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The synthesis of CdS nanoparticles was widely studied for their potential usage in the field
of optics. The solvothermal synthesis with ethylene glycol as the solvent was studied in this
paper. The cadmium acetate and thioacetamide were used as the cadmium source and
sulfide source. It was observed under TEM that the crystallites are almost spherical. The
x-ray and electron diffraction results show that the CdS nanocrystallites belong to cubic
phase. The sizes of the crystallites were determined by XRD and UV absorption to be 4 to

9 nm depending on the amount and molar ratio of the reactants. The photoluminescence
properties of CdS nanocrystallites in solution and in solid state were investigated.

© 2000 Kluwer Academic Publishers

1. Introduction TABLE | The composition of the reactant mixtures

lI-VI group semiconductor nanomaterials are very im-
portant in the field of optics due to their strongly size-
dependent optical properties [1]. Numerous methodsmount of Cd(Acy/mmol 3.00 1.50 0.30 1.65
have been developed for the fabrication of such maAmount of TAA/mmol 3.30 1.65 0.33 1.50
terials [2—6]. Recently, the solvothermal process as a
powerful method for the synthesis of materials has at-

tracted tremendous attentions [7, 8]. Comparing withamount of thioacetamide and cadmium acetate were
the synthesis route based on colloid chemistry, thigdded to an autoclave with the capacity of 60 ml, and
method takes the advantage of obtaining pure and cleagacted for six hours at 150. The amounts of the re-
nanoparticles in high degree of crystallinity. And it also actants used were listed in Table 1. Thioacetamide can
exhibits the merit of relatlvely mild reaction conditions react with the trace water Containing in ethy|ene g|y-
in comparison with the band-gap engineering methodsgo| and also the crystal water in cadmium acetate, and

such as chemical and physical vapor deposition, las&glease HS gradually. The reactions are as follows,
ablation, molecular beam epitaxy, atom layer epitaxy.

Many papers have been published recently report- CHsCSNH +2H,0 = CH3COONH, + H»S
ing the synthesis of chalcagenides with solvother- Cd(Ac), + H,S = CdS+ 2HAC
mal method [9-19]. Qian’s group have reported the _
solvothermal synthesis of nanocrystalline CdS in somd he products are with the color of orange. The CdS
coordinative solvents such as ethylenediamine and pyri2anocrystallites were separated out from the productive
dine [20—25]. The elementary sulfur powder was nor-mixtures by centrifugation, washed with deionized wa-
mally used as the chalcogenide source in these studietr for four times and then with alcohol for twice, and
We choose thioacetamide as the sulfide source in thigt 1ast dried at 12@C. The structures of the nanocrys-
paper. Itis much easier for thioacetamide to release sufals were studied wita a Rigaku D/MAX2000 X-Ray
fide ions. This will be beneficial to lower the reaction Diffraction meter and a JEM-200CX Transmission
temperature and shorten the reaction period. And alsElectron Microscopy. The samples were dispersed in
we choose the nontoxic, incorrosive ethylene glycol agthylene glycol by sonication, and measured their light

the solvent. This is more favorable to the environment@bsorption and luminescence spectra at room temper-
ature with a Shimadzu UV-2101PC UV-Vis Scanning

Spectrometer and a Hitachi F-4500 Spectrophotometer.

ample A B C D

2. Experimental
The chemicals used here including ethylene glycol

(HOCH,CH,0H), thioacetamide (C¥CSNH,, TAA), 3. Results and discussion

and cadmium acetate (Cd(GEOO)-2H,0, Cd(Acy) 3.1. TEM study

are all of analytical reagent grade. Ethylene glycol wasThe TEM images of the four samples and the elec-
used as the solvent. 30 ml of ethylene glycol and certaitron diffraction pattern were shown in Fig. 1. Itis very
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Figure 1 The TEM images and the electron diffraction patterns of the products.
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difficult to get the image of the individual particle for the TEM images. The reason is that the XRD method
the particles always aggregated together. But we cameasures the property of the crystalline grains, not the
still find that the particles are almost spherical and theparticles. Therefore the results shown in Table 1l are the
sizes decrease from sample Ato D. The electron diffracsizes of the individual CdS crystallites, not the aggre-
tion patterns clearly show that all the four samples aregyated particles.

CdS crystals with cubic structure. The clear and sharp

diffraction rings indicate that the products are in high

degree of crystallinity. 3.3. Absorption spectra
The absorption spectra of the CdS nanocrystallites were
shown in Fig. 3. The bound-exiton absorption [26—31]

3.2. X-ray diffraction T -

X appears as a shoulder band due to the multidispersity
The XRD results (F.'g' 2) also show that the C_:dS NaN04¢ the particles. There are many papers reported the re-
crystals are of cubic structures. But it contains a little

) . lations between the exiton energy and the crystalline
hexagonal phase of CdS in sample A. Cubic CdS phasgze of cubic CdS nanocrystals [26, 30, 31]. The exiton

was most often found in synthesized colloidal CdSenergies of the four samples are 2.48, 2.52, 2.56, and
particles, but the macroscale phase of CdS is normally g5°6\/ respectively. The crystallite sizes were esti-
with the hexagonal structure [26]. In solvothermal o0 by correlating these values with the exciton en-

synthesis, the hexagonal phase is more COMMOR, v and particle diameter curve in ref. [31]. The results
[20-23]. The coexistence of cubic and hexagona\ggy P [31].

. “Wwere also listed in Table Il. Sample A has a relatively
phases have also been reported [24, 25]. We obtaingd o harticle size, therefore with an exciton energy of

erJ]rehcuk;;c E’htﬂse Itn thte pres]:egt dséys_,tem.IThttra] factolr uch nearer to the macroscopic crystals, and the parti-
which aftect the structureé o In SOVothermal ¢|q sjze can not be determined precisely. The crystallite

synthesis \.Ni" _be discussed in the fut_ure paper. sizes obtained by this method are only a little larger
The grain size of the nanocrystalline CdS was caI-than those from the XRD results

culated from the Scherrer’s equatidd:= ki /8 cosh,
wherek is a constant which is taken to be 1 for cubic
Cds [27],x is the wavelength of x-ray adoptetlis the
diffraction angle, ang is the half-width of the diffrac-
tion peak in radian. The results were shown in Table II. . L o
When the molar ratio of Cd(Ag)to TAA is fixed to col media were shown in Fig. 4. The excitation wave-
1:1.1, the crystalline size decreases with the decrea%%ngth adopted was 310 nm. The emissions were at
of the reactant amount. The excess of CdgAsgems 12.6, 411.4, 410.4 and 409.6 nm for sample A B, C,
beneficial to the formation of small particles.

It is obviously that the sizes calculated out from the
XRD results are much smaller than those observed fron

3.4. Photoluminescence spectra
The fluorescence spectra of the samples in ethylene gly-

photon energy(eV)

3432 3 28 26 24 22 2 1.8
P IS B N | L | L | L | s I
TABLE |l The sizes of the CdS nanocyrstallites 16
Sample A B C D
1.4 ~
XRD 8.72nm 4.99 nm 6.13 nm 3.97 nm
Absorption >7 nm 5.4 nm 6.5 nm 4.4 nm

hkl. cubic phase
(hkl). hexagonal phase
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Figure 2 The X-ray diffraction patterns of the products. Thid values

of the corresponding crystal faces were labeled on, and those in bracketSgure 3 The UV-Vis absorption spectra of the products in ethylene
belong to hexagonal phase. glycol.
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Figure 5 The emission spectra of the products in solid state. Excitation
Figure 4 The emission spectra of the products dispersed in ethylengvavelength: 345 nm.
glycol. Excitation wavelength: 310 nm.

decrease of the reactant amount and the excess of cad-
and D, respectively. We can find that the emission peaknium acetate are favorable to the reduction of the crys-
shifts to a little shorter wavelength with the decrease otalline size. The CdS nanocrystallites exhibit some spe-
crystalline size. The sharp photoluminescence peak dfial photoluminescence property.
CdS nanopatrticle below 500 nm was often assigned to
the bound exiton luminescence [27, 31], and it should
be at the similar wavelength to the absorption of theAcknowledgements

exitons. But the luminescence wavelength was aboufe are very grateful for the foundation support from
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