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Optical properties of Cu2ZnSnS4 decorated reduced graphene oxide nanocomposites
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1. Introduction

Two-dimensional (2D) composite nanostructures have
received considerable attention for use in future ultrathin
photodetectors. Hybrid 2D materials grown on graphene
possess excellent dimensional-dependent properties, like

low-cost fabrication and an environmentally friendly nature.

Recently, semiconductor/graphene hybrid composite prep-
arations are in development to enhance the light detection
properties of graphene-related materials.[1] Cu,ZnSnS4
(CZTS) is a p-type material with a direct band gap energy
of ~ 1-1.6 eV and high absorption coefficient (~104 cm—1).
CZTS nanoparticles are potential materials for photode-
tecting applications.[2] In this article, we report the func-
tionalization of a CZTS NP-decorated reduced graphene
oxide (rGO) hybrid nanocomposite and their absorption
properties were measured.

2. Synthesis of CZTS-decorated rGO
Synthesis of Reduced graphene oxide

The rGO was synthesized from graphite flakes by an
improved version of Hummer’s method. A mixture of con-
centrated H,SO4/H3PO4 was added to a mixture of graphite
flakes under stirring for 30 min. KMnO4 was added to the
above mixture at 0 °C. It was heated to 40—45 °C for about
15 h. With the addition of distilled water, oxidation was
initiated and was terminated by addition of H,O,. Synthe-
sized GO was further mixed with hydrazine hydrate to pre-
pare rGO. The product was washed several times with
de-ionized water and vacuum dried.
CZTS-decorated rGO

As-synthesized rGO was dispersed in cyclohexane and
5 mL of oleylamine. The metal precursors acetates of Cu (2
mmol), Zn (1 mmol), and SnCl, (1 mmol) were mixed with
the above solution and degassed for another 30 min at
140 °C. Sulfur (4 mmol) was degassed at 140 °C in a sepa-
rate container and was injected into the rGO metal precur-
sor solution. The temperature of the mixture was further
raised to 270 °C and kept for 1 h. The final solution was
cooled down to 80 °C and washed with ethanol two times.

3. Result and discussion
Powder XRD

Powder XRD was performed to confirm the crystalline
phase of the synthesized CZTS/rGO nanocomposite as
shown in Figure 1. The diffraction peaks of as-synthesized
CZTS and CZTS/rGO nanoparticles were well matched
with the kesterite structure of CZTS.
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Figure 1. Powder XRD patterns of CZTS standard, Oleylamine
—rGO, synthesized CZTS and CZTS decorated rGO

TEM analysis

Figure 2 show typical TEM of as-synthesized CZTS,
rGo and CZTS/rGO. The TEM image of CZTS (Figure
2(a)) revealed that the morphology of the derived nanopar-
ticles was like a bulging spheres. TEM images of rGO
clearly show the sheet-like morphology of the material, as
shown in Figure 2(b). TEM images of CZTS/rGO (Figure
(¢)) confirm the formation of CZTS particles on the surface
of the rGO sheets, indicating that the highly dense distribu-

tion of particles on the surface of the rGO sheets.
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Figure 2. TEM images of Cu2ZnSnS4(a), rGO (b) and

Cu2ZnSnS4 decorated rGO (c).

3. Conclusions

CZTS NP decorated rGO nanocomposite were suc-
cessfully synthesized. This method of growth enabled the
uniform spherical-shaped single phase CZTS nanoparticles
on the surface of rGO. The absorption nature of CZTS in
the presence of rGO changed in the visible and near IR
regions.
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