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 I have summarized the experimental studies at electrochemical impedance studies on dye sensitized solar cell in Spain. In the beginning of my studies, the general laboratory schooling and safety rules was given to me for one week. I learned how to use impedance analyzer and the other machine in second week. I began to work on impedance analysis DSSCs under different temperatures and finally the construction of solar cells with materials which were synthesized at Ege University Solar Energy Institute after general practice. 
Impedance spectroscopy is a useful tecnique to investigate the kinetic processes of DSSCs. Owing to impedance spectroscopy, different cell parameters which are, chemical capacitance, transport resistance, diffusion coefficient and charge-transfer (recombination resistance)  can be determined. These parameters can be realized with the shape of impedance response as a function of frequency.
In this work, we studied the electrochemical characteristics of dye-sensitized solar cell under different temperatures. Impedance spectroscopy was applied to investigate the properties of DSSCs. Impedance analysis under different temperatures have been studied using climatic chamber to see the effect of temperature on DSSCs. To observe temperature effect, we exposed to DSSCs  respectively to -10 C°, 0 C°, +10 C°, +20 C°, +30 C°, +40 C° and +50 C°.


Measurement of impedance data was carried out by Gamry electrochemical impedance analyzer and we selected frequency range from 0.005 to 800000 Hz. The magnitude of alternative signal was 10 mV.  The measurements were taken under solar simulator and open circuit conditions. The light source doesn't emits infrared light so it doesn't heat DSSC. Moreover, we used to temperature sensor to compare the temperature of solar cell and the temperature in climatic chamber and we recorded resistance values according to temperature changes.

We prepared DSSC which is including buffer layer TiO2 (50 nm) layer and transparent  TiO2 layer (mixture) and as an electrolyte we used  (F1): 0.6 M Butilmetilimidazolium iodide, 0.03 M I2, 0.10M Guanidinium tiocianat, 0.50M 4-tert-butilpiridine Acetonitril: Valeronitril (85:15) (V/V) as an electrolyte and we used standart N719 dye.

To employ the photovoltaic measurements of  DSSC, we used Gamry Reference 3000‘s cylic voltametry function. The photocurrent-voltage characteristics of cell are shown in Figure 1.  The efficieny showed an increase with the temperature.

The short circuit current of our cell is 5.48 mA/cm2 and open circuit voltage is 612 mV under 100mW/cm2 radiation intensity. The efficiency and fill factor values of solar cell are 8.469% and 0.63 respectively. Figure 1  shows the I/V curves related to temperature -10 0C to 500C. According to Figure 2 can be seen that with increasing temperature, efficiency is decreasing.    
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Figure 1: Photocurrent-Voltage characteristic of DSSC with different temperature.
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Figure 2: Relationship between efficiency and temperature in DSSC.

At the end of the impedance measurements, we fitted impedance plots taken under the dark and light. To do this we used different models for low potential (-0.0V,-0.30V), at the transmision line region (-0.4V,-0.55V) and high potential between (-0.6V,-0.8V). With fitting transmission line model, very significant parametres like recombination resistance, transport resistance and chemical capacitance have been calculated for DSSC. 


We characterized our cells with impedance spectroscopy in the dark and light at different temperatures and forward biases. As shown in Figure 3 and Figure 4, impedance spectra showed as nyquist and bode plots, presents the characteristic kinetic process of DSSC in different temperatures. 
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Figure 3: Nyquist plots of DSSC at the open circuit condition and using different temperatures.
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Figure 4: Bode plots of DSSC at the open circuit condition and using different  temperatures.

Acording to the nyquist plots shown in Figure 3, recombination resistances at different temperatures can be compared. We have realized that the recombination resistance of cell is decreasing with increasing temperature. Acording to bode plots shown in figure 4, electron lifetime of cell is increasing with temperature.
The chemical capacitance Cμ  reflects the change of electron density on a small variation of chemical potential. The capacitance can be measured by impedance spectroscopy  and can be detemined with fitting transmission line model. As shown in figure 5, the obtained chemical capacitance of cell changes with the temperature. Accordind to the fitting results we observed with increasing temperature, chemical capacitance  remains nearly constant.
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Figure 5: Chemical capacitance Cμ obtained from impedance datas.
Charge-transfer (recombination ) resistance dependence on temperature is presented in Figure 6. At the low temperatures we observed a high recombination resistance .
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Figure 6: Charge-transfer (Recombination) resistance Rrec obtained from impedance datas.
[image: image9.png]100

R/Q

10

om0

0 om 08 oc
Potential v

soromae

Vi RiEC
Vie RLaC
Vi RiEC
Vi RiC
Vie RU0C
Vi Rtoc
Vie RE0C





Figure 7: Transport resistance Rt obtained from impedance datas.

In addition to the elements in transmission line, there are other elements  in equivalent circuit model that describe additional process in the DSSC: the charge transfer resistance Rt and interfacial capacitance Cpt  at platinized counter electrode-electroylte interface, the charge-transfer resistance RTCO for electron recombination from the uncovered layer of the conducting glass (TCO) to the elctrolyte, the sheet resistance Rs of the TCO, the capacitance at the exposed FTO-electrolyte interface, resistance RCO and capacitance CCO at the TCO- TiO2 contact, and, finally, the impedance Zd(sol), with direct current (dc) resistance RD showing the diffusion of redox species in the electrolyte. All impedance spectra in this study were fitted with this transmission line model. For beter fitting, all capacitor elements were replaced by constant phase elements that, in any case, the constant phase element (CPE) exponent γμ quite close to the perfect capacitor value, γμ ≈1. From the fitting data, we could calculate the evolition of parameters such as the electron diffusion coefficient Dn=(RtCμ)-1 , the lifetime τn= RctCμ, and the effective diffusion lenght Ln=(Dnτn)1/2.


To determine the electron lifetime we used Gamry choronopotentiometry. We observed open circuit decay with different temperatures. From the open circuit decay measurements we calculated electron lifetime in TiO2. (Figure 8)
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Figure 8: Electron lifetime τn obtained from impedance in the dark with using open circuit decay measurement.
SUMMARY
     In the presented study report, that impedance analysis of DSSC at different temperatures was demonstrated. We observed temperature effect on DSSC’s. With increasing temperature electron density is increasing and recombination is increasing too. We observed that to control the recombination mechanism is too important for improving the DSSC efficiency. Finally we calculated different important parameters for DSSC’s. 
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