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Synthesis of Cu,ZnSnS, Nanocrystals and Its Third-order Nonlinear
Optical Properties
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Abstract Monodisperse Cu,ZnSnS, (CZTS) nanocrystals were synthesized by one-pot method using cop-
per(Il) acetylacetonate, zinc(II) acetate, tin(Il) chloride, S powder and oleylamine as precursors. The compo-
sition, structure, morphology and properties of the CZTS were characterized by X-ray diffraction (XRD),
energy dispersive X-ray (EDS), transmission electron microscopy (TEM), high-resolution transmission elec-
tron microscopy (HRTEM), X-ray photoelectron spectroscopy (XPS), UV-vis and Z-scan technology. The
results showed that the as-prepared CZTS nanocrystals were tetragonal phase with hexagonal shape and par-
ticle size about 10 nm. The nonlinear refraction index y (—1.08X10 ", —9.08 X107 m*W "), nonlinear
absorption coefficient £ (6.5X 10, 3.69X10™"" meW ') and third-order optical susceptibility y** (1.49 X
107%,4.35X 10 " esu) of CZTS nanocrystals with different size (10 nm, 13 nm) were calculated. Finally, the
growth mechanism of nanocrystals and the nonlinear optical properties were investigated.
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Figure 1 X-ray diffraction patterns of CZTS samples prepared

at different conditions: (a) 250 ‘C for 2, 4, 6, 7 h and (b) 210,
230, 250,270 C for4 h
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Figure 2 EDS spectrum of CZTS nanocrystal at 250 ‘C for 4 h
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Figure 3 X-ray photoelectron spectra (XPS) of the obtained CZTS nanocrystals at 250 ‘C for 4 h: (a) Cu2p, (b) Zn2p, (c) Sn3d and (d)
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Figure 6 The Z-scan curves of CZTS nanocrystals prepared at 250 “C for 4 h (a, b) and 6 h (c, d), respectively. (a) and (c) are open

aperture Z-scan curves, (b) and (d) are closed aperture Z-scan curves; solidlines are theoretical fits
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Table 1 Nonlinear refractive index y and nonlinear absorption coefficient S

CZTS y/(m*eW Rey/esu Bl(meW ") Imy®/esu 2 Pesu
—1.08X 107" 52%1071° 6.5X107° 1.4X107° 1.49%X107°
—9.08%x 107" 435%x1071° 3.69x 10! 82%107 1 435%10°1°

R2 AP =Hr AR MOt E S E A T

Table 2 Third-order nonlinear optical parameters for different materials

Material p(m*W ) Rey/esu SlmeW ™" Imy®/esu 2P/esu Ref.
CZTS —1.08X107" —52%x1071 6.5X107° 1.4X10°° —1.49%107°

CdSe —6X10°% [16]
PbS —75%107° —1.1X10 "2 [18]
AglnSe, 3.5x107" —29%107° —22X10 % 1.1x10°® [19]
AglnSe, 6.5x107" —0.29%107° [20]
AgIn$S, —6.6X10" —73%107° 3.9%107° [21]
Culn$S, 1.3X107" 2.8X10°° [22]
Ag 5.34x10° " [30]
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Figure 7 Schematic diagram for the formation of CZTS
nanocrystals. (a) Nucleation; (b) growth; (c) fast growth; (d)
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