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Ammonium paratungstate has been found to reduce to an ammonium tungsten bronze when hydrother- 
mally treated at 200°C in nonaqueous solvents, such as acetic acid. It has the hexagonal bronze structure 
with lattice parameters similar to the high-temperature preparations. 0 1991 Academic press, hc. 

Introduction Experimental 

Hydrothermal synthesis has become a 
popular and important technique (1, 2) in 
solid state chemistry. It allows (3,4) for the 
formation of novel compounds that cannot 
be formed by traditional high-temperature 
solid state reactions. During the course of 
studying (3) the hydrothermal synthesis of 
various tungstates, we found that ammo- 
nium paratungstate reduces to ammonium 
tungsten bronze, (NH,),WO,, at 200°C in 
nonaqueous solvents. 

The tungsten trioxides and their alkali- 
metal-intercalation products M,W03+. have 
attracted considerable attention over the 
years because of the variety of crystalline 
structures they can take up and because of 
their electrochemical and electronic proper- 
ties, which make them attractive as active 
electrodes in electrochromic displays and as 
electrocatalysts. 

* To whom correspondence should be addressed. 

The reaction was carried out in a 45-ml 
Parr acid digestion bomb filled to 70% of 
capacity with solvent and 3 g of ammonium 
paratungstate, (NH,),,Wi20,, * 5H20, ob- 
tained from Alfa Chemical. The solvents 
used were glacial acetic acid, ethylene gly- 
col, and a 2 : 1 ethylene glycol/acetic acid 
mixture. The reaction took place at 200°C 
for 5 days at autogenous pressure. Shorter 
reaction times did not lead to complete 
reduction of the product, and longer times 
did not improve the reduction. The dark 
blue product was filtered and washed with 
acetone, then stored in a glovebox under 
nitrogen. The compound rapidly oxidizes 
in air. The pressure of the acetic acid 
reaction is approximately 8 atm, whereas 
for ethylene glycol the pressure is slightly 
above 1 atm. 

X-ray powder diffraction was performed 
on a RigakuSiemens diffractometer at 1” of 
28/min, and lattice parameters were deter- 
mined by least-squares analysis. The ammo- 
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FIG. 1. X-ray powder diffraction pattern of the am- 
monium tungsten bronze (CuKa radiation). 

ma content was determined by Keldjal’s 
method. The amount of reduced tung- 
sten(V) was determined by the method of 
Choain and Marion (5), in which Ag+ is 
reduced to silver metal by the reduced tung- 
sten which is oxidized to W(V1). The silver 
metal is reacted with nitric acid and titrated 
with potassium thiocyanate. 

Discussion 

X-ray powder diffraction (Fig. 1) showed 
that the product of the glacial acetic acid 
and the 2: 1 mixture reactions were single 
phase, and were indicative of a hexagonal 
tungsten bronze structure. The reaction 
with ethylene glycol produced two phases 
which were identified as the hexagonal 
phase and a pyrochlore phase. We are pres- 
ently trying to isolate the pyrochlore frac- 
tion as a pure phase. 

Ammonium tungsten bronzes are nor- 
mally prepared by the reduction of ammo- 
nium paratungstate in hydrogen (6). In this 
gas/solid reaction reduction does not com- 
mence until 290°C and the reaction is not 
complete until 400°C almost double the 
temperature reported here. Ammonium 

tungsten bronze has also been prepared (7) 
hydrothermally by the reaction of tungsten 
metal, tungsten trioxide, and ammonium hy- 
droxide at 700°C and 3 kbar pressure, of 
considerably higher temperatures and pres- 
sures than reported here. The X-ray lattice 
parameters (Table I) of the ammonium tung- 
sten bronzes formed here are similar to 
those reported earlier (6, 7). 

Infrared spectroscopy showed an absorp- 
tion at 1400 cm-‘, which is indicative of 
an ammonium ion. The ammonium content 
determined by the Kjeldahl method was 
found to be 0.30 NH:/W. The degree of 
reduction depended upon the solvent mix- 
ture used. For the reactions in acetic acid 
and in 2: 1 ethylene glycol/acetic acid the 
reduced tungsten(V) was determined to cor- 
respond to the formulas (NH,),,,,WO,,,, and 
(NH,h,oWO,.,~ respectively. The reduced 
tungsten content was not determined for the 
ethylene glycol mixture due to the presence 
of two phases, but the color was brown, 
compared to dark blue for the other two, 
which indicates a lower degree of reduction. 

For the reduction to take place it appears 
that the ammonium in the paratungstate re- 
acts with the organic medium, probably 
forming an amide or an amine, and releasing 
active hydrogen, which is the reducing 
agent. All the solvents were clear before the 
reduction and were a murky dark brown 
after reaction, indicative of solvent reaction 

TABLE 1 

X-RAY PARAMETERS OF HEXAGONAL PHASE 

Organic medium 

Acetic acid 
Ethylene glycol 
2 : 1 mixture 
Hydrogen (6) 
High pressure (7) 

Lattice parameters 

%l CO 

7.402(4) 7.541(6) 
7.45 7.55 
7.354(6) 7.551(7) 
7.388(3) 7.551(6) 
7.395 7.525 
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with the ammonium paratungstate, or self- 
polymerization. Infrared, and 13C and H 
NMR spectroscopy were used to determine 
the source of the reduction. The NMRs were 
complicated and, except for the reaction us- 
ing only acetic acid, indicated that all of the 
starting organic reactants were consumed. 

Pressure affects the degree of reduction 
and as stated earlier glacial acetic acid 
heated at 200°C produces a vapor pressure 
of about 8 atm, whereas ethylene glycol pro- 
duces no vapor pressure. The reaction in 
acetic acid reduced the tungsten to the great- 
est degree, followed by the ethylene glycol/ 
acetic acid mixture, whereas ethylene glycol 
alone produced very little reduction of the 
tungsten. An oxidized ammonium pyro- 
chlore [(NH,),O],W,O, has been prepared 
(8) from ammonium paratungstate in an eth- 
ylene glycol solvent acidified with acetic 
acid under ambient pressure conditions but 
no reduction was reported. 

There appears to be a structural relation- 
ship between ammonium paratungstate, 
whose structure is unknown, cubic pyro- 
chlore, and the hexagonal tungsten bronze 
structure. Ammonium paratungstate may 
not enter solution while reacting but is prob- 
ably slowly reduced topotactically while it 
remains at the bottom of the reaction vessel. 
In the one case where two phases were ob- 
served, it is possible that ammonium para- 
tungstate either transformed into the pyro- 
chlore phase before the hexagonal phase or 

vice versa. We are now studying this rela- 
tionship to see if this is indeed the case and 
possibly, to obtain some ideas about the par- 
atungstate structure. 

We have shown that ammonium paratun- 
gstate can be reduced in nonaqueous sol- 
vents to ammonium tungsten bronze. This 
is the first report of a hydrothermal reduc- 
tion of tungsten oxides at such low tempera- 
tures and pressures; we expect that this 
should be a generally applicable reaction 
that might lead to some new structures. 
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