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The sensitization of the photoconductivity in polyacenaphthylene by a dye and/or a Lewis acid
was investigated. The most effective materials are methylene blue (E1/2=1500lux. sec.), rhoda-
mine 6G (6000lux. sec.), and Victoria pure blue (6500lux. sec.) in the dye sensitization, and 1-
nitroanthraquinone (1200lux. sec.), 2, 3-dichloronaphthoquinone (1400lux. sec.), 1, 5-dichlo-
roanthraquinone (1500lux. sec.), chloranil (1800lux. sec.), and 2-chloroanthraquinone (1900
lux. sec.) in the Lewis-acid sensitization. The combined effects of a dye and a strong acid were
determined in the case of polyacenaphthylene as well as poly-N-vinylcarbazole.

In a previous paper,1) the authors reported that

polyacenaphthylene showed only a low photocon-
ductivity, while the nitrated polymer obtained by
the partial nitration of polyacenaphthylene showed
a considerable photoconductivity. The effect of the
nitration on photoconductivity may be interpreted
by means of a charged transfer mechanism. The
nitrated acenaphthylene group is considered to
be an electron acceptor. This process may be
called the intramolecular chemical sensitization.

Slough studied the semiconductivity of charge
transfer complexes of polyacenaphthylene with
Lewis acids in the dark,2) and Hoegl reported in
a recent paper that a charge transfer complex of

polyacenaphthylene doped with hexabromonaph-
thalic anhydride could be made to show photo-
conductive behavior with the aid of the electro-

photographic printing process.3) The present au-
thors found the same behavior: polyacenaphthylene,
which is regarded as a polymeric donor, is sensitized
by doping miscellaneous dyes and/or Lewis acids,

just as poly-N-vinylcarbazole can be sensitized
with them.4)

This paper will report the experimental results
obtained by adding dyes and Lewis acids to poly-
acenaphthylene in order to determine a useful
composition of photosensitive material for the elec-
trophotographic process.

Experimental

The Polymerization of Acenaphthylene.5)-Ten
grams of acenaphthylene was dissolved in 10ml. of
ethyl benzene and emulsified with 100ml. of a sodium
stearate solution.*1 As an initiator, 0.4g. of potassium
persulfate was added to the emulsion; then the mixture
was agitated in a closed container for 10hr. at 45℃.

The resultant polymer was coagulated from the solu-
tion by dropping it slowly into dilute hydrochloric

acid. The coagulated polymer was then filtered off,
dissolved in benzene, and precipitated into methyl al-
cohol. Yield, 74%; [η]=0.53 (at 25℃ in bcnzene).

1) A. Inami, K. Morimoto and Y. Hayashi, This
Bulletin, 37, 842 (1964).

2) W. Slough, Trans. Faraday Soc., 58, 2360 (1962).
3) H. Hoegl, J. Phys. Chem., 69, 755 (1965).

4) Y. Hayashi, M. Kuroda and A. Inami, This
Bulletin, 39, 1660 (1966).

5) U.S. Pat. 2563524 (1951).
*1 This emulsion consisted of 600ml. of water,

14g. of stearic acid, and 6g. of potassium hydroxide.
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The Preparation of a Photosensitive Specimen.
-The method of preparation was substantially the
same as to that used for poly-N-vinylcarbazole and re-
ported previously.4) Here, toluene was used as the
solvent, and the dye concentration was fixed at 0.05%
by weight for the solid polymer powder. The Lewis
acids (chemical sensitizer) concentrations were fixed
at 1% by weight in the case of acids, acid anhydrides,
aldehydes, and ketones. In the case of the quinone
group, however, all the addition amounts were fixed
at 10%.

The final polymer solutions were coated onto alumi-
num plates 0.1mm. thick with the aid of a Baker-type
applicator; then the solvent was thoroughly evaporated
in the drying oven. After the solvent had been evap-
orated, the specimen films were about 15μ thick.

The parent polymer was so brittle in the thin film form
that, after the solvent had been evaporated, numerous

cracks generated if the drying speed was too high.
Therefore, the drying temperature was kept below
50℃ at atmospheric pressure.

Sensitometry.-The photoconductive sensitivities
of the doped samples were measured by the electropho-
tographic charge-decay method described in previous
papers.1,4) The sensitivities were represented as the
half decay exposure, E1/2, which serves as an index of
the photoconduction. In this experiment, two light
intensities were applied, i.e., 1000lux. in less sensitive
materials (E1/2) 1000lux. sec.), and 100lux. in highly
sensitive materials (E1/2<1000lux. sec.). In order to
indicate the dark decay due to the dark resistivity of a
sample, the initial voltage, V0, at the starting point of
the light decay is listed along with E1/2. These data
were obtained at a constant temperature (20℃) and

humidity (50%).

Results

Dye Sensitization.-It can be seen from Table
I that the most effective dye is methylene blue
(E1/2=1500lux. sec.), and the next is rhodamine
6G (E1/2=6000lux. sec.). Crystal violet, rho-
damine B, and malachite green, which were very
effective on poly-N-vinylcarbazole, show a lower
sensitizability than the foregoing.

Fig. 1. Relation between sensitivity of dyed
polyacenaphthylene and methylene blue concn.

TABLE 1. SENSITIZATIONS BY DYES

In the case of sensitization on poly-N-vinyl-

carbazole, methylene blue is a little less sensitive

than crystal violet. It is not evident why a large

difference occurs between methylene blue and new

methylene blue, because the two chemical formulas

are very similar to each other. Methylene blue,

rhodamine 6G, and victoria pure blue are all cat-

ionic dyes. The empirical tendency for the effec-

tive dyes to be cationics in the dye sensitization of

poly-N-vinylcarbazole may also be applied in the
case of polyacenaphthylene. Methylene blue, a

thiazine dye, is known as a desensitizer in the silver
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TABLE II. SENSITIZATIONS BY LEWIS ACIDS

halide emulsions. This dye has positive effects,
and cyanine dyes which are good sensitizers for the
silver halides have no effect on the polymeric donor-
type photoconductors.

Effective Dye Concentration.-In Fig. 1, a
relation between the photosensitivity and the dop-
ing concentration of methylene blue is presented.
In view of the accuracy of measuring, it can be
said that the optimum dye concentration range is
0.03-0.1%. As the dye concentration increases,
the dark decay rate increases as a result of a de-
crease in the dark resistivity.

Lewis Acid Sensitization. The pure polyace-
naphthylene showed an E1/2 value of 1.6×105-

1.8×105lux. sec. and a V0 value of 1400-1600V.

The dark decay rate was about 5 times that of poly-

N-vinylcarbazole. These results imply that poly-

acenaphthylene has a lower value in the dark

resistivity and a higher value in the light resis-

tivity.*2

From Table II, it can be said that quinone de-

rivatives are effective. 1-Nitroanthraquinone, 2, 3-

dichloronaphthoquinone, 1, 5-dichloroanthraqui-

none, chloranil, and 2-chloroanthraquinone, which

are strongly electron-attractive, show high sensitiza-

bilities in white light without dye. This shows that

the clear formation of a charge transfer complex

is a favorable method for the sensitization when

an effective dye is not used. The E1/2 values of

1-nitroanthraquinone (1.2×103lux. sec.) and 2, 3-

dichloroanthraquinone (1.4×103lux. sec.) are

comparable with that of methylene blue (1.5×103

lux. sec.).
The Combined Effect of a Dye and a Strong

Acid.-It has already been found that poly-N-
vinylcarbazole was sensitized very highly with a
cationic dye and a strong acid. Such a combined
effect with a dye and acid might also be expected
in the case of polyacenaphthylene. A compounded
system of methylene blue (0.05%)+2, 4, 6-trini-
trobenzoic acid (1%) shows 250lux. sec., while
a system of methylene blue (0.05%)+1-nitroanthra-
quinone (10%) or methylene blue (0.05%)+
chloranil (10%) shows 1.3×103 or 2.5×103tux.

sec. respectively (see Fig. 2). Thus, an amplified

*2 The E1/2 value of pure poly-N-vinylcarbazole

was found to be about 4000lux. sec.
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Fig. 2. Electrophotographic characteristic curves
of some sensitized polyacenaphthylene: 1, doped
with 0.05% of methylene blue and 1% of 2, 4, 6-
trinitrobenzoic acid; 2, doped with 0.05% of
methylene blue and 10% of 1-nitroanthraqui-
none; 3, doped with 0.05% of methylene blue
and 10% of chloranil; 4, doped with 0.05% of
methylene blue and 10% of 2, 3-dichloronaphtho-
quinone.

effect by using a dye and an acid is also to be seen
in the sensitization of polyacenaphthylene.

From the view point of practical use in electro-

photography, only methylene blue is found to be
a significant dye.

Conclusion

The sensitized polyacenaphthylene with 0.05%
of methylene blue and 1% of 2, 4, 6-trinitrobenzoic
acid shows 250lux. sec. in sensitometry with a
half decay exposure. Nitrated polyacenaphthylene,
which has an optimum degree of nitration (20-40
mol.%),6) shows about 2×103lux. sec. The meth.

ylene blue-sensitized sample of the nitrated de-
rivative was found to be 550lux. sec., which is

about twice the foregoing system of polyacenaph-

thylene. From these results, the nitration is not

likely to be a practical method for preparing elctro-

photographic-sensitive material.

The authors express their hearty thanks to Dr.

Shunkichi Kisaka, the manager of the laboratory

for his kind guidance and encouragement through

the work.

6) K. Morimoto and A. Inami, J. Chem. Soc. Japan,
Ind. Chem. Sect. (Kogyo Kagaku Zasshi), 67, 232 (1964).


