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ABSTRACT

Densitiesp and viscosities; of L-alanine (0.02-0.1m) in 0.01m aqueaalium dodecyl sulphate (SDS) (anionic
surfactant), cetyltrimethylammonium bromide (CTA&tionic surfactant) and triton X-100 (TX-100) (nimnic
surfactant) solutions have been measured at 298083,15, 308.15, and 313.15 Khe density data has been
utilized to calculate apparent molar volum@sg, partial molar volumes at infinite dilution®;,, its experimental
slope,s; and partial molar volumes of transfep, (tr) of amino acids. The viscosity data has beealyaed by
means of Jones-Dole equation to obtain Falkenhagmefficient, A, and Jones-Dole coefficient, B. Ehbove
calculated parameters were found to be sensitiveatds the interactions prevailing in the studiedimonacid-
surfactant-water systems. The behavior of thesamaters has been used to investigate the solutiéesahd
solute-solvent interactions.

Keywords: sodium dodecyl sulphate, cetyltrimethylammoniurmonbide, triton X-100partial molar volumes and A
and B-coefficients.

INTRODUCTION

The studies of interactions of proteins with ampiip molecules are of vast importance, not onlyivo but also

in technical applications [1,2]The interaction of surfactants with globular progeiattracts much attention of
researchers [3-8]Studies of these interactions favour understanttiiregdenaturation and solubilisation action of
surfactants on membrane proteins and lipids [9]e B the structural complexity of these bio molesuldirect
thermodynamic study is somewhat difficult. Thus,ramacids are being extensively used as model cang®as
they are structural units of proteins [10]. Surdats at low concentrations in aqueous solutionsawemuch as
normal electrolytes, but in more concentrated smhstthey exhibit different behavior. Such behavsdue to the
formation of aggregates consisting of many surfactaolecules. At specific concentration known as thitical
micelle concentration (CMC), surfactant moleculeslergo aggregation to form micelless the critical micelles
concentrations (CMCs) of SDS, CTAB and TX-100 aeported as 2.5xI8 mol.kg", 8.2x10* mol.kg® and
2.4x10* mol.kg* respectively, the concentrations of the surfastarsied in this study are far above their CMCs;
therefore, almost all the surfactant molecules he present work are in the form of micelles [1The
physicochemical properties of surfactant solutidiféer noticeably in solutions with concentratiohggher and
lower than the CMCAt concentrations below the CMC, the physicochemmaperties of ionic surfactants
resemble those of strong electrolytes. At concéntra exceeding the CMC, the properties of surfastehange
considerably, indicating the formation of highlyogerative molecular associates [9].

Volumetric measurements have been reported todemsitive tool for analysis of interactions in smns [12]. In
the present work we evaluated various volumetricap@ters, such as apparent molar volumes, partid&rm
volumes, its experimental slope and volumes ofsfiemof amino acids from water to an aqueous smiutf
surfactants. The viscosity A and B-coefficients evealculated by using Jones-Dole equation. All éhgarameters
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offer a convenient method to study the intermolacirteractions occurring between the various camepts of the
ternary mixtures [13].

EXPERIMENTAL SECTION

L-alanine was procured from s. d. fine Chem., In@®S, CTAB and TX-100 were purchased from s. we fi
Chem., Thomas Baker and s. d. fine Chem., respdgtilz-alanine, SDS, CTAB were dried oves(B in vacuum

desiccators. TX-100 was kept over molecular sigsgeduce the water content, if any. Solutions weegle using
deionized and triply distilled water. The weighingsere done on an analytical balance (Mettler Toldaving an

accuracy of 1.0x18y.

The densitiesp,of the solutions were measured using (Density &rfsioAnalyzer) DSA 5000 (Anton Paar). The
reproducibility in the density measurements wa®Tkg/n? and temperature was maintained within +0.001°@ Th
viscosity, n, was measured with Ostwald’s viscometer which yweealibrated using triply distilled water. The
accuracy of viscosity in this method was +0.001Ns# special thermostatic water bath arrangementmade for
viscosity measurements, in which temperature variatas maintained within £0.001°C.

RESULTSAND DISCUSSION

The experimental values of densities and viscasitie L-alanine (0.02-0.1m) in aqueous micellar sohs of
(0.01m) SDS, CTAB and TX-100 268.15, 303.15, 308.15, and 313.15 K are listeadbie 1 and 2.

Volumetric study
The densities were used to evaluate the appardat nmwlumes of glycine in aqueous surfactants smhstusing the
following relation:

M 1000(p — p,
p mpp.

where m is the molality of solute (L-alaning),andp, are the densities of the solution and the solyaqueous
surfactant), respectively, and M is the molar mafsthe solute. The calculatet], values for L-alanine in all the
aqueous surfactant solutions and at different teatpees are graphically presented in Fig. 1, 2Znd

Table 1 Values of density, p, of L-alaninein aqueous surfactant solutions at different temperatures

pl(kgn®)
m/(molkg’) 298.15K  303.15K 308.15K  313.15
L-Alanine + Agueous SDS
0.00 997.899 996.322 994.714  993.109
0.02 998.515  996.923 995.301 993.682
0.04 999.095 997.489 995.853 994.219

0.06 999.646 998.023  996.373  994.726
0.08 1000.172 998.540 996.877  995.220
0.1 1000.680 999.036 997.362  995.692

L-Alanine + Aqueous CTAB
0.00 997.708  996.106 994.311 992.518

0.02 998.360 996.743  994.934  993.127
0.04 998.973 997.343  995.519 993.698
0.06 999.557 997.910 996.074  994.239
0.08 1000.110 998.454 996.603  994.757
0.1 1000.650 998.983 997.123  995.265

L-Alanine + Aqueous TX-100
0.00 998.012  996.416 994.817  993.207

0.02 998.743 997.132  995.517  993.893
0.04 999.427 997.800 996.172  994.533
0.06 1000.069 998.429 996.789  995.187
0.08 1000.690 999.039 997.382 995.719
0.1 1001.292 999.630 997.963  996.286

For each systen®,vs m'? plots (Fig.1, 2 and 3) were found to be lineard #nmus, the partial molar volumes at
infinite dilution, @, were obtained by least-squares fitting of ¢healues to the following equation:

0, = @, + sym*/? (2)

where s, is the experimentally determined slope, sometim@ssidered to be volumetric pairwise interaction
coefficient and provides information regarding l@he— L-alanine interactions, whitg, is the intercept and
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provides the information regarding L-alanine—sudat/water interactions. The values @f of L-alanine along
with thes; values at different temperatures are given in @dblA perusal of Table #veals that the values 0f,
are large positive for L-alanine in each aqueou$astant solution, suggesting strong L-alanine-atefnt/water
interactions.

Table 2 Values of viscosity,n, of L-alaninein aqueous surfactant solutions at different temperatures

1.10%(Nm™s)
m/(molkg’) 298.15K 303.15K  308.15K 313.15
L-Alanine + Aqueous SDS
0.00 0.8399 0.7606 0.6872 0.6231
0.02 0.8729 0.7891 0.7114 0.6437
0.04 0.8937 0.8069 0.7268 0.6573
0.06 0.9128 0.8241 0.7419 0.6714
0.08 0.9306 0.8401 0.7564 0.6833
0.1 0.9470 0.8559 0.7700 0.6956
L-Alanine + Aqueous CTAB
0.00 0.8497 0.7783 0.6921 0.6248

0.02 0.8597 0.7871 0.6997 0.6314
0.04 0.8680 0.7946 0.7062 0.6373
0.06 0.8756 0.8014 0.7123 0.6424
0.08 0.8830 0.8081 0.7181 0.6480
0.1 0.8901 0.8148 0.7242 0.6533
L-Alanine + Aqueous TX-100
0.00 0.8626 0.7682 0.7029 0.653§
0.02 0.8935 0.7948 0.7264 0.6750
0.04 0.9083 0.8078 0.7382 0.6857
0.06 0.9206 0.8182 0.7474 0.6944
0.08 0.9310 0.8277 0.7558 0.7020
0.1 0.9406 0.8361 0.7637 0.709]

The @, values (Table 4) increase with increase in tentpezdor all the L-alanine—water—surfactant systemder
study. This may be attributed to the release ofesarater molecules from the loose hydration layédrthe solute
(L-alanine) in the bulk solution [11The reduction in electrostriction occurs with irese in temperature, hence, an
increase inp,,. Thes; values (Table 4) for all the amino acids are fotmthe positive but smaller thas, values,
suggesting the presence of weak solute-solutesictiens which decreases with increase in temperatur

The standard partial molar volumes of transfer wiine acid from water to aqueous surfactami(tr) were
computed using the equation:

@,(tr) =@, (in aqueous surfactant)p;, (in water) (3)

where@,, (in water)is the partial molar volume of L-alanine in wat&he @,,(tr) values at 298.15, 303.15, 308.15,
and 313.15 K are summarized in Table 4. A glanc¢henstructure of L-alanine and surfactant molexsteidied
reveals that the volumetric behavior of L-alanin@gueous surfactant solutions can be explainewbgidering the
following possible interactions, which are expedidccur in the present ternary systems:

1.lon-ion interactions betwees0Z-of SDSBr~ of CTAB and theNH3 group of L-alanine and between Naf
SDS/N—CH; group of CTAB and the CO@roup of L-alanine

2.lonic—hydrophilic interactions between the chargenters KHiF; COO) of L-alanine and the
hydrophilic(polyoxyethylene) part of TX-100

3.Hydrophobic—hydrophilic group interactions betwede hydrophobic group of the L-alanine and hydrbphi
groups of the surfactants

4.Hydrophobic—hydrophobic interactions between theglathain of the SDS/CTAB/TX-100 and the hydroptwbi
group of the L-alanine.

The changes i, (tr) of L-alanine in aqueous surfactant solutions (€ad)l can be interpreted by considering the
cosphere overlap model [14, 15, 16]; according kactvthe overlap of hydration cospheres is destreicin the
light of this model, (1) and (2) type of interact®owould lead to a positiv@,(tr) value due to reduction in the
electrostriction effect. Because of the interactiof thecharge centers (MHCOO) of L-alanine with the ions of
SDS/CTAB and with the hydrophilic part of TX-100gtelectrostriction of water caused by the chaeggers of L-
alanine will be reduced, resulting in an increasedlume and, hence, positigg(tr) values.
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Table 3 Values of apparent molar volumes,@,,, of L-alanine in aqueous surfactant solutions at different temper atures

@,.10%(m’*mol™)
m/(molkg’) 298.15K 303.15K  308.15K 313.15
L-Alanine + Aqueous SDS
0.02 58.311 59.111 59.866 60.624
0.04 59.181 59.958 60.715 61.503

0.06 59.933 60.755 61.516 62.281
0.08 60.608 61.352 62.103 62.820
0.1 61.179 61.910 62.635 63.353

L-Alanine + Aqueous CTAB
0.02 56.507 57.302 58.056 58.815
0.04 57.452 58.198 58.981 59.744

0.06 58.227 59.029 59.773 60.539
0.08 58.989 59.718 60.482 61.213
0.1 59.564 60.269 60.985 61.709

L-Alanine + Aqueous TX-100
0.02 52.533 53.314 54.150 54.89(
0.04 53.675 54.485 55.250 56.020

0.06 54.735 55.506 56.233 56.98(
0.08 55.510 56.239 57.010 57.722
0.1 56.152 56.855 57.584 58.304

On the other hand, interactions of type (3) anda@ld lead to a negativg,(tr) because of the reduction in water
structure that is formed around those groups @sultrof the cosphere overlap. Furthgj(tr) values of L-alanine
in all the three surfactant solutions are negatiMais indicates that hydrophobic-hydrophilic anddfophobic-
hydrophobic interactions dominate over ion-ion @&mthydrophilic interactions in aqueous SDS/CTABxanine
system and over ion-hydrophilic interactions in @ous TX-100-L-alanine system. The increas@,j(tr) with rise

in temperature in all the three aqueous surfactahitions may be due to release of some solvenécutds from
the loose hydration spheres of the solute in smiul1]. It is worth mentioning that the values@{tr) from water
to aqueous surfactant solutions at all the stutdietperatures follow the sequence:

SDS > CTAB > TX-100. This suggests the sequenddefttrength of interactions of L-alanine with thefactant
molecules in the solution.

Viscometric study
The viscosity data were analyzed by using Jonese-[1d1] equation:

Ny =7]/770 = 1+Am1/2+Bm (4)

where 7, is the relative viscosity of the solution,andn, are the viscosities of the solution and the salve
(aqueous surfactant), respectively, and A and BtlaeeFalkenhagen and Jones—Dole coefficients, casphy.
Coefficient A accounts for the L-alanine—L-alanimgeractions, and B is a measure of structural fizadions
induced by the L-alanine—surfactant/water intecangti[11]. The values of A and B have been obtaiinech the
intercepts and slopes of the plots of.{1/m'/?] vs m'/? (Fig 4, 5 and 6) and are included in Table 4. &abl
shows that the values of B coefficients are larggtive, while those of A coefficients are smalkjiive in aqueous
SDS and CTAB solutions, suggesting strong L-alarénefactant/water and weak L-alanine — L-alanirteractions
in these ternary systems. However, in aqueous TXsblution, no appreciable difference in the valoEB and A
is noticed, indicating that the L-alanine—surfathaater and L-alanine—L-alanine interactions amacst equally
important. In addition, the increasing values ot@efficients and a reverse trend in A coefficiemsdifferent
surfactant solutions with rise in temperature sugspthe variation of@, with temperature. The values of B
coefficient in the studied systems at different penatures follow the sequence: SDS > CTAB > TX-10his
reinforces our earlier conclusions drawn from vodtiiic study.
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Table 4 Values of partial molar volumes at infinite dilution, @), its experimental slope, s, partial molar volumes of transfer, @,(tr),
Falkenhagen coefficient, A, and Jones-Dole coefficient, B of L-alaninein aqueous surfactant solutions at different temperatures

m“?(mol*2.kg™?)

298.15K 303.15K 308.15K 313.15K
L-Alanine + Aqueous SDS
108, @, /(m°mol™) 55.931+0.088 56.793x0.076 57.576+0.072 58.401+0.p57
108, s3/(m°mol*?kg"?) 16.499+0.358 16.130+0.312 15.993+0.295 15.671+0.p31
10°. @/ (M°mol™) 60.478+0.014 60.733x0.014 60.945:0.026 61.364+0.p12
10°. @, (tr) (m*mol™?) -4.547 -3.940 -3.369 -2.963
10%. A (kg“’mol*?) 1.760+0.024  1.561+0.038  1.386#0.045  1.227+0.089
10" B ( mol'kg) 7.239+0.099  7.555+0.157  7.648+0.186  7.745%0.161
L-Alanine + Aqueous CTAB
108, @, /(m°mol™) 53.969+0.098 54.827+0.089 55.626+0.077 56.430+0.066
108, s3/(m°mol*?kg"?) 17.629+0.398 17.193x0.362 16.997+0.314 16.762+0.p71
10°. @/ (M°mol™) 60.478+0.014 60.733x0.014 60.945:0.026 61.364+0.p12
10°. @,,(tr) (m*mol?) -6.509 -5.906 -5.319 -4.934
10%. A (kg“’mol*?) 0.299+0.018  0.259+0.015  0.228+0.012  0.198+0.020
10" B (mol'kg) 3.834+0.073  3.880+0.062  3.916+0.051  3.956+0.082
L-Alanine + Aqueous TX-100
108, @, /(m°mol™) 49.546+0.099 50.426+0.093 51.313+0.095 52.098+0.p77
108, s3/(m°mol*¥?kg"?) 20.987+0.403 20.475x0.380 19.964+0.389 19.766x0.315
10°. @/ (M°mol™) 60.478+0.014 60.733x0.014 60.945:0.026 61.364+0.p12
10°. @,,(tr) (m*mol?) -10.932 -10.307 -9.632 -9.266
10%. A (kg“’mol*?) 2.273+0.016  2.174+0.011  2.080+0.020  1.998+0.021
10", B (mol'kg) 1.879+0.065  1.981+0.046  2.073+0.081  2.167+0.088
Aqueous L-Alanine
10°. @,4q/(m°mol™) (literature)  60.490 61.010 61.200
[Ref. 10] [Ref. 10] [Ref. 10]
10%. A (kg“’mol*?) -0.018+0.012  -0.048+0.013  -0.094+0.012 -0.120%8.4
10". B (mol'kg) 2.50240.052  2.359+0.056  2.233+0.048  2.117+0.053
—m— 208.15K
62,0 —e—303.15K —m—298.15K
v 308.15K —e—303.15K
615 —w— 313.15K 63.5 | 308.15K
610 /v/ 650 . /' —v—313.15K
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o 5851 e -/ £ es] v - /'
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559 . g 55 /// /
57.0 / 59.0 o -
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——— T
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Fig 1 Plot of apparent molar volume,@,, vs m*2
of L-alaninein CTAB at different temperatures.
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Fig 2 Plot of apparent molar volume,@,, vs m”2
of L-alaninein SDSat different temperatures.
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Fig 3 Plot of apparent molar volume,@,, vs m*2
of L-alaninein TX-100 at different temperatures.
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Fig 4 Plot of n,-1/m/?vs m”2 of L -alanine Fig 5 Plot of n,-1/m/2vs m*? of L -alanine
in CTAB at different temperatures. in SDS at different temperatures.
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Fig 6 Plot of n,-1/m'/?vs m"? of L -alanine
in TX-100 at different temperatures.
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