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Hydrazinium bifluoride, N2H5HF2, has been synthesized by chemical and thermal methods. Characterization of N2HSHF2 
has been made by chemical analysis and X-ray and infrared spectra. Thermal characteristics of NzH5HF2 have been studied 
by DTA and compared with those of N2HSF and N2H6Fz. 

Introduction 
Hydrazine dihydrofluoride, N2H6F2, is known and its crystal 

structure,' infrared spectrum,2 and thermal analysis3 have been 
studied. However, hydrazine monohydrofluoride, N2H5F, was 
not known until 1967, when Glavik and Slivnik4 prepared it 
by the reaction of N2H6F2 with anhydrous hydrazine. Infrared 
spectrum," crystal s t r~c tu re ,~  and thermal properties3 of N2H5F 
have been reported. With hydrazine salts being analogous to 
ammonium salts, one would expect a third fluoride derivative 
of hydrazine similar to ammonium bifluoride, NH4HF2, 
namely, hydrazinium bifluoride, N2H5HF2. A detailed survey 
of the literature6.' revealed that no attempt has been made to 
prepare N2H5HF2. Acid fluorides like NH4HF2 and KHF2 
are usually prepared by the addition of hydrofluoric acid, HF, 
to the monofluoride. But the addition of HF to N2H5F appears 
to yield N2H6F2 and not N2H5HF2. Probably because of this 
difficulty there appears to be no report to date about 
N2HSHF2. Recently, we reported* the preparation of a number 
of hydrazine derivatives by the reaction of hydrazine hydrate 
with solid ammonium salts. Using this novel method we have 
now synthesized both N2H5F and N2HSHF2. Further, 
N2HSHF2 has been unequivocally characterized by X-ray and 
infrared spectra and differential thermal analysis (DTA). 
Hydrazine dihydrofluoride, N2H6F2, was also synthesized by 
the addition of aqueous HF to alcoholic solution of N2HSF. 
X-ray and infrared spectra and DTA of N2H5F and N2H6F2 
were reinvestigated for the purpose of comparison with that 

Experimental Section 
Stoichiometric quantities of ammonium fluoride and bifluoride were 

mixed with calculated quantities of hydrazine hydrate (99-10096) and 
were allowed to react in polythene cups. Ammonia was evolved 
instantaneously. The products were crystallized from solution and 
dried over PzOs in a vacuum desiccator. The reactions may be 
represented as shown in eq 1 and 2. Both N2H5F and NzH5HFz are 

of N2H5HF2. 

NH4F + N2HdsH20 -+ N~HsF(s) + HzO(g) + NH3(g) (1) 

NH4HF2 + N,H,.H20 -+ NZH,HFz(s) + HzO(g) + NHj(g) (2) 

hygroscopic and need handling in dry atmosphere. Hydrazine di- 
hydrofluoride, N2H6F2, was obtained by the addition of aqueous HF 
to alcoholic hydrazine hydrate! It was also prepared by the addition 
of aqueous HF to the alcohol solution of N2HSF prepared by the above 
method. Hydrazine dihydrofluoride precipitates as a nonhygroscopic 
crystalline solid. Hydrazine dihydrofluoride prepared from the aqueous 
method' was hygroscopic. The composition of the compounds was 
fixed by hydrazine analysis. Hydrazine contents were determined 
by titration with 0.05 M potassium iodate solution under Andrew's 
conditions.* Infrared spectra were recorded as Nujol mulls as well 
as KBr pellets by using a Carl-Zeiss UR-10 spectrophotometer. 
Differential thermal analysis (DTA) was carried out by using a 
DTA-02 Universal instrument manufactured by Franz Wagner 
Industrille Elektronic of the German Democratic Republic. Platinum 
cups were used as sample holders. All DTA experiments were carried 
out in air by using 100-mg samples. The heating rate employed was 
7 OC/min. X-ray powder diffraction patterns were obtained by using 
a ISO-Debyeflex 1001 instrument fitted with Cu Kcr radiation with 
nickel filter. 
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Table I. Analytical and Thermal Data 

com- 
vound obsd calcd this work from ref 3 

% NzH, DTA peak temp: "C 

N,H,F 61.11 61.53 95 (m), 180 (--), 110 (m), 126 (+I ,  

N,H,F, 44.40 44.44 184 (m), 242 (-) 168 (m), 176 (+I, 

N,H,HF, 44.40 44.44 142 (-), 184 (m), 

230 (-) 214 (-) 

215 (.-) 

250 (-) 
N,H,HFZb 44.40 44.44 182(-), 250 (-) 

a Key: m, melting; (-), endotherm; (t), exotherm. Pre- 
pared by heating N2H,F at 160 " C  for 12 h. 

Table 11. X-ray Data (in A)a 

N, H, F NZHSHF, N 2 H 6 F 2  

1.9433 m 1.3612 w 1.2419 w 
2.0921 m 1.6289 vw 1.2886 w 
2.3097 s 1.6987 w 1.3526 vs 
2.4950 s 2.2276 vs 1.6289 vs 
2.8851 vs 2.5999 s 1.7055 s 

2.8851 s 2.2275 vs 
3.3639 m 2.3986 s 
3.7861 s 2.6371 vs 

3.3639 w 
3.7861 vs 
4.7965 w 

Key: vs, very strong; s, strong; m, medium; w, weak; vw, very 
weak. 

Table 111. Inhared Absorption Data (cm-'1" 
assignment N,H,HF, N,H,F N,H,F, 

v1 + v ,  of HF,- 2100 m 
v ,  + V ,  of HF,- 1840 w 
NH, bending 1680 sh 
NH,+ def 1620 sh 1550 vb 1550 vb 
HF,- asym str ( v , )  1550 vb 
NH, rock 1260 s, sp 1260 vb 1264 s 
HF,- def (v2) 1250 sp 1190 s 
NH, + bend 1120 s 1120 s 

1100 s 1100 s 
VN" str 960 s 960 s 980 s 

O1 IR spectra were recorded as KBr pellets. Key: vb, very 
broad; s, strong; vs, very strong; sp, sharp, sh, shoulder; m, 
medium; w, weak. 

Results and Discussion 
The analytical and thermal data of NZHSF, N2H6F2, and 

N2HsHF2 have been summarized and given in Table I. The 
compositions were fixed by hydrazine analysis and were 
characterized by X-ray (Table 11) and infrared spectra. Some 
important infrared absorption frequencies in the region 
2200-800 cm-l have been tabulated in Table 111. The IR and 
DTA results have been discussed in detail. 

I. Infrared Spectra. Infrared absorption frequencies of 
N2H5HF2 are listed along with those of N2H5F and N2H6F2. 
Characteristic absorptions of N2H5+, N2H62+, and HF2- have 
been observed and assigned on the basis of earlier w ~ r k . ~ ? ~ , " ~  
Both N2HsF and N2H5HF2 show an absorption a t  960 cm-', 
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Figure 1. Infrared absorption frequencies of (I) N2H5HFz, (11) NzHSF 
(heated to 160 OC, 12 h), and (111) NH4HF2. 

which has been assigned to vN-N of N2H5+.9 The stretching 
frequency of the N-N bond can be used to differentiate 
between N2H4, N2H5+, and N2H6'+, since the vN-N frequenc 
varies with N-N bond distance, e.g., ( N  H4) dN-N = 1.46 8: 
(N2H2') dN-N = 1.40 A (1024 ~ m - ' ) . ~  However, the observed 
VN-N frequency (980 cm-') for N2H6F2 in our study is rather 
too low compared to the expected value (1024 cm-') for 
N2H6'+. The lowering of this frequency could be expected 
and justified because the N-N bond distance in N2H6F2 is 
reported' to be 1.42 A and the calculated vN-N frequency from 
the above data agrees with the observed frequency. Thus, the 
lowering of vN-N frequency in N2H6F2 can be attributed to the 
presence of strong H bonding which is responsible for the 
increase in the N-N bond distance. 

The bifluoride ion, HF,, has characteristic absorptions 1600 
cm-' ( v 3 )  and 1200 cm-' (v~).'~ Additional bands due to 
combinations of the fundamentals of HF2- ion are observed 
at  2100 and 1840 cm"." The v3 and v2 of HF2- ion lie in the 
region where deformation and bending of -NH2- and NH3+ 
groups of N2HsHF2 are observed. This makes the unequivocal 
assignment of HF2- rather difficult. We have therefore 
compared the IR spectrum of N2H5HF2 with that of NH4HF2 
(Figure 1). All four absorptions (2100, 1840, 1550, and 1260 
cm-') characteristic of HF2- are seen in N2HSHF2 as in 
NH,HF,. Ketelaar et al.1° have shown that v3 and v2 fre- 
quencies of HF2- are sensitive to the matrix, and the IR 
spectrum of NH4HF2 in KBr shows these bands a t  1527 and 
1258 cm-', respectively. It may be noticed that the 1260-cm-' 
band of N2H5HF2 is split due to the overlap of v2 of HF, with 
the deformation of N2H5+. In short, the following facts in the 
IR spectra make it possible to differentiate between N2HsHF2 
and N2H6F2: (1) the presence of absorptions at 2100 and 1840 
cm-I in N2HSHFz as in NH4HF2 which are absent in N2H6F2; 
(2) the presence of a doublet around 1260 cm-' in N2HsHF2 
compared to the singlet in N2H6F2; (3) the VN-N frequency of 
NzHSHFz observed a t  960 cm-' compared to the vN-N of 
N2H6Fz observed at  980 cm-'. 

11. Differential Thermal Analyses. The DTA of hydra- 
zinium bifluoride, N2HsHFz, exhibits three endotherms 
(Figure 2). The first two endotherms are reversible and are 
assigned to phase change and melting, respectively. The final 
endotherm is due to the volatilization of N2HsHF2. The phase 

(880 Cm-'), (N,Hs+) dN-N = 1.432 1 (965 cm-'), and 

I I I I I I I 
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Figure 2. DTA curves of (1) N2H,F2 (-), (2) N2HSF (- - -), (3) 
N2HsHF2 obtained by thermal methods (- - - -), and (4) N2H,HFz 
obtained by chemical methods (- -). 

transition peak at  140 OC disappears on repeated thermal 
cycling, probably stabilizing the high temperature form of 

Hydrazine dihydrofluoride, NZH6F2, exhibits only two 
endotherms in DTA. The first endotherm at 180 OC is sharp 
and reversible and is assigned to melting. The second en- 
dotherm has been assigned to volatilization of N2H6F2. No 
exotherm was observed as r e p ~ r t e d . ~  

The DTA curve of hydrazine monohydrofluoride, N2H5F, 
shows three endotherms. The first endotherm is sharp and 
reversible and was attributed to melting. The second en- 
dotherm is initially broad but becomes narrow during the 
second heating (see Figure 2) and is found to be reversible. 
This peak has been assigned to the dissociation of N2H5F to 

N2H5HF2. 

NZH5HF2. 

2N2HSF - N2HSHF2(s) -k N2H4(g) (3) 
Formation N2H5HF2 was confirmed by observed weight loss 
in the isothermal thermogravimetry of N2H5F at 160 "C. The 
weight loss corresponded to the loss of a hydrazine molecule 
(30.0% weight loss observed, 30.76% calculated). The loss of 
hydrazine was qualitatively tested by its basic action on pH 
paper. Further, the residue from the isothermal TG was 
analyzed for hydrazine content and was found to contain 44.4% 
N2H4 as in N2HSHF2. The DTA of the residue did not show 
any endothermic peak below 180 OC indicating absence of 
melting of N2H5F and phase transition peak of N2H5HF2. 
This appears to suggest that the high temperature form of 
NzHsHFz is formed by heating NzHSF at 160 OC. The 
possibility of formation of NZH6F2 instead of N2H5HF2 is ruled 
out by the infrared spectrum of the residue which is identical 
with that of N2H5HF2 (Figure 1) and shows characteristic IR 
absorption of N2H5' at  960 cm-' and not of N2HS2+ which 
is observed around 980 cm-'. This property of N2H5F dis- 
sociating to N2H5HF2 is similar to that of NH4F. Ammonium 
fluoride12 is known to dissociate to ammonium bifluoride and 
ammonia on heating. The final endotherm in the DTA of 
N2H5F has been attributed to the volatilization of N2HSHF2 
formed. 

Milojevik and Slivnik3 have observed an exotherm in the 
DTA of both N2H5F and N2H6Fz. Similar exotherms have 
been observed in the DTA's of hydrazine halides (Cl-, Br-, 
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I-),3J3 These exotherms were assigned to the decomposition 
of hydrazine halides to the corresponding ammonium halides. 
However, formation of ammonium fluoride during the de- 
composition of N2HSF and N2H6F2 was not observed in our 
studies14 as has been mentioned by Milojevik and S l i ~ n i k . ~  The 
presence of strong H bonding, in both N2H6F2 and N2HIF, 
probably does not allow the formation of ammonium fluoride 
during the decomposition of these fluorides. 
Conclusions 

Hydrazinium bifluoride, N2HSHF2, has been prepared for 
the first time by both chemical and thermal methods. The 
characterization has been done by chemical analysis and X-ray 
and infrared spectra. Thermal properties of N2HSHF2 have 
been studied. 

Registry No. N2H6F2, 13537-45-6; N2H5F, 18820-64-9; NH4HF2, 
1341-49-7; NHdF, 12125-01-8; N2H4, 302-01-2. 
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Electrochemical reduction of hydrogen peroxide in pyridine at a platinum electrode yields superoxide ion as the major product. 
The primary reduction step is Hz02 + e- -+ H02- + ‘/2H2 which is followed by a disproportionation reaction H02- + 
H202 $OF + H20 + sol-(.OH) oxidation products. In pyridine the approximate value for k2 is 4 X lo3 M-’ s-’ , assuming 
a second-order rate law. In alkaline aqueous solutions HOT is oxidized at a mercury electrode by an overall two-electron 
process to molecular oxygen. Because HOT is inert at gold and carbon electrodes, the electrochemical oxidation mechanism 
must involve Hg(1) and Hg(I1) intermediate complexes with H02- and/or 02--. Electrochemical and ESR studies have 
been used to determine the products and the reaction stoichiometries for these processes. 

The oxidation-reduction chemistry of dioxygen is a fun- 
damental property of its essential role in terrestrial life cycles. 
In such systems it is reduced by overall one-, two-, or four- 
electron processes to 02--, H202,  or H 2 0  (or their conjugate 
acids and bases), respectively.’ Comparable oxidation states 
are observed in the electrochemical reduction of 0 2 .  For 
example, in aprotic solvents, such as dimethyl sulfoxide, oxygen 
is reduced by a one-electron process to superoxide ion (eq 1). 

O2 + e- + 02-. E’ = -0.75 V vs. SCE (1) 

At more negative potentials 0,. is reduced further to H 0 2 -  
with the solvent involved (eq 2).2 When O2 is reduced in the 

02-- + e- - H02-  E,,c = -2.0 V (2) 

presence of excess protons in nonaqueous solvents, the apparent 
primary process yields H202 (eq 3). 

(3) 

In aqueous solutions O2 is reduced at  mercury electrodes 
by two electrons to H 2 0 2  (eq 3), or for alkaline conditions to 
H02- (eq 4). Hence, hydrogen peroxide and its anion are 

Hsol 

2H+ + O2 + 2e- - H202 

H 2 0  + O2 + 2e- F= OH- + H02- (4) 
frequent intermediate reduction products of 02. However, in 
the presence of hydrophobic surfactants a one-electron re- 
duction of oxygen predominates in alkaline solutions (eq l).3,4 

In aqueous solutions, hydrogen peroxide and its anion are 
reduced at mercury electrodes by a two-electron process to 

hydroxide ion (E l l2  = -1.00 V vs. SCE).5 
H 2 0 2  + 2e- - 2 0 H -  

H02-  + H 2 0  + 2e- - 30H-  

( 5 )  

( 6 )  
Under alkaline conditions H02-  is oxidized to oxygen at  

mercury electrodes ((eq 4; E l j z  = -0.18 V).5 While O2 is 
reduced reversibly to 02-. in the presence of hydrophobic 
surfactants (triphenylphosphine oxide or q~ ino l ine ) ,~*~  whether 
HOC can be oxidized under these same conditions is not clear. 

In contrast to the numerous studies of the electrochemistry 
of H202 in aqueous media, little is known of its redox chemistry 
in nonaqueous media. Although H 2 0 2  can be reduced in 
benzene-methanol a t  -0.93 V vs. SCE,6 the electron stoi- 
chiometry and products have not been determined. In a recent 
communication’ we reported that when tetraalkylammonium 
hydroxide is added to H 2 0 2  in pyridine solution, 02-* and 
pyridine oxidation products are produced: 

(7) 

O p  + OH- + py oxidation products (8) 
The present paper summarizes the results of electrochemical 

investigations of H 2 0 2  in nonaqueous and alkaline aqueous 
media, of O2 reduction in nonaqueous media with excess 
protons, and of the reaction of H202 with OH- to yield 01.7 
Experimental Section 

Reagent grade H202 (30% in water) was used in all experiments, 
and all organic solvents were spectral grade. Tetra-n-propylammonium 

H2Oz + OH- + HOT + H20 

H202 + HO2- + py - 
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