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ABSTRACT 

We developed an organic-inorganic solar cell configuration based on nanocomposite 
Polyaniline-Multi Walled Carbon Nanotubes /gold particles/ Si, and the PV performance 
was compared between in presence or absence of plasmonics phenomena by deposing 
gold nanoparticles on n-type Si and deposited PANI-MWNTs layer on the top of n-type 
Si substrate. The gold particles deposited by atomic layer deposition on the top of n-Si, 
significantly increase the voltage and fill factor relative to devices without gold particles. 
The efficiency and fill factor of the solar cell with gold particles are (0.28%, 0.311) 
higher than solar cell without using plasmonics phenomena (0.073, 0.275). 

 
 

  لخلیة الشمسیةتحسین االداء بالزمیا ل
 

 الخالصة
/ باستخدام المركب الثانوي بولي انیلین لنابیب الكابون النانویة) العضویة –عضویة (تم تطویر الخلیة الشمسیة 

ترسیب جسیمات ). plasmonics(تم دراستھا بوجود وعدم وجود ظاھرة ) pv(فعالیة . سیكلون/ جسیمات الذھب 
ترسیب ). n-type(فوق السیلكون نوع ) PANI-MWCNTs(ترسیب  و n-typeب  على سلیكون نوع النانویة للذھ

كفاءه . ادى لزیادة قیمة الفلوتیة وعامل الشغل مقارنة بعدم وجوددھا) n-type(جسیمات الذھب  فوق سیلكون  
 %)0.311 – 0.28(ازدات بنسبة ) plasmonics(الخلیة الشمسیة بوجود جسیمات الذھب بوجود ظاھره 

 
INTRODUCTION  

rganic/inorganic heterostructures solar cells have been studied by various groups 
in the past. Among those studies, there were only very little reports on PANI-
MWNTs/n-type amorphous silicon [1]. 

Donor-acceptor solar cells convert sunlight to electrical power by splitting photo 
generated excitons across an interface between an electron donor and an electron acceptor 
material [2]. The efficiency of a solar cell based on exciton dissociation at a donor-
acceptor interface is efficiency =FF*Isc*Voc/Pin   .The power conversion efficiency is 
limited because the exciton diffusion length of the donor material is typically 
significantly shorter than its absorption length, This problem  has been addressed in 
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organic-inorganic hybrid solar cells by adopting a p-n heterojunction, in which the donor 
and acceptor phases are contact to form junction such that the majority of excitons are 
generated within a diffusion length of the interface[4,3]. The respectable efficiencies of 
certain p-n heterojunction cells may soon enable the marketing of these devices as low-
cost alternatives to conventional thin-film photovoltaic. 

Nanocomposite Polymer – Carbon nanotube -inorganic hybrid solar cells are interest 
because they support the conductive polymer which has low conductivity by MWNTs to 
increase the conductivity of organic semiconductors, in addition to improve the 
nanocomposite materials mechanically, electrically and electronically to be high electron 
mobility [5]. Hole-conducting polymers have been combined with a wide range of 
inorganic nanomaterial, including CdSe quantum dots, rods, tetrapods and hyper-
branched colloids, ZnO [6-9] TiO2 and Si rods, tetrapods and hyper-branched colloids, 
TiO2 and Si [5,10-17] and PbS, PbSe, CuInS2, and CuInSe2 nanoparticles [18-22] [25-27] 
.Several theoretical studies conclude that the particles of gold should complement the 
polymer as a light trapper in addition to make plasmonic solar cells using gold particles. 
N-ype Si /gold /PANI-MWNTs, use MWNTs 5wt% to improve mechanical, electrical 
properties for PANI   [30] [28, 29] the gold nanoparticle should complement the polymer 
as a light absorber as Plasmon. Over the past several years, we have developed gold 
nanoparticle arrays suitable for both polymer-inorganic cells and dye-sensitized cells. 
Several groups have built polymer-inorganic cells from their own gold particle arrays 
[30-33]. 

To increase the efficiency for organic-inorganic solar cell, plasmonics phenomena 
can be used to trap light inside to increase the absorbance. In conventional thick Si solar 
cells, light trapping is achieved using gold particles the Si surface that cause scattering of 
light into the solar cell over a large angular range, thereby increasing the effective path 
length in the cell. These gold particle support surface plasmons: excitation of the 
conduction electrons at the interface between a metal and dielectric materials.  

The Plasmon excited in metal nanoparticles and surface Plasmon polarizations 
propagating at the metal /semiconductor interface are of interest. In this work, we 
integrate gold metal nanoparticles, which exhibit intense absorption due to surface 
Plasmon resonance in the visible region of the spectrum. Used hydrothermally grown 
gold nano particles arrays on Si The device, Light can be concentrated and folded into a 
thin semiconductor layer, the modulation increasing the absorption. 
 
EXPERIMENTAL SECTION 

2.1 MWNTs used in this work were prepared by chemical vapor deposition of 
acetylene on a bimetallic Fe-Co (2.5:2.5wt %) /MgO catalytic system as described 
elsewhere [1]. The as-produced MWNTs were put in a furnace at 350 °C for 2 hrs to burn 
amorphous carbon, and then purified by refluxing in HCl and in deionized water 
respectively for 24 hrs. Finally, the obtained materials were dried at 100 °C for 24 hrs. 
The purity level of the final product was above 97%. The purified MWNTs were 
dispersed in Dimethylformamide (DMF, 0.2 mg/ml) and airbrushed onto ITO-coated 
glass slides with a surface area of 1.5 cm2. 

Polyaniline   was synthesized by oxidative polymerization of the aniline monomer in 
the presence of Ammonium Per sulfate at 0 0C temperature where surround the container 
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by Ice.  Aniline monomer was distilled twice under reduced pressure before use. The 
polyaniline was synthesized by dissolving 0.1 M of aniline monomer in a 1 M sulfuric 
acid, with 10 gram of Ammonium Persulfate, Aniline, and other organic solvents were 
purchased from Sigma Aldrich. Where all   was placed in a 250 mL Becker. Aniline (4 
ml (0.1 M)) was added to the suspension via syringe and the solution was stirred for 6 h 
under at 0C temperature. The blue mixture was filtered, washed by DI water and followed 
by methanol, 10 mg and 5 wt % loading MWNTs dissolve them in 1 ml Chlorophorm 
then using bath stirrer for 30 min then magnetic bare for 24 hour at 60 0C to dispersing 
MWNTs with PANI finally using spin counter for 2000 rpm to get uniform thin film of 
nanocomposite on the top of n-Silicon wafer for measurements like UV, IR, Raman 
spectroscopy, and Photoluminces spectroscopy.  Figure (1) explains our  Device solar 
cells   
   
 
 

Silver 
paste  
PANI (MWNTs)=17 µm 
Gold particles =3 nm 
n-type Si = 520 µm 

Silver 
past 

 
 
 
 

 
Figure (1) Schematic diagram of Organic-inorganic hybrid solar cells. 

 
 
Fabrication of Si/gold /PANI-MWNTs devices 

Etching n-type Si-wafer (1×1.5 cm2) by HF for 17 seconds then washed by deionized 
water for 5 min. Use evaporation technique to deposit gold particles on the top of nSi, 
deposit the nanocomposite PANI-MWNTs, followed by fabrication of electrode by using 
silver paint . 

 
 
 
 
 

PANI-MWNTs 

Sun Light  
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RESULTS AND DISCUSSION 
Characterization of MWNTs, PANI and the PANI-MWNTs composites 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (2) The SEM image of PANI (a) and MWNT-PANI composite (b) and 
Raman spectra of the pristine MWNTs and MWNT-PANI composite (c). The 

inset in (b) is an SEM image of pristine MWNTs. 
 
A typical SEM image of a PANI thin film is shown in Figure (2a). After 

polymerization, PANI on ITO glass shows typical rod-like structures of 100-200 nm in 
diameter. However, the MWNT-PANI composite exhibits distinguished surface 
morphologies as shown in Figure (2b). The rod-like structures disappear in the 
composite. Some of the MWNTs embedded in the PANI film are visible under SEM. The 
representative Raman spectra of the MWNTs and the MWNT-PANI composite are 
shown in Figure (2c). MWNT features several characteristic bands including D (1305-
1330 cm-1), G (1500-1605 cm-1), and 2D (2450-2650 cm–1) bands. Both D band 
associated with defects and impurities and G band of the stretching mode of the carbon-
carbon bonds were observed in the MWNTs. The second-order 2D-band present in the 
Raman spectra of various sp2 carbon materials is generally much more intense than the 
disorder-induced D-band. This is due to the fact that the 2D-band is symmetry-allowed 
by momentum conservation requirements, whereas the disorder-induced D-band only 
appears when there is a breakdown in the in-plane translational symmetry [34].   After 
wrapped with PANI, the 2D intensity significantly decreased. Additionally, several new 
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peaks appear at 1178, 1258, 1502 cm-1. The band at 1485 cm-1 has been assigned to an in-
plane deformation of the C–C bond of the quinoid ring of the doped PANI [35]. 
Therefore, this pronounced decrease gives evidence that a site-selective interaction 
between the quinoid ring of the doped polymer and the nanotubes occurs as a 
consequence of the in-situ polymerization.  
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Figure (3a) Optical absorption spectra and(b) the FTIR spectra of 

PANI and the MWNT-PANI composite. 
 
The UV-Vis absorption spectra of the pristine PANI and the MWNT-PANI 

composite are shown in Figure (3a). The pristine PANI demonstrates three strong 
absorption peaks around 430, 520 and 670 nm. The absorptions around 430 and 520 nm 
correspond to the π–π* transitions in the benzonoid rings, while the band at 670 nm is 
usually ascribed to the absorption of excitons locating in the quinoid ring [36].  The peak 
around 290 nm represents the π-π* electron orbital transition along the backbone of the 
PANI chains. Interestingly the absorption at 520 nm was quenched in the MWNT-PANI 
composite, indicating a strong interaction between PANI chains and MWNT walls 
through wrapping.  

 The FTIR spectra of both PANI and the MWNT-PANI composite were recorded in 
the region 4000 cm-1 - 200 cm-1 (Figure.3b). The formation of PANI was revealed by the 
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absorption bands at 3460, 1603, 1179, 1124 and 834 cm-1, which were attributed to the 
vibrations of N–H, –C=C–, Ph–NH, Ph–NH–Ph, and C–N in the aniline unit [37]. The 
broad peak at 3440 cm-1 corresponding to -NH2 stretching and the peak observed around 
2925 cm-1 due to C-H stretching.[38]The absorptions at 1716 and 1637 cm−1 are 
attributed to the C=C stretching mode of the benzene rings and vibration of quinone rings 
[39,40] .The peak at 1303 cm–1 is due to the C–N stretching of the polymer. The strongest 
band observed near 1100 cm–1 and that at 1235 cm–1 are respectively due to C–C 
stretching and C–C twisting of the alkyl chain [41].The peak near 800 cm–1 is due to the 
N–H out-of-plane bending mode. All absorption peaks below 1500 cm-1 are much weaker 
in MWNT-PANI composite than in PANI, indicating the strong interaction between 
PANI Chain and the wall of MWNTs. Thus, the FTIR spectral measurements confirm the 
formation of polyaniline on the wall of MWNTs through the electrochemical 
polymerization process. 
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Figure (4) Effect of MWNT content on the conductivity 

of MWNT-PANI nanocomposites. 
 
Figure (4) shows the effect of the MWNT content on the conductivity of the MWNT-

PANI nanocomposite. One can see that the conductivity of the nanocomposite increases 
as the amount of MWNTs was increased. The sharp increase in the conductivity value 
occurs at the MWNT contents higher than 5%. The conductivity of the MWNT-PANI 
composite with 6% MWNTs has been increased by about a fact of 12 as compared with 
the pristine PANI, which indicates that the MWNT-PANI nanocomposite obtained by in-
situ polymerization can significantly improve the material’s conductivity. The observed 
changes in conductivity at different MWNT concentrations can be explained by a 
percolation mechanism. The conductivity is dominated by the PANI matrix when MWNT 
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content is below 5 wt. % in the nanocomposite at which the percolation among MWNTs 
starts to take over the electronic transport. Saturation in conductivity can be reached, as 
the MWNT content is higher than 7 wt. % where the MWNTs dominate the electrical 
transport. It is known that the percolation threshold depends on many parameters like 
nanotube type, synthesis method, tube size, and polymer type and dispersion method. 
[41] Studies have shown that the percolation threshold of PANI and single-walled carbon 
nanotube (SWNT) nanocomposite [42] is around 0.3 wt. % of SWNT concentration. A 
threshold of 4 wt. % for unfilled MWNT-PANI has been reported [43]. In a similar 
composite of MWNT with polypyrrole, the percolation threshold was estimated to be 
between 15 and 20 wt. % nanotubes [44]. A recent report has pointed out that it is hard to 
observe a sharp percolation threshold in the nanocomposite because the conduction 
through PANI itself smears a sudden onset of conductivity change [45].  

The stability of the MWNT-PANI composites in terms of their conductivity was also 
investigated by annealing the samples at 100 °C in air for different times. Figure.4 shows 
the measured conductivity as a function of annealing time for the composite of 6% 
MWNTs. It was found that the initial annealing for less than 30 min improves the 
conductivity. However, a prolonged annealing up to 60 min causes the composite to lose 
its conductivity. The MWNTs embedded inside the PANI film should be stable enough to 
maintain their intrinsic conductivity at the annealing temperature. The oxidation of PANI 
itself and at the interface between PANI and MWNTs may take place and is believed to 
result in the loss of conductivity in the films. Effects of annealing on n-Si/MWNT-PANI 
solar cells were also investigated.  

 

 
Figure (5) Conductivity of a MWNT-PANI thin film with 6% MWNTs as a 

function of annealing time. The annealing was performed 
                  at 100 °C in air. The solid line is used as a guide for eyes. 
 

(1)Morphology - AFM and SEM images 
For taking picture deep insight in to the case, AFM images are taken to find out what 

happen to the PANI-MWNTs nanocomposite. From the image Figure (6) we can find the 
sharp edge of MWNTs thin film   it is primarily indicated that PANI is coated or 
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deposited on the MWNTs in to the sight film and each MWNT   is coated by a certain 
amount of PANI. 
 
 

 
 

Figure (6) AFM images of PANI-MWNts nanocomposites. 
 
 
(1)PV performance of the device 

Recently, PANI has been successfully used as a whole conductor material to fabricate 
the solid- state dye –sensitized TiO2 solar cells [45]. Therefore, we expect the junction of 
PANI-MWNTs would behave as a p-n heterojunction and form a rectifying contact. The 
I-V characteristic for both design explain in the Figure (7) The I-V characteristic of 
S/Pani with and without gold for enhancing the light absorption in the thin film and 
organic based solar cells is called plasmonic solar cells by using metal nanoparticle.  
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Figure (7) The I-V characteristic of the (nSi/ gold/PANI-MWNts 

and (nSi/PANI-MWNTs)). 
 

The current density voltage (J-V) characteristic of the device under illumination of 
simulated solar light shows a short-circuit photocurrent density (J sc) of 2.02 mA/cm2 with 
an open–circuit Voltage (Voc) of 0. 34 V for (Si/ (gold)/PANI-MWNTs) device, 
calculated filling factor (FF) of 0.31179, and an overall power–conversion efficiency 
(PCE) of 0.28 %   and for the sample Si/ PANI-MWNTs which is without plasmonic 
effect.  Figure (6) explain solar light shows a short-circuit photocurrent density (J sc)of 
0.8213 mA/cm2 with an open –circuit Voltage (Voc) of 0.25 V calculated filling factor 
(FF) of 0.275, and an overall power –conversion (PCE) is 0.07  %.The Table below 
explain the photovoltaic performance results for both devices with and without gold 
plasmonic effect .  
 

Device Jsc(mA/cm2) Voc(Volt) FF PCE (%) Im(mA/cm2) Vm(Volt) 
Without 

gold 
0.79 0.44 0.31179 0.07 0.47 0.1441 

With gold 2.02 0.34 0.275 0.28 1.1 0.206 
 
CONCLUSIONS 

In brief, MWNT-PANI nanocomposite was prepared by using in chemical 
polymerization method and characterized by various techniques. A heterojunction solar 
cells comprising amorphous n-type silicon modified by gold nanopartical    and MWNT-
PANI nanocomposite was fabricated. It was found that the in-situ polymerization process 



Eng. &Tech.Journal, Vol. 32,Part (B), No.4, 2014           Plasmonics Enhanced Nano Composite PANI-   
                                                                                                    MWNTS /Gold Particles/ Si Solar Cells 

   

786 
 

can lead to effective site-selective interactions between the quinoid ring of the PANI and 
the MWNTs, which facilitate charge, transfer processes between the two components. 
The improved electronic properties in PANI due to the incorporation of MWNTs help to 
improve the solar cell performance. This study demonstrates that the MWNT-PANI 
composites are potential materials for fabricating low-cost solar cells. and another side 
we have fabricated (n-type Si/ gold particles/PANI-MWNTS ) hetrojunction solar cell, 
compared with same design without gold particle. The Au metal nanoparticles, which 
exhibit increase power conversion efficiency due to intense absorption by surface 
plasmon resonance in the visible region of the spectrum. 
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