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Hydrazinium(2 + ) hexafluoroantimonate was prepared by the reaction of N2H6F2 with an 
excess of SbF5 in anhydrous HF as solvent. The compound was characterized by chemical 
analysis and vibrational spectra. The X-ray powder photograph was indexed on the basis of a 

monoclinic cell with a = 8.22(2), b = 10.04(3), c = 9.51(2) A, ~8 = 97.2(2) ~ and V = 780 A 3  
The thermal decomposition study of N2H6(SbF6)2 showed that it decomposed to gaseous 

components through an intermediate, a mixture of N2HsSbF6 and NH4SbF6. In the DSC 
curve, a strong endothermic effect and medium exothermic and endothermic effects were ob- 
served in the range 25-600 ~ 

Within the past  five years,  intensive research  on hydrazinium compounds  

at the "Jozef  Stefan" Inst i tute  has yielded more  than twenty new N2H5 + and 

N2H+ 2+ f luorometala tes ,  which have been  character ized by chemical analysis, 

vibrat ional  spec t roscopy,  in some cases X-ray  diffract ion analysis [1] and 
above all thermal  analysis. 

For  g roup  VA elements in the pentavalent  state, N2I-I6(PF6)2, N2HsPF+ [2], 

N2H+(AsF6)2 [3] and N2HsAsF6 [2, 4] have been investigated so far. This 
s tudy has recent ly  been  extended to the remaining hydrazinium 

hexaf luorometa la tes  of  Sb and Bi; in the present  work we repor t  the syn- 
thesis and character iza t ion of  H2H6(SbF6)2. 
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Experimental 

Hydrazinium(2 +)  fluoride was loaded into a KelF reaction vessel and 
about 5 g of anhydrous HF and afterwards an excess of SbF5 were distilled 
onto the solid by using a conventional vacuum line. After the reaction, 
volatiles were removed and the crystalline N2H6(SbF6)2 was isolated. The 
solid was dried to the constant weight in vacuo. 
Chemical analysis of N2H6(SbF6)2: 
found: N2I-I4, 6.2;  caicd.: N2H4, 6.34. 
found: F, 44.8; calcd.: F, 45.09. 

For thermal analysis, a Mettler TA 1 thermoanalyzer wa~ used. The 
decomposition was carried out in an argon atmosphere with a flow rate of 5 
1 h -1. The heating rate of the furnace was I deg min-t; the sample weight was 
100 mg or 500 mg when the intermediates were isolated. The DTG range 
was 10 mg min -1 and the DTA range was 200/~V. 

Heat  flow as a function of temperature was determined with a differen- 
tial scanning calorimeter (Mettler, DSC-20). DSC recording was made in a 
closed AI cell with a pin-hole in the cover and in a flowing argon atmos- 
phere. The heating rate of the instrument was 4 deg min -1. A H was deter- 
mined by graphical integration using a Mettler TC 10A processor. 

The Raman spectra of the solids in a Pyrex tube were obtained on a Spex 
1401 spectrometer with Ar § (514.5 nm) excitation from a Coherent Radia- 
tion model CR-3 laser. For recording of the infrared spectra of the solids, 
taken as powders pressed between KBr or CsBr plates, a Perkin-Elmer 521 
and a Perkin-Elmer FTIR 1710 spectrometer were used. 

X-ray powder diffraction patterns were obtained with a Debye-Scherrer- 
type camera and CuKa radiation. The diffraction photograph of N2H6(SbF6)2 
was indexed by using a Haendler program [5] on an IBM-1130 computer. 

Hydrazine was determined potentiometrieaily [6], ammonium by a Kjel- 
dam method [7] and fluorine by a modified distillation method [8]. 

Results and discussion 

N2H6(SbF6)2 is a colourless compound which hydrolyses in moist air. The 
d-spacings and intensities of an X-ray powder diffraction photograph of 
N2H6(SbF6)2 (Table 1) are related to those of N2H6(AsF6)2; both are indexed 
on the basis of a monoclinic cell. 
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Table I X-xaypowder diffraction data for N2I-I~(SbF6)2 

h k l dcal~ dobL L 
1 1 -1 5.51 5.55 w 
0 2 0 5.02 5.03 w 
0 0 2 4.72 4.75 w 
0 2 1 4.43 4.45 w 

0 1 2 4.27 4.25 m 
2 0 0 4.08 4.09 m 

1 2 -1 3.99 3.98 w 

2 0 1 3.58 3.57 m 
0 2 2 3.44 3.41 vw 
1 1 -3 2.93 2.93 vw 

0 2 3 2.67 2.68 vw 
2 3 2 2.197 2.208 w 
3 1 -3 2.148 2.147 w 
3 3 -1 2.104 2.105 w 
3 2 2 2.044 2.042 w 
3 2 -4 1.781 1.780 vw 
1 4 -4 1.652 1.649 vw 
4 4 0 1.583 1.583 vw 

N2H6(SbF6)2 was indexed  on the  basis  of  a monocl in ic  cell, with 
a = 8.22(2) A, b = 10.04(3) A,  c = 9.51(2) ,~, fl = 97.2(2) ~ and  V =  780 A3. 

T h e  v ib ra t iona l  s p e c t r u m  of  N2H6(SbF6)2 and  its ass ignments  are  given in 
Table 2. 

In  the  R a m a n  s p e c t r u m  of  N2H6(SbF6)2 the mos t  in tense  fine, which cor-  

r e s p o n d s  to vl (SbFF) ,  is obse rved  at 666 cm-1; the o ther  two R a m a n  act ive 

modes ,  1,2 and  vs, a re  split.  T h e  bands  a t t r ibu ted  to the N2H62+ cat ion a p p e a r  

at 1038 and  1604 cm -1. In  the i n f r a r ed  spec t rum,  the s t rongest  absorp t ion  is 

obse rved  at  663 cm -~ (v3); there  are  also th ree  very weak absorp t ions  at 554, 

452 and  709 cm -1, o f  which the  last  two can be  a t t r ibu ted  to t races  of  SbF5 
[9]. All  abso rp t ions  be tween  800 and  1600 cm -1 are  ass igned to the cat ionic  
pa r t  of  the  molecu le  [10]. 

T h e  t h e r m a l  s tabi l i ty  of  hydraz in ium(2  + )  hexa f luo rometa l a t e s  ref lects  
the  inc reas ing  Lewis  acidi ty  f r o m  PF5 to SbF5 .  N2H6(PF6)2 loses PF5 slowly 
even at r o o m  t e m p e r a t u r e ,  while N2H6(AsF6)2 begins  to d e c o m p o s e  at 68 ~ 
and  N2H6(SbF6)2 at  158 ~ 
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Table 2 Vibrational spectra (cm -1) of N21-h(SbF6)2 and KSbF6 (11) 

N2H6(SbF6) 2 
IR 

452w 
554w 

663 vs 

709vw 
831 w 

1056m 
1072m 

1117w 
1515m 
1546m 

1621w 

KSbF6 Assignment 
R IR R 

27o ~4 (Sbl~'-) 
279(7) 
293(23) 298 1'5 (SbEs-) 

570(10) *'2 (SbF6-) 
581(S) 583 

655 ,'3 (Sb~-) 
666(100) 664 ~1 (Sb~-) 
7O6(2) 

~o~os) 

16o4(3) 

(N-~. 

(I, m3+)b 

(m~3+)d 

The thermal decomposition study of N2H6(SbFt)2  (F ig .  1) shows that the 
decomposition occurs in two steps. The first step actually consists of two 
processes, which is confirmed by the DTA curve. Up to 245 ~ the sample 
loses 48.0% of its starting weight. This step is accompanied by the DTG 
minimum at 240 ~ the endothermic DTA peaks at 230 and 236 ~ and an ex- 
othermic DTA peak at 241 ~ The exothermic DTA peak during the decom- 
position of hydrazinium compounds invariably accompanies the formation of 

ammonium compounds, e.g. NH4+Sb~ -. The intermediate was isolated and 
identified by chemical analysis and its infrared spectrum. 

In the next step, which occurs immediately and is finished at 400 ~ , the 
DTG curve exhibits minima at 263, 304 and 348 ~ The DTA curve gives an 
endothermic peak at 263 ~ In the second step, the intermediate decomposes 
to the volatile components. 

The intermediate isolated at 245 or 248 ~ was a paste-like material, un- 
stable in moist air. Chemical analysis of the intermediate gave 7.2% NzI-I4 
and 2.8% NH4. For N2HsSbFt, the calculated value of N2I-I4 is 11.92%. All 
attempts to isolate pure N2HsSbF6 (without ammonium complex) failed. 

Z Thermal Anal., 36, 1990 



GANTAR, RAHTEN: THERMAL ANALYSIS 557 

20 

40 

60 

t/I 
o 80 

#1 

o 
~" 100 

Temperature ~  

100 200 300 400 

' - %  ' OT~, 
"--  . . . . .  - ,  r - 4  . . . .  
I OTG ; ' 

0.2n~/m'r' ! ~, ~ 

- ' ~ , .  . . . . . . .  . ~ , e .  OT. 

_ | |  
j.1o ~v l I 

III 
I i i  

_ I I I '  

Fig. I TG, DTA and DTG curves of N21-I~SbF6)2 

The decomposition of N2H6(SbF+)2 to N2HsSbF6 is so rapidly followed by 
further decomposition to NH4SbF6 that the salts could not be separated. On 
the basis of chemical analysis, it is calculated that the intermediate contains 
approximately 60% N~IsSbF6 and 40% NH4SbF6. 

The Raman spectrum of this intermediate is of very poor quality; the 
strongest absorption in the infrared spectrum occurs at 666 cm -1, which is 
attributed to r3 (SbF6"). Other absorptions, at 975, 1052, 1068, 1301 and 1621 
cm -1, are assigned to the Nd-I + ion [10], and that at 1434 cm -~ to the NI~ + 
ion [12]. 

Comparison of the thermal properties of N~-I6(PF6)2, N2H6(AsF6)2 and 
NzFI6(SbF6)2 shows that, upon heating in an inert atmosphere, these 
materials behave completely differently: NzI-I6(PF6)2 decomposes through 
the isolable intermediates N~-IsPF6 and NH4PF6, N~H6(AsF6)2 decomposes 
directly to N2Hd~2 and AsFs, and N2I-I6(SbF6)2 most resembles N2H6(PF6)2 in 
its thermal decomposition. 

J. Thermal.Anal., 36, 1990 
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In the DSC curve for N2I-I6(SbF6)2, a strong endothcrmic effect at 140 ~ 
and medium exothermic and cnd0thermic effects at 225 ~ and 255 ~ are ob- 
served in the range 25-600~ ~ for complete decomposition is endothermic 
( A H  = 1440 J/g). 

We thank Miss B. Sedej for the chemical analysis and the Research Community of 

Slovenia for financial support. 
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Zusammenfassung -- Mit der Reaktion von N2H6F2 mit einem Oberschuss von SbF5 in 
wasserfreiem HF als L6sungsmittel wurde Hydrazinium(2+)hexafluoroantimonat herges- 
tellt. Die Verbindung wurde dutch Elemetaranalyse und Schwingungsspektren charak- 
terisiert.  R6ntgendiffraktionsaufnahmen ergaben ausgehend yon einer monoklinen Zelle 
a -- 8.22(2), b = 10.04(3), c = 9.51(2) ~ fl = 97.2 ~ und V = 780 ,~3. 

Die Untersuchung der thermischen Zersetzung yon N2H6(SbF6)2 ergab, dass es sich diese 
Verbindung fiber eine Zwischenstufe, e in.  Gemisch aus N2HsSbF6 und NH4SbF6, in 
gasf6rmige Komponenten zersetzt. In der DSC-Kurve k~Snnen im Bereich 25-600~ ein 
starker endothermer sowie mittelstarke exotherme und endotherme Effekte beobachtet wer- 
den. 
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