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The structures of tetrafluorohydrazine and the difluoramino radical have been determined by electron diffraction. The
bond distances and bond angles are: N-F = 1.363 £ 0.008 A and ZFNF = 102.5 £ 0.9° for NF; and N-F = 1.393 =+

0.008 A, N-N = 1.53 &= 0.02 A, and ZFNF = 103.7 = 0.9° for N;F..

(70 == 3°) than in N,H,.

The dihedral angle is considerably less in N,F,

The structural differences between NFy’s when free and as part of stable molecules are briefly dis-

cussed, as is also the observation that the dihedral angles in hydrazine and hydrogen peroxide are smaller when fluorine atoms

are substituted for hydrogen.

Introduction

The chemical and physical properties of tetrafluoro-
hydrazine and of the difluoramino radical have re-
ceived considerable attention during the past 5
years.! The heat of dissociation of tetrafluorohydra-
zine is 19.8 = 0.8 kcal/mole,? and its entropy of dis-
sociation is 38.6 eu.? The infrared spectrum of NF,
has been recorded, and a frequency has been un-
ambiguously assigned to the symmetric stretching
mode, v1.* From the rotational fine structure of this
band and an assumed NF distance of 1.37 A, an estimate
(104.2°) was obtained for ZFNF. The microwave
spectrum of N,F; has been observed and moments of
inertia have been derived.® Assuming rny = 1.47 A
(as in NoHy) and rxr = 1.37 A (as in NF;), Lide and
Mann deduced ZFNF = 108 =+ 3°, ZNNF = 104 =+
3°, and a dihedral angle of 65 = 3°. The C; symmetry
for NyF, found in that study has been confirmed by
infrared® and Raman’ spectral studies.

At room temperature and 5 mm pressure, N.F, is
0.79%, dissociated, while at 225° and 5 mm total pres-
sure, the degree of dissociation rises to 0.99. By con-
trolling the temperature of the sample and nozzle it is
thus possible to study independently the structures of
the undissociated and the dissociated species by electron
diffraction. Prior to this study there was not suf-
ficient information on N,F; and NF; to show the differ-
ences in the structural parameters of NF; in the dimer
and monomer,

Experimental Section

The sample of N,F, was obtained from Dr. Charles B. Colburm.
Its reported composition was: NeF, > 999, Nb,O ~ 0.29, and
NO ~ 0.69,. For the electron diffraction photographs of N:Fy,
the sample was maintained at about 5 mm pressure in a 6-1. glass
bulb which was attached to the nozzle tube of the diffraction ap-
paratus. The gas-handling system was preseasoned with small

(1) C.J. Hoffman and R. G. Neville, Chem. Rev., 62, 1 (1962); C. B. Col-
burn, Adven. Fluorine Chem., 3, 92 (1963); A. V. Pankratov, Russ, Chem.
Rev., 82, 157 (1963).

(2) L. H. Piette, F. A. Johnson, K. A. Booman, and C. B. Colburn, J.
Chem. Phys., 35, 1481 (1961).

(3) C. B, Colburn and F. A. Johnson, 7bid., 33, 1869 (1960).

(4) M. D. Harmony, R. J. Myers, I.. J. Schoen, D. R. Lide, Jr., and D. E,
Nann, ¢bid., 85, 1129 (1961).

(5) D.R. Lide, Jr., and D. E. Mann, 7bid., 81, 1129 (1959).

(6) J. R. Durig and R. C. Lord, Spectrochim. Acte, 19, 1877 (1963).

(7) Yu. L. Kotov and V. M. Tatevskii, Opi. i Spekiroskopiva, 14, 443
(1963)

satiples of tetralluorohydrazine, which were discarded. Kel-E
grease was used on all stopcocks. The pressure was measured
with a polychlorotrifluoroethylene oil manometer. Sectored
electron diffraction photographs were taken with the apparatus
previously described.® A small sector was used with an electron
beam energy of 25 kev to record the scattering region of 12 < ¢ £
50. g = (40/X\) sin (¢/2), where \ is the wavelength of the
clectrons and ¢ is the scattering angle.] A larger sector was also
used with a 50-kev electron beam for 25 < ¢.

Diffraction photographs of NF, were obtained by liecating the
NoF, sample container, the tube connecting this flask to the
diffraction nozzle, and the nozzle to 225°. 'We were not success-
ful in obtaining any indication of NF; when using the gas dy-
namic nozzle? even when heated to ~200°; a conventional nozzle
had to be used. This we interpret as evidence for the very rapid
association of two NFy’s in the cooling jet which is developed by
the gas dynamic nozzle.

Gold foil diffraction patterns were taken with each sct of data to
provide a scale factor. The diffraction photographs were scanned
with a Leeds and Northrup microphotometer. The plates were
rapidly oscillated about an axis through the center of the pattern,
as they were scanned. Kodak lantern slide medium plates were
used. Optical densities were converted to relative intensitics
by a method described elsewhere.

Reduction of Data
An experimental 1/(g) function was obtained
Mewn(q) = PqlT(9)/Blg) — 1] ey
where P is Y (Z,2 + Z3), T{(q) is the observed total in-
tensity, B(g]; is the background intensity, and Z, is

the atomic number. In the absence of extraneous
scattering this corresponds to

M(g) = My(g) + N(g) (2)
with
Molg) = 2(Z.Z, ) exp (—72,2%/200) sin (rgr;/10)
i
(3)

Here N(¢) is a correction for nonnuclear scattering,!
l;; the rms amplitude, and #;; the interatomic distance
between atoms ¢ and j. The observed intensities are
corrected according to

Mo exp(q) = Y Mexpnlg) — N(g) (4)
(8) J. M. Hastings and S. H. Pauer, J. Chem. Phys., 18, 13 (1950).
(9 R. B, Harvey, ¥. A, Keidel, and 8. . Bauer, J. Appl. Phys., 21, 860
(1950).
(10) K. Kimura and 8. H. Bauer, J. Chem. Phys., 89, 317 (1963).
(11) L. S. Bartell, L. O. Brockway, and R. H, Schwendemann, ibid., 23,
1854 (1955).
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where Y is the inverse of the index of resolution, and
N(g) is computed for some acceptable model. A
radial distribution function is then calculated according
to

QImex

f(r) = qé:l [Mo(q < q min) + Mo,expt(g 2 Qmin)] X
exp(—vg? sin (wgr/10) (5)

@min and gmax are the extremes of the range of observed
scattering angle and ¥ is a damping factor calculated
from exp(—7gmex?) = 0.1. Were the data available
for the complete range of ¢ and accurate, the assumed
model correct, and the vibrational motions harmonic,
f{r) would consist of a superposition of Gaussian func-
tions

F() hoor = 5 2(ZiZy/7s) (Hu/ )" expl—Hy(r — 74))*]
’ (©)
with
Hy = 1/(20,2 <+ 400/ %) - @

All extended calculations were made with a CDC 1604
digital computer. A structure was obtained after a
series of successive refinements using criteria of a
smooth background intensity and a zero-valued f(»)
for distances sufficiently far from any interatomic
distance. This structure was used as the starting
model for a least-squares analysis of the molecular in-
tensity function based on a program developed by
Seip.12

Results

NF,.—The derived My expti(g) function is shown in
Figure 1 along with the theoretical 3,(g) for the best
model. Figure 2 shows the final radial distribution
curve computed using a damping factor v = 0.00022.
For the first peak the mean amplitude of vibration is
0.054 A. The ratio of the experimental area to the
theoretical is 183:185. The second peak is assigned
to the F-.-F nonbonded pair at a distance of 2.127 A
with a mean amplitude of 0.065 A. The ratio of the
experimental area to the theoretical is 77:76. The
lower curve of Figure 2 shows the difference between
the experimental radial distribution function and the
theoretical function calculated using the distances and
amplitudes given above.

Five parameters—the two distances, their amplitudes
of vibration, and an amplitude scale—were refined
simultaneously by the least-squares procedure. The
final structural parameters for NF; are summarized in
Table I. The standard deviations calculated by the
least-squares program are shown. The estimated
error for a distance is the square root of the sums of the
squares of three times the standard deviation and an
estimated linear scale error of 0.59,. The estimated
error for each vibrational amplitude and bond angle is
three times the standard deviation since these param-
eters are nearly independent of scale errors.

(12) A. Almenningen, O. Bastiansen, R, Seip, and H. Seip, Acta Chem.
Scand,, 18, 2115 (1964).
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Figure 1.—The reduced experimental intensity curve for NF,
compared with that calculated for the best model.
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Figure 2.—The experimental radial distribution curve for NF,.
The lower curve shows the difference between the experimental
curve and that calculated for the best model. The small peak
at 1.09 A is due to Ny produced during heating; the correspond-
ing fluorine reacted with the tube walls.

N.F,.—The derived Mo expe1(g) is plotted in Figure 3
along with the theoretical Mo(g) for the best model.
Figure 4 shows the final radial distribution curve com-
puted with a damping factor ¥ = 0.00022. The peak
at 1.40 A was resolved into two Gaussian contributions.
The first corresponds to the four bonded N-F distances
of 1.393 A with a mean vibrational amplitude of 0.050
A. The second corresponds to the N-N bond distance
of 1.53 A with an amplitude of 0.05 A, The ratio of
the observed area to the theoretical is 433:429. The
small peak at 3.4 A has an area of 42. The theoretical
area for a single F- - . F distance at 3.38 A is 47 while
two would give an area of 94. Hence, there is only a
single F- - . F distance at 3.38 A and the molecular con-
figuration therefore is not frans. This F. - -F distance
has a mean amplitude of 0.05 A.

The complex peak at 2.2 A is shown on an expanded
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TaBrLE I
STRUCTURAL PARAMETERS FOR NFz
Estd error Std dev lij Estd error
N-F, A 1.3631 =+0.008 0.0013 0.0536 +£0.005
F...F A 2.1267 +0.016 0.0039 0.0647 +0.011
ZFNF, deg 102.53 +0.9 0.30

Std dev
0.0018

0.0036

Inorganic Chemistry

Infrared results”
1.37
(assumed)

104.2 (NF =
103.8 (NF =

1.37 A)
1.363 A)

@ M. D. Harmony, R. J. Myers, L. J. Schoen, D. R. Lide, Jr., and D. E. Mann, J. Chem. Phys., 35, 1129 (1961).
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Figure 3.—The reduced experimental intensity curve for NoF,
compared with that calculated for the best model.
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Figure 4.—The experimental radial distribution curve for
NoFs. The lower curve shows the difference between the
experimental curve and that calculated for the best model.

scale in Figure 5. This peak was resolved into five
Gaussians, The first component was assigned to the
two nonbonded distances Fy--:F, and F;--.Fy, sepa-
rated by 2,192 A with a mean amplitude of 0.054 A.
A diagram of the model is shown in Figure 6. The
component Gaussian at 2.591 A is well defined and has
a mean amplitude of 0.11 A. This was assigned to the
two distances F;---Fy and Fo- - -F3.  In order for the
sum of the components to appear as a peak with a
pronounced shoulder (rather than as two distinct
peaks), it is necessary that one distance be at 2.35 A.
A peak has been assigned to F.---F, at a distance of
2.35 A with an amplitude of 0.15. The latter two dis-
tances and the assigned N-F and N-N bond distances
impose a restriction on the NNTF angles (99 and 104°).
The remaining components were assigned to the two

f(n

Figure 5.—The radial distribution curve for N,F, in the region
2.0-2.8 A. The dotted lines show the resolved peaks for indi-
vidual atom pairs. The lower curve shows the difference
between the experimental curve and the curve calculated from
the best model.
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Figure 6.—Projections of the structure of NyoFy.

pairs Ni- - -Frand N;- - -Fy at 2.225 A and to two pairs
Ni-++Fy and Ny---Fy at 2.30 A, The amplitudes of
vibration were assumed to be equal and have the value
0.09 A. The ratio of the observed to the calculated
area is 566:564. The lower curves in Figures 4 and 5
show the difference between the experimental radial
distribution functions and the curves calculated using
the parameters given above.

The final structural parameters were obtained by a
least-squares analysis of the molecular intensity curve.
Fourteen independent parameters were refined: six
interatomic distances, N-N, N-F (all assumed equal),

N1' . 'Fl, N]_' ’ 'FQ, Fl' . 'Fg, and Fl' . 'F4; severn vibra-
tional amplitudes (the vibrational amplitudes of
‘F,; and N;- - F, were assumed equal); and an

amplitude scale. The remaining two distances were
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TaBLE 11
STRUCTURAL PARAMETERS FOR NjFy
This work —
Estd error Std dev lij Estd error Std dev Microwave results®

N-F, A 1.3933 =+0.008 0.0011 0.0499 +0.006 0.0016 1.37
(assumed)

N-N, A 1.5302 +0.027 0.0065 0.0475 +0.030 0.0074 1.47
(assumed)

Fi-+-Fy, A 2.192¢ =+0.015 0.0027 0.0543 +0.010 0.0024

Ni+«F, A 2.2249 +0.024 0.0053 0.0897 +0.015 0.0038

N;--+Fy A 2.2979 +0.029 0.0066

Fyr - Fy, A 2.3470 0.1485 +0.110 0.0276

Fi-«+Fy, A 2.5913 =+0.037 0.0086 0.1070 +0.030 0.0076

Fi+++F3, A 3.381p 0.054¢0 =+0.026 0.0064

£ZFNF, deg 103.73 +0.8 0.21 108 = 3

£ NNFy, deg 99.01 +1.8 0.45 104 £+ 3

LNNF;, deg 103.53 +2.1 0.53

Dihedral, deg 69.32 +4.7 1.18 65+ 3

¢ D.R. Lide, Jr., and D. E. Mann, J. Chem. Phys., 31, 1129 (1959).

calculated from the six independent distances. Shrink-
age effects were not included. Attempts to refine all
parameters simultaneously failed and it was necessary
to carry out the refinement in an iterative manner.
First, only distances were refined with amplitudes held
fixed. The resulting distances were then held constant
and the amplitudes refined, This iteration was con-
tinued until neither type of refinement changed any of
the parameters. This was carried through for a
number of different starting models to ensure that the
final structure represented an absolute minimum of
the least-squares criterion and not a local minimum.
All starting models converged to the same final struc-
ture. The parameters obtained are given in Table II.
The standard deviations of the distances are those
obtained keeping all amplitudes constant. Similarly
the standard deviations of the vibrational amplitudes
were calculated holding the distances constant. They
are unrealistically small because correlations between
distances and amplitudes are absent. Therefore the
estimated error of each distance is the square root of the
sum of the squares of four times the standard devia-
tion and an estimated linear scale error of 0.59:. The
estimated error of each bond angle and amplitude is 4
times its standard deviation.

Discussion

The structure obtained by electron diffraction for NF,
agrees well with that derived from the infrared data.*
The results for N,F, likewise agree with the existing
microwave values.® Moments of inertia calculated
from the structural parameters deduced in this work are
compared in Table IIT with those derived from the
microwave spectra.

The N-N bond length in tetrafluorohydrazine, 1.53 A,

TaBLE II1
MOMENTS OF INERTIA OF TETRAFLUOROHYDRAZINE
(amu-A?)
This work Microwave spectra®
I, 91.9 90.68
I, 161.8 158.6
I, 177 .4 179.8

¢ Reference 5.

is longer than the corresponding bond length in hydra-
zine, 1.45 A,'%1% and in dimethylhydrazine,’ and is
considerably longer than the value found recently in
N:(CF3), by Bartell and Higginbotham?® (1.40 = 0.02
A). In contrast, the corresponding atoms in N,O,
are much farther apart, 1.75 A." The corresponding
>N-N< dissociation energies are 12.9 kcal/mole for
N:0,,' 19.8 kcal/mole for N,F,, and approximately 60
kcal/mole in N;H, (as derived from kinetic'® and mass
spectral data®). N,(CF;), is so stable that it can be
heated to 500° without extensive decomposition. It
appears that methyl substitution affects the magnitude
of the N-N bond dissociation energy. Gowenlock,
et al.,?! estimated D[H,N-N(CHj),] to be 38-44 kcal/
mole and D [(CH;):N-N(CHj;).] to be 50 kcal/mole.
According to a theoretical analysis presented about
30 years ago by Penney and Sutherland?? of the struc-
ture of N,H, the interaction of the two electronic
clouds associated with the nonbonding electron pairs
on the nitrogen atoms is the dominant factor in deter-
mining the orientation of one NH, group relative to the
other; all other interactions, generally referred to as
steric and van der Waals, are of lesser importance. The
energy calculated as a function of rotational angle about
the N-N bond is lowest at a dihedral angle of 90-100°.
Recently, the dihedral angle in hydrazine was found to
be 90-95°'® confirming this theoretical prediction.
Penney and Sutherland’s arguments may be extended
to NyF,;, However, it appears that the F- - F repul-
sions in N.F, are greater than the H- - -H repulsions in
N:H, since potential minima occur, not at 90 and 270°

(13) A. Yamaguchi, I. Ichishima, T. Shimanouchi, and S. Mizushima, J.
Chem. Phys., 81, 843 (1959).

(14) Y. Morino, T. Iijima, and Y. Murata, Bull. Chem. Soc. Japan, 38, 46
(1960).

(15) W, Beamer, J. Am. Chem. Soc., 70, 2079 (1948).

(16) L. S. Bartell and H. K. Higginbotham, Inorg. Chem., 4, 1346 (1965).

(17) D. W. Smith and K. Hedberg, J. Chem. Phys., 36, 1286 (1956).

(18) T. L. Cottrell, ““The Strengths of Chemical Bonds,” 2nd ed, Butter-
worths and Co. Ltd., London, 1958.

(19) M., Szwarc, Proc. Roy. Soc. (London), A198, 267 (1949).

(20) V. H. Dibeler, J. L. Franklin, and R. M, Reese, J. Am. Chem. Soc., 81,
68 (1959).

(21) B. C. Gowenlock, P. Pritchard-Jones, and J. R. Mayer, Trans. Fara-
day Soc., 87, 23 (1961).

(22) W. G. Penney and G. B. B. M. Sutherland, J, Chem. Phys., 3, 492
(1934).
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TABLE IV

SuMMARY OF OBSERVED NF BOND PROPERTIES

Molecule YNF, A

NF (1.35)°

NO.F 1.35%

NF, 1.363 == 0.008°

NF; 1.371¢

NF,C} 1.38 =+ 0.01¢

N:Fy 1.393 = 0.008°

NoFy (trans) 1.396 =+ 0.008°

HNF, 1.400 == 0.002*

N:F; (cis) 1.410 £ 0.009¢
1.384 & 0.010™

FXN, (1.435)°

NF,* (in NF;TAgl ) (1.48)

EFNO 1.52»

H;CNF; 1.413 &= 0.005"

« D. E. Milligan and M. E. Jacox, J. Chem. Pnys., 40, 2461 (1964).

¢ This work.
1248 (1955).
Chem., 6,309 (1967 ).
Sanborn, ¢bid., 34, 2188 (1961).
Jr., ibid., 38, 461 (1963).
° Estimated from distance—frequency correlation.
and A. H. Nielson, bid., 20, 378 (1952).
C0O0-38-497.

¢ Reference 4.

as in hydrazine, but at 70 and 290°. Also, since atoms
F; and Fy (see Figure 6) are each repelled by two fluorine
atoms on the adjacent nitrogen atom, while atoms Fy
and Fs experience only a single strong repulsion, ZF,NN
is greater than ZF;NN. The height of the central
maximum above the adjacent minima is 3.1 + 0.1
keal/mole in hydrazine;*® in tetrafluorohydrazine the
best estimates give this barrier height as greater than
3 kcal/mole.’ The large amplitude of vibration for the
Fy-.-F, and F;---F, distances, 0.15 and 0.11 A, re-
spectively, indicate considerable torsional motion.
The dihedral angle in N;(CF;), could not be established
with precision; it appears to be 88 = 4°. The effect
of fluorine substitution on the magnitude of the di-
hedral angle is in the same direction but of a larger
magnitude for the peroxide system than for the hy-
drazine system. In F,O, the dihedral angle is 87.5°
whereas in hydrogen peroxide it is 119.8°,%¢

A summary of NF bond properties is given in Table
1V. Although the NF bond length and stretching fre-
quencies vary over a wide range, there is a good cor-
relation between the two sets of data; the longer the
bond the lower the frequency associated with the corre-
sponding stretching mode (Figure 7). This correla-
tion permits one to estimate the NF bond lengths in
NF, FN; and NF,* as 1.35, 1.44, and 1.48 A, respec-
tively.

The relation between various N-H bond lengths and
the corresponding bond angles on the nitrogen has been
discussed by Dressler and Ramsay.?® Thus, NH; in the

(23) T.Kasuya and T. Kojima, J. Phys. Soc. Japan, 18, 364 (1863).

(24) R, H. Jackson, J. Chem. Soc., 3845 (1962).

(25) K. Dressler and D. A, Ramsay, Phil. Trans, Roy. Soc. London, A215,
553 (1959).

¢ J. Sheridan and W. Gordy, Phys. Rev., 79, 513 (1950).
7 L. V. Vilkov and 1. 1. Zitovtcheva, private communication.

Sym NF str
LFNX, deg freq, cm !
1115¢

117.5 (assumed)

102.5 = 1.0 10744

102.1 1031/

103 =+ 1 (£LFNF) 925"

104.5 == 1 ( LFNCD

103.7 = 0.8 ( ZFNF) 998"

101.3 == 3 ( ZFNN, av)

105.5 &= 1.0 10107

99.8 &= 0.2 (L FHN) 972!

102.9 = 0.2 (£LFNF)

114.4 = 1.0 (£ NNF)

114.5 2 0.5 8967
869«
813™

110 7661

104 38’ 4= 20’ ( LCNF)

110 59’ % 20’ ( LFNF) 858¢

® D, F. Smith and D. W. Magnuson, Phys. Rev., 87, 2264 (1952).
J E.L. Pace and L. Pierce, J. Chem. Phys., 23,
k Reference 6. ! R. K. Bohn and S. H. Bauer, Inorg.

/ R.H.Sanborn, J. Chem. Phys., 33, 1855 (1960); R. E. Ettinger and F. A. Johnson, ¢bid., 34, 2187 (1961); R. H.
kD, R. Lide, Jr., 4bid., 38, 456 (1963).
7 R. L. Kuczkowski and E. B. Wilson, Jr., ibid., 39, 1030 (1963).
» D, W. Magnuson, 4bid., 19, 1071 (1961).
* L. Pierce, R. G. Hayes, and J. F. Beecher, private communication of AEC Document No.
¢ R.H. Atalla, A. D. Craig, and J. A, Gailey, J. Chem. Phys., 45, 423 (1966).

1 7. J. Comeford, D. E. Mann, L. J. Schoen, and D. R. Lide,
» R. Ettinger, ¢bid., 38, 2427 (1963).
2P, J. H. Woltz, E. A. Jones.
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Figure 7.—Comparison between N-F bond distances and the
assigned symmetric stretching frequencies, The N-F separations
in NF, NF,*, and FNj; were estimated, as indicated.

2A 11, state has a bond angle of 180° and an NH dis-
tance of 0.975 A, and the bonding can be represented
by an sp hybrid. In the ground state NH,(*B,) has
a bond angle of 103° and an NH separation of 1.024 A,
which corresponds mostly to p-type bonding with a
small amount of sp hybridization. The data in Table
1V indicate that a similar correlation does not exist
among the F-substituted molecules. Those molecules
which have only single bonds show F-N-X bond angles
of about 103° but bond lengths which vary between
1.365 and 1.400 A. In the NF systems pr—pw bonding
interactions may occur with fluorine which are not
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possible with hydrogen. The shorter NF separations
in NF; compared with those in NyF; or HNF, may be
explained by postulating a significant contribution of =
bonding in NF, Kaufman’s modified “extended
Hiickel” procedure for calculating bond overlap popu-
lations® leads to values which correlate well with the
observed N-F distances and with the corresponding
bond-stretching force constants. In carbon-fluorine
compounds it has been observed that the C-F bond
lengths shorten with increasing fluorine substitution.?
By analogy, it would be expected that NF; should have
shorter NF bond lengths than does HNF, or N,F,,
as observed. The CF systems also show wide varia-
tions in C-F separations but have mnearly constant
F-C-F bond angles. For example, the C-F distance in
F;COis 1.312 £ 0.010 A;® in FoC=CH, it is 1.323 A ;¥
and in FyCH, it is 1.358 A.?®* The corresponding F~C~F
bond angles are 108.0 = 0.5, 109.1, and 108.3°, respec-
tively.

With regard to the effect of dimerization on the struc-
ture of the monomer, electron diffraction studies of the

(26) J.J. Kaufman, J. Chem. Phys., 87, 759 (1862); J. J. Kaufmann, L. A,
Burnelle, and J. R. Haman, Advances in Chemistry Series, American Chemi-
cal Society, Washington, D, C., in press; presented at the 148th National
Meeting of the American Chemical Society, Division of Fluorine Chemistry,
Chicago, Ill., Aug 1964,

(27 V. W, Laurie and D. T, Pence, J. Chem. Phys., 88, 2603 (1963).

(28) V. W. Laurie, D. T. Pence, and R. H. Jackson, ¢bid., 87, 2995 (1962).
(29) D. R. Lide, Jr., J. Am. Chem. Soc., T4, 3548 (1952).
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planar molecule N0, indicate that the NO; group has
nearly the same dimensions in the dimer as in the free
molecule:® N-O = 1.180 A and ZONO = 133.7° in
N0, compared with N-O = 1.188 A and ZONO =
134.1° in NO,. Similarly, the N-H bond length is
nearly the same in N;H, and NH,, 1.022 A4 and 1.024
A% respectively. The significance of the difference
in the N-F bond distances in N,F; and NF, may be
that the odd electron in NF; is in a = orbital and can be
utilized in NF = bonding; also refer to ref 26,3
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The structures of c¢is- and trans-difluorodiazine were determined from electron diffraction measurements, using sectored-

microdensitometer data.

smaller NNF bond angle in the trans isomer.
N—F bonds longer than in the frans isomer.
stability of the cis compound relative to the trans.

Introduction

It has been known for a long time that more than one
isomer of N;F, exists. Meager electron diffraction
data! on samples prepared by Haller? were interpreted
in terms of a mixture of the c¢is and irans isomers of
FN=NPF, to obtain N—F = 1.44 + 0.04 A, N=N =
1.25 £ 0.04 A, and ZNNF = 115 = 5°. The pos-
sibility of a 1,1-difluorodiazine configuration, however,
could not be ruled out.

In recent years interest in these compounds has been
renewed and several reviews have been published.?

(1) 8. H. Bauer, J. Am. Chem. Soc., 69, 3104 (1947).

(2) J. F. Haller, Thesis, Cornell University, 1942,

(8) C.J. Hoffman and R, G, Neville, Chem. Rev., 62, 1 (1962); C. B,

Colburn, Advan. Fluorine Chem., 8, 82 (1963); A. V. Pankratov, Russ. Chem.
Rev., 82, 157 (1963).

The geometric configurations and interatomic distances were found to be essentially those pre-
viously estimated on the basis of the visual technique.

The major structural difference between the two isomers is the

In the cis compound, the N=N bond length appears to be shorter and the
It is suggested that these differences are related to the greater thermodynamic

It has been established that there are indeed two
isomers of NoF,. In view of the infrared and nmr spec-
tra and the absence of a measurable dipole moment
the lower boiling isomer (bp —111.4°) must be trans-
N.F;. However, there has been considerable con-
troversy regarding the configuration of the higher boil-
ing isomer (bp —105.7°). This material is much more
reactive and has a significantly different mass spectrum,
a dipole moment sufficient to produce a microwave
absorption spectrum, and a relatively complex infrared
spectrum. To account for the latter, Sanborn pro-
posed for it the 1,1 structure.* However, Armstrong
and Marantz’ argued that the heat of formation and

(4) R. H. Sanborn, J. Chem. Phys., 88, 1855 (1960); R. Ettinger and
F. A. Johnson, ibid., 34, 2187 (1961); R. H. Sanborn, 1bid., 34, 2188 (1961).
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