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Abstract 

Viscometric study of the effect of five electrolyte additives (HCl, HClO4, HNO3, Na2SO4 and NaCl) 

on the critical micelle concentration of a nonionic surfactant, Triton X-100, was investigated at 30 
0
C 

using U-type Ostwald viscometer. Density measurements of Triton X-100 solutions in the presence of 

varying electrolyte concentrations were carried out using pycnometer. The electrolytes were studied in 

the concentration range 0 – 0.1 mol dm
-3

. All the electrolytes were observed to lower the critical 

micelle concentration (CMC) of TritonX-100 significantly in the concentration range studied with 

HCl having the highest CMC decreasing effect up to a factor of over 400. The results have been 

explained based on salting-out effect. The observed trend of the CMC lowering effect of the acids: 

HClO4 < HNO3 < HCl followed the Hofmeister series while greater CMC reducing effect of Na2SO4 

than that of NaCl can be attributed to ionic strength effect. 
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Introduction 

Surfactant applications are wide spread with 

significant relevance in biological, 

environmental and industrial processes [1-5]. 

Surfactants are soluble in aqueous solution. On 

saturation, the molecules cluster together as 

aggregates and the concentration at which this 

begins to occur is referred to as critical micelle 

concentration (CMC); and CMC is one of the 

most important physical parameters of 

surfactants [5]. Solute-solute and solute-

solvent interactions between the surfactant 

monomers and electrolyte additives can 

significantly alter the micellar properties of the 

surfactant. The influence of additives on the 

process of micelle formation in surfactant 

solution is of considerable interest from both 

the fundamental and the applied view points 

since application of surfactants in many 

physico-chemical and interfacial phenomena 

largely depend on it [6-7]. Solubilizing 

capacity, surface and micellar characteristics 

and detergency of amphiphilic compounds are 

sensitive to the nature of added co-solute or 

solvent such as electrolytes [8]. Various 

physico-chemical properties of surfactants 

such as specific conductance, viscosity, 

osmotic pressure, density, polarity, refractive 

index, surface tension, fluorescence, dye 

solubilization, etc. have been widely 

investigated in understanding the interactions 

between added additives and surfactants [9-

13]. There are several reports on the effects of 

electrolytes on the micellisation of Triton X-

100 involving the use of physicochemical 

techniques such as surface tension, partial 

molar volume and electron paramagnetic 

resonance (EPR). However, only few studies 

have been reported on the use of viscometric 

method to characterize the micellization of 

Triton X-100 in electrolyte solutions. This 

work reports the effects of electrolyte 

additives (acids and salts) on the critical 

micelle concentration of a nonionic surfactant, 

Triton X-100, using viscometic method. 

  

Materials and Methods 

Materials: Triton X-100 (Fluka, 100%), 

Hydrochloric acid (Rieldel-deHaën, specific 

gravity = 1.19g/mL, 37%v/v), Perchloric acid 

(Karmel, specific gravity = 1.67g/mL, 

70%v/v), Nitric acid (Saarchem, specific 

gravity = 1.84g/mL, 70% v/v), anhydrous 

Sodium sulphate (Sigma-Aldrich, >99% ), 
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Sodium chloride was a product of British Drug 

House (BDH) and Glacial acetic acid was 

purchased from Qualikem (Qualikem). All 

reagents were used without further 

purification.  

Density Measurements: Densities of the 

various surfactant-electrolyte solutions were 

measured using 25 mL pycnometers. These 

were determined from the difference in mass 

between the empty pycnometer and when 

filled with the surfactant-electrolyte solutions 

after reaching thermal equilibrium in a water 

bath at 30 
o
C. Temperature was controlled 

with a Grant thermostatic water bath within ± 

0.1
0
C. Mettler Toledo balance with an 

accuracy of ± 0.001g was used for weighing.  

 

Viscosity Measurements: U-type Ostwald 

viscometer (Sigma-Aldrich) with sufficiently 

long efflux time to avoid kinetic energy 

correction was used to measure the viscosities. 

The viscometer was calibrated using triply-

distilled water. All viscosity measurements 

were done in triplicate; and the average flow 

times (reproducible to within ± 0.1s), recorded 

with a stopwatch were used to calculate 

viscosity values. A thermostatically controlled 

Grant water-bath was used to keep the 

temperature within ± 0.1
0
 C. Viscosity (η) 

values, were calculated using the Paulis 

equation,  

η = ρkt,  (1) 

where t is the flow time of the surfactant in 

solution, ρ is the density of the solution, and k 

is the viscometer constant.  

 

Results and Discussion 

CMC of Triton X-100 was determined from 

the plot of viscosity against concentration in 

the absence and presence of the electrolytes.  

Effect of electrolytes on CMC of Triton X-100 

was investigated in the electrolyte 

concentration range 0.0005-0.10 mol dm
-3

. 

Generally, viscosity of Triton X-100 increases 

with increase in its concentration until a 

certain point where the viscosity decreases and 

then increases again. This minimum in the plot 

where the viscosity shows abrupt change 

represents the CMC (Figure 1) [14-16].   

 

Figure 1: Typical plot of viscosity versus Triton X-100 concentration showing minimum 

point in the graph. T = 30 
o
C, [HClO4] = 0.07 mol dm

-3
. 
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From the result in Table 1, it can be seen that 

CMC of Triton X-100 decreases as the 

concentration of the electrolyte increases. In 

this work, CMC values of pure aqueous Triton 

X-100 solution were determined at two 

temperatures, 25 
0
C and 30 

o
C. 

The CMC values were found to be 2.2 × 10
-4

 

and 2.4 × 10
-4

 mol dm
-3 

respectively. These 

values agree well with the reported literature 

values for CMC values of Triton X-100 using 

some other methods [17-19]; and therefore 

validates the results obtained in this work. All 

the electrolytes studied were found to lower 

the CMC of Triton X-100 in the studied 

electrolyte concentration range (Figure 2).  

 

Table 1: CMC of Triton X-100 in the absence and presence of electrolytes at 30 
o
C 

[Electrolyte]  

(mol dm
-3

) 

10
4
 CMC of  Triton X-100 

 (mol dm
-3

) 

HClO4  HNO3 HCl Na2SO4 NaCl  

0.0000 2.400 2.400 2.400 2.400 2.400 

0.0005 2.379 2.387 2.380 2.110 2.260 

0.0010 2.182 1.617 1.488 1.680 1.820 

0.0020 1.980 1.201 1.091 1.200 1.540 

0.0030 1.930 0.809 0.595 1.060 1.430 

0.0050 1.785  0.504 0.396 0.500  1.100 

0.0070 1.587 0.102 0.099 0.402 0.900 

0.0100 1.389 0.083 0.079 0.210 0.380 

0.0200 1.289 0.060 0.050 0.107 0.200 

0.0500 1.091 0.042 0.020 0.040 0.090 

0.1000 0.496 0.010 0.006  0.011 0.030 
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Figure 2: Plots of Critical Micelle Concentrations of Triton X-100 versus the concentrations 

of the various electrolytes in aqueous solution at 30 
o
C 

 

The presence of electrolytes in the aqueous 

environment of the non-ionic surfactant is 

suspected to be the primary factor responsible 

for the shift in the CMC values when 

compared to their values in pure surfactant-

water solutions. This effect may be attributed 

to two major possible factors; namely: 

modification of water structure and salting-out 

effect. 

Modification of water structure: Ions that 

tighten the structure of water and increase 

surfactant viscosity are designated as structure 

promoters. In the absence of charged head 

group as in the case of Triton X-100, the 

driving force of micellization is the 

hydrophobic force and the van der Waals 

attraction. The presence of these ions can 

however, affect the water structure in the 

surfactant environment and enhance 

micellization of surfactants [20]. Also, 

hydrogen bonds formed by Triton X-100 with 

water molecules through the oxyethylene unit 

require high energy to break. Hence, micelles 

are formed at high concentrations; but in the 

presence of the structure maker electrolytes, 

the hydrogen bonds break easily and so the 

higher the concentration of electrolytes 

present, the easier it is for the hydrogen bonds 

to break [20-21].   

Salting-out effect:  The presence of electrolyte 

additives causes dehydration of nonionic 

micellar aggregates in aqueous solutions. It 

has been proposed that the total effect of an 

electrolyte in nonionic surfactant is 

approximately the sum of its effect on the 

hydrophobic and hydrophilic parts of the 

surfactant molecule in contact with the 

aqueous phase [22]. This dehydration 

facilitates the expansion of the hydrophobic 

microenvironment of the nonionic micelle and 

consequently, the CMC is lowered [23]. Also, 

the salting-out of hydrophilic part of the 

surfactant is produced when the anions
 
from 

the electrolytes compete with surfactant for 

hydration thereby reducing the amount of 

water available in the micelle for polar chain 

hydration. Thus, micelles are formed at lower 

surfactant concentration [24]. EPR study of 

surface hydration of Triton X-100 with 

univalent electrolytes [25] suggests that the 

solubility of Triton X-100 reduces when the 

concentration of the electrolyte is increased. 



 J. Chem Soc. Nigeria, Vol. 44, No. 3, pp 515 -522  [2019] 

5 
 

This behavior was attributed to a decrease in 

concentration of water around the micellar 

polar shell. The number of hydrogen bonds 

formed with the ether groups will therefore 

decrease, thus reducing barrier for micelle-

micelle interactions, and hence, enhance 

micelle formation. Many studies [26-27] have 

previously classified the electrolytes used in 

this work as water-structure makers. 

Electrolytes that are water-structure makers 

have been reported to show salting-out effect 

in nonionic surfactants which is in agreement 

with our findings. For salting-out effect, 

factors to be considered are: (1) size of anion 

(ionic charge/radius ratio and (2) ionic 

strength of the solution.  

Effect of electrolyte anion size: The work 

required for the association of any surfactant 

with water changes in the presence of an 

electrolyte due to water–ion interactions. If 

this work increases by the addition of an 

electrolyte, surfactant monomers are salted-out 

and micellization is enhanced. Electrolyte 

effects depend upon the radius of the hydrated 

ion. The smaller the radius, the greater the 

salting-out effect, and the more the value of 

CMC decreases [28]. The order of decreasing 

ability of the acid electrolytes to enhance 

micellization of Triton X-100 as observed in 

this study is HCl > HNO3 > HClO4 (Figure 2) 

showing strong dependence on the size of the 

anions. acccording to Hofmeister series [24]. 

Salting-out effect influences solubility and 

depends on the hydration energy of the ions. 

The Hofmeister series is the arrangement of 

ions according to their ability to salt out, and 

orders ions with decreasing salting out potency 

from left to right shown below: 

     SO4
2-

, HPO4
2-

,OH
-
,F

-
,HCOO

-
,CH3COO

-
,Cl

-

,Br
-
,NO3

-
,I

- 
, SCN

-
,ClO4

- 

Effect of ionic strength: In the case of the 

inorganic salts, Na2SO4 shows greater salting 

out ability than NaCl (i.e, SO4 
2-

> Cl
-
). Since 

both salts are known to be structure-making 

electrolytes [29], the result suggests that the 

ionic strength of the electrolytes contribute 

significantly to lowering of the CMC of Triton 

X-100. Salting-out utilizes changes in 

solubility based on ionic strength [30]. The 

ionic strength of an electrolyte solution, I is 

the sum of the ionic strength of the individual 

ions in the solution, mathematically expressed 

as  

I = 
  

 
∑mizi

2
   (2) 

where mi = concentration of the ion and zi = 

charge on the ion 

In determining the effect of electrolytes on the 

CMC of a surfactant, the anion and cation 

contribute to the overall decrease or increase 

in CMC of the surfactant. For nonionic 

surfactant solutions, the salt effect on CMC is 

given in equation 3 [31]  

logCMC = - KCs + constant (Cs<0.1) (3) 

where K is a constant for a particular 

surfactant in a given electrolyte solution and 

temperature. Cs is the concentration of 

electrolyte in moles per liter.  

 

Figure 3: Plots of logarithm of Triton X-100 CMC versus salt concentration at 30 
o
C 
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Linear plots of logCMC versus salt 

concentration (0.0-0.01 mol dm
-3

) are shown 

in Figure 3. The values of K for Triton X-100 

in solutions of Na2SO4 and NaCl at 30 
0
C are 

103.00 and 64.07 respectively. The salt 

constant of a surfactant molecule is also based 

on the sum of two opposing contributions [32-

33]: One which results from its hydrophobic 

tail and the other from its hydrophilic head 

group [26]. The salting-out effect of the 

hydrocarbon moiety has been found to lower 

the CMC of the surfactant to a greater extent 

than the hydrophilic head group. In addition to 

this, the stronger water-structure making salt 

gives the greater value of salt effect parameter 

[33].  

 

Conclusion  

We have studied the effects of HCl, HClO4, 

HNO3, Na2SO4 and NaCl electrolytes on the 

micellization behavior of Triton X-100 using 

viscosity measurements. The results obtained 

in this work show that the lowering of the 

CMC of Triton X-100 by the electrolytes is 

not only due to the modification of the water 

structure but significantly due to salting-out 

effect. The observed trends for the Triton X-

100 CMC lowering effect of the acids and salt 

electrolytes are: ClO4
-
 < NO3

-
 < Cl

-
 and Cl

-
 < 

SO4
2-

 respectively. The results agree with the 

Hofmeister series on salting-out potency of 

electrolytes.  
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