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Effect of Temperature Changes on Critical
Micelle Concentration for Tween Series
Surfactant

May Essa Mahmood “ & Dhafer A. F. Al-Koofee °

Abstract - The critical micelle concentration (CMC) for
polyoxyethylene sorbitan fatty acid esters (tween) series
surfactant was determined by the fluorescence intensity
technique. It has been measured against concentration of
micelle at temperature range (298-348) °k . at 298°%k the CMC
for tween (20, 21, 40, 60 and 80) were (0.0499, 0.063, 0.0333,
0.0167 and 0.015) mM respectively. The critical micelle
concentration (CMC) for all tween series decreased with
increasing carbon atoms number for alkyl group, but
increased with increasing the number of oxyethylene group.
The CMC for all tween series decreased with increasing
temperature, it slightly increased at higher temperature.
Thermodynamic parameters (AG’,,, AH,,,, AS®,,,) of the micelle
formation were calculated from the temperature dependence
on the CMC, AG>,, decreased when increasing temperature
above the whole temperature range . It is found that (AG,,
MM, , AS,) decreased with increasing carbon number for
alkyl group , but increased with increasing the number of
oxyethylene group.

Keywords - CMC, micelle Micellization thermodynamic,
nonionic surfactant, Pyrene-3-carboxaldehyde, Tweern.

I.  INTRODUCTION

which  contain  both  hydrophobic  group
(hydrocarbon chain) and hydrophilic group (polar
head) in the same surfactant molecule!.
In aqueous solutions, surfactant molecule starts
to aggregate and form micelle in concentration called as

S urfactants sometimes called surface active agents,
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critical micelle concentration, and it is one of the most
important physical parameters of surfactants. The
properties of a surfactant (like conductivity, viscosity,
osmotic pressure, density, polarity, specific heat,
refractive index and solubilization power etc.) vary
markedly when its concentration is higher or lower than
its CMC, and the studies and industrial applications of a
2 surfactant are always based on the value of its CMC.
Also, micelle formation enables emulsification, solubili-
sation and dispersion [4-8].

In this study, polyoxyethylene sorbitan fatty acid
esters (polysorbate or known as tween), it is a nonionic
surfactants that use as a detergent and an emulsifier in
a number of domestic, scientific and industrial appli-
cations, however the tween surfactant also have found
use in cell lysis, nucleic acid isolation and cell
fractionation. These surfactants are non-toxic and
possess an extremely compatible set of physical
properties that allow for widespread use along with other
surfactants, for example, used tween surfactants with
proteins to stabilize food foams [9-14].

The chemical name and the chemical formula of
the tween series surfactants used in this study are
presented in table (1), and their structures are shown in
figure (1) [15-18].

Figure (1) : Structure If Tween series surfactant
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Table (1) . structures of tween series surfactant

Table (1) : structures of tween series surfactant
Chemical
Surfactant | Chemical name formula n WHX+Yy+Z
(R)

Tween20 Polyoxyethylen (20) CroHon+1 11 20
Sorbitanmono-laurate

Tween21 Polyoxyethylen (4) CoHont1 11 4
Sorbitanmono-laurate
Polyoxyethylen(20)

Tween40 | Sorbitanmonopalmita C.Honsi 15 20
te
Polyoxyethylen(20)

Tween60 | Sorbitanmono- CnHont 17 20
stearate

Tweeng0 Polyoxyethylen(20) CoHy 17 20
Sorbitanmonooleate

The fluorescence probe technique is becoming
increasingly popular in the study of surfactant
micellization due to its excellent sensitivity towards the
environment surrounding the fluorophore which exhibits
different fluorescence characteristics depending upon
the properties of the solubilizing medium 1822,

For example, fluorescence probes such as
pyrene-3-carboxalaldehyde which are sensitive to the
polarity of the solubilizing medium will exhibit different
fluorescence behavior in micellar and nonmicellar
solutions. Such changes of behavior as a function of
surfactant concentration have been used to determine
the critical micelle concentration (CMC) and other
micelle characteristics of certain surfactants. However,
from necessary in such applications to ensure the
absence of any influence of the probe molecule itself on
the specific property in question 325,

I1. EXPERIMENTAL

a) Materials and Methods

Tween with 99% purity 20, 21, 40 and 60 were
purchased from SigmaAldrich, while tween 80 was
purchased from Merck Corporation, pyrene-3-carbox-
alaldehyde was purchased from Sigma-Aldrich and
purified by two crystallization method from ethanol 22,

All fluorescence spectra were recorded on RF-
1501 spectroflouro-photometer (Shimadzu) in a 1cm cell

(US)

emission spectra of pyrene-3-carboxaldehyde were
obtained by exciting the samples at 360 nm, the
maximum A emission has been shown to involved as
indicator correlated with solvent polarity #2.

All surfactant stock solutions were prepared fresh in the
range with deionized water and then allowed to
equilibrate for 15 - 20 minutes "5,

Stock pyrene-3-carboxaldehyde solution was
prepared by dissolving 5mg in 10 ml of distilled water.
Working mixtures for fluorescence measurements
(< 10-® kmol/m® ), a small aliquot (50uL) of the latter
solution was transferred with an automatic pipette to a
quartz fluorescence cell and mixed with the surfactant
solution and appropriate volumes of distilled water to
give a total final volume of 3ml, and to obtain the final
surfactant concentrations range [( 0.1-0.0001)mM]. The
critical micelle concentration (CMC) values of the
investigated surfactants were also determined from the
measurements of the fluorescence emission spectrum
of pyrene-3-carboxalaldehyde around of 435 nm as a
function of the surfactant concentration 22 26],

[11. RESULTS AND DISCUSSION

a) Determination of Critical micelle concentration
Fluorescence studies were carried out in the

presence of tween series surfactants, with varying alkyl

chain lengths, from C11 - C17 and varying of number of



oxyethylene group (4, 20). In all cases, a similar
enhancement in the emission intensity with a slight blue-
shift in the emission maxima around of 435nm is
observed. Figure (2) shown the fluorescence intensity as
a function of wave length for tween 80.

The dependence of fluorescence of pyrene-3-
carboxaldehyde on the concentration of tween series is
illustrated in Figure (3). It is clear that an initial slowly
decreased up to a certain surfactant concentration and
decrease sharply above it. A lowering of the value of A
max is an indication of the solubilization of the probes in
a more hydrophobic environment than water-in this case
surfactant micelles. Therefore the concentration at which
the first break occurs should correspond to the critical
micelle concentration (CMC).

The CMCs of tween (20, 21, 40, 60 and 80)
which determined by this procedure were (0.0499,
0.063, 0.0333, 0.0167 and 0.015) mM respectively.
These values agree well with the CMCs report edinthe
literature [4, 7, 10, 18].

b) Effect of length chain and oxy ethylene group

In the same homologous series, increase in the
length of the hydrocarbon chain usually leads to a
reduction in the CMC, because formation of micelle
becomes easier with increase in hydrophobicity.
Therefore, the CMCs of tween 20, 40 and 60 formation
are expected. The lower CMC of tween 80 may be due
to un-saturation in the aliphatic chain which restricts the
conformation of the chain figure (4). However,
decreased in the CMC with increasing the number of
oxyethylene group as illustrated in figure (5), because
increasing the hydration of the hydrophilic polyoxy-
ethylene group, that not favor the micellization. In other
words, they reflect that polyoxyethylene group acts as
solvophilic group, while hydrocarbon chain acts as
solvophobic group.

c) Effect of temperature

The system temperature increases, the CMC
initially decreases and then slightly increases, as shown
in Figure (6). Owing to the smaller probability of
hydrogen bond formation at higher temperatures, the
initial decrease of the CMC with temperature is a
consequence of the decreased hydrophilicity of the
surfactant molecules. In other words, the increase in
temperature causes the reduction in hydration of the
hydrophilic oxyethylene group, which favour micelle-
zation. Consequently, as increase in temperature the
micellization onset occurs at lower concentrations. On
the other hand, dissolving the surfactant molecules in
distilled water makes the hydrophobic group distorts the
water structure. Additionally increase in temperature
also causes an increase in the breakdown of the
structured water surrounding the hydrophobic groups,
which disfavors micellization. In addition to, the onset of
micellization tends to occur at higher concentrations

when increase the temperature. The longer fatty acid
chain length, (tween60, tween 80) due to an increase of

the rupture of hydrogen bonds, that give no significant
change in CMC.
d) Determination of thermodynarmic pararmeters

For nonionic surfactants,
energy of micelle formation, AG°m, associated with
process that micelles are formed from monomeric
surfactant molecules in aqueous solution, which related
to the CMC by the following equation [27-31]:

AG®, = R¥T*InX p, 1)
Where:
R is the gas constant,

T is the temperature

Xeme stands for the CMC in the mole fraction unit

From the temperature dependence of A G°m,
the entropy of micelle formation, AS°m was estimate d on

the basis of the following thermodynamic relation
[32-341]:
AS°, = - (0G°,/0T) @)

Then, the enthalpy of micelle formation, AH°m ,
was calculated according to the relation as below :

AH°, = AG°, + T AS®, 3)

Thus thermodynamic parameters obtained for
micelle formation are illustrated in table (2) for tween
series.

It is found that AG°m decreases monotonically
as the temperature increases over the whole
temperature range from (298 — 348)°K. AS°m  appear
to be increase monotonically with an increase in
temperature, the negative value of AG°m of micellization
is mainly due to the large positive value of entropy.

The increase in entropy of micellization in an
aqueous medium can be explained from two aspects:
First the iceberg formation of the water molecules
surrounding the surfactant molecules would increase
the system order, here the micellization process by
removing the surfactant molecules from the aqueous
medium to the micelle would certainly increase the
entropy of the system simply due to the rupture of
iceberg; second the degree of rotational freedom of the
hydrophobic chain of surfactant molecules in the non-
polar interior of the micelle is much larger than that in
the aqueous medium; in other words, the configu-
rationally entropy of hydrophobic chain of surfactant
molecules is increased when the surfactant molecules
are removed from the aqueous medium to the micelle.
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The small enthalpy change means that in the
micellization the attractive interaction among hydrop-
hobic chains is opposed by the strong interaction of the
oxyethylene chains of tween series with water
molecules. Figure (7) shows the thermodynamic
parameters as a function of temperature for tween 80.

The thermodynamic parameters for micelle
formation as a function of chin length for tween series
surfactant, as shown in figure (8) , it is found that AG°m
AH°m, and AS°m are decreased with increasing the

g Table (2) : CMC values, mole fraction and thermodynam

chain length , the enthalpy (AH°m) is converted from
endothermic for shorter chain length to exothermic for
longer chain length.

The thermodynamic parameters for micelle
formation as a function of number of oxyethylene group
for tween series surfactant, as shown in figure (9), it is
found that AG°m is decreased with increasing the
number of oxyethylene group, but AH°m , and AS°m are
increased.

ic parameters for tween series surfactant in the range

o temperatures 298 -348°K
; Table (2) : CMC values ,mole fraction and thermodynamic parameters for tween series
n surfactant in the range temperatures 298 -348°K
- Tween | Temp.(°K) | CMC(mM) Xeme AG(cal/mole) | AH(cal/mole) | AS(cal/mole)
% 298 0.0499 0.23 -870.2 4245.234 14.24575
i 313 0.0342 0.17 -1102.1 4270.822 13.6448
; 20 328 0.0149 0.082 -1630.1 4000.311 12.19607
z 338 0.0161 0.088 -1632.2 4169.869 12.33689
E 348 0.0171 0.093 -1640.6 4333.128 12.45152
é 298 0.063 0.274 -766.8 3567.271 11.97071
E 313 0.0356 0.176 -1080.2 3472.028 11.09274
- 21 328 0.025 0.13 -1330.7 3439.686 10.48685
: 338 0.0232 0.122 -1410.2 3505.625 10.37167
% 348 0.0219 0.116 -1492.2 3569.064 10.25593
zj 298 0.0333 0.166 -1062.4 1950.399 6.544963
g 313 0.0281 0.144 -1204.2 1960.25 6.262779
E 40 328 0.0186 0.1002 -1499.3 1816.801 5.539027
g 338 0.0196 0.1054 -1511.1 1906.101 5.639353
; 348 0.021 0.111 -1520.3 1998.002 5.741385
'—; 298 0.0167 0.091 -1419.9 -26.2219 -0.08799
= 313 0.0153 0.084 -1540.3 -76.4703 -0.24431
i 60 328 0.0154 0.0845 -1610.8 -76.8187 -0.2342
g 338 0.0161 0.088 -1630.6 -49.851 -0.14749
T:J 348 0.0167 0.091 -1660 -32.4833 -0.09334
298 0.015 0.082 -1477.9 -410.966 -1.37908
313 0.0139 0.077 -1593.2 -472.561 -1.50978
[ | 80 328 0.0151 0.083 -1622.4 -448.056 -1.36603
338 0.0161 0.088 -1633.7 -423.553 -1.25312
348 0.0161 0.088 -1677.1 -431.15 -1.23894
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Figure (2) : Effect of Tween 80 concentration (in
range 0.1-0.0001mM) on flouresence of

pyrenecarboxylaldehyde in water
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Figure (3) : Variation of flouresence imax of
pyrenecarboxylaldehyde asa function of Tween series
concentration.
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Figure (6) : The variation of CMC as a function of
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IV. CONCLUSION

The fluorescence technique is very good and
easy for determination the critical micelle concentration
for nonionic surfactant, the incensement in fluorescence
intensity is accompanied by a concomitant blue-shift in
the emission maximum, and often by the evolution of a
shoulder in the blue region.

The changes in the nature of the surfactant
(such as changes in chain length and polar head group)
have a severe effect on the subsequent self-assembly in
aqueous medium. The increase in hydrophobic
character of the surfactant decreases the CMC, induces
sphere-to-rod transition at lower concentration and
increases the solubilizing, but the increase in hydrophilic
character of the surfactant increase the CMC.

The temperature is affected on the tween series
surfactant that shorter chain than longer one, which
shows no significant change in CMC. The increase in
temperature causes the reduction in hydration of the
hydrophilic oxyethylene group, which favors micelle-
zation, which has a severe effect on the CMC.

REFERENCES REFERENCES REFERENCIAS

1. JMata, D. Varade, and P. Bahadur, 2005,
(Aggregation behavior of quaternary salt based
cationic surfactants), Thermochimica Acta , 428 |,
147-155.

2. AR.Guerrero,E.J.Vernon and N. A. Demarse, 2010,
(Thermodynamics of Micelle Formation) MCAPN,5
1-6.

3. M. V. Flores, E. C. Voutsas, N. Spiliotis, G. M.
Eccleston,G. Bell, D. P. Tassios, and P. J.Halling,
2001, ( Critical Micelle Concentrations of Nonionic
Surfactants in  Organic Solvents: Approximate

Prediction with UNIFAC), Journal of Colloid and
Interface Science, 240, 277-283 .

4. T.S.Singh and S. Mitra, 2010, (Interaction of charge

transfer  fluorescence probe  with  nonionic

© 2013 Global Journals Inc. (US)

10.

11,

surfactants:  Estimation  of
properties and association constant),
Journal of Chemistry 1(4), 341-347.

G. P.Jones, S. Regismond, K. Kwetkat, and R.
Zana, 2001,(Micellization of Nonionic Surfactant
Dimers and of the Corresponding Surfactant
Monomers in Aqueous Solution),Journal of Colloid
and Interface Science, 243, 496-502 .

L. Zhang, L. Gao, Q. Liu, F.Yang,and Y. Fanga
,2012,(Novel surfactant-like fluorophore and its
probing ability to the aggregation of amphiphilic
compounds), Journal of Photochemistry and
Photobiology A: Chemistry , 245, 58— 65 .

Y. Shi, H. Q. Luo ,and N. B. Li,2011,( Determination
of the critical premicelle concentration, first critical
micelle concentration and second critical micelle
concentration of surfactants by resonance Rayleigh
scattering method without any probe), Spectro-
chimica Acta Part A 78, 1403-1407 .

N. Kolishetti and S. Ramakrishnan, 200, (Effect of
surfactants on the fluorescence spectra of water-
soluble MEHPPV derivatives having grafted
polyelectrolyte chains), J. Chem. Sci., 119(2), 185-
193.

E. MOHAJERI and G. D. NOUDEH, 2012, (Effect of
Temperature on the Critical Micelle Concentration
and Micellization Thermodynamic of Nonionic
Surfactants: Polyoxyethylene Sorbitan Fatty Acid
Esters), E-Journal of Chemistry, 9(4), 2268- 2274.

D. M. Cirin, M. M. Poga, V. S. Krstonos$i¢ and M. L.
Milanovi¢,2012,(Conductometric  study of sodium
dodecyl sulfate—nonionic surfactant (Triton X-100,
Tween 20, Tween 60, Tween 80 or Tween 85) mixed
micelles in aqueous solution),Hem. Ind., 66 (1), 21—
28.

Y.Gui li, B. Chen, Z Chen, and L. Zhu, 2009,
(Surfactant Effects on the Affinity of Plant Cuticles
with Organic Pollutants ), J. Agric. Food Chem., 57,
3681-3688 .

physic chemical
European



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

D.Lu and D. G. Rhodes, 2000, (Mixed Composition
Films of Spans and Tween 80 at the Air-Water
Interface), Langmuir, 16, 8107-8112.

S. Chakraborty, D. Shukla, A.Jain, B. Mishra, and S.
Singh, 2009, (Assessment of solubilization charac-
teristics of different surfactants for carvedilol
phosphate as a function of pH), Journal of Colloid
and Interface Science 335, 242-249.

D. Zhang and L. Zhu, 2012, (Effects of Tween 80 on
the removal, sorption and biodegradation of pyrene
by Klebsiella oxytoca PYR-1), Environmental
Pollution 164, 169-174.

Agata Ba and W.Podgo, 2012, (nvestigation of drop
breakage and coals cencei n the liquid-liquid
system with nonionic csur factants Tween 20 and

Tween 80), Chemical Engineering Science 74,
181-191.
L. D. Marzio, C.Marianecci, M. Petrone and

F.Rinaldi, M. Carafa, 2011, (Novel pH-sensitive non-
ionic surfactant vesicles: comparison between
Tween 21 and Tween 20) Colloids and Surfaces B:
Biointerfaces, 82, 18-24.

S. Samanta and P.Ghosh, 2011, (Coalescence of air
bubbles in agueous solutions of alcohols and
nonionic  surfactants), Chemical  Engineering
Science 66, 4824-483.

S. Samanta, P.Ghosh, 2011, (Coale scence of
bubbles and stability of foams in aqueous solutions
of Tween surfactants), Chemical Engineering
Research and Design, 8(9), 2344-2355 .

S.K. Ghosh, P. K.Khatua and S. Ch. Bhattacharya,
2003, (Aggregation of Non lonic Surfactant Igepal in
Agueous  Solution:  Fluorescence and Light
Scattering Studies), Int. J. Mol. Sci., 4, 562-5.

S.  Mitra, 2008, (Fluoresence studies on
photoinduced intramolecular ~ processes  in
homogeneous and biomimetic environments),
ISRAPS Bulletin, 20(2), 23-29.

Y. Teng, R. Liu, S. Yan, X. Pan, P. Zhang and M.
Wang, 2010,(Spectroscopic Investigation on the
Toxicological Interactions of 4-aminoantipyrine with
Bovine Hemoglobin), J Fluoresc , 20,381-387.

K. P. Ananthapadmanabhan, E. D. Goddard, N. J.
Turro, and P. L. KuoS,1985,( Fluorescence Probes
for Critical Micelle Concentration), Langmuir , 1,
352-355 .

J. Aguiar, P. Carpena, J.A. Bolivar, and C. C. Ruiz
,2003,( On the determination of the critical micelle
concentration by the pyrene 1:3 ratio method ),
Journal of Colloid and Interface Science 258 , 116-
122.

S. K. Ghosh, P. K. Khatua and S.Ch. Bhattacharya,
2003, (Aggregation of Non lonic Surfactant Igepal in
Aqueous  Solution:  Fluorescence and Light
Scattering Studies), Int. J. Mol. Sci., 4, 562-571.

25

26.

27.

28.

29.

30.

31.

32.

33.

M. Halder, 200, (Determination of the Critical
Micellar Concentration (CMC) of a Cationic Micelle
from Stokes Shift Data), Chem. Educator, 12, 33-36.
A. Dominguez, A. Fernandez, N.Gonzalez, E.
Iglesias, and L. Montenegro, 1997, (Determination
of Critical Micelle Concentration of Some
Surfactants by Three Techniques), Journal of
Chemical Education , 74 (10),1227-1231.

M. Rusdi, 2004, (Micelle Formation and Surface
Adsorption of Polyoxyethylene Alcohol), Seminar
Nasional Penelitian & Pendidikan Kimia,9 Oktober,
Kampus UPI Bandung .

C.d. Batigoc, H. Akbas and M. Boz, 201,
(Micellization  behavior and  thermodynamic
parameters of 12-2-12 gemini surfactant in (water +
organic solvent) mixtures)),J. Chem.
Thermodynamics ,43 , 1349-1354 .

T. Inoue and H. Yamakawa, 2011, (Micelle formation
of nonionic surfactants in a room temperature ionic
liquid, 1-butyl-3-methyli mida  zolium tetrafluoro
borate: Surfactant chain length dependence of the
critical micelle concentration),Journal of Colloid and
Interface Science , 356 , 798-802 .

P.B.S.Junior, V.A.O.Tiera, and M.J.Tiera, 2007,(A
fluorescence probe study of Gemini surfactants in
aqueous solution ),Ecletica Quimica,32(2),2-12 .
D.Njus, (fundamental principles of membrane
biophysics), chapter 2, 2000.

R.M.F. Fermandes, E. F. Marques, B. F.B. Silva and
Y. Wang, 2010, (Micellization behavior of a
catanionic surfactant with high solubility mismatch:
Composition, temperature, and salt effects), Journal
of Molecular Liquids 157, 113-118 .

A. B. Pahi, ZKiraly, and S. Puskas, 2009, (Mass
spectrometric  characterization of the non-ionic
gemini surfactant Surfynol 465 and a microcalori
metric study of its micelle formation in water), **
Colloids and Surfaces A: Physicochem. Eng.
Aspects, 345, 13-17.

. T.Inoue, K.Nakashima and M.Suzuki, 2002, (surface

tension study on aqueous solution of nonionic
surfactant with unsaturated hydrocarbon chain),
J.Oleo Sci., 51, 12,753- 760.

© 2013 Global Journals Inc. (US)

Global Journal of Science Frontier Research (B) Volume XIII Issue IV Version I H Year 2013



	Effect of Temperature Changes on CriticalMicelle Concentration for Tween SeriesSurfactant
	Authors

	Keywords
	I. Introduction
	II. Experimental
	a) Materials and Methods

	III. Results and Discussion
	a) Determination of Critical micelle concentration
	b) Effect of length chain and oxy ethylene group
	c) Effect of temperature
	d) Determination of thermodynamic parameters

	IV. Conclusion
	References Références Referencias

