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ABSTRACT

The thermodynamics of interactions in terms of total transfer Gibbs free

energy, )(0 iGt  and entropy, )(0 iS t  as well as by the terms of chemi-

cal transfer free energy ( )(0
, iG cht ) and entropy ( )(0

, iS cht ) of DL-

á-amino butyric acid in aqueous mixture of dimethyl sulfoxide at 298.15

K, is discussed here in the paper. For the evaluation of these factors,
solubilities of this amino acid have been measured by �formol titrimetry�

method at five equidistant temperatures i.e. from 288.15 to 308.15 K in
different composition of the protophilic dipolar aprotic dimethylsul-
foxide (DMSO). The various solvent parameters as well as thermody-
namic parameters like molar volume, densities, dipole moment and sol-
vent diameter of aqueous solution of aprotic dimethylsulfoxide have also
been reported here. The chemical effects of the transfer Gibbs energies

( )i(G0
ch,t ) and entropies of transfer ( )i(S0

ch,t ) have been obtained af-

ter elimination of cavity effect and dipole-dipole interaction effects from
the total transfer energies. The chemical contribution of transfer ener-
getics of DL-á-amino butyric acid is mainly guided by the composite ef-
fects of increased dispersion interaction, basicity effect and decreased
acidity, hydrogen bonding effects, hydrophilic hydration and hydropho-
bic hydration of aqueous DMSO mixtures as compared to that of refer-
ence solvent, water.  2014 Trade Science Inc. - INDIA

INTRODUCTION

Amino acids are the biomolecules. These are
building block of proteins and intermediates in
metabolism. The amino acids are not only impor-
tant in protein formation, but also important due to

their applications in chemical, cosmetics, pharma-
ceutical and food industries. The solubility studies
of these biomolecules in different solvent systems,
such as aquo-organic, non-aqueous and aqueous
electrolyte solutions are very important. This type
of studies may help in the understanding of the solu-
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bility behaviour of other biomolecules.
The á-carbon atom of DL-á-amino butyric acid

is bonded with an apolar aliphatic hydrophobic side
chain (-CH

2
CH

3
). The group of this amino acid may

impart hydrophobic hydration interaction for the sta-
bilization of proteins and other biomolecules con-
stituted by it. So the thermodynamic studies of such
type of amino acid are very important.

Researchers have drawn their attention [1-12] to
determine the various thermodynamic properties of
amino acids in different aqua-organic mixed solvent
systems.

These types of studies will help to gain the vari-
ous aspects of protein folding-unfolding processes
and protein stability in different aquo-organic sol-
vent systems[13, 14]. In this regard researchers have
reported solubilities, transfer free energies, enthal-
pies and entropies of some amino acids in different
aquo-organic solvent systems[5-12, 32]. All these ex-
periments leads to a concluding remark on the rela-
tive stabilization of amino acids and other
biomolecules in aqua-organic media with respect to
reference solvent (water) and the complex solute-
solvent and solvent-solvent interactions therein.

Very recently solvation chemistry of glycine, DL-
alanine, DL-á-amino butyric acid and DL-nor-va-
line are studied by our group in aqueous mixture of
N, N-dimethylformamide[11,12,15]. Our main objective
of such type of studies were to know about the na-
ture of solubility in aqueous mixture of such
protophilic dipolar aprotic organic solvent at vari-
ous temperatures and to get new idea about the na-
ture of solvation as well as interaction of. such amino
acids having smaller or larger hydrophobic moieties

In continuation of these earlier works here aque-
ous mixture of dimethylsulfoxide is used to carry
out such study. DMSO is also a protophilic dipolar
aprotic solvent having two hydrophobic groups (i.e.
�CH

3
) as well as soft (>S=O) moiety. The particu-

larity of this solvent may play important role in term
of soft-soft, dispersion and hydrophobic interaction
to influence solvation chemistry of DL-á-amino bu-
tyric acid. Therefore the estimated thermodynamic
parameters from this work may be helpful to enrich
chemical, biochemical, industrial and pharmaceuti-
cal sciences in future.

EXPERIMENTAL SECTIONS

Materials

DL-á-amino butyric acid [> 99.5 %, E Merck]
was used after drying in desiccator[11,18].
Dimethylsulphoxide [> 99.8 %, Sigma Aldrich] rig-
orously dried over fused CaCl

2
 for 3-5 days, de-

canted and then distilled under reduced pressure.
The distilled solvent was preserved in a well stop-
per battle in desiccator[16,19]. For the titration, stan-
dardized NaOH [GR, Grade] solution and phenol-
phthalein indicator [GR, Grade] were used. Neutral
formaldehyde [E Merck] was used to mask before
titration. Triple distilled water was used for the
preparation of solutions.

Experimental procedures

Aqueous solutions of Dimethylsulfoxide that
have been used were 0, 20, 40, 60, 80 and 100 wt
%, prepared by triple distilled water. Solutions were
prepared on the weight basis by using a Mettler bal-
ance having a precision of ±0.01 mg. These were

taken in well fitted stoppered glass tubes. Glass tubes
were incompletely filled to facilitate good mixing.
The thermostat used for all measurements which is
capable of registering temperatures having an accu-
racy of ±0.02 K. A known mass of filtered saturated

solution was transferred to a dry conical flask. The
solubility of DL-á-amino butyric acid is measured
by formol titrimetry method[20, 21]. These measure-
ments were taken at 288.15, 293.15, 298.15, 303.15
and 308.15 K temperatures. Five sets of measure-
ments for all the co-solvent mixtures were made for
all temperatures by equilibrating the solutions from
both above and below (±0.02 K) the required tem-
peratures and the solubilities were found to agree to
within ±0.5 to 1.0 %.

RESULTS

Solubility data

The solubilities of DL-á-amino butyric acid are
measured on molal scale (mol·kg-1) and listed in
TABLE 1. Solubility is measured by using �formol

titrimetry� method at 0, 20, 40, 60, 80 and 100 wt %
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DMSO. These measurements were taken at 288.15
to 308.15 K temperatures. The standard deviations,
(s

f
) are also estimated for all solubility values to

know about the precision and are shown in paren-
theses (TABLE 1) for 20, 40, 60, 80 and 100 wt %
for the aqueous mixture of DMSO at all tempera-
tures.

Determination of transfer Gibbs free energy and
entropy

The important relevant parameters of the DL-á-

amino butyric acid and aqueous mixture of DMSO
are presented in the TABLE 2.

Like in the previous studies by Bates and co-
workers[22], Kundu and coworkers[23, 24] and Dolui et
al.[6, 9-12, 15-19, 21] for various types of biomolecules,
the standard Gibbs energies of solutions of the amino

acid ( 0
sG ) on molal scale were calculated for each

solvent using equation (I) and presented in TABLE
3.

mlnRTClnRT)i(G0
s  (1)

Where ã is the molar activity coefficient of the sol-
utes but taken tentatively to be unity in each sol-
vent[20, 25], �C� is the concentration of the solute in

solvent and �m� is the molal solubility (mol·kg-1) of
the solutes in solvent. Here it is important to note
that the involved activity coefficient factor -RTlnã

in 0
sG  arising from interactions of dipolar solute

with large dipole moment may not be so small. But
as there is neither the required experimental data
nor any appropriate theoretical correlations for com-
puting the same, these have been tacitly taken to be
negligibly small, as is usually done for the non-elec-
trolytes[26].

The free energies, 0
sG  at different temperatures

are fitted by the method of least squares to an equation
of the form (Equation 2)[27],

0
sG TlncTbTa  (2)

where T is the temperature in Kelvin scale. The values
of the coefficients a, b, c are presented in TABLE 4.
These are found to reproduce the experimental data
within ±0.04 (kJ·mol�1/ (kJ·mol-1·K-1) respectively.

Transfer Gibbs energies 0
tG  and entropies 0

tS  of

the amino acids from water to aqueous dimethylsulfox-
ide mixtures were calculated at 298.15 K on mole frac-
tion scale by using the following equations (3) & (4):

)i(G0
t = )i(G)i(G 0

solR
0
sols 

i.e. )M/Mln(RTTlnT)cc(

T)bb()aa()i(G

RsRs

RsRs
0
t




(3)

and, )M/Mln(R)Tln1(

)cc()bb()i(S

Rs

SRsR
0
t




(4)

here the subscript �s� and �R� refer to the aqueous dim-

ethylsulfoxide mixtures and reference solvent (H
2
O)

respectively and M
R
 and M

s
 are the molar mass of the

pure and mixed solvent respectively.  )i(G0
t  and val-

ues )i(ST 0
t  of á-amino acids thus obtained and pre-

sented in the TABLE 4. The involved uncertainties in

)i(G0
t  and )i(S 0

t  are about ±0.05 kJ·mol�1and 2J·K-

1 mol-1, respectively.

Determination of cavity, transfer dipole-dipole in-
teractions, enthalpy due to cavity formation,
chemical parts of transfer Gibbs energy and en-
tropy

Wt % DMSO 288.15 K 293.15 K 298.15 K 303.15 K 308.15 K 
 

0 
 

1.834 
(1.856)[18] 
(1.702)[12] 

1.980 
(2.060)[18] 
(1.952)[12] 

2.134 
(2.130)[18] 
(2.205)[12] 

2.408 
(2.360)[18] 
(2.534)[12] 

2.920 
(2.920)[18] 
(2.874)[12] 

20 0.831±0.005 0.984±0.003 1.156±0.002 1.234±0.005 1.329±0.003 

40 0.464±0.006
 0.530±0.004

 0.612±0.003
 0.643±0.003

 0.684±0.002
 

60 0.318±0.002 0.330±0.006 0.344± 0.003 0.368±0.001 0.437±0.003 

80 0.221±0.004 0.232±0.006 0.246±0.003 0.259±0.001 0.271±0.006 

100 0.048±0.002
 0.054±0.003 0.062±0.006

 0.068±0.001 0.072±0.003
 

 

TABLE 1: Solubilities (S) in mol·kg-1 of DL-á-amino butyric acid in aqueous mixtures of dimethylsulfoxide at
different temperature (K)

(±) Values are standard deviation;
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The term )i(P0
t (where P=G or S) can be parti-

tioned into cavity, dipole-dipole and chemical contri-
butions assuming dipole induced dipole force negli-
gible[20, 21].

i.e. )i(P0
t = )i(P)i(P)i(P 0

ch,t
0

dd,t
0

cav,t 
 (5)

Here, )i(P0
cav,t indicates the transfer energy contribu-

tion of the cavity effect which is involved due to cre-
ation of cavities for the species, DL-á-amino butyric
acid in H

2
O and aqueous dimethylsulfoxide mixtures

and )i(P0
dd,t 

 stands for the dipole-dipole interaction

effect involving interaction between dipolar-zwitter-ionic
amino acid and the solvent molecules.

On other hand, )(0
, iP cht  includes all other effects

such as those arising from acid-base or short-range dis-
persion interaction, hydrophilic or hydrophobic hydra-
tion and structural effects, etc. Scaled particle theory
(SPT)[21, 26] has been applied for computation of

)(0
, iP cavt as earlier[18,26], assuming the solutes and sol-

vent molecules as equivalent to hard-sphere models as
are dictated by their respective diameters.(Vide TABLE
2).

The involved equations are given as follow:

 

 

)/ln()(0
SCcav VRTRTGiG  (6)

Where

sss

ssRRsA

2

ss

2

RRsA

3

ss

3

RRsA

2

x
222

x

xC

d/V

)zz(V6/NY

)zz(V6/NX

)zz(V6/N

]})Z1(4/X9{)}Z1/(Y3{

)}Z1/(X3{)Z1ln([RTG













In this expression N
A
 is Avogadro�s number, z

R

and z
s
 are the mole fraction of reference solvent

water and co-solvent respectively. � x , � R �  
and

� s � are the hard sphere diameters of DL-á-amino

butyric acid, reference solvent, water and aqueous
dimethylsulfoxide mixtures respectively. Where the
terms M

s
, d

s
 represent for molar mass and molar

density of the solvent.

Therefore, the required )(0
, iG cavt  represents the

difference,

)V/Vln(RTGG

)i(G)i(G)i(G

sRCRCs

cav
0

Rcav
0

s
0

cav,t




(7)

Again ))i(G)i(G()i(G 0
ddR

0
dds

0
dd,t 

 (8)

and ))()(()( 000
, iSiSiS ddRddsddt    are cal-

culated by means of the Keesom-orientation
 
expres-

sion[12, 28], for )(0 iG dds   in a solvent S, as given be-

low:

)i(G0
dds 

 = 



/v)kT(N)9/8( 1

s
13

xs
2
x

2
s

2 -V
s

(9)

Where   = - 13222 )()9/8( 

 kN xsxs   and V
s
=M

s
/

d
s 
and that of )(0 iS dd  as follows-

p
0

dds
0

dds }/)i(G{)i(S 
 (10)

i.e. ]1)[()( 00   iGiS ddsdds , where 

stands for Avogadro�s number, xs  , are the dipole

moment of aqueous dimethylsulfoxide mixtures and
amino acid respectively (TABLE 2).

 xs  is the distance at which the attractive and repul-

sive interactions between the solvent and solute molecules

are equal and is generally equal to ½( xs   ) where s and

x are the hard sphere diameter of cosolvent and solute

molecules respectively (TABLE 2) and á is the isobaric ther-

mal expansibility constant of the solvent and given by the
following equation-

PsPs )/dln()/Vln(  (11)

The enthalpy change due cavity forming interac-
tion in water to aqueous dimethylsulfoxide (DMSO)
mixtures is measured by the equation-

)i(H0
cav,t = )i(H)i(H 0

cavR
0
cavs  (12)

 )()i(H0
cav (13)

where )()V6/( 3
SS

3

RRsA   ;

A1/RB 2
S   ; A1/Y3H x  ; A1/3K x  ;

222

x )A1/(9E  ;

)()V6/( 2
SS

2

RRsA  ;

and )()V6/( SSRRsA  .
Following Marcus[29] and Kim et al.,[28] in order

to get this )(0
, iP ddt  term on mole fraction scale the

quantity was again multiplied by the term 1s .
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)//()/( 3
RR

3
sss1s  (14)

This is the real mole fraction contribution due to
dipole-dipole interaction [29]. Subtraction of

)(0
, iP cavt and )(0

, iP ddt  from the total, i.e. )(0 iPt

we get )(0
, iP cht of the solute amino acid. The values

of )(0
, iP cavt , )(0

, iP ddt  and )(0
, iP cht  are presented in

TABLE 5.
The required diameter and other solvent param-

eters of H
2
O and DMSO mixtures are taken from Ref.

[29] The required diameter of DL-á-amino butyric acid
is 6.58 Å as given in Ref.[6,18] Dipole-moment value
of DL-á-amino butyric acid is 16.0 D[20, 29].

Wt % 
DMSO 

Mole 
fraction of 
DMSO (zs) 

Mole 
fraction of 
water (zR) 

Molar mass 
(MS) (kg. 

mol) 

103 d s 

(kg. m-3) 

Molar 
Vol.(Vs) 

(m-3.mol) 

s  

(nm) 
xs  

(nm) 

Dipole 
Moment 

( s ) 

á (x 
10-3) 

0 
20 
40 
60 
80 

100 

0.000 
0.054 
0.133 
0.256 
0.479 
1.000 

1.000 
0.946 
0.867 
0.744 
0.521 
0.000 

18.015 
21.260 
26.010 
33.400 
46.810 
78.130 

0.997 
1.002 
1.009 
1.021 
1.042 
1.091 

18.069 
21.218 
25.778 
32.713 
44.923 
71.613 

0.274 
0.286 
0.303 
0.329 
0.378 
0.491 

0.445 
0.451 
0.459 
0.473 
0.497 
0.554 

1.831 
1.941 
2.105 
2.359 
2.821 
3.900 

0.257* 
0.296 
0.353 
0.442 
0.604 
0.982# 

TABLE 2 : Values of solvent parameters (Mole % of DMSO solvent system, Mole fraction of DMSO (z
s
), water ((z

R
),

mean mol. Weight (M
S
), density (d

s
), hard sphere diameter of co-solvent ( s ) (DMSO+H

2
O) and xs (=

½( xs   )), Dipole moment of co-solvent ( s ) and isobaric thermal expansibility constant (á) of the H
2
O+DMSO

system at 298.15 K

*, # values are taken from the references[29].

288.15 K 293.15 K 298.15 K 303.15 K 303.18 K 

S 
(mol·kg-

1) 

0
sG

 
(kJ·mol�1)

 

S 
(mol·kg-

1) 

0
sG  

(kJ·mol�1) 

S 
(mol·kg1) 

0
sG  

(kJ·mol-1) 

S 
(mol·kg-

1) 

0
sG  

(kJ·mol�
1) 

S 
(mol·kg-

1) 

0
sG  

(kJ·mol�
1) 

1.834 -1.45298 1.980 -1.66488 2.134 -1.87894 2.408 -2.21491 2.920 -2.74535 

0.831 0.44350 0.984 0.03931 1.156 -0.35930 1.234 -0.52990 1.329 -0.72870 

0.464 1.83957 0.530 1.54735 0.612 1.21715 0.643 1.11300 0.684 0.97302 

0.318 2.74474 0.330 2.70208 0.344 2.64518 0.368 2.51956 0.437 2.12084 

0.221 3.61650 0.232 3.56086 0.246 3.47636 0.259 3.40486 0.271 3.34498 

0.048 7.27460 0.054 7.11377 0.062 6.89265 0.068 6.77543 0.072 6.74074 
 

TABLE 3 : Gibbs energies of solutions ( 0
sG ) on molal scale in their respective solubilities of DL-á-amino butyric acid in

aqueous mixtures of dimethylsulfoxide at different temperature (K)

Wt % DMSO a (kJ·mol�1) b (kJ·mol-1·K-1) c (kJ·mol-1·K-1) )(0 iG t (kJ·mol�1) )(0 iST t (kJ·mol�1) 

0 -368.73 8.5979 -1.29310 0 0 

20 341.54 -7.3475 1.08833 1.165 -0.919 

40 283.68 -6.0971 0.90387 2.263 -5.379 

60 -385.45 8.8814 -1.33030 3.082 -9.331 

80 9.9444 -0.0656 0.00770 3.513 -12.999 

100 196.22 -4.0924 0.60683 5.184 -14.298 

 

TABLE 4 : Coefficients a, b and c, Gibbs energies 0
tG  and entropies 0

tS of transfer of DL-á-amino butyric acid

on mole fraction scale from H
2
O to H

2
O-DMSO mixture at 298.15 K



278

Full Paper
Thermodynamics of solvation of DL-á-amino butyric acid PCAIJ, 9(8) 2014

An Indian Journal
Physical CHEMISTRYPhysical CHEMISTRY

DISCUSSION

Analysis of solubility data

The solubility values of DL-á-amino butyric acid
increases with increasing temperature in a particu-
lar composition of aqua-organic mixed solvent sys-
tem but with the increased concentration of DMSO
the same show reverse nature at a particular tem-
perature.

Gibbs transfer free energy involved between DL-
á-amino butyric acid and solvent mixtures

The present work represents different types of
interactions involved between solute-solvent and
solvent-solvent interactions and is shown in
TABLES 3 and 5. The data are explained graphi-
cally for better understanding.

Figure 1 represents the variation of )(0 iGt  for

amino acid DL-á-amino butyric acid against the mole
% of DMSO at 298.15 K.

There occurs a positive increment of )i(G0
t  val-

ues with the increased concentration of DMSO. Ac-

tually )(0 iGt  is composed of )(0
, iG cavt , )(0

, iG ddt 

and )(0
, iG cht . [ )(0

, iG iddt 
 
i.e. free energy change

due to dipole-induced dipole interaction, it is con-
sidered negligible].

The )(0
, iG cavt , values are showing gradual nega-

tive increment with DMSO concentration (TABLE
5) which indicates that DL-á-amino butyric acid
should easily be accommodated in DMSO than H

2
O

with release of concerned energy due to the greater

Wt % 
DMSO 

)i(G 0
t  

(kJ·mol�1)
 

)i(G0
cav,t  

(kJ·mol�1) 

)i(G0
dd,t

 
(kJ·mol1) 

)i(G0
ch,t

 
(kJ·mol1) 

)i(S0
t

 
(kJ·mol1) 

)i(0
cav,t

 
(kJ·mol1) 

)i(S0
cav,t  

(kJ·mol�1) 

)i(S0
dd,t  

(kJ·mol�1) 

)i(S0
ch,t  

(kJ·mol�1) 
0 0 0 0 0 0 0 0 0 0 

20 1.165 -1.580 0.460 2.285 -0.919 -1.080 0.500 0.433 -1.852 

40 2.263 -3.190 2.060 3.390 -5.379 -1.810 1.380 1.900 -8.659 

60 3.082 -4.860 5.080 2.862 -9.331 -2.070 2.790 4.530 -16.651 

80 3.513 -6.660 9.910 0.323 -12.999 -1.080 5.580 8.330 -26.909 

100 5.184 -7.830 16.70 -3.686 -14.298 16.80 24.630 12.400 -51.328 

TABLE 5 : Gibbs energies of transfer )(0 iGt , )(0
, iG cavt , )(0

, iG ddt , )(0
, iG cht and enthalpy of transfer, , )(0

, icavt

and entropies of transfer )(0 iS t , )(0
, iS cavt , )(0

, iS ddt and )(0
, iS cht of DL-á-amino butyric acid from H

2
O

to H
2
O-DMSO at 298.15 K (on mole fraction scale) in kJ·mol�1

Figure 1 : Variation of )(0 iGt in kJ·mol�1 of DL-á-amino

butyric acid in aqueous mixtures of DMSO at 298.15 K

Figure 2 : Variation of )(0
, iG cht  in kJ·mol�1 of DL-á-amino

butyric acid in aqueous mixtures of DMSO at 298.15 K
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size of DMSO (4.91Å) than H
2
O (2.74 Å)[29].

On the other hand, )(0
, iG ddt   (TABLE 5) values

are increasingly positive in nature with increased mole
% of DMSO. The dipole moment of DMSO (3.90D)[29]

is greater than H
2
O (1.83D)[29] but the involved hard

sphere diameter difference of DMSO and H
2
O sup-

ports such variation. The Gibbs free energy due chemi-

cal interactions i.e. )(0
, iG cht values for the solute, DL-

á-amino butyric acid have been computed after sub-

traction of )(0
, iG cavt  and )(0

, iG ddt  from )(0 iGt .

The chemical interaction such as H-bonding, acid-base,
hard-soft, dispersion, hydrophilic hydration and hydro-

phobic hydration, etc. are involved in )(0
, iG cht  for the

solute and solvent molecules in this system.

Figure 2 represents the variation of )(0
, iG cht  with

DMSO concentration. The )(0
, iG cht  value shows

maxima at about 15 mole % of DMSO in the H
2
O-

DMSO solvent system. This type of nature indicates
the destabilization of DL-á-amino butyric acid and may
be due to the breaking of extensive hydrogen bond
between protic water and hydrophilic head of the zwit-
terionic amino acid with the introduction of larger
protophobic dipolar aprotic DMSO in water. After that
the gradual stabilization of DL-á-amino butyric acid

occurs with the sharp decrement of )(0
, iG cht  values

with DMSO concentration. Here hydrogen bonding
capacity of the reference solvent, water is higher than
the larger protophobic dipolar aprotic DMSO. This
factor will destabilize DL-á-amino butyric acid with the
increased concentration of DMSO. But the greater size
of DMSO (4.91 Å) introduces strong soft-soft as well

as dispersion interaction among the DMSO and larger
size amino acid, DL-á-amino butyric acid [i.e. CH

3
-

CH
2
CH (NH

3
+) (COO-) ] [6.58 Å]. Here it is impor-

tant to note that in higher concentration of DMSO in
aqueous co-solvent system the association of the sol-
vents molecules (i.e. between water and DMSO mol-
ecules in 1:2 ratios)[30, 31, 34] [Diagram B) and the self
association of DMSO [Diagram C] occurs extensively
which may also take part in dispersion interaction with
larger amino acid molecules.

The hydrophilic as well as hydrophobic hydration
interactions are gradually reduced with increased con-
centration of DMSO. This factor may destabilize DL-
á-amino butyric acid in aqueous DMSO system. But
the overall increased dispersion interaction may play
more dominating role over the reduced acid-base, H-
bonding, hydrophilic and hydrophobic interaction in-
volved between amino acid and DMSO in aqueous
DMSO mixtures compared to the reference solvent,
H

2
O.
Figure 3 represents a comparative study of

)(0
, iG cht  values of glycine[17], DL-alanine[34] and

DL-á-amino butyric acid in water-DMSO solvent
system. The á-amino acid, glycine having smaller
size (5.64 Å)[11] will be more stabilized with in-
creased concentration of DMSO by dispersion in-
teraction and hydrophilic interaction than DL-ala-
nine (6.16 Å) and DL-á-amino butyric acid [6.58
Å]. Though the dispersion interaction is more effec-

tive for larger amino acid than smaller one but the
higher charge density on smaller amino acid is more
efficient for hydrophilic interaction. Hence the com-
bined effect of dispersion and hydrophilic interac-
tions in smaller amino acid is more than larger one
which is responsible for such type of observed sta-
bility order of these amino acids.

Role of DL-á-amino butyric acid for controlling
solvent-solvent interactions

Figure 3 : Variation of )(0
, iG cht  in kJ·mol�1 of DL-á-amino

butyric acid, DL-alanine and glycine in aqueous mixtures of
DMSO at 298.15 K
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Figure 4 represents the variation of )(0 iS t , of DL-

á-amino butyric acid against mole % of DMSO in aque-

ous DMSO. Like )(0 iGt , )i(S0
t is composed of cav-

ity, dipole-dipole and chemical interaction effects

i.e. )i(S0
t = )i(S0

cav,t  + )i(S0
dd,t 

  + )i(S0
ch,t

The combined effect in )i(S0
t value may repre-

sent such behavior as shown in Figure 4.

)(0
, iS cavt  values (TABLE 4) are gradually in-

creased with the mole % DMSO. With the increased
DMSO concentrations the water molecule becomes
free from amino acid to allow it to be accommo-
dated by the former. With the increased DMSO con-
centrations the water molecule becomes free from
amino acid to allow it to be accommodated by

DMSO. )(0
, iS ddt  values (TABLE 4) are also

gradually increased with the DMSO concentration.
Here with the increased concentration of DMSO the
dipolar amino acid, DL-á-amino butyric acid be-
come less associated with dipolar co-solvent due to
the larger size of DMSO (4.91 Å)[29] and therefore
DL-á-amino butyric acid allow water as well as
DMSO molecules to be more free as the concentra-
tions of DMSO gradually increased.

 )(0
, iS cht  values are determined after subtrac-

tion of )(0
, iS cavt and )(0

, iS ddt   from )(0 iS t .

Figure 4 : Variation of )(0 iSt  in kJ·mol�1 of DL-á-amino

butyric acid in aqueous mixtures of DMSO at 298.15 K

Figure 5 represents the variation of )(0
, iS cht  of DL-

á-amino butyric acid with increased DMSO concen-

tration in aqueous DMSO mixture at 298.15 K. The
nature of the curve with mole % DMSO indicates that
water molecules adopt 3-D structure due to its exten-
sive intermolecular hydrogen bonding (Diagram A in
Figure 7) at lower concentration of DMSO.

On the other hand, the negative trend of the curve
with increased mole % DMSO indicates that the
large sized amino acid, DL-á-amino butyric acid
induces the solvent molecules to be associated (i.e.
between water and DMSO molecules) (Diagram B
in Figure 7.)[31, 33] and to be dimerised [i.e. between the

Figure 5 : Variation of )(0
, iS cht  in kJ·mol�1 of DL-á-amino

butyric acid in aqueous mixtures of DMSO at 298.15 K

Figure 6 : Variation of )(0
, icavt  in kJ·mol�1 of DL-á-amino

butyric acid in aqueous mixtures of DMSO at 298.15 K
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dipolar aprotic DMSO[30, 31] molecules (Diagram C in
Figure 7.) Here the DL-á-amino butyric acid also in-
duces the hydrophilic hydration and hydrophobic hy-
dration to be decreased with the increased DMSO
concentration.

Hence the solute induced dispersion interaction
among large size DMSO molecules being the predomi-
nant factor over others, the overall decrement of

)i(S0
ch,t value occurs throughout the higher concentra-

tion of DMSO in this aqueous DMSO mixed solvent
system.

Figure 6 represents a comparative study of varia-
tion of of á-amino acids, DL-á-amino butyric acid, gly-
cine[11] and DL-alanine[34] in aqueous-DMSO mixed
solvent system. Here we see that the amino acid gly-
cine induce less dis-orderness to solvent mixtures in
aqueous-DMSO than DL-alanine and upto the range
of 30 mole % of DMSO and then upto 100 mole %
glycine induces more dis-orderness to the solvent than
DL-alanine and DL-á-amino butyric acid. At lower
content of DMSO the hydrophobic/hydrophilic hydra-

tions are more effective in case of glycine (i.e. smaller)
than alanine due to higher charge density on glycine, as
a result entropy of the system become less in the case
of glycine + water + DMSO[11] system than the DL-
alanine + water + DMSO system[34]. But in higher con-
tent of DMSO, comparatively larger solute, DL-ala-
nine induces more strongly the solvent molecules to be
associated (i.e. between water and DMSO molecules)
(Diagram B in Figure 7) and to be dimerised between
dipolar aprotic DMSO molecules (Diagram C in Fig-
ure 7)[30] which significantly reduces the number of free
solvent molecules, resulting less dis-orderness in cash
of DL-alanine than the glycine. But the amino acid, DL-
á-amino butyric acid shows less dis-orderness through-
out the whole region of water-DMSO concentration.
Comparatively larger size DL-á-amino butyric acid
[6.58 Å) induces the most strongly the solvent mol-

ecules to be associated (Diagram B in Figure 7.) and to
be dimerised between dipolar aprotic DMSO mol-
ecules[30] which significantly reduces the number of free
solvent molecules, resulting less dis-orderness in cash

Figure 7 : Diagram (A) for 3-D structure of water due to its extensive intermolecular hydrogen bonding, Diagram (B) for
associated form between water and DMSO molecules, Diagram (C) for dimerised form between the dipolar aprotic DMSO
molecules
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of DL-á-amino butyric acid than DL-alanine and gly-
cine.

CONCLUSIONS

Experimental results for solubility values of DL-á-
amino butyric acid get decreased with the increased
concentration of DMSO and increases with increasing
temperature at a particular solvent composition. The
observed stability of the amino acid, DL-á-amino bu-
tyric acid is due to chemical interactions in compara-
tively larger co-solvent, DMSO, with dipolar aprotic
character. In addition, DL-á-amino butyric acid induces
DMSO to be dimerized mainly through dispersion in-
teraction in the DMSO rich region of this mixed aquo-
organic solvent system.
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