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The photoelectronic properties of pure 
carbazole-polymers are insufficient due either 
to lack of light absorption in the visible spec
trum region or low quantum efficiency for 
photocarrier generation. This problem can be 
avoided by applying a thin layer of amorphous 
selenium1•2 over the polymer film. Free charge 
carriers are generated in the selenium layer on 
exposure to light and holes or electrons are 
subsequently injected into and transported by 
the organic photoconductor layer. The ability 
of selenium to inject carriers into the charge
transport layer is very high and under con
ditions the carrier injection efficiency equals 
the proper effitiency of charge generation. 

A number of papers1 - 5 has appeared on 
carrier injection efficiency in polymers sensi
tized with a thin layer of selenium. Turner and 
Pai6 reported the hole-mobility of poly[2-(9-
carbazolyl)ethyl vinyl ether] and a few of its 
copolymers with N-substituted compounds 
measured by the xerographic method. But they 
fail to adequately report field dependence of 
carrier injection efficiency of both homo- and 
copolymers. Furthermore, there is no report 
on the injection efficiency of poly[2-(9-carba
zolyl)ethyl 1-propenyl ether], a homologue of 

the above polymer, and their copolymers with 
vinyl ethers. All these deficiencies warrant 
further investigation of the electronic proper
ties of homo- and copolymers. We present here 
the surface potential photodecay characteris
tics and a comparative study of the carrier 
injection efficiency of the films of these poly
mers, their blends and copolymers. 

EXPERIMENT AL 

The polymers were purified thoroughly by 
reprecipitating from methanol for 3-----4 times. 
The films were prepared by coating the poly
mer (5 to 10mg) solution in 0.2ml chloro
benzene or dichlorobenzene on aluminium 
substrates. They were dried for 5 h at 40°C 
and then kept under vacuum for 2 h. The 
thickness of the films (5 or 10 µm) was deter
mined by cross-section photomicrographs. A 
thin layer (less than 0.5 µm) of amorphous 
selenium was vacuum deposited on the free 
surface of the polymer. 

The carrier injection efficiency was mea
sured by the standard photoinduced discharge 
technique. 7 The initial decay rate of surface 
charge density, dQ/dt, may be expressed as, 
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dQ =C(dV)= -<P·Ie 
dt dt 

where C is the capacitance per unit area, d V/dt 
the initial decay rate of surface potential, <P the 
quantum efficiency, e the electronic charge, 
and / the light intensity in photons/cm2 s - t. 

The quantum efficiency is thus given2 as, 

a (dV) 
<P= - 4nLel dt ' 

where a is the dielectric constant, normally 
taken as 3.0 for carbazole-polymers, and L, 
thickness of the film. For low intensity ra
diation <P equals photoinjection efficiency. 1 

The selenium layer was charged by a voltage 
supplier (Glassman High Voltage Co.) to an 
initial positive potential V0 , measured by an 
isoprobe (Monroe Electronics Inc., Model 
244). The film was then exposed to low in
tensity (through TND filter, Toshiba) mono
chromatic radiation (435 nm) from Xe-lamp. 
The surface potential decay was recorded in an 
oscilloscope (Model, VP-5730A, National) 
and its rate of change at V0 was analyzed by 
NEC PC-8801 MKII and PC-9801VM 

Table I. Homo- and copolymers of vinyl ethers• 

Polymer-
Content of 

Polymer 
Sampleh ization 

carbazole M. 
No. 

conditionc 
X 10- 3 

wt% 

Poly-I A 12.4 
Poly-2d A 

2 Poly-2S 70.0 2.3 
3 Poly-21 70.0 8.6 
4 Poly-2' B 70.0 4.1 
5 Poly-3 B 66.1 5.1 
6 Poly(l-co-3) C 34.3 55.0 
7 Poly(l-co-3) B 46.8 28.2 

• For details of the polymerization, see ref 8. 
h I, Ethyl vinyl ether; 2, 2-(9-carbazolyl)ethyl vinyl ether; 

3, 2-(9-carbazolyl)ethyl 1-propenyl ether. 
c A, CH2Cl2/BF3OEt2 system; B, toluene/AIEtCl2 sys

tem; C, toluene/BF3OEt2 system. 
d Partially insoluble in benzene; benzene soluble fraction 

(poly-2S) and benzene insoluble fraction (poly-21). 
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microcomputers. 

RESULTS AND DISCUSSION 

Table I shows the homo- and copolymers 
prepared in different solvent and catalyst sys
tems. The details of the polymerizations and 
general characteristics of the polymers are 
discussed in our earlier communication.8 

Poly( ethyl vinyl ether) (poly- I) is not a photo
conductive polymer. It was used as an inert 
binder for the other two polymers. The molec
ular weights of the homopolymers were very 
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Figure 1. Typical time-resolved photoinduced dis
charge curves with 435 nm radiation for all samples. The 
light intensity for PVK-Se (5 µm) film is 2.19 x 1014 

photons/cm2 s - i, and that for IO µm films of poly-21 
(No. 3) and poly-3 (No. 5)/polystyrene is 2.85 x 1014 

photons/cm2 s - l. 
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low compared to the copolymers. The high 
molecular weight copolymers had good film 
forming properties compared to the low mo
lecular weight homopolymers. The films of 
poly-2S and poly-2' could not be prepared, 
except for blending, because of their very low 
molecular weights. 

Figure 1 shows typical time-resolved photo
induced discharge curves of the films of PVK, 
poly-21 (No. 3) and poly-3 (No. 5)/polystyrene 
blend (4: 1 wt%). The rate of discharge for 
standard PVK film is very high ((dv/dt)1=o = 
-l.39xl03 Vs- 1 , at 5.3xl05 Vcm- 1) as 
compared to the prepared poly-21 ((dv/dt)1=o 

= -1.89 x 102 V s- 1 , at 7.8 x 104 V cm- 1) and 
poly-3/polystyrene blend polymer ((dv/dt\=o 
=-l.73xl02 vs- 1 , at 2.0xl05 Vcm- 1 . A 
higher initial field could not be achieved for 
pure poly-21 film (Figure la) because it crack
ed easily in high fields. In very low fields, the 
measurements became insignificant and in
consistent due to surface recombination or 
trapping of the charge carrier.2 It seems 
that sufficient recombination of the charge 
occurs at the interface between Se and poly-
21 which otherwise could show a sharp de
crease and low residual potential. Aside 
from surface recombination, high residual 
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Figure 2. Apparent carrier injection efficiency of the films of (D) poly-3 (L:,,) poly-21 ( e) poly-2S/ 
polystyrene (4: I wt%) and (0) poly-2S/poly-1 (4: I wt%). 
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potential may result from the high level of 
bulk trapping.6 Such a case occurs in poly-3/ 
polystyrene blend film. The initial applied 
field is quite high but the potential does not 
decrease sharply. The reason for bulk impurity 
may be the binder unit in the polymer matrix. 
However, the possibility of crosslinking at the 
3-3' position of the carbazole in both samples 
(Figure la and b) cannot be ruled out com
pletely, and may cause bulk trapping and 
enhance residual potential. 

Figure 2 shows the field dependence of the 
carrier injection efficiency of homopolymers 
and blend polymers. For all the polymers, the 
injection efficiency increased with the applied 
field, indicating that at relatively high field 
recombination of photogenerated charges be
comes less significant.2 The injection efficiency 
is higher for homopolymers than that of the 
blend polymers. The apparent injection ef
ficiency depends on mobility of the charge 
which in turn occurs through carbazole chro
mophore groups. As the concentration of 
carbazole groups decreases in blend polymer 
films, the injection efficiency also decreases. A 
comparison of injection efficiency of the blend
ed films shows that the efficiency is higher for 
the polystyrene blend than the poly- I blend 
film. The polarity of the binder may impart a 
localized field on the photogenerated charges, 
retarding the mobility and hence the injection 
efficiency. Poly- I is much more polar than 
polystyrene which seems to cause lower in
jection efficiency. The concentration of car

bazole is higher in poly-21 than poly-3 but the 
injection efficiency is lower. The exact reason is 
not clear at the moment, but it is likely that the 
extra CH3 group in /J-position of 3, [2-(9-
carbazolyl)ethyl 1-propenyl ether], plays some 
role in this effect. 

Figure 3 shows the effect of inert binder in 
the carrier injection efficiency of poly-3 and 
poly-2'. An efficiency of 10- 1 was obtained for 
poly-3 at a field of 7 x I 04 V cm - 1 (Figure 2) 
whereas the same for the blend polymer was at 
a field of 1.5 x 106 V cm - 1 . This indicates that 
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Figure 3. Apparent carrier injection efficiency of 
blended films of (e) poly-3/polystyrene (4: 1 wt%) 
and (0) poly-2:/polystyrene (4: 1 wt%). 

blended polymers need higher applied fields 
for an efficiency obtainable at lower fields for a 
homopolymer. However, the use of an inert 
binder is strongly justified in terms of stability 
of the film. Both the films of poly-21 and poly-
3 (Figure 2) crack in an applied field of 105 

V cm - l but the blended films of poly-3 and 
poly-2' can withstand an electric field of 106 

Vcm- 1 . 

Figure 4 shows the field dependence of the 
injection efficiency of two kinds ofpoly(l-co-3) 
of different carbazole content. At an applied 
electric field of 3 x 105 V cm - l, the quantum 
efficiencies are 2 x 10 - 3 and 2 x 10 - 2 , respec
tively. The former copolymer (No. 6) contains 
34.3 wt% and the later copolymer (No. 7) 
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Figure 4. Apparent carrier injection efficiency of the 
films ofpoly(l-co-3), (0) No. 6 and (e) No. 7. 

contains 46.9 wt% carbazole units. This clearly 
reconfirms on a quantitative basis that in
jection efficiency is dependent on the amount 
of carbazole units and it increases with the 
amount of carbazole in the polymer. 

The above results may be summarized as (I) 
blending a low molecular weight polymer in
creases stability of the film in a higher electric 
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field, (II) binder of less polarity is preferable as 
far as the injection efficiency is concerned, (III) 
efficiency increases with content of carbazole 
chromophore group whether it is a blend 
polymer or copolymer. The latter is better for 
getting high molecular weight which is a good 
film forming property. 
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