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REACTION OF CARBENES WITH MOLECULAR NITROGEN
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It has been discovered recently that molecular nitrogen undergoes compara-—
tively fast reactions with CH, in a solid matrix at 20°K (1) and in the gas
phase at 300°K (2) with CH (3), C (4) and 0(5). These active particles can
exist in singlet and triplet states, the latter being the ground state.

We have shown previously (2) that noticeable amounts of 032N35 were formed
in partial thermal and photochemical decomposition of GH2N2 in the atmosphere
of Ngs by the mechanism:

A4 _a or hY 14 15 15

CH2N2 —_— OH2 + N2 CH2 + N, CH2N2
Mass- and i.r.spectrometry were used to detect CHZN;S. I.r.spectrum of diazo-
methane,separated from the products of partial photolysis of CH2N;_4 in Ng5 at

1 corresponding to

700 mm Hg shows, together with a remaining band at 2096 cm™
CH,N)*, a distinct band at 2020 cu”™! due to CH,N)? (FIG.1). Mass-spectrum of

nitrogen obtained from this product indicates conside-

rable amounts of Ngs. There is a good qualitative agree-

ment between results obtained by the two methods (FIG.1).
It should be mentioned that Wilson and Kistiakowsky(6)

and more recently Moore and Pimentel (1) came to the con-

clusion that CH2 does not react with N2 in the gas phase.
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Presumably this is due to unsufficient sensitivity of

PIG. 1 analysis used by these workers.
The ratio of CHZN;5 formed to the diazomethane decom-
posed (f) rises with decrease in initial concentration of CH2N;4, decrease in

temperature and increase in pressure of Ng5.
The photolysis and the pyrolysis of GHZNg4 in N;5 can be expressed by the
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fnllowing sequence of reactions:
CH2N2 + (M) — CHa(s) + N2 + (M) 0H2(s) + M ————-CHZ(t) + M
15 —_— 15 15, w o 15
GBé(s)+N2 + M CH,N,” + M CH,(t) +N,7+ M - CHN,” + M

— C,H, + N

032(s) + CHN SHy

> > CHa(t)+CH2(t)+l-*-02H4 + M

M is a molecule of an inert activator or deactivator, M = N2, CHZNZ’ 02H4.
Woe have found (2¢) that CHa(t) is less reactive towards N2 than CH2(B)-
The activation energies of reactions of CHZ(t) and CHZ(s) with molecular

nitrogen are about 16 and 8 kcal/mole, respectively.

DPABLE 1 The photolyses of diazirine,ketene and phe-
15 s .
Source of GHZ f,103 nyleyclopropane in N2 have been studied then;
the above substances also are known to be pos—
CEN, 85
sible sources of Cfl, (7a,b). In all cases the
e 40 15
Bl formation of CH,N)’ was detected with the iso-
CH,CO >4 topic dilution method (TABLE 1).
O] >7 Because of frequent explosions when hand=-

ling with diazirine, only few experiments
have been performed with the irradiation time of 60 and 90 min,
PS;~N =1 -2 mn Hg and Py, 15 = 660 mm Hg (TABLE 2).

CHZ\ N2

TABLE 2

WMu ) o« Porm N/E N, o 100 ~X

o~ V2 — £(CH, 1l )
(mmHg ) * (mmHg)** from CH,N, from Cﬂa‘g
18:0 0480 14:0  0.848 0.009 050201 N15/58.0n
20:0 0475 2240 0.672 0.004 0:0227 2 2 CH2N2
3745 0:488 1540 0.995 0.012 0:0200 f=
3040 0:616 2042 0.899 0,008 0:0158 L. n2. N (4_.0_L.)
3060 0.615 38.0 0.482 0.011 0.0160 nCHz\ﬁ 2

* V=750 cm3; t = 20°C; **for isotopic dilution, V and t see*

The isotopic analysis of diazirine undecomposed which was separated from ir-

radiation products shows an original content of Ng5, i.e, diazirine is not
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formed here from GH2 and Ngs. It is the same with diazomethane photolysis,
Thus,the only product of reaction between methylene and nitrogen is diazome~
thane, CHéig =% CH, + N, — CH, = § = N. The formation of diazomethane in
diazirine photolysis in the gas phase was also observed by Amrich and Bell(8)
who ascribed this to the isomerization of diazirine.However Moore and Pimen-
tel(1) have shown that in a solid nitrogen matrix diazomethane is the product
of reaction of 0H2 with N2.

As seen from TABLE 1,the highest yield of CHZN;5 can be obtained in the
photolysis of diazomethane,the yield in case of diazirine being lower. This
is probably due to the lower excess energy in methylene obtained from diazi-
rine, As the methylene from ketene is nearly as active as CH2 from diazirine,
and the reaction of CH2 with‘ketene is slower than that of CHé with diaziring
f(cnzco) may be expected to be nearly the same as f(CH‘:ﬂ). In fact,f(CHch)
is almost ter times as small as f(CHé:g). This is presumably due to the
instability of diazomethane in the presence of ketene. Indexd it was found
experimentally that thermal decomposition of diazomethane is accelerated if
some of ketene is added. In the case of phenylcyclopropane photolysis we
could not accurately calculate f either, as degree of decomposition was
determined only approximately to be less than 0.1. Maximum yield of CH2Ng5,
0.07% as related to initial phenylcyclopropane was obtained when irradiation
time was 5 to 15 min in a silica vessel and the yield went down on further
irradiation. This low yleld can be explained at least partially by fast pho-
tolysis of the diazomethane formed in the experimental conditions.

The photolyses of several diazocompounds in N%B have been studied in or-
ler to compare the reactivities of various carbenes towards nitrogen. The ex=-
reriments were performed in pyrex and silica vessels at a pressure of Ngs
620 to 660 mm Hg (TABLE 3), It can be seen that the majority of substituted
carbenes do not react with N,. The only exceptions are CF3CH= and (CN)CH: .
For these two carbenes, an isotopic amalysis shows an increased N%B content

in the diazocompounds, f value being less than one tenth of f(CH2N2)‘
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TABLE 3
Source of carbene :E"IO5 Source of carbene f-105
CH2N2 85 CH2 = GHCHNZ 0
CIi,CHN,, 0 @c: N, <041
CHBCHQGHN2 [¢] C2HEOCOCHII2 <0.1
CF 5cHN2 5 (CN)cHN,, 3

Lack of reaction between ethylidene and N2 can be explained by intramole-
cular rearrangement CHBCH: — CH2 = CH2 which is apparently considerably
faster than bimolecular reaction with N,. No reaction of ethylidene with CO
was observed either (9). Corresponding rearrangement of CFBCHz is much
clower (10), therefore the reaction of the latter with N, is possible.

Absence of noticeable reaction of N2 with 02H5OGOCH= and CSH4: shows that
their recactivity is much lower than that of CH2 as no rearrangement is known

for these two carbenes (7a).
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