Colloid Polym Sci 274:582-587 (1996)
© Steinkopff Verlag 1996

ORIGINAL CONTRIBUTION

L. Koshy The effects of various foreign
VK R substances on the cloud point

Received: 14 August 1995
Accepted: 4 December 1995

AH. Saiyad - Prof. A.X. Rakshit (E2)

Department of Chemistry
Faculty of Science

M.S. University of Baroda
390 002 Baroda, India

L. Koshy

Chemistry Laboratory
ONGC, Makarpura
390 010 Baroda, India

of Triton X 100 and Triton X 114

Abstract The nonionic surfactants
Triton X 100 and Triton X 114 form
isotropic micellar solutions around
25°C. One of the characteristic
features of these solutions is the fact
that at higher temperatures they
undergo clouding and liquid-liquid

"phase separation. Addition of various

additives to the surfactant solutions

does change the temperature at which
the clouding phenomenon occurs. In
this paper such effect of additives on

the clouding phenomenon of Triton
X 100 and Triton X 114 are discussed.
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In continuation of our interest in the properties of
nonionic surfactants [ 147, we studied the effect of various
additives on one of the most characteristic features of
a nonionic surfactant — the cloud point. The nonionic
surfactants are very useful in the formation of emulsions
[5]. The commercial products are in general polydisperse
[6]. The aqueous solutions of these surfactants show
a complex phase behaviour including liquid-liquid phase
separation at high temperature [7]. This temperature at
which the isotropic micellar solution breaks up into two
phases is known as the cloud point (CP). Almost all
nonionic surfactants show this characteristic behaviour
though most ionic surfactants do not have this property
[8]. However most ionic surfactants in presence of large
amount of NaCl show cloud point [9].

There are many theories to explain the presence of
cloud point. However it is still not completely resolved
[10,117. In one case it is generally assumed that the
nonionic micelles grow, on heating the solution, upto the
cloud point and hence phase separation occurs [12].
The suggestion by Conti and Degiorgio [13] is that the
cloud point is the lower consolute temperature of a binary
mixture. This indicates that the micelles come together as

the temperature is approached and at the CP they separate
out as the second phase. This inter-micellar interaction has
been studied by Kjellander et al. [14] and they suggested
that this increased interaction is the result of strong en-
tropy dominance. The ethylene oxide groups are highly
hydrated and well structured (i.e., less entropy). When two
micelles approach each other, there is always overlap of
the hydration spheres and some water molecules are freed

1ence the increase in entropy. At the cloud point this
increase in entropy is more and the corresponding AG is
much more negative than that which arises for the repul-
sive forces. Thereby the total freec energy is negative and
cloud point appears.

Triton X-100 (T X100) and Triton X-114 (T X114)
are CH,C(CH3),CH,C(CH3), O(CH,CH,O)xH where
x =95for TX 100 and 8 for T X 114. T X 100 is widely
used as detergent in molecular biology [15]. T X 114 has
been used for preconcentration in analytical chemistry
[16]. It was shown earlier by Valaulikar and Manohar
[17] that at very small concentration of NaCl the CP of
T X 100 is not affected by the additives. They have also
shown that small amounts (~ 107> M) of ionic surfactant
increase the CP. The concentration of T X 100 was kept at

199 1O



L. Koshy et al.

583

Effects of foreign substances on cloud point of Triton X 100 and Triton X 114

10% (w/v) or higher. In the present case we have varied the
concentration of the surfactant from about 1% (w/v} to
10% (w/v). We have used various additives e.g. polyethy-
lene glycol (PEG) of molecular weights 200, 300 and 400.
Tonic surfactants e.g. cetyltrimethyl ammonium bromide
(CTAB) and cetylpyridinium bromide (CPB). Substances
like sucrose, tetracthylammonium bromide (TEAB) acet-
amide and electrolytes like LiCl, NaCl, NaBr, Nal, KCl,
MnCl, and CrCl; at various concentrations to get a wider
idea about the behaviour of CP. However, the concentra-
tions of the additives in this study are generally in the
higher region.

Materials and methods

T X 100 (KOCH Light Laboratories Ltd., England)},
T X 114 (Sigma Chemical Company, USA) and Cetyl-
pyridinium bromide (CPB) (Fluka, Switzerland) were used
without further purification. PEG 200, 300 and 400
(Merck, India) were used as received. The electrolytes used
in all experiments were of analytical grade. Cetyltrimethyl
ammonium bromide (CTAB) and Tetraethylammonium
bromide (TEAB) (National Chemical, Baroda, India) were
recrystallized from acetone and acetone/methanol (75/25)
ratio and dried before use. Sucrose and acetamide were
from Qualigens, India. Acetamide was recrystallized from
benzene and dried before use. Triply distilled water was
used to prepare sample solutions.

Cloud points of surfactant solutions were determined
visnally by noting the temperature at which turbidity was
observed. We also noted the temperature at which turbid-
ity disappeared on cooling. The average of the two was
taken as the cloud point of the system. Heating and cool-
ing were regulated to 0.5°C/min around the cloud point.
The maximum error in cloud point value is 0.5% cal-
culated from at least three determinations. The maximum
difference in cloud point was found to be 0.4 °C.

Results and discussion

In Fig. 1 the variations of cloud point as a function of
surfactant concentrations are shown. Best possible curves
were drawn. It is to be noted that for Triton X 100, the CP
is 66.9°C at 10% solution which compares well with the
literature value of 67 °C [17]. However the CP of T X 114
is somewhat different from the literature value of 22°C
[18]. However it is obvious that the CP-concentration
curve shows a minimum for T X 100 system (cf. ref. [13])
whereas for T X 114 the CP increases from around 3%
solution. At the lower concentration range CP remains
more or less constant (within 1 to 10% w/v concentration
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Fig. 1 Variation of cloud point of T X 100 and T X 114 with weight
percent of surfactant in solution

range of surfactant studied). Similar results were obtained
earlier by Heusch [19]. The decrease in cloud point with
increase in T X 100 concentration is due to the increase in
micelle concentration. The phase separation results from
micelle-micelle interaction. However at higher concentra-
tion the CP continues to increase. This is because at high
surfactant concentration a structured water-surfactant
system is present [ 19]. With rise in temperature this struc-
ture breaks though the molecules do not become free of the
surfactant effect. In other words, some of the water mol-
ecules are attached to no micelle in particular but to the
micelle system in general, forming buffers between
micelles. However the micelles are still separated because
of the presence of these water molecules. It has been
suggested eatlier that in polyglycol ether surfactant sys-
tems the water molecules is available for total tenside
molecules [20]. Therefore higher temperature is required
to remove these “floating” water molecules which are
barriers for micellar interaction. Once they move out
at higher temperature the micelle~micelle interaction be-
comes easier. That is why the cloud point is seen at higher
temperature.

In Fig. 2 we show the change in the CP as a function of
the mole percent of PEG of different molecular weights.
The salient feature of Fig. 2 is the fact that the effect of
PEG 400 is most and that of PEG 200 is least in both
cases. However the effects on cloud points of PEGs are
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Fig. 2 Plot of change in cloud point (4°C) of T X 100 and T X 114
(1% w/v) with mole percent of PEG

positive for T X 100 and negative for T X 114. This
observation was a most unexpected one; we expected sim-
ilar behaviour in both cases. However it is known [21]
that the solutes which get solubilized in the POE mantle of
the micelle decrease the cloud point. Hence, it is suggested
that the PEG 200, PEG 300 and PEG 400 get solubilized
only in the POE mantle. They do not undergo deep pen-
etration to the core of the micelle, that is, CP increases. It
can be noted from Fig. 2 that in T X 100 system the CP
increases; CP generally is higher if higher number of oxy-
ethylene groups are present. It was suggested earlier
[22-23] that oxyethylene groups of PEG “feel” themselves
as a part of T X 100 oxyethylene group. That is the system
feels that there is an increase in the number of oxyethylene
group in T X 100, Therefore the effect will be PEG 400
> PEG 300 >PEG 200. Hence the CP should show PEG
400 >PEG 300 >PEG 200 for T X 100 system. That was
experimentally observed. However it is not clear as to why
in T X 114 micellar system such behaviour is not seen. We
feel that both in T X 100 and T X 114 micellar systems,
both the properties are present. That is solubilization
decreases the CP and the sensing of the increase in the
length of POE chain increases CP. The experimental value
is the resultant of these two contradictory reasons. We are
not yet in a position to compute the contribution of each
factor.

The effect of the electrolytes on the CP of T X 100 and
T X 114 were also studied. The experimental results are
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Fig. 3 Variation of cloud point of T X 100 and T X 114 (1% w/v)
with concentration of alkali metal chlorides

also shown in Fig. 3. Earlier Marszall [24-25] as well as
Valaulikar and Manohar [17] studied the effect of NaCl
on the CP of T X 100. We have here studied the effect of
the concentration of NaCl which was more than several
orders of magnitude larger than earlier studies. We have
not been able to find any such earlier study on CP of
T X 114. From Fig. 3 it is quite clear that LiCl, NaCl and
KCl decrease the cloud point of both T X 100 and T X 114.
Such decrease in cloud point of T X 100 by NaCl was
observed earlier by Heusch [19]. The effect seems to be
more with NaCl than with LiCl and KCL. It was shown by
Marszall [24] that LiCl, NaCl and KCl have the same
effect on CP lowering of T X 100 in presence of SDS at low
electrolyte concentration. At very low (10~ M) NaCl con-
centration, the CP of T X 100 is not affected at all [17].
However we found that it was not so at higher concentra-
tions of electrolytes. It was observed earlier that most of
the electrolytes decrease the cloud point and follows the
lyotropic series in their effect [26]. The higher the lyo-
tropic number of the cation the greater is the effect. In
other words Na™ is expected to have more effects than
Li*. We expected K* to have more effect than Na™ which
was not observed. The same behaviour was observed
earlier also [27] for T X 100 systems. The decrease in CP
by electrolytes is because of dehydration of the EO group
of T X 100 and T X 114 surfactants because of the competi-
tion for water between EO groups and alkali metal ions.
However it was suggested [28] earlier that Li* probably
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forms complexes with the surfactant and increase the CP
as it cannot compete with ether groups for water of hy-
dration. On the other hand, Na® and K* cannot form
complexes and compete for water of hydration.

From the lyotropic series it is expected that the effect of
Cl™ > Br™ > 17 on the decrease in CP. It was observed
carlier that Nal actually increases the CP. We also observe
the same. Nal increases the CP for both surfactants. The
salts which break the water structure seem to increase the
CP [29]. NaCl and NaBr decrease the CP (Fig. 4). The
positive change influenced by Nal is much more for
T X 114. For example, for 1 M Nal the increase in CP for
T X 114 was 17 °C whereas for T X 100 it was only ~10°C.
The decrease in CP by 1 M NaClis ~14°C for T X 114
and ~19°C for T X 100. NaBr does not have much of an
effect on the CP of T X 114 whereas for T X 100 the effect is
measurable though negative. These results (Figs. 3 and 4)
indicate that the effect depends upon the number of the
EO group present in the surfactant as well as the charge
density on the anion and the capacity to break water
structure. The higher the negative change density the more
the decrease in CP.

We also determined the effect of the cationic charges
on the cloud point. In Fig. 5 the effect of the NaCl, MnCl,
and CrCl; are shown. CPs are plotted against ionic
strength. In both systems the CP decreases and higher
valency ions have the least effect. That is, the effect is
Na®™ >Mn?* >Cr>* at the same ionic strength of the salt
solution. Once again the decrease in CP is higher for
T X 100 than in the case of T X 114. In other words, it is
noted that where there is decrease in CP, T X 100 system is
more affected, whereas wherever there is increase in CP,
the T X 114 system is more affected. It should be noted
here that CP decreases more sharply when Na,SO, or
Na,COj; is used instead of NaCl [30]. It seems that the
nature of the charge (positive or negative) determines the
total amount of effect.

The effect of the two cationic surfactants cetyltrimethyl
ammonium bromide (CTAB) and cetylpyridinium bro-
mide (CPB) were also studied. The experimental concen-
trations of these additives were kept constant whereas the
concentrations of T X 100 and T X 114 were varied. In
both cases, at all concentrations of additives or of surfac-
tants the CP shows increments. Interestingly, at a particu-
lar additive concentration the CP increase is higher at
lower surfactant concentration. The additives do form
mixed micelles. The micelles being charged, the cloud
point increases. Both Marszall [24] and Valaulikar et al.
[17] have observed similar behaviour. The lower the con-
centration of the surfactant at a particular additive con-
centration, the higher will be charge density of the mixed
micelle; the repulsive forces, hence, become more promin-
ent and therefore the CP was at higher temperature
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Fig. 4 Variation of cloud points of T X 100 and T X 114 (1% w/v)
with concentrations of various sodium halides
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Fig. 5 Variation of cloud point of T X 100 and T X 114 (1% w/v)
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- (Table 1, Fig. 6). It can also be noted that for the same

surfactant concentration when additive concentrations are
increased then in general the CP increases, indicating the
increase in the micellar charge density. Hence, it is sugges-
ted that the charge density on mixed micelle will determine
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Table 1 Cloud points (CP) of various solutions of T X 100 and T X 114 and the effect of CTAB and CPB on the cloud points

Additive T X 100 TX 114
concentration
1% 3% 5% 7% 9% 10% 1% 3% 5% 7% 9% 10%
CTAB cp cp
0% 65.4 64.3 64.9 659 66.5 66.9 28.0 28.0 29.2 31.1 325 333
Ain cp Ain cp
0.005% 154 5.0 0.8 0.9 0.1 2.5 24.7 1.0 0.5 0.5 0.4
0.01% 224 21.5 2.6 1.2 0.8 0.4 38.7 5.6 1.2 0.9 0.9 0.9
0.02% * 23.6 7.5 38 1.7 1.0 66.6 15.7 2.6 1.5 1.6 1.5
0.1% * * 30.9 248 224 20.6 * 39.6 315 18.8 15.7 10.4
CPB
0.005% 22.6 3.5 1.0 0.8 - 0.4 25.8 14 1.1 0.4 0 0
0.01% * 6.2 2.2 1.2 1.3 1.0 304 131 2.5 1.2 0.8 0
0.02% * 16.2 3.0 1.7 1.3 1.0 68.7 28.1 6.9 3.6 2.5 1.4
0.1% * 16.2 43 2.6 1.6 - * 393 32.1 315 15.4 12.0
—Not done.
* Could not be obtained, CP is over 100°C.
Table 2 Effect of Acetamide, TEAB and Sucrose on cloud point shift values of T X 100 and T X 114
Conc. of Acetamide TEAB Sucrose
Surfactant A°(C) 4°(C) 4°(C)
1% 5% 10% 15% 20% 1% 5% 10% 15% 20% 1% 5% 10% 15% 20%
T X 100 1% 1.8 7.9 14.6 21.2 - 0.0 1.5 2.5 3.1 34 0 —13 33 —33 -
5% 13 85 154 228 - 00 13 33 42 52  —02 —20 -—38 —64 -
10% 1.3 8.2 152 22.6 - 0.0 0.2 29 32 4.1 -07 =33 —65 —72 -
TX 114 1% 13 7.2 139 19.9 277 - 21 2.9 33 2.8 —-06 —25 -—49 —77 —10.1
5% 05 93 142 212 285 06 15 31 27 27 —18 =23 —47 —75 —107
10% 1.6 7.6 14.9 212 27.6 08 2.4 35 2.6 1.8 —-04 —26 -—56 —87 —11.7
— Not done.
the cloud point. The higher the charge density, the higher
100 the cloud point. The increase in the concentration of the
: 5 * 002 7, CTAB additives need not always increase the charge density
. ® 0027 CPB because the charge density will be dependent on micelle
size. The micelle size might change, due to the addition of
__ 80O} - TX100 the additives. From Table 1 it can also be noted that the
b - effect of CTAB and CPB on the cloud points of T X 100
l * o . and T X 114 is dependent on various factors and it seems
(Z—) * LR I (though it is not very clear) the effects are similar, i.e,, they
& sol are dependent only on the charges of the micelle.
§ - In Table 2 and Figs. 7a and b, we present the effect of
3 T4 acetamide, Tetraethylammonium bromide (TEAB} and
O y
sucrose on the cloud points of T X 100 and T X 114. Here
* again the studies were done by changing the concentration
40 of the surfactant as well as the additives. It is to be noted
* I that the CP increases when the additives are acetamide,
and TEAB. However CP decreases in presence of sucrose
for both surfactants. The solubilization of TEA™ in the
20 A : - micelle makes the micelle charged and thereby, as dis-
o] 2 4 8 8 0

Wt % OF SURFACTANT

Fig. 6 Variation of cloud point of T X 100 and T X 114 in presence of
CPB and CTAB

cussed above, the CP increases. Acetamide is also polar
and hence the CP increases. However in both cases the CP
increase is not very high in comparison to the effect
of CTAB and CPB as in later cases mixed micelles are
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Fig. 7 Change of cloud point (4 °C) of a) T X 100and b} T X 114 (5%
w/v) with concentration of additives

formed. In contrast to TEAB and acetamide, the sucrose
shows decrease in CP. Here the decrease is much sharper,
though again the effect is not as high as CTAB and CPB,
but is somewhat similar to PEG 300 effect on T X 114 (cf.
Fig. 2). The neutral hydrophilic sucrose molecule compe-
tes with the water associated with EO groups of Tritons

and removes some of these associated water molecules to
itself and hence the decrease in cloud point.

Conclusion

The effects of various additives on the cloud points of
T X 100 and T X 114 were studied. The effects of various
polyethylene giycols were differentin T X 100 and T X 114.
This was probably because of simultaneous presence of
two competitive phenomena in the system. These are the
removal of water from the EO group, thereby decreasing
the CP, as well as the fact that the EO groups of PEG feel
themselves attached to the tritons, thereby increasing the
CP. The dominance of the particular phenomena deter-
mines the final result. The CP also was found to show
a minimum in the variation with concentration. The vari-
ous electrolytes, sucrose, TEAB, and acetamide do change
the CP to a large extent. The effect of the Li™ is somewhat
different from that of Na™ or K because of its complex-
ing property. Similarly, water structure breaking property
of Nal makes its effect different from that of NaCl or
NaBr.
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