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1. Introduction –There have been several studies since 1991 on the use of TiO2 nanoparticles as

photoelectrode materials in DSSCs, whose use has led to a conversion efficiency greater than 10%.

Furthermore, the long-term stability and carrier mobility of TiO2 are also low. Some researchers have

investigated the possibility of using SnO2, ZnO,[1,2] or other metal oxides for producing semiconductors

that can be used as photoelectrode materials, in an attempt to improve the charge-transport characteristics

of DSSCs. Hence, the use of one-dimensional (1D) ZnO nanostructures (NSs) has great potential to

improve the performance of DSSCs. Most studies on the use of ZnO NSs as photoelectrode materials in

DSSCs have attempted to evaluate the dye-adsorption capabilities of various types of NSs, and very few

have analysed the effects of their optical properties on DSSC performance.

2. Experimental - We used fluorine-doped tin oxide (SnO2:F, FTO) substrates to produce the DSSCs. As

mentioned previously, two types of photoelectrode materials were fabricated: ZnO NRs and ZnO NFs.

3. Results and Discussion - The SEM profiles of the 1D ZnO NRs

and 2D ZnO NFs are shown in Figures 1(a) and (c), respectively.

Both were approximately 1 μm in length, and their morphologies

were as expected. Plan-view  SEM images of the two types of NSs

are shown in Figures 1(b) and (d), respectively. The diameters of

the NRs and NFs were 49.6 and 51.8 nm, respectively, while their

number densities were 2.64 and 3.84 × 109 cm-2, respectively.

Specifically, the average transmittance for wavelengths of 400–

800 nm was measured at different incidence angles. The post-

processing normalised results are shown in Figure 2. This meant

that the 2D ZnO NFs are better suited for wide-angle applications.

4. Conclusions - In this study, the 2D ZnO NFs exhibited better

dye adsorption properties and a higher haze value than did the 1D ZnO

NRs. Moreover, the results of transmittance measurements performed

over a range of incidence angles indicated that the attenuation of

incident light was not as pronounced in the 2D ZnO NFs, owing to

which the DSSCs prepared using them exhibited higher photoelectric

conversion efficiency. In addition, their light-scattering ability resulted

in improved light trapping during the variable-angle I–V

measurements. With the decrease in the cell efficiency with increases

in the incident light angle being only 12% for the devices with the 2D

ZnO NFs. Thus, DSSCs based on 2D ZnO NFs should be suitable for

wide-angle applications.

5. References

[1] J.H. Lee, N.G. Park, Y.J. Shin, Solar Energy Materials & Solar Cells 95 (2011) p.179–183.

[2] J.J. Wu, G.R. Chen, H.H. Yang, C.H. Ku, and J.Y. Lai, Applied Physics Letters 90, (2007) p.213109.

Figure 2. transmittance spectra of 

various devices with FTO glass with 

average transmittance at different 

incidence angles. 

Figure 1. (a), (b) SEM profile and plan-view 

image of 1D ZnO NRs and (c), (d) SEM profile 

and plan-view image of 2D ZnO NFs. 
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