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Abstract: Application of Hammett equation to structure-redtyicorrelations of a “localized reaction site” éucidat-
ing the reaction mechanisms of several organictimacis a very well-knownphenomenon in physicajamic chemistry
class-room of senior undergraduate and graduaé $wdents. This is a testament of purely chengbainomena. There
were twosuccessful reports in literature on thdiegfon of linear and non-linearHammett equatiorctaim to be physical
property of solubilities of benzoic acids. In thigicle we tried to apply the same to the dipolemants and melting points
of some benzoic acidsand however premature andwedsol
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are many still unsolved applications in this aspeith sev-
eral physical properties such as dipole momentstinge
points, surface tension, viscosities and sevetargphysi-

ralmeta- and para-substituted benzoic acids indrenand €@l Properties as a function of Hammett substituzm-
in cyclohexanel and in 1, 4-dioxane and tetrahyaeaf ~ Stants.Our recent experience in this fiefdnd in the inter-

(THF)2 were studied. Even the application of HammetPretation of Marcus equation (a special type oédinfree
equation to melting points of some benzene devigati €NEr9Y relationship) to eleqtron transfer reac_tmmtveen
were touched and left without any reasonable arglfdbon centered free radicals and aromatic systems
ments3.Katritzky et al gave a one line concludirgueent  Prompted us to take up the title subject and ifspne to
on the application of QSPR models to the meltingtsoof offer any reasonably intelligent explanations. e study
benzene derivatives in terms of molecular packing - of quantitative solubility-structure relationshifis several

termolecular interactions4.The V-shaped locus ire thMeta- and para- substituted benzoic acids in benaed in
Hammett plot was not noticed in the study of effett cyclohexang Hancock et al observed that there was no

substituents on dipole moments of benzoic acidshis ~ Significant correlation between loggXalone or log %
the non-linearity is concluded in terms of poorretation, ~&/0ne with Hammett's. Here X and X; are the solubili-

hence no arguments were offered. In the preseiotearte ties of benzoic acids in benzene and cyclohexaneener
were tempted to apply the Hammett equation to tpelel they observed a linear correlation between log/XX) and

moment and melting point data of benzoic acidsshilltit Hammett'ss. They explained this as a measure of tendency
kept us under skepticism. of the interaction oftelectron cloud of benzene with the

benzoic acid. And the same studies by these péodlet-
dioxane and THF were perfornfeand they have observed
a V-shaped locus when log ¢ ) were plotted against.
Here X% is the solubility of benzoic acids in dioxane and
Xc is from reference 1. Hancock et al had tried tplar
this V-shaped Hammett locus based on the same rexpla

1. Introduction

Quantitative solubility-structure relationships feeve-

2. Discussion

Though lately the application of structure-reacyivdor-
relations in the form of either linear or non-linééammett
equation isnot being observed in chemical litestahere
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tions of change in mechanisms of Wolf-Kishner riacof

ments®. In all the molecules these individual moments are

hydrazone¥ and U-shaped Hammett locus for the rates ofonstant but may not be taken as univéfs@iherefore one

solvolysis and thiosulfate reactions @fchloro tolueneS
for two sets of electron donating and electron eigtwing
of substituents. But it was difficult to make amasonable
explanations due to complexity of several factofsicl
affect the solution processes. Later Schiebld described
this in an article on non-linear Hammett relatidpshas
what appears to be the only physical property ¢ivds a
non-linear Hammett plots. But these are not coreplet
physical properties as the solubility would be action of
ionizing capacity and ionization is a chemical pdp
which depends on the dielectricity of the solvemd & will
be taking place at alocalized ionization site.Tdpts sup-
pcistlgrom the variation of Hammet with solvent polari-

tyt 718

3. Dipole Moments

can conclude that the property of the moleculeerms of
dipole moment is not like a localized reaction eerdut it

is the bulk property of the entire molecule. Thifedence
between electroneagativities of carbon and hydrageso
small, alkanes or any hydrocarbon molecule had sargll
dipole moment. For example the dipole moment okzban

is zerd™If we introduce a substituent with or without hete
ro atom in to the benzene ring the dipole momentlévbe >
0%°. This is because of the charge separation anasotmu
resonance in the entire aromatic molecule. Theeefor
whether the substituent is either electron donatinglec-
tron withdrawing the dipole moments of mono subsid
benzenes ought to be more than that of benzenaugeca
either of the substituents would induce charge rsdijoa in
the benzene ring. As an exanfpehe dipole moment of
toluene is 0.43 D and that of nitrobenzene is 9% is a
general observation that when a substituent inttedun to

To our view it may not be unreasonable to assurae thbenzene ring, having hetero atom other than cadodry-

the dipole moments and melting points to be theelyur
physical properties. The dipole moment is a prgpefta
molecule that results from charge separation wita bond
of a diatomic molecule containing two hetero atdrhs.
larger the difference in electronegativities of the hetero
atoms the greater would be the dipole moment. Hewev
polyatomic molecules it is not possible to meagtee di-
pole moment of an individual bond with in a molegubut

drogen the dipole moment would be even large.Theldi
moment of benzoic acid is again 1.78 Blence the dipole
moments of substituted benzoic acids either wittttebn
donating or electron withdrawing substituents woulel
more than that of benzoic acid itSelBurprisingly there
was a good correlation between dipole moments ofdie
acids with Hammett substituent constants with tiaight
lines one with negative slope for electron donatngsti-

one can measure only the total moment of the midecu tuents and the other with positive slope for elattwith

which is the vectorial sum of the individual bondo-m

drawing substituents (Figure 1).
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Figure 1. Hammett plot: dipole moments of benzoic acidsueHammett's sigma.
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The dipole moments of different benzoic acids aoenf
references 5 and 20. Though the correlation coeffis are
bit away from unity, the trends are unmistakablerefore
the dipole moments are fairly good indications ppleca-
tion of the Hammett equation. We claim this is fivet
observation on the application of Hammett equatimra
physical property like dipole moments.

4. Melting points

Where m is the atomic mass,s the frequency, uis the
average vibration amplitudé&g is the Boltzmann constant,
and T is the absolute temperature.If the threskalde of
u’s replaced by %&’where‘c’ is the Lindemann constant
and ‘a’ is the atomic spacing, then the equatiamielting
point is given by:

T = 4n’mv?c?a?
m kg

@)

On right hand side of equation 2 only the quaritityis

A century ago Lindemann had put forward a theoaktic variable assuming the atomic spacing ‘a’ in a mdkedo

basis to predict the bulk melting point of crystal mate-

be constant and as others are all constants. Therafs

rials?®> According to his theory, the average amplitude ofmolecular mass of a molecule consisting of sevet@ins

thermal vibrations increases with increase in tawipiee.
Melting of the crystalline solidwould start wheretampli-
tude of vibration becomes large enough for adjaaémins

increases the average thermal energy required ¢oysdal-
line substance to melt increases to break more aumb
bonds. Hence among the all the substituted beramis,

to partly occupy the same space. The Lindemannprediun-substituted benzoic acid would have a lower imglt

tion states that melting is expected when the mefn
square vibration amplitude exceeds a thresholdevahe-
cording to equipartition theoréfassuming all atoms in
crystalline substance vibrate with same frequergythe
estimated average thermal energy was given bydltaw
ing equation.

point and other substituted benzoic acids whethey had
electron donating or electron withdrawing substitue
would have higher melting points. Again surprisintiere
was a good correlation between melting points afzbé
acids with Hammett substituent constants with tiaight
lines one with negative slope for electron donatngsti-
tuents and the other with positive slope for etattwith-

_ 2,2 _
E = 4y’ = ke T (1) drawing substituents (Figure 2).
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Figure 2. Hammett plot of log (melting point) of benzoic acigrsus Hammett substituent constant.

The melting points used in this Hammett correlatoa
from ‘Google search Engine’ using the moleculanfola
of each benzoic acid.

It has to be realized that the original Lindemammidel

for vibrational melting, like many of hissuccesSmientists,
refers only to a crystal with the simple structuaystals
containing big molecules exhibit complex vibratiofi$is

may rule out any simple rule of lattice stabiligtermined
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merely by vibrational amplitudes of the moleculenters
of mass. Furthermore, the Lindemann model is based
harmonic forces whereas melting must involve borehk-
ing. This is another serious defect of the modék Gther
defect of the model is that melting is describedeims of
individual atomic property, i.e. mean square araght of
vibration, while a phase transition is a coopegrtbulk
process. In addition, the Lindemann model did notude
the idea of the melting transition must involve theblid
and liquid phases. Nevertheless the predictive esscof
the Lindemann melting criterion lent support to thedief
that melting could be a gradual process, beginmitgin
the solid at temperatures below the melting poiliith
these defects in Lindemann’s theory, it may be pitene to
apply the Hammett equation to the melting pointadadt
we have given a trial for another physical propeftynelt-
ing point.
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