Asian Journal of Chemistry Vol. 17, No. 4 (2005), 2421-2424

Synthesis and Interaction Investigation of a Non-ionic
Surfactant in Aqueous Medium at Different Temperatures

RAM PARTAP* and NEELAM SWAROOPt
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The surface tension data have been utilized for evaluation of surface
and thermodynamic parameters. Isooctylphenoxypolyethoxy ethanol (TX-
100) with/without aqueous Na;SO4 has been reported at 288.15, 293.15
and 298.15 K. Thermodyanamic parameters indicate that processes are
endothermic in nature but negative values of AGg,ic and positive AS?,,;C
favours the process of micellization.
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INTRODUCTION

The interaction of surface active substances in aqueous system have been a
field of investigation. These studies are supposed to be landmarking in the field
of interaction of medicinal solution, agrochemicals, detergency, solubilizing
power, enhanced oil recovery and in metallurgical process'™. There are several
reports on various physicochemical properties of surfactants in aqueous medium.
However, the data on surface and thermodynamic parameters for non-ionic
surfactant are limited>®. In the present investigation) the data for surface
parameters such as critical micelle concentration (CMC), surface pressure at CMC
(Ttemc), surface excess concentration (I'pay), minimum area per molecule at the
air-liquid interface (A,;,) and thermodynamic parameter for micellization of
aqueous solution of isooctylphenoxypolyethoxy ethanol (TX-100) in the presence
and absence of sodium sulphate (Na,SO,) at 288.15, 298.15 K are reported.

EXPERIMENTAL

(a) Synthesis of surfactant: The non-ionic surfactant isooctylphenoxy-
polyethoxy ethanol (TX-100) was synthesized by the reaction between recrystal-
lized t-octyl phenol and ethylene oxide following the Crook et al.!® and Mansfield
et al.'! methods. The ethylene oxide content of the compound was determined by
weight increase and chemical hydroxyl methods. The surfactant was purified with
hot ethanol. The purity of material was checked by thin layer chromatography
and hydroxyl number analysis'?. Purity of the sample was also checked by
determining the CMC from surface tension method.

The electrolyte Na,SO, obtained from S.D. Fine Chemicals was of AR grade
and used without further purification. The various solutions of surfactant and
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electrolyte were prepared in doubly distilled water having specific conductance
0of 2.00x 10° Q™ cm™.

(b) Methods: Surface tensions of different solutions of surfactant in water
and aqueous sodium sulphate (Na,SO,) were determined from the dropweight
method using stalagmometer described elsewhere' at three different tempera-
tures. The stalagmometer was calibrated by determining the surface tension of
pure liquids and reproducibility of results was within +0.2%. All the measure-
ments were made in a water thermostat whose temperature was controlled within
+0.01 K.

RESULTS AND DISCUSSION

Critical micelle concentration (CMC) values for the TX-100 in water and
aqueous Na,SO, systems have been obtained from the plots of surface tension
vs. log [surfactant]. CMC values for the studied systems are presented in Table-1.

TABLE-1
CRITICAL MICELLE CONCENTRATION (CMC), SURFACE EXCESS CONCENTRA-
TION (I'max), MINIMUM AREA PER MOLECULE (Apin) AND THE SURFACE
PRESSURE AT THE CMC (t¢mc) FOR ISO-OCTYLPHENOXYPOLYETHOXY
ETHANOL (TX-100) IN WATER AND WATER + ELECTROLYTE SYSTEMS

N2,S04 Temp.  CMCx10°  Tuaxx10  Apinx 107 fieme x 10°
(mol/L) (K) (moldm™)  (mol cm™) (nm?) (Nm™)

0 288 . 049 218 726 35.8
293 0.42 2.09 79.4 36.9
298 0.36 2.01 826 38.1
0.025 288 0.42 1.85 89.7 41.9
293 035 1.70 97.7 41.4
298 0.28 1.58 105.1 418
0.050 288 037 1.80 922 42
293 030 1.60 103.8 425
298 0.22 1.50 110.7 4238
0.075 288 031 1.63 101.9 426
293 0.25 1.51 109.9 432
298 0.19 1.40 118.6 435

Table-1 shows that CMC values of TX-100 agree well with those reported in
literature'*, It is clear that CMC of aqueous surfactant decreases with increase in
temperature. This may be due to the dehydration of the surfactant molecule with
change in temperature. The further decrease in CMC values of the surfactant
(TX-100) with the successive addition of sodium sulphate (Na,SO,) in surfactant
solution may be partly due to the salting out of the hydrated ethylene oxide
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condensate of the surfactant'> and partly due to ion-dipole interaction of Na* and
negative dipole of the hydroxyl group of the surfactant. ‘

Maximum surface excess concentration (I',,) values at the air-liquid inter-
faces have been obtained using Gibbs adsorption equation®

Tax = —1/2.0303 nRT (dy/d log C)r (1)

where n is the number of particles released per surfactant melecule in the solution;
R, is the gas constant (8.314 J K™ mol™) and (dy/d log C); represents the slope
of the surface tension vs. log C plot below the CMC at constant temperature T.
In the present investigation n = 1 for non-ionic surfactant. The calculated values
for I',,, for the studied systems at three temperatures are also recorded in Table-1.
From Table-1 it is evident that I',,, values decrease with increase in temperature,
which may be due to enhanced molecular thermal agitation'S. A further decrease
in Iy, values with addition of electrolyte may be due to displacement of
surfactant molecules from the air-liquid interface to the bulk phase.

The minimum area per molecule A.;, at the liquid-air interface has been
calculated using the following equationﬁz

Apin = 10N 00 2

where N is Avogadro’s number. A, values for the studied systems are given in
Table-1. An examination of these values reveals that A;, increases with increase
in temperature as well as with addition of sodium sulphate to the surfactant
solution. This behaviour can be explained on the basis that the addition of an
electrolyte makes the surfactant more compatiable with the solvent and thereby
causes a shift of surfactant from air-liquid interface to the bulk phase.

Surface pressure at the CMC (m,) was calculated using the following
equation®:

Teeme = Y0 — Yeme 3)

T.mc i an index of reduction of surface tension at CMC. r,,,. values are presented
in Table-1 and =, increase with increase in temperature.

Thermodynamic parameters of micellization, viz., AGY., AH?, and ASY, have
been calculated using the eqns.® (4-6).

AGY.. =RTInX e))
ASS.. = —d(AGS,)/dT 5)
AHY;. = AGY;c + T ASpyc (6)

The various thermodynamic parameters of micellization calculated using
equations (4-6) are presénted in Table-2. The AGY,. values are found to be
negative for the studied systems indicating that these processes are spontaneous
ones. The negative AG),;. values increase with increase in temperature and
addition of the Na,SO, to the TX-100 solution. The negative AG%,; values favour
that addition of Na,SO, to TX-100 solution facilitate the micellization. This can
be attributed to the fact that there is decreased hydration of the surfactant molecule
in the more structured water in the presence of an electrolyte.
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TABLE-2

THERMODYNAMIC PARAMETERS OF MICELLIZATION OF ISOOCTYLPHENOXY-

POLYETHOXY ETHANOL (TX-100) IN WATER AND
WATER + ELECTROLYTE SYSTEMS

Na2S04 Temp. -AGfhic AHpic AShic
(mol/litre) X) (kJ mol™!) (kJ mol™") &J K~ mol™)

0 288 21.9 18.2 0.16

293 28.7 21.1 0.17

298 29.6 24.0 0.18

0.025 288 283 235 0.18

293 292 29.4 0.20

298 303 353 0.22

0.050 288 28.5 349 0.22

293 29.6 37.8 0.24

298 30.9 46.6 0.26

0.075 288 29.0 40.1 0.24

293 30.2 46.0 0.26

298 31.6 51.8 0.28

The AHY,;; values are positive and increase with an increase in temperature but

ASY,. values are also positive which favour the process of micellization. A positive
entropy change indicates that the micellization process is mainly controlled by the
entropy gain rather than by an energy effect.
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