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1 INTRODUCTION 

The nano structures of composite 

materials contribute to many device 

applications due to their novel physical 

and chemical properties when compared 

with pure materials. At some specific 

ratios these materials exhibit unusual 

characteristics that are not to be seen in 

pure form (Nupearachchi and Perera, 2014). 

There is much research done regarding 

this fact and composite films of 

semiconductors have been employed even 

in Dye Sensitized Solar Cells (DSSC) to 

improve their efficiency. One of the 

technological developments that took 

place in DSSCs during the past decades is 

the replacement of nano-crystalline TiO2 

photo of these cells with composite 

semiconductor materials where composite 

happen to consist of either mixtures of two 

semiconductor materials or 

semiconductor with some dielectric 

material as a core shell structure.  The 

study of mixtures of nano crystalline of 

SnO2 and ZnO for photo anodes of DSSCs 

have shown that the efficiency of the 

composite film of SnO2/ZnO  at 50 % by 

mass is higher than the films of pure SnO2 

or ZnO (Tennakone et al., 2001). Also SnO2 

and Al2O3 were used in various 

compositions and the research has 

concluded that the composite film of SnO2 

crystallites coated with ultrafine particles 

of Al2O3 generates an exceptionally high 

open-circuit voltage when compared to a 

cell made only from SnO2 (Kumara et al., 

2001). The research on composite of SnO2 

and MgO demonstrated that the cell 

fabricated with SnO2 film only delivered 

very low photocurrent and photovoltage, 

while the cell made of SnO2 and MgO 

composite delivered a short circuit 

photocurrent of ∼ 2.5 mA cm− 2 with an 

open circuit voltage of ∼ 500 mV 

(Tennakone et al., 2001).  

 

In our previous research study, through 

the Impedance Spectroscopic (IS) analysis 

we found that impedance of the film made 

of 30% of SiO2 in the SnO2 and SiO2 

composite exhibited the maximum 

impedance, which was one order of 

magnitude higher than the impedance of 

the SiO2 film. Even the dielectric loss of 

the film was minimal at this composition. 

Therefore, we concluded that the 

permittivity of the composite reaches a 

maximum value at this specific ratio of 

SiO2 and SnO2 (Ajward et al., 2016). Even 

the dielectric loss of these films was 

minimal at this composition. In that study, 

nano silica was extracted through the 

reaction of Rice Husk Ash (RHA) with 

NaOH followed by acidification. Rice 

husk is an agricultural waste rich in silica 

that comprises more than 20%. The 

carbonaceous compounds in the rice husk 

can be easily eliminated by burning them 
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to produce RHA which contain more than 

90% of silica. 

Here we report on the extraction of silica 

in RHA by using Sodium hypochlorite 

(NaClO). NaClO reacts with silica in 

RHA and Silicic acid could be obtained. 

Silicic acid is a compound that contains 

silicon, oxygen and hydroxyl groups. The 

general formula of silicic acid is [SiOx 

(OH) 4-2x] n. In our study, orthosilicic acid 

has been used to coat a thin film of SiO2 

on nano crystalline films of SnO2 which 

will be a prospective photo anode for 

DSSCs. The composite films were 

characterized with impedance 

spectroscopy and Mott-Schottky 

measurements.  

 

2 METHODOLOGY 

2.1 Preparation of RHA and 

Synthesis of silicic acid 
Rice husks collected from a rice mill were 

washed thoroughly with tap water 

followed by distilled water and dried in an 

oven at 120 °C. 100 g of dried rice husks 

was burnt at 700 °C to obtain RHA. 20 g 

of RHA was stirred 2 hours with 250 ml of 

sodium hypochlorite solution at 

temperature of 80 °C. Then it was left to 

cool down to room temperature and 

filtered. The filtrate was crystalized by 

using the rotary evaporator. The crystals 

were grinded using agate mortar and 

pestle. 1.20 g of this powder containing 

Silicic acid was dissolved in 100 ml of 

distilled water.  

 

2.2 Deposition of SnO2 films on 

CTO glass plates 
 2.6 g of SnO2 (particle size 20 nm, Alpha 

Acer) was mixed with 1.5 g of ethyl 

cellulose and 5.9 g of α-terpineol. The 

mixture was grinded 20 minutes using a 

mortar and pestle. The paste was spread by 

doctor blade method on the Conducting 

Tin Oxide (CTO) glass plates cut into the 

size of 1.5cm × 3cm which were cleaned 

in an ultrasonic bath using detergent and 

distilled water prior to the deposition. 

After that the SnO2 coated films were 

dried on a hot plate and sintered in a 

furnace at 450 °C for 30 minutes. 

 

2.3 Coating thin SiO2 layer on SnO2 

films 
The prepared SnO2 films were dipped in 

10 ml of silicic acid solution for 30 

minutes and the plates were kept on a 

hotplate at a temperature of 70 °C for 

drying and they were sintered in a furnace 

at 450 °C for 30 minutes. 

 

2.4 Characterization techniques of 

the films 
Deposited films were electrochemically 

characterized by impedance spectroscopic 

measurement techniques. The shift in the 

flat band potential of the SnO2 films after 

coating SiO2 layer was determined with 

Mott-Schotky measurements. The charge 

transfer resistance of the films was 

calculated by potentiostatic measurement 

of impedance in the frequency range 0.1 

Hz to 1 MHz using Auto Lab FRA 32.  

 

3 RESULTS AND DISCUSSION 

3.1 Reaction chemistry 

 
When RHA is reacted with sodium 
hypochlorite, sodium silicate is produced 
dissolving silica in RHA according to the 
following reaction. 
 
SiO2 +2 NaClO + H2O = Na2SiO3 + 2HClO (1) 

   
Hypochlorous acid formed in this reaction 
bring down the pH of the medium to a 
lower value. Since hypocaloric acid is a 
weak acid, sodium silicate produced in 
equation (1) converts into orthosilicic acid 
as in the following reaction. 

Na2SiO3 + 2HClO = H2SiO3 + 2NaClO (2) 

But when we consider both the reactions 
together, overall reaction is to produce 
orthosilicic acid according to the 
following reaction by hydrogenation of 
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SnO2 SnO2 

SnO2/SiO2 SnO2/SiO2 

silica which is the natural occurring 
process of silicic acid in the earth’s crust. 

SiO2 + H2O = H2SiO3 (3) 

Although silicic acid can be produced by 
acidification of sodium silicate, it readily 
loses water to form polymeric silica gel. 
But that is avoided here because 
Hypochlorous acid is a weak acid. But if 
we keep this aqueous solution exposed to 
air for several days, precipitation of SiO2 
at the bottom of the container could be 
noticed. Therefore, immediately after the 
dissolution of silica, water has to be 
removed to obtain the white powder 
containing orthosilicic acid. This powder 
completely dissolved in water, indicating 
that the removal of water does not convert 
the silicic acid in the powder to silica. 
However, there can be unreacted sodium 

hypochlorite contained in this white 
powder.   

 3.2 Determination of flat band 

potential 
The shift in the flat band potential of the 

SnO2 films after coating SiO2 layer was 

determined with Mott-Schottky 

measurements. Figure 1 shows the flat 

band potential of SnO2 film and SnO2 film 

after coating a thin layer of Silica by 

dipping the SnO2 coated films in a solution 

containing orthosilicic acid. 

Measurements were taken changing the 

biasing voltage for two frequencies of 

1000 Hz and 2000 Hz. 

 

 

 

 

 

 

 

Figure 1: Mott-Schottky plots of SnO2 films and SnO2 films coated with SiO2 layer measured 

with (a) 1000 Hz and (b) 2000 Hz frequencies. 

The Mott-Schottky relationship involves 

the apparent capacitance measurement as 

a function of potential under depletion 

condition given by the equation, 

 

1

𝐶2
=

2

𝜀𝜀0𝑒𝑁𝑑
[(𝑉 − 𝑉𝐹𝐵) −

𝑘𝑇

𝑒
] 

where, C is the capacitance of the space 
charge region, ε is the dielectric constant 
of the semiconductor, ε0 is the permittivity 
of free space, Nd is the donor density, V is 
the applied potential, VFB is the flat band 
potential, k is the Boltzmann Constant, 
and T is the absolute temperature. The 
donor density can be    calculated from the 
slope of the 1/C2 vs. V curve, and the flat 

band potential can be determined by the 
intersection point of the graph with the 
voltage axis. It can be clearly seen that the 
flat band potential of SnO2 films after 
coating a thin layer of SiO2 shifts towards 
more positive potentials with respect to 
the Ag/AgCl reference electrode. The flat 
band potential of SnO2 film is at -0.32 V 
and it is at -0.28 V when thin layer of SiO2 
was coated. These values are same for the 
both frequencies, i.e. for 1000 Hz and 
2000 Hz used in this measurement. 

3.3 Charge transfer resistance 

Nyquist plots for SnO2 films and SnO2 

films coated with SiO2 layer are shown in 

figure 2. It is obvious that the charge 

transfer resistance of the film at the 
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electrolyte interface increase after coating 

a thin layer of SiO2.  

The impedance of the SnO2 film alone is 

about 40 KΩ and it is about 100 KΩ when 

thin layer of SiO2 was coated on SnO2 

film. By coating a thin layer of SiO2 on the 

films of SnO2 supposed to suppress 

recombination of electrons in conduction 

band of SnO2 with the reducing agents in 

the electrolyte. Therefore, these films 

could be employed in DSSCs as 

prospective photo anodes to increase their 

efficiency. 

 

 

 

 

 

 

 

Figure 2: Nyquist plot of (a) SnO2 films and (b) SnO2 films coated with SiO2 layer 

4 CONCLUSIONS 

Orthosilicic acid was synthesized reacting 

rice husk ash with sodium hypochlorite. A 

thin layer of silica is coated on nano 

crystalline SnO2 films by dip coating 

silicic acid on SnO2 films. Coating thin 

layer of SiO2 on SnO2 nano crystallites 

films shift the band gap of SnO2 films by 

0.04 mV. The Nyquist plots of the films 

reveal that the charge transfer resistance of 

the film is also increased two-fold. These 

surface modified films are prospective 

candidates for photo electrodes of DSSCs.  
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