Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, A3, 5(7):256-261

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Influence of surfactants on the solute-solvent intactions in aqueous solutions
of a-alanine at different temperatures

Smruti Pattnaik! and UpendraNath DasK

U.N. Autonomous College, Adashpur
Department of Chemistry, I.T.E.R., Siksha ‘O’ Amafmn Deemed to be University, Bhubaneswar,Odisttha)

ABSTRACT

Density (d) values of have been measured at 2980%,15, 308.15, and 313.15K in three different gositions
(0.1, 0.2 and 0.3 wt. %) of aqueous solutions rédstants like TX-100, cetrimideand SDS.Partial angroperties
of a-alanine,e.g.,apparent molar volumegfVlimiting apparent molar volume §Y), apparent molar expansibility
(Es), and limiting apparent molar expansibility 4§ have been evaluated in these solutions from émsity data.
The ultrasonic velocity (U) values in these solidnave been measured at 298.15K only. Acoustaranpeters
such as isentropic compressibilityJKapparent molar compressibility, {i§) and solvation number gShave been
computed for these solutions from the values whsonic velocity. The results are discussed in ltght of
molecular interactions in the solutions.
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INTRODUCTION

The study of surfactants — protein interactiongei/ important for immunology, pharmacology, anédicine. Due
to complex molecular structure of proteins dirdady is quite difficult. So the amino acids whiate ahe building
blocks of proteins are studied. In continuatiomorf previous work in aqueous medium [1],the presarestigation
aims at studying the molecular interactions emflanine in aqueous solutions of (0.1, 0.2 and Wt3%)

surfactants(TX-100,cetrimide and SDS) ranging fi2®8.15K to 313.15K at an interval of 5K. Variouggqmaeters
such as apparent molar volumegVlimiting apparent molar volume @) , apparent molar expansibility £E

limiting apparent molar expansibility {§), isentropic compressibility ({Kapparent molar compressibility{l)

have been calculated from the density (d) and sdtn velocity (U) data, respectively, which pravidualitative
information regarding molecular interactions.

EXPERIMENTAL SECTION

All the chemicals used were of AnalaR grades aratl s such. The solutions @falaninewere prepared on the
molalbasis and conversion of molality to molarityas done by using the standard expression [3fubi@ density
values of the solutions determined at 298.15K. @otidity water (Specfic conductance €1@&cmt ) was used to
prepare solutions of TX-100, cetrimide and SDS dinel solutions were used on the same day. Thetaensf pure
solvents and their solutions were determined bygusi specific gravity bottle (25ml capacity) as atised else
where [3]. At least 5 observations were taken &eddifferences in any two readings did not exce®d02%. The
ultrasonic velocity was measured by using Ultrasénierferometer (Mittal Enterprises, New Delhi, 80 No F-
81) using a frequency of 2MHz. The precision of thieasonic velocity measurement was witkir).5 m/s. The
glycine content in the solutions varied over a emi@tion range of 0.006 to 0.08 mol @min various solvents.
Measurement of density was done in the temperaturge 298.15K to 313.15K and speed of sound atl2388.
only.
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Theoretical aspects:
From the density data the apparent molar volumg (vas calculated by using equation [4]

V= 1000 (c@)*(co-d) + Mydg? (1)

Where d is the density of solvent

It was found that the ¥/ varied linearly withconcentratiort’

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

Vo =Vo%+ Sc'? )

to obtain V4(limiting apparent molar volume) and the sloge S

The apparent molar Expansibility,, Bvas determined from equation [4]

Ep = gV + (a-00) 10006 (3)
The E, data were fitted by a method of least squarekadvtasson equation [4]

Eo = B + S )

The ultrasonic velocities ‘U’ afi-alaninein aqueous TX-100, cetrimide and SDS
solutions at different concentrations were fittedh equation of the form [5-7]

U= U + Fc + GE% + He? (5)
U, is the sound velocity in pure solvent andF,G, Ik the empirical constants

U = (K™ (6)

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

Ks=Ks + Ac +B'¢”? + C'c (@)

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™* — KLdy(1000¢™d-M,) (8)

The K, odata were fitted to Eqn. 9
Koo = Koo + F'¢/%+ G'c (9)

to obtain K, , (the limiting apparent isentropic compressibility)
The solvation number,8an be related to 4by equation (10)

S = nlnz_l[l'VK s(n1V10Kso)_l] (10)

Where V is the volume of the solution containingnmoles of solute

V. is the molar volume of solvent andisthe number of moles of solvent

The variation of solvation number with molar concation of the solute leads to the limiting soleatinumber, S}
which was obtained from the relation (11)

Lim Ks, = -SV,°K (11)
c->0

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

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

The values partial molar volume £, partial molar expansibility (£), the slope ($ of the plot of \4vs ¢’?and
the slope Sof E,vs ¢/ are given in Tablel fom-alanine in different compositions (0.1,0.2 and @t3%) of TX-
100,cetrimide, and SDS in water at temperaturegingrfrom 298.15K to 313.15K at an interval of 5K.

The density values of the solutions afalanine vary linearly with concentrations in atingpositions of aqueous
solutions of TX-100, cetrimideand SDS at differeamhperatures.It was found that thg ¥alues vary linearly with ¢
*for all the solutions at the experimental tempees (a typical plot is given in figure 1 at 2981fr 0.1wt.%TX-
100, cetrimide, and SDS). Since,Value indicates the ion-solvent interactions ainité dilution (as the ion-ion
interaction vanishes at infinite dilution), the fiin® values indicate the presence of ion-solvamgriaction which
decreases with rise of temperature. The presencdeneolvent interactions between the moleculesmumtes
structure making effect adi-alanine in the solutions of surfactants. As obsér¢Table-1) the )values ofa-
alanine are higher in all compositions of TX-10@rt in cetrimide and SDS solutions pointing to fénet that ion-
solvent interactions take place strongly in TX-Holution as compared to the solutions of cetrimidie@DS.

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
surfactants. As observed the magnitudes gfv&lues are much greater than those ofoBall the solutions which
suggest that the ion-solvent interactions domioats ion-ion interaction in all the solutions aatdall experimental
temperatures.

Table 1 : Values of \6%(m® mol?), S(m*? mol®?), Ex%(m® mol™ K%), and S(m*? mole®? K™) for a-alanine in different compositions (0.1,
0.2 and 0.3 wt. % of TX-100, cetrimide and SDS sdions at different temperatures)

Solvent | Wt. %| Temperature (K) oV S E' | S

TX-100 0.1 298.15 130.2 53.6  45|3 46.2
303.15 129.4] 55.2| 452 46)2
308.15 127.2] 44.6] 44.8 464
313.15 1224 442 447 464
0.2 298.15 1219 51.4 46j7 431
303.15 110.2] 53.2| 46.4 436
308.15 1104 42.1] 46.4 4311
313.15 102.6| 424 46.8 43)2
0.3 298.15 112.§ 53.4 48;8 401
303.15 102.6] 454.6 484 40)1
308.15 1004 54.2| 48.8 40)2
313.15 98.4 54.1] 48.1 4083
Cetrimide 0.1 298.15 1124 408 306 314
303.15 110.6] 41.2] 30.2 315
308.15 109.2] 40.6| 29.56 316
313.15 107.4] 40.2] 29.4 316
0.2 298.15 1044 324 234 286
303.15 103.7] 285 33.6 285
308.15 102.8] 26.2] 31.2 284
313.15 103.6) 24.6| 30.56 28)2
0.3 298.15 98.6 28.4 342 26|14
303.15 97.2 26.7] 345 2683
308.15 93.4 224 342 262
313.15 92.1 18.6] 34.1 262
SDS 0.1 298.15 1026 28.6 187 19.2
303.15 100.8] 29.2| 17.8 19!6
308.15 99.6 284 172 19y7
313.15 96.2 27.8] 16.8 196
0.2 298.15 95.8 20.7 238 24/4
303.15 94.7 21.2| 236 246
308.15 94.3 209] 228 246
313.15 93.8 19.8] 216 248
0.3 298.15 86.2 149 309 316
303.15 85.6 148/ 304 315
308.15 85.2 13.9] 294 316
P 7

313.15 84.8 13.2] 27. 31

The values of limiting apparent molar expansibilfy’(Table 1) are also positive and decrease with asmeof
temperature, and the values are higher in TX-10@isa than in cetrimide and SDS solutions. Thisyrba due to
the gradual disappearance of caging or packingteiffethe solutions with increase of temperaturet e higher
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E.values in TX-100 solutions as compared to thoseetrimide and SDS-solutions suggest that the appearof
caging or packing effect occurs to a greater etetite former solution than in the latter two smos.
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Fig.1:Plot of Vo vs.C1/2 in 0.1 wt% of TX-100,Cetrimide ,SDS.

A study of ultrasonic behaviour of solutionsoofilaninein different compositions of TX-100, cetide and SDS in
water at 298.15K reveals that the sound velocitydases and the isentropic compressibility) @ecreases as the
contents of TX-100, cetrimide and SDS in water éases. The values of,ldnd the empirical constants F, G and H
are given in Table 2.

Table-2 :Values of 4 (ms?) and the constants F, G, H at 298.15K

a-alanine| Solvent Wt.%| U (ms?) F G H
Water 0.0 1510.0 386.41L 582.48 1932)86
TX-100 0.1 1616.0 612.8 229.2 1832.6
0.2 1624.8 786.4 396.4 1541.4
0.3 1632.0 823.2 191.2 1392.4
Cetrimide 0.1 1552.0 938.2 -1931 712.8
0.2 1564.0 526.2 -1365. 623.4
0.3 1572.0 465.4 -1024.6 1816.7
SDS 0.1 1524.0 1022.4 627.4 -2022.2

0.2 1536.8 812.2 -1413.p  -1914)6
0.3 1544.0 413.4 -1028.4 -1128]2

o

N

Such changes are also reported by other workerther aqueous solvent mixtures like water + methfl@), water

+ PG [11]. As observed, the sound velocity increasiéh increase in concentrations of the solution§X-100,
cetrimide and SDS. The values of sound velocitfes-alanine are higher in TX-100 solutions than in $b&utions

of cetrimide and SDS. This is because of the highass of TX-100 as compared to cetrimide and SDigpjaal
plot of U —W/c vs ¢2in different solutions is given in figure 2 for20wt.% of surfactants). The value of isentropic
compressibility (K) decreases with increase in concentration of dhatiens in all the surfactants (a typical plot of
Ks— K< / ¢ vs c” are given in figure 3 for 0.3 wt. % of surfactjntss observed the values of, Kf a-alanine are
less in TX-100 solution than in cetrimide and SB&isons and are in the reverse order to the saelatities.

L 2,000,000 0
S 1,500,000 ¢ TX100 o ©TX-100
. > -10
% 1,000,000 W CETRIMIDE 2 M CETRIMIDE
EE x
£ 500,000 SDs & 20 M"‘. sDS
2 0 30 - . .
2
3 o 5 10 0 510
ci/2 c1/2

Fig.2:Plot of U-Uy/C vs.C1/2 in 0.1 wt% of TX-100,Cetrimide ,SDS at28.15K. Fig.3:Plot of Ks-KO0/C vs.C1/2 in 0.3 wt% of TX-100Cetrimide ,SDS at
298 1RK
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The apparent isentropic molar compressib#itys increases with concentration of the solutionsi-afanine in all
the surfactants. The values #f., are negative and so also the valuestof,,o[18]. The negative values may be
explained by two different phenomena, i.e., elesttiction 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. Adgpplot of Ko Vs. ¢? for 0.2 wt.% of TX-100, cetrimide and
SDS solutions are given in figure 4.

The values ofK%q and $, are given in Table3 fom-alanine in aqueous TX-100, cetrimide and SDS &nist
Another property [12,13] which also can be studizdinderstand the ion-ion or ion-solvent interactie relative
association (a typical plotof Rvs. ¢ in 0.2 wt. % of TX-100, cetrimideand SDShewn in figure 5). The relative
association is influenced by two factors : (i) hreaking up of the solvent structure on additiorsalfite to it and
(ii) the solvation of solute. The former resultsle decrease and the lattrer results in increaBg.iThe increase in
R, with conc.(Fig:5 ) suggests that the solvationaedlanine in surfactants predominates over breakmdghe
solvent structures. It is observed thatifRcreases linearly with concentration of the solusi ofa-alanine in TX-
100,cetrimideand SDS.

0 4
-10 * TX-100 3 #TX-100
-20 ' W CETRIMIDE g 2 m B CETRIMIDE
9
g -30 A SDS 1 A SDS
_40 O T T 1
0 5 10 0 5 10
Cc1/2 cin mol dm-3
Table — 3:Values of K o (m’mol? Pa?) and the S,
a-alanine | Solvent | Wt.% | K " (mmol® Pa’x 107) | &,
Water 0.0 -3.00 7.31
TX-100 0.1 -8.00 6.42
0.2 -6.00 6.48]
0.3 -6.00 6.72
cetrimide 0.1 -4.00 5.44
0.2 -0.8 5.48
0.3 -6.00 5.84]
SDS 0.1 -8.00 4.97
0.2 -0.2 4.96
0.3 -7.00 4.98

The S values also increased with increasing TX-100,imédeand SDS content in water. Highe Salues in
aqueous TX-100 indicates strong electrostrictionampared to aqueous cetrimide and SDS solutiooseier the
variation of §° as well as Svalues predicts the degree of hard electrostecsivivation. It represents a structural
effect of solute on solvent in a solution.

CONCLUSION

The results of the present investigationsealanine in aqueous TX-100, cetrimideand SDS smhstreveal thadi-
alanine shows high ion solvent interaction in sohs of surfactants. The higher sound velocityueal ofa-alanine
in agueous TX-100 solutions than in aqueous cafigamd SDS solutions are due to higher mass of agszmion
in the solution. The decrease in value @fvith increase in concentration of solutions maydbe to occupation of
the interstitial spaces of water by the solute mualles thereby making the medium less compressitiie.increase
in Ry values with increase in concentration of solufiwgicates that ion-solvent interaction dominatesraen-ion
interaction in all the solutions. The variationSf values predicts the degree of hard electrostastiwation, i.e., it
represents the structural effectcofilanine on the solutions surfactants.
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