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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 formate, sodium ace tate, sodium propionate, 

and sodium butyrate. The thermodynamic parame tern 

determined experimentally were the inte gral enthalpies of 

solution at infinite dilution, from which the heat 

capacities of dissolution values were evaluated. An 

isoperibol submarine calorimeter was employed for determi-

nation of integral enthalpy of solution. 

The integral enthalpies of solution at infinite 

dilution, AI-1 9  of sodium decanoate, sodium dodecanoate, s 
and sodium dodecyl sulfate in water were determined at 

various temperatures from 288.15 to 338.15 K. The heat 

capacities of dissolution, 4Co, of these solutes in 
water at various temperatures were computed from 6H°  

values. The LIC°  values thus obtained were combined with 

the estimated values of intrinsic heat capacity, C , PIN 
and of heat capacity of pure solute, C* to obtain the 

P2 
partial molal heat capacities, -6°  and the structural P , 2 
heat capacities, --C.°  (str) of these solutes in aqueous P 2 
solutions. The results indicate that the AC°'  a°  , and P2 
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a Cp 2(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 to 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 K by varying the TBA concentration from 0.02 to 

0.20 mole fraction. Enthalpies and he at capacities of 

transfer of these solutes from water to aqueous TBA 

solutions have been computed from the 6.H°s  values. With 

a view to understand the effect of the size of the solute 

on these transfer functions, similar measurements have 

also been done with sodium formate, sodium acetate, sodiun 

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 
alcohol (up to ca. 0. 02 mole fraction of TBA) the structure 
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of the mixed solvent increases. 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 of the s true ture (up to ca. O. 02 mole 

fraction TBA) the effct being increased with increasing 

solute size and that the hydrophilic polar portion of the 

molecule has the opposite effect, viz., the breakdown of 

the structure of the mixed solvent. 

Further, with a view to understand in more detail 

the interaction of urea with the surfactants in aqueous 

solutions, the enthalpies and heat capacities of transfer 

of sodium decanoate and sodium dodecyl sulfate from water 

to 2n1 and 6m aqueous urea solutions and of sodium dode- 

canoate from water to 3u aqueous urea solution have been 

determined from the measurements of integral enthalpies o f 

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 is seen to be more pronounced 

with the larger hydrophobic solutes. With increase in 

urea concentration from 2m to 6m, this effect is observed 

to increase suggesting that the structure-breaking ability 

of urea increases with increase in its concentration at 

least up to 6m. 
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GLOSSARY OF SYMBOLS AND ABBREVIATIONS 

;X-ABA 	 aminobutyric acid 

Aral NBr 
41" 
	 to tr aamyl amm on ium bromide 

Bu NBr 1+ 	to trabutylammonium bromide 

molar concentration 

CMG 	critical micelliz ation concentration 

C*
P  heat capacity of pure solute 

o partial Imolai he at cap acity of the PI  
solute at infinite dilution 

6°  (str) 	structural  heat capacity  of the solute P2 

Cp intrinsic heat capacity of the solute PIN 

Cpl 
	he at capacity o f the liquid 
 iq 

6,C° 	heat capacity of dissolution at 

infinite dilution 

6,0 	heat capacity of transfer 
P  tr 
0,co 	apparent mol al he at capacity o f the 

solute at infinite dilution 

free energy change 

H 	enthalpy 

H°1 	enthalpy of the solvent 

Hlt
2  enthalpy of the solute 
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H
1 
	partial molal enthalpy of the solvent 

2 
—o H2 	partial molal enthalpy of the solute 

at infinite dilution 

enthalpy change 

.8H4 	excess en thalpy 

6111,1 	enthalpy of hydrolysis 

6'Hionz. 	enthalpy of ionization 

Hm 	enthalpy of micellization 

Ahs 	heat evolved or absorbed by the dissolution 

Htr 
Htr(max) 

Ka 

of the solute 

integral enthalpy of solution per mole 

of the solute 

integral enthalpy of solution at infinite 

dilution 
enthalpy of transfer 

maximum enthalpy of transfer 

current in amperes 
dissociation constant of the acid 

Kh 	hydrolysis cons tant 

partial molal enthalpy of the solvent 

at infinite dilution 

Partial molal enthalpy of the solute 
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ionization constant of water 

m 	 molality 

molarity 

MC 	Monte Carlo Simulation 

MD 	 molecular dynamics simulation 

mf 	mole fraction 

mol dm-3 	moles of solute per cubic decimeter solution 

mol kg-1 	moles o f solute per kilogram solvent 

n i 	moles of solvent 

moles o f solute 

NaC1 	sodium formate 

NaC2 	sodium ace tate 

NaC3 	sodium propionate 

NaC4 	sodium butyrate 

NaC10 	sodium de c ano a te 

NaC2 	sodium dodeca.noate 

NaDDS 	sodium dodecyl sulfate 

N TABr 	n-nonyl trine thyl ammonium bromide 

resistance of the calibration heater 

6,S 

6,Sh  

t 

TBA 

in ohms 

entropy change 

entropy of hydration 

time in seconds 

tertiary butyl alcohol 
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THAN 	tris (hydr oxyme thyl) - am inome thane 

6Te 	corrected change in temperature during 

calibration of the calorimeter 

ars 	corrected change in temperature during 

dissolution of the solute 

yip Yiipeto. pair, triplet, etc. interaction 

coefficients of like (if i = j) or 

unlike (if i j) species corresponding 

to enthalpy (y = h), heat capacity 

(y = c), etc. 

oc. 	degree of hydrolysis 
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