ba-
ker) of HPLC grade was used as received. Other
chemicals were purified prior to use by the stan-
dard methods.

Preparation of Materials

Synthesis of poly(methyl vinyl ketone), PMVK

37M of MVK was dissolved in benzene and
then added with three different concentrations of
AIBN, ranged from 3.7X10* to 3.7X10°M, in
polymerization tubes. The tubes were sealed after
charging with nitrogen and polymerizations were
carried out for 7 hrs at 50C. After polymerization,
the contents were poured into methanol with stir-
ring ; the precipitates were filtered and dried in
vacuo to constant weight. The polymers were iden-
tified by LR. spectroscopy(Perkin-Elmer 1330).

Synthesis of Poly(MVK-co-MA)

The copolymer, poly(methylvinylketone-co-me-
thylacrylate) (poly(MVK-co-MA)) was prepared
by reacting a mixture of MVK and MA with 1.2X
10° M of AIBN at 50C by the similar method desc-
ribed for preparation of PMVK, except the copoly-
merization was carried out in bulk. A series of co-
polymerizations, in which the feed ratios of MVK
(M;) to MA(M,) were varied in the range of 0.5
to 50 by mol. %, yielded copolymers over a wide
range of compositions. The copolymerizations were
stopped before 10% conversion was reached.

Analysis of Copolymer Compositions

The copolymer composition was determined by
using UV spectrophotometer(Shimadzu 200A).
The specific absorptivities of polymers were mea-
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sured at 288 nm in THF.

Treatment of Polymers with POCly

1g of PMVK was dissolved in 100 ml of chloro-
form and 8.225 g of POCl; were added to a three-
necked flask equipped with a stirrer, a gas inlet
and outlet and the mixture was kept in an ice bath
with stirring for a required time(5~72 hrs). After
the reaction the system was concentrated under
vacuum and the reacted polymer was precipitated
in petroleum ether, washed rapidly with methanol
and dried in vacuum.

Treatment of Poly(MVK-co-MA) with POCl,

poly(MVK-co-MA) was treated with POCl; by
the same method as described for PMVK, except
that the treatment time is fixed at 60 hrs.

Measurements

Molecular weight : The molecular weights of
PMVKs synthesized with various AIBN concentra-
tions were determined by gel permeation chroma-
tography(GPC) (Waters-244). The measurements
were conducted in THF and the apparatus was
calibrated with PS standards. Intrinsic viscosity
was measured at 20+ 0.01C with a Cannon-Fenske
viscometer in THF.

Glass transition temperature(T,) : T, of PVMK
was measured with differential scanning calorime-
try(DSC) (Perkin-Elmer DSC 4). The heating rate
was 10C/min and the onset of heat jump in DSC
thermogram was taken as Tg.

Electrical conductivities . For the measurement
of conductivity, pellets(thickness ; 200 um) from
the powdery samples were prepared by a pressure
of 500 Kg/cm®. Gold electrodes were attached on
both surfaces of the pellets together with guard
electrode by vacuum evaporation. The conductivity
measurements were carried out by 4-point probe
DC method in a vacuum of 107 torr.

RESULTS AND DISCUSSION

Characterization of PMVK

The polymerization rate of MVK followed the
one-half order kinetics for the initiator concentra-
tions and first order kinetics for the monomer
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concentrations.

The weight average molecular weights of
PMVK's(M,)) ranged from 57,000 to 76,000(see
Table 4). From the measurement of intrinsic vis-
cosities(n) of the polymers, we can correlate it with
the M,,obtained from GPC, as the following modi-
fied Mark-Houwink-Sakurada equation

n=7.7%x10°M 07

The glass transition temperature of PMVK was
given as 307°K. The T,'s of the copolymers with
different monomer feed ratio ranged from 282°K
to 307°K.

Monomer Reactivity in Poly(MVK-co-MA)

The copolymer composition in poly(MVK-co-
MA) was analyzed by using UV spectroscopy. The
UV spectra of PMVK and poly(methylacrylate)
(PMA) in THF are shown in Fig. 1, where 288 nm
is selected as the characteristic wavelength for
analysis because PMA scarcely absorbs the light of
the wavelength. The UV spectrum of a copolymer,
poly(MVK-co-MA), was also shown in Fig. 1, for
comparison. The copolymer sample has mole ratio
of 3/1 [MVK]/[MA] in feed. The following equa-
tion was derived from the relationship between
the specfic absorptivity of copolymer(k) and the
weight fraction(x) of monomer unit in copoly-
mer

k=0.112+1.102 x

The copolymer compositions are listed in Table
1, along with other parameters necessary to obtain
the reactivity ratios of each monomer by the Ke-
len-Tudos method. From the Kelen-Tudos plot, r,

and 1, values were determined as 1.85(MVK) and
0.99(MA), respectively.

Electrical Conductivity of PVMKs Treated with

POCl,

Table 2 shows the solubility of the PMVK’s
treated with POCl;. In this case, the PMVK was
synthesized with 3.7xX10* M of AIBN and the co-
polymer, poly(MVK-co-MA) was synthesized with
the mole ratio of 5/1 [MVK] to [MA] and treated
with POCl; for 60 hrs. The solubility of PMVKs
was tested in several polar solvents like chloro-

1.0

08

e
o
v

Absorbance

e
~

02+

00r

210 250 290 330 370
Wavelength(nm)
Fig. 1. UV spectra of poly(methyl vinyl ketone), poly
(methylacrylate) and poly(methyl vinyl ketone-co-
methylacrylate) in THF(3 mg/100 ml) : The copoly-
mer sample has mole ratio of [MVKJ/[MA]=3/1 in
feed.

Table 1. Determination of Monomer Reactivity Ratios for the Copolymerization of MVK(M;) and MA(M.) with

AIBN at 50C [AIBN]=1.2x10®M, a=1.09

Exp. . X(Y—-1
;p X=My/M: Y=m/m, Xt Y-1 F=X¥Y G= (3 ) a+F n=G/(a+F)¢=F/(a+F)
o.
1 5.06 8.61 25.57 7.61 297 447 4.06 1.10 0.73
2 3.00 4.89 9.01 3.89 1.84 2.39 293 0.82 0.63
3 1.00 151 1.01 0.51 0.67 0.34 1.76 0.19 0.38
4 0.50 0.62 0.25 —0.38 0.40 —0.30 149 —0.20 0.27

n(MVK) =185, r,(MA)=0.99 : a=\/Fuu X Foa.
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Table 2. Solubility of PMVKs Treated with POCl,

Treatment Solvents
time (hr) Chloroform THF  DMF DMSO
5 ++ ++

12 + + + +
36 + + + +
60 + + + +

poly(MVK-

co-MA)* + +

** completely soluble * slightly soluble

* The copolymer was treated with POCl; for 60 hrs,
In this case, the copolymer with monomer feed ratio
of 5/1(by mol. %) [MVK]/[MA] was used.
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Fig. 2. IR spectra of (a) PMVK and (b) PMVK trea-

ted with POCIl; for 60 hrs.

form, THF, 2,2'-dimethylformamide(DMF) and di-
methy] sufoxide(DMSO). The PMVK treated with
POCI; for short time was completely soluble in
common polar solvents but the PMVK’s treated for
long time were no longer soluble. As expected, the
solubility of PMVK in those solvents decreased
with the treatment time.

Fig. 2 shows IR spectra of PMVK(a) and PMVK
treated with POCl; for 60 hrs(b). The absorption
band(b) at 1626 cm™ is due to a double bond for-
med when PMVK was treated with POCl,. Similar
result was also reported by Ogawa, et al'® UV
spectra were obtained to confirm the conjugated
double bond of the PMVK treated with POCl;. Fig.
3 shows UV spectra of PMVK(a) and PMVK trea-
ted with POCI, for 24 hrs in THF(b). The charac-
teristic peak of PMVK was observed at 290 nm in
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Fig. 3. UV spectra of (a) PMVK and (b) PMVK trea-
ted with POCly for 24 hrs.

Table 3. Conductivities of PMVKs Treated with
POCI;*

Treatment Conductivity
time(hr) (S/cm)
12 1.60x10°
24 2.96X10°
36 4.17X10*
48 1.16x10°%
60 5.30 X107
72 5.70X 107
poly(MVK-co-
MA)** 867X10*

*The PMVK used were synthesized with 3.7 10* M
of AIBN.

" The copolymer was treated with POCl; for 60 hrs.
In this case, the copolymer with monomer feed ratio
of 5/1(by mol. %) [MVKJ/[MA] was used. The mo-
lecular weight of the copolymer was 59,000.

both cases but a new peak was observed in the
longer wavelength region around 340 nm in the case
of PMVK treated with POCl;. It may be assum-
ed that the spectrum shown in Fig. 3 suggests that
n-conjugation extends along the polymer chains.’

The conductivities of all the PMVK treated with
POCl, lay in the range of ca.107~10 Scm™, as
shown in Table 3. It was observed that the con-
ductivities were increased with increasing treat-
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Table 4. Effect of Molecular Weight of PMVK on the
Conductivities

Con([:\eInBtIri tion Ml\c/}lecu]ar weiI%lht"’ Conductivity”
[M] N w (S/em)
3.7x10" 53,000 76,000 4.70x107
3.7X10% 48,000 64,000 1.16x10*
3.7X10% 40,000 57,000 1.55X10°

“ Measured by GPC

® PMVK was treated with POCI, for 48 hrs.

< This PMVK sample was used to investigate the ef-
fect of POCI; treatment time in Table 3.

ment time with POCl;, due to the formation of
more conjugated double bonds. In this case, the
PMVK were synthesized with 3.0%10*M of
AIBN. Table 3 also shows that the conductivity of
the POCl;-treated copolymer is slightly lower than
those of POCl;-treated PMVK's. The result may be
due to the less contents of conjugated diene in the
copolymer than that in PMVK homopolymer,
which results in the less regular coplanar struc-
ture of the copolymer compared with PMVK. In
this Table, the copolymer with monomer feed ratio
of 5/1(by mol. %) [MVK]/[MA] was treated with
POCIl; for 60 hrs. The molecular weight of the co-
polymer was 59,000(The intrinsic viscosity is 0.982
in THF at 20C).

The effect of molecular weight of PMVK, as a
precursor polymer to obtain a conductive polymer
on being treated with POCl,, is summarized in Ta-
ble 4. In Table 4, the PMVKs were synthesized
with three different AIBN concentrations and the
PMVKs were treated with POCl; for 48 hrs in
THF. The molecular weights of PMVKs decreased
with increasing AIBN concentration. One can see
that the PMVKs with larger molec ular weight
exhibit higher electrical conductivities on being
treated with POCl; under the same treatment con-
dition.

Electrical Conductivity of Poly(MVK-co-MA)

Treated with POCl,

Fig. 4 shows IR spectra of poly(MVK-co-MA)
and poly(MVK-co-MA) treated with POCl; for 60
hrs. The IR sepctrum of the copolymer untreated
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Fig. 4. IR spectra of (a) poly(MVK-co-MA) and (b)
poly(MVK-co-MA) treated with POCl; for 60 hrs.

Table 5. Effect of Mole Ratio of [MA] to [MVK] on
the Conductivities of POCl;-treated poly(MVK-co-
MA)*

Mole Ratio of [MVK]/[MA]

Conductivity

in feed in copolymer (S/cm)
5.06 8.61 8.67x10%
3.00 4.89 5.20x10°
1.00 1.51 1.02x10°
0.50 0.62 7.30X 1070

* The copolymer was treated with POCl; for 60 hrs.

with POCl; shows characteristic absorption peaks
at 2810cm™(C-H), 1660cm™(C=0) and 1201cm™
(C-0-C). Meanwhile, when the copolymer was
treated with POCl; a new peak at 1616 cm appears,
meaning again that the conjugate double bond was
formed.

Table 5 shows the effect of mole ratio of [MVK]
/TMA] on the conductivity of the POCl,-treated
poly(MVK-co-MA). The precursor copolymer was
reacted with phosphorous oxychloride at 0C for 60
hrs. It is seen that the conductivity decreases with
decreasing mole ratio of [MVK] to [MA].

CONCLUDING REMARKS

In this work, poly(methyl vinyl ketone) was syn-
thesized by using 2,2'-azobisisobutylonitrile(AIBN)
as an initiator in benzene at 50C. A copoly-
mer of MVK and MA was also prepared by radical
copolymerization at 50C. Molecular weights of poly
(methyl vinyl ketone) (PMVK) were measured by
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the Cannon-Fenske viscometer and GPC. Plot of
intrinsic viscosity(n) versus M, on a double lo-
garithmic graph indicated the following Mark-
Houwink-Sakurada  relationship i [n]=7.7x10®
M2™. In the copolymerizaion of MVK and MA,
the reactivity ratio of each monomer was deter-
mined by the Kelen-Tudos method as follows ; r;
(MVK) =185, 1,(MA)=099. Poly(acetylacety-
lene)s were obtained by the reactions of PMVK or
poly(MVK-co-MA) with phosphorous oxychloride
in chloroform at 0C under various reaction time.
Conductivity of samples was measured by 4-point
probe DC method. The conductivities of the poly
(acetylacetylene) derivatives lay in the range of
107~10°Sem? and increased with increasing
molecular weight of PMVK and POCI; treatment
time. It was found that the conductivity of the
POCls-treated copolymer was slightly lower than
that of PMVK. Their conductivities decreased with
decreasing mole ratio of [MVK] to [MA].
Finally, it should be mentioned that the conduc-
tivity would be sensitive to the unreacted POCI;
remaining in final conductive polymers, if any. It
was observed that the effect of traces of unreacted
POCl, in the final product on the conductivity is
negligible if the product is washed with excess
methanol for 120 min or longer.?! The amount of
the POCl; residues after washing for 120 min in
the product was anlyzed by SIP-NMR spectros-
copy. In fact, the amount of remaining POCl; was
extremely small, ca. 0.000030 g.(Note that the
amount of initial POCl; before reaction was 8.225

2.
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