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ABSTRACT

Solubility data of DL-a-amino butyric acid are obtained, using the ‘formal
titrimetry’ method in water and aqueous solution with various sodium ni-
trate (NaNO,) concentrationsin the temperatures 288.15, 293.15, 298.15,
303.15 and 308.15 K. The standard transfers Gibbs energies and entropies
have been evaluated for this amino acid from water to aqueous mixture of
sodium nitrate solution at 298.15 K. The chemical effects of the transfer

Gibbs energies (AGSch (1)), obtained by subtracting theoretically

computed AGtO (i) dueto cavity and dipole-dipoleinteractions effectsfrom

thetotal transfer freeenergies, AG’(i) .Again TAS], (i) havebeenevalu-
ated after elimination of cavity effect and dipole-dipole interaction effects
fromtotal transfer (TAS; (i) ) entropies. The various solvent parameters as

well asthermodynamic parameterslike molar volume, densities, dipole mo-
ment and solvent diameter of agueous solution of sodium nitrate (NaNO,)
have also been reported in this manuscript. The results show that the solu-
bility is affected by the electrolyte (NaNO,) and the stability of the amino
acid is affected by the electrolyte which is discussed in terms of various
types of thermodynamic interactions.
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INTRODUCTION

The biomol ecul es such peptidesand proteinsare
made up of smpleblocks, theamino acids. Theamino
acidsarenot only important in biochemical processes,
but dsoimportant dueto their gpplicationsin chemicd,
pharmaceutical, cosmetics and food industries. The
solubility studiesof theamino acidsin different solvents

systems, such asaguo-organi ¢, non-agueousand ague-
ouselectrolytesolutionsare very important. Thistype
of gudiesmay helpintheunderstanding of thesolubility
behaviour of other biomolecules.

It hasbeen observed that the addition of sdltsmodify
the structure of proteing¥ by affecting propertieslike
solubility, denaturation and activity of enzymes. That is
why for better understanding of the effect of electro-
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lyteson the thermodynamic properties of amino acids
inagueoussolutionsisof vita importance becausethese
sudiesgivevauableinformation regarding theprotein
folding and unfolding processes? @ and the extent of
hydrophobicinteraction of the hydrophobic moiety of
theaminoacids.

In considering these pointsof viewsand to clarify
the solvation mechanismsof variousamino acids, the
solubility and thermodynamic studieswere carried out
by different group of researchersin different aguo-or-
ganicd“* and non-aqueous solvent systems®l. Inthis
regard Tanford, Nozaki and other authorg** reported
solubilities, transfer freeenergiesand entropiesof some
amino acids from water to urea, water-sodium sul-
phate”, water to sodium chloride®, water-glycerol 7,
water-DM SO?8 and water-DM F?? solvent systems.

But the detail s study about the solvation mecha-
nismsof variousamino acidsin aqueousd ectrolyte so-
[ution, intermsof thermodynamic point of view isstill
lack of interest for the sol ution, pharmaceutica andin-
dustrid chemigts.

In such situation themain objectiveof thisstudy is
the presentation of new experimentd datafor the solu-
bility in varioustemperaturesand thermodynamic pa-
rametersof DL- a-amino butyric acid in aqueous solu-
tion of sodium nitratein different compositions.

MATERIALSAND METHODS

Chemicalsand their purifications

DL- a-amino butyric acid, of 99% purity, was sup-
plied by Merck and used after drying asdescribedin
previouswork. Sodium nitrate (NaNO,), of 99.5%
purity wassupplied by Merck, Bombay, India. Thesalt
iswasovendried for 3-4 daysand cooled inavacuum
desiccator for 2 days prior to use. For formol titration
standardized NaOH [E Merck] solution and phenol -
phthaenindicator [LR, BDH] wereused. Neutra form-
adehyde [ E Merck] wasused to mask beforetitration.
Tripledistilled water was used for the preparation of
solution and for other experimenta works.

Preparationsof saturated solutions

Theagueous solvent of NaNO, of the concentra-
tionsof 0.0, 0.25, 0.50, 1.0, 2.0, 3.0and 5.0 (M) were
made. Then the solvent (H,0/ H,O+ NaNQ,) and ex-
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cess amount of amino acid was placed in well fitted
stoppered glasstubes. Glasstubeswereincompletely
filled tofacilitate good mixing. A low-cum-high tem-
peraurethermodat wasused for dl messurementswhich
iscapableof registering temperatures having an accu-
racy of £0.02 K. A known mass of filtered saturated
solutionwastransferredto adry conica flask. Thesolu-
bility of DL- a-amino butyric acid iSmeasured by formol
titrimetry method. * ¥ The measurements were taken
at 288.15, 293.15, 298.15, 303.15and 308.15 K tem-
peratures. Four sets of measurementsfor all the co-
solvent mixtures were made for all temperatures by
equilibrating the sol utionsfrom both above and below
(£0.02 K) the required temperatures and the solubili-
tieswerefoundto agreetowithin+0.2 to 0.5 %.

RESULTS

Calculation of total transfer Gibbsenergy and en-
tropy of solution from solubility

Theimportant parameters of theamino acid, DL-
o-amino butyric acid and aqueous solvent of NaNO,
arepresentedinthe TABLE 1. Thesolubilitiesof DL-
a-amino butyric acid are measured on molal scale
(mol-kg?) andlistedin TABLE 2. Thestandard devia
tions(s) arealso estimated for all solubility valuesto
know about the precision and these are shownin pa-
rentheses (TABLE 2) at al temperatures.

Inthe previous studiesby Batesand coworkerson
Trig*® and by Kundu and coworkerd*® and Dol ui et a
(1217 for various types of biomolecules, the standard

Gibbsenergiesof solutions(AG ) on mola scaewere

calculated for each solvent using Equation (1). Here
we haved so measured the Gibbsenergiesof solutions
by using the same equation as given below and pre-
sentedinTABLE 3.

AG!(i()=-RTInCy=-RTInm 1)

Wherey is the molar activity coefficient of the solutes
but taken tentatively to beunity in solvent Snceo-amino
acidlikely to bemostly in zwitterionic formin solvent
mixtures?), theinvolved activity coeffident factor -RTIny

in AG? arising frominteractionsof dipolar solutewith

large dipole moment may not be so small. But asthere
isneither the required experimental datanor any ap-
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TABLE 1: Valuesof solvent parameters(Molarity of NaNO, solvent system, Molefraction of NaNO, (z), water ((z,), mean
mol. Weight (M ), density (d), hard spherediameter of co-solvent (o) (NaNO_+H O)and o, (=%(0, + 0,)), Dipole

moment of co-solvent ( £ ), and isobaricther mal expansibility constant (a) of theH 0+ NaNO, system at 298.15K

, Mole Mole Molar mass Molar Dipole
M E}Z‘I\'g Of  Fractionof  Fraction of (Mg 1O3md_§(kg' Volume (V) Zs  Fsx Moment® (>§ 10
3 NaNOs (zs) water (zz) (kg mol™® ) @mPmo®) (m)  (m) L)
0.0 0.000 1.000 18.015 0.9970" 18.0692 0.274 0.466 1.831* 0.257*
0.25 0.009 0.991 18.618 1.0081 18.4684 0.275 0.467
0.50 0.018 0.982 19.219 1.0197 18.8477  0.276 0.467
1.00 0.036 0.964 20.426 1.0424 19.5952  0.278 0.468
2.00 0.072 0.928 22.837 1.0877 20.9957 0.282 0.470
3.00 0.107 0.893 25.181 1.1318 222486  0.287 0.473
5.00 0.179 0.821 30.004 1.2225 245432  0.296 0477

* for the referenced?; Density, molar mass, thermal expansibility constant, size and dipole-moment values are taken from the
website: http://en.wikipedia.org/wiki/Sodium_nitrate and from reference?.

TABLE 2: Solubilities(S) in mol-kg™* of DL - a-amino butyric acid in agueous mixturesof sodium nitr ate (NaNO,) at different
temperature(K)

Molality of NaNOs 288.15K 293.15K 298.15K 303.15K 308.15K

1.880 2.008 2.221 2.356 2.908
0.0 [Water] (1.652)[17] (1.715)[17] (1.800)[17] (2.100)[17] (2.350)[17]
: (1.634)[15] (1.720)[15] (1.800)[15] (2.300)[15] (2.400)[15]

0.25 1.935 2.150 2.345 2.743 3.045
(£0.001)" (£0.003)" (£0.001)" (£0.001)" (£0.001)"

0.50 2.557 2.697 2.764 2.939 3.288
(+0.001)" (+0.001)" (+0.001)" (+0.001)" (+0.001)"

1.00 2.622 2.908 3.342 3511 3.661
(+0.002)" (+0.001)" (+ 0.002)° (+0.002)" (+0.002)"

2.0 3.146 3.308 3.935 4.307 4.409
(£0.002)" (£0.001)" (£0.001)" (£0.002)" (£0.001)"

3.0 3.880 4.020 4.506 4.612 4.893
(£0.002)" (£0.003)" (£0.001)" (£0.002)" (£0.002)"

5.0 4.408 4.930 5.304 5.428 5.528
(+0.001)b (+0.002)b (+0.001)b (+0.002)b (+0.001)b

b= standard deviation;

TABLE 3: Sandard Gibbsener giesof squtions(AGg) onmolal scalein their respective solubilitiesof DL - a-amino butyric
acid in aqueousmixtur esof sodium nitrate (NaNO,) at different temperature(K)

288.15K 293.15K 298.15K 303.15K 303.18 K
s AG! s AG! s AG! s AG! s AG!
(mol-kg™) (kJ-mol ) (mol-kg™) (kJ-mol ) (mol-kg™) (kJ-mol ) (mol-kg™) (kJ-mol ) (mol-kg™) (kJ-mol ™)
1.880  -1.5123 2008  -1.6991 2221  -19779 235  -2.1598 2908  -2.7348
1.935  -1.5814 2150  -1.8656 2345  -21126 2743  -25432  3.045  -2.8527
2557  -2.2491 2697  -24181 2764  -25201 2939  -27171  3.288  -3.049%4
2622  -2.3092 2908  -2.6016 3342  -29908 3511 -31653 3661  -3.3247
3146  -2.7457 3308  -29157 3935  -33957 4307  -3.6803 4409  -3.8010
3880  -32481 4020  -3.3909 4506 -3.7316 4612  -38523 4893  -4.0678
4408  -35538 4930  -3.8882 5304  -41358 5428  -42634 5528  -4.3805
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TABLE 4: Coefficientsa,bandc, GibbsenergiesAGtO and entropies TASt0 of transfer of DL - a-amino butyric acid on mole
fraction scalefrom H,O toaqueous mixtur esof sodium nitrate(NaNO,) at 298.15K

Molality of NaNO; a (kJ-mol™) b (kJmol“K™) ¢ (kdmol™K?% AG?(i)(kImol™®) TAS (i) (kJ-mol™?)
0.0 [Water] -329.75 7.6955 -1.15767 0 0
0.25 -101.92 2.6080 -0.39901 -0.325 1.960
0.50 -205.36 47727 -0.71829 -0.811 -0.383
1.00 256.70 -5.5370 0.81897 -1.337 -1.699
2.00 163.13 -3.4122 0.50089 -2.009 -1.884
3.00 47.00 -0.8989 0.12794 -2.585 -4.211
5.00 289.68 -6.3690 0.944838 -3.483 -4.397

propriate theoretical correlationsfor computing the
same, thesehavebeentacitly takentobenegligibly small,
here.

Thefreeenergies, AG® at different temperatures

arefitted by themethod of |east squaresto an equation
of theform (Equation 2)i*4,

AG? =a+bT+cTInT (]
whereT isthetemperaturein Kelvinscae. Thevalues
of the coefficientsa, b, c are presented in TABLE 4.
These are found to reproduce the experimental data
within+0.04 (kJ-mol™!/ (kJmol™-K) respectively.
Transfer Gibbsenergiesand entropiesof theamino
acidsfromwater to agueous Sodium nitrate (NaNO,)
mixtureswerecal culated at 298.15 K on molefraction
scaleby using thefollowing equations(3) & (4):
AG{ (i) =,AG, (1)< AG, (i)
e
AGL(i) = (8, —ag) + (b, b )T +(c, —c)TINT =RT In(M_ /M) (3)
and,
AS(i) = (b, —b,) +(Cy —C)A+INT)+RINM_/M.,) (4)
herethe subscript ‘s’ and ‘R’ refer to the aqueous So-
dium nitrate (NaNO,) mixtures and reference sol vent
(H,0) respectively and M, and M _arethe molar mass

of the pure and mixed solvent respectively. AG” (i)

and TAS? (i) va uesof a-amino acid thusobtained and
presentedinthe TABLE 4. Theinvolved uncertainties
in AG°(i) and AS’(i) are about +0.05 kJ-mol'and
2JKmol?, respectively.

Computation of cavity, transfer dipole-dipolein-

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

tropy

Now heretheterm (where P=G or S) may be as-
cribed asthe sum of thefollowing terms (assuming di-
poleinduced dipoletermto be negligibly small)*7.

ILeAPL (i) = AP, (i) + AP, (i) + AP, (i) 5)

Here, AR°, (i) indicates the transfer energy

contribution of the cavity effect whichisinvolved due

to creation of cavitiesfor the species, DL- a-amino
butyric acid in H,O and aqueous Sodium nitrate

(NaNO,) mixturesand AR, (i) standsfor thedipole-
dipoleinteraction effect involvinginteraction between

dipolar-zwitter-ionic amino acid and the solvent
molecules.

On the other hand, ARY, (i) includes all other
effects such asthose arising from acid-base or short-
rangedigpersoninteraction, hydrophilic or hydrophobic
hydration and structural effects, etc. scaled particle
theory (SPT)'11719 has been applied for computation

of AP°

t,cav

(1) asearlier®” 9 assuming the solutesand

solvent mol ecules asequivaent to hard-spheremodels
as are dictated by their respective diameters.(Vide
TABLEY).

Theinvolved equationsaregiven asfollow:

AG. (i) = G, +RTIN(RT/V,) ©6)

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

Where X =N, 16V (z,6," +2.6.")
Y =nN,/6V (z,0,+20,)
V,=M_/d,

Hnalytical CHEMISTRY o
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TABLE 5: Gibbsenergiesof transfer AG (i), AG{ o, (i) , AG 4 (i) , AG_y, (i) and enthalpy of transfer, AH? o, (i) and

entropiesof transfer TAS? (i), TAS ,, (i) , TAS 4 (i) and TAS,;, (i) of DL-0-amino butyric acid from H,O toaqueous
mixturesof sodium nitrate(NaNO,) at 298.15K (on molefraction scal€) in kJ-mol™

Molalityof AGY(i) AG, () AG/,() AG.,(i) TAS() AH;,(@) TAS () TAS () TAS ()
NaNOs  (kJ:mol™") (kJ-mol'?) (kJ'mol™) (kJmol™) (kJmol™) (kJ-mol™) (kJmol®) (kJmol)) (kJ-mol™)

0.0 [Water] 0 0 0 0 0 0 0 0 0
0.25 -0.325 -0.213 0.013 -0.123 1.960 -0.291 -0.078 0.027 2.011
0.50 -0.811 -0.423 0.071 -0.459 -0.383 -0.546 -0.123 0.104 0.402
1.0 -1.337 -0.811 0.308 -0.834 -1.699 -0.990 -0.179 0.385 -1.905
2.0 -2.009 -1.460 1.140 -1.689 -1.884 -1.650 -0.190 1.320 -3.014
3.0 -2.585 -1.970 2.270 -2.885 -4.211 -2.100 -0.130 2.590 -6.671
5.0 -3.483 -2.760 4.940 -5.665 -4.397 -2.680 +0.080 5.540 -10.017

The required diameter and other solvent parameters of H,O and NaNO, mixtures are taken from Ref. 2 The required diameter
of DL-o-amino butyric acid is 6.58 A as given in Ref.'* 17 Dipole-moment value of DL- a-amino butyric acid is 16.0 DI%%,

Inthisexpression N, isAvogadro’s number, z_ and
z_arethemolefraction of reference solvent water and
co-solvent respectively. ‘o, , ‘oy.and ‘o’ are the
hard spherediameters of amino acid, water and ague-
ous sodium chloride mixturesrespectively. Wherethe

termsM,, d, represent for molar massand molar den-
sity of the solvent.

Therefore, therequired AG..,,, (i) representsthe
difference,
AG? (i) =, AG e (i) — AGa (i)
=. G, — G, +RTIn(V,/V,) @
AgaNAG’, (i) =(,AG 4 ()-r AGg (1)) 8
and AS), (i) =(.AS,,(i)--AS,,(i)) are caculated by
means of the K eesom-ori entati on expression*424, for
AGY (i) inasolvent S, asgiven below:
AG, () = @/YN*pipiol, (KT) v = AITV (9
WhereA = - (811/9)N*u’p’s (k) "and V =M /d_and
that of AS] (i) asfollows-
ASL, (1) = H{8,AG, (1) /8T,
i.e TAS) ,()=.AG] ,(i)[1+Ta], where N stands

for Avogadro’s number, ., 1, arethedipole moment
of agueous Sodium nitrate (NaNO,) mixtures and
amino acid respectively (TABLE 1). Inthisstudy we
considered thedipole moment of aqueous Sodium ni-
trate solutionissimilar to that off reference solvent,

(10)

water.

Os x isthedistanceat which theattractiveand re-
pulsiveinteractionsbetween the solvent and solutemoal-
eculesareequal andisgenerdly equal to (o + o, )
wheres_ and o, are the hard sphere diameter of
cosolvent and solute molecul esrespectively (TABLE
1) and a.is the isobaric thermal expansibility constant
(o value is taken same in whole compositions Sodium
nitrate aswater) of the solvent and given by thefollow-
ingequation-

o =(3InV,_/8T), =—(8Ind_/8T), (11)

Theentha py changedue cavity forminginteraction
inwater to agueous Sodium nitrate mixturesis mea-
sured by the equation-

0 T — 0 H 0 H
AH/ ., (1) = ,AH, (i)—,AHL, (i) (12)
AH? (i)=(A+H+K+E)xB (13)
Vvi‘HeA = (HNA /6VS) X (ZRGR3 + ZSGE) ‘B= GSRTZ J1-A :
H=0,x3Y/1-A;K=0,x3X/1-A; E=% ’xX*/(1-A);
X = (TN, /6V.)x(Z.c,’ +Zo2) ;and
Y =(IIN, /6V,)x(Z.0, +Z0,) -

Following Marcus? and Kim et al.?Y in order to

getthis AR, (i) term on molefraction scalethequan-
tity wasaganmultiplied by theterm X , .
Xsl = Xs(l’ls /Gz) /(MR /GSR)

(14
Thisistherea molefraction contribution dueto
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dipole-dipole interaction!??. Subtraction of

AR, (i) and ARS (i) from the total we get

AR%, (i) of the solute amino acid. The values

of AR, (i), AR%_4(i) and ARY, (i) arepresentedin
TABLES.

DISCUSSION

Analysisof solubility data

Thesolubility of DL-a-amino butyric acid increases
withtemperaturein aparticular composition of water-
NaNO, mixed solvent system and with theincreased
concentration of NaNO, solubility of thesameasoin-
creased at aparticular temperature (TABLE 2).

Asshownin Figure 1, the presence of NaNO, in
water has adrastic effect on the solubility of DL-a-
amino butyricacid. Thegradud increment of solubility
of DL-a-amino butyric acid in presenceof NaNO, may
beduetothe ‘salting in effect’. The amino acid existing
aszwitterionsin the system may form complexeswith
cation and anion of the electrolyte. The solubility
behaviour of the said amino acid confirmsthe strong
effect of thenitrateanion onitssolubility.

Involved Gibbs free energy between solute and
solvent mixtures

Figure 2 represents the variation of AG (i) for
DL -o-amino butyric acid against themole % of NaNO,
at 298.15K.

Thenegativeincrement of va uesindicatesthat DL -
a-amino butyric acid will bestabilized withtheincreased
concentration of the e ectrolyte, having nitrate anion.

Actualy AG?(i) the iscomposed of, AG?, (i),

AG/y 4 (i) and AG!, (i) i.e. thenatureof stability may
be guided by thegradual changein cavity interaction,
dipol e-dipoleinteraction and hydrophobic/hydrophilic
interactions between theionsand water moleculeswith
the hydrocarbon backbone and charged amino and car-
boxyl group of thezwitterionicamino acidinthisaque-
ousNaNO, mixed solvent system.

The, AG! (i) valuesaregradually become nega-
tivewith NaNO, concentration (TABLE 5) whichindi-
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Figurel: Variation of solubility of DL -alphaamino butyric
acid in mol-kg*in agueoussolution of NaNO, at 298.15K

catesthat theinvolved amino acid gain more stability
with theincreased mole % of NaN O, i.e. it should be
easily accommodated in agueousNaNO, thanin pure
H,O with release of concerned energy dueto the com-
paratively larger size of agueousNaNO, (3.97A )21
than H,O (2.74 A)1*"2, During the introduction of
amino acid in aqueous NaNO, solvent system, there
may form strong ion-pair betweenthezwitterionicamino
acid andthecation (Na’) / anion (NO,) of the electro-
lyte, NaNO,. Thisfactor may responsiblefor the sta-
bility of DL- a-amino butyric acid during transfer from
water to water- NaNO, solvent system.

The AGO (I)(TABLES)vduesofDL o-amino

butyricacid aeincressad gradudly withincressedmole
% of NaNO,. The values depend on hard sphere di-

ameter of cosolvent and solute molecul es, dipolemo-
ment of solvent and on molar volumeof the co-solvent

05 [
00 k
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1.0
15
20
25
30
25
40

AG (i) in kJ-mol”

2 4 6 8 10 12 14 168 18 20
Mole % NaNO,

Figure2: Variation of AG°(i) in kJ-mol™ of DL -alpha-amino
butyricacid in aqueousmixturesof NaNO, at 298.15K

o
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(asequation IX).

Thevariation of valuesindicatesthat amino acid
becomes unstablein higher content of sodium nitrate
duetodipolar interaction.

AG?, (i) vauesfor thesolute, DL- a-amino butyric
acid have been computed after subtraction of 17

AGa () from AG® (i) .
Figure3showsthevariationof AG, (i) withmole

% of NaNO,. The AG/,, (i) valuesgradually become

negativewith theincreased concentration of NaNO, in
NaNO,-water system. The downward trend of

AG/, (i) valueasshownin Figure indicatesthe sta-
bilizationwith increased concentration of sodiumnitrate.
Hereit isimportant to notethat dueto AG?_, (i) the

t,cav

amino acid becomes stabilized and dueto AG/, (i)
the amino acid becomes unstable but the other factors
associated with total transfer freeenergy, AG (i) make

AG/, (i) vaue asanegativeincrementi.e. DL-a-amino
butyric acid becomes stabilized with theincreased con-
centration of NaNO, in water- NaNO, solution sys-
tem. With theincrease concentration of the el ectrolyte
in the water-NaNQ, solution system the salt (cation
and anion) and zwitterionsinteractionincreasesi.e. for-
mation of ion- pair occurs, which suppress thelong
range e ectrostatic forcesand, at the sametimetheion-
pair formation shield the hydrophobic interaction be-
tween thewater and amino acid molecul es, consequently
the hydrophobicinteraction effect between the hydro-
phobic moiety of theamino acid decreasesin agrester

extent resultinginthemorenegative AG? (i) valuethat

mekestheAG, (i) vauein favour of negativeincrement.

Thereby the chemical stability of DL-a-amino butyric
acid isreached asshownin Figure 3. From these ob-
servations one may conclude that NaNO, may stabi-
lizetheamino acid aswell asproteinsand the bio-mac-
romolecules.

Entropy and enthalpy of transfer of DL -a-amino
butyricacid in aqueoussolution of sodium nitrate

—— Fyll Peper

s

AG'_ (i) in kJ-mol”

]
w

]
o

L l 1 l 1 I 1 I 1 I L I L l 1 I L l 1
2 4 6 8 10 12 14 16 18 20
Mole % NaNO,
Figure3: Variation of AG® , (i) in kJ-mol* of DL -alphaamino
butyricacid in aqueousmixturesof NaNO, at 298.15K
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Inthe present study Figure 4 representsthevaria-
tionsof total transfer entropy, TAS (i) withmole%
NaNO, and Figure 5 representsthe entropy of trans-

fer, dueto chemical interactions, TAS . (i) .
Figure 6 represents the variation of enthal py of

transfer, AH{ ., (i) dueto cavity forming interaction.

Both the Figures4 & 5 show acomplicated nature of
vaiaionsof TAS® (i) & TAS,, (i) respectively.

Actually TAS(i) iscomposed of transfer entropy

dueto cavity, dipole-dipole and chemical interaction
effectsi.e.

TAS (i) = TAS, () + TAS, (i) + TAS, (i)

Now combined effectin TAS? (i) valuemay rep-

resents such behaviour asshowninFigure4.
InFigure5itisobserved that at about 1 % mole
concentration of NaNQ, in the solvent system the

TASY,, (i) valueshowsclear maximabut after that con-

centrationthe TAS?,, (i) valuesgradually becomenegar

tive. It isindicates that in water thereisvery strong
intermol ecular hydrogen bonding i nteraction between
thewater molecules. But with theincreased concentra-
tion of sodium nitrate in presence of amino acid the
hydrogen bonds between the water moleculesare bro-
keni.e. inthelower content of thedectrolytetheremay
be breakdown of 3D water structure occurs. In this
region the number of freewater moleculesaswell as
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Figure4: Variation of TAS® (i) in kJ-mol* of DL -alphaamino
butyricacid in aqueous mixturesof NaNO, at 298.15K

o

cation and anion of thee ectrolyteincreaseswhich are
respong blefor the positive maximum of entropy change.
But asthe concentration of NaNO, increased, the mo-
nomeric H,O molecules become induced by solute
amino acid to be interacted by hydrogen bonding as
well ashydrophilicinteraction withthe el ectrolyte cat-
ion(Na') and anion (,.;) i.e. association with thefree
H,O moleculesoccurs extensively. At the sametime
ion-pair formation occursbetween the cation/ anionand
zwitterionsof theamino acid in agreater extent result-
inglessnumber of freemoleculesinthesystemwhichis
mainly responsiblefor sharp decrement of values.As

shownin Figure6 enthapy of transfer, AH? _ (i) due

t,cav
to cavity formation showsgradua decrement with mole
% NaNO, which manifeststhat during theintroduction

0.0

- &
o o

{i) in kJ-mol”
o

o
rcav

o

o

R
o
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Figure6: Variation of AH° _ (i) in kJ-mol™* of DL -alphaamino
butyricacid in aqueous mixturesof NaNO, at 298.15K
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Figure 5: Variation of TAS® , (i) in kJ:mol * of DL-alpha
aminobutyricacid in agueousmixturesNaNO, at 298.15K

of theamino acidin NaNO,-water system, formation
of ion-pair associ ated speci es occur between the zwit-
terionic amino acid and cation and anion of the salt.
Thisfactor may responsiblefor negative variation of

AHC_, (i) value

CONCLUSIONS

The solubility studiesshowsthat el ectrolyte affect
the solubility of the amino acid as well as other
biomol eculeshaving hydrophobicsidechains. Thepres-
ence of nitrate anionismainly responsiblefor higher
solubility withtheincrease concentration of thed ectro-
lytein aparticular temperature. The DL- a-amino bu-
tyric acid isstabilised in aqueous sodium nitrate solu-
tion asitssolubility increaseswith theincreasing con-
centration of NaNO, content. Stability of theamino
acid arisesmainly dueto cavity forming interactions,
ion-pair formation, and other chemical typesof inter-
actions. The electrolyte shows water 3D-structure
breaking propensity inthe presence of amino acid, DL -
a-amino butyric acid. Theamino acid showsmoredis-
orderness in lower content of electrolyte and more
ordernessisfoundin higher content of theelectrolyte.
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