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ABSTRACT

This work describes the thermodynamic investiga-
tions carried out on some surfactants in aqueous solutions.
The compounds chosen for the present study were sodium
decanoate, sodium dodecanoate, sodium dodecyl sulfate,
and some lower members of the sodium carboxylate series
viz,, sodium formafe, sodium acetate, sodium propionate,
and‘sodium butyrate. The thermodynamic paraméters
de termineq experimentally were the inté gral enthalpies of
solution at infinite dilution, from which the heat
capacities of dissolution values were evaluated. An
isoperibol submarine calorimeter was employed for detefmi-
nation of integral énthalpy of solution,

| The integral enthalpies of solution at infinite
dilution, AH(S’, of sodium decanoate, sodium dodecanoate,
and sodium dodecyl sulfate in water were determined at
various temperatures from 288.15 to 338,15 K, The heat
capacities of diséolution? ACS, of these solutes in
water at various temperatures were computed from AH‘S’
values. The ﬁcg values thus obtained were combined with
the estimated values of intrinsic heat capacity, C.

P1N

and of heat capacity of pure solute, C; , o obtain the
- 2
partial molal heat capacities, Cg , and the structural
2 .

heat capacities, '@; (str) of these solutes in aqueous

2

solutions. The results indicate that the 1398, E§ , and
. ‘ ,
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ng(str) values for all these solutes decrease with
increase in temperature. These observations have been
interpreted in terms of the decrease in hydrophobic
hydration with increasing temperature. The role of the
size of the solute and of the nature of the hydrophilic
polar group attached td the hydrophobic group has also
been emphasized.

In order to examine the effect of tert-butyl
alcohol (TBA) on the solution properties of the surfactants,
the integral enthalpies of solution at infinite dilution
of sodium dodecanoate and sodium dodecyl sulfate in
aqueous TBA solutions have been determined at 298. 15 and
308.15 X vy varying the TBA concentration from 0.02 to
0.20 mole fraction. Enthalpies and heat capacities of
transfer of these solutes from water to aqueous TBA
solutions have been computed from the AHg values. With
a view to undersftand the effect of the size of the solute
on these transfer functions, similar measurements have
also been done with sodium formate, sodium acetate, sodium
propionate, and sodium butyrate. The results obtained
have been explained by considering the effects of the
constituent hydrophobic and hydrophilic groups of the
solute molecules separately on the structure of the mixed
solvent. It is observed that at lower concentrations of

aleohol (upto ca. 0.02 mole fraction of TBA), the structure
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of the mixed solvent inereases. At higher concentrations
of TBA, on the other hand, the overall structure of the
mixed solvent collapses. It has further been suggested
that the hydrophobic portion of the solute molecule causes
an enhancement éf the structure (upto ca. 0.02 mole
fraction TBA) the effect being increased with increasing
solute size and that the hydrophilic polar portion of the |
molecule has the opposite effect, viz., the breakdown of ’
the structuré of the mixed solvent.

Further, with a view to understand in more detail-
the interaction of urea with the surfactants in agqueous
solutions, the enthalpies and heat capacities of transfer-
of sodium decanodte and sodium dodecyl sulfate' from water
"to om and 6m aqueous urea solutions and of sodium dode-
canoate from water to 2m aqueous urea solution have been
determined from the measurements of integral enthalpies of
solution. The results indicate that urea causes the break-
down of the structure of water and that the hydrophobicity
of the surfactants decreases in aqueous urea’solution.
This decrease in hydrophobicity 1s seen to be more pronounced
with the larger hydrophobic solutes. With increase in
urea concentration from 2m to ém, this effect is observed
to increase suggesting that the structure-breaking ability
of urea increases with increase in its concentration at

least upto 6m.
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GLOSSARY OF SYMBOLS AND  ABBREVIATIONS

X - ABA
Am )-FNBI.
BuL"NBr

¢

oK ~aminobutyric acid

te traamylammonium bromide

te trabutylammonium bromide

molar concentration

critical micellization concentration

heat capacity of pure solute

. partial molsl heat capacity of the

solute at infinite dilution

structural heat capacity of the solute
intrinsic heat capacity of the solute
heat eapacity of the liquid

heat capacity of dissolution at
infinite dilution

heat capacity of transfer

apparent molazl heat capacity of the
solute at infinite dilution

free energy change

enthalpy

enthalpy of the solwvent

enthalpy of the solute
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Do o

partial molal enthalpy of the solwvent

partial molal enthalpy of the solvent
at infinite dilution

partial molal enthalpy of the solute

partial molal enthalpy of the solute
at infinite dilution

enthalpy change

excess enthalpy
enthalpy of hydrolysis

enthalpy of ionization
enthalpy of micellization

heat evolved or absorbed by the dissolution
of the solute
inte gral enthalpy of solution per mole

.0f the solute

integral enthalpy of solution at infinilte
dilution
enthalpy of transfer

maximun enthalpy of transfer

current in amperes

dissociation constant of the acig

hydrolysis constant



NaC
NaDDS
NTABr

AS
Asy

TBA

xi

ionization cohs tant of water

molality

molarity

Monte Carlo Simulation

molecular dynamics simulation

mole fraction

moles of solute per cubic decimeter solution
moles of solute per kilogram solvent

moles of solvent
moles of solute

sodium formate

sodium acetate

sodium propionate
sodium butyrate

sodium decanoate
sodium dodecanoate
sodium dodecyl sulfate
n-nenyl trime thylammonium bromide
resistance of the calibration heater
in ohms |

entropy change

entropy of hydration

time in seconds

tertiary butyl alcohol
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THAM tris(hydroxyme thyl)-aminome thane

AT, corrected change in temperature during
calibration of the calorimeter

[§TS corrected change in temperature during

dissolution of the solute

Y14 yijj,etc. pair, triplet, etc. interaction
coefficients of like (if i = j) or
unlike (if i # j) species corresponding
to enthalpy (y = h), heat capacity
(y =¢), ete.

ol degree of hydrolysis
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