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The mean separation between adjacent heads is thus 
about 45 cm.-1 and the origin of the lower state may 
be estimated to lie at 48,520· 5 - 45 = 48,475· 6 cm.- 1 

above X 1 ~+. This estimate is in excellent agreement 
with the value of 11 00 for a 3IT -- X 1l:;+ obtained from 
the rotational analysis• of the Cameron bands, namely, 
48,473·97 cm.-1 • 

It seems, therefore, quite certain that the Herman 
bands form the v' - 0 progression in the transition 
e •1:- - a 3IT. No doubt other bands of this system 
remain to be found at longer wave-lengths. 
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Identification of the Radical ·CH2(C02H) 
IN recent years a number of free radicals trapped 

in irradiat,ed solids have been identified from their 
electron-spin resonance spectra. In particular, 
radicals of the form XHCCO 2H or XHCCO 2- a.re 
known withX =CH 3 (ref. I), NH 3 + (ref. 2), OH (ref. 3), 
CO 2H (ref. 4), Cl (Pooley, D., and Whiflen, 
D. H., unpublished work), CH 2CO 2H (ref. 5), and 
CH 2.CH 2CO 2H (unpublished work by A.H., J. R. M. 
and D. H. W.). Hitherto, however, the parent 
radical ·CH 2(CO 2H) has remained unidmtifiod. This 
radical has now been identified in y-irradiated ma.Ionic 
acid, CH,(CO 2H) 2 • McConnell et al.• have fully 
investigated the radical CH(CO 2H) 2 which is also 
formed when ma.Ionic acid is y-irradiated ; they 
reported that lines not due to ·CH(CO 2H) 2 appeared 
in the spectra of freshly irradiated crystals, and 
could be removed by heating the crystals to 50° C. 
for 24 hr. 

A detailed study of the spectrum of irradiated 
ma.Ionic acid was undertaken using an electron 
resonance spectrometer operating at 9,000 Mc./s. A 
single crystal of ma.Ionic acid was y-irradiated at 
liquid-nitrogen temperature. Its room-temperature 
spectrum indicated that at least three radicals were 
present. For a. general orientation of the crystal 
with respect to the magnetic field, all three radicals 
have different g values, and each has a spectrum 
symmetrical a.bout its own centre. If the hyperfine 
structure of the spectrum of each radical can be 
analysed, it is possible to identify the radical. Fo1· 
some crystal orientations, however, exact analysis 
is difficult because of overlapping of the spectra of 
different radicals. The spectrum of a. freshly irradiated 
single crystal of malonic acid consisted of two 
exceedingly strong and narrow lines due• to the 
radical ·CH(CO 2H) 2 • In addition, we observed four 
sharp lines of equal intensity approximately one­
fifth as strong as the spectrum of ·CH(CO 2H) 2 • A 
third radical was also present, but its spectrum was 
still weaker and the radical has not yet been positively 
identified. 

The spectrum of intermediate intensity indicates 
the presence of a radical in which there is hyperfine 
interaction with two hydrogen nuclei. This spectrum 
could be analysed for a sufficient number of orienta­
tions to obtain a. complete coupling tensor for each 
hydrogen atom. However, the precision is less than 
that which would be attainable if this were the only 
radical present. The pr:ncipa.l values of the coupling 
tor.s01· of one hydrogen a.tom were -91, -56 and 
-30 Mc./s., and for the other -92, -59 and -37 
Mc./s. These values are essentially those to be 
expected for a hydrogen atom attached directly to 
the free radical centre•,•,6 • They have therefore been 
given a negative sign, although this is not obtained 
directly from the spectra.. The coupling tensm·s 
identify the radical as ·CH 2(CO 2H), since no other 
mdical with two hydrogens on the free-radical carbon 
atom is anticipated from the irradiation of ma.Ionic 
acid. The slight differences between the two tensors 
arc loss than the probable experimental error ( ± 4 
Mc./s.), although the two hydrogen a.toms a.re not in 
crystallographically equivalent positions in the 
trapping site, and their coupling tensors need not, 
therefore, be absolutely identical. It appears that the 
methylene group (---CH 2) in the radical is not rotating 
about the C-C bond, since free rotation would lead 
to a. spectrum having three hyperfine lines with 
intensity ratios I : 2 : I for all crystal orientations. 

It is expected2 , 6 that the least negative, intermed­
iate, and most negative principal values of the 
coupling tensor will occur for directions parallel to 
the C--H bond, perpendicular to the plane of the 
radical, and in tho plane of the radical but perpen­
dicular to the C--H bond, respectively. The inter­
mediate axes for both tensors therefore should be 
parallel to each other. This was found to be the 
case, the experimental value for the angle between 
the intermediate axes of the two tensors being 4° 
with an error of approximately 5°. The major and 
minor axes of each tensor should intersect at an angle 
equal to the HCH angle. This angle was calculated 
from the tensors to be 116 ±5°. In a planar radical, 
this angle would be 120° for strict sp2 hybridization, 
although van der W a.a.ls repulsion between the 
hydrogen atoms and the carboxylic acid group 
might give rise to a slight reduction in this value. 

The electron-resonance spectra. of irradiated 
ma.Ionic acid thus support a planar structure for the 
substituted methyl radical, in agreement with 
previous work7 on the methyl radical itself. 

This investigation was undertaken as pa.rt of the 
programme of the Basic Physics Division of the 
National Physical Laboratory, and will be published 
in detail elsewhere. This report is published by 
permission of the Director. 
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