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Abstract 

Reactions of the alkaline earth metal vanadates A2V207 and A3V208 (A ~ Ca, Sr, Ba) with hydrogen and ammonia 
have been investigated by thermogravimetric analysis and in a flow reactor. Reactions in ammonia do not lead 
to the formation of oxynitride phases, in contrast with the formation of LaVO3_~Nx from LaVO4 under similar 
conditions. Both hydrogen reduction and ammonia reactions of the AEV207 compounds are dominated by the 
formation of the corresponding A3V20 8 phases. Ba3V2Os and Sr3V208 do not react easily in ammonia at 
temperatures below 1000 °C and Ca3V2Os converts to CaO and VN or to CaO, VN and CaVO3. 

1. Introduction 

Mixed metal oxynitrides with the perovskite and 
related structures have previously been reported for 
several early transition metals. Most of the known phases 
are insulators, e.g. ATaO2N ( A - C a ,  Sr, Ba), ANbOzN 
(A = Sr, Ba), ATiO2N (A = La-Yb), ABON2 ( A -  Ln; 
B=Nb,  Ta), A2TaO3N (A=Ca,  Sr, Ba) and the pyr- 
ochlore Ln2Ti205.5 (Ln = Y, Dy, Sin) [1--4]. Some com- 
positions have been found to be semiconductors with 
mixed valence cations and a range of nitrogen contents, 
e.g. LaWOxNa_x (x=0.6-0.8) and LaVO3_xN~ (x~<0.9) 
[5-7]. Metallic conductivity is known to occur in ternary 
nitrides [8] and has recently been reported in 
AMoO3_xNx (A =Sr, Ba) [9]. 

Mixed metal oxides containing vanadium(IV) with 
perovskite-related structures have recently been of in- 
terest as early transition metal analogs of the cuprate 
superconductors. Specifically, the phases SrVO3, 
SraV3Olo , Sr3V207 and SrzVO 4 have been synthesized 
and their electronic properties investigated [10-17]. All 
these compounds with the exception of SrzV04 are 
reported to be metallic conductors but do not show 
superconductivity. It is of interest to further modify 
the properties of these perovskite-related structures by 
replacing some oxygen atoms in the structure by nitrogen 
atoms, thereby increasing the average formal vanadium 
oxidation state and the degree of band filling. For this 
reason we have investigated the reaction of ammonia 
with the compounds AEV207 and A3V20 s (A= Ca, Sr, 

*Author to whom correspondence should be addressed. 

Ba) as a potential route to synthesis of oxynitride phases 
with hypothetical compositions AVO3_xN~ and 
A3V207_xN 1. Syntheses of the oxynitride phases re- 
ported previously have typically been carried out by 
reaction of an appropriate ternary oxide with ammonia 
gas at high temperature. For example, LaVO4 was 
converted to LaVO3_~Nx with 0 ~<x ~< 0.9 by reaction in 
ammonia at temperatures in the range 650-850 °C [6]. 
In the case of the alkaline earth metal vanadates, 
however, we find that ternary oxynitride phases are not 
formed owing to competitive side reactions. The details 
of reaction pathways of m2v207 and A3V208 in both 
NH3 and H2 have been determined and are described 
in this paper. 

2. Experimental details 

2. I. Synthesis of precursors 
The A2V207 and the A3VzO 8 (A - Ca, Sr, Ba) starting 

materials were prepared by reaction of the correspond- 
ing alkaline earth metal carbonate MCO3 with V205 
in the appropriate stoichiometric ratios. The reactants 
used were: V205 (99.6+ %, Aldrich), CaCO 3 (99+ % 
ACS reagent, Aldrich),  SrCO3 (98+  % ACS reagent, 
Aldrich) and BaCO3 (98+ % ACS reagent, Aldrich). 
The calcium-containing phases CazV/O 7 and Ca3VzOs 
were prepared from stoichiometric mixtures of CaCO3 
and V205. The reactants were ground and fired at 600 
°C for 2 days and then at 700-900 °C for an additional 
2 days with several intermediate re-grinds to ensure 
homogeneity. The procedure used to synthesize Sr/V207, 
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B a 2 V 2 0 7  and S r 3 V 2 0  s was  essentially the same, except 
that the final firing temperature was raised to 1000 °C. 
The phase purity of the products was verified by X- 
ray powder diffraction. 

2.2. Reactions in hydrogen and ammonia 
Reactions of the vanadate starting materials in am- 

monia and hydrogen were carried out both thermo- 
gravimetrically and, on a larger scale, in a flow reactor. 
The thermogravimetric analyses (TGA) were made using 
a Du Pont Instruments 951 thermobalance. The samples 
typically were heated at a rate of 5 °C min-1 to the 
final temperature or held at a constant temperature 
for 3 h. The reactant gases used were 5% hydrogen 
in nitrogen or 33% ammonia in nitrogen. Flow rates 
were controlled by Tylan RO-28 mass flowmeters. A 
platinum boat was used for hydrogen reduction ex- 
periments, but a quartz boat was preferred for ammonia 
reactions. Blank runs using the same temperature pro- 
gram and flow rates were made to correct small weight 
changes due to buoyancy. 

Larger-scale reactions in ammonia or hydrogen were 
carried out in an ATS 3210 tube furnace (Applied Test 
Systems, Inc.) fitted with an alumina tube, sealed with 
stainless steel end covers and connected to a stainless 
steel gas distribution system. The partial pressure of 
the NH3 and the flow rate of the reactant gas were 
controlled by two flowmeters located in front of the 
inlet end of the furnace. In all experiments the NH3 
partial pressure Pr~H~, the flow rate of the purging gas 
and the temperature ramp were ~ atm, 50 ml min -1 
and 10 °C min-1 respectively. Samples of the starting 
oxides (typically 0.5-1 g) were contained in alumina 
boats. Reaction times at the final temperature were 
either 8 or 16 h. Reaction products were furnace cooled 
and identified by X-ray powder diffraction. 

A sample of LaVO3_xN~ was prepared for reference 
by reaction of tetragonal LaVO4 in ammonia (75 ml 
min -1, PNH3=] atm) at 750 °C for 5 h. 

2.3. Nitrogen content determination 
The micro-Kjeldahl method has been most commonly 

used for the chemical determination of nitrogen in 
nitrides [18]. In this method the sample is first digested 
in concentrated sulfuric acid or an aqueous oxidant to 
bring the nitrogen into the solution as an ammonium 
salt. An excess of strong base is then added to the 
solution and the mixture heated to expel the ammonia. 
The ammonia is quantitatively absorbed by an excess 
of a standardized dilute acid and the excess acid is 
determined either by titration or colorimetrically using 
Nessler's reagent [19]. Accurate nitrogen analysis in 
refractory metal nitride or oxynitride systems using this 
method, however, is difficult owing to incomplete sol- 
ubility in aqueous reagents. 

An alternative approach for the analysis of oxynitrides 
which overcomes the solubility problem has been used 
by Marchand's group [6, 7, 20]. The nitrogen contents 
of a series of ternary oxynitrides were determined by 
fusion in potassium hydroxide following a procedure 
described by Guyader et al. [21]. The ammonia expelled 
was analyzed by the usual Kjeldahl method. A similar 
technique has been described in a Japanese patent [22]. 

In this work two modifications to the Marchand 
method have been used. The sample to be analyzed 
together with the solid alkali hydroxide were contained 
in an alumina boat placed in an alumina tube fitted 
with gas tight end covers. An equimolar mixture of 
KOH and NaOH was employed to decrease the melting 
point from 360 °C to less than 200 °C [23]. In a typical 
experiment a mixture of 2 g KOH, 2 g NaOH and 0.1 
g sample was used. The alumina tube was sealed and 
heated by heating tape. Nitrogen was passed through 
the system at 20-25 ml min-1. The temperature was 
held at 350 °C for 2 h and at 500-530 °C for a further 
2 h. The ammonia expelled was absorbed in 50 ml of 
0.01--0.02 M HCI and the excess acid was titrated with 
0.1 M sodium hydroxide. The method was developed 
using ammonium sulfate, titanium nitride, vanadium 
nitride (all supplied by Aldrich) and ammonium van- 
adate (Fisher) as standards. A sample of the ternary 
oxynitride LaVOa_xNx was also analyzed. The results 
from the analysis of the standard samples are given in 
Table 1. Each measured value represents the average 
of three determinations. 

The analytical results for the ammonium compounds 
are in very good agreement. The measured nitrogen 
contents of the binary nitrides are found to be slightly 
lower than the theoretical values, but the exact com- 
positions of these materials as supplied are known with 
less certainty. The results obtained for LaVOa_xNx are 
in the range of values previously reported [6]. 

2.4. Characterization 
Phase identification was carried out by powder' X- 

ray diffraction using a Scintag XDS 2000 machine, Cu 
Ka radiation and a solid state detector. Magnetic sus- 
ceptibility measurements were made from 2 to 10 K 
using a Quantum Design SQUID (superconducting 

TABLE 1. Nitrogen determinations 

Standard Theoretical  N% Measured N% 

(NH4)2SO 4 21.20 20.90 
NI-I4VO 3 11.97 11.75 
TiN 22.66 21.99 
VN 21.57 20.33 
LaVOa_xNx - 2.89 (x = 0.49) 
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quantum interference device) magnetometer. Mea- 
surements were made at 8 Oe. 

3. Results and discussion 

3.1. Reduction of A2VeOz and AsV20s phases in 
hydrogen 

For comparison with the corresponding reactions in 
ammonia, the reduction reactions of the A2V20 7 and 
A3V208 phases in 5% H2 in nitrogen were investigated 
by thermogravimetric analysis (TGA). The expectation 
from at least some literature reports was that the 
reduction reactions would lead straightforwardly to the 
formation of either perovskite phases of general com- 
position AVO3_ x or to the Ruddlesden and Popper 
phases  A3V207. The reactions are more complex, how- 
ever, and ambiguities exist in the published literature. 
Our results resolve some of these discrepancies and 
provide insight into the reactions of the same phases 
with ammonia. 

TGA data for the A2V207 phases in hydrogen are 
compared in Fig. 1. The results for A - C a  are the 
simplest. Thermogravimetric reduction of CazV207 in 
5% H2 gives an overall weight loss of 6.67% at 1038 
°C, corresponding to the loss of 1.23 oxygen atoms per 
formula unit (1.230). The X-ray diffraction data of the 
residue from the thermogravimetric analysis show that 
the phase formed is CaWO 3-x with a distorted perovskite 
structure and lattice parameters very similar to those 
reported for a CaVO 3 phase prepared at high pressure 
[24]. The observed weight loss corresponds to the 
formula CaVO2.s9. In the reduction of Ca2V207 at lower 
temperature (600 °C for 8 h), Ca3V208 is observed as 
an intermediate. 

Thermogravimetric reduction of Ca3V208 (5 °C min- i 
to 986 °C, 3 h at 986 °C) gave a weight loss of 5.41% 

: co  

- , ,  Ba2v20v 

2 

9 6 - ", 

i "~ Ca2V207 

1 

~2 r 
A4S 6~,~ 84O 10.~2 

T~m:,¢, ,:'L, . ,  ° : :  

Fig. 1. Thermogravimetric reduction of A2V207 (A-= Ca, St, Ba) 
phases in 5% H 2 at 5 °C min -1. The curves for A---Sr, Ba have 
been offset by 0.2% for clarity. 

(1.180) and the X-ray diffraction pattern of the residue 
showed the presence of CaO in addition to CaVO 3_x. 
The weight loss indicates a composition for the per- 
ovskite phase of CAVO2.91 , similar to that observed in 
the Ca2V207 reduction. 

The behavior of the strontium system is more complex 
and literature reports disagree significantly. Chamber- 
land and Danielson synthesized SrVO3 by reaction of 
SrO and VO2 under pressure in a sealed system at 
1000 °C and reported the formation of a metallic cubic 
perovskite phase with a =3.8424 ~ [24]. Reduction in 
hydrogen of SrzVaOT, however, apparently gave different 
results. Reduction in 100% H2 at 800 °C [25] gave a 
phase with composition SrVO3 but with additional lines 
in the diffraction pattern which could not be indexed 
on the simple cubic cell previously reported [24]. In 
a parallel study the reduction of Sr2V20 7 was measured 
thermogravimetricalty also in 100% H2 [26]. An inter- 
mediate phase with composition Sr6V6O19 to SrsW8025 
was observed between 580 and 630 °C in the reduction 
reaction. The final product above 820 °C was SrWO3. 
The intermediate phase has lattice constants closely 
related to those of Sr3V2Os. In a more recent study 
the thermogravimetric results [26] were closely repro- 
duced [17]. A cubic SrVOz.88 phase was observed after 
reduction in 100% H2 for 24 h but the nature of the 
intermediate phase was not discussed. However, it was 
noted that reduction of SraV207 in H2 at 1000 °C for 
shorter times (1 h) gave a product containing Sr3W20 8 
in addition to SrVO2.88. In other recent studies, SrWO3 
with a=3.842 ~ was synthesized by reduction in a 
sealed tube at 1050 °C using a reduced titanium oxide 
to abstract oxygen [11] and pure cubic SRVO284 with 
a cell constant of 3.849/~ was prepared by reduction 
in hydrogen at 1300 °C [12]. 

Our experiments in 5% H2 are consistent with those 
of Rey et al. [17]. Thermogravimetric reduction at a 
heating rate of 5 °C min -1 shows an inflection in the 
weight loss curve at 832 °C (Fig. 1) rather than a 
plateau, presumably owing to the higher reduction 
temperature required in 5% than in 100% H2. The 
overall weight toss at 1014 °C is 4.21% as expected for 
the formation of SrWO3. However, the X-ray diffraction 
pattern of the residue clearly shows the presence of 
Sr3V208 in addition to SrWO 3. The additional vanadium 
phase which must also be present could not be identified. 
In a thermogravimetric experiment in which the tem- 
perature was raised to 680 °C and then maintained for 
5 h, the weight loss was 2.68% and the products were 
identified by X-ray diffraction as V203 and Sr3V208 
(the theoretical weight loss for this reaction is 2.74%). 
Further experiments in a flow reactor at 1000 °C initially 
for 20 h and then for a further 28 h showed a decrease 
in the amount of Sr3V208 and a corresponding increase 
in the amount of SrVO3 with increasing reaction time. 
However, even after 48 h the strong diffraction peaks 
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TABLE 2. Reactions of A2V207 and A3V2Os phases with ammonia a 

Starting Reaction Reaction Weight Nitrogen Experimental Phase(s) 
oxide temperature  time b loss content method observed 

(oc) (h) (%) (%) 

Ca2V207 550 8 3.92 0.87 Flow CaaV2Os 
650 8 5.52 4.01 Flow CaO, VN, Ca3V2Os, CaVO 3 
750 8 13.26 9.09 Flow CaO, VN, Ca3V208, CaVO3 
750 16 16.15 - Flow CaO, VN 
900 8 10.92 5.69 Flow CaO, VN, CaVO 3 
900 16 Pellet - Flow CaO, VN, CaVO3 

1027 5 °C min - l  12.96 6.3 TGA CaO, VN, CaVO 3 

Sr2V207 550 8 2.8 0.96 Flow Sr3V2Os, VN 
722 5 °C min -1, 3 3.82 1.90 TGA Sr3V2Os, VN 
800 8 4.39 2.9 Flow SraVzOs, VN 
900 8 5.0 2.3 Flow SraV2Os, VN, SrVO3 
900 16 Pellet* 2.2 Flow SraV2Os, VN, SrVO 3 
913 5 °C min -~, 3 4.39 1.91 TGA Sr3V2Os, VN 
900 c 5 °C min -I, 3 4.42 1.90 TGA Sr3V208, VN 

Ba2V207 800 8 3.26 2.11 Flow Ba3V2Os, VN 
900 8 - 2.10 Flow Ba3V2Os, VN 
900 16 Pellet* 2.07 Flow Ba3V2Os, VN 

1019 5 *C min -1 3.54 2.03 TGA Ba3V2Os, VN 
1126 c 5 *C min -I 3.51 2.27 TGA Ba3V2Os, VN 

CaaV2Os 750 8 2.70 2.14 Flow CaO, VN, unreduced oxides 
900 8 11.06 6.19 Flow CaO, VN, CaVO3 

Sr3V20 s 900 8 0.33 ~ 0 Flow Sr3W208 
1000 8 0.36 ~ 0 Flow Sr3V20 s 
1000 16 2.59 1.77 Flow Sr3V208, SrO, VN 

aHeating rate 10 *C min -I, Pr~r~=] atm; bin T G A  experiments the heating rate to and the time held at the final temperatures are 
reported; cSample reduced in hydrogen for 3 h at 900 °C prior to reaction with NH3* see text. 

of Sr3VzOs were still visible. The results indicate that 
the reduction of Sr2WzO7 in H2 proceeds via initial 
formation of Sr3V2Os and V203. With increasing tem- 
perature, further reduction and reaction occur ultimately 
leading to the formation of SrVO3_ ~. The overall re- 
action is slow presumably because recombination of 
two separate phases is required. In a separate exper- 
iment, thermogravimetric reduction of SraV208 in 5% 
H2 gave only a very small weight loss (0.2% or less). 

The results for the reduction of Ba2V207 are generally 
similar to the Sr2V207 data. The weight loss observed 
by thermogravimetric analysis at 1010 °C is 2.43%, to 
be compared with the theoretical weight loss of 2.18% 
for formation of Ba3V208 and V203. Above 919 °C 
further reduction of V203 occurs (see Fig. 1). Previous 
results reporting the formation of BaVO3 by hydrogen 
reduction also appear to have led to the formation of 
Ba3VzO8 [25]. BaVO3 with a hexagonal perovskite- 
related (14H) polytype structure rather than the cubic 
perovskite structure was synthesized by high pressure 
reaction of BaO and VO/ [24]. 

It is interesting to note that catalytic studies of the 
oxidative dehydrogenation of butane using MgO-VEO5 
catalysts show that Mg3V2Os does not reduce at 600 
°C [271. 

3.2. Reaction o f  A 2 V 2 0 7  and A3V20s phases with 
ammonia 

Reactions of ammonia with the compounds A z V 2 0 7  

(A =Ca, Sr, Ba) and A3V208 (A=Ca,  Sr) were in- 
vestigated by thermogravimetric analysis and in a flow 
reactor. Reaction conditions, products, weight losses 
and nitrogen contents determined by chemical analysis 
are summarized in Table 2. A comparison of the 
reactivity of A2V207 ( A - C a ,  Sr, Ba) is shown in Fig. 
2. 

3.2.1. Ca2V207 and Ca3V20s 
Two distinct reaction pathways were observed in the 

reaction of Ca2V207 with ammonia. When the tem- 
perature was raised to above 900 °C at 5 or 10 °C 
min -1, the reaction proceeded in two steps. The first 
step corresponds to the formation of C a 3 V 2 0  s and VN 
and the second to the conversion of Ca3V2Os to 
CaVO3-x and CaO. The final products of the reactions 
carried out in TGA experiments or by reaction at 900 
°C in a flow reactor are CaO, VN and CaVOa_x. The 
observed nitrogen contents and weight losses (Table 
2) are close to the values calculated for the formation 
of an equimolar mixture of CaO, VN and CaVO3 (5.38% 
N content and 11.60% weight loss). 



H.-Zh. Li et al. / Reactions o f  alkaline earth metal vanadates with NH3 185 

I 

I 
I 

\ \  

\ 
\ 
\ 

Ba2V207 

S~V2~ 

N N 
\ \ \ \ \ \ \  Ca2V207 

a~o 5~c ' 8~o :c2G 

Fig. 2. Thermogravimetric reduction of A2V207 (A-= Ca, Sr, Ba) 
phases in NH3 at 5 °C min -l .  The curves for A-~ Sr, Ba have 
been offset by 0.2% for clarity. 

Reactions carried out at lower temperatures (below 
750 °C) apparently follow a different pathway. Ex- 
amination of the diffraction patterns of the products 
formed in the flow reactor at temperatures below 750 
°C and under isothermal conditions in the thermogra- 
vimetric analyzer shows that Ca3V2Os is formed initially 
but that complete conversion to CaO and VN can occur. 
Reactions in the flow reactor at 550 and 650 °C and 
in the thermogravimetric analyzer at 535 °C clearly 
show the presence of VN and Ca3V208 together with 
other products. At 750 °C after 8 h of reaction the 
products are VN, CaO, C a V O  3 and C a 3 V 2 0  s. After 
reaction at the same temperature for 16 h the X-ray 
diffraction data indicate complete conversion to CaO 
and VN. The analytical data suggest that a small amount 
of unreacted oxide remains. Diffraction patterns of the 
products of the two different pathways are shown in 
Fig. 3. 

Reactions of Ca3V2Os at 750 and 900 °C result in 
the formation of the phases anticipated from the data 
for C a a V 2 0  7 (see Table 2). 

3.2•2• SreV207 and SrsV20s 
Thermogravimetric data for the reaction of Sr2W207 

in ammonia are shown in Fig. 2. The onset temperature 
for reduction is found to be comparable with that 
observed for the reactions of the other two alkaline 
earth metal vanadates. After reaction at 800 °C for 8 
h the only products detected by X-ray diffraction were 
Sr3V2Os and VN. The observed weight loss (4.39%) 
and the nitrogen content (2•9%) are close to the the- 
oretical values for this reaction (4.45% weight loss and 
2.5% nitrogen content). The X-ray diffraction pattern 
of the product is shown in Fig. 4(a). In reactions at 
lower temperatures, however, both the weight losses 
and the nitrogen contents of the products are lower 
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Fig. 3. Powder X-ray diffraction patterns of products of reactions 
of CaEV207 with ammonia at (a) 750 °C, 16 h and (b) 900 °C, 
8 h .  

than the theoretical values, presumably owing to the 
presence of a reduced vanadium oxide phase not de- 
tected by X-ray diffraction• 

At 900 °C for short reaction times (3 h, TGA) the 
weight losses are close to theoretical but the nitrogen 
contents are lower, again suggesting the presence of 
a reduced but not nitrided vanadium oxide phase. Longer 
reaction times give higher nitrogen contents but also 
indicate the formation of 8rVO3 (Fig. 4(b)). At higher 
temperatures the overall reaction represents a com- 
bination of hydrogen reduction and the nitridation 
reaction, presumably as a consequence of the higher 
degree of ammonia dissociation [28]. 

Reduction of Sr2V207 in 5% H2 at 1000 °C to give 
a mixture of SraV208 and SrVO3 followed by reaction 
in ammonia as a second step was also studied. The 
final products were the same as those observed in the 
direct reactions at similar temperatures, i.e. Sr3W208 
and VN at about 800 °C and SraV208,  S rVO3  and VN 
at 900 °C. This result suggests that at lower temperatures 
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Fig. 4. Powder X-ray diffraction patterns of products of reactions 
of Sr2V207 with ammonia at (a) 800 °C, 8 h and (b) 900 °C, 16 
h. All unlabelled peaks correspond to Sr3V2Oa. 
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Fig. 5. Powder X-ray diffraction patterns of products of reaction 
of Ba2V207 with ammonia at 900 °C, 16 h. All unlabelled peaks 
correspond to Ba3V2Os. 

not studied because of the anticipated greater difficulty 
of reduction relative to SraV208. 

Magnetic susceptibility measurements were made on 
samples prepared by reacting pressed pellets of Sr2V207 
and Ba2V207 at 900 °C for 16 h in ammonia (marked 
by * in Table 2). The magnetic data show the presence 
of the same superconducting phase in each sample. 
The measured Tc in both cases is 7.5 K, which is the 
value previously reported for vanadium nitride with the 
composition WNo.97 [29]. The results confirm the ex- 
istence of WN0.97 in both products, in agreement with 
the X-ray results. 

SrVO3 also reacts with ammonia to give Sr3V208 and 
VN. 

As anticipated, Sr3V20 s is significantly more stable 
than Sr2V207 in ammonia. A small amount of reduction 
is observed by weight change after 8 h in ammonia at 
900 °C but there is no apparent change in the X-ray 
powder pattern. At 1000 °C after 8 h some small changes 
appear in the diffraction pattern, but after 16 h partial 
decomposition into SrO and VN is clearly observed. 

3.2.3. Ba2V207 
The reaction of Ba2V207 with NH3 is generally similar 

to that of Sr2V2OT. The weight changes and the nitrogen 
contents are very similar for all samples prepared in 
the flow reactor or thermogravimetrically. The reaction 
products are VN and Ba3V2Oa in all cases (Fig. 5). 
Reduction of Ba2V207 in H2 followed by reaction in 
ammonia gives identical products. No evidence is ob- 
served for the formation of BaVO3 with the 14H 
hexagonal structure [24]. Reactions of Ba3V2Os were 

4. C o n c l u s i o n s  

Reduction and nitriding reactions of all the A2V20 7 

phases proceed through the formation of an inter- 
mediate A3V208 phase. The specific details depend on 
the ease with which the A3V208 phases are converted 
thereafter to other product phases. In the case where 
A-=Ba the reactions are particularly simple, because 
BaaV208 is very difficult either to reduce or to convert 
to a nitride-containing phase• The products observed 
are Ba3V208 and VN or VOx in the case of reactions 
in ammonia or hydrogen respectively. In contrast, re- 
actions of Ca2V207 are more complex, because Ca2V20 a 
when formed readily converts to other phases. In hy- 
drogen CaVOa_x is formed, whereas in ammonia the 
products are either CaO and VN or CaO, VN and 
CaVO3_x depending on the conditions. Reactions of 
SrEV207 are as expected intermediate. In hydrogen the 
formation of cubic SrVO3_x is slow and it is difficult 
to completely eliminate traces of Sr3V2Oa in 5% H2 
at 1000 °C. In ammonia the reaction products are 
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s imilar  to those  f o r m e d  by Ca2V207 produc t s ,  i.e. 

Sr3VzO8 and V N  be low 800 °C, and  SrO,  V N  and  

SrVO3_x at  900 °C. T h e  A3V208 ( A - S r ,  Ba)  phases  
a re  very s tab le  in bo th  H E and NH3; Ca3V208 is less 
s table  and conver t s  to CaVO3 and  C a O  in H E. In  
a m m o n i a  CaO,  CaVO3 and  V N  are  the  reac t ion  p r o d u c t s  
at  t e m p e r a t u r e s  above  900 °C, whe reas  C a O  and  V N  
are  fo rmed  at  lower  t empe ra tu r e s .  

In  conclus ion,  in con t r a s t  with ra re  ea r th  vanada tes ,  
r eac t ions  of  the  a lka l ine  ea r th  m e t a l  v a n a d a t e s  wi th  
a m m o n i a  do not  l ead  to the  fo rma t ion  of  oxyni t r ide  
phases  with pe rovsk i t e - r e l a t ed  s t ructures .  
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