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POLYTHIOPHENE/SILVER (PT/Ag) nanocomposite has been synthesized and characterized. 
Morphological studies have been made to elucidate the structure of the formed nanocomposite. 

The morphological studies revealed that the formed nancomposite is highly dendritic forming 
tree like structure. A bulk heterojunction solar cell (BHJSC) has been built using the prepared 
nanocomposite as photo active layer. The solar cell parameters such as open circuit voltage 
Voc, short circuit current Isc and fill factor FF have been determined via current- voltage I-V 
characteristic. The maximum power conversion efficiency (PCE) obtained from I-V characteristic 
was 14.2 % which is much higher than that obtained from other commercial polythiophene based 
solar cells (SC). The enhanced PCE was attributed to the superior highly dendritic structure of the 
formed nanocomposite which provides charge transfer (CT) pathways and facilitates separation of 
the formed excitons into free electrons and holes. As far as we know none of these characteristics 
have been reached before in the open literature for PT based solar cells.

Keywords: Nanocomposite, charge transfer, bulk heterojunction solar cell and power conversion 
efficiency.

Highly Dendritic Polythiophene/silver (PT/Ag) Nanocomposite for 
Solar Energy Applications 

Magdy K. Zahran1, Michael A. Mossad2 and Noha Elhalawany*3

1Department of Chemistry, Faculty of Science, Helwan University, Ain-Helwan, Cairo 
11795, Egypt
2 Eagle Chemicals Company, Industrial Zone # 2, Part No. 233, 6th October, Egypt
3Department of Polymer and Pigment, National Research Center, Dokki, Cairo, Egypt

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/

  Egypt.J.Chem. Vol. 62, Special Issue (Part 1), pp. 347 - 356 (2019)26

Introduction                                                           

Energy specialists expect that the world would 
need 30 Terra Watt (TW) of energy resources 
by the year 2050 to conserve profitable growth. 
Numerous scientists have confidence in that 
the sun can offer a fully advanced solution for 
the energy crisis. Thus, solar cells (SCs) can be 
considered as a conventional renewable energy 
resource when their manufacturing cost is 
decreased to reasonably priced level similar with 
other accessible energy resources.  One of the 
renewable energy technologies is photovoltaics 
(PVs), the technology that directly converts 
daylight into electricity. PV is one of the fastest 
growing of all the renewable energy technologies; 
in fact, it is one of the fastest growing industries 
at present.

The first generation PV was based on Si 
wafers. These PVs are now marketed and produce 
power conversion efficiencies PCEs between 
12% and 33% depending on the manufacturing 
procedures and wafer quality [1]. Since silicon 
based photovoltaics are cost expensive, scientists 
are giving much attention in producing cost 
effective organic polymer based solar cells [2-
4]. These devices are characterized by simpler 
manufacturing procedures, specifically spin 
coating, than their inorganic counterparts. There 
are two essential architectures of photoactive layer, 
namely bilayer structure and bulk heterojunction 
(BHJ) structure. The bilayer heterojunction solar 
cell is formed by separately depositing donor and 
acceptor materials, leading to formation of two 
layers with a sharp, well-defined interface [5]. A 
solution-processed bulk heterojunction BHJSC is 
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the most fruitful device architecture for organic 
based SC. Power conversion efficiencies PCEs 
in organic based SCs are highly enhanced up 
to 3-8% for the bulk heterojunction solar cells 
(BHJSCs) [6-8].  Record values of PCE up to 12% 
have been also reached [9]. Numerous approaches 
have been explored to increase the PCE for OSCs 
such as synthesis of new materials, architectures, 
buffer layers and deposition methods [10, 11]. 
Conjugated polymers are one class of materials 
with highly-extended Π-electron systems in their 
main chains and are considered of great interest 
due to their unique electronic properties and their 
potential technological applications especially in 
solar cell applications [12-14].

They can provide a diversity of easy and cheap 
processing techniques for forming thin film devices 
[15]. Composites of conducting polymers with 
inorganic nanoparticles, combining the diverse 
properties of components and are considered as an 
extraordinary advanced materials [16-18]. Boron 
bonded to conjugated polymers was able to act as 
an electron donor, or act as hole blocking layer in 
BHJScCs applications [19-22]. Amongst the most 
significant conducting polymers is polythiophene 
(PT) which is commonly used in various electronic 
devices [22-24] and photovoltaics PVs [25-27]. 
Polythiophene (PT) is frequently used as donor 
material in organic PVs [28, 29]. The extensive 
conjugation in conducting polymers can enrich the 
HOMO level and lower the LUMO level down, 
leading to a reduction in their bandgap [30,22]. 
This reduction in bandgap produces an absorption 
shift towards the NIR which is favorite for organic 
based SCs development, due to the broadened 
absorption. Several poly(p-phenylenevinylene)-, 
fluorene-, carbazole- and thiophene-based 
conjugated polymers (among others) have been 
working as active layers in organic based SCs 
[31-33]. Currently, polythiophene derivatives, 
such as poly(3-hexylthiophene) (P3HT), are 
amongst the most predominantly used electron 
donors in combination with the highly soluble 
fullerene molecules (PCBM) as electron acceptors 
for OSCs under the bulk heterojunction BHJ 
architecture [34].  

In the light of the previous information, we 
introduce here a novel BHJSC based on the PT/Ag 
nanocomposite as photo active layer exploiting 
its superior highly dendritic structure and hence 
an attempt has been made to improve the PCE of 
the custom organic based solar cells. The solar 
cell parameters such as short circuit current, 

open circuit voltage and fill factor have been 
determined. The Power conversion efficiency 
PCE has been also determined.  

Experimental                                                                 

Materials
Silver nitrate is product of MERCK, Germany. 

Thiophene monomer (99.5%) (PT) and dodecyl 
benzene sulfonic acid (DBSA, surfactant) and 
all other chemicals used are products of Sigma-
Aldrich Company, USA. 

Preparation of  PT/Ag nanocomposite:
PT/Ag colloidal dispersion has been prepared 

according to Elhalawany et al [18] as follows: 5.9 
× 10−3  mole of thiophene monomer and 1 ml 
acetic acid have been homogenized for 5 minutes 
using high shearing effect homogenizer at 10,000 
rpm in presence of DBSA surfactant to form the 
miniemulsion. Finally 10 ml of 5.8 × 10−2 M 
AgNO

3 solution has been added to the formed 
miniemulsion under continuous vigorous stirring 
at 10,000 rpm for further 15 min till a stable 
orange brownish colloidal dispersion has been 
appeared. The formed stable colloidal dispersion 
has been then centrifuged, washed several times 
by water methanol mixture, filtered and finally 
dried in an electric oven at 70 °C for 4 h.

Characterization of the prepared materials
Fourier transform infrared (FT-IR) spectra: 

FT-IR analysis for the prepared nanocomposite has 
been carried out in Infra-Red unit, Central service 
labs, National Research Center (NRC) using FT-
IR-6100, Japan. Scanning electron microscope 
(SEM): The morphological structure of the 
prepared nanocomposite has been investigated 
via SEM /EDX (JEOL JXA- 840 A Electron 
PROBE), microanalyzer microscope, Japan at 
Central Service Labs (NRC), Cairo, Egypt.

Solar cell measurements:
Sample preparation:
First the purified powdered nanocomposite 

has been dissolved in methylene chloride to form 
the corresponding nanocomposite solution.  A thin 
film of 50 nm of the solution processed PT/Ag 
nanocomposite has been prepared by spin casting 
onto ITO conducting glass electrode through 
spin-coating method at 3000 RPM for 60 s. Then 
dried at 100˚C for 10 min. afterward, the film 
was kept at 60˚C for 24 h in vacuum oven. The 
formed film has been placed on a plate at room 
temperature for a period of 60 min for complete 
annealing. Silver (Ag) electrode of about 90 nm 
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in thickness was thermally evaporated onto the 
back (the unpolished side) of the ITO electrode. 
This was carried out under vacuum of 10-5 – 10-6 
mbar and evaporation rate of 5 nm/sec. The solar 
cell device dimension for this measurement was 
1 cm2.

Source Meter SMU Instrument:
The solar cell parameters have been measured 

using KEITHLEY INSTRUMENTS INC., USA. 
MODEL 2400, 4100306 - C33 at Cairo University, 
nanotechnology Center, Cairo, Egypt. The total 
irradiance on the solar is equal to 1000 mW/cm2 
and the spectrum is AM 1.5 G. The temperature 
was kept constant at 25°C. 

Results and Discussion                                                       

FT-IR Analysis
Fig. 1 shows the FT-IR spectra for the prepared 

PT/Ag nanocomposite and pure polythiophene 
PT. The characteristic peaks for PT at 1210, 1040, 
790, 710 and 620 cm-1 which are assigned to C–H 
bending, C–H in-plane deformation, C–H out of 
plane deformation, C–S bending and C–S–C ring 
deformation [18, 35,36] respectively are shown in 
fig. 1. The same characteristic peaks have shown 
in the FT-IR spectra for the nanocomposite but 
with slight shift due to composite formation.

SEM - EDAX analysis
Figure 2a-d shows the SEM micrographs 

for pure PT, PT/Ag nanocomposite of 
different magnifications and energy dispersive 

spectroscopy EDS for the formed nanocomposite. 
It is clearly shown from fig. 2a that pure PT has 
porous rough structure. Fig. 2b,c for the formed 
nanocomposite of different magnifications shows 
that the nanocomposite have highly dendritic 
structure forming tree like shape [18]. Fig. 2d 
shows the elemental composition of the prepared 
nanocomposite which confirms the presence of 
silver nanoparticles.

Solar cell Parameters from IV measurements:
Polythiophene (PT) is considered as one 

of the most broadly used donor materials for 
polymer solar cells (PSCs) [37-39]. Intensive 
research work has been done to enhance the photo 
absorbtion property of PT by incorporation of 
electron donating and accepting moieties into PT 
matrix [40-42]. The electron-donating capacity 
and the morphological structure are the key factors 
controlling the energy levels, and photovoltaic 
performance of PTs. 

The proposed BHJSC will absorb light 
photons in the range matches its absorption band 
leading to formation of electron hole pairs called 
excitons. These exciton are supposed to migrate 
through the highly dendertic structure which 
confirmed by SEM measurements till reach the 
BHJ donor/ acceptor D/A interface and this case 
is known as charge transfer CT state. Actually, 
this migration of excitons does not essentially 
produce dissociation of free electrons and holes 
in a direct manner because they experience 

Fig. 1.  FT-IR spectra for PT and PT/Ag nanocomposite.
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a substantial Coulomb attractive force. The 
superior morphological structure of the formed 
nanocomposite will reduce the charge transfer 
distances leading to fair dissociation of excitons 
into mobile electrons and holes. 

For a consistent measurement of the current –
voltage I-V characteristics, the measurements had 
better made under standard test conditions (STC). 

The key parameters used to describe the 
performance of formed BHJSC are the peak 
power Pmax, the short-circuit current density Isc, 
the open circuit voltage Voc, and the fill factor 
FF. These parameters are determined from the 
illuminated I-V characteristic as illustrated in Fig. 
3.   The power conversion efficiency PCE % can 
be determined from these parameters.

Figure 4 shows the I-V characteristics of 
BHJSC under study. The short circuit current (Isc) 
is the current obtained when the voltage across the 
BHJSC is zero. The open circuit voltage (Voc) is 
the maximum voltage obtained when the current 
through the BHJSC is zero. The maximum power 

point (Pmax) is the maximum power reached by 
the BHJSC and the produced current and voltage 
at this case are called I max and Vmax respectively. 
The fill factor FF is defined as the ratio of P max 
divided by the product of Voc and Ics as illustrated 
in equation 1. The fill factor (FF) and the percent 
power conversion efficiency PCE% are used 
as a measure to describe the performance of 
the produced BHJSC. The power conversion 
efficiency is defined as the ratio of P max to the 
product of the input light irradiance (Iin) as 
illustrated in equation 2. 

The Key parameters of the formed BHJSC 
under study have been determined accordingly 
where Isc = 15.61 mA/cm2, Voc = 1.23 V and FF = 
0.74.  Maximum PCE up to 14.2% was obtained 

Fig. 2. SEM micrograph for a ) PT, b )PT/Ag nanocomposite of magnification (6000x), c) PT/Ag nanocomposite of 
magnification (12000x) and c ) EDS analysis of PT/Ag.
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Fig. 3. Typical current density (J)-voltage (V) curve of PSCs [43].

Fig. 4. (I–V) curves of PT/Ag nanocomposite based solar cell .
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which is much more higher compared to reference 
PT based solar cells [44-50].

The highly enhanced PCE obtained may be 
ascribed to presence of Ag nanoparticles which 
act as photo sensitizers which absorb light 
energy. The present Ag nanoparticles are acting 
as a photosensitizers which absorb photons of 
light. The conduction band and valence band of 
nanoparticle such as silver are very close to each 
other where electrons are moving freely. These 
free electrons give rise to a surface plasmon 
resonance SPR absorption band, [51] due to the 
collective oscillation of electrons of silver nano 
particles in resonance with the light wave. The 
formed free electrons due to SPR and the large 
interfacial surface area of the photo active layer 
due to superior highly dendritic structure decrease 
the charge transfer distances for the produced 
excitons to reach fairly at the D/A interface and thus 
guaranteeing the exciton dissociation producing 
free electrons and positive holes. Furthermore, 
the highly dendritic structure of the photo active 
layer provide more CT pathways which enhances 
dissociation of exactions facilitating effective 
transfer for the free charges to the electrodes. The 
electrodes would collect the formed charges to 
produce electrical energy i.e (conversion of photo 
energy into electrical energy).

To explore the mechanism responsible for the 
enhanced performance, we analyzed the external 
quantum efficiency (EQE) of the formed BHJSC 
per incident photon under 1 sun illumination as 

shown in fig 5. Quantum efficiency QE is the 
percentage of photons hitting the photoreactive 
layer of the formed BHJSC and measured 
in electrons per photon or amps per watt. Since 
the energy of a photon is inversely proportional to 
its wavelength, QE is often measured over a range 
of different 

wavelengths to characterize a 
device’s efficiency at each photon energy level.  It 
is clearly seen from fig. 5 that the formed solar 
cell showed four characteristic peaks at 350, 
500, 650 and a small intensity peak at 800 nm. 
The EQE profiles follow the absorption spectra 
trend, thus demonstrating that the harvested 
photons contribute directly to the photocurrent 
and confirming the lowering of the recombination 
side effects. 

The highest quantum efficiency has been 
detected in the range from 500 to 650 nm 
wavelength region, which is the most common 
spectral zone of the solar radiation hitting the 
surface of Earth. Maximum EQE reached 87.3 % 
at wavelength around 650 nm, which is attributed 
to the absorption of conductive species polarons or 
bipolarons on the polythiophene backbone [52].

The superior unique structure of the 
nanocomposite (as elucidated from SEM) effects 
on other parameters so that the formed BHJSC 
achieve a high fill factor, dependable on the highly 
dendritic structure of the photo active layer. 

Fig. 5. The incident-photon-to-current conversion efficiency (IPCE%)

https://en.wikipedia.org/wiki/Photon
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Ampere
https://en.wikipedia.org/wiki/Watt
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Efficiency
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TABLE 1: Comparison between the solar cell parameters of current study and that reported in open literature.

Voc [V] Isc [mA cm −2 ] FF PCE  [%] Reference

1.23 15.61 0.74 14.2 current research article

0.95 13.2 0.73 9.2 [44]

1.13 10.43 0.557 6.6 [45]

0.92 10.7 0.575 5.66 [46]

0.91 12.91 0.612 7.19 [47]

0.68 13.3 0.62 5.58 [48]

0.92 16 0.64 9.4 [49]

1.04 10 0.67 7 [50]

Finally one can conclude that the prepared 
nanocomposite has shown superior morphological 
structure and has been used as photo active layer 
in BHJSC giving maximum PCE of 14.2%. As far 
as we know none of the commercial solar cells 
based on PT reported in open literature could 
achieve any of these characteristics as illustrated 
in table 1. 

Conclusion                                                                   

PT/Ag nanocomposite has been successfully 
synthesized and well characterized. The formed 
nanocomposite has been used as photo active layer 
for BHJSC. The Solar cell SC parameters such as Isc 
, Voc and FF have been determined via illuminated 
I-V characteristic. The maximum power 
conversion efficiency PCE% achieved is 14.2 % 
which is much higher than that of commercial 
SCs based on pure PT.  This is attributed to the 
superior highly dendritic morphological structure 
of the formed nanocomposite.  It was found also 
that maximum EQE of 87.2 % has been achieved 
at wave lengths in the range from 500-650 nm 
which is ascribed to the Π-Π* transitions through 
the conjugated PT chains. As far as we know none 
of the commercial solar cells based on PT could 
achieve any of these characteristics and this will 
pave the way for further developments in solar 
cell technology. 
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