
NOTES

to inductive effect. Therefore,- though the con-
centration of aggregates formed between unlike
molecules in these two systems may be equal to
the corresponding units in THF + phenol sys-
tem, the strength of hydrogen bridges in the
latter system would be greater than those in mix-
tures of the two cresols with THF. Such differ-
ences in the strength of hydrogen bonds would
be 'expected to produce smaller contraction in
volume in the mixtures of eresols with THF.
The observed values of VE support the above
reasoning.

The excess volumes of the five binary mixtures
of phenols with cyclohexanone (Table 1) show that
VE values are negative over the whole range of com-
position. These excess volumes indicate that the
breakup of hydrogen bonds in phenol polymers is
accompanied by hydrogen bond association between
cyclohexanone and phenols, and that hydrogen
bond association between the unlike molecules are
stronger than those in phenol polymers. This con-
clusion lends support to the postulates employed
to interpret the VE data of mixing of phenols with
THF. The IR data reported by Singurel et al.8
support the postulate that hydrogen bonds are
formed between molecules of phenols and cycle-
hexanone.

The values of VE in equimolar mixtures (Table 2)
fall in the order: o-chlorophenol> phenol> a-cresol
> p-cresol > p-chlorophenol. The order is similar
to that observed in mixtures of THF with the
five phenols. This shows that the individual
phenols behave identically in solvents containing
donor oxygen atoms. However, the negative VE of
the mixtures of phenols with cyclohexanone are
smaller than those observed in the mixtures of
phenols with THF (Table 2). This difference
shows that cyclohexanone is a weaker donor
than THF. This conclusion is supported by the
IR data reported by Singurel et al.8 and Sellier
et al.9• According to the first group of workers the
shift \lOH of phenol in cyclohexanone is 238
crrr" while the second group of workers reported
a value of 285 crrr? for the "OH of phenol in
THF. The smaller value in the former case shows
that cyc1ohexanone is a weaker electron donor
than THF.
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The velocities of ultrasonic waves in the solutions of
p- and o-hydroxybenzoic acids in dioxan and in those
of benzoic acid in benzene for several concentra-
tions are measured and their adiabatic compressibi-
tities calculated. The compressibillties for the
solutions of p-, o-hydroxybenzoic acids in dioxan show
initially a decrease with increase of concentration,
attain a minimum value and then show an increase
whereas for the solution of benzoic acid in benzene,
the compressibility shows an increase with increase in
[benzoic acid]. These results indicate that there is a
formation of intermolecular hydrogen bonds between
the p-, and o-hydroxybenzoic acid and dioxan mote-
cules whereas for the solution of benzoic acid in ben-
zene there is no formation of such: hydrogen bonds>
In addition, the compressibility is lowered to a greater
extent in the solutions of p-hydroxybenzoic acid in
dioxan, than for the solutions of o-hydroxybenzolc acid
in dioxan, thereby indicating that the intermolecular,
hydrogen bonds formed are stronger in the former
than in the latter. This is due to the fact- that 0-

hydroxybenzoic acid is a chelated hydrogen bonded
compound whereas p-hydroxybenzoic acid is non-:
chelated. These studies suggest the possibiUty that-
the velocity of - ultrasonic waves may- be used:
as a means to distinguish between the chelated
hydrogen bonded compounds and the rionchelated ones. :

IT was reported- that electric polarization of the
solution of benzoic acid in dioxan increases with

concentration in the range 0·06 to 0·09 mole fractions
and that the increase is due to some kind of associa-
tion phenomenon involving .the formation of
hydrogen bonds between benzoic acid and dioxan
molecules. Our recent studies- on the velocity of
ultrasonic waves in the solution of :benzoic -acid in:
dioxan showed that the increase in polarization in
the above concentration range was' due to the
formation of hydrogen bonds between oxygen atom:
of the dioxan molecules and the carboxylic group
of the benzoic acid whose dimer form is' broken by
the dioxan molecules. In would be interesting to
see whether such an effect exists .in the solution of
o-hydroxybenzoicacid in dioxan as o-hydroxybenzoic
acid is a chelated compound involving the formation
of intramolecular hydrogen bonds. Such a chelation
does not occur in p-hydroxybenzoic acid, which is
a position isomer of o-hydroxybenzoic acid and the:
intermolecular hydrogen bond formation in the
solutions of o-hydroxybenzoic acid -and p-hydroxy
benzoic acid in dioxan are likely to be different. - In
this note, the velocities of ultrasonic waves were
measured in solutions of various concentrations of
o-hydroxybenzoic acid in dioxan and p-hydroxyben-
zoic acid in dioxan with a view to studying the
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Fig. 1 - Plot of compressibility versus concentration in
mole fraction

difference in the intermolecular hydrogen bond
formation between the two position isomers. These
velocities were also measured in solutions of
benzoic acid in benzene, where there is no
possibility of intermolecular hydrogen bond
formation between the benzoic acid and benzene
molecules.

Chemically pure samples of benzoic acid, 0-, and
P-hydroxybenzoic acids, dioxan and benzene were
used in the present study. Solutions of benzoic
acid in benzene, p-hydroxybenzoic acid in dioxan
and a-hydroxybenzoic acid in dioxan of different
mole fractions in the range 0·06 to 0·20 were
prepared. The ultrasonic velocities in the above
solutions were determined using optical diffraction
methods. As these solutions are electrically con-
ductive, there is a possibility of short circuiting the
electrodes attached to the crystal through the
liquid. This is avoided by constructing a glass
trough with two compartments separated by a thin
membrane. . The experimental liquid is taken in
one compartment and the other is filled with water.
The elctrodes and the crystal were well immersed
in the water compartment neat the membrane. The
frequency of ultrasonic waves used was 4 MHz.
Taking water as a standard, the velocities (V) in the
above solutions of different mole fractions were
measured to an accuracy of ± 3%. The measure-
ment of' velocity of the ultrasonic waves were
made at a temperature of 30°C. The adiabatic
compressibility (~) was calculated using the for-
mula ~=(V2f>tl where P is the density of the solution
which was determined by using a specific gravity
bottle; .

The results of the experiment are shown in Fig. 1.
In the case of benzoic acid in benzene, the compres-
sibility is increasing with concentration thereby
indicating the weakening of the intermolecular forces
as there is no 'possibility of forming hydrogen bonds
within the system. It is observed that in the
solution of p-hydroxybenzoic acid in dioxan, the
compressibility decreases and attains a minimum
value at the mole fraction 0·0952. This phenomenon
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is analoguous to the behaviour of the solution of
benzoic acid in dioxans and it is interesting to note
that. the minimum value of compressibility is
attained at almost the same concentration in both
t~e. ~ystems. The sud~en decrease in the compres-
sibility may be attnbuted to the formation of
hydro~en ~onds between. the monomer p-hydroxy-
benZOIC acid and the dioxan molecules. The in-
crease in compressibility above the mole fraction
0·0952 has already been explained for the case of
benzoic acid in dioxan- and the same explanation
appe?Is t.o be val~d for the c~se of p-hydroxybenzoic
ac~d II?-dlO~an. III the s~lutIon of o-hydroxybenzoic
acid In dioxan, there IS a gradual decrease in
compressib.ility ~ith a tendency to increase at higher
concentrations In contrast to the solution of
p-hydroxybenzoic acid in dioxan where there is a
sudden decrease in the compressibility followed by
a sudden increase (Fig. 1). The results further show
~hat the compressibility is lowered to a greater extent
In the case of p-hydroxybenzoic acid in dioxan than
in the solution of o-hydroxybenzoic acid in dioxan.
This can be understood by recognizing the fact that
o-hydroxybenzoic acid is a chelated compound form-
ing strong. intramolecular hydrogen bonds and,
hence, the Intermolecular bonds formed with dioxan
are likely to be weaker. As p-hydroxybenzoic acid
is. not. chelated, it forms stronger hydrogen bonds
WIth dioxan and hence the compressibility is lowered
to a greater ext.ent i!l this case. Melting points of
p-hydroxybenzOlc acid and o-hydroxybenzoic acid
~re. 213°C and 159.oC respectively and this clearly
~ndIca~es that the In.termolecular hydrogen bonding
involving the formation of dimers is stronger in the
case ~f p-~ydroxy benzoic. acid than in o-hydroxy-
?enZOlCaCId: The sudden Increase in compressibility
In the solution of p-hydroxybenzoic acid in dioxan
abov~ the molefraction 0·0952 as compared to the
solution of ?-hydroxybenzo.ic acid may be explained
by postulating that the dioxan is unable to break
the .s~rong dimers of P-hydroxybenzoic acid so that
additional monomers are not available to form
hydrogen bonds with dioxan molecules as in the
case of benzoic acid and dioxane. For o-hy-
droxybenzoic acid the dimer hydrogen bonds
are w~ak and henc~ they are easily broken and
there IS a gradual Increase in the compressibility
above the mole fraction of 0·0952. These obser-
vati.ons lend further support to those reported
earlier-,
'. ~hese ultrasonic studies suggest that compressi-

bility may be used as a means to distinguish the
chelated hydrogen bonded compound from the non-
chelated.
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