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ESR Evidence for the Formation of the NF; Radical Cation as an

Intermediate in the Syntheses of NFZ Salts by Low-Temperature

UV-Photolysis
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The mechanism of the formation of NFZ salts is of significant practical
and theoretical interest. From a practical point of view, a better under<

standing of this mechanism would permit optimization of the reaction conditions
1
4 4 5
From a theoretical point of view, the formation of the NF; cation is intriguing

for the direct syntheses of NFZ salts, such as NFaBF NF

PF6. or NFaGeF
2
because its parent molecule, NFS' does not exist as a stable species. Since
under the conditions used for most of the syntheses of NFZ salts an F' cation

should be extremely difficult, if not impossible, to prepare by chemical means,

the following mechanism has previously been proposed2 for the formation of
NF4ASF6:
F LE (1)
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D

F* + AsF5 ——AsFé (2)
. ¥ + e

AsF6 + NF3———NF3ASF6 (3)

o e 3

2

In good agreement with the known experimental facts,” this mechanism requires

o -
only a moderate activation energy (D (Fz) = 36.8 kcal mol 1)3. The two

critical intermediates are the AsFé radical and the ﬂF; radical cation.

Whereas the AsFé radical is unknown, the ﬁF; radical cation was shown4 to

form during y-irradiation of NFZ salts at -196°. Although this observation

of the NF; cation demonstrated its possible existence at low temperature,
it remained be be shown that the NF; radical cation is indeed formed as

an intermediate in the syntheses of NFZ salts. We have now succeeded in

+
3

intermediate in the low-temperature uv-photolyses of both the NF3-F2-AsF5

experimentally observing the NF_ radical cation by esr spectroscopy as an

and the NF3-F2-BF3 system. The results and implications derived from the

observations are given in this paper.

Experimental Section

Binary and ternary mixtures of the starting materials were prepared

for both the NF3-F2-BF3 and the NF3-F2-AsF5 systems in a stainless steel Teflon

FEP vacuum system. The sample tubes consisted of flamed out quartz tubes of
4 mm o.d., 30 cm long, with a ballast volume of about 150 m1 attached at the
top. The starting materials were condensed into these tubes at -210° and the
tubes were flame sealed. The NF3 (Rocketdyne) was used without further
purification, F2 (Rocketdyne) was passed through a NaF scrubber for HF
removal, and BF3 (Matheson) and AsFg (0zark Mahoning) were purified by

-
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fractional condensation prior to use. About 300 cc of gas mixture was
used for each sample tube in the following mol ratios, NF3:F2 = 1:10;
BF3:F2 = 1:10; AsF5:F2 = 1:10; NF
1:4:1 and 1:2:1; NF :AsF

3:BF3 = 1:1; NF

= 1:4:1,

sAsFe = 1:1; NF.:F,:BF, =

3 5 378 3

3 grhaty
The esr spectra were recorded as previously descr'ibed.s’6 Variable
temperature control over the temperature range 4-300°K was achieved with an

Air Products liquid helium transfer refrigerator Model LTD110. For the
photolyses, an Oriel Model 6240 Arc Lamp with a 200 watt Hg lamp was used.
In some of the experiments, the starting materials were condensed at -196°C
into the tip of the esr tube and were irradiated for 10 to 30 minutes while
inserted in a liquid nitrogen filled unsilvered dewar. The esr tube was
then quickly transferred to the precooled esr spectrometer. In other

experiments, the sample tubes were irradiated at various temperatures inside

the esr cavity.

Results and Discussion

Uv-photolysis of both the NF3-F2-AsF5 and the NF3-F2-BF3 system produced an
intensely violet colored species which exhibited the esr signal shown in

Figure 1, traces A and B. Comparison with the previously pubh’shed4 anisotropic
spectrum of the ﬁF; cation (trace C, Figure 1) establishes beyond doubt the
presence of NF; in our samples. The spectra are assigned on the basis of
anitotropic hyperfine coupling to three fluorine atoms (I=1/2) and approximately
isotropic hyperfine coupling to one nitrogen atom (I=1). The g-matrix is
isotropic to within the linewidth. The spectra thus appear as a quartet of

triplets as shown in Figure 1. The broader linewidths observed in the spectra

of UV irradiated NF3-F2-Ask5 and NF3-F2-BF3 mixtures than in y-irradiated
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NF4SbF6 may be the result of exchange or of dipolar interact®ons of

materials on the surfaces of the solid components of the mixtures.

The observation of identical signals for both the BF3 and the
Ast containing system proves that the signal must be due to a species
not containing boron or arsenic. By carrying out intra cavity irradiation
experiments at -196°C, it was shown that the signal strength increased
during irradiation, but did not decrease when the lamp was turned off.

The thermal stability of the signal in the absence of uv radiation

depended on the strength of the Lewis acid used. For the stronger Lewis
acid Ast, the signal did not change significantly up to about -105°C,
whereas for BF3 decomposition started at about -140°C. When the sample
tubes were warmed to ambient temperature, they contained white stable solids
which were identified by Raman spectroscopy as NF4AsF6 and NF4BF4,
respective1y.1’7’8 Irradiation of all possible binary mixtures, i.e.
NF3-F2, Lewis acid 'FZ’ and NF3 - Lewis acid, under comparable conditions
did not produce any esr signal attributable to N?;.

Based on the above results, the following conclusions can be reached
concerning the formation mechanism of NF; salts: (i) The ﬁF; radical cation
is indeed an important intermediate. (1%) The requirement of uv activation
and of both F2 and a Lewis acid for the synthesis of ﬁFg is in excellent
agreement with steps (1) and (2) of the above given mechanism. (iii) The
strength of the Lewis acid determines the thermal stability and lifetime
of the intermediate ﬁF; salt turmed. This can account for the low tempera-

ture conditions required for the synthesis of the NFz salts of weaker Lewis

acids. (iv) In the absence of uv irradiation, the ﬁF; salts do not sponta-
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neously react with the large excess of liquid F2 present. This indicates

that in the absence of an activation energy source the thermodynamically

2 *ropn *yop”

°
feasible® chain propagation step NF3AsF6 * Fz———--NF4AsF6 + F* does not

: & by o e
play an important role. Fossibly, the conversion of NF3AsF6 to NF4AsF6
may require F° atoms according to:

NFrAsF>

. + -
3AsFe + F——NFaASF (5)

6

Since the intermediate ﬁF; salt is an ionic solid, its reaction with

a fluorine atom might well be a heterogeneous diffusion controlled
reaction and step (5) might be the rate determining step in the above
mechanism. It was shown that at temperatures above -196°C, where a

given NF; salt is still stable in the absence of light, uv irradiation
causes a rapid decay of the ﬁF; esr signal. However, it was not possible
to distinguish whether this decay was caused by photodecomposition of

the intermediate ﬁF; salt or by the reaction of the latter with the
generated F atoms according to step (5).
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Figure Caption

Figure 1. Esr spectra of the ﬂF; radical cation obtained
by uv photolysis of NF3 - F2 - BF3 at -196°C; trace A, first
derivative; trace B, second derivative. For comparison, the

known4 first derivative spectrum of NF; obtained by y-irradiation

of polycrystalline NF4SbF6 at -196°C is given as trace C.
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