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EPR spectra assignable to grournd state triplet Clls have been observed on photolysis of diazomethane
and diazirene at 4°K. Two different systems ascribable to two different ervstalline sites are observed
with each precursor. Analyvsis of the speetra shows that the long uxis of the molecule is largely fixed
while rotation about that axis is almost free. The most probable value of the HCH angle is 1369, in good
agreament with most theoretical caleulations and smaller than some values compatible with the elec~

tronic spectram.

Previous EPR studies of a variety of aliphatic
[1] and aromatic methylenes [2,4]* have shown
that the resonance spectrum can yield detailed
information on the distribution of the unpaired
electrons and on the molecular geomeiry. We
now wish to report the cobservation of the EPR of
the parent methylene, CHg, and the geometrical
implications of the spectra. Methylene was first
observed, in the gaseous state, by Herzberg [6].
From the electronic absorption spectra he de-
duced that the molecule is linear or nearly linear,
and most probably a ground state triplet. The
EPR observations and analyses provide the first
experimental evidence indicating a substantial
deviation from linearity while confirming the
ground state as a triplet. One of the systems
which we discuss here has been observed recent-
ly by Bernheim et al. {7} **.

Gaseous mixtures of diazomethane, HaCNg,
or the cyclic isomer, diazirene,

* A summary of the data available for aromatic me-
thylenes is given in ref. [3]. Bernheim et al. [5] dis~
cuss methvlenes which are conjugated with groups
containing triple bonds.

“* We are grateful to Dr. Bernheim for making a pre-
print of ref. [7] available. Their report provides the
first published confirmation of the triplet ground
state.

were condensed with Xenon at 77° or 49K, The
samples were irradiated in the diazo or diazirene
bands to yield methylene and nitrogen. Both ir-
radiation and the X-band EPR measurements
were performed with the sample at 49K, The
resonance specira were independent of precursor
and temperature of condensation. The signals
obtained from diazirene were stronger and most
of the discussion below is based on them. One
variable which appears to be of significance is
the concentration of precursor. At high concen-
trations the dominant feature was a single broad
line near 6000 G similar to but skewed from that
typical of a species with 3-fold or higher sym-~
metry [8,9]. At Iow concentrations two lines were
seen characteristic of a system with lower sym-
metry. At intermediate concentrations both were
visible (fig. 1). The zero-field parameters for
the two forms were D = 0.6636 cm’l, E < 0.002
cm™* (high concentration) and D = 0.6881 cm’z,
£ =0.00346 (low concentration), both assuming
the g-factor of a free electron [8,9].

The assignment of the spectrum to methvlene
is supported by the known efficiency of each of
the two precursors as a source of CHg [10].
However, other processes can occur. Diazome-
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Fiz. 1. X-Land EPR spectra of methyviene. Signal/noise
mereases from al to ¢ and s associated with increased
councentration.

thune forms triplet NCN on gas phase photolysis
[10]. Cleavage of hydrogen can also occur on ir-
radiation of diuzirene 25 we observe the EPR
characteristic of hydrogen atoms (twe lines about
g = 2 with a separation of 508 G [12] 2s well as
the methylene signals. Of the ground state tri-
plets which could arise from a CHsN, system,
NCN and CNN have been previously observed by
EPR. Their zero-field parameters are clearly
different from those above [13]. The cyclic
methylene

is eliminated by the observation that a substan-
tial change in the zero-field parameters occurs
on deuteration of the diazirene precursor (D =
0.7563 cm”1, E = 0.00443 cm™1 [14]); hydrogen
must be present in the triplet observed.

410

CHEMICAL PHYSICS LETTERS

15 November 1970

Additional support for the methylene assign-
ment is given by the proximity of D to those ob-
served with perfluoroalkyl methylenes [1]. The
alkyl groups are thought to be inefficient in de-
localizing the unpaired electrous. The spin dis-
tribution about the divalent carbon should be si-
milar in the substituted and parent methylenes
leading to similar D's. However, the agreement
may be fortuitous. The substantial change for
methylene on deuteration indicates significant
zero-point motion. I increases with the reduced
movement of the more massive CDg. Extra-
polation vields D= 0.93 cm™" for an immabile
methylene [14]. Comparison of CHy and CDy
also indicates that the mean square deviations of
the long axes from their equilibrium position
are 249 and 20°, respectively [14]. We do not
have similar information for the perfluoroalkyl
methylenes, and are unable to judge the impor-
tance of zero-point motion in their D's.

Geometry

A major question remaining from Herzberg's
classic study is the value of the HCH angle in the
ground triplet state. He found no evidence re-
quiring a deviation from 1800 although small
variations from linearity might be undetectable
[6]. In contrast, the alkvl and aromatic methyl-
enes are bent at the divalent carbons [1,2 4].
Theoretical calculations by a variety of workers
have indicated a bent ground state for methylene
with an angle of 130-1500*. Where calculations
have been made {or substituted methylenes as
well as for the parent molecule similar angles
are predicted **. This experimental-theoretical
argument leans towards a conclusion of a sub~
stantially bent CHg; a conclusion which has not
been supported by the previously available ex-
perimental evidence.

In the deduction of geometry from EPR, the
discussion is dominated by the motive possibili-
ties of the small, light methylene. The first ap-
plication is in the two spectra seen with CH,.
These we ascribe to two slightly different sites
in the crystal. The site with the lower D is be~
liaved to allow greater motion go that larger
deviations of the long axis from its equilibrium
position are possible. The greater motive free-
dom is consistent with the smaller E as well: 2
bent molecule which rotates freely about the

* Harrison et al. [15] give an extensive review of the
theoretical literature. See also ref. [16].
*= Hoffman et al. [17] usc extended Huckel theory. Z.
Wisserman, in unpublished work using "polyatom ",
comes to a similar conclusion.
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long axis will have E = 0. The observation that
the dominant site depends on the concentration of
the methylene precursor has precendent in the
studies of Meyer [18]. He found that the most
stable structure of pure argon is face-centered
cubic, but impurities stabilize the hexagonal
close packed form. Similar behavior may well
occur with xenon, as we find that if argon is an
added impurity only E = 0 is observed.

The preferred structure of methylene could be
linear with a face~-centered cubic xenon lattice
distorting the free molecule geometry to vield
£ #0. However, a variety of environments have
been found to be without influence on the divalent
carbon angle of substituted methylenes {2,19,20].
Also, calculations of the variation of D with angle
indicate that deviations from linearity should de-
crease D [21]*, while here the "lincar” form has
the lower D. The above assignment of the "linear”

~triplet to increased motion of the bent form seems
more appropriate. A major argument against the
linear structure for free methylene is given in

the discussion below. There we show that the ob-
served E in the bent form is the residue of &

much larger £ associated with a substantially
bent triplet. An angular distortion by the matrix
would then have to be of the order of 40°, an un-
reasonably large value [20].

In the model the HCH angle is taken as 24
(fig. 2). The angle bisector is the v axis, v is

* Eq. {3) summarres the caleulations reported heve.
See also ref. {22].

Fig. 2, Structure of methylene together with the axes

used in the analysis. The unprimed axes are fixed in

the molecule with the origin at the center of gravity and

X the bisector of the HCH angle. The primed axes are
fixed in the lattice.
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perpendicular to the molecular plane and z is the
long axis of the molecule. These molecular axes.
with the origin at the center of gravity. are com-
plemented by a set of space-fixed axes in which
X' is the direction of lowest potential energy in
the matrix for the v axis of methylene. The =z
and 2 axes remain parallel as we neglect any
wobble of the long axis. Rotation about £ is de-
signated by . the angle between the rand y~
axes. Such rotation will be hindered by intermol-
ecular forces. Neglecting these forces for the
moment the sysiem is a free rigid rotator in a
plane {23], with eneryy levels W; - Bi2. For CHo
with arbitrary v, ’

- 9.11_011_1‘1

B 2
CORse:

The barrier to rotation may be expressed as

P> 5 -cosny,
n

in which 215, designates the barrier with a
periodicity of 366 . The barrier will mix the
states of the free rotator.

If»+ -709 B -79.3 em~l. At 40K, with AT
3 em~1, only the lowest rotational state will be
populated. The ground state of the free rotator.
wg = (2w) 172 i3 evlindrically symmertric and
will not contribute to £ as £ measures the differ-
ence in the spm-spin interaction along two per-
pendicular directions in the v, v plane. A firsi-
order caleulation of the lowest state shows thut
the x#th state of the free rotator is coupled tu the
ground state by 15, A zero-field parameter
transforms as a second-order spherical harmonic
and will onlv be influenced by that part of the
perturbed wave function with similar transforma-

tiun properties. namely Wy - 77 V2 cos 24 with
energy Wo. We find that the observed
E = E Ty Wy) . n

where Ej is the value of E expected for a triplet
state which is not rotating about the z axis, but
fixed in space. f}is not altered by rotation about
z.

Accurate values for Vo are usually not avail-
able. One value we mav consider, 20 em-1,
arises {rom the shift in the A~ X spectrum of
NHj on going from the vapor phase to Xenon (24}
This transition involves the bent ground state
{(._HNH = 102°) going to a linear excited slate.
The changes in the atomic positions are undoub-
tedly larger than those involved in a roiation of
CHg about the z axis: 40 em~1 is then an upper
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limit to V3 for methvlene. We are here neglect-
ing any differences in dipolar or dispersion for-
ces. Another barrier, that for rotation of a hy-
drogen molecule in solid hydrogen, has been
estimated to be ~3-5 cm™ [25]. Finally, from a
comparison of CHp and CDy in xenon we can
show that for end-over-end rotation (about the x
or y axis) g = 122 cm-1 {14]. For our present
purposes we assume that the barrier for rotation
about z has the same form as that about xand 3.
The only difference is taken o be in the magni-
tude of atomic displacements. Expanding about a
potential minimum which we represent by a
parabola. the barrier will be proportional to the
square of the hydrogen displacement on rotation.

Uy = 122(6°7)2 cot2 0 = 89.6 cot?8 cm™! . (2)

For stationary methylenes E,, D directly
measures the angle atthe divalent carbon. Using
a simple s-p hybrid model we have [2,21]

YA
cosst
E,,. s A (3)
" 2 3cosa

If methylene were slightly bent and fixed in xenon
the observed E’'D = £, D = 5.04 x 10-3 would
correspond to § = 86Y. However, for such a
geometry B = 1874 cm~1. From (1), even with
1y ~40 em-1, B = = E,(40/1874 x 22) = 1.8
1072 em~1 well below our limit of resolution.
Clearly, 6 and B must be smaller and Ep larger
to yield the observed E = 0.0034 cm”™

Combining (1) and (3)

E; D= (V9/9.11 x 4) cos?6,(2 - 3cos20) . (4)

Using {2} and the observed E/D then vields 8 =
68°. This calculation involves no adjustable pa-
rameters but does depend on the assumptions in-
herent in (2) and (3). (3) is supported by the
studies on aromatic methylenes [2,4]. The un~
certainty in Vo is a substantial source of error.
Fortunately, (4) indicates that cosd < l’é

For 4 = 689, (2) vields Vy ~ 14.5 cm~1, Vari-
ations from this value by a factor of 2, (Vg =

7-29 cm-1) correspond to 6 = 64-71. 50. ATbitra-
rily, we set these values as the limit of error.
The HCH angle is then taken as 128-143° with
1369 the most probable value. The agreement
with quantum mechanical caleculations is satis~
factory {15].

Additional support for the assignment of 26 =
1369 follows from the lack of hyperfine interac-
tion in CHy. There is no detectable narrowing of
the EPR spectrum on deuteration [14]. A hyper-
fine coupling of - 95 MHz has been predicted for
a linear CHg [26]. On bending, the coupling with
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the in-plane, s-p hybrid will become more posi-
tive, eventually cancelling out the negative con-
tribution of the largely unchanged p-orbital.
Calculations, originally performed for the vinyi
radical, indicate that this cancellation should
occur for an angle of 135-140% in agreement
with the angle assigned above [24]. Such an ex-
planation has been previously employed to ex-
plain the small hyperiine coupling of phenyl-
methylene [2].

The analysis of the methylene spectra given in
this report has possible implications for mono-
substituted methylenes. The monoperfluoroalkyl
methylenes [1] and HCCN [5] could have low E's
due to motion of the hydrogen. Angles at the
divalent carbons would then be less than original-
ly assigned. However, the attempts we have
made to examine HCCN in a variety of matrices
at 4K have only given spectra corresponding to
E = 0 thus supporting the linear form.
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