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A new bronze-type phase of composition (NH ) ., 0 40+0.02V205 is obtained around 230°C during the 
thermal decomposition of NHdVOB in hydrogen atmosphere. The bronze intermediate is characterized 
by X-ray diffraction, electrical conductivity, magnetic susceptibility, and ESR studies. It is found to be 
isostructural with other known b-type vanadium bronzes of general formula MxVz05, where M is usually 
a monovalent metal. Electrical conductivity and magnetic studies indicate the localized character of 
conduction electrons at P4 sites. At high temperatures (>400”C), the bronze undergoes decomposition 
and subsequent reduction to VZ03 in hydrogen atmosphere. 

Introduction 

The oxygen bronzes of transition metals, 
M,TO,, where M is usually an alkali metal and 
T is a transition metal like Ti, V, MO, W, etc., 
exhibit interesting structural, electrical, and 
magnetic properties (1-4). It is generally estab- 
lished that in these compounds, the metal M, 
inserted into the tunnels of the covalent oxide 
lattice, TO,, undergoes ionization to supply its 
valence electron to the transition metal oxide. 
Of the various transition metal oxides that form 
bronzes, tungsten bronzes, M,WO,, are well 
known (I, 2). Although both tungsten and 
vanadium bronzes are conceptually similar, 
there are marked differences in their properties; 
while the tungsten bronzes are metallic conduc- 
tors with weak (Pauli) paramagnetism, the 
vanadium bronzes are semiconductors exhibiting 
Curie-Weiss paramagnetic behaviour. The dif- 
ference in behaviour is explained on the basis 
of the assumption that in tungsten bronzes, the 
conduction electrons are placed into an other- 
wise empty band formed by the overlap of 
metal &,-oxygen px orbitals, whereas in vanad- 
ium bronzes, the valence electron of M is said 
to be trapped by V,O, matrix to give localized 
V4+ centers (3,4). 

Recently, an ammonium tungsten bronze, 
(NH4),W03, has been reported to be formed 
during the thermal decomposition of am- 
monium paratungstate in hydrogen atmosphere 

* To whom all enquiries should be addressed. 

(5). In the present work, the thermal decom- 
position of NH,VO, is studied in hydrogen 
atmosphere with a view to finding out whether 
a similar ammonium vanadium bronze is 
obtained in this system. The decomposition 
products are characterized by X-ray diffraction 
electrical conductivity, magnetic susceptibility, 
and ESR measurements. 

Experimental 

NH,VO, (>99.5%) used in this work was 
supplied by Reanal, Hungary. All other chemi-- 
cals employed were of BDH AnalaR grade. 

The reduction of ammonium metavanadate in 
hydrogen was followed thermogravimetrically 
using a Cahn RG Electrobalance. The weight 
loss suffered by -100 mg of the sample was 
recorded continuously while the furnace was 
heated at a constant rate (lO”C/min). The DTA 
curve in hydrogen was recorded with a Netzsch 
apparatus (Netzsch Geratebau GmbH, Selb, 
West Germany) employing Pt crucibles and Pt- 
Pt/Rh thermocouples at a heating rate of 
lO”C/min (Fig. 1). 

The intermediate decomposition product was 
prepared by heating about 3 g of NH,VO, for 
3 hr in hydrogen atmosphere at 230°C. The 
ammonia content of this intermediate was 
determined by Kjeldahl method. The total 
vanadium and lower valence vanadium in the 
intermediate phase was determined by a potentio- 
metric titration method using Ce(IV) as oxidant. 
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FIG. 1. DTA and TG curves of NH4V03 in hydrogen atmosphere. FIG. 1. DTA and TG curves of NH4V03 in hydrogen atmosphere. 

For this, a weighed quantity of the sample was 
treated with a known excess of Ce(IV) solution 
in 2N*HzS04. After dissolution, the contents 
were titrated against standard Fe(I1) solution. 
First, excess Ce(IV) reacted, giving an inflection 
in the potential, from which vanadium present 
in the lower valence state was evaluated. Con- 
tinuing the titration further gave a second in- 
flection corresponding to the end point of the 
reaction of vanadium(V) with Fe(I1). From the 
second end point, percentage of total vanadium 
in the sample was calculated. The analytical 
results are : 

Calcd % for 
Found (%) W%)O.~LXV@~ 

NHa 3.50 3.42 
V4+ 10.13 10.26 

Total V 53.70 53.96 

X-ray powder diffractogram of the intermedi- 
ate W-L)0.3sV@5 was recorded using Ni- 
filtered CuKcr radiation. The d spacings and 
relative intensities of the diffraction lines are 
given in Table I. The magnetic susceptibility 
was determined in the temperature range 
150-300°K using a Gouy apparatus similar to 
the one described by Hyde (6). Diamagnetic 
corrections were read from Selwood (7) except 
for 02-, for which a value of -9.8 x 10e6 cgs 
units was employed (8). The sample was pressed 
into a pellet (1.3 cm diam and 0.8 cm height 
at a pressure of 65 kg/cm2, and the electrical 

X-RAY 
TABLE I 

DIFFRACTION DATA FOR THE hw!?RhfEDIATE PIUSE, 
B-WLh.aaVaOs 

d ObSd d cad 
I Obd ts CN hkl 

78 9.67 9.67 100 
33 7.44 7.42 002 

100 7.10 7.09 101 
9 4.86 4.86 202 

27 4.67 4.83 200 
25 4.12 4.20 201 
18 3.51 3.54 202 
36 3.460 3.480 011 
35 3.427 3.401 302 

9 3.255 3.224 300 
15 3.175 3.196 111 
31 3.116 3.133 104 
13 2.921 2.934 112 
18 2.858 2.877 210 
9 2.637 2.651 202 
9 2.462 2.463 311 
8 2.380 2.385 306 
6 2.338 2.358 114 
6 2.298 2.285 015 
4 2.166 2.142 315 

10 2.058 2.093 216 
5 1.985 1.973 313 
4 1.933 1.934 500 
6 1.841 1.841 501 

16 1.804 1.812 314 
8 1.765 1.760 120 
4 1.701 1.701 413 
4 1.595 1.612 315 

0 Indexed on the basis of a monoclinic cell with a = 10.26 
.&b=3.58&~~=15.75&andB= 109.5”. 
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FIG. 2. Electrical conductivity of (NH4)0.38VZOS. 

conductivity of the pellet between 30&525”K 
was measured in vacuum (~1 mm Hg) by the 
two-probe method. The linear plot of log(oT) 
vs l/T is given in Fig. 2. Electron spin resonance 
spectrum of the polycrystalline sample was 
recorded at room temperature using a Varian 
E4 EPR spectrometer. 

Results and Discussion 

Previous studies (9-16) on the thermal decom- 
position of NH4V03 carried out in air, oxygen, 
vacuum, nitrogen, argon and ammonia have 
indicated the formation of two intermediates, 
(NH4)2VS016 and (NHJ2V40i1, in the tempera- 
ture range 180-300°K. The intermediate sub- 
sequently decomposes to yield a vanadium oxide, 
the identity of the oxide being dependent on the 
prevailing atmosphere during decomposition. 
Thus V20j, V307, VOZ, and V,OJ are obtained 
as final products, respectively, in air (9-21) or 
0, (12), vacuum (15), ammonia (14), and 
hydrogen (13, 16). Whereas the formation of 
V,03 as the final product in the decomposition 

of NH4V03 in hydrogen is well-established 
(13, 16), the nature of intermediates is not 
characterized so far. 

In the present study, DTA and TG studies of 
NH,V03 in hydrogen (Fig. 1) indicate the 
formation of an intermediate phase at 225- 
230°C. The weight loss observed up to 230°C is 
18.5x, whereas the value calculated for the 
reaction 

2NH,VO, + (NH,),.,V205 + 1.6 NH, + 0.8 
HzO+O.l 0, 

is 19.15 %. Analysis of the intermediate obtained 
at 230°C for NHJ, total vanadium, and van- 
adium(IV), shows that the intermediate com- 
pound has the composition (NH,)o.40io.ozV205. 
The composition of the individual preparations 
varied between (NH4)0.38V205 and (NH,)o.,2- 
V,O, depending on the duration of heating at 
230-235°C. The studies reported in this paper 
have been carried out with a sample analysing 
to (NH,),.,,V,05 (prepared by heating about 
3 g of NH4V03 in flowing hydrogen at 230°C 
for 3 hr). 
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The DTA of NH,VO, shows -a sharp endo- 
thermic peak at 210-220°C both in air (17) and 
hydrogen. In air, the endotherm is associated 
with formation of ammonium hexavanadate 
WL)ZV,OI~ as intermediate. This led us to 
the speculation that, in hydrogen too, the same 
intermediate might be formed first which may 
undergo subsequent reduction to form a bronze- 
type phase, (NH,),V20, with 0.38 < x < 0.42. 
To test this possibility, ammonium hexavana- 
date was separately prepared by heating NH,VO, 
in air around 210°C and its DTA pattern in 
hydrogen recorded. The latter did not reveal any 
endothermic effect in the temperature range 
20%3OO”C, suggesting that NH,VO, does in 
fact decompose in hydrogen atmosphere first to 
the hexavanadate which subsequently undergoes 
reduction to the bronze-type phase. 

The X-ray powder diffraction pattern of the 
bronze (NH,),,,8V,05 shows d-spacings and 
relative intensities which do not compare with 
any of the known ammonium vanadium oxides 
(18, 19). The X-ray data are, however, in close 
agreement with those of P-vanadium bronzes, 
M,V,05 (M = Li, Na, Cu, Ag, etc.) (20-22). 
The observed diffraction lines are indexed on 
the basis of a monoclinic unit cell with a = 10.26 
A, b = 3.58 A, c= 15.75 A, and /I = 109.5” 
(Table I). The unit cell parameters compared 
closely with those of other p-vanadium bronzes 
(20-22). On the basis of X-ray diffraction data, 
a p-vanadium bronze structure could therefore 
be suggested to the phase (NH4)0.38V205. 
However, exact position of NH,+ ions within 
the tunnels of VZO, matrix cannot be deter- 
mined from powder diffraction data alone. 

The ESR and magnetic susceptibility measure- 
ments indicate presence of V4+ ions in the com- 
pound. The line width (200G) of the signal 
at room temperature and g value (1.962) are 
characteristic of V4+ ions in oxide lattices and 
compare favorably with the corresponding 
value of Li- and Na-vanadium bronzes (23). 

The effective magnetic moment, peff, at room 
temperature per mole of V4+ ions in the com- 
pound is 1.726 /?B which corresponds closely to 
the “spin-only” value required for one unpaired 
electron, The molar susceptibility xrn follows 
Curie-Weiss law, x,,, = C/(T - 0) in the tempera- 
ture range 150-300°K with Weiss constant 8 = 
-277°K (Table II). Similar large negative Weiss 
constants are reported for all P-vanadium 
bronzes (I, 2, 24). Although such large negative 
Weiss constants are usually considered indicative 

TABLE II 

MAGNETIC SUSCEPTIBILITY DATA OF 

WHJO.~~VZO~ 

T(“K) 
Xm x 106 Pm 
(cgs emu> I% 

302 1233 1.726 
276 1235 1.650 
260 1286 1.635 
239 1340 1.600 
219 1393 1.562 
202 1446 1.528 
185 1500 1.489 
168 1658 1.493 

of an antiferromagnetic ordering, no such 
behaviour was found in /I-Li,V,O,, even at 
liquid helium temperature (24). It has been 
suggested (3, 24) that the strong covalent inter- 
action between V 3d,-0 2p,-V 3d, orbitals may 
be responsible for the negative Weiss constant 
and reduction of yerf at low temperatures. 
However, contributions from spin-orbit coupling 
to low-lying excited states (0.02-0.05 eV from 
the ground state) should be taken into account 
in interpreting the magnetic properties (25). 

Electrical conductivity measurements reveal 
semiconducting (n-type) behaviour for the phase 
(NH4)0.38VZ05. The conductivity at room tem- 
perature of the pelletized polycrystalline sample 
is 3 x lop5 ohm-l cm-‘. It has been shown 
(26-28) that, according to the “small-polaron’)’ 
model, the electrical conductivity of a single 
carrier system such as vanadium bronzes is 
given by 

and 
c N (ne” aZ/kT) exp (-E/kT) 

p = (ea’/kT) exp (-E/kT), 

where n is the charge carrier concentration, p its 
mobility, and a the jump distance during hopping. 
n is essentially a constant in the temperature 
range studied (300-550°K) as all the donor 
(V4+) centers are expected to ionize at this fairly 
high temperature. Therefore, any activation 
energy observed for 0 would arise only from the 
thermally activated mobility of the charge 
carriers. For such a case, a plot of log(aT) 
versus I/T is expected to be linear. The experi- 
mental data (Fig. 2) show that it is indeed the 
case with (NH4),,38V205. However, the observed 
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3.663 40 3.65 60 
2.122 12 2.70 80 
2.481 80 2.47 60 
2.186 4.5 2.18 20 
1.828 48 1.83 25 
1.698 100 1.69 100 
1.551 16 1.57 3 
1.471 25 1.47 25 
1.429 40 1.43 30 
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