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As the global demand for energy is growing rapidly, the securing of clean energy is
essential for sustainable economic growth. The solar energy is the most promising clean
energy source for the next-generation. Bi-VI-VII compounds exhibit a wide variety of
interesting physical properties, such as semiconductivity, photoelectricity, electrooptical
effect, photoconductivity, luminescence effect, magnetic susceptibility, ferroelectricity,
and piezoelectricity. Recently, some of Bi-VI-VII compounds have also been studied as
light absorber for solar cells, gaining increasing attention as an alternative for the lead
halide perovskites which enable high power conversion efficiency (PCE) but contain
toxic Pb(II). The present dissertation focuses on bismuth chalcohalides as light absorber
for solar cells because of their potential possibilities due to the same electronic
configuration of d19s2p0 for Pb(I) and Bi(III) and unclear photoelectric behavior.

In the present dissertation, some facile solvothermal processes were developed for the
synthesis of a series of bismuth chalcohalides, including Bi13S18Clz, Bi13S18Br2, Bi1sSisle,
BiSCl and BiSI. The photoelectric behavior as well as structures of these bismuth
chalcohalides were systemically studied. Furthermore, the solar cells based on these
bismuth chalcohalides as light absorbers were fabricated via some modified
solvothermal and physical vapor deposition (PVD) processes to investigate their
photovoltaic performances. The results suggest that the bismuth chalcohalides are
promising materials as a new type of light absorber material for solar cells.

This dissertation is composed of five chapters as follows:

In Chapter I, general information about solar energy, including semiconductors for

solar cells, evolution of solar cells, performance parameters of solar cells, and factors



affecting the performance of solar cells are described. In addition, we put emphasis on
Bi-VI-VII compounds, including the synthesis processes, the physical and chemical
properties, and the applications. Furthermore, the purposes of this dissertation are also
presented.

In Chapter II, the syntheses and formation reactions of BiisSisle and BiSI under
solvothermal conditions are mentioned. The formations of BiSI and BiisSisle are
strongly dependent on the S/Bi mole ratio, reaction temperature, and solvent in the
reaction system. The photoelectric study results revealed that BiisSislz is an n-type
semiconductor with a narrow bandgap of 0.75 eV, and possesses a strong light
absorbance from UV to NIR, suggesting the promising light absorber material for solar
cells. Moreover, for the photovoltaic study of Bi13Sisle, a modified solvothermal process
was developed to fabricate a uniform BiisSiglz film on the porous TiO:z electrode. The
preliminary photovoltaic results demonstrated a PCE of 0.85% of the BiisSisl2-based
solar cells. The results suggest a potential possibility for the fabrication of solar cells
using Bi13Sislz based on a low-cost solution process.

In chapter III, the studies are carry out on synthesis, photoelectric properties, and
photovoltaic performances of BiisS1sX2 (X = Cl, Br, I) compounds as light absorber for
solar cells. The chemical composition of (Bi3*)12(B24")0.5(S2)18(X)2 and the triangular
tunnel structure were determined by Rietveld refinements. In addition, Bi13S1s8X2 films
fabricated by a facile PVD approach were applied to solar cells as the light absorbers,
which demonstrated PCEs of 0.91, 1.12 and 0.75%, respectively, suggesting their high

potential application as a low cost and stable light absorber for a new type of solar cell.

In chapter IV, synthesize single crystalline BiSCl nanofibers and photoelectric
behavior as a light absorber for solar cells are described. BiSCl is an n-type
semiconductor with a direct bandgap of 1.96 eV, which is matches well with density
functional theory calculations. Uniform BiSCl nanorod films were fabricated on porous
TiO2 electrode by a modified solvothermal process, where the BiSCl nanorods are
vertically oriented to the TiOz electrode surface. The BiSCl-nanorod-based photovoltaic
device with architecture FTO/TiO2/BiSCl/(Is/I))/Pt exhibited a PCE of 1.36%, revealing
the potential of the BiSCI light absorber for a new type of solar cell.

In chapter V, a summary of the present study is given. The contribution of this work
to future study on bismuth chalcohalides and their applications to photoelectric and

photovoltaic devises are mentioned.
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