ISSN : 0974 - 7524 Volume 9 Issue 8

Physical CH

LMUISTRY

A Tndian ournal

— Ful] Peper

PCAIJ, 9(8), 2014 [273-282]

Thermodynamicsof solvation of DL -a-amino butyric acid in aqueous

dimethyl sulfoxide at 298.15 K

S.Roy?, K.Mahali?, S.Mondal®, B.K.Dolui*
1Department of Chemistry, Shibpur Dinobundhoo I ntitution (college), Howrah, W.B, (INDIA)
2Department of Chemistry, Univer sity of Kalyani, Nadia. W.B., (INDIA)
*Department of Chemistry, Visva-Bhar ati, Santiniketan, Birbhum, W.B., (INDIA)

E-mail: bijoy_dolui@yahoo.co.in

ABSTRACT

The thermodynamics of interactions in terms of total transfer Gibbs free

energy, AG? (i) and entropy, AS? (i) aswell asby the terms of chemi-

cal transfer free energy (Achh (i) ) and entropy (TAS(?ch (@i)) of DL-

a-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 thisamino acid have been measured by ‘formol titrimetry’
method at five equidistant temperaturesi.e. from 288.15 to 308.15 K in
different composition of the protophilic dipolar aprotic dimethylsul-
foxide (DM SO). The various solvent parameters as well as thermody-
namic parameters like molar volume, densities, dipole moment and sol-
vent diameter of agueous solution of aprotic dimethylsulfoxide have also
been reported here. The chemical effects of the transfer Gibbs energies

(AG{, (i) ) and entropies of transfer (TAS; (i) ) 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-o-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 agueous DM SO mixtures as compared to that of refer-
ence solvent, water. © 2014 TradeSciencelnc. - INDIA
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INTRODUCTION their applications in chemical, cosmetics, pharma-
ceutical and food industries. The solubility studies

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 aso important due to

of these biomoleculesin different solvent systems,
such as aquo-organic, non-aqueous and agueous
electrolyte solutions are very important. This type
of studiesmay help in the understanding of the solu-
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bility behaviour of other biomolecules.

The a-carbon atom of DL-a-amino butyric acid
isbonded with an apolar aliphatic hydrophobic side
chain (-CH,CH.,). Thegroup of thisamino acid may
impart hydrophobic hydrationinteraction 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 12 to
determine the various thermodynamic properties of
amino acidsin different aqua-organic mixed sol vent
systems.

Thesetypes of studieswill helpto gainthe vari-
ous aspects of protein folding-unfolding processes
and protein stability in different aguo-organic sol-
vent systemd?®® 4. |n this regard researchers have
reported solubilities, transfer free energies, enthal-
pies and entropies of some amino acidsin different
aguo-organic solvent systemd®12 %2, All these ex-
periments|eadsto aconcluding remark ontherela-
tive stabilization of amino acids and other
biomol eculesin agua-organic mediawith respect to
reference solvent (water) and the complex solute-
solvent and solvent-solvent interactionstherein.

Very recently solvation chemistry of glycine, DL-
alanine, DL-a-amino butyric acid and DL-nor-va-
line are studied by our group in agueous mixture of
N, N-dimethylformamide*-12%5, Our main objective
of such type of studies were to know about the na-
ture of solubility in agueous mixture of such
protophilic dipolar aprotic organic solvent at vari-
ous temperatures and to get new idea about the na-
tureof solvation aswell asinteraction 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. DM SO is aso a protophilic dipolar
aprotic solvent having two hydrophobic groups(i.e.
—CH,) as well as soft (>S=0) moiety. The particu-
larity of thissolvent may play important roleinterm
of soft-soft, dispersion and hydrophobic interaction
to influence solvation chemistry of DL-a-amino bu-
tyric acid. Therefore the estimated thermodynamic
parameters from thiswork may be helpful to enrich
chemical, biochemical, industrial and pharmaceuti-
cal sciencesin future.
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EXPERIMENTAL SECTIONS

Materials

DL-a-amino butyric acid [> 99.5 %, E Merck]
was used after drying in desiccatori*18l,
Dimethylsulphoxide[>99.8 %, SigmaAldrich] rig-
orously dried over fused CaCl, for 3-5 days, de-
canted and then distilled under reduced pressure.
The distilled solvent was preserved in awell stop-
per battle in desiccator(*®9, 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 tripledistilled water. Solutionswere
prepared on the weight basis by using aMettler bal -
ance having a precision of £0.01 mg. These were
takeninwell fitted stoppered glasstubes. Glasstubes
were incompletely filled to facilitate good mixing.
The thermostat used for all measurementswhichis
capable of registering temperatures having an accu-
racy of +£0.02 K. A known mass of filtered saturated
solution was transferred to adry conical flask. The
solubility of DL-a-amino butyric acid is measured
by formol titrimetry method® 23, These measure-
mentsweretaken at 288.15, 293.15, 298.15, 303.15
and 308.15 K temperatures. Five sets of measure-
mentsfor all the co-solvent mixtureswere madefor
all temperatures by equilibrating the solutionsfrom
both above and below (+0.02 K) the required tem-
peratures and the solubilitieswerefound to agreeto
within+0.5 to 1.0 %.

RESULTS

Solubility data

The solubilities of DL-a-amino butyric acid are
measured on molal scae (mol-kgt) 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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TABLE 1: Solubilities (S) in mol-kg™ of DL-e-amino butyric acid in aqueous mixtures of dimethylsulfoxide at
different temperature (K)

Wt % DM SO 288.15K 293.15 K 298.15 K 303.15K 308.15K
1.834 1.980 2.134 2.408 2.920

0 (1.856)1 (2.060)* (2.130)18 (2.360)1 (2.920)8
(1.702)!*2 (1.952)*4 (2.205)1*2 (2.534)1*2 (2.874)4

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

(*) Valuesarestandard deviation;

DM SO. These measurements were taken at 288.15
t0 308.15 K temperatures. The standard deviations,
(s) are aso 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 DM SO at al tempera-
tures.

Determination of transfer Gibbsfreeenergy and
entropy

Theimportant relevant parameters of the DL-a-
amino butyric acid and agueous mixture of DM SO
are presented inthe TABLE 2.

Like in the previous studies by Bates and co-
workers??, Kundu and coworkers? 24 and Dol ui et
al [6: 12 1519, 21 for various types of biomolecules,
the standard Gibbs energies of solutionsof theamino

acid (AG°) on mola scale were calculated for each

solvent using equation (1) and presented in TABLE
3.

AG(i)=—-RTInCy=-RTInm (@8]
Where y isthe molar activity coefficient of the sol-
utes but taken tentatively to be unity in each sol-
ventl?® 21 <C’ is the concentration of the solute in
solvent and ‘m’ is the molal solubility (mol-kg*) of
the solutes in solvent. Here it is important to note
that the involved activity coefficient factor -RTIny

in AG® 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 appropriatetheoretical correlationsfor com-
puting the same, these have been tacitly taken to be
negligibly small, asisusualy donefor the non-elec-
trolytes?l,

Thefreeenergies, AG? at different temperatures
arefitted by themethod of |east squaresto an equation
of theform (Equation 2)27,

AG? =a+bT+cTInT @
whereT isthetemperaturein Kelvinscale. Thevalues
of the coefficientsa, b, c are presented in TABLE 4.
These arefound to reproduce the experimental data
within+0.04 (kJ-mol/ (kJmol'*-K) respectively.

Transfer Gibbsenergies AG? and entropiesaAs, of
theamino acidsfrom water to aqueous dimethyl sulfox-
idemixtureswerecal culated at 298.15 K on molefrac-
tion scale by using thefollowing equations(3) & (4):
AG!(i) = AG, (1) AGy, (i)

. AG{(i)=(a,—a;)+(b,—b )T+

1€ (c.—¢.)TINT=RTIN(M_/M.,) ©)
AS(i) = (b =b,) +(cr = C5)

NG, (1 4 InT)+RIN(M /M ) )

herethe subscript ‘s’ and ‘R’ refer to the aqueous dim-

ethylsulfoxide mixtures and reference solvent (H,0)

respectively and M and M _arethe molar massof the

pure and mixed solvent respectively. AG°(i) andval-
ues TAS'(i) of a-amino acidsthusobtained and pre-
sented inthe TABLE 4. Theinvolved uncertaintiesin
AG°(i) and AS’(i) areabout+0.05 kJ-mol'and 2J K-
mol, respectively.

Deter mination of cavity, transfer dipole-dipolein-

teractions, enthalpy due to cavity formation,
chemical partsof transfer Gibbsenergy and en-

tropy
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Theterm AP’(i) (where P=G or S) can be parti-

tioned into cavity, dipole-dipoleand chemical contri-
buti ons assuming dipoleinduced dipoleforce negli-
giblg?2,

i.e. AP°(i) =AP’,,,

(i) + AP’ 4 (i) + AP, (i) 5)

Here, AP’ , (i) indicatesthetransfer energy contribu-

tion of the cavity effect whichisinvolved dueto cre-
ation of cavitiesfor the species, DL-a-amino butyric
acidinH,O and agueous dimethylsulfoxide mixtures
and AP’ _,(i) standsfor the dipole-dipoleinteraction
effectinvolvinginteraction between dipolar-zwitter-ionic
amino acid and the solvent molecul es.

Onother hand, ARY, (i) includesall other effects
such asthosearising from acid-baseor short-rangedis-
persion interaction, hydrophilic or hydrophobic hydra-
tion and structural effects, etc. Scaled particletheory
(SPT)[2- 281 has been applied for computation of

ARS,, (i) asearlier®®?), assuming the solutes and sol-

vent molecules as equivaent to hard-spheremodelsas
aredictated by their respectivediameters.(Vide TABLE
2).

The involved equations are given as follow:

AGY, (i) = G, + RTIN(RT /Vy) (6)

G, =RT[-In(1-Z)+{3X /(1- Z)}o,
+{3Y/(1-2)}o,” +{9X?/4(1-Z)*}5,’]
Z=nN, /6V (2,0, +20.")

X =nN, /6V,(z,0," +20.°)

Wherey =N, /6V.(z,0, +2.6.)
V.=M.,/d,

In this expression N, is Avogadro’s number, z,,
and z_ are the mole fraction of reference solvent
water and co-solvent respectively. ‘o, ‘o,.and

‘o’ are the hard sphere diameters of DL-a-amino
butyric acid, reference solvent, water and agueous
dimethylsulfoxide mixturesrespectively. Wherethe
terms M, d, represent for molar mass and molar
density of the solvent.

Therefore, therequired AG..,,, (i) representsthe
difference,

Physical CHEMISTRY o

AG! (i) =, AG (i) — AG (i)
= G.—, G.+RTIn(V,/V,) 0
Again AG],_,(i) =(.AGY_, (1), AGY_, (1)) (8)

and AS(,)d—d (i) :(sAsg—d (i )_RASS—d (1)) areca-
culated by means of the Keesom-orientation expres-
sion'2 2 for AG] , (i) inasolvent S, asgiven be-
low:
AGY, (1) = (8IL/ YN W pie > (KT) 'v,"=A/T-V_  (9)
Where A =-(8I1/9)N*uuic > (k) andV =M/
d.and that of AS] , (i) asfollows-

AS (1) =—{8.AG ,(i)/3T}, (10)

i.e. TAS) ,(1)=AG] ,()[L+Ta], where N

standsfor Avogadro’s number, 1, 1, arethedipole
moment of aqueous dimethylsulfoxide mixturesand
amino acid respectively (TABLE 2).

o, , isthedistance at which the attractive and repul -
sive interactions between the solvent and solute molecules

areequa andisgeneraly equal to /(o + 0, ) whereo ;and

o, are the hard sphere diameter of cosolvent and solute

moleculesrespectively (TABLE 2) and 4 is the isobaric ther-
mal expansibility constant of the solvent and given by the
following equation-

a=(8InV,/8T), =—(8Ind_/3T), (11)

Theenthal py change due cavity forming interac-
tioninwater to agueous dimethyl sulfoxide (DM SO)
mixturesis measured by the equation-
AH ?,cav (I) = SAH Sav (I )_RAH Sav(i)

AH? (i)=(A+H+K+E)xB

(12)
(13)
where A =(TIN, /6V,)x(Z.0," +Z02) ;
B=0oRT?/1-A ; H=0,x3Y/1-A; K =0, x3X/1-A;
E=9,°xX?/(1-A)?
X =(TIN, /6V,)x(Z,0,° +Z.02);
and Y = (1IN, /6V,)x(Z .0, +Z0.) -

Following Marcus® and Kim et al.,'?® in order
to get this AR’ (i) term on molefraction scale the

quantity was again multiplied by theterm X .
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TABLE 2: Values of solvent parameters (Mole % of DM SO solvent system, Mole fraction of DM SO (z), water ((z,),

mean mol. Weight (M), density (d), hard sphere diameter of co-solvent (o) (DMSO+H,0) and o , (=

¥(og + 0,)), Dipole moment of co-solvent ( £;) and isobaric thermal expansibility constant (e) of the H,O+DM SO
system at 298.15 K

Mole Mole Molar mass 3 Molar Dipole
I\DAIG ;/2) fractionof  fractionof  (Mg) (kg (Iig r(ro%) Vol.(Vy) s Tsx Moment fog()
DMSO (zg  water (zg) mol) (m3mol)  (nm)  (nm) (1)

0 0.000 1.000 18015 0997 18069 0274 0445 1831  0.257*
20 0.04 0.946 21.260 1.002 21.218 0.286 0.451 1.941 0.296
40 0.133 0.867 26.010 1.009 25778 0303 0.459 2.105 0.353
60 0.256 0.744 33.400 1.021 32713 0329 0473 2.359 0.442
80 0.479 0.521 46.810 1.042 44923 0.378 0.497 2.821 0.604
100 1.000 0.000 78.130 1.091 71613 0491 0.554 3.900 0.982"

* #values are taken from the references®.

TABLE 3: Gibbsenergiesof solutions(AGg) on molal scaleintheir respectivesolubilitiesof DL-a-amino butyricacidin
aqueousmixtur esof dimethylsulfoxideat different temperature(K)

288.15 K 293.15K 298.15K 303.15K 303.18K
S 0 S 0 0 S AG! S AG!
. AG AG S AG i s 3 s
(moll) ¢ kmorY) (mol') K€ kamord  (MOKE) g (mol') ke (kJ-lx)nor (mol') kg (kJ-lx)nor

1.834 -1.45298 1.980 -1.66488 2134 -1.87894 2408 -2.21491 2920 -2.74535
0.831 0.44350 0.984 0.03931 1.156 -0.35930 1234 -052990 1329 -0.72870
0.464 1.83957 0.530 1.54735 0.612 1.21715 0.643 111300 0.684  0.97302
0.318 2.74474 0.330 2.70208 0.344 2.64518 0.368 251956 0437 2.12084
0.221 3.61650 0.232 3.56086 0.246 3.47636 0.259 340486  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 4 : Coefficientsa, b and ¢, Gibbs energi%AGtO and entropies TASt0 of transfer of DL -a-amino butyric acid
on mole fraction scale from H,0 to H,O-DM SO mixture at 298.15 K

Wt % DMSO  a(kJ'moll) b (kJmolK?") c(kImol*K?")  AG?(i) (kdmel™®  TAS’(i) (kJ-mol™?)

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 -90.331
80 9.9444 -0.0656 0.00770 3.513 -12.999
100 196.22 -4.0924 0.60683 5.184 -14.298
0 . 0 . 0 s .
X, =X (u./0)/(us/o}) (14) of AR ., (1), AR 4_4(i) and AR (i) arepresentedin
TABLES.

Thisisthereal molefraction contribution dueto

dipole-dipole interaction!®!, Subtraction of The required diameter and other solverit param-

_ _ etersof H,O and DM SO mixtures aretaken from Ref.
AR’ (i) and AR (i) from the total, i.e. AR°(i) 2 Therequired diameter of DL-a-amino butyric acid

o . _ _ i$6.58 A as given in Ref.[18 Dipole-moment value
weget AR, (i) of thesoluteamino acid. Thevaues ot B[ -g-amino butyric acid is 16.0 D202,
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TABLE 5: Gibbsenergiesof transfer AG (i) L AG_ (i) ,AGt?dd (i) ,AGt?ch (i) and enthalpy of transfer, Achav 0]

t,cav
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and entropies of transfer TAS? (i), TAS ., (i), TAS (i) and TASY, (i) of DL-a-amine butyric acid from H,0
to H,O-DM SO at 298.15 K (on mole fraction scale) in kJ-mol™

Wt%  AGU(i)  AG, () AGl,() AGL,() TAS!(i) AH,() TAS),() TAS,() TAS(i)

DMSO  (kJ'mol™) (kJ-mol®) (ki-mol') (kJ-mol') (ki-mol) (kJmel) (kJmol®) (kJmol)) (kJmol?
0 0 0 0 0 0 0 0 0 0
20 1.165 -1.580 0460 2285 -0919  -1.080 0.500 0.433 -1.852
40 2.263 -3.190 2060 3390 -5379 -1.810 1.380 1.900 -8.659
60 3.082 -4.860 5080 2862 -9.331  -2.070 2.790 4.530 -16.651
80 3513 -6.660 9.910 0323 -12.999 -1.080 5.580 8.330 -26.909
100 5.184 -7.830 1670  -3.686 -14.298  16.80 24.630 12.400 -51.328

Figure 1 representsthe variation of AG? (i) for
DISCUSSION

Analysisof solubility data

Thesolubility values of DL-a-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 DM SO
the same show reverse nature at a particular tem-
perature.

Gibbstransfer freeenergy involved between DL -
a-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.

amino acid DL-a-amino butyric acid against themole
% of DMSO at 298.15K.

There occursapositiveincrement of AG°(i) val-
ueswith theincreased concentration of DM SO. Ac-

tually AG? (i) iscomposed of AG,, (i) , AG?, 4 (i)

andAG?, (i) . [AG, (i) i.e. free energy change
due to dipole-induced dipole interaction, it is con-
sidered negligible].

TheAG?, (i) , valuesare showing gradual nega-

tive increment with DM SO concentration (TABLE
5) which indicates that DL-a-amino butyric acid
should easily be accommodated in DMSO than H,O
with release of concerned energy dueto the greater

4
b B [ ]
3
Ab. B
5k 2 L
= 4r g 1
3 2 0
2 3t £ 41
r= = |
— 5
b B & 22 =
g 2 9 |
3L
il [
4r I I | I I
— 0o 2 40 & @ 10
0 20 40 60 80 100 % AR

Mole % DMSO

Figurel: Variation of AG? (i) in kJ-mol™ of DL -a-amino
butyric acid in aqueous mixtures of DM SO at 298.15 K

Figure2: Variation of AG (i) in kJ-mol! of DL -g-amino
butyricacid in aqueousmixturesof DM SO at 298.15K
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sizeof DMSO (4.91A) than H,0 (2.74 A),

Ontheother hand, AG’, , (i) (TABLED5) values

areincreasingly positivein naturewithincreased mole
% of DM SO. Thedipolemoment of DM SO (3.90D)
isgreater than H,O (1.83D)™) but theinvolved hard
sphere diameter difference of DM SO and H,O sup-
portssuchvariation. The Gibbsfreeenergy due chemi-

cd interactionsi.e. AGY,, (i) vauesfor thesolute, DL-
a-amino butyric acid have been computed after sub-

traction of AG., (i) and AG?,_q (i) fromAG(i).

Thechemicd interaction such asH-bonding, acid-base,
hard-soft, dispersion, hydrophilic hydration and hydro-

phobic hydration, etc. areinvolvedinAG/, (i) forthe
solute and solvent moleculesinthissystem.

Figure 2 representsthevariationof AG’,, (i) with

DMSO concentration. The AG’, (i) value shows

maximaat about 15 mole % of DMSO in the H,O-
DM SO solvent system. Thistype of natureindicates
the destabilization of DL-a-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 DM SO in water. After that
the gradual stabilization of DL-a-amino butyric acid

occurswith the sharp decrement of AG/,, (i) values

with DM SO concentration. Here hydrogen bonding
capacity of thereference solvent, water ishigher than
the larger protophobic dipolar aprotic DMSO. This
factor will destabilize DL-a-amino butyricacidwiththe
increased concentration of DM SO. But thegreater Size
of DMSO (4.91 A) introduces strong soft-soft as well
asdispersion interaction amongthe DM SO and larger
sizeamino acid, DL-a-amino butyric acid [i.e. CH.-
CH,CH (NH,") (COO)] [6.58 A]. Here it is impor-
tant to notethat in higher concentration of DMSOin
agueous co-sol vent system the associ ation of the sol-
vents molecules(i.e. between water and DM SO mol-
eculesin 1:2 ratios)!® 3134 [ Diagram B) and the self
association of DM SO [ Diagram C] occursextensively
which may also take part in dispersion interaction with
larger aninoacid molecules.

—= Pyl Paper

Thehydrophilic aswell ashydrophobic hydration
interactionsare gradually reduced with increased con-
centration of DM SO. Thisfactor may destabilize DL-
a-amino butyric acid in agueous DM SO system. But
the overdl increased dispersion interaction may play
more dominating role over the reduced acid-base, H-
bonding, hydrophilic and hydrophobicinteractionin-
volved between amino acid and DM SO in aqueous
DM SO mixtures compared to the reference solvent,
H,0.

Figure 3 represents a comparative study of
AG/, (i) values of glycine*’, DL-alanine®! and
DL-a-amino butyric acid in water-DM SO solvent
system. The a-amino acid, glycine having smaller
size (5.64 A) will be more stabilized with in-
creased concentration of DM SO by dispersion in-
teraction and hydrophilic interaction than DL-ala
nine (6.16 A) and DL-o-amino butyric acid [6.58
A]. Though the dispersion interaction is more effec-
tive for larger amino acid than smaller one but the
higher charge density on smaller amino acid ismore
efficient for hydrophilicinteraction. Hencethe com-
bined effect of dispersion and hydrophilic interac-
tionsin smaller amino acid is more than larger one
which isresponsible for such type of observed sta-
bility order of these amino acids.

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

&
2
0
= 2 -
4 L
,g B Aba.
2 6
-0 | Ala.
o"‘ =
- R
14 |-
'16_.|.|.|.|.|Gly'
0 20 40 60 80 100
Mole % DMSO

Figure3: Variation of AGt?ch (1) inkJ-mol of DL -a-amino

butyricacid, DL -alanineand glycinein aqueousmixtur esof
DM SO at 298.15K
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Figure4: Variation of TAS' (i) in kJ-mol' of DL -0-amino
butyricacid in aqueousmixturesof DM SO at 298.15K

Fgure4 representsthevariationof TAS? (i) , of DL-
a-amino butyric acid againgt mole% of DM SOinague-
ousDMSO. LikeAG! (i) , TAS (i) iscomposed of cav-
ity, dipole-dipole and chemical interaction effects
i.8. TAS' (i) =TAS?, (i) +TAS?, (i) +TAS?,, (i)

The combined effect in TAS?(i) value may repre-
sent such behavior as shown in Figure 4.

TAS?,,, (i) values (TABLE 4) are gradualy in-
creased with the mole % DM SO. With theincreased
DM SO concentrations thewater molecule becomes
free from amino acid to allow it to be accommo-
dated by theformer. With theincreased DM SO con-
centrations the water molecule becomes free from

amino acid to allow it to be accommodated by

DMSO. TAS, 4 (i) values (TABLE 4) are also

gradually increased with the DM SO concentration.
Herewith theincreased concentration of DM SO the
dipolar amino acid, DL-a-amino butyric acid be-
come less associated with dipolar co-solvent dueto
the larger size of DMSO (4.91 A)® and therefore
DL-a-amino butyric acid allow water as well as
DM SO mol eculesto be more free as the concentra-
tions of DM SO gradually increased.

TAS?,, (i) valuesare determined after subtrac-

tion of TAS?,, (i) and TASY, (i) from TAS (i) .
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TAS® (i) in kJ-mol”
£ b K
L= ) o (]

g

0 20 40 60 80
Mole % DMSO

Figure5: Variation of TAS (i) inkJ-mol of DL-a-amino
butyricacid in aqueousmixturesof DM SO at 298.15K

Figure5 representsthevariation of TASY, (i) of DL-

a-amino butyric acid with increased DM SO concen-
tration in agueous DM SO mixtureat 298.15K. The
nature of the curvewith mole % DM SO indicatesthat
water moleculesadopt 3-D structureduetoitsexten-
siveintermolecular hydrogen bonding (DiagramAin
Figure7) at lower concentration of DM SO.
Ontheother hand, the negativetrend of the curve
with increased mole % DM SO indicates that the
large sized amino acid, DL-a-amino butyric acid
induces the solvent molecules to be associated (i.e.
between water and DM SO molecules) (Diagram B
inFigure 7.)B-% and to be dimerised[i.e. between the

10

0
- -0}
E o[
o i
c
= -30 |-
% 40 | Gly
= ) Ala,
| Abg
_60 1 | 1 | 1 I 1 | 1 |
0 20 40 60 80 100
Mole % DMSO

Figure6: Variation of AHY , (i) inkJ-mol* of DL -a-amino
butyricacid in aqueousmixturesof DM SO at 298.15K
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Figure7: Diagram (A) for 3-D structur eof water duetoitsextensiveintermolecular hydrogen bonding, Diagram (B) for
associated form between water and DM SO molecules, Diagram (C) for dimerised form between thedipolar aprotic DM SO

molecules

dipolar aprotic DM SO=31 molecules(Diagram Cin
Figure7.) Herethe DL-a-amino butyricacid dsoin-
ducesthe hydrophilic hydration and hydrophobic hy-
dration to be decreased with the increased DM SO
concentration.

Hence the solute induced dispersion interaction
among largesize DM SO mol ecul es being the predomi-
nant factor over others, the overall decrement of
TAS! (i) val ueoccursthroughout the higher concentra:
tion of DM SO in this agueous DM SO mixed solvent
system.

Figure 6 representsacomparative study of varia-
tion of of a-amino acids, DL-a-amino butyricacid, gly-
cing¥ and DL-alanine® in agueous-DM SO mixed
solvent system. Herewe seethat theamino acid gly-
cineinducelessdis-ordernessto solvent mixturesin
aqueous-DM SO than DL -alanineand upto therange
of 30 mole % of DM SO and then upto 100 mole %
glycineinducesmoredis-ordernessto the solvent than
DL-aanine and DL-a-amino butyric acid. At lower
content of DM SO the hydrophobic/hydrophilic hydra

tionsaremoreeffectivein caseof glycine(i.e. smaller)
than daninedueto higher chargedendty onglycine, as
aresult entropy of the system becomelessinthecase
of glycine + water + DM SO system than the DL-
danine+water + DM SO system®4- But in higher con-
tent of DM SO, comparatively larger solute, DL-ala
nineinducesmore strongly the solvent moleculesto be
associated (i.e. between water and DM SO molecules)
(Diagram B in Figure 7) and to be dimerised between
dipolar aprotic DM SO molecules(Diagram Cin Fig-
ure 7)B which significantly reducesthe number of free
solvent molecules, resulting lessdis-ordernessin cash
of DL-aaninethantheglycine. Buttheaminoacid, DL-
a-amino butyric acid showslessdis-ordernessthrough-
out thewholeregion of water-DM SO concentration.
Comparatively larger size DL-a-amino butyric acid
[6.58 A) induces the most strongly the solvent mol-
eculestobeassociated (DiagramB inFigure7.) andto
be dimerised between dipolar aprotic DM SO mol-
ecul ed® which s gnificantly reducesthe number of free
solvent molecules, resulting lessdis-ordernessin cash
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of DL-a~-amino butyric acid than DL-alanineand gly-
cne.

CONCLUSIONS

Experimental resultsfor solubility valuesof DL-a-
amino butyric acid get decreased with theincreased
concentration of DM SO and increaseswithincreasing
temperature at aparticular solvent composition. The
observed stability of theamino acid, DL-a-amino bu-
tyricacidisdueto chemical interactionsin compara-
tively larger co-solvent, DM SO, with dipolar aprotic
character. Inaddition, DL-a-amino butyricacidinduces
DM SO to bedimerized mainly through dispersionin-
teraction inthe DM SO rich region of thismixed aquo-
organic solvent system.
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