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anticyelonie ecll. This may perhaps account
for some of the rain in the extreme south
Peninsula when a southern depression is pass-
ing fairly near the equator,?

The ‘pulses” or low pressure areas that travel
from the east to feed the southern depression
are not entirely unaffeeted by the secondary of
the  western  disturbanees  over  India,  The
western disturbanee might ‘pull’ the low pros-
sure arvi towards it and delay and occasionally
prevent s crossing  into the southern hemi-
sphere,  Whether the ‘pulse” or low pressure
area would be pulled towards the low of the
western disturbance or 1o the southern depres-
sion depends very much on the relative inten-
sities and positions of the tropical and extra-
tropival depressions. The non-crossing of the
‘pulse’  to the  southern  hemisphere  would
ereate a cbreak' in the monsoon there, weaken
the depression and might sometimes kil or
allow the depression to recurve®

In the event of the western  disturbance
‘pulling’ the low prossure area from the east
to west even temporarily, the anticyelonic cell
would onee again be developing,  The stream
WSD which leaves the easterlies PQ is gaining
in latitude and sometimes would cause weather;
to the west of the anticyelonie eell there could
e weather  due to o latitudinal  convergence,
But if it happens that the Jow pressure area
or Cpulset is not allowed to cross the equator
at all, then there would by a general flow of
the stream PQ along SD. In such an event,
the resulling convergence would be more pro-
nounced and the rainfall due to the secondary
of the particutar western  disturbance  which
gels this feed would be greater than usual®
Such a contingeney  (the Cpulse’ or the low
pressure  area not erossing to the  southern
hemisphere) can arise if the southern depres-
sion was {iHing up or recurved to an casterly
direetion,

On the other side of the developing  anti-
eyelonie cell CR, there wonld again be stability
i the air along the region and the casterly
side would be dry, (Rao Bahadur M. G Subrie
mention i belief held in

manyam  used  to Id i
Rajputana that  there would be ne rain in
North Rajputana in winter so long as there

wits rain o 8. Madras, and it iy likely that
the above is an explanation,)

Henee it follows

(1) When there s a eyelonie storm in the
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South  Indian Ocean  moving  from
cast 1o west and it is expected o con-
tinue strong or intensify and expectod
to relain a westward motion, it is safe
to tone down the amount of rain due io
a western disturbanee in Upper India
(the longitudinal separation must not
be too much between the  eyelonie
storm and the western disturbance),

() When the southern  eyelonie storm  in

the S, Indian Ocean s expected to il
up or recurve  lowards  an o casterly
direction and the ‘pulses’ or low pres-
sure areas Dromy the  cast  continue
strong north of the equator, the west-
ern disturbanee  gives more rain than
usual,

A similar eriterin can be used  at other
places.  When the NLE. Trades (in the northern
hemisphere)  which  have had a sea  fravel
continue to be strong, the extra-tropical de-
pression ®just  above that  latitude would  be
more active or Jess active according as  the
N.E. Trades feed into or away from the depres-
sion,  The extreme case of the situation is a
recurved  iropical eyelonie  storm, whiclhh  can
give abundant rain or weather,  The cyclonie
storm recurves when the equatorial maritime
air isocul off and  the storm is guided by
an extra-tropical depression in o higher lati-
lude. I other words, the reeurved depres-
sion can be considired as a secondary of the
extra-tropical  depression,  which  has had
good NI Trades feed. Sueh g eriterion would
he particularly useful in the Pacific Ocean,
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THE MILLS-NIXON EFFECT
By S8 V. ANANTAKRISHNAN
{(Department of Chemistry, Madras Chrigtian College, Tumbaram )

A GROUP  of observations by Mills  and
Nixon®® on substitution in ihe aromatic
part of hydrindene led them to postulate a
“fixation” of the bonds.  Sinee then several
other instances of a similar nature have been
reported by other workers .m0 Both  ex-
perimental and theoretical investigations have
been reported and Rangaswami and Seshadri=t

have given a fairly comprehensive account of

the experimental side,

The main lines on which the experimental
investigations have proceeded make use of one
or other substitution reaction in the aromaotic
part of a4 mixed system,  In dreawing conelu-
siong from  these  observations, however, one
annot ignore the Bmitations of all interpreta-
tions based only on chemical reactions,  This
is clearly brought out by an analysis of the
mechanism  of the reaclions that have been
used. The principal reactions that have been
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used . are the following: (1) Bromination,
(2) Nitration, (3) Ozonolysis, (4) The Claisen
Rearrangement, (5) The Fries Reaction, (.6)
The Gattermann Reaction, (7) Coupling with
Diazonium Salts and (8) Condensations 1n the
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obvious that the configuration of 'tl'-m aromatic
system in the presence of a polarising field as
at the instant of recaction cannot be the same
in the absence of such a field.

3. The mechanism of ozonolysis in the case

presence of Aluminium Chloride. i of poly-cnes is  still fax fr'Qm tsz_x?mf:_xf:.t(?r.x}y
The results of the experimental investiga- established. Bcsults based on his vxc.‘_u,tmn
tions are summarised in Table I cannot, therefore, be considered unequivoenl
TagLE I
Experimental Evidence of Fixation
Ring system Reaction used Results Refermee
I
Benzene 3,4,5,8 Bond fixation | Lavine and Cole!?
Daker®
Baker and Lothian?
Naphthalene 4,7 Kvidence both for and (‘l_uisn-n‘"
and Halogen reactivity against fixation of honds !t‘.rms” .
Tetralin Skraup Synthesis I“;c.s‘t:r andl “l,mhrnp'“
Marckwald *!
vanBraun amd Gritha®?
Flydrindene 1,2,3,7 ditto Dorsche amd  Bodenstein®
Armold and Kvans?
Tieser!?
Muacleish and (j:nnylmll"'“
Sandin and Ivans®®
Fluorene 1,2,4,5 Little fixation of honds Anantakiishoan & Iuphes?
Bergmann and Berlin®
TLothropt
Coumarins and 4,5 Bond fixation Baker and Lothian?
Chromones Limaye
Arnthracene 1,7 IEvidence both for and Iricgtd
‘ against bond fixation Fieser and Lothrop!®
Fhenanthrene 4,17 Bond fixation Fieser, Young and Newman'?
Smith#!

Taking the reactions in the order given, the
position can be summarised as follows :—

1. The essential feature of bromination is.

that the reagent is the polarised molecule
which behaves as an electrophilic reagent and
a bromine atom is transferred as a positive ion
with a sextet of electrons. The transition state
even in the simple case of benzene involves
contributions by seven valence bond struc-
tures.33 A study of the reaction at higher
temperatures have shown that the relative
amounts of isomeric substitution products vary
to a considzrable extent.3* The peroxide effect
is another complication in polynuclear sys-
tems.28 Any conclusions based on this reaction
can at best be an approximation representing
the position under the conditions of the ex-
periment,

9. The usual experimental conditions for
nitration conform to the initiation of attack by
an electrophilic reagent and the conditions for
the influence of groups should be analogous to
the first reaction. The principal mechanisms
that have been postulated for this reaction
involve either an addition of nitric acid to the
double bond in the aromatic part2® or initia-
tion of attack by the nitronium ion NO,+.18
Kinetic studies as well as the physical proper-
ties of solutions of nitric acid under the usual
conditions for the reaction are quite consistent
with attack by the nitroniumion. The transition
state here should involve an even more com-
plex system_than bromination, Further, it is

cvidence for bond [(ixation.

4. The migrations of groups to the ortho-
position have bien used to a considerable
extent. The Claisen rearrangement appears to
have becn used not a little because of the ap-
parent absence of catalylic influences. The
u{xde{sn‘able side reactions in the case of ethers
of higher boiling point and the better yields
with reduced polymerisation during rearrange-
ment when basic solvents are used indicate the
complex nature of the problem. The distinet
differences noticeable between rearrangements
involving the allyl group and of alkyl groups
bring out the special features of the allyl group
which should be taken into account in using
ph1s reaction as evidence for bond-fixation,
The para rearrangement seems to require an
intermolecular mechanism. Further investiga-
tion is clearly needed before one can consider
the m_terp_r_efgatl(_)ns as a correct picture. Subject
to this limitation, the reaction gives us an
indication that bond-orders in the aromatic
part of the mixed system or in a substituted
benzene are probably not the same in the six-
membered ring.

5. The Fries reaction differs from 4 in that
the migrating group is an acyl, and definitely
requires a catalyst. The relative unreliability
of this reaction as a criterion for bond fixation
is r‘eadlly seen from the fact that the nature
of the product is dependent on the structure
of the ester, the temperature of the reaction
the solvent used and the proportion of the
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atalyst used.! Existing data are inadequate in
fixing a single mechanism; some of the mecha-
nisms  that have been proposed ireat the re-
action as an intermolecular one while others
malke it oul to be an intramolecular one,  The
mechanistic uncertainty also reduces the value
of this as a criterion for boned fixation,

6. The modified Gattermann reaction  has
heen used in very few cases at bhest as a con-
firmatory test and with the meagre data no
generalisation is possible.

7. Fieser and co-workers have used the
coupling reaction with a number of compounds
as a specilic reaction for establishing bend
fixation. If one can assume that Meyer's
mechanism of coupling reactions of the diazo-
nium  compounds, is the correct one there is
some justification in assuming Fieser's inter-
pretation as a probable correct pleture.  The
mechanism  of these reactions has not been
taken out of the fleld of controversy and it is
necessary to examine if a diffcrent explanation
of the observations is nol possible. It should
be stated, however, that of all the chemical
evidenee adduced in favour of the concept of
bond-{ixation this reaction is the one with the
maximum degree of consistency.

8. These condensation reactions are of too
complix a natwe to be of much significance
for diagnostic purposes al present.

In addition to these reaclions physical mea-
surements have also been pressed inlo service

to  elucidate the problem  under discussion.
These  include  dipole moments, 3 dissociation
comstants  of  acids,t  oxidation-reduction  po-

tentials® and measurements of bond distanees, 19
The first three have been used essentially as
methods of comparative study and the resulls
have not turned out {0 be very conclusive, The
measurement of bond distances has not been
very helpful either and the values obtained
have been pgenerally against any fixation of the
double bonds in a specified position.

Before discussing the experimental facts, it
is necessary to consider the theoretical treat-
ment of the problem. Two different approaches
have becn made, one by Pauling and Sutton-?
and the other by Longuet-Iiggins and Coul-
son.'"  Both treat only the specific example of
hydrindene and  the (inal results  are  guite
different.  The concept of Mills and Nixons®
that the angles between two single bonds in
benzene are different from that between the
two double bonds which formed the basis of
their suggestion of bond fixalion is 1o some
extint at the background of the treatment hy
the carlier authors. In setting up the secular
equation for the wave-functions, Pauling and
Sutton ignore the excited structures and con-
sider only the relative contribution of the
Kekule forms, the matrix clements including
the angle between the ortho-valencies and a
bending force constant.  The secular equation
is solved by assuming that the value of the
bending force constant for the C-C bond is the
same as that of the C-H bond in HCN and a
ratio of ~the cocfficients of the two Kekule
structures is calculated to be about 1-05.
Using this value, the ratio of the raies of sub-
stitution in positions 4 and 6 in hydrindenc is
derived and the values of the yield are found
to be in accord with the experimental observa-
tions of Mills. (loc. cit.).

Longuet-Higgins and Coulson treat the prob-

-
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mothod ol molecular orbitals. A
dilTerence in their treatment of
the problem lies in the assumptions in evaluat-
ing valence angles and bond Torces that all
the aromatic bonds are of one fixed tength, all
other carbon-carbon bonds are of o different
fixed length, and the cenergy {o form the
valenee angle at a teigonal carbon is the same
whether  the  linked atoms  are  earbon  or
hydrogen.  The total energy of the eleetrons is
caleulated by the method of Lennard  Jones
and  the resonance  integral is obtained as a
function of the bond lengths and the foree con-
stands ol the single and double carbon-carbon
bonds,  In the absenee of standard values of
the angular deformation  constants necded in
the caleulations of the stresses invoelved, the
value has beon caleulated assuming the assigne
ment of the [requency in the propane mole-
cule and treating the system as o non-linear
triatomic molecule XY, In a similar manner,
the deformation constant for a trigonal car-
bon has been obtained by o comparison of {he
binding  frequeney  of  propane with that of
propylene. A result of the analysis by these
authors lead 1o the observation:  “Henee we
must  abandon  the idea {hat the  4<bondin
hydrindene s of a  highoe order than the
3=honds and look elsewhere for an explanation
of the greater reactivity of the 6= than 4=-posi-
tion in hydroxy hydrindene”

[t s interesting to reeall here the difficulty
in reconciling the eleetron diffraction resulls of
Kossinkoff  and  Springall'®  with  {he  dipole
moment obscervations of Sidgwick and Springall.
It has bheen found necessary to abandon the
hypothesis of the addilivity of bond moments
and to postulate additional resonance stales in
order to accounl for {the apparent  diserepan-
cies.

Boefore we can take up the question of & pos-
siblo explanation for the experimental observie
tions, attention should also be drawn to Baker's
aliservations on  chelation which have played
nol an insignitiecant part on {his subjeet of bond
fixation, The strength of this evidenee depends
essentially on the uneconseious assumplion of a
covalency  of two for hydrogen,  When one
recognises  that the hydrogen bond  whether
intermoleceular or intramolecular s essentinlly
an ionic bond and a chelate ring ean be cone
sidered as a mobile electron system, this turns
out. to be of doubtful value in trealing any
hond  system of Ahe type under congideration
as a static system. The quostion again be-
comes quite an open one,

s possible {0 account for the dilferent
observations  withoul  postulating  any  bond
fixation, Attention has been drawn early in
this account to the limitations of caeh of the
reactions that have been vsed,  Any ecxplina-
tion must {nke into account the nature of the

lem by the
fundamental

reaction and whether one approaches the prob-

lem from the collision theory or the transition
state theory, the factors of diagnostiec interest
in the raty constant cquation are the freguency
factor and the energy of activation,

The paucity of accurate kinelie data pre-
cludes any quantitative analysis bul an  ap-
proximate compulation may none-the-legs be
atlempted. The substitution  reactions  that
have been used may be expeeted to require an
encrgy of activation of the order of 20 kilo-
calories, the wvalues being different for the



