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Abstract — The performance of nanocomposited poly [2-
methoxy-5-(2’-ethylhexyloxy)-(p-phenylene vinylene)] (MEH-
PPV) and iodine doped multiwall carbon nanotube (MWCNT)
for organic solar cell application were investigated. 120mg of
MWCNTs was first doped with 1gram of iodine using thermal
chemical vapour deposition method (CVD) with temperature
varied at 90, 100, 110, 120, 130 and 140°C. Then, 80mg of MEH-
PPV was stirred for 48 hours with tetrahydrofuran (THF). Next,
the CNT was added to the solution to form nanocomposited
MEH-PPV: I-MWCNT solution. The solution was then deposited
on ITO using spin-coating method. The current density — voltage
(J-V) were measured in dark and under illumination using solar
simulator. Optical properties such as absorbance and
transmittance were measured using UV-Vis Spectrophotometer.
For physical properties, the characterization was done using
Field Emission Scanning Electron Microscopy (FESEM) and
Atomic Force Microscope (AFM). From the I-V curve
characteristic, thin film with doping temperature of 100°C gives
the best result considering some response it gives towards light.
In optical properties, the thin film also gives out the 0.45 unit of
absorption spectra which is the highest value among others.
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I. INTRODUCTION

Organic solar cell is a type of solar cell based on
conjugated polymer and has led to great attention with the aim
or replacing conventional inorganic solar cells. It can be
processed at lower cost, low weight and ease of synthesis with
greater versatility than today’s solar cell. However, organic
solar cells also suffer from limitation in performance such as
low absorption coefficient, limited absorption spectra and
poor stability under illumination which contribute to the
limitation of the device performance for practical applications
[1]. The main limiting factor of polymer photovoltaic or
organic solar cell (OSC) is the low amount of absorbed photos
due to the narrow absorption spectra of the organic film [2].
OSC have a number of potential advantages such as lower
production cost and flexibility (which makes the addition of
other material to enhance its performance possible). The band
gap of the organic material used in OSC can be tuned by
altering the chemical structure of the organic material [3]. The
important aspects of an organic solar cell are short circuit
current, open circuit voltage, fill-factor and reliability [4].

MEH-PPV has been considered as one of the potential and
useful conducting polymers for various optoelectronic
applications, such as sensors and organic solar cells, and
organic light emitting diodes (OLED) because of its
environmental stability, easy conductivity control and cheap
production in large quantities [5]. It is also one of the most
interesting PPVs due to the enhanced solubility of this
polymer which implies ease in some fabrication processes.
For electrical properties, the MEH-PPV acts as an electron
donor (p-type semiconducting polymer) with a relatively low
conductivity due to its low hole and electron mobility when
compared to inorganic semiconductor materials. MEH-PPV
has a band gap of 2.27 eV and is known to have one of the
highest occupied molecular orbital (HOMO) levels at 5.3eV
and one of the lowest unoccupied molecular orbital (LUMO)
levels at 3.2eV [6]. Carbon nanotubes (CNTs) are allotropes
of carbon with a cylindrical nanostructure. It got names from
its size, since the diameter of a nanotube is on the order of a
few nanometers. CNT are nowadays very interesting materials
due to their large range of applications. CNT are
nanostructures whose electronic properties can be controlled.
One possible way to modify the electronic and vibronic
properties is a charge transfer during their intercalation and
functionalization [7]. For this reason, doping of CNT has been
widely explored to understand the modifications carried out
by guest molecules [7]. However, there are a few problems
regarding CNT doping. Recent studies [8] state that CNT has
a saturated value that if too much CNT was added, it may
wipeout. Yao Zhao [9] also found that CNTs which physically
bonded with iodine are weak and can be removed by washing
and sonicating and also heating in vacuum. lodine was chosen
to be doped with MWNTSs because recent study [10] shows
that it can be effectively doped and exchange electron with
iodine. With the help of iodine doping, the CNT can be well
dispersed in organic solvent which usually good solvent for
most polymers. As a result, CNT can uniformly distribute in
polymer matrices [11]. This work was done because iodine is
the best candidate to alter and enhance the electrical and
physical properties of CNT. Hence, the main goal is to study
the effect of different iodine doping temperature to the thin
film characteristic.



Problem Statement
The problem regarding carbon nanotube

1. CNT without doping has problems in terms of

agglomeration
2. Difficulties in achieving good dispersion of CNT on
a thin film
Objectives

There are three main objective of this experiment:

1. To characterize the electrical properties of
nanocomposited MEH-PPV: -lMWCNT

2. To characterize the optical properties of
nanocomposited MEH-PPV: -lMWCNT

3. To characterize the physical properties of

nanocomposited MEH-PPV: -IMWCNT

II. METHODOLOGY

A. Nanocomposited MEH-PPV:CNT thin film preparation
i. Substrate preparation

Glass, silicon and indium tin oxide (ITO) will be used as a
substrate. The glass was first cut into 2cm x 2cm. The
substrate then cleaned by sonicated process by putting them in
acetone, methanol and deionized water for 10 minutes
respectively. For silicon substrate, it need to be rinse with
hydrofluoric acid and deionized water with a ratio of 1:10.
Then the substrates were dried by blowing it with nitrogen gas,
No.

ii. CNT preparation

Multi Wall CNT (MWCNT) was first goes through
annealing for 30 minutes at 450°C to remove the impurity.
Then, 120mg of MWCNT was then doped with 1g of iodine
using thermal chemical vapor deposition (CVD) method for
lhour. The temperature on the MWCNT side was fixed to
800°C while on the iodine side the temperature was set to

90°C. This step was repeated for the next five samples with
temperature of 100, 110, 120, 130 and 140°C.

iii. MEH-PPV preparation

The MEH-PPV powder first weighed and dissolves with
tetrahydrofuran (THF) solvent with a ratio of 4:1 which is
80mg to 20ml and stirred for 48 hours to make sure the
polymer solution is well dispersed. The nanocomposited
MEH-PPV: [-MWCNT was prepared by mixed the polymer
solution with 60wt% CNT powder which has undergone
annealing and doping process. The solutions were prepared in
a heated ultrasonic bath at 50°C for 1 hour to improve the
solubility between the two. The polymer solutions were then
deposited on a substrate using spin coating technique for 1
minute at 2000 rpm. To characterize the optical properties, the
substrate that will be use is glass. For physical properties the
substrate used is silicon while the electrical properties the
indium tin oxide (ITO) will be used as a substrate. After the

deposition process, the thin films go through thermal
evaporation treatment at 50°C for 5 minutes. The deposition
and heating process were repeated 10 times to obtain the 10
layer thickness.

B. Nanocomposited ~ MEH-PPV:I-MWCNT  thin

characterization

film

In the experiment, there are 3 main characterization which
are electrical, optical and physical properties. For electrical
characterization, current-voltage was measured in dark and
under illumination using CEP-2000 Solar Simulator.
Absorbance, transmittance and optical bandgap are measured
using UV-vis (JASCO/V-670EX) Optical spectrophotometer
for optical characterization. Meanwhile for physical
properties, the thickness, roughness and thin film surface
topography the characterization done using Veeco Dektak
750 Surface profiler, Field emission scanning electron
microscopy (FESEM) and Atomic force microscopy (AFM).
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Figure 1: Flow chart of methodology



I1I. RESULTS AND DISCUSSION

1. Electrical properties

To measure the electrical properties, the nanocomposited
MEH-PPV: I-MWCNT thin film is clipped with Gold (Au)
which sputters coated on ITO as a metal contact. The
measurement was done both in dark (Figure 2(a)) and under
illumination (Figure 2(b)). Comparing the two graphs, there is
no much different between them as they give very similar
result while in dark and under illumination. For doping
temperature of 90°C, 100°C and 120°C, the current density
shows some response towards light but the J-V curve decrease
instead of increase. Only the thin film with 100°C shows some
increment in the value probably because it has the highest
absorbance value (Figure 4(a)). When the light hit the sample,
very little photon absorbed thus the carrier has least amount of
energy to excite. We found that when the doping temperature
is low, there are some response in J-V curve between dark and
illumination. However, higher doping temperature shows no
response (negligibly small) between dark and illumination.
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Figure 2: Current density vs voltage curve measurement a) in dark b)
under illumination of various doping temperature

As shown in Table 1, the efficiency obtained in each
parameter is very small and approaching zero value and most
of it are in the dark. The efficiency can be calculated using the
following equation (1):
% = ey

Where V. is the open circuit voltage, Js. is the current density,
FF is the fill factor and P, is the input power and should be
set equal to 1. Generally, Ji is directly directly related to the
light harvesting capabilities of organic material and Vo is
determined by the energy level difference between the highest
occupied molecular orbital (HOMO) and lowest unoccupied
molecular orbital (LUMO) of the acceptor material [12]. The
reduction in surface roughness and smoother morphology will
consequently reduce the Js. and FF value of the cells [13] as
shown in Table 1. Hence, the lower the J;. and FF, the lower
the power conversion efficiency.

temperature dark illuminate
c Jsc(mA/ecm2)| Voc (V) FF |efficiency|Jsc (mA/em2)| Voc(V) FF |efficiency
90 -0.00006 | -0.00053 | 0.000014 | 4.452E-13| -0.00006 | -0.00058 |0.000012 | 4.176E-13
100 0 -0.00018 | 0.000039 0 0 -0.00009 | 0.00008 0
110 -0.00001 0 0.000014 0 -0.00011 | -0.00002 | 0.000012 | 2.64E-14
120 0 0 0.015822 0 0 -0.00002 | 0.000292 0
130 0 -0.00019 | 0.000038 0 0 -0.00029 | 0.000025 0
140 -0.00004 -0.0005 | 0.000014 | 2.8E-13 -0.00004 | -0.00057 | 0.000013 | 2.964E-13

Table 1: Current density, open circuit voltage, fill factor and
efficiency of the sample at different doping temperature
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Figure 3: MEH-PPV: -lMWCNTs device structure

Figure 3 above shows the device structure consist of glass
layer, ITO layer, active layer (MEH-PPV: I-lMWCNT) and
gold (Au) layer. Gold contacts are commonly used in high
reliability connector application [14] and for solar cell
contacts [15]. Recent research says that coating ITO with a
layer of gold dramatically enhance injection properties and the
contact with hole transport layer (HTL) becomes ohmic [16].
When light are given to the cell, the photon with energy equal
or higher to the bandgap will be absorbed and creates electron
hole pair. The electron current will flow out of the device
from ITO electrode (+) and goes back into Au (-).



II.  Optical properties
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Figure 4: a) absorbance spectra b) transmittance spectra of the nanocomposited MEH-PPV: -MWCNT thin film

Iodine was chosen to be doped with CNT to form
nanocomposited MEH-PPV: -MWCNT solution. The doping
was done by varying the temperature in the CVD process.
Because of MEH-PPV and iodine was a p-type material, the
mixture of both will result in highly p-type material to be used
as an active layer. With the help of iodine doping, the CNT
can be well dispersed in organic solvent which usually good
solvent for most polymers. Figure 4 shows the absorbance
and transmittance spectra of nanocomposited MEH-PPV: I-
MWCNT thin film at various doping temperature. From the
Figure 4(a), it can be seen that the absorbance value starts low
for 90°C doping temperature sample but starts to increase
starting at 100°C sample become greater than 0.4 absorbance
values and peak at around 500nm wavelength. As shown in
Figure 4(a), the absorbance of 120°C sample showing
bathochromic shift or red shift which is the shift to the longer
wavelength. The red shift in the absorption peak may due to
increase in the interfacial charge carrier concentration (charge
density at the interface) which improves the extension of the
band tails in the forbidden bandgap of the organic compounds
[17]. Therefore the optical absorption occurs at higher
wavelength. The decrease in doping temperature also
contributed to the occurrence of peak shifting of the
wavelength [18].

To estimate the value of optical bandgap, tangent line
should be drawn in the Tauc’s model touching most of the
plot until intercepting the x-axis. The interception value is the
optical bandgap value and measured in eV. The result in
Figure 5 shows the optical bandgap of 2.14, 2.126, 2.124, 2.11,
2.15and 2.15¢V for MEH-PPV: I-MWCNT with iodine
temperature of 90,100,110,120,130 and 140°C respectively.
Although the result shows very little difference, it can be said
that the optical bandgap of the thin film can be tuned by
varying the iodine doping temperature. Comparing the results
with the optical bandgap of pure MEH-PPV which is 2.27¢V,
this work manages to reduce the optical bandgap value around

0.12 to 0.15e¢V. The low optical bandgap is important for
photovoltaic cell as it will become easier for the electron to
excite from highest occupied molecular orbital (HOMO) to
lowest unoccupied molecular orbital (LUMO).
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Figure 5: Optical bandgap estimation a) 2.124, 2.126, 2.14eV for 90,
100 and 110°C b) 2.11, 2.15, 2.15eV for 120,130 and 140°C.
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Figure 6: Constant photon plot at varied iodine doping temperature a)
90°C b) 110°C ¢) 120 & 140°C d) 100 & 130°C

External quantum efficiencies (EQE) is defined as the ratio
of the number of charges extracted out of the device to the
number of incident photons [17]. Figure 6 shows constant
photon plot obtained at different doping temperature for a
specified wavelength range. The EQE exhibit decrease-
increase-decrease-increase trend while the highest value
obtained from 110°C doping temperature. The photocurrent
collected at different wavelengths relative to the number of
photons incident on the surface at that wavelength determines
the EQE or collection efficiency at each wavelength [19].

III.  Physical properties
Iodine doping temperature thickness (nm)
90°C 72.08
100°C 71.69
110°C 67.7
120°C 72.36
130°C 71.68
140°C 72.51
Table 2: Average thickness of the thin film at different doping

temperature

Table 2 shows the nanocomposited MEH-PPV: I-
MWCNTs thin film average thickness at different doping
temperature. The thickness trend between 71nm to 73nm
value but thickness for 110°C sample shows inconsistencies.
This probably due to incompetency in experimental technique
which contributed to the slightly lower thickness reading. The
trend conclude that the doping temperature does not affect the

thin film thickness.



130°C

Figure 8: AFM image of MEH-PPV: -MWCNTs at six different
doping temperature

Figure 8 above shows the AFM image view of 10nm at
their respective temperature. The uniformity of surface on the
sample of 100°C, 110°C and 120°C clearly visible. As the
temperature rises, the thin film uniformity getting better but
starting at 130°C it becoming less uniform. The doping
process will allow control of the electronic properties of
carbon materials through reaction by intercalation with
electron donor or acceptors. The intercalation of dopant can
occur in between the graphitic shells and cause the expansion
of the interlayer distance [18]. In conclusion, the increasing of
iodine doping temperature will reduce the thin film uniformity.

IV. CONCLUSION

The nanocomposited MEH-PPV: -MWCNTs organic solar
cell has been fabricated and studied. The effects of iodine
doping temperature to the thin film were also examined. The
characterization of electrical properties shows very little and
almost no response to light of the J-V curve. Thin film with
100°C doping temperature gives the best response under
illumination. In optical characterization, red shift occur on the
120°C sample may due to increase in the interfacial charge
carrier concentration (charge density at the interface) which
improves the extension of the band tails in the forbidden
bandgap of the organic compounds. While the optical bandgap
shows almost similar value on each temperature, it is
significantly lower compared to pure MEH-PPV which is
good for electron excitation. In the future, the experiment
should be focusing on increasing the power conversion
efficiency including fill factor, short circuit current density
and open circuit voltage.
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