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Two novel inclusion compounds similar to AlPO:- or GaPO;- were synthesized hydrothermally and 
characterized with X-ray powder diffraction, IR spectra, and thermal analyses. The chemical com- 
positions were AlAsO,. O.Z(CH&NOH . 0.3HZ0 and GaAsO,. 0.2(CH,),NOH. 0. lHzO, respec- 
tively. 8 1989 Academic Press, Inc. 

Introduction 

As molecular sieves, organic-amine-oc- 
cluding AlP04”- compounds (1) with open 
frameworks have been investigated widely. 
Recently, a new family of GaPOi- (2-4) 
similar to AlPOI- has proved very interest- 
ing. It is of considerable significance to 
clarify whether AlAsOl- or GaAsOi;- inclu- 
sion compounds with open frameworks can 
be prepared since Al and Ga belong to 
Group IIIA and P and As belong to 
Group VA in the periodic table. Earlier, 
we reported a novel aluminoarsenate 
denoted AlAsO:) occluding ethanolamine 
(5). In this letter, we describe the forma- 
tion and characterization of two novel com- 
pounds (denoted AlAsO:- and GaAsO:- 
occluding tetramethylammonium hydroxide 
(TMAOH). GaAsOi- is the first organic- 
amine-occluding galloarsenate reported so 
far. 

* To whom correspondence should be addressed. 

Experimental 

Preparation of AlAd-. Pyroarsenic 
acid, aluminum isopropylate, tetramethyl- 
ammonium hydroxide, and water were 
mixed in the molar ratio 1.2 
TMAOH : A&O3 : 1.2 AszOS : 40 H20. The 
mixture was stirred until homogeneous, 
sealed in a Teflon-lined autoclave, and 
heated at 200°C for 5 days. The crystalline 
product was separated from amorphous 
materials by an ultrasonic wave, washed 
with water, and dried at 100°C in air. 

Preparation of GaAsO:-. Metallic gal- 
lium was dissolved in nitric acid, precipi- 
tated as Ga(OH)3 with NH3 * H20, filtered, 
washed with water, and dried in air. 
Ga(OH)3 as prepared above, TMAOH, 
pyroarsenic acid, and water were mixed 
in the molar ratio 1.2 TMAOH : GazO? : 
As205: 36.0 H20. The subsequent proce- 
dure was the same as that described for 
AlAsO:- except that the reaction tempera- 
ture was 180°C. 
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Elemental analyses were performed on a 
P-240C element analyser, X-ray powder 
diffraction on a Rigaku 3DX diffractometer, 
IR spectra on a Nit-Nicolet 5DX spectrom- 
eter, and thermal analyses on a Rigaku 
thermobalance. 

Results and Discussion 

Under an optical microscope both 
AlAsO:- and GaAsOi- appear to be pure 
phases. The powder diffraction patterns 
(Fig. 1) reveal that they are new com- 
pounds with novel structures. The mole ra- 
tios of Al/As in AlAsO:- and Ga/As in 
GaAsOi- were measured by chemical anal- 
yses to be unity. Elemental analyses indi- 
cated that in AlAsOt-, C = 5.36%, H = 
1.79%, N = 1.79%, and in GaAsOj-, C = 
3.83%, H = 1.08%, N = 1.51%. The empiri- 
cal formulae of AlAsO:- and GaAsO j- de- 
rived from these analyses were AlAs 
04 * 0.2(CH3)4NOH . 0.3H20 and GaAs 
O4 * 0.2(CH3)4NOH * 0. 1H20, respectively. 
For synthesis of AlAsO:-, the favor- 
able molar ratios were As205/A1203 = 
1.0-1.3, TMAOH/A1203 = 1.0-1.5, HzO/ 
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FIG. 1. X-ray powder diffraction patterns of 
AlAsO:- (a) and GaAsOl- (b). 
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FIG. 2. IR spectra of ALAsO:- (a) and GaAsOl- (b). 

A&O3 = 35-50. As205/A1203 larger than 1.5 
readily resulted in dense phases of AlAsOd. 
The ranges suitable for synthesis of 
GaAsO:- were AsZ05/Ga203 = I .O-1.2, 
TMAOH/Ga203 = 1.2-1.6, and H,O/Ga,O, 
= 30-45. Reaction temperatures higher 
than 200°C led to formation of a-quartz- 
type GaAs04. We have also tried, but 
failed, to synthesize AlAsO and GaAs04 
inclusion compounds using other larger 
quaternary ammonium hydroxides such as 
tetraethylammonium, tetrapropylammo- 
nium, and tetrabutylammonium hydrox- 
ides. 

The IR spectrum of AlAsO:- (Fig. 2) 
shows a main absorption at 906 cm-i corre- 
sponding to asymmetric stretching vibra- 
tions of TO, (T = Al or As, it = 4-6) coordi- 
nation polyhedra (6). The wavenumber is 
45 cm-’ smaller than that of a-quartz-type 
AlAs04. The absorption at 3451 cm-’ is as- 
signed to the vibrations of O-H bonds. The 
DTA curve of AlAsO:- (Fig. 3) has small 
endothermic peaks between 400 and 460°C 
and pronounced exothermic peaks between 
600 and 650°C. In these two temperature 
ranges the TGA curve shows correspond- 
ing weight losses. On the basis of other 
work (7), the low-temperature thermal ef- 
fect is assigned to the pyrolysis of occluded 
TMAOH and the high-temperature one to 
its oxidative decomposition. 
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FIG. 3. TGA-DTA in air of AlAsO:- (a) and 
GaAsOj- (b). 

The To,, (T = Ga or As, n = 4-6) IR ab- 
sorption of GaAsO;’ (Fig. 2) is at 843 cm-l, 
42 cm-l smaller than that of a-quartz-type 
GaAs04. The O-H absorption is around 
3409 cm-l. Differing from that of AlAs0i2, 
the TGA curve of GaAsO;’ (Fig. 3) shows 

only one evident weight loss from 420 to 
600°C. However, its DTA curve shows a 
small endothermic effect near 450°C in ad- 
dition to a pronounced exothermic effect 
around 510°C. This phenomenon suggests 
that the oxidative decomposition of 
TMAOH begins before the end of its pyro- 
lysis. 
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