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ABSTRACT

Solubilities of ana-amino acid, glycine (Gly.) have been measured gusfarmol titrimetry’ method at five
equidistant temperatures i.e. from 288.15 K to 388K in aqueous mixtures of protophilic dipolar apc
Dimethylsulfoxide (DMSO). The various solvent pazters as well as thermodynamic parameters like mola
volume, densities, dipole moment, solvent diameteaqueous DMSO have been reported and standael fre

energies AG? (i) ) and entropies AS’ (i) ) of transfer of glycine from water to aqueous migtof DMSO have
been evaluated in this paper at 298.15 K. The cbangffects of the transfer Gibbs energidk(?qgch(i) ), as
obtained by subtracting theoretically compuﬂeﬁtO (i) due to cavity effect and dipole-dipole interactieffiects
from the corresponding experimental total transfiere energies. AgainTASSch(i) have been evaluated after

elimination of cavity effect and dipole- dipoledrdction effects from the total transfe'FZ@StO (1)) entropies.

Keywords: Aqueous solventg-amino acid; dipole-dipole interaction; hydrophohi@ration; transfer energetic

INTRODUCTION

Amino acids are the chemical units that make ugeime, as they are famously called the “buildingckk” of
protein. They are organic acids in which one oranloydrogen atoms are replaced by >Nioup. Amino acid,
glycine contains a carbon atom, a free amino ggoptaining nitrogen-Nk and a carboxyl group (COOH). The
amino acid remains predominantly as zwitteriong\'HCH, -CO, which is capable both accepting and donating
protondn biological system.

Protein folding and unfolding process [1, 2] arengyally much more important in biological systemheT
conformation of a protein in solution is generadlyfunction of electrostatic, hydrogen bonding, \dar Walls

forces, and acid-base interactions, hydrophobic faydgtophilic interactions among the amino acid daes that
overall leads to a folded state overcoming an @idrpenalty. [3-5] Extraction of proteins from thatural sources
and the denaturation process is essential for ldisso and purification of protein. In this regatte thermodynamic
properties of proteins as well as amino acids ffedint solvent systems are important.

On the other hand measurement of solubility anchtbdynamic study of the amino acid, glycine in eliént aquo-
organic solvents systems are very important beciases a lot of applications in pharmaceuticaleschemical and
chemical sciences. Such as the pharmaceutical gitgd@e is produced for some pharmaceutical appbos, e.g.
intravenous injections. Technical grade glycinejclvmay or may not meet USP grade standards, dsfeoluse in
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industrial applications; e.g., as an agent in metahplexing and finishing. Glycine serves as admifify agent in
antacids, analgesics, antiperspirants, cosmeticd, tailetries. In many miscellaneous products gigcior its
derivatives are used such as the production ofausponge products, fertilizers and metal complesxan

The principal function of glycine is as a precurgoproteins, such as its periodically repeated nolthe formation
of collagen helix in conjunction with hydroxyprodinit is also a building block to numerous natpralducts.

Glycine is an intermediate in the synthesis of et of chemical products. It is used in the mactiiire of the
herbicide glyphosate.

In considering the important of the amino acideagshers have been drawn their attention [3-10&flang time to
determine the various thermodynamic propertiesufia acids in different aqua-organic mixed solveygtems.

In this regard Tanford, Nozaki and other auti®r&0] reported solubilities, transfer free energies amttlopies of
some amino acids from water to urea, water-glyclrbj121 3] and water to ethylene glycol, [14,15] wateMNg\-
dimethyl formamide, [16-18] and water to 2-methdkgol, [19] water to 1,2-dimethoxyethane, [20]vsolts
systems. All these experiments tried to give am ideout the relative stabilization of those aminmsand other
biomolecules in aqua-organic media with respeateference solvent (water) and the complex solukeestd and
solvent-solvent interactions therein.

In such context our purposes of such type of sardyto know about the nature of solvation as welhéeraction of
smaller amino acid or biomolecules with dipolarajar solvent systems compared to protic solventewdrecently
solvation chemistry of valine is studied in aqueausture of cationophilic dipolar aprotitN, N-dimethyl
formamide [18]and in DMSO. Dimethylsulphoxide [21] is also a juthilic dipolar aprotic solvent having two
hydrophobic groups (i.e. —GHas well as soft (>S=0) moiety.

This solvent may also play important role in terfrsoft-soft, dispersion and hydrophobic interactiorinfluence
solvation chemistry of smaller amino acid glycirience the whole efforts of this manuscript willeate helpful to
enrich chemical, biochemical and pharmaceuticarsiss in future.

Glycine [> 99.5 %, E Merck] was used after dryimgydescribed in previous works [20]. Dimethylsulpidex[>
99.8 %, Aldrich] rigorously dried over fused Ca@ir 3-4 days, decanted and then distilled undéuced pressure.
The distilled sample was preserved in a well stodiema battle in desiccators and redistilled befms® [22]. For
formol titration standardized NaOH [E Merck] sotuti and phenolphthalein indicator [LR, BDH] were dise
Neutral formaldehyde [E Merck] was used to maslokeetitration. Triple distilled water was used tbe whole
experiment.

EXPERIMENTAL SECTION

Aqueous mixtures of cosolvent, DMSO that have hessd were 0, 20, 40, 60, 80 and 100 wt %. These ta&en

in well fitted stoppered glass tubes. Glass tuberevincompletely filled to facilitate good mixing.low-cum-high
temperature thermostat was used for all measuremehich is capable of registering temperatures ritgadn
accuracy of +0.1°C. A known mass of filtered saturated solution vi@sferred to a dry conical flask. The
solubility of glycine is measured by formol titritmg method [20, 23] The measurements were takdrb a20, 25,
30 and 35°C temperatures. Four sets of measurements fothallco-solvent mixtures were made for all
temperatures by equilibrating the solutions frdroth above and below (+ C)the required temperatures
and the solubilities were found to agree to withird to 1.0 %.

RESULT AND DISCUSSION

COMPUTATION OF TOTAL TRANSFER GIBBS ENERGY AND ENTROPY OF SOLUTION

The important parameters of the amino acid, glyeine co-solvent are presented in the Table 1. Shiiities of
the a-amino acid, glycine are measured on molal scald-¢g") and listed in Table 2. The standard deviatiops, s
are also estimated for all solubility values to wnabout the precision and are shown in parenth@sdde 2) only
for 40 and 60, 80 wt % of DMSO at all temperatures.

In the previous studies by Bates and coworkersr@{d4] and by Kundu and coworkers [25, 26] on non-elegteol
like p-nitro aniline (pNA), benzoic acid (HBz) amanino acids, [25] glycine (G), diglycine (DG), atéglycine

(TG), the Gibbs energies of solutiorﬂ@f) on molal scale were calculated for each sulvasing Equation ().

781



B. K. Dolui et al J. Chem. Pharm. Res., 2014, 6(5):780-790

AG.(i)=-RTINCy=-RTInm "

Wherey is the molar activity coefficient of the solutast baken tentatively to be unity in each solventsix-amino
acids likely to be mostly in zwitterionic forms &s non-aqueous solvent mixtures [27, 28] the inedhactivity
coefficient factor -RTIp in AGS arising from interactions of dipolar solutes wittide dipole moments may not be

so small. But as there is neither the required exmmtal data nor any appropriate theoretical dafi@ns for
computing the same, these have been tacitly takdre tnegligibly small, as is usually done for netectrolytes
[29].

The free energiesAGg at different temperatures are fitted by the methaf least squares to an equation of the
form (Equation 1) [11] and presented in the Table

AG? =a+bT+cTInT (N

where T is the temperature in Kelvin scale. Thei@alof the coefficients a, b, ¢ are presented bieT4 These are
found to reproduce the experimental data withir04qkJ- mol/ (kJ- mot*- K™) respectively.

Transfer Gibbs energieAGt0 and entropieASt0 of the amino acids from water to aquo-organic basd
mixtures were calculated at 25 on mole fraction scale by using the following ations (I11) & (1V):

AGY (i) = AL (1)~ G (1)
e, AGL () = (a, —ag) + (b, —b)T +(Cc, —c)TINT ~RTIN(M_ /M ) (i)

and AS (i) = (b; —b,) +(Cy —Cs)A+InT) +RIN(M_ /M) V)

here the subscript ‘s’ and ‘R’ refer to the covsoit mixtures and reference solveny@hl respectively and Mand
M; are the molar mass of the pure and mixeltesbrespectively AG (i) and TAS’ (i) values ofa-amino

acids thus obtained and presented in the Tables54 ®he involved uncertainties iIAG (i) and AS’ (i) are
about +0.05 kJ-motand 2J- K mol?, respectively.

COMPUTATION OF CAVITY , CHEMICAL PARTS OF TRANSFER GIBBS ENERGY AND ENTROPY
Now here the ternﬂRO(i)(where P=G or S) may be ascribed as the sifinthe following terms (assuming
dipole induced dipole term to be negligitdynall).

Le.8RY()) =R (1) + AR o () + AP (1) V)

Here, Apnocav(i) indicates the transfer energy contribution of thegity effect which is involved due to creation of

cavities for the species in,B8 and co-solvent mixed solvent systems ikﬁt?d_d (I) stands for the dipole-dipole
interaction effect involving interaction betweepaliar-zwitter-ionic amino acids and the solvent ecolles.

On the other handAPfch(i) includes all other effects such as those arisimgnfacid-base or short-range
dispersion interaction, hydrophilic or hydrophobiaration and structural effects etc. scaled plartitheory (SPT)
[1, 25, 30] has been applied for computation&iﬂ?cav(i) as earlier, [20, 21] assuming the solutes ameesd

molecules as equivalent to hard-sphere modelaraglictated by their respective diametersléVirable 1
The involved equations are given as follow:

AGS,(i) =G, + RTIN(RT/Vy) (V1)

cav
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G, = RT[-In(1-Z) +{3X /(1- 2)}o, +{3Y /- 2)}o > +{9X? /41~ 2) *}0,’]
Z=7N, 16V (205" +2.0.)
Where X = 7N, /WS(ZRJRZ + Zsasz)
Y=/, /6V (204 +2.0,)
V,=M,_/d,

In this expressiomN, is Avogadro’s number,rzand z are the mole fraction of reference solvent watet eo-
solvent respectively. 0, , ‘0. and ‘O’ are the hard sphere diameters of amino acid, maitel co-solvent
respectively. Where the terms;Md; represent for molar mass and molar density ofteent.

0
tcav

(i) =4 AG®icav(i) —r AG cav(i) =, G —r G + RTIN(V, /V,) (VII)

Therefore, the requiredG, . (i) represents the difference,

AG?

t,cav
AgainAGyy 4 (1) =(AGq 4 (i)—rAGS 4 (i) (Vi)

and ASSd_d (i) =(ASy_, (i)—rAS;_, (i) are calculated by means of the Keesom-orientatiqmession, [20,32]

for AGS_, (i) in a solvent S, as given below:
NG (1) = @M /YN pio ’ (KT) v = AIT v, (1)

Where A =-(8M /9YN?*12 120> (K)™ and \=MJd.and that ofAS]_, (i) as follows-
DS, (1) ={0AG (1) a1}, (X)

ie. TAS) ,())=,AG) ,(i)[L+ Ta], whereN stands for Avogadro’s numbet/,, 4, are the dipole moment of
solvents and solute respectively (Table 1).

O__, is the distance at which the attractive and repelsiteractions between the solvent and solute cotds are

S—X
equal and is generally equal to ¥B(, + 0, ) whereg ;and O, are the hard sphere diameter of cosolvent andesolut
molecules respectively (Table 1) and is the isothermal expansibility of the solvent agiven by
(0InV,/0T), =—=(dInd/dT). Following Marcus [31] and Kiret al.[32] in order to get thisAPfd_d (i) term

on mole fraction scale the quantity was again miigtil by the ternX o-

Xsl = Xs(/'[s/a?)/(/'[R/a—;) (Xl)

This is the real mole fraction contribution due dipole-dipole interaction [31]. Subtraction dtlDt’C)cav(i)and
APY,_,(i) from the total we getAP%, (i) of the solute amino acid. The valuesMPo, (i), APY_4(i) and

APS,(i) are presented in Table 5.
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Table 1 Values of solvent parameters (Wt % DMSOMole fraction of DMSO (zs), water ((zz), mean mol. Weight (M), density (d), hard
sphere diameter of co-solvent@) (DMSO+H20) and O _, (= ¥2( O + O,)), Dipole moment of co-solvent /. ), and thermal
expansibility constant @) of the H,O+DMSO system at 298.15 K

Dipole
Mole Mole Molar 10°d Molar Moment
0, S
I;NMt S/g) fraction of fraction of water mass (kg m | Volume JS JS—X of @ ()3() 10
3
DMSO(z) (zr) (Ms) ) (Vs) A A co-solvent (/)

0 0.000 1.000 18.015 0.997 | 18.069 | 0.274 | 0.419 1.831 0.257*
20 0.054 0.946 21.260 1.002 | 21.218 | 0.286 | 0.425 1.941 0.296
40 0.133 0.867 26.010 1.009 | 25.778 | 0.303 | 0.434 2.105 0.353
60 0.256 0.744 33.400 1.021 | 32.713 | 0.329 | 0.447 2.359 0.442
80 0.479 0.521 46.810 1.042 | 44923 | 0.378 | 0.471 2.821 0.604
100 1.000 0.000 78.130 1.091 | 71.613 | 0.491 | 0.528 3.900 0.982

*reference [32]

Table 2 Solubilities (mol-kg') of Glycine in aqueous mixtures of DMSO at differat temperature (°C)

Wt % of DMSO 15°C 20°C 25°C 30°C 35C
2.780 3.048 3.344 3.664 4.014
(2.680)[24] | (3.009)[24] | (3.330)[24] | (3.670)[24] | (4.020)[24]
0 (2.700)[20] | (3.045)[20] | (3.339)[20] | (3.680)[20] | (4.042)[20]
(2.720)[16] | (3.060)[ 16]| (3.340)[ 16] | (3.720)[ 16] | (4.060)[16]
(2.998)[34] | (3.303)[34] | (3.389)[34] | (3.547)[34] | (3.791)[34]
20 1.575 1.698 1.804 2.056 2.269
40 0.685 0.838 0.972 1.058 1.198
(+0.002¥ (+0.002¥ (+0.001% (x0.002¥ (x0.001¥
60 0.373 0.405 0.445 0.552 0.602
(£0.002 (x0.001¥ (£ 0.002§ (x0.001¥ (x0.001¥
80 0.285 0.330 0.383 0.396 0.408
(x0.001¥ (x0.003¥ (x0.001¥ (x0.001f (x0.001f
100 0.182 0.214 0.252 0.265 0.296

b= standard deviation

Table 3 Standard Gibbs energies of solunonlesGS ) on molal scale in their respective solubilitiesfdGlycine in aqueous mixtures of

dimethylsulfoxide at different temperature (K)

288.15K 39315K 29815 K 303.15K 303.16K
s | AG{ s | AG{ s | AG] s | AG] s | AG{
MOl-kg) | (15 motrty | MO | (5 morty | (MO | (g morty | (MOVKGD | (45 morty | (MOIKID | (5. moy
2.780 -2.44946 3.048 -2.71628 3.344 -2.99235 3.664 -3.27286 4.014 -3.56058
1575 | -1.08825 | 1608 | -1.29040 | 1804 | -1.46252 | 2.056 | -181660 | 2269 | -2.09911
0.685 0.90637 0.838 0.43075 0.972 0.07039 1.058 -0.14210 1.198 -0.46283
0.373 | 2.36256 | 0405 | 220295 | 0445 | 2.00705 | 0.552 | 1.49763 | 0.602 | 1.30019
0.285 3.00722 0.330 2.70209 0.383 2.37897 0.396 2.33474 0.408 2.29677
0.182 4.08164 0.214 3.75770 0.252 3.41662 0.265 3.34714 0.296 3.11892

Table 4 Coefficients a, b and ¢, Gibbs energieiQGtO and entropies TAStO of transfer of Glycine on mole fraction scale fronmH,0 to
H,O-DMSO mixture at 298.15 K

Wi% of DMSO | a(kJ-mot) | bki-mof-K?) | c(kd-mof-k?) | AG (i) (ka-moty | TAS? (i) (k3-mot)
0 -9.91 0.4705 -0.07878 0 0
20 -160.37 3.8593 -0.58383 1.078 -1.377
40 252.30 -5.2882 0.77968 2.167 3595
60 -178.88 4.3843 -0.66306 3.399 1.206
80 426.16 -0.3189 1.38544 3.056 -4.381
100 252,61 5.3302 0.78886 2.835 -0.276
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Table 5 Gibbs energies of transfeAGt0 (I) ,AGO (I) ,Angd (I) ,Achh (I) and enthalpy of transfer, AH (t),cav(i) and

t,cav
entropies of transferTASo (I) , TASO

vear() . TASYy, (i) and TASY, (i) of Giycine from H;0 to H,0-DMSO at 298.15 K

(on mole fraction scale) in kJ- mof*

0, . 0 . 0 - 0 . . 0 . 0 . 0 - 0 -
Dvl\\iltg)o AGtO (I ) AG t,cav(I ) ACat,dd (I ) AGt,ch (I ) TASO (I) AH t,cav(I ) TASLCaV(I ) TASt,dd (I ) TASt,Ch (I )
0 0 0 0 0 0 0 0 0 0

20 1.078 -1.400 0.664 1.814 -1.377 -0.816 0.584 0.630 -2.591
40 2.167 -2.870 2.990 2.047 3.595 -1.369 1.501 2.790 -0.696
60 3.399 -4.420 7.420 0.399 1.206 -1.562 2.858 6.730 -8.382
80 3.056 -6.160 14.700 -5.484 -4.381 -0.778 5.382 12.700 -22.463
100 2.835 -7.540 25.200 -14.825 -0.276 13.225 20.765 19.800 -40.841

The required diameter and other solvent parameteis,O and DMSO mixtures are taken from Ref. [3Lhe
required diameter of Glycirie 5.64 A as given in Ref.[20, 21]. Dipole-momeatue of Glycinds 15.7 D20].

2.3 ANALYSIS OF SOLUBILITY DATA

Solubility data of glycine are very important in gghhaceuticals; food, cosmetics, biochemical andmoted
applications though the experimental results ferdblubility of glycine in aqueous mixtures of dimgsulphoxide
were not available in the literature. To cover thisk we have measured the solubility of glycineviaiter-DMSO
solvent system and presented in Table 2. The dibjubalues of glycine increases with increasinmperature in a
particular composition of aqua-organic mixed sotvegstem but with the increased concentration of SUM
solubility values decreased.

2.4 INTERACTIONS INVOLVED BETWEEN SOLUTE AND SOLVENT MIX TURES: INDIRECT PROOF OF 3D-STRUCTURE
MAKER PROPERTY OF GLYCINE
In this work different types of interactions invely between solute and solvent molecules are pexbdny

graphically to signify more clearly. Here Figurerdpresents the variation OLGtO (i) for amino acid glycine
against the mole % of DMSO at 298.15 K.
Here, AG (i) is composed cAG?

tear(i) s AGL ¢ (i) andAGL,, (i) . [AGS_q (i) i.e. free energy change due
to dipole-induced dipole interaction, it is consit negligible]. The positive increment ﬁGtO (i) value indicates
that glycine will be destabilized with the incredsmncentration of DMSO upto 30 mole % of DMSO fueous-
DMSO system. In higher concentration, a slower el@ent OﬂGtO (i) is observed which indicates that glycine

becomes slightly more stabilised in higher contfhlDMSO. Such type of complicated nature of stapithay be
guided by the gradual change in cavity interactitipple-dipole interaction, dispersion interactiagjdity-basicity
and hydrophobic/hydrophilic interactions towardsraaracids in this aquo-organic mixed solvent system

TheAG?

t,cav

(i), values are gradually decreased with DMSO conatatr (Table 5) which indicates that the

involved a-amino acid, glycine acquire more stability witle tincreased mole % of DMSO i.e. it should be easily
accommodated in DMSO than® with release of concerned energy due to the greae of DMSO (0.491A) than
H,0 (0.274 A). [20, 21, 31]

The AGSd_d (i) (Table 4) values of glycine are increased gragtuaith increased mole % of DMSO. The dipole

moment of DMSO (3.90 D) [21,31] is greater thapOH(1.83 D) [31] but the involved hard sphere diamnet
difference of DMSO and D supports such variation.
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Glycine
304

AG () In kd:mol”

o0 T T T T T T T T

lole % DHSO
Figure 1. Vanation lrfAG't(i] o kJ-mol’ of glycme in aque ous mixiure s of DMSO at 298 15K
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Figure 2 Vanation ofAG"m(’l] in kJ-md” of giycine in aqueous mixtures of DMSO at 298 15 K

AGSch (i) values for the solute, glycine have computed aftéatraction ofAchav(i) (estimated by the scaled

particle theory) [30JAG4_4 (i) fromAG? (i) . AGSch (i) value is composed of the chemical interactions Hike
bonding, acid-base, hard-soft, dispersion, hydi@phidration and hydrophobic hydration, etc. irnveeen solute
and solvent molecules in this system. Figure 2asgmts the variation oﬂchh (i) with DMSO concentration.

The AG,, (i) value increases up to about 15 mole % of DMSO & H§O-DMSO system. This indicates the

destabilization of glycine. This occurs due to Hreaking of extensive hydrogen bond between pwéter and
hydrophilic head of amino acid glycine with theroduction of larger dipolar aprotic DMSO in wat&his may be
due to the 3D-structure breaking propensity of DM8@er that the gradual stabilization of glycinecars with the

sharp decrement oAGSch (i) values with DMSO concentration. Here hydrogen lgaapacity of DMSO is

weaker than water. This factor will destabilize ajhe with the increased concentration of DMSO. @& other
hand the greater size of DMSO (0.491 A) [21, 3iifroduces dispersion interaction among DMSO aniharacid,
glycine. The stability ofi-amino acid glycine due to hydrophilic interactiexerted by the water molecules will be
more due to co-solvent induced hydrophilicity witte increased concentration of DMSO. Hence thedpulic
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and dispersion interactions effect represents symd of stabilization of glycine in aqueous DMSGteyn. Here it
is important to note that in higher concentratidnDMSO in aqueous co-solvent system the associaifothe
solvents molecules (i.e. between water and DMSOeoubés in 1:2 ratios) [34, 35] [Diagram C) and gedf
association of DMSO [Diagram A] occurs extensivelyich may take part in dispersion interaction wtie amino
acid glycine.

Here a comparative study eﬁchh (i) values of glycine and DL-nor-valine in water-DM$epresent by Figure

3. The work of DL-nor-valine in water-DMSO systesimentioned in our previous manuscript [21]. Bha@mino
acid glycine having smaller size (5.64 A) [20] wile more stabilized with increased concentratioBISO by
dispersion interaction and hydrophilic interactittban DL-nor-valine (6.92 A) [20]. Though the disgien
interaction is more effective for larger valine nhglycine but the higher charge density on glydésmore efficient
in hydrophilic interaction. Hence the higher condareffect of dispersion and hydrophilic interactidn glycine
than valine is responsible for such type of obs@ma

LRl DL-nor-valine

Hrinam

40 -

AG, {0 In kd:mol”

42
14 4

-18

T T T T T T T I T
L ] 20 40 60 50 100

Mole % DMSO
Fig. 3 Vanation nfﬂ.Gnm[ij in kJ-mol’ of glycme (sobd Ene) and DL-nor-valne (dash lne)in
agqueous mixures of DMSO0 at 298 15 K

25 ROLE OF GLYCINE FOR CONTROLLING SOLVENT -SOLVENT INTERACTIONS IN AQUEOUS
DIMETHYLSULPHOXIDE (DMSO): DIRECT PROOF OF 3D-STRUCTURE MAKER PROPERTY OF GLYCINE

Figure 4 represents the variationTaﬁsStO (i), of glycine against mole % of DMSO in aqueous DM®®tually
TAS? (i) is composed of cavity, dipole-dipole and chemioggriaction effects i.e.
TAS{’(i) = TAS? @) + TASSd_d (1) +TAsgch(i)

t,cav
Now combined effect ifTAS? (i) value may represents such behaviour as shown imé=i¢y

TAS®

t,cav
glycine the co-solvent (DMSO) and reference solv@i#O) become separated. With the increased DMSO
concentrations the water molecule becomes free fiomino acid to allow it to be accommodated by
DMSO.TASSd_d (i) values (Table 5) are also gradually increased mitke % of DMSO concentration. Here with

the increased concentration of DMSO the dipolamanaicid glycine become less associated with dipmesolvent
due to the larger size of DMSO (0.491 A) and themefylycine allow water as well as DMSO molecutesé more
free as the concentrations of DMSO gradually ineeea

(i) values (Table 5) are gradually increased with theerf% DMSO. This indicates that in presence of

787



B. K. Dolui et al J. Chem. Pharm. Res., 2014, 6(5):780-790

L= L
L 1

Ta8%(1) In kd:mol”
N

T T T T T
-] 20 40 60 0 100

Mole % DMSO
Fupre 4. Vanation ofTAS'@ in kJ-mol” of glycine in aguenus mixtures of DMSO at 298,15 K

TAS®, (1) In k:mol"

e = . &  w W
Mble % DMSO
Figwre 5. Vasiation of TAS",_ ) in kJ-mol” of glycine in aqueous mixtures of DMSO at 29815 K

TASY, (i) values are evaluated after subtractionTdS),, (i) and TASY,_4 (i) from TAS’(i). Figure 5

t,cav
represents the variation deSSch (i) of glycine with increased DMSO concentration in @ous DMSO mixture

at 298.15 K. The nature of the curve with mole % $Mindicates that the adopted 3-D structure of mde to its
extensive intermolecular hydrogen bonding (Diagfa is broken due to introduction of DMSO at itswir
concentration.

With increase of DMSO concentration from 20 to 100le % theTASSCh (i) values are decreased sharply. This

indicate that the amino acid glycine induces thgesd molecules to be associated (i.e. betweenrveatd DMSO
molecules) (Diagram C.) and dimerised of the dipaarotic DMSO [33, 34] molecules also at its highe
concentration (Diagram A.).

Here the solute (glycine) induces composite effeftscreased dispersion interaction, basicity effelecreased
acidity, hydrogen bonding effects, hydrophilic hgtion and hydrophobic hydration are responsible deerall

decrement oﬂ'ASSCh (i) values occur throughout the higher concentratioBMfSO in this aqueous DMSO mixed
solvent system.

Figure 6 represents a comparative study of variamioTASSCh (i) of a-amino acids, glycine and DL-nor-valine in
aqueous-DMSO [20] mixed solvent system. Here we thae the amino acid DL-nor-valine induce more dis-
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orderness to solvent mixtures in aqueous-DMSO ¢ghgeine. The nature of variation GIFASSch (i) in presence of

the amino acids is a direct proof of 3D-structurakmg property of glycine. It also observed thatcgie has 3D-
water structure making propensity while valine B&sstructure breaking propensity in aqueous-DMS®est
system.

20

) In ket

-20 -

TAS,

=30 +

_48 -

T T T T T T T T T T
-] 20 40 60 0 100

Mole % DMSO

Fgure 6. Vanation ofTAS"m(n in kJ-mol’ of giycine{solid Ine) and DL_-nor-valine{dash linejn
aqueous mixtures of DMS0 at 29815 K

CONCLUSION

Experimental results for solubility values of glyeidecreased with the increased concentration dsOMere also
observed that due to chemical interactions the araitids will be stabilized in comparatively largar-solvent
DMSO, with dipolar aprotic character.

The zwitterionic amino acid glycine induces to adeyD-structuredness of water in aqueous DMSO sulggstem.
Glycine and valine induces DMSO to be dimerisedntyathrough dispersion interaction in the DMSO rielgion of
this mixed solvent system. From this study, it kad a conclusion that the amino acid glycine hBsw&ter
structure making propensity while valine has 3stre breaking propensity.
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