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0 Introducion

InAIP solid solutions are of interest because they could result in short emission wavelengths {up to
580 nm)™ and are promising materials for obtaining visible lightemitting semiconductor lasers, which
may have wide application in the field of optical information processing systems!®l. Most previous stud-
ies focused on the growth of InAlP by MOCVDI™ and MBE!'! by using metalorganic source materials. .

The technological importance of InP* and its solid solutions makes the investipation of “quamum
size effects™ in these materiais desirablet®]. Usually the preparation of I - ¥ materials by traditonal sol-
id-state methods requires high temperature and the resulting products are in um/®J. Recently, there are
several new methods of preparing InP nanocrystallines. Methanolysis of [Cp* (C1INP(SiMeq ). [ or
decompasing of I,InP{SiMe;):'*] has been used to synthesize nanocrystalline InP. But these methods
used the toxic and air-sensitive starling materials and the precursors were difficult to obtain.

Rydrothermal process has been widely used to synthesize many kinds of nanocrystalline oxides
and sulfides with narrow particle size distribution, phase homogeneity and controlled morphology'®. A
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similar sclvothermal technique was developed to prepare ~-Al:0,., in which glycol was substituted for
water[t0],

In this work, nanocrystaltines InP and solid solutions of InAlP were successfully prepared
through a solvothermal process at 160°C , using 1,Z-dimethoxyethane (DME) as the golvent instead of
water, sinee InP and its solid solutions can not be formed in water solution. The process is relatively
simple and easy to control, and the sealed system can effectively prevent contamination of the toxic

and air-sensitive starting matetrials.
1 Experimental

The preparation includes two steps. (1) The formation of Na;P: An appropriate amount of ana-
Iytical grade yellow phosphorus was washed free of water by using absolute ethanol and toluene respec-
tively, and sodium was Free of kerosene by using toluene. Both wvellow phesphorus and sodium were
used without further purification. Then they were put into a Teflon-liner autoclave of 100 mL capaci-
ty immediately after toluene was put into the autoclave up to 754 of the total volume. The autcclave
was maintained at 150'C for 5 hours, then cooled to room temperature naturally. A black precipitate
of Na;P was obtained. (2) The formation of InAlP. The solution of toluene was drawn carefully .,
then an appropriate amount of 0. 02 mol + L™ InCl; and 0. 02 mol « L™ AICl; in DME was added in
the autoclave. The autoclave was maintained at 160 C for 12 hours, then cooled to room temperature
naturally. The obtained biack precipitate was coflected and washed with absolute ethanol for several
times. The final product was dried in vacuum at 100°C for 2 hours.

The X-ray powder diffraction (XRD) patterns were recorded on a Japanese Rigaku Dmax yA X-
ray diffractometer with CuKe radiation (A= 1. 54178 A ). Transmission Electron Microscopy (TEM)
images was taken with a Hitachi H-800 transmission electron microscope. The composition and purity
of the samples were investigated by the X-ray Photoelectron Spectra (XPS), which was performed on
ESCALAB MKII with Mg Ka(k=1253. 6 ¢V ) as the exciting source. The binding energies obtained
in the XPS analysis were corrected for specimen charging by referencing the C, to 284. § eV.

2 Results and Discussions

The XRD patterns, as shown in Fig. 1, show the
reflections all corresponding to the cubic InAlP phase.

After refinement, the cell constants d-crease with in-

creasing Al compositon, from 5. 862 \ for InP and

5. 821 A for Ing sAless P, are clese ( the literature R E e

A bAsTe-58 20 30 40 50 60
valuel’J, 264(°)

Typical TEM microphotographs. as shown in Fig. | XRD patterns of the samples
Fig. 2, show particles of InP (Fig. 2a) and a solid solu- a; Ing sAlossP b InP

tion of InAIP (Fig. 2b). They consist of uniform spherical crystallites and the average size is 10~ 12

nm.
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d. Survey scan of XPS spectra

Fig. 3 is the XPS analysis performed on the nanocrystalline solid solution of Ing 45 Al 4sP. The

composition is quantified by Gay. Aly and Py, peak areas. In Fig. 3a. a curve-fitting analysis of the
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asymmetrical indium Inms‘? peak shows thal there are two signals due to indivm-containing species, the
larger one at 444. 60 ¢V from indium in InAlP and the smaller one at 442. 70 ¢¥ from indivm in
In;0y. However, the In;O, is not detected by XRD, indicating its content in the sample is less than
5% . In Fig. 3b, the symmetrical aluminum Al., peak shows that the existence of only one signal at
73. 60 eV, corresponding to InAlP without Al:O;(at 74. 50 eV). From the P, specturm in Fig. 3e,
two phosphorus signals are clearly observed. Curve-fitting analysis of these signals indicates two dis-
tinct phosphorus environments, one at 129. 80 eV from the InAlP and the other at 133. 60 eV-'%] from
phosphorus containing oxidized species. The XPS analysis of InAlP (Fig. 3d) also shows the presence
of oxygen impurities, however, halogen or alkali metal impurities are not detected and obviously less
than that prepared by solid-state methods-®). Oxygen in the sample is possibly due to exposure to atmo-
sphere since nanoccrystalline materials exhibit high surface area to volume ratio.

In the preparation of nanocrystalline ln,Al, P solid solutions through solvothermal proccss. sev-
eral factors such as temperature, reaction time, the amount of reactants and the kina of solvent should
be considered. In the first step, the optimum condition for the formation NasP is 150 C for 5 hours.
As an aromatic solvent is essential to prepare sodium phosphide in liguid phase!'™], toluene is chosen
due to its appropriate boiling point. Furthermore, P and Na can react completely since P can be dis-
solved in toluene, which elevates the yields of NasP. It is observed that at least 20~309%; excess yel-
low phosphorus in toluene solvent is essential to ensure the completely converting Na to Nas;P. The ex-
cess phosphorus dissolved in toluene and js removed with the draw of toluene. In the setond solvother-
mal process, the optimum condition for preparing In,_.ALP is 160 C for 12 hours. The higher temper-
ature or longer time has no significant effect on the formation and ciuauty of the products. The byprod-
uet NaCl can be removed by washing with absolute ethanol.

DME acts as both the solvent and the complexing agent due to its capacity for the formation of ivn-
ic coordination complexest'*), which may play an important role in the mechanism limiting the growth
of particles. Experiments show that tmerely adduct formation is not sufficient for nanocrystalline
In,_.ALP formation when using other coordinating solvents such as dioxane. The coordinating solvents
must contain no active hydrogen, which is another essential propery; otherwise, the solvent would re-
act with NasP and nc InAlP solid solutions will be cbtained.

Unlike forming a contuiuous solid sclutiont*d, the solid solubility range of In,-, Al P is from z=
0 to z=10. 55 in the sclvothermal preparation of InAlP solid solutions, We attribute it 1o the formation
of solid solutions of AlP when the ratio of Al is higher, and AlP decomposed when washed with abso-

lute ethanol.

2 Conclusions

Nanocrystalline In,_,ALP zolid solutions were successfully synthesized through a solvethermal pro-
cess, using DME as solvent and complexing agent. XRD identified the InAlP phase and TEM mi-
crophotographs showed the spherical particles with 10~12 nm in diameter. The XPS analysis gave the

composition and the purity of the samples. The solid solubility range was determined to the ffom z=10
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to r= 0. 35.
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