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ABSTRACT

 The volumetric studies on the binary aqueous solutions of sodium dodecyl sulphate
(SDS) and ternary SDS-amino acid-water systems have been carried out as a function of
concentration and at 15, 20 , 25 , 30 , 35 , 40 , 45 and 50 °C. In this study the variation of apparent
molar volume (φν) of SDS was observed in the low concentration region. The limiting apparent
molar volume (φ0

ν) values of SDS in aqueous amino acid solutions are greater than those in water
and increase with the concentration at all the studied temperatures. The greater φ0

ν value in amino
acid solution has been demonstrated strong ion-ion interactions in the ternary system. Apparent
molar expansions (ΦE) in aqueous solution and ternary SDS-amino acid-water systems are very
sensitive to hydrophobic and hydrophilic solute-solute interactions.  Expansibility, α and apparent
molar expansion, ΦE  reflect from the same structural alteration in the solutions. In our investigation,
critical micelle concentration (c.m.c) of SDS at various SDS-amino acid-water systems  also
determined by apparent molar volume (φν). Among various physical parameters, apparent molar
volume, limiting apparent molar volume, Apparent molar expansion  has been recognized as a
quantity that is sensitive to structural changes occurring in solutions.

Keywords : Sodium dodecyl sulphate,  glycine,  alanine, apparent molar volume,
apparent molar expansion, critical micelle concentration (c.m.c).

INTRODUCTTION

Volumetric studies of  SDS in aqueous  and
in aqueous amino acid  provides great help to
determine the nature of  interactions and properties
of this  solution. And it is very important because of
great applications of SDS in Pharmaceuticals and
Biotechnological prosses. SDS represents a
potentially effective topical microbicide, which can
also inhibit and possibly prevent infection by

various enveloped and non-enveloped viruses
such as the Herpes simplex viruses, HIV, and the
Semliki Forest virus.

In this paper, We reports the  changes in
the physical properties due to the mixing of  water,
sodium dodecyl  sulphate & amino acid  are thought
of arising from hydrophobic interactions among
solute and solvent molecules.  Here has been used
ternary process and the results of volumetric studies
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on the binary aqueous solutions of sodium dodecyl
sulphate(SDS) and ternary SDS-amino acid-water
systems gives vast  information  about  volumetric
properties. Here we used two amino acids (glycine
& dl-alanine) and sodium dodecyl sulphate(SDS).
Surfactant molecules (e.g. CTAB, SDS, TritonX-100,
etc.) self-aggregate into super molecular structures
when dissolved in water or oil. The simplest
aggregate of these surfactant molecules is called a
micelle; and the  dispersion of  the aggregates in
water or oil  is referred to as a micellar solution.  A
typical micelle has size of ~ 50 Å and is made of
about 100 surfactant molecules.  The surfactant
molecule consists of two parts, namely, a polar
hydrophilic head group and an apolar hydrophobic
tail (hydrocarbon chain). The concentration above
which micelle formation becomes appreciable is
termed the critical micelle concentration (c.m.c).

Micelle formation is as typical hydrophobic
process in water. In aqueous medium, surfactant
molecules with their long hydrophobic tails undergo
hydrophobic hydration.  As the surfactant
concentration increases, the association of
surfactant molecules occurs by hydrophobic
interaction and this result in the removal of the non-
polar   portion of the molecule from the external
aqueous environment to form the interior of   the
micelle while the hydrophilic groups are exposed
to the aqueous environment

Therefore, the present studies are to
determined apparent molar volume, apparent molar
expansion and critical micelle concentration (c.m.c)
at low region concentration in binary and ternary
system. A review of literature shows that only a few
authors have attempted to determine of these
properties in ternary system at low region
concentration.

EXPERIMENTAL

The  Surfactant  used  in  this  study  was
sodium  dodecyl  sulphate(SDS).  The c.m.c value
of SDS in water reported in the literature value
closely around 0.009m at 250C. The values of mean
aggregation number of SDS vary from 58 to 64.
Glycine  (purity.  Mass fraction ≥0.99), DL-alanine
(purity. Mass fraction ≥0.99) procured from Fluka
Chemical Company, Switzerland were used without

further purification. Supplied distilled water was
redistilled and deionized by passing through two
ion exchange columns.  The deionized water was
distilled again in alkaline KMnO4 medium and used
for preparation of solution. Conductivity of this
deionized water was found to  be  5×10-6 S.cm-1. An
electric balance with an accuracy of   ± 0.0001 g
was used   for weighting. The densitometer (DSA-
5000, Anton Paar, Austria) was used for the
measurements of density and ultrasonic sound
velocity. The solutions were prepared by weight
immediately before the measurement. The ternary
solutions were prepared by mixing appropriate
mass of the components. The amount of each
component was later converted into their mole
fraction. Precautions were taken to prevent the
introduction of moisture into the experimental
examples. Each time, the solution was prepared
immediately before the density measurement.

RESULTS AND DISCUSSION
RESULTS  AND  DISCUSSIONS
Apparent molar volume

The apparent molar volume, Vφ , was
calculated from the measured density of the solution
using the relation

( )
ρ

ρρ
ρρ

φ 2
0

0

13
v

M
m
1000./ +−=−molcm ...(1)

Where M2,  m, ρ and ρ0   respectively the
molar mass of solute, molality of solution, density of
solution and density of solvent. Density data of
solution and solvent are given in Table 1 and the
calculated  values at different temperatures are given
in Table 2 as a function of molality of the solutions.
The plots of the  against  are presented in Figs. 1-3.

For surfactant solutions physical properties
such as, osmotic pressure, turbidity, electrical
conductance and surface tension were used to
determine the critical micelle concentration (c.m.c).
In our investigation we tried to observe the variation
of apparent molar volume of SDS as we focused
our study in the low concentration region. The φν-√m
plots show sudden change in φν value at a particular
molality after which  show linear change. The c.m.c
of SDS in aqueous and aqueous amino acid
solutions were determined by extrapolation method.
The c.m.c values of SDS in aqueous and aqueous
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Table 4:  Critical micelle concentration (c.m.c) of  SDS in aqueous  and  aqueous  amino acid
solutions as a function of molality and different temperature.

Critical micelle concentration (c.m.c) of SDS
 WATER+SDS

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.016607 0.016811 0.016400 0.016370 0.016410 0.016340 0.016330 0.016230

SDS WATER+GLYCINE(0.883m)+SDS

conc. 0.020989 0.020993 0.020990 0.021008 0.021003 0.020998 0.021023 0.021017

WATER+GLYCINE(1.3m)+SDS

(m/mol.kg-1) 0.024469 0.024452 0.024457 0.024524 0.024562 0.024600 0.024644 0.024734

(0.0-0.2m) WATER+DL-ALANINE(0.827m)+SDS

0.023050 0.023000 0.022950 0.022887 0.022875 0.022827 0.022631 0.022691

WATER+DL-ALANINE(1.216m)+SDS

0.032913 0.032919 0.032914 0.032919 0.032921 0.032919 0.032966 0.032977

Table 3. Limiting  apparent molar, φφφφφννννν
οοοοο of SDS in aqueous  and  aqueous  amino acid solutions as a

function of molality and temperature. N= concentration number

System N m  of SDS       φ      φ      φ      φ      φννννν
οοοοο /cm3.mol-1

15°C 20°C 25°C 30°C 35°C 40°C 45°C 50°C

Water+SDS 17 0.00034- 221.16 225.53 229.07 230.54 232.76 235.77 237.28 239.02
0.19845

Water+SDS
+

Gly(0.883m) 13 0.02452- 253.16 255.06 256.16 258.55 259.78 261.67 264.55 264.18
0.19848

Water+SDS
+

Gly(1.3m) 14 0.01372- 242.84 243.38 245.62 247.45 249.52 251.70 251.04 253.05
0.19593

Water+SDS
+

DL-ala(0.827m) 15 0.00156- 230.33 232.14 234.06 236.00 237.36 239.56 242.40 243.81
0.19941

Water+SDS
+

DL-ala(1.216m) 13 0.02678- 233.76 235.69 237.25 239.28 241.10 242.68 246.92 249.05
0.19807
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amino acid solutions are presented in Table 4.

The φν versus √m data were fitted to the
equation

2/1013./ mSmolcm VVV +=− φφ ...(2)

by least square method. The limiting apparent molar
volumes, φ0

ν, of SDS are presented in Table 3.

Table 4 reveals that our c.m.c  values of
SDS in water are somewhat larger than the
literature values (≈0.009). An increase in c.m.c
values in glycine and alanine solution was
observed which demonstrates that glycine and
alanine behave as water structure breakers. It has
been reported that addition of structure breakers
causes an increase of cmc 1.

The viscometric study of Devine and

Lowe2 reports that glycine is water structure breaker
whereas, alanine is water structure maker. The effect
of concentration of glycine and alanine and that of
temperature is not regular,  the observed trend is
that, c.m.c increases with the increase in amino
acid concentration. c.m.c’s of SDS would be
expected to increase with increasing temperature1.
No such distinct behaviour is observed from the
study. This may be due to the uncertainties
associated with the measurement in very low
concentration region. The uncer tainty in
measurement is greater than the expected variation
of cmc values. Further attempts of cmc determination
through φν measurement will establish this method.

It is evident from Figs. 1-3 that values of
SDS increase with the increase in solute
concentration. The concentration dependence of
in aqueous and mixed aqueous solutions has been
explained in terms of the solute-solute interaction.
The usual interpretation is that the solute species

ΦΦΦΦ Φ
ν ν ν ν ν 

//// / 
cm

³. m
o

l-1

Molality, m/mol.kg-1

Fig 1: Limiting apparent molar volume of SDS in water , water+glycine(1.3),
dl-alanine (1.216) as a function of molality of  SDS at  different  temperature; ♦♦♦♦♦-15°C,

-20 °C, -25 °C, -30 °C,  -35 °C,  ΔΔΔΔΔ-40 °C, -45 °C, -50 °C.
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interact through the destructive overlap of their
hydration spheres 3. For apolar species, the positive
volume contribution to φν, originated from the
hydrophobic hydration starts decreasing as the
solute concentration is increased. The overlap of
two hydrophobic hydration cospheres relaxes
some water molecules from the salvation sphere to
the bulk giving rise to a negative change in volume.
For hydrophobic ionic species the volume of water
molecules is smaller in the salvation shell due to
(a) the effect of electrostriction 4 and (b) a decrease
in the hydrogen-bonded network of water molecules
in the salvation sphere than in the bulk (the so
called structure-breaking effect). Further, if the ions
are oppositely charged, this type of interaction also
causes   an attraction since the orientation of water
molecules by the cations leads to favorable anion-
water dipole interactions (and vise versa).  In this
way even the electrostricted water molecules may
be shared, resulting in a positive volume change.
The structure-breaking influence of ionic species
on the hydrophobic hydration sphere of apolar
groups gives a negative volume effect

Anionic surfactant sodium dodecyl
sulphate has a long hydrophobic chain and charge
centre. The concentration dependence φν of SDS
can be interpreted in terms of the interactions
involving the hydrophobic part as well as the
charged centres. The φν values of SDS increase with
the increase in molality i.e, Sv value positive. The
positive sign of Sv indicates that interactions
involving charged moieties dominate over the
apolar group-apolar group and apolar group-
charged centre interactions.

The φ0
ν values, obtained by fitting φν -√m

data by least squares method are tabulated in
Table 3.  The values of SDS in aqueous amino acid
solutions are greater than these in water and
increase with the concentration at all the studied
temperatures. The variation of φ0

ν with molality of
amino acids can be rationalized in terms of the

cosphere overlap model 5.  According to this model,
the overlap of cosphere of ion (or a polar group )
with that of another ion (or a polar group) gives
positive change in volume, while that of an ion (or a
polar group) with that of a hydrophobic group and
a hydrophilic group with another hydrophobic group
results in a negative change in volume. As in the
limit of infinite dilution the solute-solute interaction
is minimal, the mutual overlap of the cospheres of
zwitterionic amino acid with those of hydrophobic
and  hydrophilic group of SDS  produces negative
and positive changes in volume, respectively. The
greater φ0

ν values in amino acid solution
demonstrate strong ion-ion interactions in the
ternary system. The relaxation of the electrostricted
water molecules, due to strong localized ion-
zwitterion interactions, from the cosphers of both
the amino acid and SDS to the bulk causes an
increase in volume, this increase in  volume
outweighs the volume decrease due to the overlap
of cospheres of hydrophobic parts of SDS and
amino acids. Overlap of cosphere of amino acids
gives positive change in volume.

As the concentration of amino acid
increases the zwitterions-SDS anion and also the
amino acid interactions increase giving rise to an
increased φ0

ν value. This in, and all probability
account for the increase in φ0

ν value with the
increase in amino acid concentration.

The φν
ο of SDS  in ternary solution can

alternatively be thought of as arising from four
constituents6, as

φν
ο =Vvw +  Vf + Vh + Vs ...(3)

where, Vvw and Vf are van der Waalls
volume 7 and volume of empty spaces   present
therein 8, respectively. The Vh and Vs  represent  the
contributions due to the hydrophobic and
hydrophilic hydration. The Vvw   and  Vf are assumed
to be the same in aqueous amino acid as in water9.

Table  5:  ααααα0 is the expansibility of water taken from G. S. Kell 10

Temp. 15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

α0 1.51E-04 2.00E-04 2.57E-04 2.90E-04 3.46E-04 3.80E-04 4.22E-04 4.70E-04
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Table  6: The parameters a1 and  a2

w= Water; sds= sodium dodecyl  sulphate

w+sds w+glycine(1.3)+sdsw+glycine(0.883)+sds
m a1 a2 m a1 a2 m a1 a2

0.000340 -7.81E-07 8.57E-09 0.001592 -7.44E-07 1.12E-08 0.00068 1.52E-06 -1.74E-08

0.000890 -6.85E-07 5.00E-09 0.014431 -2.44E-06 -9.52E-10 0.001544 3.98E-07 -2.38E-09
0.001360 -1.36E-06 1.33E-08 0.013725 -5.32E-06 4.26E-08 0.014193 -2.92E-06 4.29E-09
0.014990 -7.20E-06 4.93E-08 0.027987 -1.01E-05 7.55E-08 0.024522 -8.55E-06 5.79E-08

0.029990 -1.45E-05 1.18E-07 0.039750 -1.45E-05 1.11E-07 0.037557 -1.19E-05 7.55E-08
0.043980 -1.61E-05 9.88E-08 0.053373 -1.52E-05 8.64E-08 0.051069 -1.56E-05 9.64E-08
0.058070 -2.11E-05 1.31E-07 0.069147 -1.98E-05 1.14E-07 0.071936 -2.34E-05 1.56E-07

0.071994 -2.62E-05 1.69E-07 0.085642 -2.50E-05 1.46E-07 0.086225 -2.46E-05 1.37E-07
0.085940 -3.04E-05 1.90E-07 0.100063 -2.75E-05 1.53E-07 0.100026 -2.88E-05 1.63E-07
0.100850 -3.54E-05 2.22E-07 0.114261 -3.15E-05 1.76E-07 0.114767 -3.30E-05 1.88E-07

0.114980 -3.96E-05 2.48E-07 0.127985 -3.51E-05 1.97E-07 0.128215 -3.66E-05 2.05E-07
0.128601 -4.27E-05 2.57E-07 0.140583 -3.80E-05 2.10E-07 0.142658 -4.04E-05 2.26E-07
0.142570 -4.70E-05 2.87E-07 0.156884 -4.33E-05 2.42E-07 0.157116 -4.45E-05 2.52E-07

0.157000 -5.10E-05 3.06E-07 0.171385 -4.61E-05 2.55E-07 0.17129 -4.30E-05 1.40E-07
0.171940 -7.02E-05 5.09E-07 0.185656 -4.96E-05 2.71E-07 0.185205 -4.68E-05 1.80E-07
0.186100 -6.62E-05 4.40E-07 0.195929 -5.17E-05 2.81E-07 0.198478 -5.52E-05 3.11E-07

0.198450 -6.41E-05 3.92E-07

w+dl-alanine(1.216)+sds w+dl-alanine(.827)+sds
m a1 a2 m a1 a2

0.001430 3.68E-06 -6.05E-08 0.000760 -3.85E-07 2.14E-09

0.013983 -2.02E-06 -1.86E-08 0.001556 -6.08E-07 3.10E-09
0.026784 -6.13E-06 -2.38E-10 0.014299 -3.66E-06 8.57E-09
0.041951 -7.61E-06 -2.41E-08 0.028638 -9.11E-06 4.74E-08

0.055598 -1.45E-05 4.74E-08 0.042769 -1.24E-05 5.95E-08
0.070241 -1.78E-05 5.95E-08 0.055985 -1.66E-05 8.33E-08
0.082870 -2.18E-05 8.36E-08 0.070499 -1.95E-05 8.86E-08

0.098097 -2.62E-05 1.11E-07 0.083252 -2.49E-05 1.34E-07
0.108665 -2.89E-05 1.33E-07 0.099087 -3.02E-05 1.71E-07
0.125733 -3.20E-05 1.33E-07 0.112982 -3.37E-05 1.86E-07

0.140410 -3.67E-05 1.59E-07 0.127136 -3.66E-05 1.99E-07
0.153293 -4.17E-05 1.99E-07 0.139751 -4.12E-05 2.29E-07
0.168333 -4.33E-05 1.95E-07 0.154131 -4.71E-05 2.86E-07

0.182099 -4.77E-05 2.28E-07 0.169950 -4.88E-05 2.64E-07
0.198069 -5.01E-05 2.31E-07 0.189475 -5.38E-05 2.92E-07

0.199415 -6.84E-05 4.65E-07
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Table 7: Expansibility (ααααα) and apparent molar expansion (φφφφφE) of  SDS in water as a function of
molality and different temperature.

WATER+SDS
m (mol.Kg-1) Expansibility (α α α α α × 10-4)/C-1

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.000340 1.5139 2.0043 2.5755 2.9026 3.4590 3.8008 4.2245 4.6991
0.000890 1.5139 2.0047 2.5763 2.9037 3.4604 3.8026 4.2266 4.7016
0.001360 1.5182 2.0081 2.5789 2.9054 3.4614 3.8027 4.2259 4.7000
0.014990 1.5646 2.0507 2.6175 2.9403 3.4924 3.8300 4.2493 4.7197
0.029990 1.6164 2.0954 2.6551 2.9710 3.5159 3.8465 4.2588 4.7220
0.043980 1.6365 2.1171 2.6784 2.9960 3.5426 3.8750 4.2890 4.7539
0.058070 1.6755 2.1527 2.7105 3.0248 3.5680 3.8971 4.3078 4.7693
0.071994 1.7140 2.1872 2.7410 3.0514 3.5906 3.9157 4.3225 4.7800
0.085940 1.7489 2.2197 2.7711 3.0793 3.6161 3.9391 4.3435 4.7988
0.100850 1.7875 2.2549 2.8028 3.1077 3.6410 3.9607 4.3617 4.8135
0.114980 1.8206 2.2852 2.8303 3.1326 3.6631 3.9801 4.3785 4.8276
0.128601 1.8474 2.3109 2.8548 3.1561 3.6855 4.0014 4.3987 4.8468
0.142570 1.8810 2.3413 2.8821 3.1802 3.7065 4.0194 4.4136 4.8584
0.157000 1.9134 2.3716 2.9102 3.2064 3.7304 4.0413 4.4334 4.8762
0.171940 2.0422 2.4802 2.9985 3.2744 3.7780 4.0686 4.4402 4.8624
0.186100 2.0219 2.4665 2.9913 3.2740 3.7843 4.0816 4.4601 4.8890
0.198450 2.0146 2.4636 2.9930 3.2803 3.7952 4.0972 4.4803 4.9140

Apparent molar expansion (φφφφφE /cm3.mol-1.C-1)
0.000340 0.02872 0.03965 0.04884 0.05641 0.06894 0.07552 0.08373 0.09441
0.000890 0.03236 0.04352 0.05635 0.06411 0.07635 0.08564 0.09475 0.10710
0.001360 0.03468 0.04631 0.06002 0.06774 0.08114 0.08999 0.10035 0.11204
0.014990 0.03681 0.04855 0.06230 0.07046 0.08419 0.09284 0.10347 0.11562
0.029990 0.03866 0.05035 0.06410 0.07212 0.08578 0.09433 0.10495 0.11692
0.043980 0.03927 0.05106 0.06492 0.07301 0.08676 0.09540 0.10613 0.11817
0.058070 0.04032 0.05207 0.06588 0.07391 0.08763 0.09621 0.10685 0.11886
0.071994 0.04131 0.05298 0.06673 0.07468 0.08831 0.09678 0.10735 0.11925
0.085940 0.04219 0.05381 0.06751 0.07541 0.08901 0.09744 0.10797 0.11983
0.100850 0.04315 0.05470 0.06833 0.07616 0.08967 0.09803 0.10847 0.12026
0.114980 0.04402 0.05553 0.06912 0.07690 0.09036 0.09866 0.10906 0.12080
0.128601 0.04470 0.05619 0.06976 0.07752 0.09097 0.09925 0.10963 0.12136
0.142570 0.04557 0.05701 0.07052 0.07821 0.09160 0.09982 0.11013 0.12179
0.157000 0.04637 0.05776 0.07123 0.07888 0.09223 0.10041 0.11067 0.12228
0.171940 0.04924 0.06025 0.07321 0.08036 0.09318 0.10085 0.11060 0.12168
0.186100 0.04891 0.06003 0.07316 0.08049 0.09349 0.10133 0.11124 0.12251
0.198450 0.04884 0.06003 0.07329 0.08074 0.09388 0.10184 0.11189 0.12328

WATER+GLYCINE(1.3)+SDS 
m (mol.Kg-1) Expansibility (ααααα×10-4)/C-1

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.001592 1.5129 2.0031 2.5653 2.9010 3.4573 3.7989 4.2223 4.6967
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0.014431 1.5333 2.0237 2.5879 2.9249 3.4823 3.8251 4.2498 4.7255
0.013725 1.5484 2.0339 2.5940 2.9264 3.4793 3.8176 4.2377 4.7088
0.027987 1.5855 2.0661 2.6240 2.9531 3.5024 3.8374 4.2540 4.7217
0.039750 1.6177 2.0933 2.6484 2.9737 3.5192 3.8503 4.2632 4.7270
0.053373 1.6322 2.1094 2.6676 2.9953 3.5431 3.8766 4.2919 4.7581
0.069147 1.6684 2.1413 2.6979 3.0228 3.5676 3.8984 4.3108 4.7741
0.085642 1.7103 2.1779 2.7327 3.0541 3.5954 3.9228 4.3317 4.7916
0.100063 1.7327 2.1986 2.7536 3.0743 3.6149 3.9416 4.3498 4.8090
0.114261 1.7654 2.2274 2.7812 3.0994 3.6375 3.9617 4.3674 4.8241
0.127985 1.7941 2.2525 2.8052 3.1213 3.6570 3.9790 4.3825 4.8369
0.140583 1.8185 2.2745 2.8268 3.1415 3.6758 3.9965 4.3987 4.8517
0.156884 1.8602 2.3106 2.8612 3.1724 3.7031 4.0203 4.4189 4.8684
0.171385 1.8851 2.3331 2.8834 3.1934 3.7228 4.0387 4.4361 4.8842
0.185656 1.9138 2.3585 2.9083 3.2165 3.7439 4.0581 4.4536 4.8999
0.195929 1.9316 2.3746 2.9241 3.2313 3.7578 4.0710 4.4655 4.9109

Apparent molar expansion (ΦE /cm3.mol-1.C-1)   
0.001592 0.05108 0.06770 0.08650 0.09820 0.11761 0.12969 0.14345 0.15993
0.014431 0.04200 0.05568 0.07137 0.08109 0.09705 0.10715 0.11970 0.13394
0.013725 0.03819 0.05030 0.06440 0.07307 0.08730 0.09633 0.10694 0.11951
0.027987 0.03897 0.05093 0.06496 0.07347 0.08756 0.09636 0.10721 0.11941
0.039750 0.03882 0.05042 0.06405 0.07229 0.08593 0.09443 0.10498 0.11673
0.053373 0.03956 0.05133 0.06519 0.07355 0.08741 0.09607 0.10682 0.11892
0.069147 0.04073 0.05248 0.06641 0.07477 0.08863 0.09730 0.10805 0.12017
0.085642 0.04154 0.05310 0.06693 0.07517 0.08888 0.09742 0.10803 0.12003
0.100063 0.04245 0.05407 0.06801 0.07630 0.09011 0.09870 0.10938 0.12147
0.114261 0.04326 0.05479 0.06871 0.07694 0.09071 0.09924 0.10987 0.12189
0.127985 0.04387 0.05530 0.06917 0.07733 0.09101 0.09947 0.11004 0.12196
0.140583 0.04452 0.05590 0.06978 0.07792 0.09158 0.10002 0.11056 0.12247
0.156884 0.04525 0.05644 0.07021 0.07821 0.09171 0.10002 0.11042 0.12218
0.171385 0.04617 0.05737 0.07122 0.07926 0.09281 0.10114 0.11157 0.12338
0.185656 0.04667 0.05776 0.07155 0.07951 0.09296 0.10122 0.11157 0.12329
0.195929 0.04733 0.05843 0.07228 0.08024 0.09374 0.10202 0.11238 0.12414

WATER+GLYCINE(0.883)+SDS 
m (mol.Kg-1)                                                      Expansibility (ααααα×10-4)/C-1

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.000680 1.4996 1.9927 2.5667 2.8964 3.4556 3.8001 4.2265 4.7039
0.001544 1.5060 1.9978 2.5703 2.8985 3.4562 3.7993 4.2242 4.7000
0.014193 1.5355 2.0263 2.5979 2.9254 3.4822 3.8245 4.2487 4.7237
0.024522 1.5737 2.0591 2.6252 2.9474 3.4987 3.8357 4.2544 4.7239
0.037557 1.6007 2.0843 2.6485 2.9689 3.5184 3.8536 4.2704 4.7382
0.051069 1.6298 2.1111 2.6732 2.9914 3.5387 3.8718 4.2865 4.7521
0.071936 1.6865 2.1617 2.7176 3.0299 3.5710 3.8981 4.3067 4.7662
0.086225 1.7024 2.1792 2.7367 3.0508 3.5935 3.9224 4.3327 4.7939
0.100026 1.7349 2.2091 2.7639 3.0753 3.6155 3.9417 4.3495 4.8080
0.114767 1.7677 2.2393 2.7914 3.1004 3.6379 3.9616 4.3668 4.8228
0.128215 1.7962 2.2659 2.8162 3.1234 3.6591 3.9811 4.3845 4.8387
0.142658 1.8259 2.2934 2.8414 3.1465 3.6799 3.9997 4.4010 4.8529
0.157116 1.8573 2.3222 2.8675 3.1700 3.7007 4.0180 4.4166 4.8659
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0.171290 1.8746 2.3502 2.9062 3.2197 3.7613 4.0900 4.4997 4.9602
0.185205 1.8992 2.3707 2.9227 3.2322 3.7697 4.0940 4.4999 4.9563
0.198478 1.9412 2.4000 2.9391 3.2359 3.7605 4.0719 4.4647 4.9080

Apparent molar expansion (ΦE /cm3.mol-1.C-1)  
0.000680 0.12019 0.16045 0.20592 0.23049 0.27373 0.30711 0.34422 0.37803
0.001544 0.07504 0.10004 0.12841 0.14571 0.17338 0.19114 0.21319 0.23711
0.014193 0.04062 0.05382 0.06925 0.07841 0.09361 0.10330 0.11551 0.12901
0.024522 0.03913 0.05141 0.06577 0.07426 0.08850 0.09750 0.10881 0.12100
0.037557 0.03985 0.05209 0.06644 0.07487 0.08910 0.09805 0.10915 0.12156
0.051069 0.04045 0.05260 0.06688 0.07521 0.08935 0.09821 0.10923 0.12156
0.071936 0.04135 0.05323 0.06721 0.07528 0.08913 0.09775 0.10845 0.12049
0.086225 0.04175 0.05367 0.06769 0.07583 0.08971 0.09838 0.10917 0.12129
0.100026 0.04260 0.05448 0.06846 0.07654 0.09039 0.09900 0.10974 0.12182
0.114767 0.04327 0.05504 0.06891 0.07691 0.09065 0.09918 0.10982 0.12181
0.128215 0.04386 0.05558 0.06938 0.07733 0.09100 0.09948 0.11006 0.12198
0.142658 0.04460 0.05626 0.07002 0.07792 0.09153 0.09996 0.11048 0.12235
0.157116 0.04544 0.05706 0.07077 0.07862 0.09220 0.10056 0.11105 0.12287
0.171290 0.04585 0.05775 0.07173 0.07986 0.09372 0.10263 0.11343 0.12558
0.185205 0.04646 0.05825 0.07215 0.08021 0.09397 0.10254 0.11337 0.12541
0.198478 0.04752 0.05901 0.07259 0.08031 0.09375 0.10199 0.11233 0.12402

WATER+DL-ALANINE(1.216)+SDS
m (mol.kg-1)                                               Expansibility (ααααα×10-4)C-1

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.001430 1.4916 1.9891 2.5674 2.9013 3.4649 3.8137 4.2445 4.7263
0.013983 1.5333 2.0264 2.6003 2.9300 3.4891 3.8337 4.2601 4.7375
0.026784 1.5664 2.0574 2.6291 2.9569 3.5138 3.8564 4.2809 4.7562
0.041951 1.5869 2.0800 2.6538 2.9838 3.5429 3.8878 4.3146 4.7922
0.055598 1.6318 2.1178 2.6845 3.0075 3.5596 3.8974 4.3171 4.7875
0.070241 1.6598 2.1444 2.7098 3.0316 3.5823 3.9188 4.3372 4.8064
0.082870 1.6899 2.1720 2.7348 3.0542 3.6024 3.9366 4.3525 4.8192
0.098097 1.7236 2.2030 2.7631 3.0798 3.6252 3.9567 4.3699 4.8338
0.108665 1.7434 2.2206 2.7785 3.0930 3.6362 3.9655 4.3765 4.8382
0.125733 1.7719 2.2490 2.8066 3.1211 3.6642 3.9935 4.4044 4.8661
0.140410 1.8089 2.2832 2.8380 3.1499 3.6902 4.0168 4.4251 4.8840
0.153293 1.8443 2.3147 2.8655 3.1735 3.7098 4.0325 4.4368 4.8918
0.168333 1.8604 2.3309 2.8820 3.1902 3.7267 4.0498 4.4544 4.9096
0.182099 1.8922 2.3595 2.9073 3.2124 3.7457 4.0656 4.4669 4.9189
0.198069 1.9144 2.3813 2.9288 3.2336 3.7666 4.0861 4.4872 4.9389

Apparent molar expansion (ΦE /cm3.mol-1.C-1)
0.001430 0.10543 0.14101 0.18187 0.20613 0.24681 0.27184 0.31125 0.34809
0.013983 0.04081 0.05421 0.06982 0.07906 0.09459 0.10435 0.11728 0.13092
0.026784 0.03802 0.05017 0.06440 0.07283 0.08697 0.09591 0.10735 0.11985
0.041951 0.03882 0.05111 0.06552 0.07405 0.08837 0.09741 0.10901 0.12171
0.055598 0.03989 0.05200 0.06621 0.07454 0.08866 0.09751 0.10872 0.12110
0.070241 0.04060 0.05269 0.06688 0.07520 0.08928 0.09812 0.10925 0.12162
0.082870 0.04121 0.05320 0.06730 0.07552 0.08950 0.09825 0.10928 0.12153
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0.098097 0.04211 0.05406 0.06810 0.07629 0.09021 0.09891 0.10986 0.12207
0.108665 0.04305 0.05507 0.06921 0.07741 0.09142 0.10016 0.11115 0.12337
0.125733 0.04376 0.05578 0.06992 0.07813 0.09214 0.10088 0.11186 0.12414
0.140410 0.04430 0.05616 0.07012 0.07821 0.09205 0.10066 0.11149 0.12360
0.153293 0.04511 0.05687 0.07073 0.07871 0.09244 0.10095 0.11165 0.12365
0.168333 0.04565 0.05745 0.07135 0.07936 0.09313 0.10166 0.11240 0.12444
0.182099 0.04658 0.05834 0.07221 0.08017 0.09390 0.10238 0.11306 0.12506
0.198069 0.04732 0.05912 0.07303 0.08102 0.09480 0.10330 0.11402 0.12605

WATER+DL-ALANINE(0.827)+SDS
m (mol.kg-1) Expansibility (ααααα×10-4)C-1

15°C 20 °C 25 °C 30 °C 35 °C 40 °C 45 °C 50 °C

0.000760 1.5117 2.0028 2.5746 2.9023 3.4594 3.8018 4.2261 4.7014
0.001556 1.5136 2.0046 2.5764 2.9039 3.4609 3.8033 4.2275 4.7027
0.014299 1.5411 2.0314 2.6024 2.9294 3.4857 3.8274 4.2511 4.7256
0.028638 1.5820 2.0683 2.6353 2.9584 3.5106 3.8485 4.2681 4.7386
0.042769 1.6093 2.0942 2.6598 2.9816 3.5325 3.8691 4.2874 4.7566
0.055985 1.6425 2.1248 2.6878 3.0072 3.5555 3.8897 4.3055 4.7723
0.070499 1.6685 2.1501 2.7123 3.0311 3.5787 3.9123 4.3275 4.7935
0.083252 1.7067 2.1838 2.7414 3.0557 3.5986 3.9277 4.3383 4.7997
0.099087 1.7470 2.2203 2.7742 3.0848 3.6240 3.9494 4.3564 4.8141
0.112982 1.7754 2.2470 2.7992 3.1083 3.6459 3.9697 4.3751 4.8312
0.127136 1.7994 2.2697 2.8206 3.1283 3.6646 3.9871 4.3912 4.8459
0.139751 1.8342 2.3013 2.8489 3.1536 3.6867 4.0061 4.4071 4.8586
0.154131 1.8741 2.3356 2.8776 3.1768 3.7043 4.0180 4.4133 4.8593
0.169950 1.8953 2.3586 2.9024 3.2035 3.7327 4.0486 4.4459 4.8938
0.189475 1.9351 2.3956 2.9364 3.2348 3.7612 4.0743 4.4688 4.9139
0.199415 2.0261 2.4697 2.9937 3.2752 3.7846 4.0816 4.4582 4.8861

Apparent molar expansion (ΦE /cm3.mol-1.C-1)  
0.000760 0.02837 0.03770 0.04868 0.05522 0.06578 0.07231 0.08257 0.09191
0.001556 0.03573 0.04748 0.06131 0.06949 0.08308 0.09188 0.10305 0.11509
0.014299 0.03773 0.04997 0.06435 0.07281 0.08708 0.09598 0.10749 0.11995
0.028638 0.03848 0.05054 0.06468 0.07301 0.08703 0.09579 0.10694 0.11923
0.042769 0.03937 0.05146 0.06566 0.07397 0.08804 0.09686 0.10796 0.12028
0.055985 0.03986 0.05180 0.06582 0.07401 0.08790 0.09660 0.10752 0.11973
0.070499 0.04044 0.05233 0.06631 0.07450 0.08836 0.09703 0.10792 0.12009
0.083252 0.04143 0.05324 0.06715 0.07522 0.08899 0.09756 0.10834 0.12038
0.099087 0.04252 0.05428 0.06813 0.07613 0.08985 0.09836 0.10906 0.12104
0.112982 0.04320 0.05492 0.06873 0.07670 0.09038 0.09885 0.10950 0.12145
0.127136 0.04418 0.05597 0.06988 0.07788 0.09164 0.10016 0.11086 0.12287
0.139751 0.04472 0.05636 0.07010 0.07798 0.09158 0.09997 0.11053 0.12238
0.154131 0.04613 0.05774 0.07146 0.07930 0.09293 0.10116 0.11165 0.12350
0.169950 0.04622 0.05778 0.07144 0.07924 0.09275 0.10107 0.11154 0.12331
0.189475 0.04732 0.05885 0.07248 0.08023 0.09372 0.10199 0.11241 0.12415
0.199415 0.04949 0.06059 0.07378 0.08111 0.09415 0.10243 0.11195 0.12323
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Fig 2:Expansibility ( ααααα ) of  SDS  in water, water+glycine(1.3), water+dl-alanine
(1.216) as a function of molality of  SDS at different  temperature;  ♦♦♦♦♦-15°C,

-20 °C, -25 °C, -30 °C,  -35 °C,  ΔΔΔΔΔ-40 °C, -45 °C, -50 °C.

Fig. 3 Apparent molar expansion (φφφφφE) of  SDS in water, water+glycine(1.3),
water+dl-alanine(1.216) as a function of molality of SDS at different  temperature;

♦♦♦♦♦-15°C, -20 °C, -25 °C, -30 °C,  -35 °C,  ΔΔΔΔΔ-40 °C, -45 °C, -50 °C.
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The variation of φ0
ν is, Therefore, due to the changes

in  (Vh + Vs) resulting from SDS-amino acid, amino
acid-amino acids and amino acid water interactions;
the contribution from water-water interactions is
assumed to be negligible.

At  the same amino acid concentration,
the φ0

ν increases with the increase in temperature.
This may be due to the resultant of the following
effects;
(i) Due to the increased thermal energy at

higher temperature, the relaxation to the
bulk of the electrostricted water  molecules
from the ionic interaction regions results
in a positive volume change.

(ii) An increase in temperature renders the
amino acid- amino acid interaction
relatively weaker giving rise to a small
negative volume changed.

(iii) A decrease in amino acid-water
interactions causes an increased volume
change.

Apparent  molar expansion  and  expansibility
Apparent molar expansion, φE  was

computed from measured density data using the
relation

                     VE m
αφ

ρ
ααφ +

−
=

0

0 )(
                        (4)

where, α0 is the expansibility of water taken
from G. S. Kell 10,  α is the expansibility  of solution
calculated using the equation
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The parameters a1 and  a2  were obtained
by the regression  of  (ρ - ρ0) – T data  according to
equation
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using the ai  parameter the expansibility of

solution was calculated from equation (5)  and
hence apparent molar expansion was calculated
using equation (4). The calculated α and φE as a
function SDS molality and temperature are
presented in Table 7. Graphical representation of
α and φE against molality is given in Fig 2-3.
Apparent molar expansions in aqueous solution
are very sensitive to hydrophobic and hydrophilic
solute-solute interactions11,12.  Expansibility,  and
apparent molar expansion, φE reflect from the same
structural alteration in the solutions. One might,
therefore, expect the same response due to change
of other parameters like concentration, temperature,
pressure, etc. Hence, we concern with apparent
molar expansion only. It is observed from isotherms

that 1/ amE =∂∂φ  is positive for all the studied

aqueous SDS and increases with an increase in
the size of hydrophobic side chain of SDS and
temperature. Since the aggregates due to
hydrophobic interactions in aqueous environment
are more sensitive to temperature and more
unstable than the aggregates of water-water around
the hydrophobic moieties, in turns, than that of
around hydrophilic centers and in normal
water13-15, the greater expansibility of the former
would be expected.

The positive values of 

mE ∂∂ /φ

 reveal

that as an increase of molal concentration of SDS,
the aggregation through hydrophobic moieties due
to hydrophobic interactions are facile. The
hydrophobic interactions are more dominant as the
size of hydrophobic chain becomes larger 16-18. The

increase of 

mE ∂∂ /φ

 values with the size of

hydrophobic chain accounts the predominance of
hydrophobic interactions in SDS with larger
hydrocarbon backbon.
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