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Introduction
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The preparation and characterization of-WI nanoscale
semiconductor compounds have attracted much attention over the
past few years due to their great potential in many optoelectronic
applications:™ Now, nanocrystalline ZnS has been widely and
deeply investigateéd since nanosized ZnS can be easily prepared.
ZnSe is also an important direct band gap material. Laser diodes
based on ZnSe have been successfully demonstrated to operate
in a CW mode at room temperaturé® Nevertheless, few reports
of the preparation of nanocrystalline selenides could be found 20.0 30.0 40.0 50.0 60.0 70.0
generally because a selenium source was not like a sulfur source, 2 0 (degrees)
which could exist in various stable phases, almost all of which Figure 1. XRD pattern of nanocrystalline ZnSe.
were easily obtainable. Steigerwald has reported a dealkylsilyl-
ation method to form CdSe using cadmium alkyl and silyl succeeded in preparing the cadmium chalcogenides through a
selenid€’. The nanocrystalline ZnSe was mostly prepared by solvothermal synthesis methéd.
molecular beam epitaxy (MBE)metalorganic chemical vapor In this paper, we report a solvothermal elemental reaction to
deposition (MOCVDY. and organometallic vapor phase epitaxy produce nanocrystalline ZnSe using pyridine as the solvent. The
(OMVPE) 20 Almost all of these methods needed a special device, effects of solvent and time are initially investigated. We
and these methods usually used toxic metalorganic reagents agliscovered that the reaction was strongly influenced by the
precursors. We know that the most straightforward way to coordinating ability of the solvent. Nanocrystalline ZnS was also
synthesize the zinc selenide is the direct combination of elementalSynthesized under similar reaction conditions.
zinc and selenium at high temperature, but the products from the Our solvothermal elemental reaction is analogous to the
high-temperature reaction are not nanosized. Rauchfiébas reported method’:** An appropriate amount of zinc powder
reported a successful fabrication of ZnS and CusS using elemental(99-99%) and selenium powder (99.95%) were added into a
reactions at reflux in coordinating solvents such as pyridine and 1€flon-lined autoclave of 100 mL capacity. Then the autoclave
N-methylimidazole. In addition, Parkih reported a room-  Was filled with pyridine up to 70% of the total volume. The
temperature liquid ammonia route to prepare metal chalcogenides autoclave was sealed into a stainless steel tank and maintained at

but most of his products were amorphous. Recently, we have 180 °C for 8 h without shaking and stirring. Atter cooling to
room temperature naturally, a brown precipitate was obtained.

The sample was filtered off, washed with distilled water and
absolute ethanol, respectively, and then dried in a vacuum at 80
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Figure 2. TEM micrographs of nanocrystalline ZnSe.

zinc selenide with a lattice parameter= 5.6685 A, which was
close to the reported data (JCPDS card, No. 37-14635.6688

A). The broadening of these diffraction peaks indicated that the
sample was nanosized. Estimating from the Dekfggherrer
formula, the average size of the sample was 13.5 nm. There were
some other small peaks, marked with asterisks in Figure 1, that
could be attributed to a little unreacted zinc power. No
characteristic peaks of other impurity phases were obvious.

TEM micrographs of ZnSe nanocrystalline are given in Figure
2. As shown in Figure 2, the nanocrystalline ZnSe was platelike
and spherical. If discriminated carefully, these plates were mostly
formed by the aggregation of ZnSe nanoparticles. The size of
these particles ranged from 12 to 16 nm, which was generally
consistent with the XRD analysis. The electron diffraction pattern
also identified that the nanocrystalline ZnSe was cubic blende
structure. From the pattern, the reflections of planes 111, 220,
311, 400, 331 and so on were clearly seen.

In order to investigate the influence of different solvents, we
substituted pyridine with benzene and ethylenediamine, respec-
tively, and kept the other reaction conditions constant. From the
XRD analysis, the reaction in benzene did not produce a selenide,rigure 3. TEM micrograph of nanocrystalline ZnS (at 18G for 10
and the product was mostly the unreacted zinc powder. The XRD h).
pattern did not show the existence of selenium because selenium
can dissolve in the benzene. However’ for the reaction in the size of the ZnS produced was about 3 nm estimated from the
ethy|enediamine’ many diffraction peaks appeared in the XRD X-ray line broadening. The size was about 10 nm when the time
pattern, but no characteristic peaks of Zn, Se, or ZnSe appearedwas 10 h and no less than 18 nm for 24 h. These results were all
We attributed the diffraction peaks to the stable coordination phasesupported by the TEM images. From Figure 3 (reaction time 10
which consisted of zinc, selenium, and ethylenediamine. Ac- h), we could see that the nanocrystalline ZnS was also spherical
cording to the reports of Rauchfdss'4 and Parkin'? these low- and well dispersed.

temperature elemental reactions between metal and chalcogen | summary, we have succeeded in synthesizing nanocrystalline
could be promoted in coordinating alkylamine solvents, such as znse and znS, using a relatively simple solvothermal elemental
ammonia and pyridine, since these alkylamine solvents could reaction method. The coordinating ability of the solvent could

activate the metal surface by removing the passivating surfaceiongly influence the reaction process, and the particle size of
oxide coating. This is why the reaction in benzene did not Show he praduct increased with an increase in reaction time. This
the zinc selenide phase. In contrast, ethylenediamine is SUCh &y a1h6d can be easily controlled and is expected to be applicable

strong coordinating solvent that the zinc selemd_e also cannot beto fabricate other nanosized semiconductor compounds.
formed through the conversion of the stable zinc coordination

compound produced under these reaction conditions.

We also successfully synthesized nanocrystalline ZnS through
this solvothermal elemental reaction in pyridine. We found that
the reaction time and temperature played an important role in
the particle size of the product. When the reaction time was 5 h, 1C9800637
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