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Abstract 
Polyaniline nanoparticles were prepared via chemical oxidation method and Silver nanoparticles were chemically synthesized using 

silver nitrate as major precursor. By using these nanoparticles and PVA, PANI/Ag nanocomposite gel was prepared. The PANI and 

Ag nanoparticles were characterized separately by using uv-vis spectrophotometer. The prepared PANI/Ag nanocomposite gel was 

applied on one side of the Al substrate and on the other side of Al substrate, Copper wire was soldered. The electrical 

characterization of this PANI/Ag nanocomposite Schottky diode was analyzed. 

 

Keywords: Absorption, Ag Nanoparticles, Al substrate, Composite, PANI, PVA, Schottky diode 

-----------------------------------------------------------------------***-----------------------------------------------------------------------

1. INTRODUCTION 

In recent years, Nanoelectronics seems to be the most 

promising successor in the field of engineering and 

electronics. Molecular-scale nanoelectronic devices including 

diodes, bistable switches and nanowires have been fabricated 

and characterized in chemistry laboratory. Among these 

devices considerable attention is given to the fabrication and 

characterization of Schottky diodes using polymer and metals 

because Schottky diode offer several advantages over other 

diodes such as low forward voltage drop, less heat, high 

efficiency, high current density and low capacitance [1-

4].Among all conducting polymers, polyaniline (PANI) and its 

derivatives are more attracted because of its chemical stability, 

simple preparation, high conductivity and low cost [5-7]. Bulk 

silver shows the highest electrical conductivity among metals 

at room temperature and it is an adept for producing 

conducting composites [8,9]. Schottky diode preparation using 

PANI/Ag is another important subject and have great 

technological importance for wide variety of applications such 

as Photovoltaic systems, power supply, RF detector etc. [10, 

11] Schottky diode invariably requires the use of thermally 

conductive substrates to manage the heat produced for 

photovoltaic applications [12, 13] and one of the most widely 

selected materials for this application is aluminum substrate 

[14]. Moreover, Aluminium is a low cost base material and 

offer high efficiency [14]. 

 

In this work, we synthesized the PANI/Ag nanocomposite gel 

and it was applied on one side of the Al substrate and on the 

other side of Al substrate, Copper wire was soldered because 

Schottky diode has a Schottky contact between a    

semiconductor and some appropriate metal and at other end of 

the semiconductor has an Ohmic contact, with a metal. Then 

the electrical characterization of PANI/Ag nano composite 

Schottky diode was analyzed. 

 

2. EXPERIEMENTAL SECTION 

2.1 Materials and Methods 

Aniline and hydrated copper sulphate were obtained from 

Merck, Germany were the major precursors to synthesize 

polyaniline nanoparticles. Silver nitrate (AgNO3) and sodium 

citrate were the major precursors to synthesize silver 

nanoparticles in the range of 10 nm approximately. All 

supplementary chemicals were of analytical grade and 

solutions were prepared with mili-Q water.  

 

2.2 Preparation of PANI Nanoparticles 

Aniline (20 mL) was added in a 150 mL beaker containing 60 

mL of methanol. The solution in a beaker was stirred on a 

magnetic stirrer for 45 min to make a homogenous solution at 

constant temperature. To this solution, 20 mL of 0.05 M 

aqueous copper sulphate solution was added drop by drop with 

constant stirring on magnetic stirrer at same temperature. After 

30min opaque blue solution was obtained and at the end of the 

reaction (after 45 min), the dark green color solution was 

yielded. The solution was filtered and dried and at the end 

dark green particles (polyaniline) were obtained [15].  

 

2.3 Preparation of Ag Nanoparticles 

Silver nanoparticles were prepared by a citrate reduction 

method. 4.5 mg of silver nitrate was dissolved in 100 mL of 

H2O and brought to boiling.2 mL of 1% sodium citrate 

solution was added. The solution was kept on boiling for 1 hr. 

During this process solution was mixed vigorously. Solution 

was heated until color change was evident (light brown). Then 

it was removed from the heating element and stirred until it 
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was cooled to room temperature. The obtained solution was 

filtered and dried. At the end silver nanoparticles were 

obtained [16].  

 

2.4 Preparation of PANI/Ag Nano Composite gel 

The PANI particles of 2.5mg and silver nanoparticles of 

2.5mg was dissolved in 100mL of methanol and brought to 

stirrer. Then the solution was stirred on the magnetic stirrer for 

20min. At the end, PANI/Ag solution mixture was obtained. 

The polyvinyl alcohol was added to the prepared PANI/Ag 

mixture and stirred on the magnetic stirrer for 2 hours. At the 

end of the reaction PANI/Ag nanocomposite gel was obtained 

[7, 17].  

 

2.5 Fabrication of a Schottky diode 

The PANI/Ag nano composite was deposited at one side of the 

Al substrate for Schottky contact and the wire drawn from the 

PANI/Ag side was attached to it by PANI/Ag nano composite 

gel. The Ohmic contact was to be made of copper wire solder. 

The Schottky diode using PANI/Ag nano composite was 

shown in Fig 1.  

 

 
 

Fig -1: Schottky diode using PANI/Ag nanocomposite 

 

3. RESULTS AND DISCUSSION 

3.1 UV-VIS Spectra 

UV-VIS characterization gives the absorption spectra in Ultra 

Violet – Visible spectral and near infrared region. This 

measurement gives the absorption spectra for the prepared 

PANI nanoparticles and Silver nanoparticles. The absorption 

spectra for the above two materials are shown in Fig 2 and Fig 

3 respectively. Optical absorbance spectra in the regions (300 

– 600 nm) were recorded at room temperature using UV-VIS 

spectrophotometer 119. The absorption peak was occurred at 

335 nm and 405 nm for PANI dispersed in methanol [9]. 

Similarly for silver nanoparticles the peak was occurred at 410 

nm [9, 18,19].  

 

 

 

 

 

 

 

 
 

Fig -2: Absorbance spectra for PANI 

 

 
 

Fig -3: Absorbance spectra for Ag nanoparticles 

 

4. ELECTRICAL CHARACTERIZATION 

4.1 Current Voltage Characteristics 

The circuit which was implemented for the current- voltage 

characteristics of the Schottky diode is shown in Fig 4. The  

circuit with the Schottky diode was made on the breadboard, 

voltage source, Multimeter, Ammeter, wires, Resistor were the 

other requirements shown in Fig 5.The I-V characteristics of 

the PANI/Ag nano composite Schottky diode (Fig 6) shows 

that current flow in one direction is definitely favoured over 

the other. We can roughly say that sans the series resistance 

the Voltage drop across the diode would have been 0.12 V. 

The resistance changes with temperature. So at higher voltages 

when there is substantial heating, the current reading gradually 

goes up, for (>5 minutes at 5 V forward bias) indicating that 

the resistance is lowered [20]. If the current is switched off for 

some time, the resistance returns to its room temperature 

value. So when switched on again, the current returns to its 

low starting value. It is noted that the resistance of 3000 ohms 
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is quite high in comparison to normal diodes and the power 

dissipation of 4.8 µw is low in comparison to normal diode.  

 

 
 

Fig -4: Schottky diode I-V characteristics circuit diagram 

 

 
 

Fig -5: Schottky diode I-V characteristics circuit set-up 

 

 
 

Fig -6: current vs voltage characteristics in both Forward 

reverse regions. 

 

From Fig 6, 

 Forward voltage drop, VF = 0.12 V 

 Forward current, IF = 40 µA 

 Resistance of the diode = 3000 ohms 

 Power Dissipation of the diode = 4.8 µW 

 

4.2 Voltage Characteristics on Application of Square 

Wave Pulse 

The circuit which was implemented with the use of a Function 

Generator at 2.2 kHz and the characteristics were studied by 

using a Oscilloscope (Fig 7 & Fig 8). 

 

 
 

Fig -7: Circuit Diagram I 

 

 
 

Fig -8: Circuit set-up I 

 

Vin = -10 V to +10 V 

 

 
 

Fig -9: Plot of Vin and Vout of PANI/Ag Schottky diode 
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From Fig 9, 

 Voltage drop across the diode, 

= 10 V – 0.005 V = 9.9 V. 

 Resistance of Diode in forward bias, 

= (9.9/0.005)*1 k ohms = 1980 k ohms 

 

It is to be noted that the resistance being higher, voltage drop 

across the diode is more and that across the 1k ohms resistor is 

more. 

 

 
 

Fig -10: Possible simple equivalent circuit I 

 

 
 

Fig -11: Possible simple equivalent circuit II 

 

Vin = -9 V to +9 V 

 

 
 

Fig -12:  Plot of Vin and Vout of PANI/Ag Schottky diode 

equivalent circuits 

 

From Fig 12, 

 Voltage drop across diode = 9 V– 5 V = 4V 

 Thus, diode resistance in forward bias, 

= (4/5)*1 k = 0.8 k ohms 

 

Hence from the equivalent circuit I (in forward biased region), 

we get  

 

By circuit analysis, 

 Equivalent resistance = 1.8 k ohms 

 Capacitance C = τ/R =0.27 µF 

 

Another equivalent circuit II (in forward biased region), is 

given alongside. 

 

From this, 

By circuit analysis,  

 Equivalent resistance = (1*0.8)/(1+0.8) 

       = 0.44 k ohms 

 Capacitance C = τ/R = 1.125 µF 

 

5. CONCLUSIONS 

In brief, we prepared PANI/Ag nanocomposite and analyzed 

its characteristics by using UV-VIS spectrophotometer. By 

using this prepared PANI/Ag nano composite, Schottky diode 

was fabricated. On the other hand, the electrical 

characterization of Schottky diode using PANI/Ag nano 

composite was analyzed. The results revealed that the diode 

has high resistance, low capacitance and low power 

dissipation. So, it could be used in photovoltaic applications. 
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