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Introduction

Ternary chalcogenides of I-III-VI (I=Cu, Ag; III=Ga, In;
VI=S, Se, Te) have attracted considerable attention owing
to their excellent electrical and optical properties, and their
important technological applications in areas such as photo-
voltaic solar cells, linear and nonlinear optical instruments,
and light emitting diodes.[1] As one of the most important
ternary chalcogenides, CuInS2 is in development as a light
absorber for harvesting solar energy, owing to its high ab-
sorption coefficient (a�5)105 cm-1) and optimal band gap
energy (1.45 eV), which is close to solar energy (1.1–1.5 eV),

low-cost production, and low toxicity.[2] To date, solar cells
based on CuInS2-derived photovoltaic materials have ach-
ieved 12–13% conversion efficiencies on large area mod-
ACHTUNGTRENNUNGules,[2a] and efficiencies close to 18% have been achieved
under laboratory conditions.[2e] It has been reported in the
literature that the high conversion efficiency of ternary chal-
cogenides is generally caused by the hole-energy barrier at
grain boundaries, thus preventing the electron-hole recombi-
nation process or the formation of random p–n junctions
throughout the inhomogeneous polycrystalline thin film.[3]

Additionally, AgInS2 has an orthorhombic (o-) structure or
chalcopyrite-like (c-) structure, and is an intriguing function-
al material, owing to its promising applications in photovol-
taic and optoelectronic fields.[4] Thus, the preparation of
monodisperse single-crystalline colloids of compounds I-III-
VI might improve their photovoltaic performances, because
a larger amount of “grain boundaries” and p-n junctions can
be formed. However, only solid thin films, or irregular parti-
cles that have ill-controlled size/morphologies, have been
obtained in the past few years, through processes such as

Abstract: Colloidal, monodisperse,
single-crystalline pyramidal CuInS2 and
rectangular AgInS2 nanocrystals were
successfully synthesized through a con-
venient and improved solvothermal
process that uses hexadecylamine as a
capping reagent. The crystal phase,
morphology, crystal lattice, and chemi-
cal composition of the as-prepared
products were characterized by using
X-ray diffraction, transmission electron
microscopy (TEM), high-resolution
TEM, and energy dispersive X-ray
spectroscopy. Results revealed that the
as-synthesized CuInS2 colloid is in the
tetragonal phase (size: 13–17 nm) and
the AgInS2 in the orthorhombic struc-
ture (size: 17�0.5 nm). A possible

shape evolution and crystal growth
mechanism has been suggested for the
formation of pyramidal CuInS2 and
rectangular AgInS2 colloids. Control
experiments indicated that the mor-
phology- and/or phase-change of
CuInS2 and orthorhombic AgInS2 col-
loids are temperature- and/or time-de-
pendent. CuInS2 colloids absorb well in
the range of visible light at room-tem-
perature, indicating its potential appli-
cation as a solar absorber. Two photo-
luminescence (PL) subbands at 1.938

and 2.384 eV in the PL spectra of
CuInS2 colloids revealed that the re-
combination of the closest and the
second closest donor–acceptor pairs
within the CuInS2 lattice, in which the
donor defect (Cui) occupies an intersti-
tial position and the acceptor defect
(VIn) resides at an adjacent cation site.
In addition, the synthesis strategy de-
veloped in this study is convenient and
inexpensive, and could also be used as
a general process for the synthesis of
other pure or doped ternary chalcoge-
nides that require a controlled size (or
shape). This process could be extended
to the synthesis of other functional
nanomaterials.

Keywords: colloids · crystal growth ·
functional materials · monodis-
perse · ternary chalcogenides

[a] Dr. W. Du, Prof. X. Qian, Prof. J. Yin, Dr. Q. Gong
School of Chemistry and Chemical Technology
Shanghai Jiao Tong University, Shanghai 200240 (China)
Fax: (+86)21-5474-1297
E-mail : xfqian@sjtu.edu.cn

Supporting information for this article is available on the WWW
under http://www.chemeurj.org/ or from the author.

J 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Chem. Eur. J. 2007, 13, 8840 – 88468840



the elemental hydrothermal or solvothermal technique,[5]

the single-source precursor route[6] or high-temperature epi-
taxial growth.[7] More recently, some progress has been
made on the controlled synthesis of the ternary chalcoge-
nides, for example, ZnIn2S4 nanotubes or nanoribbons have
been prepared by a pyridine solvothermal method, AgInSe2
nanorods have been formed by means of the single-source
precursor route, and CuInSe2 nanowires through the Au-cat-
alyzed vapor–liquid–solid growth process.[8] Therefore, the
challenge remains, how to prepare monodisperse ternary
chalcogenide colloids that have controlled size and shape
through a facile, inexpensive, and general method. The ob-
tained colloids might provide a straightforward route by
using the spin coating process for the production of solar
cell devices.

Nevertheless, precise control of the chemical composition,
crystal structure, size, shape, and surface chemistry of nano-
materials allows one to observe their unique properties, and
to be able to tune their chemical and physical properties as
desired.[9] In the past decade, great progress has been made
in the controlled synthesis of colloidal monodisperse binary
chalcogenides and other functional compounds, through the
organic solution-phase pyrolysis approach.[10] Compared
with the significant progress in monodisperse binary chalco-
genide colloids, research on ternary chalcogenide colloids
has been limited, owing to the lack of suitable synthetic
methods.

In this study, a convenient and general synthesis strategy
was developed to prepare monodisperse CuInS2 and AgInS2

colloids through a modified-surfactant solvothermal ap-
proach. Typical samples were prepared by an improved-sol-
vothermal process with hexadecylamine (HDA) as the cap-
ping reagent. The processes were carried out in anisole with
some simple precursors, for example, metal acetate, chlo-
ride, or nitrate and carbon disulfide. The obtained products
could be readily redispersed in organic solvents (e.g., tolu-
ene and chloroform) and self-assembled into colloidal mon-
olayers over a large area. Experimental conditions and re-
sults are summarized in Table 1 and in the Supporting Infor-
mation, Table S1.

Results and Discussion

Crystal phase, compositional, morphological, structural char-
acterization and shape evolutional analysis of typical CuInS2

and AgInS2 colloids : The crystal phase of the as-synthesized
products was identified by powder X-ray diffraction (XRD)
and energy dispersive X-ray spectroscopy (EDS) (Figure 1).

Table 1. Experimental parameters and results of CuInS2.
[a]

TEM Figure
no.

Capping
reagents[b]

T
[oC]

t
[h]

Morphologies

2a,c,e, 7d HDA 200 12 monodisperse colloids
4a HDA 200 2 agglomeration
4b HDA 200 6 aggregated particles
4c HDA 200 24 monodisperse colloids
7a HDA 120 12 agglomeration
7b HDA 160 12 monodisperse colloids
7c HDA 180 12 monodisperse colloids
S2a ODA 200 12 monodisperse colloids
S2b DDA 200 12 aggregated particles

[a] For a typical experiment see the Experimental Section; [b] HDA:
hexadecylamine, ODA: octadecylamine, DDA: dodecylamine; [c] The
crystal phase of the CuInS2 synthesized in present work was kept un-
changed.

Figure 1. XRD patterns and EDS spectra of CuInS2 (a,c) and AgInS2

(b,d), respectively. The carbon signal in the EDS spectra is from trace
HDA capped onto as-synthesized colloids and the oxygen signal might
come from air or slight oxidization of the product.
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The XRD pattern shown in Figure 1a clearly reveals that all
of the diffraction peaks match well with the tetragonal
CuInS2 (lattice parameters: a=5.52 and c=11.12 P, JCPDS
47–1372; I-42D). Under similar reaction conditions, ortho-
rhombic AgInS2 (lattice parameters: a=7.001, b=8.278, and
c=6.698 P, JCPDS 25–1328; Pna21) could also be prepared
in its metastable phase (Figure 1b). It is well known that the
orthorhombic phase of AgInS2 is usually stable at high tem-
perature (>620 8C), while the tetragonal phase is stable
below 620 8C.[4c,6a] The synthesis of the metastable ortho-
rhombic AgInS2, obtained at lower temperatures in our
present work, could be ascribed to the change of the chemi-
cal growth environment, and the usage of solvent and/or sur-
factants that result in a temporary phase reversion.[6a] Simi-
lar crystal phase reversion phenomena have also appeared
in the case of hexagonal wurtzite ZnS and e-Co colloids.[11]

EDS analysis showed that the atom content ratio of Cu, In
and S in CuInS2 is 1:0.92:2.06, this in good agreement with
the CuInS2 defect structure (namely, the donor defect Cui

and the acceptor defect VIn) (Figure 1c). The atom content
ratio of 1:0.91:1.97 for Ag, In, and S in o-AgInS2 also corre-
sponds with its defect structure (Agi and VIn) (Figure 1d).

Transmission electron microscopy (TEM) and high-resolu-
tion TEM (HR-TEM) evidenced the shape and the corre-
sponding crystallographic orientation of the as-synthesized
colloids (Figure 2). Representative TEM images (Fig-
ACHTUNGTRENNUNGure 2a,b) showed that monodisperse CuInS2 and o-AgInS2

colloids were the exclusive products and they can be self-as-
sembled into a colloidal monolayer over a large area.
Larger magnification TEM images of CuInS2 and o-AgInS2

colloids (Figure 2c,d) showed that the colloidal CuInS2

nanocrystals were polyhedral (sizes: 13–17 nm) and the o-
AgInS2 colloids were rectangular (size: 17�0.5 nm). Clear
lattice fringes in the HR-TEM images (Figure 2e,f) indicate
that the as-obtained ternary chalcogenide colloids have a
single-crystalline structure. The 2.80 P lattice space shown
in Figure 2e is consistent with the {004} faces d spacing of
tetragonal CuInS2, this indicates a fast growth along the
<001> direction. The lattice fringes in Figure 2f are sepa-
rated by 3.31 P, these correspond to the {002} planes of o-
AgInS2. These results indicate that monodisperse single-
crystalline CuInS2 and o-AgInS2 colloids can be prepared on
a large scale, through the present modified-surfactant solvo-
thermal method.

Generally, the final shape of nanocrystals is dominated by
the inherent crystal structure during the initial nucleation
stage, and the subsequent growth stage through the delicate
control of external factors, for example, surfactants, temper-
ature, and time.[12] In the present system, we think that the
crystal shapes of the CuInS2 and o-AgInS2 colloids are deter-
mined mainly by their inherent crystal structure. The surfac-
tant HDA fulfills the capping reagent role, i.e., capping on
the colloid surface, to provide steric hindrance and to pre-
vent the colloids from aggregating. The Gibbs–Curie–
WulffSs theorem is represented in Equation (1), in which gn

is the surface tension of crystal face n, and hn is the distance
of that face from the WulffSs point in the crystal.

g1

h2
¼ g2

h2
¼ g3

h3
¼ � � � ¼ constant ð1Þ

Higher surface tension faces tend to grow along the
normal direction and eventually disappear from the final ap-
pearance.[13a] According to the Donay–Harker rules,[13b] the
surface energy of the {001} faces in tetragonal CuInS2 is
�1.4 times larger than that for the {101} faces. Based on the
crystal parameters of CuInS2, a sequence of g{100}=g{010}!

g{001} can be deduced from the distances between these three
faces and the WulffSs point, which leads to a faster crystal
growth along the <001> direction. Furthermore, from the
viewpoint of crystal structure, the (001) facets in CuInS2 are
terminated by metal ions (Cu2+ and In3+), and the (00�1)
facets by S2�, these are similar to those of hexagonal ZnO
(Figure 3).[13c] On the other hand, the species of M-
ACHTUNGTRENNUNG(S2CNHR)n (e.g., M= In3+) and C16H33NH3

+ might also be
formed within the present synthesis system if the following
reaction occurs [Eq. (2)];[13d]

Figure 2. Representative TEM images of CuInS2 (a,c) and AgInS2 (b,d),
respectively. HR-TEM images of the CuInS2 (e) and o-AgInS2 (f) col-
loids, respectively (the insert pictures are the corresponding structural
sketch maps).
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Mnþ þ 2nC16H33NH2 þ nCS2 !MðS2CNHC16H33Þn
þnC16H33NH3

þ
ð2Þ

Simultaneously, the newly-formed H2S, that results from
the reaction of CS2 and hydrated water, could combine with
C16H33NH2 to yield the C16H33NH3

+ and S2� species.
Through Coulombic interactions, these cations (C16H33-
NH3

+) would preferentially adsorb onto the negative polar
surface of the (00�1) facets and provide a larger steric hin-
drance. Therefore, CuInS2 colloids would preferentially
grow along the +c-axis and would be retarded in the �c-
axis direction (as illustrated in the insert of Figure 2e). As a
result, a truncated pyramidal CuInS2 was formed, owing to
the incomplete evolution of higher energy (001) surfaces.
This phenomenon of the retarded growth in the �c-axis di-
rection has also appeared in ZnO nanorods.[14a] The multian-
gular shapes shown in the TEM images may be a result of
the different facets of the truncated pyramids sitting on the
copper mesh. This has also been observed for hexagonal
pyramidal CoO,[14b] ZnO,[14c] and bullet-shaped tetragonal
TiO2

[14d] nanocrystals. For the o-AgInS2 obtained here, the
surface tension values of {100}, {010}, and {001} are very sim-
ilar, a result of the closer distance between these three faces
and the WulffSs point, this results in a more average growth
rate along their directions. As a result, rectangular or quasi-
cubic o-AgInS2 colloids were formed.

Organic-ligand molecules (e.g., alkyl amines, fatty acids,
alkyl thiols, alkyl phosphine oxides, or some nitrogen-con-
taining aromatics) are often used as organic solvents or cap-
ping reagents in various processes to prepare monodisperse
colloids, including, organic solution-phase pyrolysis[10a] the
LSS (liquid-solid-solution) process, microwave-assisted
methodology, and solvent-less decomposition of metal thio-
late single source precursors. [15] These organic-ligand mole-
cules contain both metal coordinating groups and solvophilic
groups, which could dynamically solvate nanocrystals and
further control the size and/or morphology of the final prod-
ucts. In the present work, alkyl amines (e.g., HDA) were
successfully introduced into the solvothermal process, and

they played an important role in forming monodisperse
CuInS2 or o-AgInS2 colloids. Alkyl amines solubilize the
precursors in organic solvents by coordinating with the
metal precursors through electron-donating groups. The
minimum amount of alkyl amine to be used was determined
by the coordination number between metal ions and alkyl
amines. Second, they cap the freshly formed nuclei and fur-
ther moderate the surface of nanocrystals.

In a traditional organic solution-phase pyrolysis system,
highly monodisperse colloids are formed in one-step, be-
cause a large amount of capping reagent molecules (some-
times used as high temperature solvents) rapidly cap the sur-
face of the nuclei and to prevent further growth and aggre-
gation. However, our results show that as the reaction pro-
gresses the formation of highly monodisperse CuInS2 col-
loids involves three steps, conglomeration, gradual
dispersion, and then monodispersion to form the colloids
(Figure 4a–c). This is likely a result of the use of less HDA

in our system that prevents the surfaces of the newly-born
nuclei, or the colloids at the initial stage, from being com-
pletely capped. This methodology results in the rapid forma-
tion of CuInS2, which was complete within 2 h. The con-
glomerations of the newly-formed nuclei could not be avoid-
ed, owing to their high surface energy. However, in addition
to the reaction time, more HDA molecules would further
cap the surfaces of colloids during the crystal growth process
and provide more steric hindrance. This would result in the
conversion of the conglomerations to gradual disperse col-
loids, as a result of the hydrophobic surface provided by
HDAs hydrophobic chains extending into the solvent. Final-
ly, highly mono ACHTUNGTRENNUNGdisperse colloids were obtained if the reac-
tion time was long enough for the colloids to be completely
capped by hexadecylamine. Meanwhile, the crystal phase of
CuInS2 was unchanged throughout the reaction from 2 h to
24 h. But in the case of AgInS2, the metastable orthorhom-
bic phase existed in a rather narrow range.

Figure 3. The structural side elevation images of CuInS2 perpendicular to
the � [001] direction. The spatial coordinates of different atoms in
CuInS2 are Cu (0 0 0), In (0 0 0.5) and S (0.2295 0.25 0.125), (S. C. Abra-
hams, J. L. Bernstein, J. Chem. Phys. 1973, 59, 5415).

Figure 4. TEM images of CuInS2 synthesized at 200 8C for; a) 2 h, b) 6 h,
and c) 24 h, respectively; d) XRD patterns of the products synthesized at
200 8C for different reaction times.
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To further track the formation of the o-AgInS2 metastable
phase and the corresponding morphology evolution, along
with the reaction time, control experiments were conducted.
The products prepared at different reaction times were ana-
lyzed by XRD (Figure 5). A mixture of o-AgInS2 and Ag2S

was obtained when the reaction time was <6 h at 180 8C,
and pure o-AgInS2 was formed when the reaction time was
prolonged to 12–24 h. However, reaction times of up to 48 h
produced the low-temperature stable phase of AgInS2 (c-
AgInS2) in addition to o-AgInS2. From the evolution of the
crystal phase, we assumed that the co-growth of Ag2S with
AgInS2 at the first reaction stage was a result of the far
lower solubility of Ag2S. However, it was found that freshly
formed Ag2S (because of its higher reactive activity) could
still gradually combine with the In ACHTUNGTRENNUNG(S2CNHR)3 species or
InS2

� ions in the reaction solution to form o-AgInS2 nano-
crystals under higher temperature and pressure solvothermal
conditions during the crystal growth process. The way that
InS2

� is employed under these conditions is very similar to
the way in which MInS2 (M=metal ions) is formed in
excess Na2S in the solvothermal synthesis of CuInSe2 in the
presence of (InSe2)

�.[16] If a reaction time of longer than
24 h was used the metastable phase of o-AgInS2 would be
gradually converted into the low-temperature stable-phase
(c-AgInS2). The morphological evolution of o-AgInS2 col-
loids is similar to that of CuInS2 colloids, conglomeration,
gradual dispersion followed by monodispersion (Figure 6).

Influences of other reaction parameters on the crystal phase
and morphologies of CuInS2 and o-AgInS2 colloids : Further
experiments showed that tetragonal CuInS2 could be pre-
pared in a wider temperature range (120–200 8C), while or-
thorhombic AgInS2 could only be obtained above 160 8C
(See the Supporting Information, Figure S1). If the reaction
temperature was lower than 160 8C, no pure o-AgInS2 could
be obtained. The TEM images of CuInS2 and o-AgInS2 col-
loids synthesized at different reaction temperatures
(Figure 7) illustrate that monodisperse colloids can only be
obtained if the reaction temperature is beyond the boiling
point of the solvent, anisole (�155.5 8C). Substituting HDA
with short-chain alkyl amines (e.g., dodecylamine) allowed

for the formation of some aggregated nanoparticles. Mono-
disperse colloids similar to those with HDA as the capping
reagent could also be obtained in the presence of longer

Figure 5. XRD patterns of products for AgInS2 synthesized at 180 8C for
different reaction time; the crystal phase of Ag2S (#) and the crystal
phase of chalcopyrite-like AgInS2 (*).

Figure 6. TEM images of products of AgInS2 synthesized at 180 8C for
different reaction times; a) 3 h, b) 6 h, c) 12 h, and d) 24 h.

Figure 7. TEM images of CuInS2 synthesized at different reaction temper-
atures for 12 hours; a) 120 8C, b) 160 8C, c) 180 8C, and d) 200 8C. TEM
images of products for AgInS2 synthesized at e) 140 8C, and f) 160 8C.
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chain amines such as octadecylamine (See the Supporting
Information Figure S2). These observations were attributed
to the different capping abilities of different surfactants.
However, in the case of AgInS2 colloids, the products made
with dodecylamine as the capping reagent contained small
amounts of Ag2S (See the Supporting Information Fig-
ure S3).

Optical properties of CuInS2 colloids : Analysis of the room-
temperature UV-vis absorption spectrum (Figure 8a) of the

CuInS2 colloids revealed that the colloids absorb in the visi-
ble wavelength range, indicating a potential application as a
solar absorber. The band gap (Eg) in bulk CuInS2 has been
reported as 1.45 eV, corresponding to the UV-vis band
around l=855 nm.[2] The lower UV-vis absorptive position
of CuInS2 colloids at around l=835 nm in this study showed
a blue-shift, this indicates that the size of the CuInS2 colloids
is confined. More evidence for the size confinement effect is
provided by photoluminescence (PL) spectroscopy (Fig-
ure 8b) (recorded at 83K by using a JY HR 800 UV instru-
ment). The PL spectrum (excited at l=325 nm) of the
CuInS2 colloids consisted of two PL subbands concentrated
at 1.938 (D1) and 2.384 eV (D2). Both of these bands have
a blue-shift, compared with those in bulk CuInS2 materials,
this reveals further the size-dependent optical properties of
these colloids.[17a] On the other hand, it has been shown that
the PL properties of semiconductors are also consistent with
their defect structures. Two kinds of defect exist in the
defect structure of CuInS2; the donor defect Cui, and the ac-
ceptor defect VIn. Furthermore, there are two types of inter-
stitial position in the chalcopyrite lattice (i1 and i2). Taking
the unit cell corners to be defined by the cations (i.e., at
each corner Cu or In), these interstitial positions have the
coordinates (1/2,1/2,1/4) and (3/4,3/4,3/8), respectively. The
first one (i1) is surrounded by six cation sites and four anion

sites, and the second one (i2) by four cation sites and six
anion sites.[18] Thus, these different interstitial positions
result in the varieties of distance among the donor and ac-
ceptor defects. Meanwhile, the emission energy from a
donor–acceptor pair, separated by a distance r, can be ob-
tained from Equation (3):

EðrÞ ¼ Eg�ðEo
Aþ Eo

DÞ þ
ZD ZA e2

e r
�G ðrÞ ð3Þ

Here Eg is the band gap energy, the acceptor and donor
ionization energies are Eo

A and Eo
D, e is the dielectric con-

stant, the charges of the donor and acceptor are ZD and ZA,
respectively, and G(r) is an additional term, which includes in-
teractions relevant only at very short distances.[17b] There-
fore, the D1 and D2 subbands in the PL spectrum of CuInS2

colloids are a result of the recombination of the closest and
the second closest donor–acceptor pairs (DAP). This is
owed to the donor atom of the DAP occupying an intersti-
tial position within the chalcopyrite lattice and the acceptor
atom residing at a cation site next to it. Similar results are
also reported by J. Krustok et al.[17]

Conclusion

In summary, monodisperse and single-crystalline pyramidal
CuInS2 and rectangular o-AgInS2 colloids were successfully
synthesized through a facile solvothermal route with hexa-
decylamine as the capping reagent. A possible mechanism
responsible for the crystal growth has been suggested. Con-
trol experiments indicated that the morphology and/or
phase change of CuInS2 and o-AgInS2 colloids was tempera-
ture- and/or time-dependent. The optical properties re-
vealed that the as-prepared CuInS2 colloids had an absorp-
tion in the visible wavelength range, indicating its potential
application as a solar absorber. Furthermore in the present
synthesis strategy, the use of alkyl amines or other alkyl
acids as capping reagents in the solvothermal process to
control the size and morphology of products, to provide a
new way for the synthesis of other important pure or doping
functional materials, is simple and inexpensive. Our future
work will explore the corresponding applications of the ob-
tained colloids in the field of solar cells, linear or nonlinear
optical instruments, and light emitting diodes.

Experimental Section

Synthesis of CuInS2 and AgInS2 Colloids : In a typical experiment,
Cu(Ac)2·H2O (0.079 g, 0.4 mmol, analytical reagent (AR)), InCl3·4H2O
(0.117 g, 0.4 mmol, AR) and hexadecylamine (HDA) (1.158 g, 4.8 mmol,
90% mass fraction, Acros) were added to anisole (39 mL, chemically
pure) at room temperature. Then the resulting mixture was heated to 60–
70 8C and maintained for 1 h with vigorous magnetic stirring. After that,
the mixed solution was transferred into a Teflon-lined stainless steel au-
toclave with a capacity of 50 mL and then carbon disulfide (0.5 mL) was
added with magnetic stirring. After the autoclave was sealed, it was

Figure 8. a) UV-vis absorption spectrum measured at room temperature,
and b) low-temperature PL spectrum of as-synthesized CuInS2 colloids.

Chem. Eur. J. 2007, 13, 8840 – 8846 J 2007 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 8845

FULL PAPERCuInS2 and o-AgInS2 Colloids

www.chemeurj.org


maintained at 200 8C for 12 h in a preheated oven, after which it was re-
moved and allowed to cool to �60 8C, and then precipitated by adding
methanol into the colloidal solution. Final products were obtained, fol-
lowed by repeated washing with absolute ethanol, and then drying in
vacuum oven at 60 8C. The as-prepared nanocrystals could be re-dis-
persed in organic solvents, such as toluene, and chloroform.

The synthetic process of o-AgInS2 colloids was similar to that of CuInS2

and the typical experiment: AgNO3 (0.068 g, 0.4 mmol), InCl3·4H2O
(0.117 g, 0.4 mmol), hexadecylamine (0.868 g, 3.6 mmol) and CS2

(0.5 mL), in anisole (39 mL) was treated at 180 8C for 24 h.

Characterization : The phases of the as-prepared products were character-
ized by using a Rigaku D/Max-2200PC diffractometer equipped with a
rotating anode and a Cuka radiation source (l=0.15418 nm), 2q ranging
from 208 to 808 at a scanning rate of 68/min. The morphology, crystal lat-
tice and chemical composition of the obtained samples were character-
ized by transmission electron microscopy (JEOL JEM-100CXII with an
accelerating voltage of 100 kV, and JEOL JEM-2010 with an accelerating
voltage of 200 kV), high-resolution transmission electron microscopy
(JEOL JEM-2100F, with an accelerating voltage of 200 kV), and energy-
dispersive X-ray analysis spectroscopy (JEOL JSM- 6460 with an acceler-
ating voltage of 5 kV). The UV-vis absorption spectrum was obtained by
using a Perkin–Elmer Lambda 20 UV-vis spectrometer. The photolumi-
nescence (PL) spectra were measured by using a JY HR 800 Uv. A He-
Cd laser at a wavelength of 325 nm was used as the excitation source for
steady-state PL measurements at 83 K.
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