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ABSTRACT

Density (d) values of glycine have been measure@d98t15, 303.15, 308.15, and 313.15K in three wdiffe
compositions (0.1, 0.2 and 0.3 wt. %) of aqueoustisns of hydrotropic agents like sodium beneoabdium
bromide and nicotinamide.Partial molar propertie$ glycine, e.g., apparent molar volumeg)V limiting
apparent molar volume @), apparent molar expansibility ¢}, and limiting apparent molar expansibility 5
have been evaluated in these solutions from theityedata. The ultrasonic velocity (U) values irdh solutions
have been measured at 298.15K only. Acousticalmatars such as isentropic compressibility) (pparent molar
compressibility, (Kg) and solvation number (Shave been computed for these solutions fromvdiees of
ultrasonic velocity. The results are discussedilight of molecular interactions in the solutions
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INTRODUCTION

The study of hydrotropic agents — protein intdoag is very important for immunology, pharmacolpgnd

medicine. Due to complex molecular structure oft@ires direct study is quite difficult. So the amiacids which
are the building blocks of proteins are studiedcdmtinuation of our previous work in agueous medid], the

present investigation aims at studying the moledakeractions of glycine in aqueous solutions@fl( 0.2 and 0.3
wt.%) hydrotropic agents (sodium benzoate (SB)isadbromide (SBr) and Nicotinamide (N) ) ranging nfro
298.15K to 313.15K at an interval of 5K. Variousgmaeters such as apparent molar volumg) (\fmiting apparent
molar volume (Vo) , apparent molar expansibility 4k limiting apparent molar expansibility {§), isentropic

compressibility (K), apparent molar compressibility{ls) have been calculated from the density (d) angsdinic

velocity (U) data, respectively, which provide dtatlve information regarding molecular interacson

EXPERIMENTAL SECTION

All the chemicals used were of AnalaR grades aredl s such. The solutions of glycine were preparedhe
molal basis and conversion of molality to molarityas done by using the standard expression [8pusie density
values of the solutions determined at 298.15K. @otidity water (Specfic conductance $1@Bcnit) was used to
prepare solutions of sodium benzoate, sodium breraitd nicotinamide and the solutions were usethersame
day. The densities of pure solvents and their Emiatwere determined by using a specific gravitgtieg25ml
capacity) as described else where [3]. At leadtgenrations were taken and the differences in anyréadings did
not exceedt 0.02%. The ultrasonic velocity was measured bypgisiltrasonic interferometer (Mittal Enterprises,
New Delhi, Model No F-81) using a frequency of 2MHhe precision of the ultrasonic velocity measwatrwas
within £ 0.5 m/s. The glycine content in the solutions egrdver a concentration range of 0.006 to 0.08 ano#
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in various solvents. Measurement of density wasdarthe temperature range 298.15K to 313.15K aqeed of
sound at 298.15K only.

Theoretical aspects:
From the density data the apparent molar volumg (Mas calculated by using equation [4]

Vo = 1000 (cg)(co-d) + Mydg? (1)
Where d is the density of solvent

It was found that the y/ varied linearly with concentratiort’e

The V, data were fitted by a method of least squares tesblaequation [4]

Vo =V + S, ¢ ()

to obtain VP, (limiting apparent molar volume) and the slope S

The apparent molar Expansibility ¢ vas determined from equation [4]

Ep = gV + (a-00) 1000¢t 3)
The E, data were fitted by a method of least squarekeadvtasson equation [4]

Eo =B + S )

The ultrasonic velocities ‘U’ of glycine in agqueossdium benzoate, sodium bromide and nicotinamidigiens at
different concentrations were fitted to an equatibthe form [5-7]

U = U + Fc + GE? + He? ®)
U, is the sound velocity in pure solvent and F,Gate the empirical constants

U= (Kd)y"? (6)

The values of Kobtained were fitted to an equation of the form

Ks= KL+ A'c +B'¢? + C'c (7)
where A', B' and C' are the empirical constants.

The apparent molar compressibility Khas been computed from equation (8) [5-7]

Ks o= 1000 Kc* — K2dy1(1000¢'d-My) (8)

The K, o data were fitted to Eqn. 9
KSa(I) = KoSa(D + FICU2+ G'C (9)

to obtain K, 4, (the limiting apparent isentropic compressibility)
The solvation number,an be related to 4oy equation (10)
Sh = iy [1-VK (V1 °KS) 7 (10)

Where V is the volume of the solution containingnoles of solute
V% is the molar volume of solvent andisithe number of moles of solvent

The variation of solvation number with molar cortration of the solute leads to the limiting soleatinumber, $
which was obtained from the relation (11)
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Lim Ks, = -V, °K (11)

c->0

From the density and sound velocity values,the rntage of relative association,\Rwas calculated from the
relation [5-7]

Ra = (d/dh )(UyU)" (12)
RESULTS AND DISCUSSION

The values partial molar volume {3, partial molar expansibility (&), the slope ($ of the plot of \4 vs ¢?and
the slope S of E, vs ¢? are given in Tablel for glycine in different consjiions (0.1,0.2 and 0.3 wt. %) of
SB,SBr, and N in water at temperatures ranging f288115K to 313.15K at an interval of 5K.

The density values of the solutions of glycine vimgarly with concentrations in all composition§ afqueous
solutions of SB, SBr and N at different temperasutavas found that the jdvalues vary linearly with ¢ for all the
solutions at the experimental temperatures (a &gtot is given in figure 1 at 298.15K for 0.1 %t.SB, SBr, and
N). Since \4° value indicates the ion-solvent interactions ainité dilution (as the ion-ion interaction vanishas
infinite dilution), the positive values indicateetlpresence of ion-solvent interaction which deasasith rise of
temperature. The presence of ion-solvent interastizetween the molecules promotes structure maddiiegt of
glycine in the solutions of hydrotropic agents. dsserved (Table-1) the ¥values of glycine are higher in all
compositions of sodium benzoate than in sodiunmie and nicotinamide solutions pointing to thet fbat ion-
solvent interactions take place strongly in sodhenzoate solution as compared to the solutionsdiftin bromide
and nicotinamide.

Table 1 : Values of \4°(m* mol™), S,(m*? mol®?), E,” (m® mol* K?), and S(m*? mole®? K ™) for glycine in different compositions (0.1,
0.2 and 0.3 wt. %) of sodium benzoate (SB), sodiubmomide (SBr) and nicotinamide (N) solutions at diferent temperatures)

Solvent] Wt. %] Temperature (K) | S [ B’ | &
SB 0.1 298.15 90.1 216 153 161
303.15 89.6) 245 152 1651
308.15 87.7, 129 151 16J3
313.15 80.7] 124 150 162
0.2 298.15 82.1 19.6 16 13j1
303.15 68.3 215 165 13/0
308.15 645 11.2 16.4 1351
313.15 543 114 16.83 132
0.3 298.15 742 212 176 102
303.15 60.6] 221 174 1051
308.15 54,21 103 1783 103
313.15 48.2] 30.1 17.2 106
SBr 0.1 298.15 746 112 85 9.1
303.15 60.3] 37.1 8.4 9.2
308.15 54.0 18.7 8.3 9.1
313.15 48.1) 16.1 8.2 9.
0.2 298.15 64.§ 10.1 9.4 9.0
303.15 58.6| 27.7 9.4 9.1
308.15 46.2| 17.3 9.3 8.1
313.15 39.6| 15.§ 9.2 8.2
0.3 298.15 54.9 9.6 102 8.2
303.15 48.2| 29.2 101 8.
308.15 39.2f 16.0 100 7.2
313.15 3420 1685 100 7.1
N 0.1 298.15 82.4 184 126 14|2
303.15 79.6] 19. 125 1451
308.15 726/ 114 1238 1318
313.15 62.4/ 101 121 136
0.2 298.15 73.7 16.2 134 10{4
303.15 63.5 17.1 1383 103
308.15 584 10.2 13.1 10)2
313.15 54.2] 8.6 13. 101
0.3 298.15 66.4 144 14b 956
303.15 57.3] 152 148 8.7
308.15 46.3] 9.6 14.2 8.4
313.15 424 6.3] 141 84
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Fig 1: Plot of V3, vs C'72in 0.1 wt. %% of SB.SBr.iN
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As the magnitude of,9s a measure of ion-ion interaction, the positraéue of $, in most of the solutions, are the
indicative of strong ion-ion interaction. Howevahey vary with change of temperature and the cantén
hydrotropic agents. As observed the magnitude¥ gfvalues are much greater than those db8all the solutions
which suggest that the ion-solvent interactionsmishate over ion-ion interaction in all the soluoand at all
experimental temperatures.

The values of limiting apparent molar expansibiliy’ (Table 1) are also positive and decrease with asereof
temperature, and the values are higher in sodiunzdaste solution than in sodium bromide and nicaotiio
solutions. This may be due to the gradual disagmear of caging or packing effect in the solutiornihwcrease of
temperature. But the higheg$values in SB solutions as compared to those ing®BrN-solutions suggest that the
appearance of caging or packing effect occurs tpeater extent in the former solution than in thtekr two
solutions.

A study of ultrasonic behaviour of solutions of ghe in different compositions of SB, SBr and Nviater at
298.15K reveals that the sound velocity increasestlae isentropic compressibility {Kdecreases as the contents of
SB, SBr and N in water increases. The valuesyand the empirical constants F, G and H are givdrable 2.

Table-2 : Values of | (ms?) and the constants F, G, H at 298.15K

Glycine | Solvent| Wt.%| b(ms?) F G H
Water 1502.0 316.41 500.4 1898.89
SB 0.1 1512.0 212.8 99.4 -1632/0
0.2 1525.6 386.3 106.2 -1416/2
0.3 1540.0 413.2 81.4 -1191.3
SBr 0.1 1508.0 922.0 -1731J0 511.8

0.2 1522.0 428.8 -1315.p  223.3
0.3 1532.0 375.2 -1124.8  1416.
N 0.1 1509.6 812.2 82.6 -1817.
0.2 1524.8 312.4 215.2 -1512,
0.3 1536.0 613.6 318.4 -1022,
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< Fig3: plot of [Ks-Ks?)/c vs ¢t/2in 0.3wt. % of SB,SBr and N at 298.15K

Fig2: Plotof U-Up/cvs ¢2in 0.2 wi,% of SB,SBrand N at 298.15K

Such changes are also reported by other workeyther agueous solvent mixtures like water + methg@j, water

+ PG [11]. As observed, the sound velocity increagih increase in concentrations of the solutionSB, SBr and
N. The values of sound velocities of glycine amghler in sodium benzoate solutions than in the molatof sodium
bromide and nicotinamide. This is because of tlghdt mass of benzoate anion as compared to broamde
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nicotinamide.(a typical plot of U -t vs ¢?in different solutions is given in figure 2 for20wt.% of hydrotropic
agents). The value of isentropic compressibility) (ecreases with increase in concentration of dhatiens in all
the hydrotropic agents (a typical plot of KK / ¢ vs ¢”* are given in figure 3 for 0.3 wt. % of hydrotrogigents).
As observed the values ofskof glycine are less in sodium benzoate soluticanttin sodium bromide and
nicotinamide solutions and are in the reverse oml#ne sound velocities.

The apparent isentropic molar compressibikty, increases with concentration of the solutionglg€ine in all
the hydrotropic agents. The values if,, are negative and so also the valueskof,,, [18]. The negative values
may be explained by two different phenomena, électrostriction and hydrophobic solvation.

The loss of compressibility of the sorrounding soivmolecules due to strong electrostrictive forleesls to the
electrostrictive solvation. In other words, a tiglatvation layer is formed around the ion for whtble medium is
little compressed by application of pressure. Aidgpplot of Kge Vs. ¢/ for 0.2 wt.% of SB, SBr. and N
solutions are given in figure 4.

The values of K% and 8, are given in Table3 for glycine in aqueous sodipemzoate, sodium bromide and
nicotinamide solutions. Another property [12,13]igthalso can be studied to understand the ion-idnresolvent
interaction is relative association@ typical plot of R vs. ¢ in 0.2 wt. % of SB, SBr and N is shown igufie 5).
The relative association is influenced by two fasto (i) the breaking up of the solvent structure amldition of
solute to it and (ii) the solvation of solute. Tioemer results in the decrease and the lattredteeguincrease in R
The increase in Rwith conc.(Fig:5 ) suggests that the solvatioglgtine in hydrotropic agents predominates over
breaking-up the solvent structures. It is obserfed R, increases linearly with concentration of the solusi of
glycine in SB,SBr and N.

- = 1.00
— =
e =T £ 108
K. 15 __ - % = 1.07 - ==
¢ ] s esB 2 106
30 e = 1.05 -sBr
— e = SBr 2 1.0a - N
g =
25 * N = 1.03
e 1.02
30 = 1.01
1
(o] 1 2 3 4 =) G 7 o o.05 0.1
ez < in mol/dm?
Fign: Plotof K4 vs ¢t2in 0.2 wt. %% of SB,SBrand M at 298,151 Fig 5: Plot of Ra ws c in 0.2 wt . of SB.SBr. N

Table — 3: Values of K, o (mPmol* Pa®) and the $,

Glycine | Solvent| Wt.% | K¢, o° (m’mol? Pa’x 10" |
Water -2.00 6.2]]
SB 0.1 -4.00 3.42
0.2 -3.00 3.49
0.3 -1.00 3.65
SBr 0.1 -3.00 2.39
0.2 -0.6 2.46
0.3 -7.00 2.50|
N 0.1 -6.00 2.50
0.2 -0.7 2.65]
0.3 -3.00 3.12

The § values also increased with increasing sodium betlezgodium bromide and nicotinamide content inewat
Higher $° values in aqueous sodium benzoate indicates setemrostriction as compared to aqueous sodium
bromide and nicotinamide solutions. However theatam of $° as well as Svalues predicts the degree of hard
electrostrictive solvation. It represents a streadteffect of solute on solvent in a solution.

CONCLUSION

The results of the present investigations on glyémaqueous sodium benzoate, sodium bromide aadimhmide
solutions reveal that glycine shows high ion sofuateraction in solutions of hydrotropic agentfeThigher sound
velocity values of glycine in aqueous sodium betezaalutions than in aqueous sodium bromide anctinemide
solutions are due to higher mass of benzoate anidhe solution. The decrease in value qfvidth increase in
concentration of solutions may be due to occupatibthe interstitial spaces of water by the solotelecules
thereby making the medium less compressible. The#@se in R values with increase in concentration of solution
indicates that ion-solvent interaction dominategroion-ion interaction in all the solutions. Theriaéion of S°
values predicts the degree of hard electrostricddleation, i.e., it represents the structural effef glycine on the
solutions of hydrotropic agents.
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