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The transmittance of electrolytes

The transmittance of electrolytes is illustrated in Fig. S1 and is an important
factor affecting incident light harvested by as-deposited film. Fig. S1 (a)~(c) shows
the transmittance of the deionized water, the Se electrolyte solution (containing 4.5
mM H,SeO;, and 100 mM NH,CI, pH = 2.3) and the Sb-Se electrolyte solution
(containing 5.5 mM K(SbO)C4H404°0.5H,0, 4.5 mM H,SeOs, and 100 mM NH,CI,
pH = 2.3). Fig. S1(d) compares the transmittance of the all above solutions, which
shows a very similar transmittance in wavelength range of 300~2000 nm, indicating
that incident light has no discriminative effect on various ions in electrolyte. The
transmittance of electrolytes shows a similar low value in wavelength ranging from
900 to 2000 nm (as a part of infrared), because liquid water has a strong absorption in
the infrared' blocking the transmission of infrared light. As infrared radiation is an

important process of heat transfer, the absorption of the infrared will lead to the rise of
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temperature and thermalmotion in electrolytes (photothermal effect). However the
temperature variation of 250 ml electrolytes for 30 min illumination is about 3.7 °C.
Such a little temperature rise is ignorable and can not be a dominant factor for the
variation of electrochemical behavior. While the transmittance of electrolytes shows a
very high value in the wavelength range of 300~900 nm indicating that light in this
wavelength range can illuminate on as-deposited films. The light in this wavelength
range (4.13~1.38 eV) can be absorbed by as-deposited films for exciting electrons and
holes (photoelectric effect) because the band gap? of Sb,Ses is approximately 1.3 eV.
For xenon lamp spectra, light in the wavelength range of 300~900 nm covers almost
total emitted light®>. Consequently, the influence of illumination on electrochemical

behavior is dominated by photoelectric effect rather than photothermal effect.

Figure S1. (a) The transmittance of blank solution (water); (b) the transmittance of
solution containing 4.5 mM H,SeO;, and 100 mM NH,4CI (red line); (c) the
transmittance of solution containing 4.5 mM H,SeO;, 5.5 mM
K(SbO)C4H406:0.5H,0 and 100 mM NH,4CI (green line); (d) comparison of the
transmittance spectra for three solutions of Sb-Se systems.

Potentiostatic polarization curves

Fig. S2 displays the typical potentiostatic polarization curves for revealing the
different deposition current densities between the PED and CED process of Sb,Se; at
deposition potential of -0.45 V (Fig. S2(a)) and -0.55 V (Fig. S2(b)), respectively. It is

obvious that the magnitudes of deposition current densities are enhanced in PED



process. This is an interesting phenomenon, concerning that the cathodic deposition
rate of Sb,Ses; thin film gets increased under illumination due to the generation of
additional photocarriers (photoholes and photoelectrons). As the photocarriers could
increase the conductivity of film and promote the electroreduction of ions. The
potentiostatic polarization curves and linear sweep photovoltammogram exhibit the
same tendency of current density under illumination, which is consistent with the
mechanism analysis.

Except the observation above, the reduction current densities of PED process
present relatively steady, which is different from the rapidly decreasing reduction
current densities of CED process. Because the accumulation of low conductive Sb,Se;
films on the surface of cathode, the reduction current densities of CED process show
such a rapidly decreasing. PED process can overcome the rapidly decreasing

electroreduction rate due to the photosensitive property of Sb,Ses films.

Figure S2. The typical potentiostatic polarization curves for PED and CED Sb,Se; at
deposition potential of (a) -0.45 V and (b) -0.55V.
SEM and visual photographs of Sb,Se; thin films
Fig. S3 shows the SEM and visual photograph (right top insets) of Sb,Se; thin
films prepared by CED (a), (c¢) and by PED (b), (d) at different deposition potentials
(-0.45 V (a), (b) and at -0.55 V (c), (d)). From the SEM micrographs, it can be
observed that PED Sb,Se; films have more homogeneous and smooth morphology.

The visual photographs show that film obtained by CED at -0.55 V is semitransparent,
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and the film electrodeposited at -0.45 V is much more transparent. However, a
significant observation is the evolution of the transparency of Sb,Se; films deposited
by PED on SnO,/glss substrates. Combined with the visual photographs, PED process
at -0.55 V is proved to be favorable to improve homogeneous growth of film.

The improvement of Sb,Se; layer in homogeneity should be related to the fact that
photons supply an additional energy to the film surface and activate surface processes
such as surface diffusion. And the new reduced atoms which hold high kinetic energy
can move to appropriate positions and form a more stable lattice plane. The

phenomenon has also been observed by Tseng? and Yin-Hsien Su®.
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Figure S3. SEM and visual photographs of Sb,Se; thin films (a) prepared by CED at -
0.45 V; (b) prepared by PED at -0.45 V; (¢) prepared by CED at -0.55V; (d) prepared

by PED at -0.55V.
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