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ABSTRACT

The clouding phenomenon and micellization of amiarfactant, sodium dodecyl sulfate have beeniedubly
measuring the cloud points (CP) of the pure sudiatand mixed system with additives such as urelaaaetamide.
The combined effect of these additives on cloudtpoieasurement was investigated. The cloud poinjuoé
surfactant Sodium dodecyl sulphate (SDS) foundetinbreased with increased [SDS]. The cloud pointixed
system also shows same trends with increased [Uaed] [Acetamide]. This is mainly due to increaseidefle
concentrations. The influence of additive, ureatu cloud point of SDS is a clear indication tHa¢ phenomenon
of clouding is associated with the different mieglcoalescing. The phase separation results frooeltaimicelle
interaction, considering cloud point as threshoéanperature of the solubility, the thermodynamicapaeters of
clouding processAG’:1, A H°%; andAS’¢;) have been evaluated using “Phase Separation Md¢jellander et al
model according to which clouding is an entropy dwted phenomena, have also been used for calogldkie
thermodynamic parameters. It is found that the aleclouding process is exothermic antH’:; > TAS:,;
indicating that the process of clouding is guidgdiwth enthalpy and entropy. This work supportsdabejecture
that the cloud point is critical phenomenon ratliee growth of micelles.
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INTRODUCTION

Surfactants are common place ingredients of margicak home and personal care products. In solutiwey self
assemble into a range of well-defined structures ¢lefine their fundamental rheological dispersamal colloidal
properties [1, 2]The cloud point (CP) is an important property wffactants and can be used in diverse applications
[3-5] for example foam control in many industriabpesses is important because foaming can limitateeof these
process and cause product instability. It has feend that the foam stability drops at a tempermngar the CP
[6]. A cloudy dispersion appears upon heating of-fmmic surfactant solutions [7-9The threshold temperature for
clouding is known as the cloud point (CP). Lineligybbenzene sulfonates (ABS), are an importans<iaf anionic
surfactants. They are one of the most commonly aeetmercial surfactants and usually exits as aurexof alkyl
chain homologues with a range of head group positisomers.

The occurrence of CP phenomena is rarer for ionitastant; however, we have systematically studredl CP
phenomenon in anionic sodium dodecyl sulfate (SDShe absence of and presence of additives lika and
acetamide. The effect of additives on the clouahp@LP) of nonionic surfactants has been studiednfore than six
decades. lonic surfactants, however, generally atashow clouding. But we recently, CP in ionic sgthnt like
anionic SDS have been reported in absence andnoesé additives.

In most of their applications, surfactants with itields, rather than pure are preferred, as suctesysoften exhibit
enhanced properties through synergism [T8¢ ingredients commonly present in industrialduais strongly affect
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their clouding behavior [11]Therefore it is important to understand the magigtand nature of these additives
effects as well as the mechanism involved so thistesns can be tailored to exhibit clouding behaaibdesired
temperatures. The effects of different additivestttsmn CP behavior of nonionic surfactants have heeestigated
[9].Unlike that with nonionic’s [12], CP variatian ionic surfactants as a function of the additipessent currently
lacks predictive power; therefore, it is importsmestablish a good CP database of systems undegrglmiuding for
their desired mode of applications [5]. An undardiag of the intermolecular forces that give rigethie clouding
phenomenon observed experimentally is importantbfath application oriented reasons and as a meansst
theories of phase transition and critical phenomei®]. Such experiments can involve variationgemperature
and or additive(s)

In this paper, we explore both these effects; ssithilies may find use in the extraction of thermddbpile
compounds. Our earlier results on SDS + Urea anl $[Acetamide helped identity combinations for pinesent
purpose to study the effect of additives. The chosembinations have wider temperature windows faking
variations below and above their CP. The effectadditives on the CP of sodium dodecyl sulfate (5SB8re
reported in this study.

EXPERIMENTAL SECTION

Anionic surfactant, Sodium Dodecyl Sulfate (SDS)IM&/t. = 288.372 g/mol was obtained from Loba Chegmi
India and it was used as received. The additivea and acetamide was the product of Sigma AldSA (Urea
Mol. Wt. 60.60 and Acetamide Mol. Wt. 59.07). Bdtte additives are dialyzed to remove low moleculaight
fractions and other associated electrolytic impesibefore use.

Deionized doubly distilled water having a specifanductivity in the range 1-2 x £6 cm' at 303.15 K was used
in the preparation of all solutions of differentncentrations. The CP was measured by visual obtsemgaof the
abrupt change in the appearance of the surfaatéutian from being clear to the first turbidity [[L4

Pure sodium dodecyl sulfate solutions of differeancentrations and containing the mixed additivesrew
equilibrated at room temperature for one hour kefoeasuring the cloud point temperature. The cfmidt of a
micellar solution of pure SDS surfactant and witixed system was determined by visual observationhef
temperature at which the clear solution turns tudpon being heated up and vice versus on codlihg.samples
were heated at a rate of 1°C thithe temperature exceeded the CP, solution wagddmlow the CP temperature
and then in was heated again to check the reproititycof the measurement. The maximum uncertaintthe CP
measurement was + 0.5°C.

2.2. Clouding Species

2.2.1 SurfactantAnionic Surfactant

Sodium Dodecyl Sulfate (SDS) Mol. Wt. 288.372 g/rtiadba Chemie)
Molecular formula-CH(CH,);;0SO;Na

2.2.2. Additives -
a)Urea: - Mol. Wt. 60.60 g/mol.
Molcular formula-CHN, O NH, — CO - NH

b) Acetamide:- Mol. Wt. 59.07 g/mol
Molcular formula-GHsNO CH-CO — NH,

RESULTS AND DISCUSSION

3.1. Cloud points (CP) of Sodium Dodecyl Sulfat®$$

Cloud points of SDS in aqueous media yet not regobout we recorded CP of SDS in acidic medium wiscdble
to form cloud point at ambient temperature, it fieggi concentrated hydrochloric acid to induce clqaint

phenomenon and phase separation [15-17]. Thus B ®B surfactant rich phase has high acidifies<(2) it

requires much more dilution and pH adjustment isheorto obtain cloud points. The cloud points ofgpaodium
dodecyl sulfate, anionic surfactant at differemaentrations in weight percent (Wt %) (w/v) fron@Dto 0.1Wt %
(CMC = 8.2 mM) are given in Table 1. The CP of p8i®S is substantially near most values over a wadge of
concentration. The values of CP increase rapidhjally and then mildly from 14°C to 31.8C with increase in
concentration of sodium dodecyl sulfate surfacfeorh 0.01 to 0.1 Wt % An increase in CP of SDS vifittreasing
concentration shows that there is stabilizatiothefinterface between the hydrophobic core of tieeltes of SDS
and water which is considered to be a major drifarge for water-SDS interaction [14].
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Table 1. CP of SDS (pure anionic surfactant) at diérent concentration weight percent

Molarity

[SDS] b, Mol fraction CP
weoe X100 T xa08 InXs oc
mol/dm
0.01 0.6230 0.6236 -11.985 14.1
0.02 0.6935 1.2473 -11.292 16.6
0.03 1.0400 1.8710 -10.886 18.5
0.04 1.3870 2.4948 -10.598 215
0.05 1.7338 3.1187 -10.375 245
0.06 2.0800 3.742 -10.193 26.9
0.07 2.4270 4.3659 -10.039 284
0.08 2.7700 4.9896 -9.905 29.6
0.09 3.1209 5.6132 -9.787 30.4
0.1 3.4677 6.23694 -9.682 31.6

3.2. Cloud points (CP) SDS-Urea as additive system

The influence of Urea on the cloud point of sodidodecyl! sulfate at different concentrations has\kaso studied.
The results are given in Table 2. These resultscatihig that the cloud point of SDS surfactant ohead
considerable with decrease in concentrations otiged 0.05 to 0.005 Wt%. The CP decreases frof2d 10.6C
for 0.1 Wt% SDS with an increasing in the concerdraof Urea from 0.005 to 0.05 Wt% which is in éommity
with earlier findings [18-20]. This is due to awdillity of urea HN*-CO-NH, more near the micellar surface,
leading to increased hydrophobic interactions anckelfar charge neutralization. As a consequenceiow@l of
water from the head group region is facilitatedjsiag a decrease in CP. To generalize the effectomsidered the
effect of added urea on 0.1to 0.001Wt% SDS solatmidifferent concentrations. The general trenseobed is an
increase in the CP with the increase in Urea canatons (Figure 1, 2).

Urea and thiourea believed to be structure breakedsare found to increase the CP values of nanisuifactants
[21, 22]. Two different mechanisms for urea actisnmicellar solutions have been proposed: (i) Wteenges the
structure of water to facilitate the solvation ofiydrocarbon chain; (ii) urea replaces several mattglecules that
solvate the hydrophobic chain and the polar headmpf amphiphilic. The first mechanism is widetcapted and
many experimental results seem to support the hgsa that urea acts as a water structure breaRgr [

In particular, the addition of urea to surfactantufons leads to an increase in the CMC value ckerand
coworkers have proposed that the increased sdiuloifi hydrocarbons in aqueous urea results prigjmdrdm a
smaller free energy of cavity formation in the nib@lvent, resulting in the replacement of watemalgrger urea
molecule in the salvation region [24, 25]. It hésoabeen reported that the degree of contentiosodiation ) of
micelles increases with urea addition [28% a result of the increase ) the micelle hydration would increase,
which would contribute to the CP increase. The factors taken together seem to be responsibleh@rGP
increase.

Table 2. Influence of [Urea] on CP of SDS

[SDS] CP°C at [Urea] Wt %

Wt% | 0.005 0.01 0.02 0.03 0.04 0.05
0.01 0.9 2.2 3.4 5.0 6.3 7.0
0.02 3.1 4.1 5.2 6.0 7.1 8.1
0.03 4.4 5.3 6.8 7.0 8.2 9.8
0.04 5.3 6.1 7.4 8.1 9.0 10.9
0.05 6.1 7.8 8.2 10.0 11.6 12.0
0.06 7.4 8.5 9.9 11.1 13.1 13.5

0.07 8.3 9.8 104 12.0 14.0 143
0.08 9.1 10.0 11.0 13.4 153 16.3
0.09 9.7 104 115 14.0 16.4 19.9
0.1 10.0 113 12.4 14.9 17.0 21.0
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Figure 1.Influence of [Urea] on CP of SDS at variosi concentration from 0.01to 0.05 weight percent
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Figure 2.Influence of [Urea] on CP of SDS at variosi concentrations from 0.06to 0.1 weight percent

3.3. Cloud points (CP) SDS-Acetamide as additivsesy

The effect of addition of organic additives, acetianto the on CP of SDS 0.1 to 0.001 Wt% conceiotnatwas
shown in Figure 2. The results are given in Tabl&tds mixed system shows a decrease in CP withedsing
acetamide concentrations can be seen. Acetamidaiorgdditive was tested to evaluate their effecttee CP of
the SDS concentration systems in Table 3. Thisrecgadditive was found to decrease the CP, theaftkecrease
of CP was the highest as compared Urea. Polar isrgampound usually partition in the head groupigegvith
the alkyl chain penetrating into the micellar coféis partitioning results in replacement of thetavarom the
micellar head group region; hence a lower tempegaturequired to show clouding. Hydrophilic rarkifor a few
polar organic compounds has been discussed Aiphatic hydrocarbons usually partition inside timicellar core ;
hence urea is the least effective than acetamidesptacing water from the head group region anduimm in
decreasing the CP. In the case non-ionic surfagtéime presence of aliphatic hydrocarbons raise<th, whereas
the other polar compounds have a decreasing dffebecoming solubilized in the poly oxy ethylerfethe micelle
[28]. Figure 3 and 4 illustrates the effect of acetanudehe organic additives the CP of the 0.1 to D.00% SDS
mixed system. Both additives (urea and acetamidejedise the CP, but acetamide decreases the CRapatily.
This can be understood from the discussion of thed€creasing with addition of urea, where the presef HN-
CO-NH, group enables the micelle to interact specificallth the compound. A sharp decrease in CP is obder
with acetamide, owing to the presence of an aliphabiety in acetamide that enables the hydrophiti@ractions
with the SDS micelle. Because amide group is dieoet the additive seems to have a closer contlotthe
micellar surface replacing water from the head gnagion and resulting in a decrease in the CP.
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Table 3. Influence of [Acetamide] on CP of SDS

[55] [Acetamide] CP °C Wt%
% 0.005 0.01 0.02 0.03 004 005
0.01 0.9 11.2 132 141 15.3 19.1
0.02 10.1 12.4 14.0 15.4 16.0 20.2
0.03 11.2 13.1 14.9 16.0 17.1 22.0
0.04 12.0 14.3 15.1 17.4 18.2 235
0.05 13.4 15.4 16.2 18.2 19.3 25.3
0.06 15.0 17.0 18.1 21.8 21.0 26.1
0.07 17.3 19.3 20.4 225 23.1 27.0
0.08 19.4 21.1 22.2 23.3 24.3 28.2
0.09 21.1 23.3 24.1 25.0 26.0 29.5
0.1 22.0 27.3 28.0 28.5 29.1 31.2
30 -
25
20 -
——0.01%5D5
CPoC 15 - —@—0.02% SDS
10 4 0.03%5SDS
= 0.04% SDS
5 —
——0.05% 5D5S
D T T T T 1
24 22 2 18 16 -14 -12 -1
log [ Acetamide]

Figure 3. Influence of [Acetamide] on CP of SDS atarious concentration from 0.01to 0.05 weight percg
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Figure 4. Influence of [Acetamide] on CP of SDS atarious concentrations from 0.06 to 0.1 weight pesnt
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Figure 5. log Xs Vs 1/T X 1dfor pure SDS
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Figure 6. log Xs Vs 1/T X 1@for SDS + 0.005 Urea

3.4. Thermodynamics of Clouding

All physicochemical processes are energeticallytroliad. The spontaneous formations of micelle agiously
guided by thermodynamic principles. Cloud points #ire characteristics of non-ionic surfactants, tuat studied
the characteristics of anionic surfactant SDS witkpective to cloud points. Thermodynamic pararsetdr
solublization of pure sodium dodecyl sulfate areegiin Table 4 and SDS-Urea, SDS-Acetamide mixstesys are
given in Table 5 and 6 respectively.

Considering cloud point the phase separation ptiat,thermodynamic parameters such as standarcefremy
(AG",), enthalpy 4H%) and entropy AS’) for the clouding process have been calculatedgusihe “Phase
Separation Model” The following relation can bettem as —

AGP=RTINX (1)
Where “cl” stands for clouding process and Jiis<the mol fraction solubility of the solute. Theasdard enthalpy
(AH®,) for the clouding process have been calculateah fitee slope of the linear plot of IgX/s1/T in figure 5 for
pure SDS and Figure 6 for SDS+0.005W1t% urea.

dinXs /dT =AH% /RT> 2)

The standard free energy of the clouding prat&8s have been calculated from the following relatiapsh
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ASOd = (AHOd A GOC|) [T (3)

The thermodynamic parameters for pure surfactadtianmixed systems are given in Table 4 and Tahlé 5
respectively.

AH%, < AGY, indicating that overall clouding process is exaothie and alssAH%, >TAS indicate that the process
of clouding is guided by both enthalpy and entrojppyhas been observed that concentration of sodiodecyl
sulfate increases theG’, which increases from 24.53 to 28.62 kJ ahdAS’, decreases -0.200 to -0.227 kJ mol
K respectively.

The present work would be supportive evidence diggrthe probable interaction between anionic stafas and
additive molecules, organic compounds leading éophase separation at the cloud point. The effearea and
acetamide on the cloud point is a clear indicatlat the phenomenon of clouding is associated thighdifferent
micelles coalescing

Table 4. Thermodynamic parameters of solubilizatiorof pure SDS

[SDS]  AGY% -AH -AS%
Wt% kimol! kimol? Jmol’K?
0.01 28.62 227.0
0.02 27.20 220.0
0.03 26.40 215.97
0.04 25.96 212.28
0.05 25.68 36.59 209.20
0.06 25.43 206.69
0.07 25.17 204.80
0.08 24.93 203.20
0.09 24.70 201.90
0.1 24.53 200.55

Table 5. Thermodynamic parameters of SDS in preserxf Urea

[Urea] AGO cl -AHOd -ASO ¢l
Wt% kImol? kImol* Jmol’K?
0.005 26.17 66.871 328.592
0.01 24.65 69.395 330.620
0.02 23.09 69.394 323.926
0.03 22.33 57.376 276.730
0.04 21.80 54.852 264.183
0.05 21.56 42.552 217.950

Table 6. Thermodynamic parameters of SDS in presermf Acetamide

[Acetamide] AG’y  -AHy AS
Wt % kmol? kJmol* Jmol’K?
0.005 27.21 33.43 205.451
0.01 25.97 38.05 213.080
0.02 24.30 39.60 212.187
0.03 23.32 44.40 224.499
0.04 22.61 41.98 213.714
0.05 22.24 62.34 277.923

CONCLUSION

The effect of additives like urea and acetamid€Bnof SDS were studied here, on the critical exptsmeonstitutes
an interesting problem. The effect of surface actadditives the cloud point is a clear indicatidratt the
phenomenon of clouding is associated with the diffe micelles coalescing. The present paper suppbe
conjecture that the cloud point is a critical ph@eaon. Our study of micellization behavior of antosurfactant
SDS in absence and presence of additives indi¢htgshydrophobic chains of polar compounds perettiag¢
micelle interior while the polar groups remain e tnicelle surface, thereby reducing the amoumtaiér near the
head-group region. This results in appreciable towgeof CP due to dehydration of surfactant heaougs, thus
facilitating micellar growth. The CPs of the mixegstems SDS + Urea and SDS + Acetamide are signtfic
lower than that of the single pure SDS system dugrésence of neutral or no charge in the micelfabe mixed
system. At low concentrations both urea and acetanaidditives exert their effect on SDS that leaddehydration
of micelles and hence, a lowering of the CP. Thegss of clouding is associated with large chaimgasi®y, A
as well aaG’%; the entropy change suggests overall ordering@ftistem. It has been observed that concentration
of sodium dodecyl sulfate increasesAf&, which increases from 24.53 to 28.62 kJ mahd\S’, decreases -0.200
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to -0.227 kJ molK™ respectively. In case of SDS + Urea or Acetamideeth systemaG’, decreases antiH,
AS’, increases respectively as concentration of additimcreases from 0.005 to 0.05 Wt%.M4&’, is positive the
clouding process is non-spontaneous AHf, is negative clouding process in exothermic.
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