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Synthesis and properties of colloidal
Cu,CdSnS, nanocrystals
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Abstract : Colloidal Cu,CdSnS, nanocrystals were synthesized by a facile solution chemistry method. Transmission electron
microscopy (TEM ), scanning electron microscopy ( SEM ), energy dispersive spectroscopy ( EDS), X-ray diffraction
(XRD), X-ray photoelectron spectroscopy ( XPS) and UV-vis-NIR absorbance spectroscopy measurements indicated that
the Cu,CdSnS, colloidal nanocrystals have uniform size-distribution and good crystalline quality with a tetrahedral coordina-
ted structure. The stoichiometric ratio Cu/Cd/Sn/S is about 2.07:0.75:1.26:3.92 in Cu, CdSnS, nanocrystals, and the
chemical states of Cu, Cd, Sn and S elements are of +1, +2, +4 and -2, which correspond with the states in the mo-
lecular formula of Cu,CdSnS,. The band gap of Cu,CdSnS, nanocrystals is estimated to be ~1.3 eV by extrapolating method.
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Introduction

In the past decades, colloidal nanocrystals have

been applied in nanocrystal-based lasers'’! | LEDs!*

’
[3]

and photodetectors Comparing with the traditional

thin-films by using electro-deposition, co-sputtering,

[45]

or co-evaporation -, colloidal nanocrystals-based thin

films are flexible by means of dip coating or drop cast-

[6-8]

ing on the desired substrate'”™"'. In addition, the roll-
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to-roll processing based on colloidal nanocrystals is an
important method for cost-effective and flexible solar
cells. Therefore, the colloidal nanocrystal inks, inclu-
ding CulnSe,, Cu(In,Ga) Se,, CulnS,, and Cu,Zn-
SnSL%® are the most potential photovoltaic materials in
the roll-to-roll processing for the cost-effective solar
cells.

Cu,CdSnS, has a tetrahedral coordinated structure

and a large absorption coefficient over 10* cm '),
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The band gap of Cu,CdSnS, is ~ 1.37 eV, near the
optimum direct band gap of 1.5 €V for efficient light
absorption'™. This makes Cu,CdSnS, one of the most
promising materials for photoelectric application. More-
over, thermoelectric properties of Cu, CdSnS, and Cu,
CdSnSe, have been explored and exploited'™!. Due to
their supply-abundant elements and excellent photoe-
lectric properties, Cu,ZnSnS, and Cu (In, Ga) (Se,
S),(CIGS) nanocrystals have been widely prepared as
alternative photovoltaic materials'®*’. However, Cu,
CdSnS, nanocrystals and even thin-films are, to our
knowledge, rarely reported*'®! though they are expec-
ted to be potential for the advanced photovoltaic and

9-11 . .
9111 " Herein, we describe

thermoelectric applications
the preparation of colloidal Cu,CdSnS, nanocrystals by
using a facile solution chemistry method. All measure-
ments including TEM, SEM, EDS, XRD, XPS and
UV-vis-NIR indicated that the Cu, CdSnS, nanocrystals

are good crystalline with a band gap of ~1.3 eV.
1 Experiment

All chemicals were used as received without any
further purification. The reactions were performed
under argon. In a typical synthesis of Cu,CdSnS, nano-
crystals, 0.5 mmol (0.0495 g) of copper (I) chloride
(CuCl, ACROS, 99% extra pure purified), 0. 25
mmol (0.065 g) of cadmium acetate hydrate ( ( CH,
CO0,),Cd - xH,0, Aldrich, =99.99% ), 0.25 mmol
(30 pl) of tin (IV) chloride ( SnCl,, ACROS,
9% ), 1 mmol (0. 032 g) sulfur (S, ACROS,
99.999% ) and 12 ml of oleylamine (C,;H;, N, AC-
ROS, 80 ~90% ) were added into a three neck flask
connected to a Schlenk line. This precursor mixture
was heated to 130°C and degassed under argon flow for
30 minutes, and formed a dark-blue solution. Then,
the reaction solution turned into black when heated and
annealed at 300°C for 5 minutes. Finally, the produc-
tion was taken out and injected into 40 ml of ethanol,
and centrifuged at 8000 rmp/min for 5 minutes. The
precipitates were collected and re-dispersed in chloro-
form, then 20 ml of acetone was added into the solu-
tion. The precipitates were re-collected and then re-
dispersed in chloroform to form a stable solution after

centrifuged at 12000 rmp/min for 3 minutes.

TEM images were taken on JEM-2100F equipped
with Gatan 832 CCD at an accelerating voltage of 200
kV. TEM specimens were prepared by dropping Cu,
CdSnS, nanocrystals dispersed in chloroform onto car-
bon-coated copper TEM grids. SEM image was ac-
quired using FEI Sirion 200 with an energy dispersive
X-ray analysis. XRD pattern was performed on Bruker
D8 Discover X-ray diffractometer. XPS data were
obtained using PHI 5000 VersaProbe X-ray photoelec-
UV-vis-NIR

absorbance spectrum was collected on a Lambda 900

tron spectrometer for surface analysis.

(PerkinElmer) with a scanning velocity of 240 nm/min.
2 Results and discussion

Figure 1 (a) and Figure 1 (b) are TEM images
and size distribution of typical Cu,CdSnS, nanocrystals
with an average size of 19.8 nm and a standard devia-
tion of 1.8 nm. It is shown that the nanocrystals have
uniform size distribution and slightly irregular shape.
High resolution TEM (HRTEM, Figure 1 (c) ) shows
clear crystalline planes of a single Cu, CdSnS, nano-
crystal. A polycrystalline-circle that results from the
diffraction of different crystalline planes is shown in se-
lected-area electron diffraction ( Figure 1(d)). The
average diameter of Cu, CdSnS, nanocrystals is ~ 20
nm as shown in SEM image (Figure 2(a)), that is
consistent with the result of TEM. EDS implies the sto-
ichiometric ratio of Cu/Cd/Sn/S in nanocrystals is
2.07:0.75:1.26:3.92, which approaches 2:1:1:4 in
Cu,CdSnS, chemical formulation as depicted in Figure
2(b). The peak of silicon comes from the substrate.

The structure and chemical states of Cu, CdSnS,
nanocrystals are investigated by XRD and XPS. XRD
pattern ( Figure 3) indicates that the nanocrystals have
a tetrahedral diffraction pattern (JCPDS 29-0506). In
Cu, CdSnS, each cation bonds to four sulfur anions,
and each sulfur anion bonds to four cations to form a

(11 " There are nine diffraction

tetrahedral structure
peaks in XRD pattern corresponding to ( 110 ),
(112), (200), (202), (114), (204), (312),
(224) and (316) planes at 29 =22. 73°, 28. 00°,
32.25°, 36.22°, 40.61°, 46.76°, 54.84°, 57.91°
and 75. 22°, respectively, in Figure 3. Meanwhile,

the size of nanocrystals calculated from the full width at
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Fig.1 (a)Overview TEM image (b)the diameter distribution
of nanocrystals derived from TEM image (c¢)HRTEM image of
one Cu,CdSnS, nanocrystal (d) selected-area electron diffraction
(SAED) pattern
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Fig.2 SEM (a)and EDS (b)of Cu,CdSnS, nanocrystals. All
samples were nanocrystal films and prepared on silicon sub-
strates. The peak around 1.8eV in Fig. 2(b) is from silicon
substrate
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half maximum (FWHM) of the (112) plane according
to Scherrer formulation is 19.3 nm, consisting with the
statistic result from TEM images.

Figure 4 presents the XPS results of four ele-
ments. The sulfur 2p3/2 and 2p1/2 peaks in the spec-
trum are located at 161.5 eV and 162.7 eV (Figure 4
(a)), which are consistent with the 160 ~ 164 eV
range for S in sulfides. The copper(I) XPS spectrum

(112)

Intensity(a.u.)

20 (degrees)

Fig.3 XRD pattern; XRD samples were nanocrystal films and
prepared on monocrystalline silicon substrates
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(Figure 4(b) ) shows two narrow and symmetric peaks
at 932.1 eV and 952.0 eV, indicative of Cu(I) with a
peak splitting of 19.9 €V in agreement with the stand-
ard splitting of 19.8 eV. The cadmium 2p peaks loca-
ted at 404.9 eV and 411.7 eV show a peak separation
of 6.8 eV, in agreement with the standard splitting of
6.76 eV, suggesting Cd(IT) (Figure 4(c)). The tin
3d5/2 and 3d3/2 peaks located at 486.2 eV and 494.
6 eV, with a splitting of 8. 4 eV indicates Sn (IV)
(Figure 4 (d). The XPS of cadmium and tin with
asymmetric peaks are resulted from the cadmium-defi-
cient and tin-rich in composition. EDS implies the stoi-
chiometric ratio of Cu/Cd/Sn/S in nanocrystals is a-
bout 2.07:0.75:1.26:3. 92, which approaches 2:1:
1:4 in Cu, CdSnS, chemical formulation. Therefore,
the main chemical states of four elements are + 1,
+2, +4 and -2, that correspond with the states in
Cu,CdSnS, chemical formulation ( Figure 4).

The optical properties of Cu, CdSnS, nanocrystals
are characterized by UV-vis-NIR absorbance spectros-
copy shown in Figure 5. It is estimated that the band
gap of Cu,CdSnS, nanocrystals is ~1.3 eV by plotting
the square of the absorption coefficient o multiplied by
the photon energy hv, versus hy in the inset. The band
gap of ~1.3 €V nearly corresponds with the value re-
ported in the literature (1.37 eV)'"*!. It is shown that
the nanocrystals are composed of pure Cu, CdSnS,
phase according to absorbance spectroscopy because

the band gaps of CdS and Cu,SnS;are 2.5 and 0. 93
eV, respectively [,
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Fig.4 XPS of Cu,CdSnS, nanocrystals (a)S 2p3/2 and 2p1/2
peaks (b) Cu(I) 2p3/2 and 2pl1/2 peaks (c) Cd 2p5/2 and
2p3/2 peaks (d)Sn 3d5/2 and 3d3/2 peaks
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Fig. 5 UV-vis-NIR absorbance spectroscopy of Cu, CdSnS,

nanocrystals. The inset is plotied by (ahv)? (the square of the
absorption coefficient o multiplied by the photon energy hv)
versus hy
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3 Conclusions

We have demonstrated the preparation of colloidal
Cu, CdSnS, nanocrystals by use of several ordinary pre-

cursors. TEM, SEM, EDS, XRD, XPS and UV-vis-

NIR measurements indicate that the Cu, CdSnS, nano-

crystals have been successfully synthesized with uni-
form size-distribution, good crystalline quality and tet-
rahedral coordinated structure. The stoichiometric ratio
in nanocrystals of Cu/Cd/Sn/S is about 2.07:0.75:1.
26:3.92, and the chemical states of four elements Cu,

Cd, Snand S are of +1, +2, +4 and -2, which
correspond with the chemical states of four elements in
Cu, CdSnS, molecular formula. Tt is estimated that the
band gap of Cu, CdSnS, nanocrystals is ~ 1. 3 eV
according to UV-vis-NIR absorbance specira.
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