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Apparently, the sizes of substltuents are not the sole determining 
factor of the rates of racenuzatlon. . . . 

Fischer models of these diphenyl denvatlves show that the rotatmn 
required for racemization encounters much Jess obstructmn when the 
bond joining the two rings is displaced from the plane of <_me of them 
by the introduction of a tetrahedral carbon atom. The dispJacement 
is shown in VIII and its occurrence must depend on the ability of the 
carbon atom at 'which it occurs to acquire a negative charge, for t!'e 
configuration is that of a negatively charged c:-rb<:m a Irsuch a diS­
placement plays a part in facilitating racenuzat10n, this displacement 
will occur in the ring of greater electron !'nd rate of 
racemization will be related to the electron denstty JU this rmg. 

Data from various sources have shown that the nitro group exceeds 
the carboxyl group in decreasing the electron density of an aromatic 
ring to which these groups are attached, whereas the methyl and meth­
oxyl groups have the opposite effect. On the assumption that the 
effect of the carboxyl group lowers the electron density to a greater 
extent than does the combined effect of the nitro and methyl groups 
or the nitro and methoxyl groups, each of the diphe(\Yls II-VII has 
been written with the ring of greater electron denstty uppermost. 
Comparing these upper aromatic rings with one another, the electron 
densities are In the order II > III > IV and V > VI > VII, which 

also the order of the rates of racemization. This connexion between 
density and rate of racemization is strengthened by the 

influence of various substituents on the optical stability of V'. In 
general the more 'negative' the substituent in the upper ring, that is, 
the lm,;er the electron density In this ring, the greater the optical 
stability Thus the 4-nitro derivative Is more stable and the 4-methyl 
derivati\;e less stable than V. These substituents have a smaller effect 
on the stability when attached at the 5-position; here, they have a 
smaller effect on the electron density at the 1-positlon. 

IX 

Finally, rac<:mization of IX and 1C _be related to tJ:!e 
electron denstties m the upper aromatiC nngs, smce these contam 
only one 'negative' substituent ; CO!fiparing these upper riJ!-gs, only 
that in IX undergoes a considerable mcrease of electron denstty 
the acids are converted into the corresponding anions by the additmn 
of alkali. The accompanying table shows that the addition of alkali 
greatly decreases the optical stability of IX but not that of X. 

Solvent 

CH,CO,H 
r, - C,H,OH 
NaOH(O ·l N) 

College of Technology, 
Manchester. 
March 12. 

Half-life period (min.) 
IX X 
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Cyclo-octatetraene 
RECENT work by Reppe' has proved that Willstatter's hydrocarbon 

C,H, has indeed the cyclo-octatetraene structure which was originally 
assigned to it. Its reactions enabled him to conclude that "the double 
bonds of cyclo-octatetraene are open to all the reactions of ethylenic 
chemistry". This might at first sight be taken to indicate 
the absence of resonance in this molecule. However, this would be 
in contradiction to the physical data on the heat of combustion and 
the absorption of light, which can be taken as Indicative of a resonating 
molecule. The heat of combustion leads to a value of 28 kcal. for the 
resonance energy, compared with 41 kcal. for benzene. The substance 
is described as a golden yellow liquid, which places the long wave­
length ultra-violet system corresponding to the 2600 A. band of 
benzene at about 4000 A. If it contained fixed double bonds, then the 
absorption would be expected to lie below 2000 A. Thus the evidence 
from the heat of combustion and the absorption spectrum Indicates a 
resonating molecule. 

Penney' and Wheland' have studied the auantum mechanics of a 
planar non-strained ring of eight CH-groups by the valence bond 
method. The predicted ratio of the resonance energy of this model 
to the resonance energy of benzene Is 1·17. Accepting this model, 
it would not appear unreasonable to attribute the difference between 
the calculated and observed resonance energies, that is, (1·17 x 41-28) 
kcal. or 20 kca l. to strain. Forster' has shown that resonance between 
the two Kekuh\ forms should lead to a maximum of absorption at 
4100 A. in good agreement with experiment. As neglect of the ex­
cited structures of the canonical set leads to a very poor approxima­
tion to the resonance energy, it was thought desirable to carry out a 
calculation of the light absorption using the complete set of fourteen 
structures. A preliminary treatment neglecting the second excited 
structures leads to a value of 3550 A. for the maximum of the long 
wave-length ultra-violet system. The inclusion of the four second 
excited structures does not alter this value appreciably. The fact that 
the calculated absorption maximum lies at a shorter wave-length than 
the observed would be consistent with a strained molecule. 

1f the resonance energy and the light absorption of a strained 
molecule are known, then it is possible to estimate the strain in both 
the ground and excited states. If, as might be expected, the strain is 
reduced in the excited state, then the molecule should absorb at a 
longer wave-length than that calculated with the neglect of strain. 

Another interpretation of the low value of the resonance energy 
is that the ring is puckered. The strain in the ring would thus be 
reduced at the expense of the resonance energy. At this stage it would 
be difficult to decide between the two possibilities. 

It now remains to reconcile the chemical behaviour of the molecule 
with Ita resonance. In the first place, its resonance energy is of t.he order 
of that calculated by Kovner• for octatetraene (24 kcal.). Hence it 
would be expected to behave rather as a conjugated system than 
as an aromatic one. Again, the reactivity of cyclo-octatetraene may 
be due to the formation of a stable transition state'. It Is of interest 
to note in this connexion that cyclo-octatetraene, like open-chain 
polyenes is capable of reacting with benzoquinone and maleic an­
hydride, 'its reactions i.n .these cases being typical diene syntheses. The 
question of the rcacttvtty of cyclo-octatetraene !'eed further 
Investigation, but it would appear that the cheiDJcal eVJdence IS not 
necessarily in conflict with the physical and theoretical. 

It is hoped to these in more detail later, when tl)e 
resonance energies and light absorptmn of a number of non-benzenOid 
aromatic hydrocarbons have been Investigated. 

I wish to express my gratitude to Dr. A. Wassermann for discussion 
on this topic. 
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Secondary Electron Photography 
IN a letter in Nature (156, 150; 1945), Messrs." Tasker and Towers 

describe a method for the radiography of thin objects such as paper 
and fabrics, using secondary electrons emitted from a sheet .of l_ead 
irradiated by high-voltage X -rays. Reference is made to comphcatmns 
which sometimes arise owing to the emission of electrons from the 
material radiographed, in the worst cases a partially positive picture 
appearing. . 

During the course of an examination of this method of radiO­
graphy a striking demonstration of the emission of photo-electrons 
from heavy elements has been observed. Some of the test objects 
used were postage stamps kindly loaned by Mr. W. H. S. Cheavin. 
Radiography by means of 10 kV. grenz rays that many sl!ch 
stamps were printed with inks containing a metallic base, and gtve 
a remarkably well-defined radiographic negative. 

When these stamps were examined by the method of Tasker and 
Towers a rather poor positive image was obtained. This suggested 
a further step, namely, the rempval of. the <:mitting lead sheet,, and the 
direct radiography of the speCimen wtth high-voltage radlatwn. The 
result was a positive image produced by the secondary electrm;s 
from the ink, and equal in quality to the grenz-ray rad\ogrl!ph. '' 
therefore have the somewhat surprising result of two radiographs 
of the same object, taken under almost identical9onditions, the 
with 10 kV. radiation being negative, and wrth 190 kV. posthve. 
A typical example of this phenomenon is shown in the accompanying 
photographs. To avoid confusion, both radiographs were taken 
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