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anticycloni¢ cell. 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 iravel
from the east to feed the southern depression
are not entirely unaffected by the secondary of
the western disturbances over India. The
western disturbance might ‘pull’ the low pres-
sure area towards it and delay and occasionally
prevent its crossing into the southern hemi-
sphere, Whether the ‘pulse’ or low pressure
area would be pulled towards the low of the
western disturbance or to the southern depres-
sion depends very much on the relative inten-
sities and positions of the tropical and extra-
tropical depressions. The non-crossing of the
‘pulse’ to the southern hemisphere would
create a ‘break’ in the monsoon there, weaken
the depression and might sometimes kill or
allow the depression to recurve.®

In the event of the western disturbance
‘pulling’ the low pressure area from the east
to west even temporarily, the anticyclonic cell
would once again be developing. The siream
QSD which leaves the easterlies PQ is gaining
in latitude and sometimes would cause weather;
to the west of the anticyclonic cell there could
bhe weather due fo latitudinal convergence.
But if it happens that the low Dpressure area
or ‘pulse’ is not allowed to cross the equator
at all, then there would be a general flow of
the stream PQ along SD. In such an event,
the resulting convergence would he more pro-
nounced. and the rainfall due to the secondary
of the particular western disturbance which
gets this feed would be greater than usual.®
Such a contingency (the ‘pulse’ or the low
pressure area not crossing to the southern
hemisphere) can arise if the southern depres-
sion was filling up or recurved to an easterly
direction. *

On the other side of the developing anti-
ceyclonic cell CR, there would again be stability
in the air along the region and the easterly
side would be dry. (Rao Bahadur M. G. Subra-
. manyam used to mention a belief held in
Rajputana that there would be no rain 1in
North Rajputana in winter so long as there
was rain in S.E. Madras, and it is likely that
the above is an explanation.)

Hence it follows: _ _

(1) When there is a cyclonic storm in the
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South - Indian Ocean moving from
east to west and it is expected to con-
tinue strong or intensify and expecied
to retain a westward motion, it is safe
to tone down the amount of rain due to
a western disturbance in Upper India
(the longitudinal separation must not
be itoo much between the cyclonic
storm and the western disturbance).

(2) When the southern cyclonic storm in
the S. Indian Ocean is expected to fill
up or recurve towards an easterly
direction ard the ‘pulses’ or low pres-
sure areas from the east continue
strong north of the equator, the west-
ern disturbance gives more rain than
usual,

A similar criteria can be used at other
places. When the N.E. Trades (in the northern
hemisphere) which have had a sea {ravel
continue to bhe strong, the extra-tropical de-
pression just above that Ilatitude would be
more active or less active according as the
N.E. Trades fezd into or away from the depres-
sion. The extreme case of the situation is a
recurved tropical c¢yclonic storm, which can
give abundant rain or weather. The cyclonic
storm recurves when the equatorial maritime
air is cut off and the storm is guided by
an extra-tropical depression in a higher lati-
tude. In other words, the recurved depres-
sion can be considzred as a secondary of the
extra-tropical depression, which has had a
good N.E. Trades feed. Such a criterion would
be particularly useful in the Pacific Ocean,
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THE MILLS-NIXON EFFECT
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of observations by Mills and
on substitution in the aromatic
part of hydrindene led them to postulate a
“pwation” of the bonds. Since then several
other instances of a similar nature have been
reported by other workers 641214 Both ex-
psrimental and theoretical investigations ha}ie
been reported and Rangaswami and Seshadri-f
have given a fairly comprehensive account of
the experimental side,

A GRQUP
Nixon??

The main lines on which the experimental
investigalions have procceded make use of one
or other substitution reaction in the aromatic
part of a mixed system. In drawing conclu-
sipns from thesc observalions, however, one
cannot ignore the limitations of all nterprcta-
tions based only on chemical reactions. This
is clearly brought out by an analysis of the
mechanism of the reactions that have been
used. The principal reactions that have been
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used are the following: (1) Bromination,
(2Y Nitration, (3) Ozonolysis, (4) The Claisen
Rearrangement, (5) The Fries Reaction, (8)
The Gattermann Reaction, (7) Coupling with
Diazonium Salts and (8) Condensations in the
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ohvious that the configuration of the aromatic
system 1n the presence of a polarising field as
at {he instant of reaction cannot be the same
In the absence of such a field,

3. The mechanism of ozonolysis in the case

presence ©of Aluminium Chloride. of poly-enes is still far from satisfactorily
The results of the experimental invesfiga-  established. Results based on this reaction
{ions are summarised in Table 1. cannot, therefore, be- considered unequivocal
TABLE I
Experimental Evidence of Fixation
| |
Ring system Reaction used Results , Reference
Benzene 3. 4,56, 8 Bond fixation " Levine and Colel?
BakerS
Baker and IL.othian?
Naphthalene . 4, 7 Evidence both for and Claiseni®
and Halogen reactivity | against fixation of bonds| Fries!?
Tetralin Skranp Synthesis Fieser and Lothrop'?
Marckwald?®?
vanBraun and Griiber??
Hydrindene 1,2,3,7 ditto Borsche and odensteip®
| Amoid and Evans?
Fieserl?
Macleish and Campbel) 2¢
Sandin and Evans®t
Fluorene 1,2,4,5 Little fixation of bonds Anantakiishnan & Hughes®
Bergmann and Berlin®
Lothrop??
Coumarins and 4, 5 Bond fixation Baker and Lothian?
Chromones Limaye
Anthracene 1,7 Evidence both for and | TFriegl4
apainist bond fixation Fieser and Lothropl?
Fhenanthrene 4,7 Bond fixation Fieser, Young and Newman??
Smith3d
|

L

Taking the reactions in the order given, the
pasition can bhe summarised as followsi—

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 fransferred 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.23 Any conclusions based on this reaction
can at best be an approximation representiing
the position under the conditions of the ex-
periment, .

2  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 ftc
the first reaction. The principal mechanlsms
that have been postulated for this reaction
involve either an addition of nitric acid to the
double bond in the aromatic part?s or initia-
tion of attack by ihe 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 consxs-tgent
with attack by the nitroniumion. The transition
state here should involve an even more COm-

plex system than bromination. Further, it is

evidence for bond fixation.

4. The migrations of groups to the ortho-
position have bi:en used to a considerable
extent. The Claisen rearrangement appears ta
have been used not a little because of the ap-
parent absence of catalytic influences. The
undesirable 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 distinct
differences noticeabhle 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
this reaction as evidence for bond-fixation,
The para rearrangement seems to require an
intermolecular mechanism. Further investiga-
tionn is clearly needed before one can consider
the interpretations as a correct picture. Subject
to this limitation, the reaction gives us an
indication that bond-orders in the aromatic
parf 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 readily secpn from the fact that the nature
of the product is dependent on the structure
0f the ester, the temperature of the reaction,
the solvent used and the proportion of the
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catalyst used.! Existing data are inadeguate in
fixing a single mechanism; some of the mecha-
nisms that have been proposed treat the re-
action as an intermolecular one while others
make it out {o be an intramolecuylar one, The
mechanistic uncertainty alse reduces the value
of this as a criterion for bond fixation.

8. The modified Gattermann reaciion has
been used in very few cases at best as a con-
firmatory test and with the meagre data no
generalisation is possible. -

7. TFieser and co-workers have Uused the
coupling reaction with a number of compounds
as a specific reaction Ifor 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 Jjustification in assuming Fieser's inter-
pretation as a probable correct picture. The
mechanism of these reactions has not been
taken out of the field of controversy and it is
necessary o examine if a different explanation
of the observations is not possible. It should
be stated, however, that of all -the chemical
evidence adduced in favour of the concept of
bond-fixation this reaction is the one with the
maximum degree of consistency.

8. These condensation reactions are of too
complex @ nature to be of much significance
for diagnostic purposes at present.

In addition te these reactions physical mea-
surements have also been pressed into service
to elucidate the problem under discussion.
These include dipole moments,3¢ dissociation
constants of acids,# oOxidation-reduction po-
tentials® and measurements of bond distances.1®
The first three have been used essentially as
methods of comparative study and the results
have not turned out to be very conclusive. The
measurement of bond distances has not been
very helpful either and the values obtained
have been generally against any fixation of the
double bonds in a specified position.

Before discussing the experimenfal ifacis, it
is necessary to consider the theoretical {reat-
ment of the problem. Two different approaches
have been made, one by Pauling and Sutton24
and the other by Longuel-Higsins and Coul-
son.18 Both treat only the specific “example of
hydrindene and the final results are quite
differznt. The concept of Mills and Nixon=2
that the angles- between two single bonds 1n
benzene are different from that between the
two double bonds which formed the basis of
their suggestion of bond fixation is to some
ext:nt at the background of the treatment by
the earlier 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 elements inciuding
the angle between the ortho-valenclies and a
bending force constant. The secular equation
is solved by assuming that the walue of the
bending force constant for the C-C bond 1s the
same as that of the C-H bond in HCN and a
ratio of *the cocefficients of the two Kekule
structures is calculated to be about 1-00.
Using this value, the ratic of the rates of sub-
stitution in positions 4 and 6 in hydrindene is
derived and the wvalues 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-

3
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lemm by the method of molecular orbitals. A
fundamental difference 1n their treatment of
the problem lies in the assumptions in evaluat-
ing wvalence angles and bond forces that all
the aromatic bonds are of one fixed Iength, all
other carbon-carbon bonds are of a different
fixed length, and the e€nergy to form the
valence angle at a irigomal carbon is the same
whether the linked atoms are carbon or
hydrogen, The total energy of the electrons is
calculated by the method of Lennard Jones
and the resonance integral 1s obtained as a
functlon of the bond lengths and the force con-
stants of the single and double carbon-carbon
bonds. In the absence of standard wvalues of
the angular deformation constants needed in
the calculations 0f the sfresses involved, the
value has bez:n calculated assuming the assign-
rment of the frequency in the propane mole-
cule and treating the system as a non-linear
triatomic molecule XY,. In a similar manner,
the deformation constant for a trigonal car-
bon has been obtained by a comparison of the
bending freguency of propane with thal of
propylene. A resull of the analysis by these
authors lead to the observation: “Hence we
must abandon the idea that the 4-bondin
hydrindene 1s of a higner order than the
3-bonds and look elsewhere for an explanation
of the greater reactivity of the 6~ than 4-posi-
tion iIn hydroxy hydrindene.”

It 1s interesting to recall here the difficuliy
in reconciling the electron diffraction results of
Kossiakoff and Springall'® with the dipole
moment observations of Sidgwick and Springall.
1t has been Iound necessary to abandon the
hypothesis of the additivity of bond moments
and io postulate additional resonance states in
order to account for the apparent discrepan-
cies,

Before we can take up the question of a pos-
sible explanation for the exXperimental observa-
tions, attention should also be drawn to Baker’s
observations on chelation which have played
not an insignificant part on this subject of bond
fixation. The strength of this evidence depends
essentially on the unconscious assumption of a
covaleney of fwo for hydrogen. When one
recognises that the hydrogen bond whether
intermolecular or intramolecular is essentially
an ionic bond and a chelate ring can be con-
sidered as a mobile electron system, this turns
out to be of doubtful value in treating any
bond system of the type under consideration
as a static system. The question again be-
comes quite an open one.

It is possible to account for the different
observations without postulating any bond
fixation. Atlention has' been drawn early in
this account to the limitations of each of the
reactions that have been used. Any explana-
tion must fake into account the nature of the
reaction and whether one approaches the prob-
lem from the collision theory or the transilion
state theory, the factors of diagnostic interest
in the rate constant equaticn are the {frequency
factor and the energy of activation.

The paucily of accurate kinetic data pre-
cludes any quantitative analysis but an ap-
proximate computation may noene-the-less be
attempted, The substitution reactions that
have been uscd may be expocted to require an
encrgy of activation of ihe order of 20 Xkilo-
calories, the wvalues being different for the
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different positions—ortho-, meta~, para-, ete.
It can be shown that even a small difference
in the activation energy of 3 per cent. will
lead to difference in rate of substitution of
more than a power of 10. This in turn will
be reflected in the yield of the product. Com-
bined with the normal errors in the estimates
of yield in an average preparation of an organic
compound, secondary products of a side re-
action can be readily missed if the proportion
is small, as will be the case here. One can
legitimately conclude, then, that the experi-
mental observations and theorefical require-
ments of the systems of the type of hydrindene
do not require a static picture of the type
postulated by Mills and Nixon. The fusion of
a saturated ring to an aromatic system need
not necessarily Involve any appreciable change
in the bond angles or in the bond distance of
the common bond. The relative ease of substi-
tution can be readily accounted for by a consi-
deration of the polarising force of the. substi-
tuents as well as the reactant molecules, There
is no doubt that further investigation and ac-
curate data are needed for a full appreciation

of the problem.
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GEOMAGNETIC STORMS

FOMAGNETIC activity during the quarter
January-March 1947 was on the Increase

as compared with the previous quarter. Some
details of the geomagnetic disturbances recorded
at the Alibagh Magne'tie Observatory during the
quarfer January-March 1947 are given in the
following table in which t, and t represent the
time (I.8.T.) of commencement of the disturb-

ance and its intense phase respectively, and
T the duration of the intense phase expressed
in hours. The ranges in the three different
elements (D, H and V) of the earth’s magnetic
field have also been given, D, in minutes of arc,
H and*V in ¥ where 1v=10—% gauss, The
maximum k-index recorded during the disturb-
ances have also been given.

— T |I y {
| Range
Date fo t T — — Ky Nature of
D H | V commencement
— - —
1947 h. m. h. m. brs. min, \ X
January, 8 57 8 57 5% 5-8 153 58 6 Sudden
16-17 on 16th
Yanuary, About 10 21 7 5.8 258 64 6 Gradual
2427 10 - GO on 28th
Febraary, 8 29 | 15 38 9 o+1 366 88 R Sudden
16-17 on 16th
March, 9 29 13 45 7 78 434 77 8 Sudden
23 on 2nd \ ‘
March, Al aut 11 30 12 4.1 330 45 8 Gradual
890 11 30 on 8th
March 10 14 12 14 12 8 4+6 199 39 6 Sudden




