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Difluorodiazine (N2F2) has been obtained from the electrolysis of ammonium bifluoride. Difluorodiazine exists as a 
mixture of cis and trans isomers which have been separated. Vapor pressure, infrared, mass spectrometric and n.m.r. 
data are given for each isomer. The cis isomer appears to be more reactive than the trans. Difluorodiazine catalyzes very 
markedly certain vinyl polymerizations. 

Difluorodiazine (N2F2) has been obtained as a 
minor product [5 -10% of the condensable (liquid 
nitrogen) gases] from the electrolysis of molten 
(120-130°) ammonium bifluoride. Difluorodiazine 
was identified by its molecular weight (66) and by its 
mass spectral cracking pat tern. Difluorodiazine was 
separated from nitrogen trifluoride by a crude frac
tionation followed either by distillation or vapor 
phase absorption chromatography on Linde Molecu
lar Sieve 13 X. 4 Only the trans isomer was recovered 
from this column. 

The difluorodiazine obtained from the electroly
sis of ammonium bifluoride consisted of a mixture 
of cis and trans isomers. The trans isomer has been 
obtained in a puri ty of 99.7% by chromatography 
(0.0% cis, as established by the absence of cis 
bands in the infrared spectrum). The cis isomer 
has been obtained by low temperature distillation 
in a minimum puri ty of 97 .5% (maximum 2 . 1 % 
trans isomer, as found by quant i ta t ive mass spec
tral analysis using the mass 66 peak intensity, and 
assuming no contribution to this peak by the cis 
isomer). There has been fleeting evidence of a pos
sible third very unstable isomer, presumably 

N = N 5 

/ 

The assignment of the cis and trans isomers was 
made on the basis of physical properties and infra
red absorption. The trans configuration has the 
more symmetrical charge distribution, and is t ha t 
isomer with the lower boiling point and higher melt
ing point according to the usual rule.6 The cis iso
mer possesses a permanent dipole moment and 
is therefore the higher boiling. The trans form7 

(C2I1) should have three infrared active fundamental 
bands ; one is observed for the lower boiling isomer. 
The cis isomer (C2v) is expected to have five infra-
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red active bands (probably three observed from 1 to 
15 microns), and is therefore the other isomer. 

TABLE I 

PHYSICAL PROPERTIES OF cis AND trans DIFLUORODIAZINE 

cis 

log Pmm = 
-803.0 

Property 

Vapor pressure 
equation 

Boiling point, 0C. 
Heat of vaporiza

tion, cal./mole 
Critical tempera

ture, 0 C. 
Critical pressure 

(estimated), atm. 
Melting point, °C. 

trans 

log Pmm = 
-742 .3 

T 
- 1 1 1 . 4 ° 

3400 

- 1 3 ° 

55 
- 1 7 2 ° 

+ 7.470 • + 7.675 
T 

- 1 0 5 . 7 ° 

3670 

- 1 ° 

70 
Below - 1 9 5 ° 

The mass spectra (Table II) of the cis and trans 
isomers of difluorodiazine were obtained with a Con
solidated Model 620 Mass Spectrometer. 

TABLE II 

MASS SPECTRAL CRACKING PATTERN OF cis AND trans DI
FLUORODIAZINE 

M/e 

66 
47 
33 
28 
23.5 
19 
14 

Ion 

N 2 F j + 

N2F + 

N F + 

N2
 + 

N2F + + 
F + 

N + 

Sensitivity of highest peak 
div./M 

trans N2FJ, % 

25.3 
43.4 

5.0 
100.0 

1.8 
11.6 

22.36 

cis NjF2, % 

0.5 
100.0 

6.0 
84.5 

1.4 
5.3 

10.5 

12.36 

The F 1 9 n.m.r. spectra of the isomers were ob
served and are given in Table I I I . 

TABLE I I I 

N .M.R. SPECTRA OF cis AND trans DIFLUORODIAZINE 

Compound 

N2F2 (cis) 
N2F2 (trans) 

5 (cycles from 
CF8COOH) 

8320 
6690 

JN-F (cycles) 

107 
53 

The infrared spectrum of the trans isomer in the 
rock salt region showed a single p-q-r band centering 
at 10.05 fj. while the cis isomer showed much more 
complex absorption with a strong p-q-r band cen
tering a t 10.48 M and a strong p-r band at 11.07 and 
11.33 M and a very strong p-q-r band centering at 
13.57 ix. Also a weak doublet a t 6.52 /x and 6.62 /x 
was observed. 

The two isomers of N2F2 were found to react 
differently with glass at room temperature when 
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samples were sealed in capillary tubes for n.m.r. 
examination. Samples of the cis isomer react slowly 
(completely in two weeks) with the glass with for
mation of silicon tetrafluoride and nitrous oxide. 
Samples of the trans isomer were essentially un
changed after a month in a sealed glass tube. 

I t also has been observed tha t mercury reacts 
much more rapidly with cis-N2F2 than it does with 
the trans isomer. 

When heated, the trans isomer is converted into 
the cis isomer. In glass vessels the isomerization is 
accompanied by the formation of silicon tetrafluo
ride and nitrous oxide. 

/raras-N2F2 was found to isomerize in a heated 
copper tube with little or no side reaction. The 
isomerization occurred above 225° and as the tem
perature was increased the rate of the process in
creased, as expected. Above 300° decomposition 
to fluorine and nitrogen was extensive. Recoveries 
of N2F2 range from essentially quanti tat ive at the 
low temperatures to about 60% at 300°. The cis 
isomer predominated at these temperatures. 

To establish the existence of an equilibrium mix
ture of the isomers, mixtures of various composi
tions were passed through the copper tube at 285° 
with these results 

Initial c/c Final % 
trans N^F* trans N2F2 

Run I 90.5 13.3 
Run II 59.4 12.7 
Run III 2.0 13.7 

These da ta obviously represent an equilibrium 
between the two isomers. An approximate value 

O2F2 has been known for some time4 bu t proof 
of the existence of O3F2, its preparation and 
chemical and physical properties have only re
cently been reported.5 O2F2 and 03F2 are stable 
below 195 and 120°K., respectively. At ' higher 
temperatures, however, O2F2 decomposes into 
O2 + F 2 while O3F2 decomposes stepwise as 
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for the heat of isomerization is 27.5 ± 5.0 kcal . / 
mole. The activation energy for this isomerization 
apparently is fairly high since only a small amount 
(1-2%) of isomerization takes place at room tem
perature during two weeks time. 

An extremely interesting reaction of X2F2 is its 
catalytic effect on polymerization of various mono
mers. I t has been observed tha t a pressure of 300 
mm. of N2F2 over these monomers led to their 
polymerization in twelve hours or less at room tem
perature: methyl methacrylate, styrene and cyclo-
pentadiene. Difluorodiazine also catalyzed the 
polymerization of tetrafluoroethylene at 125°. At 
temperatures in the neighborhood of 140° poly
meric substances were formed in the presence of 
N2F2 with ethylene and propylene. These poly
mers are not, however, polyethylene and polypro
pylene since they contained fluorine. 

Difluorodiazine was first reported by Haller8 as 
arising from the thermal decomposition of fluorine 
azide. Bauer5 reported tha t electron diffraction of 
this difluorodiazine indicated a mixture of cis and 
trans isomers. 

Caution should be used in working with difluoro
diazine in the presence of organic material and it 
never should be condensed into or onto organic 
material, as the danger of explosion is great. Mer
cury manometers should be protected with KeI-F9 

oils and hydrocarbon and silicon stopcock greases 
should be avoided in favor of KeI-F9 stopcock 
grease. 

(8) J. F. Haller, Ph.D. Thesis, Cornell University, 1942. 
(9) Trade mark of Minnesota Mining and Manufacturing Co., 

Minneapolis, Minnesota. 

O3F2 > O2F2 + 1AO2 

O2F2 > O2 + F2 

~ a F ^ - > IV2O2 + F2 

This paper presents values of the heat of formation 
of O2F2 and O3F2 obtained by direct measurement 
of the heat of decomposition of the compounds into 
the elements. 

Choice of Method.—In these studies it has been 
possible to use apparatus of an almost conventional 
sort by merely adapting the room temperature 
submarine calorimeter6"8 for operation at rela-
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A method has been developed for determining heats of formation of substances that decompose spontaneously below 0°. 
The heats of decomposition of liquid O2F2 and liquid O3F2 into gaseous oxygen and fluorine have been determined directly 
at temperatures of 190 and 1210K., respectively, by this method. From these values the heats of formation of the gaseous 
compounds at 2980K. have been calculated along with the relevant bond energies. A comparison of these bond energies 
with values in other compounds indicates considerable resonance stabilization. The heats of formation, &H-m°K, for O2F2 
and O3F2 are +4.73 ± 0.30 and +6.24 ± 0.75 kcal./mole, respectively. The AflmoK. of the reaction O3F2(I) ->- O2F2(I) + 
1AO2Cg) = -1.91 ± 0.15 kcal./mole. 


