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THERMAL BEHAVIOUR OF SOME NEW
HYDRAZINIUM FLUOROMETALLATES

D. Gantar and A. Rahten

“JOZEF STEFAN” INSTITUTE, “EDVARD KARDELJ” UNIVERSITY,
61000 LIJUBLJANA, YUGOSLAVIA

Three new hydrazinium(i+) fluoro complexes, N,HAsF,, (N,H;),ZrF, and
(N,H,),HfF ¢, were prepared and characterized by means of chemical analysis, IR and Raman
spectroscopy and X-ray powder diffraction. Study of their thermal behaviour via TG, DTG and
DTA measurements showed that they decompose in stages; the decomposition of N,H;AsF
proceeded in two steps, through the intermediate NH,AsF¢; (N,H;),ZrF¢. Decomposed in
three steps, through (NH),ZrF and NH Z1F ;. The thermal decomposition of (N,H),HfF is
more complex; in the first step (NH,),HfF¢ with some N,H;HfF; was obtained, and in the
second NH HfF,. The intermediates were identified by means of chemical analysis and
vibrational spectroscopy.

In the 1960-s, the hydrazinium(2+) fluorometallates N,H;MF¢ and
(N,H();M,F,, (M = Zr or Hf) were isolated from aqueous solution {1, 2]. Later,
we reported the preparation of hydrazinium(2+) hexafluoroarsenate in anhy-
drous hydrogen fluoride as solvent [3]. However, the corresponding
hydrazinium(1 + ) compounds have not been prepared so far.

In the present study, we synthesized N,H AsF and (N,H;),MF, (M=Zr or
Hf) and investigated their properties, particularly their thermal behaviour.

Experimental

Hydrazinium(1 +) fluorometallates, N,HsAsF¢ and (N,H),MF¢ (M = Zr or
HIf), were prepared through the reactions of the corresponding hydrazinium(2+)
fluorometallates with hydrazine hydrate:

N,H;MF¢+N,H, -H,0 -(N,H;),MF,+H,0
(M= Zr or Hf)

N,H((AsFy), + N,H, - H,0 -2 N,H,AsF, + H,0

[Tohn Wiley & Sons, Limited, Chichester
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The chemical analyses are surnmarized below:
N,H;AsF,:

found: N,H,, 14.4; calcd.: N,H,, 14.44;
(N,H;),ZrF:

found: N,H,, 23.3; Zr, 33.6; F, 41.5;

caled.: N,H,, 23.62; Zr, 33.62; F, 42.01;
(NH;),HfFg:

found: N,H,, 17.9; Hf, 49.5; F, 31.2;

calcd.: N,H,, 17.87; Hf, 49.78; F, 31.79.

For thermal analysis, a Mettler TA 1 thermoanalyzer was used. In a typical run, a
100 mg sample was used; in a macrothermogravimetric decomposition, this was
increased to 500 mg: both were referenced against a 100 mg sample of a-Al,0;.
Platinum crucibles (1 ml) were used, the heating rate of the furnace was
1 deg min~ 1, and the decompositions were carried out in a dry argon atmosphere
with a flow rate of 51 h™!. The DTG range was 10 mg min ™~ ! and the DTA range
was 200 pV.

Infrared spectra of the solids pressed between CsBr discs were obtained by using
a Perk_in—Elmcr 521 spectrometer. the Raman spectra of the samples in a Pyrex tube
were recorded on a Spex 1401 double monochromator instrument, with exciting
radiation from the 5145 A line of a Coherent Radiation Laboratories (model Ar)
ion laser.

X-ray powder diffraction data were obtained with a Debye—Scherrer camera and
CukK, radiation.

Hydrazine was determined potentiometrically [4], total fluorine by a modified
distillation method [5], ammonium by a Kjeldahl method [6] and metals
gravimetrically [7].

Results and discussion

The d-spacings and intensities in the X-ray powder diffraction photographs of
(N,H,),ZrF, and (N,H,),HfF; clearly show that the compounds are
isomorphous.

The thermal decomposition of N,H;AsFg (Fig. 1) begins at 185°. In the first step,
up to 248°, the sample loses 22.0% of its weight; the gaseous components N,, H,,
HF and AsF; are released (calculated weight loss 22.30%) and the intermediate is
NH,AsF, (found: NH,, 14.4; calcd. for NH,AsF,: NH,, 14.44). This step is
accompanied by an endothermic DTA peak at 215°, exothermic DTA peaks at 222°
and 230°, and DTG minima at 221° and 230°. With increasing temperature,
complete decomposition occurs, yielding gaseous products. Up to 700°, the
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Fig. 1 TG, DTG and DTA curves of N,H;AsF,

decomposition is endothermic, with the DTA peak at 357° and the minima in the
DTG curve at 350° and 359°.

The thermal decomposition of N,H;AsF4 can be described in terms of the
equations:

6 N,H;AsFs »5 NH,AsF+ AsF, + HF + 3.5N, +4.5H, 1)
NH,AsF¢ »AsF+HF+0.5N, + 1.5H, ©

The decomposition of (N,H,),ZrF¢ (Fig. 2) starts at 100°. The endothermic
DTA peaks at 98°, 110°, 130° and 136°, which are not accompanied by weight loss,
can be accounted for by phase changes in the sample. Between 146° and 220°, the
decomposition is strongly exothermic, with DTA peaks at 194°, 199°, 210° and
294°, and a DTG minimum at 214°. Up to 220°, the sample loses 13.6% of its
weight, corresponding to the loss of one mole of hydrogen and one mole of nitrogen
per mole of starting material (theoretical weight loss 11.07%). The intermediate is
(NH,),ZrF4 (found: NH,, 14.4; calcd. for (NH,),ZrFs: NH,, 14.95). In the
temperature interval between 220° and 271°, a further 11.1% weight-loss occurs
(the theoretical weight loss for the formation of NH,ZrF; is 13.65%), and this is
accompanied by an endothermic DTA peak and a DTG minimum at 262°. The
intermediate NHZrF s is isolated at 271° (found: NH,, 8.1; calcd. for NH,ZrF,:
NH,, 8.23). In the last step the decomposition is endothermic, with a DTA peak
and a DTG minimum at 340°. Up to 415°, the cumulative weight loss is 37.3%,
which correlates well with the theoretical value (38.37%.) for the formation of ZrF,.
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Fig. 2 TG, DTG and DTA curves of (N,Hy),ZrF,

The decomposition may be described in terms of the equations:
(N,H,),ZrFg >(NH,),ZrFs+H,+N,
(NH,),ZrF, »NH,ZF+ 1.5H,+0.5N, + HF
NH,ZrFs »ZrF,+1.5H,+0.5N, + HF

&)
)
)

The thermal decomposition of (N,H),HfF (Fig. 3) begins at 105°. Up to this
temperature, DTA peaks are observed at 70°, 82° and 95° as in the case of
(N,H;),ZrF,. In the first step, up to 219°, the sample loses 8.4% of its weight,
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Fig. 3 TG, DTG and DTA curves of (N,H),HfF¢
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corresponding to the formation of (NH,),HfF, (theoretical value 8.37%).
However, N,H HfF; is aiso present, as is proved by chemical analysis (found:
NH,, 6.5; N,H,, 5.5) and the vibrational spectrum of the first-step intermediate.
This step is accompanied by an endothermic DTA peak at 153°, an exothermic
DTA peak at 200°, and a DTG minimum at 200°. In the second step, between 219°
and 271°, the decomposition is exothermic, with a DTA peak and a DTG minimum
at 270°. Between 105° and 271°, the sample loses 19.1% of its weight and this
corresponds to the formation of NH,HfF; (theoretical weight loss 18.70% ; found:
NH,, 6.3; caled. for NH,HfF,: NH,, 6.18). Further decomposition is endo-
thermic, with a DTA peak and a DTG minimum at 332°, The cumulative weight
loss of the sample up to 357° amounts to 29.0%, corresponding to the formation of
HIF, (theoretical weight loss 29.03%).

The first step in the thermal decomposition of (N,H),HfF is more complex in
comparison to that of (N,H;),ZrF,. The decomposition is accompanied by
exothermic and endothermic eifects, and the intermediate besides (NH,),HfF still
contains N,H;HfF ;. In the next two step, NH,HfF s and HfF,, analogous to the
zirconium compound, are formed.

The vibrational spectra of the starting materials and of the intermediate
compounds isolated in the thermal decomposition were recorded.

The bands observed in the Raman spectra and the absorptions in the infrared
spectra between 940 and 1700 cm ~ ! are assigned to N,HJ , and those between 3100
and 3330 cm ! to NH, . For the anionic part of the vibrational spectra, the bands
in the 300-690 cm ™! interval are assigned to AsFg , those in the 380-570 cm ™!
interval to metal-fluorine stretching, and those in the 200-355 cm ™! interval to
bending vibrations (metals Zr and Hf). The observed vibrational spectra are in
accordance with the literature [8-11].

* * ¥
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Zusammenfassung — Die Hydrazinium(l +)-fluorokomplexe N,H;AsFg, (N,H,),ZrFg und
(N,H;),HfF; wurden dargestellt und durch chemische Analyse, IR- und Ramanspektren sowie
Rontgenbeugungsdiagramme charakterisiert. Die Untersuchung ihres thermischen Verhaltens durch
simultane TG-DTG-DTA-Messungen zeigte, dass sie sich schrittweise zersetzen: N,H AsF zersetzt
sich in 2 Stufen mit NH,AsF als Zwischenprodukt; (N,H,),ZrF; zersetzt sich in 3 Stufen iiber
(NH,),ZrF ¢ und NH,ZrF;. Die thermische Zersetzung von (N,H,),HfF ist komplizierter, der erste
Schritt liefert (NH,),HfF ¢ mit wénig N,H  HfF 5, der zweite NH, HfF ;. Die Zwischenprodukte wurden
durch chemische Analyse und Schwingungsspektroskopie identifiziert.

Pesiome — [lonydenst Tpu HOBRIX ¢ropokomiuiekcsl rugpasusns N,H AsF¢, (N,H),ZrFg u
(N,H,),HfF, crpoenne koTopbix noareepxacHo VK- u Paman ciekTpockonuel, a Takke peHTIeHo-
crpyktyprbiv anammsom, TT, JITT v JITA u3MepeHust NOKA3aid UX PA3HbIH MHOTOCTYNEHYAThIH
xapakrep pazioxenus, Tak, coemunenne N,H;AsF, painaraercs B npe crafmu ¢ ofpasoanuem
npomexyrounoro inpogykta NH,AsF, a coenunenne (N,H),ZrF; — B Tpu cranuu ¢ o6pazosannem
npoMexyTounbx coeauuennii (NH,),ZrFg u NH,ZrF,. Tepmuueckoe pasnoxennc (N,H;),HfF,
npoTekaer 6Gonee CIOXHLIM IyTeM: Ha mepBoil craguu obpasyercs (NH,),HfF, c¢ nexoropoii
npamecsio N,H HfF 5, a na BTopoii cragun npoucxozut obpasosanue NH, HfF ;. ITpomexyTodnsie
OPOAYKTHI MACHTH(GHUIMPOBaHb! XMMHIECKMM aHAJTH30M M kofe6aTeIbHOH COEKTPOCKONHEH.
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