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Previous EPR studies of a variety of aliphatic 
[l] 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 geometry. We 
now wish to report the observation of the EPR of 
the parent methyiene, CH2, and the geometrical 
irnp~j~ations of the spectra. Methyiene was first 
observed, in the gaseous state, by Kerzberg [6]. 
From the efectronic absorption spectra he cie- 
duced that the molecu!e is Iinear or nearly linear, 
and most probabIy a ground state triplet. The 
EPR observations and analyses provide the first 
experimental evidence indicating a substantial 
deviation from li!rearity while confirming the 
ground state as a triplet. One of the systems 
~vhich we discuss here has been observed recent- 
ly by Bernhejm & aI. [7) *f. 

Gaseous mirttures of diazomethane, W2C&, 
or the cyclic isomer. diazirene, 

* A summnry of the &to :Ivnii:lbie for nromntic me- 
thyienes is given in ref. [3]. Dernheim et :~l. (51 dk- 
Cuss methyl&es whidh a& conjugnted with groups 
containing triple bonds. 

“* We RPI grateful to Dr. Bernheim for mnking :I pre- 
print of ref. [‘I’] nvnilabic. Their report provrdes the 
first published confirmntion of the tripiet ground 
state. 

were condensed with xenon at 77’ or 4%. The 
sampfes were irradiated in the diazo or diazirene 
bands to yield methyfene and nitrogen. Both ir- 
radiation and the X-band EPR measurements 
were performed with the sample at 4*K. The 
resonance spectra were independent of precursor 
and temperature of condensation. The signals 
Dbtained 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 .s>-m- 
metry [f&9]. At low concentrations two lines were 
seen characteristic of a system with iower sym- 
metry. At intermediate concentrations both were 
visible (fig. 1). The zero-field parameters for 
the two forms were I) - 0.6636 cm-l, E : 0.002 
cm-’ (high concentration) and D = 0.688I ctx~-~, 
E = 0.00346 (low concentration), both assuming 
the g-factor of a free electron [8.9]. 

The assignment of the spectrum to methylene 
is supported by the known efficiency of each of 
the two precursors as a source of CR2 [IO]. 
However, other processes can occux. Diazome- 



thrum forms triplet h’CN on gas phase phatolysis 
[IO]. Cleavage of hydrogen can also occur on ir- 
radiation of diazirene as we obserue the EPR 
charactcristlc of hydrogen atoms (two lines about 
p = 2 with a separation of 508 G [121 2s well as 
the methylene si~mafs. Of the ground state tri- 
plets which could arise from a CB2N system, 
NCN and CNN have been previously o 5 served by 
EPR. Their zero-field parameters are clearly 
different from those above 1131. The cyclic 

methylenc 
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is eliminated by the observation that a substan- 
tial change in the zero-field parameters occurs 
on dcuteration of the diazirene precursor (I3 = 
0.7563 cm-l . E = 0.00443 cm-l [141); hydrogen 
must be present in the triplet observed. 
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Additional support for the metftylene assign- 
ment is given by the proximity of f) to those ob- 
served with perfluoroal@l methylenes [I]. The 
aih?l groups are thought to be inefficient in de- 
localizing the unpaired electrons. The spin dis- 
tri~lution about the divafent carbon should be si- 
milar in the substituted and parent methylenes 
leading to similar D’s. However, Che agreement 
may be fortuitous. The substantial change ior 
methylene on deuteration indicates significant 
zero-point motion. D increases with the reduced 
movement of the more masspe CD2. Extra- 
polation yields D = 0.93 cm for an ~mmabile 
methylene [141. Comparison of CH2 and CD2 
also indicates that the mean square deviations of 
the long axes from their equilibrium position 
are 240 and ZOO. respectively [14]. We do not 
ha-:@ simiIar information for the perfluoroalkyl 
methylenes. and are unable to judge the impor- 
tance of zero-point motion.in Cheir L)‘s. 

A major question remaining from Herzberg’s 
classic study is the value of the XCH angle in the 
ground triplet state. He found no evidence re- 
quiring a deviation from X80° although small 
variations from linearity might be undetectable 
[G;. In contrast, the alkyl 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 methy~ene 
with an angle of 130-1500 *. Where calculations 
hare been made for 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 CNZ; a conch&on which has not 
been supported by the previously available es- 
perimental evidence. 

In the deduction of geometry from EPR, the 
discussion is dominaled by the motive possibili- 
ties of the small, light methylene. The first ap- 
plication is in the two spectra seen with CH2. 
These we ascribe to two slightly different sites 
in the crystal. The site with the lower D is be- 
lieved to allow greater motion so 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: a 
bent molecule which rotates freely about the 

x Iiarrisorr et ai. [lSJ give an extensive review of the 
theoretienl literature. See also ref. [lr;]. 

** Iioffmxn CL al. [I71 use extended tkkcl theor).. z. 
W:tsscrm:tn, in unpublished work using “poly~tom”, 
comes to :I similar conciusion. 



long axis will have B = 0. The observation that 
the dominant site depends on the concentration of 
the methylene precursor has Rrecendent 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 
iinear with a face-centered cubic xenon lattice 
distorting the free molecule geometry to yield 
E # 0. However, a variety of environments have 
been found to be without influence on the divalent 
carbon angle of substituted methvIcnes [2,19,20]. 
Also, calculations of the variation of D with angle 
indicate that deviations from Iinearity should de- 
crease D f21] *. while here the “Iincar” form has 
the Iower D. The above assignment of the “fincar” 
triplet to increased motion of the bent form seems 
more approopriate. A major argument against the 
linear structure for free methylcne is given in 
the discussion below. There WC show that the ob- 
served E in the bent form is the residue of a 
much larger B 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 2.j 
(fig. 2). The angle bisector is the s axis. _Y is 

perpendi~uIar to the molecular plane and E is the 
long axis of the molecule. These molecular ases. 
wirh the origin at the center of gravity. are cttm- 
plemented by a set of space-fixed axes in which 
X’ is the direction of lowest potential ener&g in 
the matrix for thc.v avis of methyleoe. Tile L 
and z’ ases remain pnraltel as we neglect any 
wobble of the long asis. Rot:%tion ;111out L is de- 

signated by 17. the angle belweeii the sand A~’ 
ELYCS. Such rotaiiou >viIi be hindered by intermol- 
ecukr forces. Neglecting these forces for the 
moment the system is a free- rigid rrL:itc>r In if 
piane f23j. with ener;;T Ie*;efs IVj - Qi2, For CH? 
with nrbitrar;y 11. 
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limit to t-2 for methylene. 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 tmdrogen, has been 
estimated to be 23-5 cm-l [25]. Finally, from a 
comparison of CH2 and CD2 in xenon we can 
show that for end-over-end rotation (about the .v 
or ~1 axis) 1’2 = 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 y. 
The only difference is taken to 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. 

1’2 = 122(6 ‘i)2 cot2 0 = 89.6 cot20 cm-l . (2) 

For stationary methylenes E,;D directly 
measures the angle at the divafent carbon. Using 
a simple s-p hybrid model we have 12.211 

11 methylene were slightly bent and fised in X~IIOII 
the observed E.‘D ;. Ei, ‘II = 5.04 x 10-3 would 
correspond to 8 = 86’. However, for such a 
gcontetrv B = 1874 cm-l. From (11, even with 
T-2 f 40 cm-l. E = IY~,(4O.i1874 x 22) = 1.6 X 
IO-3 cm-1 well below our limit of resolution. 
Clearly, 6 and L?. must be smaller and Et2 larger 
to yield the observed E = 0.0034 cm-l. 

Combining (1) and (3) 

E; D = (1’2/3.11 x 4) cos40,:(2 - 3cos20) . (4) 

Using (2) and the observed E:‘D then yields @ = 
68O. 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 V2 is a substantial source of error. 
Fortunately, (4) indicates that cos B 0~ V2Lj4. 
For Y = 68”. (2j yields V2 = 14.5 cm-l. Vari- 
ations from this value by a factor of 2, (V2 = 
7-29 cm-l) correspond to 6 = 64-11.50. Arbitra- 
rily. we set these values as the limit of error. 
The HCH angle is then taken as 128-143O with 
13G” the most probable value. The agreement 
with quantum mechanical calculations is satis- 
factory f15]. 

Additional supnort for the assignment of 28 = 
136O follows from the lack of hyperfine interac- 
tion in CH2. 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 CH2 [26]. On bending, the coupling with 
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the in-plane, s-p hybrid wilf become more posi- 
tive, eventuaIIy cancelling out the negative con- 
tribution of the largely unchanged p-orbital. 
Calculations, originally performed for the vinyl 
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 hyperfine coupling of phenyl- 
methylene [2]. 

The analysis of the methylene spectra given in 
this report has possible implications for mono- 
substituted methylenes. The mono~e~luoron~k~l 
methylenes [l] and HCCN [fj] could have low E’s 
due to motion of the hydrogen. Angles at the 
di!*alent carbons would then be less than originSI- 
lp assigned. However, the attempts we have 
made to examine HCCN in a variety of matrices 
at 4°K have only given spectra corresponding to 
E I 0 thus supporting the linear form. 
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