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Photoconduction of Polystyrylpyrimidines
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Eight polystyrylpyrimidines were synthesized from p-xylylpyrimidine with p-phenylene diisothiocyanate
(DIT), terephthaloylchloride (TPC), p-xylylenedibromide (XDB), p-phenylenediamine (PDA), 4,4’-diamino-
diphenyl (BD), 4,4’-diamino diphenylsulfone (DPS), hexamethylene diamine (HMD), and 4,4’-diaminodiphenyl-

methane (DPM).

These polymer films have a fairly large photoconductive character; using a surface-type photo-

conductive cell, the logarithmic relation of the photo-current (I,) to the applied potential was found to be

linear.

Further, it was found that the slopes (r) obtained from the logarithmic relation (I,=kL") of the photo-

current to the light intensity (L) have values from 1.0 to 2.4. The peaks of the spectral response of the photo-

current of the eight samples exit around 500—600 myu and/or near the ultraviolet wavelength region.

The

photoconduction of these polymers was enhanced by the bridging groups attached to xylylpyrimidine; the

enhancement is in the following order;
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These have in recent years been a large number of
reports on the photoconduction of polycyclic aromatics
and also of polymers.)) However, scarcely systematic
research on the relation between the photoconduction
and the chemical structure has been carried out.?

It was heen widely noted that polyvinylcarbazole
shows quite a large photoresponse, one which is influ-
enced by sensitizers.®) The cause of this photoresponse
is assumed to be that polyvinylcarbazole has a large
side group which shows an energy transfer by means of
dipole-dipole resonance between carbazole molecules.?
As other organic photoconductive materials, poly-
styrene,” polyvinylacridine, and polyhalogenated
vinyl,”} and so on have been investigated. However,
the photoconduction of the polymer containing a
hetero-ring in the main chain has not yet been investi-
gated.

Recently, many sorts of electrophotographic tech-
niques have been developed. The main requirements
for good electrophotographic materials are as follows;
the ratio between the photoconductivity and the dark
conductivity should be large, and the spectral response
of the photoconduction should cover a wide visible
and ultraviolet wavelength region. If the relation
between the molecular structure and the photocon-
ductive character could be find, materials suitable
for electrophotographic printing could be prepared.

In this report, we will describe the variation in the
photoconductive characters of eight sorts of poly-
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styrylpyrimidines as a function of the molecular struc-
ture.

Experimental

7. Synthesis of the Polymers. The polycondensations
of p-xylylpyrimidine (1.00X 10-2 mol) with various diamines
(1.00 x 10-2 mol) were carried out for 5—10 hr 100 m!/ three-
necked flask equipped with a stirrer, a nitrogen gas inlet, and
a calcium chloride drying tube at 150°C. Inorganic catalysts
were not used, since inorganic impurities obviously affect
their electrical properties. Triethylamine (5 wt%, for
monomer) was used as a catalyst for polycondensation.
During the synthesizine procedure, highly polar solvents
dimethylformamide and dimethylacetamide were wused to
accelerate the reaction. The reaction mixture was poured
into ethanol, and the precipitated polymer was filtered and
washed successively with hot water and alcohol. The pow-
ders separated from the reaction mixture were purified by
a Soxlet extraction, dried at 100°C under a vacuum, and
stored over a desicant.®) The polymer was found to have no
ash content. Table 1 shows the structures and the nitrogen
analyses for the polymers obtained from p-xylylpyrimidine
reacted with and various monomers.

2. Measurement of the Semiconductive Properties and Photo-
conductivity. The electrical resistivity of the powdered
samples compressed between stainless-steel electrodes by a
pressure of 50 kg/cm? was measured in vacuo. The details
of this procedure already have been presented.” The
resistivity decreased with an increase in the temperature, and
a good linear relationship was obtained between the logarithm
of the resistivity (p) and the reciprocal of the temperature,
this indicates the applicability of the following formula.l?
p=p.exp (4Eq/2kT)

Measurement of the Surface Photo-current: Throughout the
experiments described in this report, a sample tablet (1.31
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TABLE 1. STRUCTURES AND NITROGEN ANALYSES OF POLYSTYRYLPYRIMIDINES
Nitrogen analyses
Rea-
No. gent Structure Calcd Found
(%) (%)
S O
N-¢ ¢N-Cscone- ~CH- C/C N\c 0-&-N- 1
Pl DIT [-N-¢-0- C\N CRY { >— - 15.38  15.24
H
o ? O n
I}
P2 TPC —(—C 0-G¢N_ S C-HC- { > CH- C<g N>G-0-C- { >-)- 11.57  13.55
H §
- —CH O
8 — G- 11:11
P3  XDB o-c{NIgre-He-{ >—CH—C\C N>C-0 12.28  13.69
H ¢ O CH—/-n
P4 PDA 19.71 18.39
HQ _ QOn
P5  BD -(-N=C<§:8>C=Hc-< - CH_C<8 §>C=N-R'-)- 16.73  15.28
R’ H ! - 4 H n
P6 DPS 15.27 15.64
P7 HMD 19.35 20.72
P8 DPM 16.27 15.55

DIT: p-Phenylene diisothiocyanate,
diamine, BD: Benzidine, DPS:
diphenylmethane

cm? surface area and ca. 0.5—1.0 mm thick) was made by
the compression of about 0.1 g of a finely-powdered at about
200 kg/cm?. Silver paste (du Pont conducting silver paint
No. 4817) was painted in two stripes on the surface of a tablet
with a 1 mm gap. A 750 watt tungsten lamp was used,
associated with metallic interference filteres in order to iso-
late narrow particular wavelength regions. The maximum
transmissive wavelengths of the regions, which were 10—
61 my in the half-band width, ranged from 398 mu to 1340
my, with intervals of 50—100 mu.'V The photoconduction
of the polymer was measured in a conductivity cell by il-
lumination with a tungsten lamp or a hydrogen-discharge
lamp. The electric current was measured by means of the
DC amplifier. As the voltage source applied to an organic
photocell, we used a DG voltage supply of up to 1000 V.

The absolute measurements of the intensity of the incident
light on an organic photocell were made by means of a Nihon-
bunko vacuum thermopile which was placed at the position
of the photocell. The maximum intensity, 3.70—4.73x
10*% photons/sec-cm?, was obtained for the light which was
isolated by a 848 my filter.1®

Results and Discussion

The voltage dependence of the surface photo-current
and the dark-current of the polymers was measured.
Most of the observations were made in vacuo with a

11) R. Hirohashi, J. Sci. Phot.
Japan, 33, 90 (1970).

12) M. Sano, “Dissertation,” The University of Tokyo (1961).
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TPC: Terephthaloyl chloride,
4,4'-Diamino diphenylsulfone,

XDB: p-Xylylene dibromide,
HMD: Hexamethylene diamine,

PDA: p-Phenylene
DPM: 4,4'-diamino

107" 1177 T T T T T3
N / ]
101 =

< 4

< -

§ 107 =

= C 3

3 = 3

% N N ]

] R

s .

- O -
1073 ):I =
p o i
10-14 N B RETI| Lo el Lt ol
10! 10? 10° 10*
Electric field F(V/cm)

Fig. 1. Surface photo-current vs. applied electric field for
polystyrylpyrimidines. (at 10-¢ Torr, by tungsten lamp
750 watt)
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Fig. 2. Surface photo-current vs. applied electric field for

polystyrylpyrimidines. (at 10-¢ Torr, by tungsten lamp
750 watt)
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surface-type photocell in order to avoid the effects of
the space charge which are occasionally observed with
sandwich-type photocells. The potential dependence
for the photocurrent is reproducible, as in the case of
the dark-current. Figures 1 and 2 show the electric-
field(V) dependence of the dark-current (/;) and of
the photo-current (7).

Ohmic behavior derived from the /,-V relation was
observed for all samples except the P7- and P8-samples
for the dark-current. On the other hand, ohmic
relations for the photo-current against the applied
potential were obtained for all samples except P3.
Figure 3 shows the 1,-V relation under illumination by
a hydrogen-discharge lamp.
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Fig. 3. Surface photo-current vs. applied electric field for
polystyrylpyrimidines. (at 10-¢ Torr, by hydrogen dis-
charged tube)
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Table 2 shows the values of the slopes(x and ) of
the I-V relation for polystyrylpyrimidines. The
values of « and B were calculated from the I,=kV*
and I,=kV*? relation respectively. The specific
resistivities, the values of the energy gap, and the tem-
perature-possessed kink of the energy gap are shown in
Table 2.

A summary of the results for surface-type cells is
presented in Table 3. The ratios of the photo-cur-
rent (I,) to the dark-current (/) reveal the effects of
the molecular structures sufficiently well.

The photo-current decreases in air ([,=4.5X
10-13 A) more than in a vacuum (I,=4.3x1071 A).
As a general rule, upon 1llum1nat10n by incandescent
lamp the photo-current does not immediately rise to
its equilibrium value. Usually the current-time curve
shows a peak shortly after the light has been switched

TaBLE 2. THE VALUES OF SLOPE(o AND f3) AND SEMICONDUCTING PROPERTIES OF POLYMERS

fi E ald HDE)

Specific resistivit ner a Temp. Fi Fie

No. o tohmjemy Temp, (°C)  AEs (X)) o e Tungsten —

low high p low high

Pl 1.74x 101 (18) 0.68 50— 91 1.3 0.9 0.8 — —
1.51 91—143

P2 3.74x 1013 (17) 0.56 17— 69 1.1 — — —
1.70 69—138

P3 6.89x 1018 (12) 0.83 12—114 0.7 1.7 —_ —
1.65 114—143

P4 4.27x10%2 ( 9) 1.52 21—152 1.0 0.4 0.8 0.6 1.1

P5 4.48x 1012 (12) 1.20 12—147 1.0 1.3 0.8

P6 4.96x 101 (12) 1.91 45—145 1.1 1.4 — —

P7 3.59% 1012 (13) 1.23 36—148 2.0 1.0 0.7 1.2

P8 4.82x 1012 (12) 1.18 12—146 1.6 — — —

7 7171) HDT Hydrogcn dlscharged tube
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TABLE 3. THE RATIOS OF PHOTO-CURRENT

TO DARK-CURRENT FOR POLYMERS

Ryo Hironashi, Yasushi HisHiki, and Masahiro HAaruTA

Electrical I, 1

No.  field fﬁgi)
(V/em) (A) (A)
Pl 10 2.67x10-4  2.7x10-% 1
P3 25 3.32x10-10 2.7x10-18 1230
P4 400 2.03x10-11 6.5x10-14 310
P5 400 5.85x10-1° 3.5x10-13 1670
P6 20 1.21x10-° 1.66x10-13 7300
tungsten lamp
lighton light off charged
— voltage
< —_
=8 < P5
= E discharged
X X 180V voltage
= off =
2 o 50V
2 <
A A \aov
5 0 57 1q(

Time (min) Time (min)

Fig. 4. Dependence of the absorption current on chemical
structure and charged voltage.

on as in Fig. 4.

This indicates the formation of a space-charge
effect’® and shows the influence of the contact be-
tween electrodes and the specimen. On the other
hand, the photo-current upon illumination by the
photo-current to its equibrium value. After switch-
ing on the field, the currents rises to a peak value, which
then slowly decreases to equilibrium. When the
supply of the field is stopped, a back current is ob-
tained. The photo-current markedly depends on the
voltages and light intensities used.

The Speciral Dependence of the Photo-currents of Poly-
styrylpyrimidines. A number of investigations of
photoconduction in organic solids have been reported.
Most of them have been concerned with simple com-
pounds, especially with the anthracene crystal. The
spectral response curve of photoconduction was in a
closed relation to the absorption spectrum of the
anthracene crystal¥) and to those for polycyclic aromatic
compounds.t?)

The absorption spectra in the ultraviolet and
visible regions of polystyrylpyrimidines, dissolved in
concentrated sulfuric acid, were recorded at room
temperature. Figure 5 shows the absorption spectra.

Figure 6 shows the spectral dependence of the photo-
current of polystyrylpyrimidines. In order to nor-
malize the photo-current, it was divided by the inci-
dent-light intensity for each wavelength. The photo-

13) J. Kommandeur and W. G. Schneider, J. Chem. Phys.,
28, 582 (1958).

14) D. J. Carswell and L. E. Lyons, J. Chem. Soc., 1955, 1734.
15) H. Akamatu and H. Inokuchi, J. Chem. Phys., 20, 1481
(1952).
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Fig. 5. Absorption spectra of polystyrylpyrimidines. (in
concentrated sulfuric acid)

7.0

6.0

P5(10V)
5.0

4.0

3.0

2.0F

Photo-current (Arbitrary unit)

1.0

AT A p et A A A= il A

I 1 ; .
400 500 600 700 800 900

Wave-length (mpy)

Fig. 6. The spectral dependence of the photo-current of
polystyrylpyrimidines. (with metalic interfacial filters.)

current is produced by the light energy which is ab-
sorbed into the bulk of the polymeric solid. Generally,
the main feature of the spectral response curves is that
their peaks correspond to the minima of the absorption
spectrum; that is, a higher extinction coefficient will
lead to a lower photo-current in the region of the ab-
sorption spectrum.

The number of carriers is proportional to the number
of photons absorbed into the bulk, with a definite coef-
ficient of the quantum vyield. The photo-current
curve of polystyrylpyrimidines possesses quite a long
tail, one extending to the near-infrared wavelength
region. The sensitivity of photoconduction decreases
more or less with an increase in the wavelength and
continues to extend over the infrared region. In this
experiment, the threshold value for photo-conduction
could not be found, but the value should be located
near the ultraviolet region judging from our results.

The Incident-light-intensity Dependence of the Photo-
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current. The measurements of the photo-current
with a variation in the intensity of the incident light
indicated that the current observed was almost pro-
portional to the light intensity. The dependence of
the photo-current (/,) on the illumination intensity
(L) is expressed by the equation; I,=kL". Going to
the longer-wavelength region, it approaches more and
more linearity until, at 748 mu, the photo-current is
proportional to the light intensity. Table 4 shows the
values of n for the tungsten lamp and for each wave-
length.

The values of n changed as a function of the applied
voltage, the wavelength, and the atmosphere. In
the presence of oxygen, the value of 7 is less than unity;
the cause of this decrease is assumed to be the fact that
the oxygen absorbs on the polymer films.1®

16) A. T. Vartanyan and L. D. Rozenstein, Dokl. Akad. Nauk
SSSR, 124, 295 (1958).
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TABLE 4. THE VALUES OF n
Polymer No.
Pl — P5 0.8 and 2.4
P2 1.1 P6 1.1
P3 1.0 P7 2.3
P4 2.0 P8 —

a) low light intensity 0.8 and high light intensity 2.4

Wavelength  Applied

Sample P5 Amax MU voltage
551 90 0.73
653 90 0.96
749 150 0.98
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