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ABSTRACT

The phenomenon of solubilization of nonionic surfactant TritonX-114 has been studied through the influence of
additive Chloramine-T in aqueous medium by measuring the ultrasonic velocity of the pure surfactant and with
Chloramine-T. The ultrasonic velocity of pure surfactant as well as mixed system was found to be increased with
increase in temperature. By keeping the surfactant concentration equal to its CMC, for mixed system the CMC found
to be increased with the addition of Chloramine-T. This is mainly due to increased micelle concentrations. The
CMC for pure or mixed system found to be decreased with increase in temperature. The influence of additive
Chloramine-T on the CMC and acoustical parameters of nonionic surfactnat is a clear indication that the
phenomenon of micellization is associated with the different micelles coalescing. The CMC of pure and mixed
system decreses with increase in temperature. This decrease in CMC may be due to change in free energy of the
system with increase in temperature. Findings of the present work support to the probable evidence of electrolyte
surfactant interactions in aqueous medium.
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INTRODUCTION

Several research workers have studied the moletutactions in surfactants in the presence otddelectrolytes
[1-4]. Surfactants contain two distinct groupingtheir structure. Polar or charged group at one afrslirfactant
molecule is the “head group” which is hydrophilicniature and long chain of alkyl or aryl grouphie ttail” which

is hydrophobic in nature. When surfactants are dddewvater at low concentration, they are dispeediscrete
molecules. However, at a particular concentratismfactant molecules get associated to form agtgegar
micelles [5-7]. This concentration is known asicat micellar concentration (CMC) which is an imfzort property
of surfactant. Above CMC, the surfactants exisaggregates or micelles. CMC of a surfactant isrdeteed by
several methods such as conductance, surface tiessiobilization, turbidity, light scattering, @ision, ultrasonic
velocity measurement etc. There are merits asagallemerits in all these methods.

TX-114 used for pre-concentration in analytical mistry [8]. The principle use of TX-114 surfactaist in
industrial and household detergent applicationsiar@mulsifying agents. It is used almost in evigpe of liquid,
paste, and powdered cleaning compound, ranging freavy-duty industrial products to gentle detergdat fine
fabrics. TX-114 is also important ingredients ofmpary emulsifier mixtures used in the manufactufemulsion
polymers, stabilizers in latex polymers and emidssffor agricultural emulsion concentrates andtat®¢ powders.
It has been shown earlier that by the additionle¢teolyte, CMC of TX-114 is affected by the add#s [9]. Some
inorganic and organic compounds are added to dmteygn order to make detergent cheap, user fiyeadtl to
boost its power [10], these compounds are calladldbrs”. Chloramine-T (CAT) is used as an disitdet,
algaecide, bactericide, germicide, for parasitetrobrand for drinking water disinfection. Due tcetfe properties,
CAT can be used as a “builder” in detergents.
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The ultrasonic velocity technique has been usedsfiodying solute-solvent interactions in a numbesystems
including organic liquids [11], dilute solutions organic acids [12] and complexes [13-14]. The pggtion of
ultrasonic waves and the measurement of their itglft5-17] has been used to determine the nature ¢dcular
interactions in the systems. Acoustical Impeda@)e Adiabatic Compressibility §.4 ), Intermolecular Free length
(Lg), Molar Volume (V,), Molar Sound Velocity (R), Surface Tensiony() are functions of ultrasonic velocity. As
these parameters throw more light on ion-ion amd golvent interactions, an ultrasonic study of CATirfactant
mixed and pure system has been made at varioutatnpes and at 2 MHz frequency.

In this paper, the effect on the CMC of pure TX-1d4dd in presence CAT at various temperatures has be
reported. These studies are important in the fi€lshedicinal preparations, agrochemicals, detegetat

EXPERIMENTAL SECTION

The nonionic surfactant TritonX-114 (M.Wt. 537) a@tiloramine-T.Trihydrate (M.Wt. 281.69) were theqgucts
of SIGMA-ALDRICH, USA. and these were used as reedi Doubly distilled water with Specific Conduatar? -
411'S cm' at 303.15 K was used in the preparation of alitimhs of different concentrations.

In present investigation, the speed of sound waasaored with an uncertainty o02% using a single crystal
variable path ultrasonic interferometer F-81 opegatit 2MHz. This manual instrument is convertedadnfully
automatic microprocessor controlled, software basstlument-having facility to record digital readiof maxima
or minima on digital panel and in computer. Theuaacy in ultrasound velocity measurement was clekdke
comparing the observed velocity values of water9¢l4 m/s) and acetone (1164.2 m/s) with thoseheir t
literature values (1496 m/§)8] and (1165 m/sJ19] respectively. In order to maintain the uncerta of the
measurement several maxima and minima are allowguhss and their number n is counted. All maximd an
minima are recorded with the help of microprocesgmrated computerized system graphically.

o]
o~} O/
-
(e} n Na+ l}l
H3C Cl
HsC HsC
T cHgse O n=7-8 L |
TritonX-114 Chloramine-T

Molecular structuresof surfactant (Triton X-114) and additive (Chloramine-T)
RESULTSAND DISCUSSION

(A) Ultrasonic Velocity Studiesof Pure TritonX-114 :
In the present investigation, CMC values of norgosiifactants TX-114 is determined by ultrasonichoédtas
formulated in Table 1.

As ultrasonic waves are high frequency mechani@ales, their velocity in the medium depefi2i8] inversely on
the density and the compressibility of the meidufmom above data it is clear that as temperatureases, density
and adiabatic compressibility decreases henceoultrsvelocity increases for a particular conceigrataqueous
solution of nonionic surfactant. Plot of ultrasonielocity (U) in m& Vs Concentration in mM of nonionic
surfactant are given in Fig. 1 for TX-114.

20



A. A. Patil J. Chem. Pharm. Res,, 2013, 5(3):19-24

Fig.1:Plots of Ultrasonic velocity Vs[TX-114] at 298K and 303K temperatures
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From the above plots it is clear that the ultrasosglocity initially increased, acquires a maximwaiue at CMC
and then starts decreasing as the concentratiomooionic surfactant is increased. At CMC aggregetof
monomers to form aggregates known as micelles pédee hence at CMC ultrasonic velocity is maximutrhis
observation suggest that the ultrasonic velocitpsneement can be relied upon to yield meaningfidrimation
about the micelle aggregation in aqueous solutibhe CMC values of nonionic surfactants are vepselto the
reported valuef21,22].

Table-1: Acoustic parameters of aqueous TX-114 at various concentrations and at 298K ,303K temper atures

Conc. Density Lilltéﬁ)sc?gc Coﬁc:)l?é)segilgility II:r:éerg?]lge&ugr |n/:;23§$ie V'\CA)I?Jl?nre \'\/Aeollc?giti?lg,:)d ?:r:ggﬁ
(mM) | (p) kgm® (U) ms! (Bad x 10"Kg A° (2) le(f (Vm)x193 x10* TD"}SE (v) x id
ms Kgm?s L.mol (N/m*?) Nm
298K
0.05 998.5519 1494 4.4867 0.4165 1.4918 66.4261 3759 3.633
0.1 998.6769 1495 4.4802 0.4162 1.4930 114.811 8312 3.637
0.2 998.8110 1496 4.4736 0.4159 1.4942 211.571 .2419 3.641
0.3 998.9375 1493 4.4910 0.4167 1.4914 308.307 .3823 3.631
0.4 999.0038 1492 4.4967 0.4170 1.4905 405.043 .3828 3.627
0.5 999.1326 1491 4.5022 0.4172 1.4897 501.735 9231 3.624
303K
0.05 998.5375 1502 4.4391 0.4182 1.4998 66.4271 .7360 3.662
0.1 998.6633 1504 4.4268 0.4176 1.5020 114.813 4815 3.670
0.2 998.7959 1508 4.4027 0.4165 1.5062 211.574 .2226 3.685
0.3 998.9232 1503 4.4315 0.4179 1.5014 308.312 .8831 3.667
0.4 998.9895 1502 4.4371 0.4181 1.5005 405.049 4838 3.664
0.5 999.1176 1500 4.4484 0.4187 1.4987 501.743 5243 3.657
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To study the effect of temperature, the ultrasamilocity measurements were made at two differemiptratures
298K and 303 K. Fig.1 clearly shows that the CMé&Zrdases with increase in temperature for pureonani
surfactant solutionf23-26], however this decreases is very small.sT™acrease in CMC may be due to the reason
that with the increase in temperature the free@nef the system is affected. Due to this ovechlinges in free
energy, the CMC decreases. Further the chandeajpesof the micelles from cylindrical/rod to sphatilike with

the increase in temperature of the system canbasme of the reason for such decrease. Lowerit@ME values
with increase in temperature is also in line witk tnverse temperature solubility relation of namiodetergents as
presented in Table-3.

(B)Ultrasonic Velocity Studies of Mixed Surfactant Systems:

The ultrasonic velocity and density values are meakfor aqueous solutions of the surfactant irsgmee of added
CAT having different concentrations at 298K and B@8mperature. The surfactant concentration imtamed at
the CMC value in these measurements. The acougtizameters such as adiabatic compressibilityrriva&ecular

free length, acoustic impedance, molar volume, mataind velocity and surface tension at differamontration
of CAT and surfactant concentration at CMC valupufe surfactant are presented in Table 2 for TX{012mM).

Table-2: Acoustic parameter s of aqueous 0.2 mM [T X-114] with various[CAT] at 298K and 303K temperatures.

EAT | Densiy | UIISSONC | compressiny | IMemocur | iCiinte | voume | velodyax | SR
(mM) (p) kgm (U) ms! (Bagx10 "Kg A° (Z)X%Qf (Vm)xlg3 10* "Lm?/f; 10N
ms Kgm?s L.mol (N/m*?)
298K
0.2 999.1974 1490 4.5079 0.4175 1.4888 294.96%13 68.99 3.621
0.4 999.2622 1492 4.4956 0.4169 1.4909 396.42929 29.96 3.628
0.6 999.3277 1493 4.4892 0.4166 1.4920 497.87991 90.88 3.632
0.8 999.3903 1494 4.4829 0.4163 1.4931 599.31903 51.88 3.636
1 999.4581 1491 4.5007 0.4171 1.4902 700.74177 .8R05 3.625
303K
0.2 999.1838 1500 4.4481 0.4186 1.4988 294.96914 76.38 3.657
0.4 999.2486 1502 4.4359 0.4181 1.5009 396.43467 40.86 3.665
0.6 999.3127 1505 4.4180 0.4172 1.5040 497.88742 05.37 3.676
0.8 999.3759 1508 4.4002 0.4164 1.5071 599.32762 72.88 3.687
1 999.4437 1504 4.4233 0.4175 1.5032 700.75181 .8828 3.673

From the above table it is clear that for a givenaentration of nonionic surfactant (their CMC \edpand additive
CAT, the ultrasonic velocity, intermolecular freength, acoustic impedance, molar volume, molar daghocity

and surface tension increases with increase inaeatyre but adiabatic compressibility decreaseb imitrease in
temperature. This is due to decrease in densitly wcrease in temperature as explained earliee. Viniation of
sound velocity with concentration of surfactangiigen by relatiorf27].

dU/de = - (U/2) [(Lp)(dp/dc) + (1/Bad(dBaddo)]

According to Eyring and Kincaid model for soundwawrepagation, the sound velocity increases as-mtdecular

free length decreases as a result of mixing of @mapts. This is further supported by expected edeser inf3.4
with increased concentration of surfactant, sigsithe probable interaction between the solutesahvant[28].

For a given concentration of nonionic surfactantclths equal to its CMC value, plots of ultrasownéocity (U) Vs

concentration of CAT at 298K and 303K for TX-11£(®M) is represented in fig.2. This plot show thia¢ t
maximum interactions exists at a characteristicceatration (at maximum ultrasonic velocity). Thencentration
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of CAT at which the interactions are maximum at R9%nd 303K for mixed system of TX-114 with CAT is
presented below in Table-3.

Fig.1:Plots of Ultrasonic velocity Vs [T X-114] at 298K and 303K temperatures
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Table-3: [CAT]ma/ CM C valuesfor TX-114 pure nonionic surfactant and mixed system with CAT at 298K and303K temper atures.

TempK | TX-114 | 0.2 mM TX-114 and CAT mixed system

298 0.21 0.8

303 0.2 0.79

The trend in the acoustical parameters with comagah of detergents suggest that aggregation dhciant

molecules is taking place at CMC and there is @fte of Chloramine-T on detergent action. Theuaite of

additive Chloramine-T on the CMC and acousticabpaaters of nonionic surfactant is a clear indicativat the

phenomenon of micellization is associated with difeerent micelles coalescing. From the above table also

inferred that the CMC of any mixed system decregéls increase in temperature. This decrease in GV&y be

due to change in free energy of the system witheeme in temperature. Further the change in shigipe micelles
from cylindrical or rod like to spherical with thiecrease in temperature of the system [23,25,28]atso be one of
the reason for such decrease.
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