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ABSTRACT 

The thermal decomposltlon of (NH,),[VOF,], (NH,),[VOF, H,O] and (NH4)3[VOFs] 
has been mvestlgated m au and argon by simultaneous TG, DTG and DTA Chermcal 
analysis, X-ray data, and IR spectroscopy have been employed to charactenze the mter- 
mediate phase for all compounds The complexes start decomposmg by gnmg off NH,F 
NH,VOF, has been found as an mtermedlate phase for all compounds In argon atmosphere 
NH,VOF, 1s reduced to a nuxture of lower valent compounds, with the mam component 
VF, By carrymg out the decomposltlon m air, the oxldatlon of vanadmm to V,O, has been 

observed 

INTRODUCTION 

Thermoanalytlcal techmques are often applied to the chen-ustry of coordl- 
nation compounds to elucidate the course of the decomposltlon as well as to 
fmd new posslblhtles m morgamc synthesis 

There are few studies on the thermal decomposltlon of ammonium 
fluorometallates reported m the literature For (NH,),[MF,] (M = Al, Ga, 
In, SC, Tl, V) tetrafluorometallates were found as intermediates and tnfluo- 
rides as final products [1,2] (NH,),[CrF,] decomposes directly to CrF, [2] 
wblst (NH4)3MnF6 decomposes via (NH,),[MnF,] and NH,MnF, to MnF, 
[3] Four vanadium(W) ammomum fluorooxo compounds ire known 

WKMVOFJ~ WbWOFd H@L W%MVOW [41 and NI-WOF, 
[5]) and we now report the thermal decomposltlon of these compounds 

EXPERIMENTAL 

The substances studled were prepared m aqueous solution of VOF, and 
NH,F by using vmous molar ratios of the fluondes and hydrogen fluoride 
[4] Then composltlon was proved by elemental analysis and X-ray powder 
photographs 
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The thermal decomposltlon was studied by means of a Mettler TAl 
thermoanalyzer Experlmental condltlons TDl sample holder, platmum 
crucible, sample mass, 100 mg, atmosphere, dry argon and air with 5 1 h-’ 
flow rate, heating rates, 2 or 6 ’ C mn--’ Intermediate phases were obtained 
by heating the mltlal compound to the desired mass loss and coolmg the 
samples DSC measurements were carried out m a Mettler TA 2000 C 
thermoanalyzer m dynamic (30 ml mu-‘) air atmosphere with a sample 
mass of 50 mg 

Isothermal pyrolysis experiments were performed m a tube furnace sup- 
plied and regulated by a Mettler TM 16 digital regulator m a dynamic argon 
and au atmosphere 

Infrared spectra were measured usmg Model 521 Perkm Elmer grating 
spectrometer (4000-250 cm-‘) Crystallographic powder spectra were ob- 
tamed with a Gumler-de Wolff and high temperature Lenne-de Wolf 
camera, respectively, using Cu Ka radiation 

RESULTS 

The thermal decomposltlon of (NH,),[VOF,] m argon begms at 170 o C 
as shown m Fig 1 X-ray powder data of intermediate and final steps of 
decomposltlon are given m Table 1 In the first step NH,VOF, 1s formed 
with the evolution of NH, and HF The theoretical mass loss of 20 90% 1s m 
good agreement with the observed value of 20 7% (Fig 1) NH,VOF, has 
been isolated m a separate pyrolysis experiment carried out m an argon 
atmosphere at 180 o C Data obtained from the X-ray powder photograph of 
this compound are gven m Table 2 The representative part of the IR 
spectra of NH,VOF, 1s shown m Fig 2 A 990 and 970 cm-’ doublet was 
observed m the V=O stretching region whle synthesized NH,VOF, has a 
single V=O peak at 975 cm-’ [5] The final product of the decomposltlon 1s 
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Fig 1 TG. DTG In DTA curves (heating rate 2OC mu-‘) of (NH,),[VOF,] recorded m 
argon ( -) and m air (- - -) 
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TABLE 1 

Intermediate and fmal products of dynamic and Isothermal decomposltlon of ammomum 

fluorooxovanadates(Iv) 

Initial Atmosphere Mass T(OC) Time Mass X-ray powder pattern ’ 

compound a loss (%) 

Dynarmc thermal decomposltlon 
III Ar 46 45 
III Au 65 80 
III Ar, ar 2160 
III Ar, air 30 30 
II Ar 9 20 
II Ar 28 9 
I Ar 57 7 

I Ar, an 164 

I Ar. air 35 5 
I Air 76 
I Air 75 9 

Isothermal decomposltlon 
III Ar 22 22 
I Ar 23 81 
I Ar 39 29 

VF, + lmpurltles ’ 

VZO, b 
IV 
IV 
III 
IV 
VF, + lmpurltles h 

1+111+1v 
1+111+1v 
I 

v,o, b 

180 15 h Constant IV 
120 3 days Not constant I + IV 
120 7 days Constant IV 

a I = (NH,),[VOF,], II = (NH,),[VOF, H20], III = (NH,),[VOF,], IV = NH,VOF, h Fl- 
nal product 

Impure VF, as proved by the X-ray powder pattern Chemical analysis of 
final residue (52 4% V, 29 7% F) gave 100 V 1 52 F, while the IR spectrum 
shows the absence of a strong V=O stretching peak (Fig 2) The most 
probable admixture 1s vanadmm(II1) oxide, which 1s usually nonstolchlomet- 
nc The analytical data, as well as the mass loss of 46 45%, are close to the 

TABLE 2 

Interplanar spacings and mtensltles of reflectlons of NH,VOF, 

69 9 2 77 6 
5 80 10 2 56 6 
4 80 5 2 40 5 
4 27 5 2 29 7 
3 81 9 2 13 4 
3 51 3 2 03 7 
3 43 9 1 97 6 
3 35 2 1 91 8 
3 18 9 1 87 2 
2 90 3 1 84 3 
2 85 8 1 82 5 
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1oM) v&n-‘, 500 

Fe 2 IR spectra of (4 (NWJVOFJ, (b) W-I&V303F14, (c> WW,[VOF, H@l, (d) 
(NH,),[VOF,], (e) NH,VOF,, and final residue of decomposltlon of (NH,),[VOF,] isolated 

(f) m ar and (g) m argon 

composltlon 103VF, + VO, 79 The simultaneously obtained DTA curve 1s 
endothermal and runs parallel to the DTG curve The peak temperatures are 
gven m Table 3 

The thermal decomposltlon of (NH,) ZIVOF,] m tir (Fig 1) also gves 
NH,VOF, m the first step (also see Table 1) In the next stage the 
dlssoclatlon of NH,VOF, continues as shown by the X-ray powder photo- 
graph of the intermediate phase with 30 30% mass loss, which has the same 
pattern as NH,VOF, At hqgher temperatures vanadmm becomes oxldlzed to 
V,O, The observed mass loss depends on experlmental condltlons (65 80% 
for 2°C mm-l, 69 72% for 6 o C nun-l, and 55 62% for isothermal decom- 
position at 295 o C) and exceeds considerably the calculated value of 49 20% 
for decomposltlon to V,O, V,O, was deposited on the cold part of the 
furnace, this was proven by X-ray photography V,O, has low volatlhty at 
its decomposltlon temperature (calculations from heats of meltmg and 

TABLE 3 

Temperatures ( o C) of DTG m DTA peaks of ammonium fluorooxovanadates(IV) 

Compound Atmosphere DTG DTA 

WW,WF,l Ar 260,330 260,330 
(NH&WF, HP1 Ar 80,260,328 69, 80,262,328 
WW,WF,l hr 268,335,383,401 268, 335 

WL,),WF,l Ar 155,265,322 108,155,266,322 
WL,),WW Pur 165,270,330,390 108,169,270,330 
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Fig 3 TG, DTG m DTA curves (heating rate 2OC mu-‘) of (NH,),[VOF, H,O] recorded 
in argon 

boiling of V,O, [6] gave P(V,O,) = 2 1 X lo-’ Pa at 427” C) VOF, has a 
boiling point of 110” C and decomposes m air at 132” C to V,O, [7] We 
propose VOF, as the intermediate phase of thermal decomposltlon of 

WLd,WF,l m ar followmg the equations 

(NH,),[voF,] + NH,F + NH,VOF, 

NH,VOF, + 0, + 4VOF, + 2H,O + 4NH, 

VOF, decomposes to V,O, partially m the sample holder and partially m gas 
phase This IS m agreement with hgher mass loss at higher heating rate, 
where the second reaction takes place at hgher temperature 

(NH,),[VOF, - H,O] dehydrates between 65 and 85 o C with 9.20% mass 
loss (talc. 9 14%) As shown by the thermoanalytlcal data (Fig 3, Tables 1 
and 3) the compound obtamed decomposes further as already described 

: 
lo- : 

._.______._ 

0 loo 2&l T,.c 3ii i3 600 

Fig 4 TG, DTG m DTA curves (heatmg rate 2” C mm-‘) of (NH,),[VOF,] recorded m 
argon (- )andmm(---) 
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TABLE 4 

X-Ray powder pattern of mtermedlate phase of thermal decomposltlon of (NH,),[VOF,] 
(35 5% mass loss) 

d 6% I rel Compound a hkl b 

6 90 9 IV 

6 40 3 III 110 

6 00 1 III 020 
5 80 10 IV 
5 18 I I + III 031(I), Oll(II1) 
4 80 3 IV 

4 68 2 III 120 

4 52 1 I 002 

4 41 1 I 130 

4 27 8 III + IV lll(II1) 
3 81 9 IV 

3 51 3 IV 

3 43 9 IV 

3 35 2 IV 

3 28 1 III 031 

3 18 6 1+111+1v 132(I), 220(111) 

3 13 1 1+111 060(I), ZOl(II1) 
2 85 5 IV 

2 29 5 IV 

2 13 3 IV 

a I = (NH,),[VOFs], III = (NH,),[VOF,], IV = NH,VOF, b Ref 4 ((NH,),[VOF,]), 
calculated from crystal structure data of (NH,),[VOF,] [lo] 

TABLE 5 

High temperature X-ray powder pattern of (NH,),[VOF,] 

Phase below 40 o C Phase 40-90 o C Phase above 90 o C 

d (A) &I a d (A) Ire, = d,, (A) dcalc (A) &I a hkl b 

5 23 vs 5 35 vs 5 30 5 292 vs 111 

4 56 m 465 S 4 60 4 583 S 200 

4 41 m 3 22 S 3 28 3 241 S 220 

3 21 S 2 39 v-w 205 2 050 W 420 

2 71 vw 204 W 1 83 1833 W 500 

2 61 W 1964 VW 176 1764 w 511 
2 36 W 1864 m 
2 30 m 1757 m 
2 24 W 

2 00 W 

1900 m 
1864 vw 
1838 vw 
1772 m 
1731 vw 
1610 w 
1548 w 

a s, strong, m, medium, w, weak, v, very b Indexed with cubic umt cell, a = 9 17(2) A 
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The thermal decomposltlon of (NH,),[VOF,] 1s shown m Fig 4 and 
Tables 1 and 3 There are three steps on the TG curve obtained m argon 
mth mass losses of 5 70, 38 50 and 57 70% respectively The calculated 
values for dlssoclatlon of l/3, 1, 2 and 3 moles of NH,F are 5 71, 17 14, 
39 29 and 5143% The first mtermedlate phase with 5 7% mass loss agrees 
wth the formula (NH,),V,O,F,, and has an X-ray powder pattern and IR 
spectrum the same as (NH,),[VOF,] (Fig 2) The stolchometry of the 
amon [V,O,F,,] 5- was found m compounds of vanadium(V) [8] Dynarmc 
thermal analysis of (NH,),[VOF,] gves (NH,),VOF, and NH,VOF, as 
intermediates (Table 4) whereas m isothermal decomposltlon only NH,VOF, 
was found (Table 2) The final decomposltlon product 1s agam impure VF,. 
Thermal decomposltlon m ar gives firstly NH,VOF, and finally results m 
V,O, As already mentioned for (NH,),[VOF,], the final mass loss depends 
on the heating rate (75.90% for 2°C mm-‘, 78 76% for 6°C nun-l) and 1s 
much greater than the calculated value for decomposltlon to V,O, (57 61%) 

The endothermal DTA peak at 108” C 1s not associated with mass loss 
and can be ascribed to a polymorphc transition of (NH,),[VOF,] The 
changes m X-ray powder pattern were followed up to 140 o C At 40 O C the 
number of hnes decreased and at 90 O C the positions of these lines changed 
slightly The temperature of the second transition 1s somewhat lower than 
that determmed by DTA The phase hnes above 90°C can be Indexed on 
the basis of a cubic umt cell (Table 5) The transition to cubic form was 
followed by DSC (Fig 5). The hysteresis of the reversible transition 1s 5 O C 
at a heating and coohng rate of 2 6’ C nun-l and the heat of transition 1s 
0.96(24) kJ mol-’ The value of 2 5(4) kJ mol-’ was determmed for the heat 
of polymorphic transltlon of (NH,)YO,F, at 139°C [9] 

HEATING COOLING 

82X 

_‘u y$ 

I 

2P 

80 SO 
T PC) 

90 80 

Fig 5 DSC curve of the transition to the cubic form of (NH,),[VOF,] 
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The whole decomposltlon scheme can be represented as 

(~ii~)~[voF~] 

1 

HT*(NH,),[VOF,] 

1 

(NHA’~o3F,, 

1 
/ 

VF3 + vanodun(llU oxide 

Wg0” 

(NH,,J2~OF4] - NH,VOF3 

4 
I 

(NH~+ [VOF~. ti20] 
VOF3 - V,O, 

* 
high temperature form 
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