
© 1932 Nature Publishing Group

AUGUST 20, 1932] NATURE 273 
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[The. lJ!ditor does not ho~d himself responsible for 
opinions expressed by his correspondents. Neither 
can he undertake to return, nor to correspond with 
the writers of, rejected manuscripts intended for this 
or any other part of NATURE. No notice is taken 
of anonymous communications.] 

Theory of Induced Polarities in Benzene 

THE letter from Dr. E. and Prof. W. Ruckel in 
these columns 1 explains that "R+" on page 326 
of Dr. E. Riickel's original paper was a misprint for 
"~-atom". The misprint, occurring at a crucial 
pomt, _was unfortunate, and in the light of this ex
planat10n we naturally withdraw all such criticism as 
was based o~ the misapprehen~ion that Ruckel postu
la~ed _extrus10n of proton durmg the ordinary "sub
st1tut10n of hydrogen " in the aromatic series. 

Our objections to Ruckel's theory as we now under
stand it are no less serious than when our first letter 2 

was written. E. and R. Ruckel now say that " the 
ass~ption in Ruckel's theory is ... only that for a 
defimte reaction the heat of activation is smaller for 
a hydrogen atom bound more loosely and greater for 
a hydrogen atom bound more strongly. It cannot be 
denied that for all simple substitution reactions which 
have been investigated quantitatively up to the present 
time, this asstu?ption-taking the charge density cal
culated by Ruckel-leads to results which are in 
agreement with observation." 

We may point out that the apparent agreement is 
real only if Ruckel's additional assumption relating 
to the_ direct connexion between the strength of the 
bond m C-H and the Coulombic attractive force on 
the nucleus of the R-atom can be justified. Even if 
it could be justified, it has not been shown that the 
few data quoted by Ruckel are inconsistent with the 
theory of arom~tic substitu~ion which we support. 
In contrast_to this_ state of th1:11gs, there is a vast body 
?f data which ~t m most satisfactorily with our own 
ideas but not with Ruckel's, and no better illustration 
of this statement is needed than the statement made 
by Dr. E. and Prof. W. Ruckel that " We cannot 
see what connexion there is between the dissocia
tion of acids and bases and substitution reactions in 
benzene". 

That there is, nevertheless, a very close connexion 
betwee_n thes: pheno~ena has, _we believe, been widely 
recogmse~, 1Il En~hsh-speakmis ~ountries perhaps 
more partwularly, smce the pubhcat10n of the classical 
paper_ 3 of Fl~irscheim on the subject, and although 
orgamc chemical theory has undergone revolutionary 
changes d1;1ring _the i:1terval and many of the examples, 
such as aliphatic acids, quoted by Flurscheim are now 
considered inappropriate, the paper embodied a dis
covery of first-rate importance, which is only em
phasised by addition of new examples that are 
even more convincing than those given by the dis
coverer. 

We would direct attention first to the mono-sub
stituted phenols. Adequate data for use in the 
above connexion are available only in three cases : 
(a) the cresols (methylphenols), (b) the dihydroxy
benzenes (hydroxyphenols), and (c) the nitrophenols. 
Of the three cresols, the meta-derivative is the most 
acidic. 4 Of the hydroxyphenols, the meta-derivative 
has a higher ionisation constant than the ortho
derivati ve, 5 and partition measurements made in the 
laboratories of the University of Manchester prove 
that the meta-derivative is also a more powerful acid 
than the para-derivative. Of the three nitro-phenols, 
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on the other hand, the meta-derivative is much 
the weakest acid. 6 These cases represent typical 
al~ernate effects as this expression is now most 
~ide~y used, no reversals in sign being required or 
implied. 

'.J?he si~ificanc~ of the data relating to the acidities 
of rnomeric substituted phenols can best be appreci
'.'ted by reference to a well-known generalisation 
illustrated by the following quotation from G. N-. 
L:wis : 7 "If we consider corresponding hydroxides of 
nitrogen, phosphorus, arsenic, antimony, and bis
muth, we see the effect of the diminishing pull of 
e~ectrons by !he central atom as we proceed from 
mtrogen to bismuth. The hydroxides become pro
gressively weaker acids and stronger bases." 

The application of this generalisation to the arrange
ment C - OH in isomeric phenols leads to the con
clusion that, other things being equal, the acidity of 
the hydroxyl group will be most pronounced when 
the group 1s attached to that carbon atom in the 
neighbourhood of which the electrons are most under 
the control of the central system either of the carbon 
atom or of the aromatic ring as a whole-in other 
wor~s, a~ the carbon atom wJ:i~re the negative charge 
density 1s least or the positive charge density is 
greatest. I~ the three trios of substituted phenols 
above ment10ned, the data, combined with Lewis's 
generalisation, show that the distribution of the charge 
densities_in E. Riickel's two pictures (loc. cit., p. 301) 
must be incorrect. 

Relationships between isomeric substituted benzoic 
ac~ds are more complicated. Nevertheless, as was 
pomted out by Fliirscheim, the ionisation constant 
of the meta-substituted acid is greater than that of 
the para-substituted acid when the substituent is of 
the ' o-p-directive ' type, while the converse is true 
wh:n the su~stit_uent is of the ' meta-directive ' type. 
This generalisation holds good for the chloro- and 
nitro-benzoic acids 8 cited by Dr. E. and Prof. W. 
~uckel in evidence against our views, and is quite 
mdependent of whether the acids are weaker or 
strt?nger than benzoic acid, a question which depends 
mamly on the magnitude and orientation of the dipole 
moment associated with the introduction of the sub
stituent into the aromatic system. 

Our ide3: that attachment of the substituting agent 
to ai:omatic ~arbon preced~s elimination of proton 
and _is not simultaneous with the latter process is 
admittedly not proved, but it has served as a useful 
working hypothesis which has helped to correlate 
known data and to foresee others. Our fundamental 
thes~s is that substituting agents of the electron
seekmg type, such as halogens, sulphuric acid and 
sulphuric anhydride, nitric (or nitrous) acid enter 
most readily into reaction with those carbon atoms of 
the aromatic ring at which there is an electronic 
excess, whilst agents such as alkalis, amines, metallic 
cya_nide~ and sulphit~s, which act normally through 
their amons or by usmg their own electrons to form 
new_ covalencies, enter into reaction only with aro
matic carbon atoms at which there is a decided elec
tronic deficiency. 

University of Manchester. 

University of Oxford. 
July 25. 
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