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By GRAEME L. BLACKMAN, RONALD D. BROWN, and ANNE P. PORTER 
(Department of Chemistry, Monash University, Clayton, Victoria, 3 168, Australia) 

Summary Results of analysis of the microwave spectrum 
of o-benzoquinone are consistent with its assuming the 
classical o-quinonoid structure in the gas phase ; its dipole 
moment is 14.1 x C m. 

O-BENZOQUINONE is the simplest conjugated ortho-dione and 
can exist in either a quinonoid (I) or a benzenoid (11) form. 

Two modifications of o-benzoquinone have been rep0rted.l 
One is a red crystalline form stable a t  room temperature and 
is considered to have the quinonoid structure. The second 
is a colourless form thought to be due to the benzenoid 
structure ; it is stable a t  low temperatures and changes into 
the red species at room temperature. 

An X-ray diffraction analysis2 of the red form indicated a 
structure with differing G-C bond lengths as would be 
expected for the quinonoid species. Analysis of the micro- 
wave spectrum could identify the species present in the 
vapour phase at  room temperature. 

The sample of o-benzoquinone was prepared by oxidation 
of guaiacol with sodium metaperi~date.~ The molecular 
structure derived from the X-ray analysis was used to pre- 
dict an approximate spectrum which was recognizably 
similar to the observed spectrum. The latter was then 
analysed to give A = 3.30990, B = 2.49541, C = 1.42195 
GHz. Measured frequencies of about 20 transitions agreed 
to within 0.4 MHz of a rigid rotor spectrum calculated using 
these constants. Calculations using firstly the geometry of 
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the C,H4 fragment derived from the X-ray analysis and 
secondly the C,H4 geometry of a regular benzene ring 
together with the experimental value of the A rotational 
constant yielded an 0-0 distance of 2.8 and 2.9 respec- 
tively. This evidence suggests that the quinonoid structure 
rather than the benzenoid structure, which would be 
expected to have an 0-0 distance of not more than 1.5 A, 
is present in the vapour phase. 

A determination of the complete molecular structure 
would require analysis of the spectra of several isotopic 
species. However, the results obtained here are in sub- 
stantial agreement with the rotational constants A = 
3.3401, B = 2.4764, C = 1.4220 GHz derived from the 
X-ray analysis, lending support to the conclusion that the 
quinonoid structure is present in the vapour phase. 

The dipole moment of o-benzoquinone was found to be 
p=pa=(14.11f0.07) x 10-30 C m (4-23f0-02 Debye) from 
Stark effect measurements on 2,, t ll0, 3,,+2,,, and 
303-e-202 transitions. 

C m) 
are appreciably different from the present gas-phase 
measurements. LCAO calculations (16.18 x C mI6 
13.17 x 10-30Cm,6 15-61 x lO-3OCm7) are in reasonable 
agreement with the Stark effect measurement. It is also 
interesting to note that the dipole moment (15.41 x loeao 
C m8) for two trans-acrolein molecules placed side by side as 
in o-benzoquinone is in close accord with the observed 
o-benzoquinone moment. 

0.001 x lo4 a.m.u. pma is 
somewhat larger than that for typical planar cyclic systems 
but nevertheless implies that o-benzoquinone is essentially 
planar in the gas phase. 

The results of solution measurement4 (17-01 x 
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