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Figure S1. A SEM cross-section image of the photoanode in a dye-sensitized solar cell (DSSC) based 

on the layer-by-layer structure. The thicknesses of the first TiO2 layer (bottom), second TiO2 layer 

(middle), and scattering layer (top) were 5.44 μm, 4.83 μm, and 5.67 μm, respectively. 



 

 

Figure S2. The EDX spectra of (a) TiO2 film-immobilized Au NPs, (b) TiO2 film-immobilized Ag 

NPs, and (c) TiO2 film-immobilized Ag and Au NPs based on the layer-by-layer structure. 

 

Figure S3. The SEM images and size distribution histograms of (a) immobilized Ag NPs and (b) 

immobilized Au NPs on film. The average size of Ag and Au NPs are 29±1.8 nm and 19±1.5 nm, 

respectively. 



 

 

Figure S4. Simulated electric field intensity distributions of (a) Au and (b) Ag NPs under the excitation at their 

plasmon wavelengths in the layer-by-layer structure calculated by the finite difference time-domain (FDTD) 

method. 

 

Figure S5. Dark current characteristics of DSSCs based on the layer-by-layer structure (a) without metal 

nanoparticles (NPs), (b) with spherical Ag and Au NPs, and (c) with multi-shaped Ag and Au NPs. 

In terms of dark current characteristics, Voc of the DSSC with Ag or with multi-shaped Ag 

nanoparticles was higher than that of the DSSC without metal nanoparticles. As shown in equation 

below, Voc is related to Jsc, but not Jo, under one sun condition. This is because the electron density is 

increased by the light intensity, which changes the electron concentration and the Fermi level in the 

TiO2 layer.  
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However, under dark conditions, Voc is also higher. This means than the electron density of 

the TiO2 layer is increased by Ag or multi-shaped Ag nanoparticles which also improved the 

diffusion length and electron lifetime. Thus, in our results, the Voc is improved due to the 

improvement of electron density by Ag or multi-shaped Ag nanoparticles under dark conditions. 


