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High photoconductivity properties of perylene polyimide containing

triarylamine unit
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Organic photoconductive materials are widely used
as photoreceptors in electrophotographic imaging and
laser printing. Such organic xerographic photorecep-
tors are bilayer devices consisting of a charge gener-
ation layer (CGL) and a charge transport layer (CTL)
in which the functions of photocarrier generation and
charge transport are separately carried out and opti-
mized. The current charge photogeneration materials
on which photogeneration studies have been focused
are small molecules (dyes, pigments, or salts) such
as phthalocyannines, perylenes, squaraines, and azo
compounds. Among these materials, perylene chro-
mophores, with strong fluorescence and photoconduc-
tive properties, find importance as functional dyes and
are especially attractive for electric photography, solar
cells, color liquid crystal, optical recording systems,
light collection systems, and nonlinear optical mate-
rials, etc. [1–7], because of their robust mechanical
properties, chemical, photochemical and thermal sta-
bility, and their ready processability into high quality
thin films and coating. But there is phase separation in
bilayer devices which would impede conductor trans-
porting.

In this letter we report the results of our investiga-
tion of large photoinduced currents in novel monolay-
ers with two functions as photoreceptors and charge
transporting layers employing thin films of N ,N ′-
dialkyl perylene-3,4:9,10-biscarboximide derivatives
as the charge photogeneration units and 4,4′-biaminetri-
phenylamine units as charge transporting groups.

The diamine 1 was chosen for preparation of homo-
polyimides with dianhydride (Scheme 1) and diamine1
and diamine 2 reacted with 3,4,9,10-perylenetetra-
carboxylic acid dianhydride and 6FDA to give PPI-2
and PPI-3 (Scheme 2).

The synthesis and characterization of the polymers
and preparation of solar cells will be published else-
where in detail.
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The polymerization was best carried out in m-cresol
with a small amount of isoquinoline at 210 ◦C. Comple-
tion of imidization was confirmed by IR spectra (Fig. 1),
showing the absence of the anhydride’s carbonyl peaks
(1650 cm−1) and the presence of the carbonyl peaks
for the imide (1771 and 1727 cm−1). In addition, there
was a weak peak at 3400 cm−1 that can be attributed to
terminal groups ( NH2).

The 1HNMR showed multipeaks in the region of
δ-8.7 ppm that could be attributed to protons in the
perylenetetracarboxylic ring, and aromatic signals of
its benzene ring and perylene ring in the range of 6.6–
8.2 ppm. The signals of PPI-3 in 2.49 ppm (2H,s) rep-
resented CH2-groups in 4,4′-methylenedianiline unit
of polymer. Gel permeation chromatography (GPC)
showed weights Mn of PPI-1, PPI-2, PPI-3 were 3.4 ×
104, 2.0 × 105, and 6.6 × 104 g/mol, respectively, with
a polydispersity of 2.0–3.5. Mn of PPI-2 is highest
among these three polymers and this may be explained
by the reality that it can be more liable to dissolve in
m-cresol than the others. In the process of polymer-
ization, it did not precipitate early, favoring growth
of Mn. The DSC showed that Td were above 400 ◦C
and Tg were 334, 302, and 287 ◦C, respectively. All
these results indicated that they have better thermal
stability after film formation. Figs 2 and 3 show the
UV spectra of PPI-1, PPI-2, and PPI-3. PPI-1 has two
UV absorption peaks at about 499 and 539 nm, which
are almost identical with those observed in the ab-
sorption spectrum of PPI-2 and PPI-3, respectively. It
is considered that the electric state of polyimide was
maintained even after incorporating the chromophore
into the polymer. On the other hand, UV absorption
peaks of films of polyimides have blueshifted by 15–
20 nm compared with those in m-cresol, because po-
larity around the chromophore became weaker, and
the intermolecular reaction of the polymer became
stronger.
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Scheme 1 One step solution polymerization of perylenetetracarboxylic dianhydride and diamine1 (PPI-1).

Scheme 2 Synthesis of copolyimides (PPI-2, PPI-3).

Fig. 4 shows the photocurrent spectra of PPI-1,
PPI-2, and PPI-3 films versus incidence with differ-
ent wave length. From the results of these experi-
ments, as expected, the photocurrent density of PPI-
1 and PPI-2 containing 4,4′-diaminetriphenylamine
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Figure 1 IR spectra of PPIs.

units was one order of magnitude higher than that
for PPI-3 containing 4,4′-methylenedianiline because
electro-rich triarylamine could react with the electron-
acceptor perylenetetracarboxylic dianhydride, then
complexes came into being which favored separation
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Figure 2 UV-Vis absorption spectra of PPI-1, PPI-2, and PPI-3 solid film (Thickness 15–20 µm).

Figure 3 UV-Vis absorption spectra of PPI-1, PPI-2, and PPI-3 in m-cresol.

Figure 4 Photocurrent spectra of PPI-1, PPI-2, and PPI-3 as the function of wavelength of incident light.
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Figure 5 Open-circuit voltage with intensity luminescence.

and transporting of photogenerated charge, contribut-
ing to great photocurrent [9]. When 544 nm light ir-
radiated the film the current density was the biggest.
The current density versus incidence is similar to the
UV absorption of polyimides which indicated the pho-
tocharge originated the electron structure.

Fig. 5 presents the open-circuit voltages spectra with
the change of intensity of luminescence. The results
demonstrate that the voltage becomes a constant when
the intensity of luminescence reaches a key point. The
voltage of PPI-1 is higher than PPI-2 and PPI-3 by
30–50 mV because there is more extending conjugated
π π∗ bond than in PPI-2 and PPI-3.
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6. M. T H E L A K K A T, P . P ÖS C H and H. W. S C H M I D T , Macro-
molecules 34 (2001) 7441.

7. W. L U, J . P . G A O, Z . Y . W A N G, Y. Q I , G . G .
S A C R I P A N T E, J . D . D U F F and P . R . S U N D A R A R A J A N ,
ibid. 32 (1999) 8880.

8. Y . O I S H I , H . T A K A D O, M. Y. M. K A K I M O T O and
Y. I M A I , J. Polym. Sci., Part A: Polym. Chem. 28 (1990)
1763.

9. X . D . B A I , Z . Q . Z H A N G, J . K . F E N G, G. X I E and J .
S . C H E N , Chem. J. Chinese Univers. 21 (2000) 1455.

Received 18 November
and accepted 11 December 2003

4056


