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ABSTRACT

The volumetric and viscometric studies of amino acid-have been determined in 0.05- 0.25 M aqueous glucose at
293.15, 303.15 and 313.15 K. The apparent molar volume values vary linearly with square root concentration of
glucose solution. The @, values vary with Temperatures and can be represented as power series of structure making
and structure breaking capacity of Amino Acids in Agueous Glucose Solution is obtained from the sign of dB/dT
values .the partial molar volume expansibility has also been determined. The results found that amino acids shows
structure making ability in aqueous glucose solution.
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INTRODUCTION

With continuation of our studiésvhich has been concluded that carbohydrates anetste makers in aqueous
solution. Interaction of amino acids in aqueousghe solution at different temperature plays ancirgmt role to
understand biochemical process in living cells

Amino acids, particularly important in biochemisteye critical to life, and have many functionsretabolism and
serve as a building block of proteiifs The effect of amino acids in carbohydrate solutiad other mixed aqueous
solvent§®has been subject of interest.

The objective of this work was to measure density @scosity of (0.05-0.15m) amino acids (glycinalanine and
valine) in (0.05 - 0.25 m) aqueous glucose soluabr?93.15, 303.15 and 313.15K.Attempts has beetena
correlatesolute-solvent interaction and structure making and bregakiroperties of amino acids in this temperature
range .

MATERIALS AND METHODS

All the Chemicals were used are of Analar gradetéMased for preparing solution was double digtibad specific
conductance of ~I cm®. He solution of different molarities of amino asidvere prepared by dissolving
accurately weighed amount of amino acids in aqué0i15-0.25 M) glucose solution. The densities wisdosity
measurement were carried out by using densityebatild Ostwald viscometer respectively at 293.13,13) and
313.15 k.
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The mass measurement was done on digital electb@iémce (Sartorius GC103). Temperature was cdedrdly
thermostatic water-bath with +@claccuracy. The viscosities were calculdt@dby using the formula/ no-t d, todo
wheren, t & d are the absolute viscosity, time of flowdatensity of solution, whilg, ,t) & dy are same quantities
for the solvent waterThe absolute viscosities of water at 293.15, 30arid 313.15K were taken as 1.005, 0.8007
and 0.656 centi- poise respectively .The densitiesvater were taken as 0.9982, 0.99565 and 0.9982i%g
respectively*°

RESULTS AND DISCUSSION

Volumetric study

The apparent molar volumedZ{) of amino acids in aqueous glucose solution weleutzted from density data by
using the following equatidh

@.,-M/do -1000(d-@)/doc

Where d, andd are the densities of solvent and solution respelgtivC is the molar concentration ard is
molecular weight of solute.

For each systeri, with ¢ were found to be linear thus the data are fitteMassoffequation, these were used to
calculate limiting partial molar volume and expegimtal slope by least square method.

Bv=0 ot SV\/E

In these Sv is the experimental slagevolumetric pair wise interaction coefficigmtovides information regarding
solute-solute interaction. Whil@v, provides information regarding solussiventinteraction .The values @bv,
andSv for theamino acidsn aqueous glucose solutiondifferent temperatures are presentedable 1 and2. It is
found that value of Ss positive and decrease with increasing tempesdtur all amino acids.

The volume of transfer®vg, of amino acids from water to aqueous glucose issluvas calculated by using given
relation atdifferent temperatures and is summarized@able 3.

ADVor = OV, (@mino acid in aq. glucose)dv, (amino acid in pure water.)

It is found that value of®vq is negative for all selected amino acids in agseglucose solution at all studied
temperatures. The negatiy®vy, values are decreasing continuously with increasorgentration and temperature
of glucose. Similar observation has been obtaine@uptd? et al and Zhuet al in their studies.

The partial molar volume of transfer of amino acfdsm water to aqueous glucose solutions can bthdur
simplified by the co-sphere overlap modéf.

Various types of interaction between amino acidsglncose are classified as follows.

= Hydrophilic — ionic interaction; interaction betwethe OH group of the glucose and the zwitter ia@nters of
the amino acids.

= Hydrophilic —Hydrophilic interaction: interactioretween the OH group of the glucose and the ,~gtdup of the
amino-acid (glycine/alanine) mediated through Hggo bonding.

= Hydrophobic- Hydrophobic interaction: interactioetiveen the non polar sides group of the glucosi tta non
polar group of the amino-acid.

= Hydrophobic- Hydrophilic interaction: interactiortween the OH group of the glucose molecules, hadcbn-
polar group of amino-acid.

The interactions of type (1) & (2) contribute pogttransfer volume, while type (3) & (4) contribubegatively.
The introduction of a CkHgroup in alanine in CH (Chbkgroup in valine provides additional tendency of
hydrophilic-hydrophobic as well as hydrophobic—foghobic interaction.
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The temperature dependence of limiting apparenamalume,®,, for amino acidsn aqueous glucossolution
can be given by following expressidn

Dy=aytayT+aT”

The partial molar expansibilities of amino acidsqueous glucose were calculatedirecorded infable 4.

D= (0D /0T) p= & +28T

The structure making and breaking capacity of anaicids in aqueous glucose may be interpreted Wwihhelp of
Hepler's'’reasoning i.e. on the basis of sign of giving egpi@n, it has been assumed that structure makinteso

have positive and structure breaking solute haathegvalue.

(0Deo/ 87) p = (P Dro! 01 p- - &

Table 1. Partial molar volume at infinite dilution ®v, (cm’mol™)of Glycine ,L Alanine and Valine in aqueous Glugse solution at
different temperatures (293.15,303.15and 313.15K)

Conc Glycine L-Alanine Valine

293.15| 303.15 313.15 293.15 303.15 31315 293.183.18| 313.15
0.25m| 41.83| 42.65 43.62 58.68 59.69 60.f/1  91)48 9791. 92.47
0.20m | 41.77| 42.62| 43.57 58.6p 59.66 60.p9 91|45 9491. 92.45
0.15m| 41.72| 42.60[ 43.52 58.6D 59.61 60.p5 91|39 8891. 92.39
0.10m| 41.67| 4255 43.44 58.58 59.83 60.57 91|33 8191. 92.30
0.05m| 41.63| 4250 43.39 58.4p 5948 60.563 91|28 7591. 92.25

Table 2. Experimental slope Sv (cflit % mol®?) of Glycine ,L- Alanine and Valine in aqueous Gicose solution at different
temperature (293.15,303.15and 313.15K)

Conc. Glycine L-Alanine Valine

m 203.15| 303.1§ 313.15 293.15 303/15 31315 298.383.15| 313.15
0.25 2.36 2.1 1.69 2.02 1.82 1.79 2.78 2.21 1.87
0.20 2.3 2.05 1.67 1.82 1.7§ 1.78 2.5[7 2.20 1.9
0.15 2.28 1.92 1.56 1.75 1.65 1.48 2.40 2.15 1.43
0.10 2.26 1.81 1.50 1.72] 1.57 1.58 2.23 2.31 1.4
0.05 2.17 1.83 144 1.60 1.54 1.42 2.07 2.05 1.p8

Table.3, ®vy, (cmmol™? )of Glycine ,L- Alanine and Valine in aqueous Gicose solution at different temperature (293.1508.15and

313.15K)

Conc. Glycine L-Alanine Valine
293.15| 303.15 313.15 293.15 30315 31315 293.183.18| 313.15
0.25 -0.95 -0.63 -0.38 -0.41 -1.0 -0.49 -0.04 76.0 -0.185
0.20 -1.01 -0.66 -0.43 -0.44 -1.06 -0.501 -0.07 066.1 -0.205
0.15 -1.06 -0.68 -0.48 -0.49 -1.11 -0.55 -0.13  66.1 -0.265
0.10 -1.11 -0.73 -0.56 -0.5 -1.187 -0.63 -0.19 236.| -0.355
0.05 -1.15 -0.77 -0.61 -0.60 -1.24 -0.67 -0.24  96.2 -0.405
Dvpin (Water | 42.78 | 43.28| 44.00] 59.909 60.7R 61.p 91.52 92.045.6592

Viscometric properties
Viscosity data has been analyzed with the helppagg-Dolé® equation using linear relation ofif).1)/ ¢* with
c? by least square methothe viscosityA andB coefficients® were obtained from the intercepts and slopes amd ar

given inTable 5.
n/ o= nr =1+A ’>+BC

The values of (dB/dT§%were calculated from the slope of the curve obthiméth B- coefficient value against
temperatures and recordedTiable 6. The sign of (dB/dT) value was found to providémmation regarding the
structure making and breaking ability of solutesimivent media. In general (dB/dT) was negative dtucture
making and positive for structure breaking. Thageimidentical agreement with the conclusion drdrmem Hepler
equation.
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Determination of the free energy of activation @a$cous flow of per mole of solute and solvent dfedent
temperatures to obtained additional informatiomleated by the Erying viscosity relatfoR?

AG =RT In 6]0V1/hN)

Where h is the Plank constant, N is the Avogadrmlmer; n is the viscosity of the solvent andG is the
contribution per mole of the solute to the freerggeof activation for viscous flow of the solutiat infinite
dilution, V is themolar volume®of solution which obtained from the relation-

V = (10*+mM,) /d (1G/ M3+ m)

Where M and M, are molecular weight for solvent and solute reipely, and the other symbol has their usual
meanings.

The values ofA SandA H was calculated by least square method using ¢estyre dependant data 6. The
Values ofAG were found to be positive at all studied tempeestu

Table 4. g, (cmmol™ K?) of Glycine, L- Alanine and Valine in aqueous Gluese solution at different temperature (293.15, 30B5and
313.15K)

Conc. Glycine L-Alanine Valine

293.15| 303.15 313.15 293.15 303.15 31315 293.183.13| 313.15
0.25m | 0.0745] 0.089% 0.104 0.10p5 0.1015 0.1p25 488.0 0.0495| 0.0503
0.20m | 0.0800[ 0.090 0.100 0.100  0.102  0.04 0.04810500| 0.0520
0.15m| 0.0865| 0.089% 0.092 0.0995 0.1025 0.1p55 480.0 0.0500| 0.052(
0.10m| 0.0875[ 0.088% 0.089 0.0986 0.102  0.105 Q.040.0484| 0.0496
0.05m| 0.087| 0.0880 0.089 0.096 0.102 0.108 0.0460480| 0.0520

=IEIEIEIEN

Table 5. Viscosity B coefficient (fmol™) of Glycine, L- Alanine and Valine in aqueous Gluose solution at different temperatures
(293.15, 303.15and 313.15K)

Conc. Glycine L-Alanine Valine

293.15| 303.15 313.15 293.15 303.15 31315 293.183.13| 313.15
0.25m | 0.1308] 0.1046¢ 0.0953 0.149 0.1229 0.127 @.300.3088| 0.3051
0.20m | 0.134¢ | 0.118¢ | 0.103: | 0.150¢ | 0.128f | 0.130¢ | 0.301: | 0.27¢ | 0.297¢
0.15m| 0.1411] 0.122 0.1131 0.151 0.1326 0.1345 83.26 0.269 | 0.265
0.10m | 0.1444| 0.1237 0.1167 0.154 0.1834 0.139  0.246.247 | 0.244
0.05m| 0.1464| 0.1266 0.1195 0.155 0.1366 0.141  0.p10.218 | 0.215

Results shows density and viscosity increases @atitentration of amino acids and decreases witfe@sing in
temperature. Increasing values of density and siscshows that there is moderate attraction witute and
solvent molecules and decreased value with inargasimperature shows decrease in intermoleculaesodue to
increasing thermal energy of the system.

It is found that value obv, for all amino acidg¢Table 1)is Positive and their trend in solute-solveneiattion is

in order of glycine < L-alanine<valine . This st®that solute solvent interaction increases withdase in number
of carbon atoms. Similar conclusion has been regofor glycine in aqueous NBI?, NaCl- KCI?®, methanoic

acid®’ and glycerdPsolution asbv, increases with increasing temperature. It canisewed tha®v, increase with

temperature showing that the reduction of eledticigin occurs at higher temperature. Tdg, values are high in
comparison t&v for all concentration range, which suggestgtitaacy of solute-solvent interaction.

It is found that values d§, for all selected amino acids are positive in agseglucose solution. It suggests that in
system having more solute— solvent interactiorsomparison to solute—solute interactions

The negativeA®vy,, (Table 3) value due to the enhancement of electrostrictettatgd zone around zwitter ionic
ends. Hydrophobic hydration generate around thebotarskeleton in the presence of co-solvents. The

electrostriction of neighboring water due to thimiged centre will be increase in the presencemfi@acids this
will be lead to increase in shrinkage.
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In case of glycine continuous decrease in negaiPgy, values exhibit that the electrostriction first iease and
then decrease on increasing temperatuigrings about decrease in volume of the solvleteaby increasing the
strong interaction between glucose and water. ygiige-glucose system, hydrophobic interactionsleagling at
lower concentration, while at higher concentratityarophilic interactions are leading. This behavgrconsistent
with the studied of amino acid in Tetra-propyl anmiuon bromidé® silver sulphat®Opposite behaviour has been
reported by P&t in higher concentration of sucrose solution.

It was founded that in case of alanine negatide/, value increase up to 303.15 and then decrease2f54 .In

valine negative\®vy, values increases with increasing temperature .fAtreasing in negativa®v, value In case
of alanine- glucose system in comparison to gly@nd valine suggests hydrophobic- hydrophobic augons is
dominating over hydrophilic-hydrophilic interact®nin case of valine less negatit®vg, value with increasing
concentration and temperature suggests that reauictishrinkage.

The limiting apparent molar expansibiliti®g, for amino acids in agueous glucose showed thatvaddgcrease with
concentration and increase with increasing tempegah case of glycine. In case of alanine andneaii increases
with increasing concentration and temperature.tResincrease ibg, may indicate the presence of caging effect
Further increase in magnitude with rise in tempggatn alanine and valine exhibit the behaviousalte is just
like symmetrical tetra alkyl ammonium SaltThe obtained positive sign of°(.o/ 9T?) p value has suggests
structure making nature.

Values of A coefficients are negative for glycineadalL-alanine in agueous glucose at all the invastid
temperatures .These results indicate the presdneeak solute—solute interaction.

The value of B-coefficient is positive, which pomtit the existence of ion-solvent interaction. Amdase in values
of B with rising in temperature and concentrationcase of glycine showed structure making effectaRie of
alanine decreases at 303.15K and that increas&b3at5K suggests that increase in solvation atehigih higher
temperature. This behavior suggests that enhandeafemater structure by alanine at higher tempeeatand
disruption of water structure at lower temperatitrbas been founded that glycine behave structueigkemand
alanine behave as weak structure maker. The vélBecoefficient for valines positive and increases up to 303.15
K and then decrease this may be due to suggestddabiease in solvation at high temperature.

Negative @B/dT) (Table 6) values reveals that structure making capacityllo§edlected amino acids in aqueous
glucose solution. Structure making capacity amicidsadecrease with increasing concentration ofagac These
are in identical agreement with the conclusion drdmem Hepler equation as discussed earlier. Shetvalues of
coefficient A and B supports the behaviorsdof, and § and ®vg, which all suggest solute-solvent interaction
predominant over solute-solute interaction.

Table 6 Hepler and dB/dT Constant of Amino Aciddn Aqueous Glucose Solution At Different Temperatues (293.15, 303.15 AND
313.15K)

Conc. Glycine L-Alanine Valine
Hepler | dB/dT Hepler dB/dT Hepler dB/dT
constant| constant| constant| constant| constant| constant
0.25 0.0015| -0.0018 0.0001 -0.00252 0.00p1 -0.00012
0.20 0.0010| -0.001f  0.0004 -0.00196  0.00p2  -0.00019
0.15 0.0003| -0.0014  0.0001 -0.00161  0.00p2  -0.00016
0.10 0.0001 | -0.0015 0.0003 -0.00189  0.00012  -@.000
0.05 0.0001| -0.0014  0.000¢ -0.00181  0.00p4  -0.0001

I

Positive value oAG decreases with the increase in solute concemtratid increases with the rise of temperature in
case of glycine and alanine, while in case of \alihis increase with increase in solute concenimasind of
temperature. This behavior a5**suggests that the positive work is required totereales for viscous flow and at
higher temperature the solute—solvent and solvehtest interactions weaken due to thermal agitafidre positive
value ofAH irregularly decreases with the increase of solateposition .This indicate that to overcome the gper
barrier, more positive work has to be done. Theswiscous flow is not favored for all the glucoseletules in
solution systems. This might be due to the fact tha ground state of the binary and ternary systesmmore
organized than the transition states.
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CONCLUSION

It has been concluded that glycine behaves aststedsmaker and alanine behaves as weak structukermia
aqueous glucose solutions. The behavior of valifeasces the structure at lower temperature andpismwater
structure at higher temperatures.
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