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}‘ THE STRUCTURE QF BENZENE

G. V. Chelintsev
The structure of benzene is just aboul the most pressing

special question in the central problem of chemical science in

the present stage of its development i.e., the structural problem,

Butlerov is the founder of the doctrine of molecular structure,

In place of the former metaphysical theories, he create
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role in all subsequent developments of chemical science.

One extremely important aspecl of the structural theory is
the study of chemicel structure ~- of the differences between
chemical and mechanical phenomena and of the exisltence in chemi-
cal phenomena of a supra-mechanical, chemical regularity. This
regularity is expressed in structural formulas showing tne pre=-

sence in molecules not only of general mechanical, but also of

certain particular, localized,

11y unifying atomic inter-

actions. The understanding of the above mentioned regularity

made it possible not only to express the whole known diverse
f;:-,-r*;'u; '{ %

multiformity of chemical melecules with simple formulas, but even

to predict the existence of hundreds of thousands of new molecules,

Although he was convinced of the validity of the science of

chemical structure, Butlerov foresaw nevertheless the possibility
paviie e

of the discovery of a diverse multiformily of moteed transcend~-

ing his structural theory and therefore realized the necessity for
further development of the latter. And in fact, soon therealter, : ]

the discovery was nmade of stereoisomeric and complex compounds, of
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ions and of radicals the theoretical interpretation of which was
\

LRV
cochemical, comordinative and eleclron theories.

embodied in the
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Butlerov's stwdw of chendcal structure remained the guiding

[0S l:_q ME Ve & oA |
in all the new theories. TIU is enough te glance at the sdmple

&

formulaof these theories for each molecule, with electron orbits

localized in onc or Lwo atows, to be convinced that these formulas

express not the cuentitative, but the gualitative differences in

the interrelations between atoms and ms, electrons and nuclel,

and alsc express how tie concept of chemical structure cannot be

reconciled with that of the mechanical status of molecules., The

new theories, because of their methodological correlation with the

-

structural theory, can be united with it under the general name of

Butlerov's classical tuncery.

The classical theory was developed because Butlerov's con-
cept of the structure of particles corresponded to the ohserved

and predicted diverse multiformity of perticles. In this theory

il is stated that the entire known diverse mul

formity of par-

ticles is encompassed by

ple clas

sical formulas with electron
orbits localized in cne or two atoms. In other words, in the

assical theory formulas the concept ol chemical structure is

cl
expressed as the law of localization of electron orbits in one or
two atoms. It is very important to notve that even today we do nob
know aboul sueh a supplemente

2.
requiriec, the introduction of formulas with three or more atomic

_—

v Giverse multiformity of particles wivei, vl

electron orbits and the revision of the classical law of orbit

localization in one or two atoms. ) ‘

V
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However, in the description of certein molecules,
were offered formulas with delocalized orbits, That was
cause the classical formules agsigned to the molecules did not
always correspond to one property or the other of saild molecules.

Vore often than not these discrepancies could be eliminated by

pointing out the peculiarities of the mechanical condition of

chemi.csl. structures, i.e. the peculiarities of distribution of

electron density and atomic nuclei of the given chemical struc=
ture defined by the mubual influences of atoms and atoms and of
electrons and nucledi. Tut in other cases such explenaltions were
insufficient and it was necessary to admit the inadequacy of the

classical formulas assigned to the molecvles.

Benzene offers the clearest exemple, Not one of the for-
mulas with orbits localized in one or two atoms suggested for
jenzene fully corresponds with all of its properivies. I'ne ine-

adeguacy of the best of these -- the hexatrienic formula of

e s
Keluly: was decisively proven by date

obtained through physical means defining the uniformitvy of the

six intercarbon bonds in the benzene ring,

Tn connection with this, Thielets formula:

has acqguired a predominant si nificance. It is used nowadays as

an explanation of the evenly distribuvted density of hexaelectronic

clouds on the hexatomic orbit encompassing the carbons of the

benzene ring. Thielets formule upsets the law of localization of

electron orbits in one or two atoms and therefore denies the

validity of the (lassical Theory &s apnlied to benzene.
€ oty
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Thiele's formula has acted as springboard for the develop-
ment, mainly by Angleo-American chemists, of the "mesomeric resonance

theory.

he basic postulate of the mesomeric resonance theory 1is

the delocalization of electron orbits in all the atoms, and is

directly opposed to the classical law of orbit locali

one or two atems. Thus, the concept of chemical structure of
molecules as an aggregate of particular, supra-mechenical, cheni-

cal

Y

unifving interrelations between atoms and atoms, and between

electrons and nuclei, was reduced to the level

a generic ag-

regate of mechanical interrelations between electrons and nucled.,

&

At the same time the classical formulas expressing chemical struce

ture with localized orcits and bonds were declared ficti

ticus,
zood enly for occasional and inaccurate presentations of nuclear
distribution and of the total electron cloud density in the
molecules, Thus the mesomeric resonance theory denies the

classical theory.

As a result of discarding the law of localization of orbits
in one or two atoms, the mesomeric resonance theory introduced a
limitless number of formulas expressing verious nuclear distri-
butions and electronic densities in the molecules, Consequently
these formulag were sufficient ©o describe any chemical or
physical property of the molecules, (These formulas should appear
as desicnations of atoms with more or less heavy plus and minus
signs and with more or less heavy connecting lines, They should
also appear in-afly number of cembinations, not limited by valency,

and octet‘rulesJ but adapted for the expression of the required
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distribution, with respect to the miclei, of the total electron

cloud density. The formulas of Thiele serve as prototypes thereof.

Unfortunately, instead of such formulas which simply and

obviously express the deloc zation of orbits, the formidas of
Tngold and Pauling have been used, which disgulse Lhe meaning.
Phig has led to a mmber of misunderstandings,) However, this

success was achieved at a heavy price. The balance between the

number of possible formulis and the number of actual molecules,

as defined by tne loc zation of orbits law, was lost, The
actual. particles were hopelessly submerged by the numberless

possivle combinations of electren end nuclear distriuutions and

becane subject to chance rather than sciel dc prediction. (And
science, according to T. D. Lysenko, is che enemy of chance.) The
mesomeric resonance tvheory, universal as far as descriptive proper-

ties are concerned, wred to be lacking in the powers of pre-

diction, which made it fruitless in practice.

The practical fruitlessness cf the mesomeric resonance
theory stems from its metnodological defectiveness. Bullerov's
concept of the supra-mechanical chemical structure, similar to
lngels' concent of supra-mechanical chemical motion, corresponds
o the phenomena of the diserete mature of molecules and the

intermittance of reactions, while the negation of thi

5 concepl
reduces the molecule to the level of a stable electronic and

E nuclear aggregate, and the reaction to the level of an un-
interrupted mechanical shifting of nuclei and electronic density.

The mesomeric resonance theory appears to be an attempt to bri

\m
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of the "free will of the electron",

If the false impersonation by the mesomeric resonance theory
of the quantum mechanical theory in chemistry aided its spread, then
certainly the Lechnique of expressing "real' structures with dem
localized orbits by means of "fictitious" classical formulas with
localized orbitls offered by its authors should be considered the
main factor of this spread, Such technigues, complemented by
scholastic arguments intended to create an appearance of cor-
rectness opened the possilility of a parasitic exploibaztbion by the
mesomeric resonance theory of the "fictitious" classical formulas

in their usval, real chemical and physical form,

Techniques of expressing "real' structures by means of
"fictitious" formulas are elaboraled in two varistions -- in iLhe

mesomeric theory of Ingold and the resonance theory of Pauling

Be

For instance, in the mesomeric theory the "real" structure
of benzene is expressed by the fictitious Formuls of Kekule
equipped with indications as to the delocalization of electron

~
orbits: Q@J m

or, in reverse

In the resonsnce theory the curved arrows are discarded and re-

placed by a connecting double arrow: i
. <>

indicating that the fictitiocus formulas of Kekule should be con-
sidered not apart, but in superposition. Both variaticns under-
score ‘the oneness of meaning of the new formulas with bthe formula

of Thiele in its electron interpretation described above, The
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expediency of gubstituting ghe formula of Thiele (which pest of all
expresses the concepb of orbit delocalization in benzene) with new
formulas 18 usually characterized py the faclh thab these are Mmore
ramiliar to vhe chemisbe The upse tting of ‘the orbil 1localization

1aw and of the rules of valency is presented in a masked forme

However, Lhe question 1ies now only in tLhis comparatively
haymless nadvantage" of the Ingold and Pauling formulas over that
of Thiele. The main nadvantage" 18 that tne Ingold and Pauling
formules open the possibility for scholastic play with the con-
cepts of the fictiticus ess and resality of the classical formulas
employed thereile Thus, for instance, in the argument of the
enersy origin of the real structure of benzene, ©ON€ mentions the
gain of energy deriving from the mesomeric parturbation of
nglternate’, oF resonance~"forming“ hexatrienic structures. Ob~-
viously, if the classical formulas are Lruly Ficuitious, fhen the
siruchbures expressed py them can neither be disturbed nor resonate
- they cannot give & physical effect of energy gain. This way
the establishing of the fictitiousness of clessical formulas 18
combined with their use in the usual real sens€.

N

The main ”advantage” of uthe Ingold and Pavling formulas
appears still more obvicusly in the arguments used to explain
the chemical propercies of molecules. The argunents used to ex-
plain the rules of substitution orientation in the benzene ring
can serve as example. These explanations are considered to be j
extremely imporbant accomplishments of the mesomeric Tesonance ﬁ

theoIy s
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guch formulas are absurd in themselves. It is obvious that the
curved arrows frem bond to bond, and from bond to atom, are dis-
A .
B Lo Eamam? Al Cam APRYY (M’\;A‘?Q\‘{
{ributed arbivrarily and that wkU»@bhe&?wcnginéwtsns"one can
place plus and minus signs on any carbon of ‘the benzehe ring,
in obher words one can nexplain! anything. But even more essen=~
tial is the fact that the aisplacenents of eleciron density in
the benzene ring by introduction into it of a substitute are
"
woperunl

anslysed not in connection with the nxeal! formula of Thiele, bub

with the nfictitious! formula of Kekule,

in the alternate presonance UheoIy che explanations of the
7 !

rules of sybstitution orientation in the benzene ring are given

in formulas as follows: o o P
o T o+ 4
o L0 \N/ ~H
I 1 \
+ +
L2 e
it A Ho + Hr S
N \‘N/’ N
‘ & I\
e —

Tt is easy to see that if the guinonoid structures determine
the distribubion of the electronic density in the benzene ring, bhen

the corresponding formiles are nob fictitious.
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conseqently, both in the mesomeric and resonance alternates
S . . )
of ‘the mesomeri resonance Lheory the explanations of the rules of
subsbitution orientation in the benzene ring are reached by means

of a parasitic usage, in an accepted, resl sense, of the allegedly

fictitious classical formulas. These ”explanations” (Fust Llike all

§aan
obther ”oxplanations” of the mesomeriy resonance theory) are only

illusions -- the frulb of scholastic contrivances.
Ve

The processes of the mesomeric resonance theory described
ahove are baged. on the cencepl of mesomeri.sm according to which
the real structures are intermediate in relation to the struchtures
expressed by the nfictitious" classical formulas. The ponderously
Machistic meaning of the concepl of mesomerism 1s characterized
by Uhe fact that tne fictitiousness of the classical formulas tested
by ‘the description and prediction of hundreds of thousands of mole~-
cules, in other words the 4ctitiousness of our reliable knowledge,
is confirmed simply by saying that here reality 15 understood and

expressed through fiction.

Thus the mesomeric resonance theory wes spread by means
of Machistic scholasticlsms The falsity of thig theory is exposed
in my book (1), It is not surprising thab this book meb with
hostility from the followers of Tngold and Pavling., Lven SO, they
were forced o maneuver. LIn particular, sensing ‘the 1lack of de-
pendability of the concept of mesomerisn, Tngold's and Pauling's
followers endeavor to reduce 1t to the level of the ”phenomenon”
of electron orbit delocalization. The insolvency of the quantumn-

mechanical basis of the electron orbit delocalization postulate

- 10 -
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has been mentiloned above. The only serious basis of this postulate
is the nonconformity of the molecular properties to the classical
formilas assigned to them and, above all, the nonconformity of the
hexabrienic formula of Kekule to the uniformity of the benzene
intercarbon bonds. This last fact was ¢he main encouragement to the
growth of the mesomeric resonance theory. 10 becomes clear there-
fore how important the structure of benzene is in defining the ways
of development of the structural problem, A successful solution of
the structure of benzene in line with the classical theory would

be equivalent to a direct demal of the orbit delocalization

postulate and, consequently, of the whole mesomeric resonance theory.

ps shown below such & solubion is possible. Consecuently,
{he promotion of the concept of benzene orbit delocalirzation to
the rank of actual phenomenon was wholly unwerranted. One can
only cospare the worths of the two solutilons of the structure of
venzene, one of which is based on the postulate of orvil de-
localizatbion, and the other on the law of orbit localization in

one or two atomse.

The benzene formula must first of all satisfy two ex-

tremely important conditions presented by the regate of its

chemical and physical properties: the uniformity of the inter-
carbon bonds in the benzene ring and the alternating of positive
and negative carbons, or nelternating polarity' in the benzene
ring. The latter condition is fulfilled in the mesomeric
resonance theory (as shown above) by utilizing the allegedly

fictitious classical formulas in a real capacity. Let us leave

- 11 -
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mesomeric scholasticism alone and see what Thiele's formula, besb

expressing the conceplt of orbit delocalization, can glve us Lo

satisfy the conditions already mentioneds

We find that Thiele's formula, which satisfies the first
cendition, in no wWay satisfies the second, For instance, ac=
cording Lo Thiele's rormula, the introduction of the substitube
into the benzacne ring must be accompanied by a uniform movenent
of he densily of the six-electron cloud towards the positive,

ive substituting atom (the density of the

or away from the neg

cloud is shown in the sketch):

(+)

Noz

However such & movemen® of tne electron cloud density can
in nc way lead o alternating polarity and is not in concordance
with the rules of orientation in the benzene ring. Thus, outside
of scholastic expediency, the concept of orbit delocelization is
not only jnadequate for a complete formulation of benzene, but
leads Lo conclusions directly contradicting the properties of

benzene.

A complete formulation of benzene is possible only on the
pasis of the classical law of orbit localizabion in one or two
atoms. The impression of inedeguacy of the classical theory in

the formulation of benzene 1is the result of not solving this
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problem by means of the double electrovalentncovalent (seuﬂpolar)
bond. L have shown (2) that by using Lhis concept one ceall create
the "contach formulat of penzene subject to the law of orbit lo-
calization in one or WO atoms, to the rules of valency (electro-
valent bonds COmMe Lo being not - according to the rule of valency
numbers, bub according to the rule of higher co-ordinative numbers),

and also the octet rule:

(-)

According TO the conbact rormula, three electronic doublets of the

aronati.c sextet are distrivuted over three monoatomic orbits of the

bhenzene Ting mebacarbons. This corresponds to Tthe uniformity con-
cept of the six intercarbon ponds and to the alternating polarity

in the benzené rings.

T have shown the conformity of the contact penzene formuls
with all experimental chemicel and physical gata. Here I will cite
only vhe compariscn of the contacv benzene formula with the tormulas

of molecules in which the semipolar bond characteristic is beyond

doubts _
',/5$<> O
3 ’D\ ,}}:) oL . 4 //_/
R ‘ 3 127 R—Cyz4°
‘: \"
o O s
e - 13 -
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Tnasmuch as this comparison clearly shows the similarity
between henzene and the indicated molecules both in bond angles
and, particularly, in planar configuration, it can serve as clear
testimony to the semipolar nature of the vbenzene intercarbon bonds
and, consequently, to the accurabeness of the benzene contact

formula,

Thus, the clagssical formula, based on the law of orbit
localization in one or two atoms, appears Lo be the only benzene
formula conforming with the conaitions of both bond uniformity

and alternabing polari by, This deprives the postulate of orbit

delocalization and tne mesomeric resonance theory itself of their
most important support. The nonconformity of the Kekule formula
with the properties of penzene does not indicate the insolvency

of the classical theory, but simply suggests the necessity to

replace Kekule's formula with another classical formula,

The creation of the benzene conbact formula and of obher
similar formulas eliminating the factor of nonconformity of the
propervies of molecules wilth their assigned classical formulas
has necessitated the development of the classical theory into a

tpew structural theory". (3)

The principal traits of the new structural theory is the
esbablishment of the qualitative difference between covalent and
v : \ e oy NS
electrovalent bonds and the conseguent possibility of a nomeopoLd§
electrovalent bond (resulting from the deformation of the elec-
tron shells in oppositely charged.atoms.) The latter concept does

not exist in the minds of the mechanistically thinking followers

-1l -
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4 of glechrons pelonging

of Tngold and Pauling, for whom the concep
Lo the nuclel 18 equivalent o The concept of electron densily Alem
1ated o the nuclels And vetb this concepl finds

vn Bublerov's

Lyioution a8 re
teachings o0 chemi.cal

4n full accord wi

and the classical 1aw of ©

1iseld
it looalization in one oY

gpructures

Yo a.bons whicn define the impossibility of reconciling ghe chemi=
cally un fying interrelations celbween atoms and atons, and petween
glectrons and nuclei witn their power and space 1ntevrelations}
13a,wgﬂmldmmlmmam(ﬁ'mepmm—

The new structural theory
rical and methadologically valid classical wheory of gutlerove
daracterized by

The current gtate of chemical science 18 cl
the opposition of ‘tne mesomeric resonance ‘theoly and the 0ew
le beltween the two ‘theories 1.8

structural theory. Lhe slLTusE
nearing 1ts second sbages For geveral years the patr1otic fol~
lowers of Tngold and Pauling simply defended their theoriese Bub

glves on the

S

R

nowadays retreating step WY step, they find thems
antiquated positions of Thiele's theorye The defense of Tngold's
and. pauling’s theories now mainly assumes the form of a yrabid
athack upon tne nev structural theory. Tngold's and pavling's
o5, however, are doomed TO collaDnse. Their followers

theories,
Lopment

ghould redeem their clumsy errors DY working on the deve
of the advanced, Soviel chemical theory pased on the teachings

of A. M. Bubleroves
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SIONS

CONGLY

(L) 'Yhe insolvency of the classical theory in the forma-
ed B 0 SNk . .
tion(not by 1.U8 Falsity, bub by 108 lack

lation of benzenc is condit
of development. The logical developnent ol the classical theory
inbo a '"‘new sbrucbural gheory" makes it possible to assign to benuene
Lo the above law, and whi.clt satisfies

a "eontact formulal conformi

all physical and chemical experimental dabas
(2) 'The achicvements ot the mesomeric resonance theory in
e of the

the formulation of benzene are illusory. HAs & consequenc
creation of the penzene contact formla, the mesomeric resonance
theory 18 deprived of its main support and loses its pigot bo

eyxistence.
submitted: 25 December 1949

Titerature: (L) G. V. Chelintsev, Notes on organic chemistry theory,

Goskhimizdat, 1949

pp 107 ~11h.

(2) G. V. Chelintsev, ibic.

(3) G. V. Chelinbtsev, ibid. pp B7-119.
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