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ABSTRACT

Nanopolymer composite)gf PVA/Cul has been prepared as in both colloidal forms and solid layers and
characterized their structure by X-ray diffraction, scanning electron microscopy, AC spectroscopy and
optical absorption in UVvisible. It is observed that with the growth of Cul nanoparticles (in the range of
26,46 nmin size) reduces the PVA polymer crystallinity. The temperature dependence of bulk conductiv-
ity for PVA/Cul nanocomposite illustrated that the composites behave as the semiconducting materials
with the activation energy in the range of 0.27;-1.02 eV. It was observed that the direct optical band gap
reduces from 3.53 eV to 1.7 eV as the concentration of Cul nanoparticles in the PVA increased from 0% to
10%. The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
energy levels of the PVA/Cul nanocomposites were estimated from the cyclic voltammetry. The elec-
trochemical band gap, that is, the difference between HOMO and LUMO levels also decreases with the
increase in the concentration of the Cul in PVA, which is in agreement with the trend observed in the
optical band gap. The current-voltage characteristics of the devices based on PVA/Cul nanocomposites,
in dark shows that these composites behave as p-type semiconductors. We have also investigated the
N4 characteristics under illumination and found that the power conversion efficiency is very low but
these composites can be used as electron donor for bulk heterojunction solar cells along with fullerene

derivatives as electron acceptor.

© 2012 Published by Elsevier GmbH.

1. Introduction

Solar energy conversion devices based on organic semi-
conductors gre an emerging research field with substantial future
prospects and it has attracted great attention due to the advan-
tages of light weight, flexibility and low cost of production with
the possibility of fabricating large area devices based on solution
processing. Achieving efficient solar energy conversion on a large
scale and at low cost is one of the most important challenges for
the near future. New materials and fabrication procedures lead-
ing to the substantial reduced cost of photovoltaic electricity could
help drive a rapid expansion in the implementation of photovoltaic
technology .The need to improve the light-to-electricity conver-
sion efficiency requires the implementation of such materials and
the exploration of new device architectures [1-8]. During last two

* Corresponding author.
X * Corresponding author at: Molecular Electronic and Optoelectronic Device Lab-
oratory, Physics Department, JNV University, Jodhpur (Raj.)l§42005, India.
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0030-4026/$ - see front matter © 2012 Published by Elsevier GmbH.
http://dx.doi.org/10.1016/j.ijleo.2012.05.009

years, synthesis and design of several important low band gap poly-
mers with enhanced absorption abilities have been reported and
researchers made a breakthrough in fabricating polymer solar cells
with power conversion efficiency (PCE) up to 5;:7% based on the
BH]J active layer using these polymers as electron donor along with
the fullerene derivatives as electron acceptor [9]. To date, the PCEs
based on conjugated polymer solar cells have reached g high up to
8.13% by Solarmer [10a] and 8.3% by Konarka [10Db].

Itis well known that the electrical and optical properties of poly-
mers can be improved to a desired limit through suitable doping
[11]. Further, polymers, on doping with metal nanoparticles, show
novel and distinctive properties obtained from the unique combi-
nation of the inherent characteristics of polymers and properties of
the metal nanoparticles [12], The optical and electrical properties of
nanocomposites films can be adjusted by varying the composition.

Over the years, polyvinyl alcohol (PVA) polymers have attracted
attention due to their variety of applications. PVA is a potential
material having high dielectric strength, good charge storage capac-
ity and dopant-dependent electrical and optical properties. It has
carbon chain backbone with hydroxyl groups attached to methane
karbons; these OH groups can be a source of hydrogen bonding and
hence assist the formation of polymer composite [13].

Please cite this article in press as: M.K. EI-Mansy, et al., Characterization of PVA/Cul polymer composites as electron donor for photo-
voltaic application, Optik - Int. . Light Electron Opt. (2012), http://dx.doi.org/10.1016/j.ijle0o.2012.05.009
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Cuprous iodide (Cul) has attracted a great attention, as it is a
versatile candidate in band gap materials (Cul, CuSCN, and CuAlO,)
khat were identified in the preparation of optical properties of thin
film. Cul belongs to the I-VII semiconductors with ginc blend struc-
ture. Conducting jnaterials and optically transparent films aroused
much interest in the capability of application in electronic devices
such as liquid crystal displays, photovoltaic devices, photothermal
collectors and so on. The most interesting nature of this compound
is that an inorganic semiconductor and its coordination chemistry
let it readily couple with many inorganic and organic ligands as
well [13-18].

The optical and electrical properties of semiconductor nanopar-
ticles depend mainly on their shape and size due to high
surface-to-volume ratio [19,20]. The use of polymers is a promi-
nent method for the synthesis of semiconductor nanoparticles.
The reason is that the polymer matrices provide for processabil-
ity, solubility, and control of the growth and morphology of the
nanoparticles.

The crucial {actors for the use of a semiconducting material as an
active layer in the solar cells gre the band gap and optical absorp-
tion of the material. The relatively large band gap of polymer such as
PVA limits the absorption of near-infrared light and thus lowers the
light harvesting and therefore gannot be used as an active layer in
organic solar cells. The control over the band gap is necessary while
designing new materials for organic solar cells. The band gap engi-
neering allows one to design and synthesize new materials with
maximum overlap of absorption spectrum with the solar emission
spectrum. It is often found that the synthesis of low band gap poly-
mer is not only the solution to address this problem but also the
position of highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) limits the open-circuit volt-
age (Voc) of the photovoltaic cell. These two properties of organic
materials can be controlled by introducing nanoinorganic salts or
introducing alternative electron rich and electron-deficient units
in the polymer backbone [6,7].

In the present work, we prepared and characterized the PVA
polymer with and without the inorganic salt Cul nanoparticles
to produce p-type PVA/Cul nanocomposite with suitable energy
band gap which matches with the solar energy spectra. We
applied these nanocomposite layers to fabricate the device hav-
ing ITO/PEDOT:PSS/Cul;: PVA/Al and found that these nanoparticles
behave as p type semiconducting materials forming the Schotky
barrier for electron injection PVACul/Al interface, whereas the
ITO/PEDOT:PSS electrode forms the Ohmic contact in the device.
The power conversion efficiency (PCE) of these devices is very low
but can be used as electron donor for BH] photovoltaic device along
with fullerene derivatives to improve the PCE; this work is under
progress.

2. Experimental

A polyvinyl alcohol polymer (PVA) used in the present study
was purchased from by Sigmagi-Aldrich and the other chemicals
avere provided by QualiKems Chemical Company, India. A PVA solu-
tion was prepared by adding deionized distilled water to solid PVA
(—C2H40)n (where n=30,0005-70,000, average molecular weight)
and then stirred by a magnetic stirrer at room temperature, 30 °C,
for 2 h. After aging the solution for another ] h, a solution of CuCl,
in H,0 was added into the PVA solution under constant stirring and
then the appropriate weight of Nal dissolved in water was added
2 Jy dropwise into the reaction vessel to obtain nanopolymer com-
posite with different concentrations of Cul (0;-15 wt%), followed by
stirring for another 2 h. The as prepared polymer composite was
flirectly cast in a Petri-glass dishes and left for two weeks at room

temperature 30 °Cto dry. These Cul-PVA nanocomposites are easily
soluble in DMF and DMSO solvents.

In order to investigate the structure of the polymer electrolyte
layers, X-ray diffraction studies were carried out using ShIMADZU
diffractometer type XRD 6000, wave length A =1.5418 /. In addi-
tion, the surface morphology of these nanocomposites was also
examined using scanning electron microscope, SEM (JOEL-J]SM
Model 5600).

The Cul-PVA thick films of thickness of about 0.4 mm were used
to measure the bulk conductivity measurements. The silver paste
was used as conducting electrodes on both sides of the film. Elec-
trical measurements were carried out in the temperature range
303-373 K using PM 6304 programmable automatic RCL Philips
meter in the frequency range 0.1;-100 kHz. The optical absorption
of both colloidal and solid films of Cul-PVA was measured in the
wavelength range 190-1100 nm using JENWAY 6405 UV-visible
spectrophotometer at room temperature.

The electrochemical cyclic voltammetry was conducted on the
electrochemical instrument in a 0.1 mol L acetornitrile solution of
fetrabutylammonium hexafluorophosphate (BusNPFg) at a poten-
tial scan rate of 100 mV/s using Ag/AgCl reference and platinum
wire as counter electrodes, respectively. The composite film was
formed by drop casting of composite solution in DMF on the work-
ing electrode.

The JTO/PEDOT:PSS/Cul-PVA composites/Al devices were
fabricated on the pre-cleaned indium tin oxide coated (ITO)
coated glass substrates. A layer of PEDOT:PSS (80nm) was
deposited on ITO coated glass substrate from poly (3,4-
ethylenedioxythiophene):poly (styrensulfonate) (PEDOT:PSS)
aqueous solution at 2000rpm and the layer was subsequently
dried at 100°C for 20 min in air. The Cul-PVA nanocomposites in
different concentrations (10 mg/mL) were dissolved in DMF sol-
vent under constant stirring for 2 i and the spin coated (2000 rpm
for 205s) on the top of the PEDOT:PSS layer and then dried under
ambient condition. The device was completed with depositing
of 90nm thick layer of aluminum (Al) at g pressure of less than
10x° Torr.

The current-voltage characteristics (JiV) of the devices were
measured on a computer controlled Keithley electrometer in dark
and under illumination of the intensity (100 mW/cm?), at room
temperature. A xenon lamp was used as g light source to give the
stimulated irradiance of 100 mW/cm? at the surface of the device.
To measure the charge carrier mobility, the device having structure
ITO/PEDOT:PSS/Cul-PVA composite/Auas fabricated as described
above except the top electrode was replaced by Au. The J-V char-
acteristics of these devices were measured as described earlier, in
dark.

3. Results and giscussions
3.1. PVA polymer nanocomposite characterizations

The XRD patterns of the as-prepared Cul-polymer composites
are shown in Fig. 1. As can be seen from these XRD patterns that a
broad peak appeared around 26 = 19.12° which is the characteristic
peak for PVA. As the Cul concentration was increased, new sharp
peaks at 20=25.49°, 42.24° and 49.99° were appeared, indicating
the growth of Cul crystallite nanoparticles in the polymer matrix. A
broadened peak with reduced intensity corresponding to PVA was
observed and another sharp peak refers to the separation of NaCl
crystallites in the polymer matrix was also detected. Our results
are in agreement as report by Hodge et al. [21]. The three diffrac-
tion peaks for Cul as mentioned above correspond to the (012),
(110)and (2 02)planes of Cul nanocrystals which could be indexed
to hexagonal structure (the lattice constants are: a=4.2914 and

Please cite this article in press as: M.K. EI-Mansy, et al., Characterization of PVA/Cul polymer composites as electron donor for photo-
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Fig. 1. XRD patterns for Cul/PVA composites with different concentration of Cul.

c=21.48 A), which were consistent with the literature data of JCPDS
83-1145. The average particle size can be calculated using the first
sphere approximation of Debye-Scherrer formula [22]

0.9A

" Bceos g (1)
where D is the average diameter of the crystals, A is the wavelength
of X-ray radiation, and B is the full width at half maximum intensity
of the peak. The obtained particle size of Cul embedded in polymer
composite pbtained for different concentrations (015 wt%) of Cul
lies in the range 25.6 and 46.7 nm (Table 1). The apparent fluc-
tuation of the particle size of Cul phase may be attributed to the
nanoparticles aggregation in the samples rich with Cul nanoparti-
cles.

Scanning electron microscopy js also used to study the compat-
ibility between various components of the Cul-polymer through
the detection of phase separations and interfaces. Depending on
the type and amount of salt present in the polymer matrix, the
morphology of the Cul-polymer composite will vary and greatly
influence its properties. Morphological examination was also car-
ried out to demonstrate the phase changes of the pure polymer and
the resulting solid PVA-Cul composite layers. Scanning electron
micrographs of pure PVA, and some polymer-Cul nanocomposites
are given in Fig. 2. Very distinguishable changes have been observed
from pure PVA, to low, intermediate and high concentrations of Cul
salt. Pure PVA shows smooth surface of the PVA film. The mor-
phology changes, as 2.5wt% of Cul salt is incorporated into the
polymer, surface roughness became observable and nanostructure
refers to the growth of pano-Cul particles. When a higher con-
centration of Cul nanoparticles was increased in polymer matrix
to 10 wt%, the morphology changes drastically to become signifi-
cantly more layered and even greater pore size besides the increase
of surface roughness. An open pore structure of the polymer elec-
trolyte matrix is essential for ionic conductivity across the thin film.
This type of open porous structure provides enough channels ions
migration, accounting for better ionic conductivity as well as the
increase of surface area.

3.2. Optical absorption

The optical absorption spectrum is an important tool to obtain
optical energy band gap of crystalline and amorphous materials.
The fundamental absorption, which corresponds to the electron
excitation from the valance band to the conduction band, can be
used to determine the nature and value of the optical band gap.
Fig. 3a and ) illustrates the plot of the optical absorption against
wavelength in the UVi-visible range for polymer/Cul composites

Zum WwWD21

1 um WD 21

Zum WD21

X14400 O0Sum WD21

Fig.2. SEM jmages for Cul/PVA nanocomposites with selected concentrations of Cul
(a)*)ure PVA, (b) 2.5 wt%, (¢) 5wt% and (d) 10 wt%.

Please cite this article in press as: M.K. EI-Mansy, et al., Characterization of PVA/Cul polymer composites as electron donor for photo-
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Table 1
Extracted optical energy gap (direct and indirect) for colloidal and solid films of PVA/Cul composites, Urbach energy, absorption peak position for colloidal composites.
Culkonc. (wt%) Colloidal Solid films Amax (NM)
Colloidal
Egq (eV) Egi (eV) E, (eV) Egq (eV) Egi (eV) E, (eV)
(direct) (indirect) }\direct) (indirect)
0 i - - 3.35 13 0.63 -
1 2 1.75 0.11 2.25 1.8 0.17 550
25 1.95 1.7 0.13 2.1 1.6 0.35 570
4 1.93 1.75 0.1 2.1 1.5 0.3 585
5 1.92 1.71 0.13 2.6 2 0.5 580
6 1.95 1.75 0.12 1.7 14 0.085 565
7.5 22 1.75 0.25 1.7 1.45 0.15 495
10 1.9 1.65 0.15 1.7 1.4 0.24 585
12.5 1.96 1.75 0.14 i - - 555
15 1.98 1.73 0.12 - - - 550

in colloidal (solution) and solid film form having different con-
centrations of Cul nanoparticles. It can be seen from these figures
that the absorption peak position is affected with varying the con-
centration of Cul nanoparticles and shows red shift for solid films
while the absorption peak for composite colloidal gppears in nar-
row wavelength range (495585 nm). In addition the absorption
edge varies also with increasing the concentration of Cul nanopar-
ticles in PVA polymer matrix. The optical band can be estimated
from the following relationship [23]

(hv)'/™ = A(hv — Eg)

A2)
where A is constant; Eg is the optical band gap of the material
and the exponent n depends on the type of transition, where it
is equal to 1/2 for direct, allowed transition. The direct optical band
gaps were obtained by the least square fitting, and the values of

3
(@) —
25 | —2.50%
4%
—5%
- L — 6%
2
3 —7.50%
s —10%
E 15 | —12.50%
£ —15%
2
o
H
a 1
05 |
0
350 400 450 500 550 600 650 700 750 800 850 900
Wavelength (nm}
3.5
(b) —14,
)
£
[
o
£
©
2
£
=3
[
o
<

400

500 600 700

Wavelength (nm)

800 900

Fig. 3. Optical absorption spectra for (a) colloidal and (b) solid films of Cul/PVA
polymer composites with different concentrations of Cul in colloidal form.

E; were obtained for direct and indirect transitions for both col- Q10 230

loidal and solid films and listed in Table 1. It is evident that the
average value of Eg for PVA-Cul composite in colloidal form is
equal to 1.73 and 1.97 eV for direct and indirect fransitions, respec-
tively, whereas the band gap jies in the range 1.7-2.25 eV for direct
transitions and 1.4;-1.8 eV for indirect transition. In general, direct
band gap Eg decreases with increasing Cul concentration in the
case of solid films (from 3.35gV to 1.7 eV); this can be attributed
to the salt complexation with the polymer matrix besides the
expected nanoparticle aggregation. It is known that semiconductor
nanoparticles have unique size-dependent chemical and physical
properties. As the size of semiconductor particles decreases to the
nanoscale, the band gap of the semiconductor increases, causing a
blue shift in the UV-vis absorption spectra due to quantum con-
finement [24]. It is also clear that the values of Eg for both gdirectly
and indirectly allowed transitions in the case of polymer/Cul com-
posites colloidal did not vary with the variation of Cul nanoparticle
concentration, whereas they changed with varying the concentra-
tion of Cul due to the formation of aggregates in solid phase polymer
composite. The increase in the absorption and decrease in the band
gap may be due to a larger absorption increment associated with
the charge transfer transition [25]. The absorption coefficient near
the fundamental absorption edge is exponentially dependent on
the incident photon energy and obeys the empirical Urbach relation
[26]

o = o exp (:—:) £3)

where E, is the optical activation energy known as the Urbach
energy which gepresents the band width of the tail of localized
states in the band gap, and «, is constant. The optical activation
energy, E, was determined using the least square fitting and listed
inTable 1. The magnitudes of E, obtained from conductivity data are
larger than E,, values (see Tables 1 and 3). This is due to the fact that
their nature is different. The activation energy corresponds to the
energy required for conduction from one site to another, whereas
the optical band gap corresponds to inter-band transition.

3.3. Electrochemical studies

The highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) energy levels of polymer are
important parameters in the design optoelectronic devices, and
can be estimated from the onset oxidation (EJx,,.) and reduction
(EOX

X ot) potentials vs Ag/Ag*. The HOMO and LUMO energy levels
are estimated from the following equations [27]:

Enomo = —q(Egnsee +4.7) gV

red X4)
ELUMO = _q(Eonset + 47) EV
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Table 2
Oxidation and reduction onset potentials for the Cul/PVA composites. The values of
HOMO, LUMO levels and electrochemical band gap are also included.

cul R V) ENdy (V) Enowo (eV)  Eiumo (eV)  EGe (eV)
concentration

in composites

1% 0.75 -1.55 -5.45 -2.95 2.50
2.5% 0.50 —-1.66 —5.20 -3.04 2.16
6% 04 -1.44 -5.10 -3.26 1.84
10% 0.4 -14 -5.10 -33 1.80

ed  HOMO and LUMO for the different

onset’ nset’

274 Q12 Cul-PVA composites are summarized in Table 2. It can be seen
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that HOMO level (ionization potential) decreases (shift toward the
vacuum level) and the LUMO level (electron affinity) increases
(shifts away from the vacuum level) as the concentration of the
Cul increases, leading to a decrease in the electrochemical band
gap (difference between the HOMO and LUMO energy Jevel) that
agrees with the trend observed in the optical band measured from
the absorption spectra of composites in thin film form.

3.4. AC spectroscopy

Fig. 4 illustrates the impedance plot of the imaginary part, Z,
against the real part, Z, for Cul-polymer nanocomposites at room
temperature as representative diagram. The impedance plot, in
general, shows an arc (semicircle), its genter below the Z” axis, the
intersection with Z axis, represents the bulk resistance, R, [28].
It is observed that the circle diameter varies with increasing Cul
concentration. The values of bulk conductivity of the Cul-polymer
composites were obtained, using o, =dR,/A (where d is the film
thickness and A is its effective area) for different concentrations of
Cul in the polymer composites. Fig. 5 illustrates the bulk conduc-
tivity obtained against concentrations of Cul (=0-15wt%). It can
be seen from this figure that bulk conductivity increases as the
increase in the Cul concentration up to 4% then starts to decrease
as the concentration of Cul further increases. Fig. 6 illustrates
temperature dependence of bulk conductivity for different concen-
trations, C(=0-15 wt%); they illustrate clearly that the conductivity
is thermally activated with increasing temperature and follows the
Arrhenius relation,

E
opT = 0po €XP (—ﬁ) (5)

where Ej is the bulk conductivity activation energy and oy, is the

Q13 bulk conductivity at T=oo. The results illustrate the two regions’

characterizing conduction at relatively low and high temperature
respectively. The values of E;, are obtained by least square fitting
for the two regions and listed in Table 3, and lie in the range
P-27-1.02 and 0.29-0.64 eV respectively. The transition between
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Fig. 4. Impedance plots (Cole-Cole plots) for Cul/PVA polymer composites with
different concentration of Cul.
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Fig. 5. Temperature dependent bulk conductivity o}, for all prepared Cul/PVA poly-
mer composites for different concentration of Cul.
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Fig. 6. Variation of bulk conductivity with the concentration of Cul for PVA/Cul
polymer composites at room temperature.

the two regions refers to the composite Tg. It is clearly observed that
Ep, variesirregularly with Cul concentration which can be attributed
to the composite structure and salt complexation with polymer
matrix.

3.5. Current-voltage characteristics in dark and under
illumination

We have investigated the currentgvoltage (J-V) charac-
teristics of Cul-PVA composite using the device structure
ITO/PEDOT:PSS/Cul-PVA/AL in dark which are shown in Fig. 7. The
JiV characteristics of the devices in the dark show a rectification
effect when positive potential is applied to the ITO/PEDOT:PSS

Table 3
Obtained bulk conductivity activation energy and particle sizes for PVA/Cul solid
layers.

Conc.}ef Cul Eq (eV) Particle size
Region | Begion Il

Pure 0.795073 0.368756 Iy
1% 0.397265 - -
2.5% 0.749063 0.293488 31
4% 0.332639 A -
5% 1.018555 0.563066 25.6
6% 0.269289 Iy -
7.5% 0.55171 - -
10% 0.92514 0.642014 42
12.5% 0.593657 Iy 46.7
15% 0.311364 - 46.3
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Fig. 7. Current;voltage (J-V) characteristics of the lTO/PEDOT:PSS/CulKPVA com-
posite/Al with gifferent concentration of Cul in composite.

electrode with respect to Al electrode. Since the HOMO level of
Cul-PVA composites (—4.9 to 5.35eV) is very close to the HOMO
level of PEDOT:PSS, this electrode behaves as Ohmic contact for
hole injection from the ITO/PEDOT:PSS electrode into the HOMO
level of the composite. However, the LUMO level of all composites
is very far from the work function of the Al electrode (-4.2 eV) and
forms a Schottky barrier for the electron injection from the Al into
the LUMO level of composite. Therefore the rectification is due to
the formation of the Schottky barrier at the Al/PVA-Cul interface.

The charge carrier mobility of an organic semiconductor can be
extracted from the J-V characteristics of a device in which both
the electrodes form Ohmic contact with the organic semiconduc-
tor film. We have measured the Ji-V characteristics of the device
having ITO/PEDOT:PSS/Culi-PVA/Au structure to estimate the hole
mobilities in different PVA-Cul composites. Fig. 8 shows the J-V
characteristics of the devices based on different Cul-PVA com-
posites, in dark. It can be seen from these plots that the current
increases continuously with the increase in the concentration of Cul
particlesembedded in PVA. This can be explained on the basis of for-
mation of charge transfer complexes within the PVA matrix, which
facilitates the delocalization of conduction electrons resulting in
increase in the current [29].

The J;-V characteristics show a space charge current limited
with trap free limit in higher voltage region above 1.0V. This SCLC

107
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Fig. 8. Current/:voltage (J-V) of the ITO/PEDOT:PSS/Cul-PVA/Au device, with differ-
ent concentration of Cul in composite to estimate the ﬁ\ole mobility.

Voltage (V)

Fig. 9. Current-voltage characteristics of the ITO/PEDOT:PSS/Cul-PVA/Al devices,
with different concentration of Cul in the composites, under illumination intensity
of 100 mW/cm?.

behavior can be characterized by the Mott-Gurney law, described
as [30]

9 V2

=5 (%)

where ¢ is the static dielectric constant of the organic composite
layer, u is the hole mobility, d is the thickness of the layer and V
is the effective voltage, which is corrected for puilt-in voltage. The
hole mobility in these composite layers fias been estimated through
the fitting of J-V characteristics in higher voltage region with equa-
tion. The values of the hole mobility are complied in Table 4. It was
found that the hole mobilities increase with the increase in the
concentration of the Cul nanoparticles in the composite. This is in
agreement with the trend observed in the bulk conductivity of the
composites as described earlier.

The J-V characteristics of the [TO/PEDOT:PSS/Cul-PVA compos-
ites/Al devices under illumination intensity are shown in Fig. 9 and
photovoltaic parameters i.e. short circuit current (Jsc), open cir-
cuit voltage (Vyc), fill factor (FF) and power conversion efficiency
are complied in Table 4. The PCE value of the device increases as
the concentration of the Cul in the composite is increased. This
is mainly due to the increase in the Js., as the concentration of
Cul is increased. As we have discussed above, the hole mobility
has been improved with the increase of the Cul concentration, we
conclude that the increase in the Jsc is mainly due to the improve-
ment in the hole mobility, as the crystalline nature of the composite
has been increased [31]. In spite of the broader absorption in the
longer wavelength region and shift in the absorption edge toward
the longer wavelength region as the incorporation of Cul in the
PVA matrix, the PCE of the devices is very small. This feature is
attributed to the fact that all the excitons generated in the compos-
ite layer, after the absorption of light, are not dissociated into free
charge carriers, because of the short exciton diffusion length in the
organic layer. Since the puilt-in potential present at the interface at
the Al/Cul-PVA interface in the device is responsible for the exciton
dissociation into free carrier, only the photogenerated excitons gre
able toreach this interface, and contribute to the photocurrent. The
excitons generated faraway from this interface are decayed during
their diffusion toward this interface and do not contribute to the
photocurrent and thus leading to low PCE. However, we expect that
when these plends used as electron donor with fullerene deriva-
tives as electron acceptor may give higher PCE. This work is under
progress and will be reported later on.
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Table 4
Photovoltaic parameters of the device with different concentration of Cul in the composite. The hole mobility is also given.
Concentration of Cul in composite (wt%) Jse (mA/cm?) Voe (V) FF JRCE (%) (x1 0-3) Mobility (cm?/V's)
1% 0.00055 0.62 0.23 0.0078 3'4K< 107
2.5% 0.0018 0.64 0.28 0.031 8'8K< 1077
4% 0.0078 0.63 0.32 1.6 2'5K< 10-6
7.5% 0.0098 0.63 0.35 2.1 6'7K< 106
10% 0.011 0.63 0.38 2.6 8'9K< 106

4. Conclusions

We have prepared Cul/PVA nanopolymer composites with dif-
ferent concentration of Cul up to 15% by wt. The characterization
using XRD demonstrated that the pano-Cul particles (26-46 nm)
grew in PVA polymer matrix whereas the degree of grystallinity
of PVA was reduced with increasing Cul. The activation energy
estimated from the temperature variation of bulk conductivity fluc-
tuates between 0.27 and 1.02 eV. The study of optical absorption
in UVivisible range illustrated significant gecreases of the opti-
cal energy gap with increasing Cul nanoparticles in PVA polymer
matrix solid films whereas it is nearly unchanged in the case of
colloidal phase (the average value of Egq and Egj,q js equal to 173
and 1.97 eV respectively). The electrochemical band gap estimated
from the cyclic voltammetry agrees well with the trend observed
with the optical band gap. The Ji-V characteristics of the devices,
having structure ITO/PEDOT:PSS/Culi-PVA composites/Al, in dark,
show rectification effect which is due to the formation of Schottky
barrier and Ohmic contact with Al and ITO/PEDOT:PSS electrodes,
respectively. This can be easily understood in ferms of the HOMO
and LUMO energy levels of composites with respect to the work
functions of both electrodes. The hole mobility in the composite

Q14 blend increases with the concentration of Cul particles in compos-
ites which is attributed to the increased crystalline nature of the
composite. The PCE of the devices using the composites without the
electron acceptoris low but it can be increased when these compos-
ites gre used as electron gonors along with the fullerene derivatives
as electron acceptor in bulk heterojunction organic solar cells. The
work is under progress and will be reported later on.
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