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ABSTRACT

Cloud points (CPs) of non-ionic surfactants Tritgft00 was studied in the presence of monovalérd|eht and
trivalent cations (Basic radicals) from inorganialss such asNzCI,Ca™Cl,, AI"*Cl; and anions (Acidic radicals)
from organic salts such as Sodium-Lacta®odium-Malaté, Sodium Citraté respectively. Initially the CP of
Triton-X-100 was found to be increase up to 0.01M d&t higher concentration, the CP was found torease
continuously. The extent of decrease in CP valus mare significant at trivalent radical than divateand
monovalent radicals. The thermodynamic parametdrshese systems was also evaluated and discusted. T
decrease in CP with increase in concentration aficals is entropy driven process.
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INTRODUCTION

The non ionic surfactants containing polyoxyethglemain show some unusual behavior at a certaipdeature
known as the cloud point (CP).At the cloud poinlyation and desolvation equilibrium are affected aurfactant
solution separates into two parallel phases, oriehwik surfactant-rich phase and the other onedaheeous phase.
Cloud point is a reversible process [1-3].The CPnoh ionic surfactants is very sensitive to thespnee of
additives in the system even at very low conceioinafj4-12].The nonionic surfactants are usefuldatergents,
solubilisers and emulsifiers[13-14]. Solution prdfes of mixed surfactant systems have importancedustrial
preparation, pharmaceutical and medicinal formotatienhanced oil recovery process, etc [15]. TfKeh0O is
widely used in biological works, such as separatdrproteins from cell membranes, [16, 17].In mostthe
practical applications, well chosen mixtures of factants can be made to perform better than thglesin
components. In many cases, developments of suafufations have been achieved by trial and errohots. For
practical applications such mixed micelles of ieminic, ionic-nonionic and nonionic-nonionic comations are
possible and their physicochemical investigatiams laasic understanding for the system formulatift&25].

In this study we have undertaken a systematic stidglouding phenomenon of nonionic surfactantsomrX-100
in the presence of varying concentration of iordicals such as cations from inorganic salts"QN&&>Cl,,
Al*3Cl; ) and anions from organic salts (Sodium-Lact&@edium-Malaté, Sodium Citrat&) as shown irFigure 1.

1193



G. H. Sonawane ¢t al J. Chem. Pharm. Res,, 2015, 7(5):1193-1198

I
HaC—(-Cry( (CHyCHO F-F
CH;  CH;

1s0-Octyl-phenoxy-polyethoxy-ethanol (Triton-X-100
(Where N is the number of ethoxy unit for Tritod:0G, N=10)

@]

0 OH
- + - +
: O Na
O'Na" .- Dk/Kn/
Sodium Lactate Sodium Mallate
[ [F5 s _,;_,“:.':
.-"-. ™
MNas ﬁ_“ O j;:'} arda
o] {

Sodium Citrate
Figure1 Molecular structuresof surfactant, | so-octyl-phenoxy-polyethoxy-ethanol (Triton-X- 100) and Additives - Sodium L actate,
Sodium Malate, Sodium Citrate

EXPERIMENTAL SECTION

2.1 Materials

Nonionic surfactant Triton-X-100 was obtained frdraba Chemie (India).The inorganic salts {RRCa™Cl,,
Al*3Cl,) was obtained from SD fine chemicals (India) angaaic salts (Sodium-Lactate, Sodium-Malate, Sodium
Citrate) obtained from Sigma Aldrich (UK). Doublistlled water was used for preparation of solusion

2.2 Methods

The CP for all solutions of, Surfactant and vamabbditive mixture were determined by heating methsing
controlled heating plate with magnetic stirrer. Tiuebid solution was then allowed to cool slowlyilehbeing
stirred and the temperature for the disappearahderbidity was considered as the cloud point of Holution.
Heating and cooling was regulated to abdi@ fier minute around the CP. The reproducibilitghef measurement
was found to be within + 0°C. As the CP value are not small, the observedesahave been rounded off to the
nearest degree and results are given ifti#es 1 and 2.

RESULT AND DISCUSSION

3.1 Cloud point and organic electrolytes :-The effect of monovalent (Sodium Lactjivalent (Sodium Malat®
and trivalent (Sodium Citrat® acidic radicals from organic electrolytes on GFton-X-100 (1% w/v) surfactant
was studied at variable concentration from 0.00,0.02,0.05,0.1,0.2 and 0.4M . The results arergimeTable 1.
The CP value initially increases at very low concation of electrolyte, but on further increasirancentration of
electrolyte CP value significantly decreases. THwdase in CP value of surfactant at lower coneéotr is more
for monovalent anion than divalent and trivalentban This may be due to at lower concentration letteolyte
facilate the complex formation and hence incredge @P value. The extent of decrease in CP valudgater
concentration is significantly more for trivalentian than divalent and monovalent anions (FigureTB)s may be
due to charge density and more dehydration, deetbasstability and significantly decrease the @Riey (Table-1)
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Tablel CP of Triton-X-100 in presence of Organic electrolytes

Triton-X-100 CP °C at Molar Concentration of Organic Additives

1% (wiv) +
Or ganic Additives 0.00 | 001 | 002 | 0.05 | O1 0.2 0.4

Na-L actate 62.5 62.5 66.6 66.0 65. 610 52|0
Na-M alate 62.5 66.6 64.0] 62.5 58. 557 43|0
Na-Citrate 62.5 66.0 63.5 62.2 54, 440 33|56
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Figure 2 Cloud Points of Triton-X-100 in presence of Or ganic Additives

3.2 Cloud point and Inorganic electrolytes :- The effect of monovalent (N&l),divalent (C4*Cl,) and trivalent
(AI3Cl3) basic radicals from inorganic electrolytes on @PTriton-X-100 (1%wi/v) surfactant was studied at
variable concentration from 0.00,0.01,0.02,0.0502Land 0.4 M . The results are given in Tabl&te CP value
increases at very low concentration of electrolyuat, on further increasing concentration of eldgteoCP value
decreases. The increase in CP value of surfactdotvar concentration (0.01M) is more for divalemttion than
monovalent and trivalent cation. This may be du¢hefact that at low concentration of electrolfaeilates the
complex formation and increase the stability of ptew and hence increase in CP value of surfactgstes.
However at higher concentration of electrolytesilfes the dehydration and decrease the stabitity laence
decrease in CP value of surfactant system. Thenextedecrease in CP value of surfactant systerhigiter
concentration is significantly more for trivaletitan mono and divalent anions. The decrease inalie\at higher
concentration is more predominant for trivalentoasi than trivalent cations (Figure 3). This maydbe to charge

density of anions and more dehydration, more hybbjfr interaction, decrease the stability and |esée CP
value.

Table2 CP of Triton-X-100 in presence of I norganic electrolytes

Triton-X-100 CP °C at Molar Concentration of |norganic Additives
1% (wiv) +
Inorganic Additives 0.00 | 0.01 | 0.02 | 0.05 0.1 0.2 0.4
NaCl 625 | 675| 67.0f 66.0 63. 610 58/0
CaCl, 625 | 685| 655 64.0 62.4 585 57/0
AICl3 625 | 640| 63.0f 61.0 57. 55,0 38/0

1195



G. H. Sonawane ¢t al J. Chem. Pharm. Res,, 2015, 7(5):1193-1198

80
—o—Nadl
70 == CalCl2
AlCI3
60
-
a 50
W
a0
30
2(:' T T T T
-2.5 -2 -1.5 -1 -0.5 0
Log [Counterion]

Figure 3 Cloud Pointsof Triton-X-100 in presence of | norganic Additives

3.3 Thermodynamics of clouding

All physicochemical processes are energeticallytrolied. The spontaneous formation of micelle isviobsly
guided by thermodynamic principles. CP is the cottaréstics of non-ionic surfactants. Triton-X-100daOrganic
electrolyte, Triton-X-100 and Inorganic electroltenixed systems are given leads to the formatiogladd or
turbidity at elevated temperature. In case of mone surfactant the desolvation of hydrophilic gps of the
surfactant dominated. At the cloud point, the watelecules get detached from the micelles. Conisigesioud
point as the phase separation point, the thermadinparameters such as standard free energy cHa@fe),
enthalpy changeAH’.) and entropy change\§’) for the clouding process have been calculatedgusie phase
separation model [17]. The standard free energpgd\G’,) is given by the equation.

AG%= -RTInX 1)

Where “cl” stands for clouding process and Jiethe mole fractional solubility of the solute.elstandard enthalpy
change 4H%,) for the clouding process is calculated from tle@s of the linear plot of In Xvs. 1/T.

dIn X4 dT =AH% / RT? )

The standard entropy change of the clouding prot&%shave been calculated from the following relatiopsh
ASOCI: (AHOCI'AGOCI)/T (3

The thermodynamic parameters for pure surfactadtianmixed systems are given in Table 3, 4,5,6,d@ 8n
respectivelyAH’, > AGY; indicating that overall clouding process is eneathic and alsaH’%, > TAS"; indicate
that the process of clouding is guided by both &pthand entropy [18]. The present work would bppsutive
evidence regarding the probable interaction betwesmonic surfactant and macromolecules, leadinth¢ophase
separation at the CP. The effect of Organic andgbtic salts on the cloud point is a clear indaratthat the
phenomenon of clouding is associated with the diffemicelles coalescing.

The entropyASOC. and enthalp&HOC. for inorganic additives are larger than organic itheek. The AG%, values
decreases antiS’; values increases with increase in the concentratielectrolytes help for the micellisation and
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hence decrease in CP with increase in concentrafidoth organic and inorganic electrolyte. Thisynh& due to
hydrophobic and ionic interaction between the sidiat and multivalent electrolyte.

Table 3 Thermodynamic parametersof Triton-X-100 in presence of Na L actate

0 0

Triton-X-100 1% (w/v) + Na-Lactate (M olar) k?gcjl'l kgzocll'l ‘]onlsickl
0.01 23.108¢ 133.0¢
0.02 21.4304 136.42
0.05 18.7990| 67.76 144.43
0.1 16.7770 150.84
0.2 14.6163 159.11
04 12.275¢ 170.7:

Table 4 Thermodynamic parameters of Triton-X-100 in presence of Na Malate

Triton-X-100 1% AGY AH, AS
(wiv)+di-Na-Malate (Molar) | kJmol® | kJmol? | Jmol*K™*
0.01 24.3411 103.50
0.02 22.2087 110.63
0.05 19.540: 119.0¢
0.1 17.348. 59.49 127.3:
0.2 15.2890 134.47
0.4 12.7888 147.79

Table 5 Ther modynamic Parameters of Triton-X-100 in presence of Na Citrate®

Tr |ton-X-;00 1% AGY, AH, A
(Wh) +Tri - Na- kdmol™? | kdmol?* | Jmol*K™*
Citrate

0.01 24.2952 49.96
0.02 22.1693 56.32
0.05 19.5060 64.48
0.1 17.1067 4112 73.44
0.2 14.6810 83.40
0.4 11.856¢ 95.4¢

Table 6 Thermodynamic parametersof Triton-X-100in presence of Na‘Cl

Triton-X-100 1% AGY, AH, AS
(wh) + NaCl kdmol™ | kdmol™ | Jmol*K?
0.01 24.4084 519.71
0.02 15.8830 545.55
0.05 13.219. 555.0:
0.1 11.1084 201.3699 566.25
0.2 8.9994 575.96
0.4 6.7610 587.94

Table 7 Thermodynamic parameter s of Triton-X-100 in presence of Ca**Cl,

Triton-X-100 1% AG AH S

(wh) + CaCl, kdmol™? | kmol? | Jmol? K™
0.01 24.499 118.6¢
0.02 22.3358 126.09
0.05 19.6619 13459
0.1 17.6026| > 017414133
02 15.4562 14951
0.4 13.025: 162.4¢
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Table 8 Thermodynamic par ameters of Triton-X-100 in presence of Al**Cl,

Triton-X-100 1% NG’ AH AS

(WNV) + AICI3 kdmol? | kdmol™ | Jmol*K?
0.01 24.1555 256.44
0.02 22.144! 263.1¢
0.05 19.458. 272.8.
0.1 17.3075 110.5762 282.63
0.2 15.2805 290.54
0.4 12.5149 315.30

CONCLUSION

The present studies are explore the influence ey (mono, divalent, trivalent) of cations andoas on CP of
nonionic surfactants Triton-X-100.

The CP value of surfactants was observed to ineseap to 0.01M concentration, But CP values obsetee
decreases with increase in concentration of (catamd anions). The extent of decrease in CP wasnaab to be in
order, Trivalent > divalent > Monovalent for botktions and anions from inorganic and organic ebbd
respectively. The clouding behavior of Triton-X-10&s more influenced by organic electrolytes thaorganic
electrolytes. This may be due to more hydrophobteraction between organic electrolytes and TrXeh00.The
AH%, > AG’ indicating that overall clouding process is endathic and alsaH’, > TAS’; indicate that the process
of clouding is guided by both enthalpy and entropy.
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