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Abstract 

The volumetric properties of 1-propanol, cyclohexanol and butoxyethanol in water 

and CTAB water mixtures have been studied. The apparent molar volumes of 1-

propanol, cyclohexanol and butoxyethanol in water and in aqueous solutions of 

CTAB were determined from density data. The partial molar volumes of the alcohols 

in water and aqueous micelle solutions at infinite dilution, 0

2V (mic) were obtained 

from apparent molar volume data and compared with the corresponding values. The 

standard partial molar expansibilities,
 

0

2E  (mic) of the solubilizates were evaluated 

from 0

2V (mic) data at various temperatures. The volumetric studies of alcohols in 

CTAB micelles indicate that alcohols on the average are preferentially solubilized in 

the palisade layer of the micelle and increasing amount of each is transferred more 

deep into the palisade layer of the micelle with increasing surfactant concentration 

and temperature. The results of standard partial molar volume, 0

2V and standard 

partial molar expansibilities, 0

2E  are reported and discussed.  

Introduction 

Surfactants are widely used in a variety of industrial and commercial applications. A 

number of investigations
1-3

 have been carried out in recent years with view of improving 

our understanding on the structural properties of micelles formed by surfactants in water. 

In aqueous solutions, ionic surfactants generally form spherical micelles just above the 

CMC and, some, further associate to form rod-like micelles at higher concentration. 

There is report that presence of different solutes in surfactant solution induces very 

marked changes in the micellar properties. The addition of any solute in the micellar 

system may change the size and shape of micelle considerably. 

It is well known that solubility of predominantly hydrophobic molecule in aqueous 

solution is enhanced by the addition of surfactants to the solution. This phenomenon of 

increasing solubility of apolar molecules in micellar solutions, known as solubilization, 

constitutes the basis on which surfactant find useful applications in many biological, 

pharmaceutical and industrial systems. The process of solubilization of hydrophobic 

solutes in micellar system is intimately associated with the properties of the micelle as 

well as the properties of the solubilized species. With incorporation of increasing amount 

of nonpolar material into inner core, a normal micelle in aqueous medium may become 

more and more asymmetric, eventually becoming lamellar in shape. It has been reported 

that solubilization of different solutes in CTAB induces very marked changes in the 
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micellar shape.
4-9

 A micellar transition of CTAB has been reported in the concentration 

range from 0.05 to 0.34 mol kg
-1

 by using viscosity, Rayleigh light scattering 
81

Br NMR, 

SAXS, and other techniques.
10-16 

  Vikholm et al
17

. examined the shape transition in the 

aqueous phase of the system hexadecyltrimethylammonium bromide-hexanol-water by 

viscosity, conductivity and ultrasonic velocity measurements. They suggest a shape 

transition from spherical to larger rod or disk like micelles as well as the breakdown of 

the large aggregate to spherical micelle depending upon the amount of hexanol 

solubilized by micelles.
  
 

The aim of the present work is to investigate the ternary systems surfactant-water-alcohol 

to have an understanding on the solubilization behavior of the alcohols and their 

interactions with surfactant forming the mixed micelle. We report here the volumetric 

properties of 1-propanol (1-PrOH), cyclohexanol and 2-Butoxyethanol solubilized in 

water and aqueous micelle solution of CTAB of different concentration at different 

temperature. The results are interpreted in terms of approximate location of the 

solubilizate in the micellar aggregates, possible changes in the size and shape of the 

micelle and the interactions between the solubilizate and the surfactant species within the 

micelle. 

Experimental 

Cetyltrimethylammonium bromide, CH3(CH2)15N
+
(CH3)3Br


 (CTAB) was obtained from 

E. Merck, Darmstadt  (Germany) and its purity was > 99%.  1-propanol, and 

cyclohexanol were obtained from Merck (Germany) and their purity was better than 99%. 

2-Butoxyethanol (BE) was obtained from Aldrich Chemical Company Limited and its 

purity was >99%. All these compounds were reagent grade and used without further 

purification. Water used in this experiment was double distilled. Aqueous stock solutions 

of CTAB of different concentrations were prepared and used as mixed solvent in 

volumetric studies. All solutions were prepared by weight and their concentrations are 

expressed as the number of solute moles per kg of solvent. Solubilizate in the mixed 

solvent were stirred for several hours to ensure the equilibrium condition to be reached. 

The apparent molar volume, of liquid solutions were calculated from the relation  

                                                 
d

M
dd

mdd
v  0

0

1000
                             (1) 

where m is the molality of the solution, M is the molar mass of the solute, d is the density 

of the solution and do is the density of the solvent. Densities of solutions were measured 

in a calibrated pycnometer having 25 ml capacity. The temperatures of measurements 

were accurate to 0.1
0
C. The concentration dependence of v of 1-propanol, 

cyclohexanol and BE in water and in aqueous solutions of CTAB as a function of 

surfactant and solubilizate concentration and temperature have been estimated from 

density data. All measurements were carried out at 30, 35, 40 and 45
0
C. 
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The partial molar volumes of 1-propanol, cyclohexanol and BE in water and in CTAB 

solutions at infinite dilution )( 0

2

00

2 VV v  were obtained from the plots of v versus 

molality, of the relation bmvv  0  by extrapolating it to m = 0.      

The standard partial molar expansibilities, 
0

2E of 1-propanol, cyclohexanol and 

butoxyethanol (BE) in water and aqueous micelle solutions of CTAB of different 

concentration, obtained from the temperature dependence of 
0

2V .                                      

Results and Discussion 

Propanol in water and CTAB- water systems  

The variation of v of 1-propanol in water in the concentration range 0.50-3.0 mole/kg at 

different temperatures is shown in Fig. 1. The results show that the apparent molar 

volume of 1-propanol initially slightly decreases and then remains almost invariant with 

further increase in the concentration of 1-propanol at all temperature studied 

. 

 

 

 

 

 
 

 

Fig 1. Apparent molar volume of 1-propanol as a function of its molality in water at   30°, ● 35°, 

∆ 40° and ▼ 45°C. 
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temperatures is shown in Fig. 2 and 3. It appears that the variation of v of 1-propanol in 

CTAB solution of different concentrations shows the similar trend in variation as 

observed for 1-propanol in water. In both cases, v of propanol increases with increasing 

CTAB content in water at different temperature. A close examination of Fig. 1-3 indicate 

that the apparent molar volumes of 1-propanol in CTAB-water mixtures become 
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significantly larger than its value in water and the magnitude of v rises with increasing 

CTAB concentration in water. 

 

 

 

 

 

 
 

Fig 2. Apparent molar volume of 1-propanol as a function of its molality in           

0.05m CTAB water solution at  30°, ● 35°, ∆ 40° and ▼ 45°C. 
 

 

 

 

 

 

 

 
 

Fig 3. Apparent molar volume of 1-propanol as a function of its molality in 0.35m CTAB water 

solution at   30°, ● 35°, ∆ 40° and ▼ 45°C. 
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The initial decrease of v  of 1-Propanol in water indicates that 1-Propanol undergoes 

hydrophobic hydration in the aqueous phase at low 1-Propanol concentration. On 

increasing the 1-Propanol concentration this hydrophobic hydration decreases and change 

over to hydrophobic interaction thereby showing no significant change in volume and this 

observation is apparent for all temperature studied.  

The observed trends in the variation of volume of 1-Propanol in CTAB-water system is 

similar to that observed for 1-Propanol in water, but the apparent molar volumes of 1-

Propanol becomes little larger in the presence of CTAB and the difference between v of 

1-Propanol in water and in CTAB solution increases with increasing surfactant 

concentration and temperature. This increase in volume is probably the results of 

hydrophobic dehydration of 1-Propanol and that an increasing proportion of 1-Propanol is 

transferred into CTAB micelles. It appears that like 1-Propanol-water system, the v  of 

1-Propanol dissolved in CTAB solutions of different molalities remain almost invariant 

upon increasing the 1-Propanol concentration. It is expected that mixed micelles are 

formed between 1-propanol and CTAB. The viscosity measurements have previously 

confirmed
18

 that CTAB has a post micellar transition occurring at around 0.25 mole kg
-1

. 

The invariance of v of 1-Propanol with increasing concentration in both the surfactant 

solutions (0.05m, 0.35m), indicate that the shape of CTAB micelle does not affect the 

solubilization process of 1-Propanol in the micellar aggregates. 

Butoxyethanol in water and CTAB water systems 

Fig.4 shows the variation of v of BE in water as a function of its molality. The results 

show that the apparent molar volume initially decreases and then increases with 

increasing concentration of BE. The variation of v of BE in 0.05m and 0.3m CTAB-

water systems as a function of its molality is shown in Fig.5 and 6.  It appears that the 

variation of v of BE in CTAB solution of two different concentrations show a general 

trend in which the apparent molar volumes of BE initially decreases with an increase in 

BE content and then increases upon increasing the concentration of BE. A minimum in v 

is observed at 0.5mol kg
-
1 of BE dissolved in two different surfactant solutions. The 

increment in v with increasing the BE molality becomes less pronounced in solution of 

higher CTAB concentration and it becomes almost invariant in 0. 30m CTAB with 

increasing BE content beyond 1.0mol kg
-1

. 
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Fig 4. Apparent molar volume of BE as a function of its molality in water at  30°, ● 35°, ∆ 40° 

and ▼ 45°C. 

 

 

 

 

 

 

 

 

 

 
Fig. 5. Apparent molar volume of BE as a function of its molality in 0.05m  CTAB water solution 

at  30°, ● 35°, ∆ 40° and ▼ 45°C. 
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Fig. 6. Apparent molar volume of BE as a function of its molality in 0.30m CTAB solution at       

 30°, ● 35°, ∆ 40° and ▼ 45°C. 
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to the micellar phase upon increasing the amount of BE in the system forming mixed 

micelle. The invariance of v of BE with its concentration above 1.0m in 0.30 mol kg
-

1
CTAB indicate that transfer of BE becomes less favorable in rod-like micelles formed by 

CTAB at higher concentration.  

Cyclohexanol in water and CTAB-Water systems 

The apparent molar volumes of cyclohexanol were found to be almost invariant over the 

concentration range studied (Fig. 7 ). The constancy of v of cyclohexanol in water with 

its concentration suggests that cyclohexanol does not have any significant effect the 

structural properties of water.  

  

 

 

 

 

 

 

 

Fig. 7. Apparent molar volume of cyclohexanol as a function of its molality in water at  30°,       

● 35°, ∆ 40° and ▼ 45°C. 
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surfactant solution. 
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Fig. 8. Apparent molar volume of cyclohexanol as a function of its molality in 0.05m CTAB water 

solution at  35°, ● 40° and ∆ 45°C. 

 

 

 

 

 

 

Fig. 9. Apparent molar volume of cyclohexanol as a function of its molality  in 0.10m CTAB 

water solution at  35°, ● 40° and ∆ 45°C. 
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Standard partial molar volumes  

The partial molar volumes, 
0

2V of 1-propanol, cyclohexanol and BE in water and in 

CTAB solutions at infinite dilution,
0

2Vo

v   were obtained from the plots of v versus 

molality by extrapolating it to m=0 by   using a weighted least-squares method to fit the 

experimental data to the assumed relation bmo

vv  . Derived values of 
0

2V for each 

solubilizate in water and in CTAB-water mixed solvent above the CMC at 30, 35, 40, and 

45
0
C temperature are shown in Table 1. The values of 

0

2V (mic) for the solubilizates in 

aqueous micelle solution of CTAB of different concentration increases with increasing 

temperature. In all cases v (45
0
)  v (40

0
)  v (35

0
C). Results of several studies indicate 

that micelles are highly hydrated. Also micelles are considered to be the porous clusters 

of surfactant, which provide opportunities for water to penetrate into the micellar 

aggregates. The CTAB micelle is expected to be highly hydrated and this is supported by 

our experimental observation that v increases with increasing temperature. This implies 

that an increase in temperature can cause a further desolvation of the micelles and their 

counterions thus providing a hydrocarbon-like environment for the solubilizates.  

Table  1. Partial molar volume of alcohols at infinite dilution 
0

2V  in water and 

CTAB– water mixture at 30
0
, 35

0
, 40

0
, and 45

0
C. 

 

Solute 

Solvent 

System 

0

2V   (cm
3
 mol

-1
) 

30
0
C 35

0
C 40

0
C 45

0
C 

 

1-Propanol 

Water 70.63 71.14 71.45 71.82 

0.05m CTAB 71.20 71.72 72.24 72.97 

0.35m CTAB 72.08 72.34 72.81 73.37 

 

BE 

Water 124.86 124.93 124.96 125.14 

0.05m CTAB 126.06 126.62 128.14 129.53 

0.30m CTAB 127.20 127.91 129.6 130.37 

n-heptane
19

 137.27 138.37 139.37 140.33 

 

Cyclohexanol 

Water  103.34 103.55 103.77 

0.05m CTAB  105.86 106.56 107.35 

0.10m CTAB  106.21 107.06 107.80 

n-heptane
20

 114.20 115.00 115.70  

A comparison of 
0

2V (mic) data for 1-Propanol in aqueous micelle solutions of CTAB 

with its value in water shows that 
0

2V (mic) is not much different from 
0

2V (aq). This 

indicates that 1-Propanol experience some aqueous like environment in the surfactant 

solution and is thus expected to be located in the hydrated surface region of the micelle 

and undergoes a strong hydrophilic interaction between the solubilizate and the 
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micellized surfactant. It however, appears that, 
0

2V (mic) is little higher than 
0

2V (aq). 

Further, it appears that 
0

2V (mic) increases with increasing surfactant concentration and 

temperature. Reed et al.
21 

 have reported the extensive exposure of methylene groups of 

CTAB to water. This suggests that, the increasing amount of 1-Propanol is dispersed in 

the micellar aggregates upon increasing the surfactant concentration, temperature and are 

preferentially solubilized in the palisade layer close to the micellar surface.   

A comparison of partial molar volume, 
0

2V (mic) for BE in aqueous micelle solutions of 

CTAB with its value in water and heptane show that 
0

2V (mic)  
0

2V (heptane). Table 1   

shows that this value in micelle solution is about 11cm
3 
mol

-1
smaller than in pure heptane. 

This can be attributed to strong hydrophilic interaction between the solubilizate and 

micellized surfactant like 1-Propanol. A close agreement between 
0

2V (mic) and 
0

2V (aq) 

for BE indicate that BE experience some aqueous-like environment in the micellar 

systems and that the local environment of BE in the micelle is quite different from that 

found in organic environment such as heptane or core of the micelle. It, however, appears 

that 
0

2V (mic) increases with increasing CTAB concentration. This suggests that BE form 

mixed micelle with CTAB by short penetration into the micellar aggregates, and an 

increasing amount of BE is transferred more deep into the palisade layer of the micelle 

with increasing temperature and surfactant concentration.  

The 
0

2V data for cyclohexanol in micellar, hydrocarbon, and aqueous solvents at 35, 40, 

and 45
0
C show that 

0

2V (mic) 
0

2V (n-heptane). Table 1 shows that this value in micellar 

phase is about 10 cm
3
 mol

-1
 smaller than in n-heptane. This is likely to be due to strong 

hydrophilic interaction between the head groups of the alcohol and the surfactant 

monomers in the micellar aggregates. The relatively close agreement between 
0

2V (mic) 

and 
0

2V (aq) implies that cyclohexanol molecule is in an aqueous-like environment in the 

surfactant solution and thus solubilized in the hydrated surface region of the micelle. 

However, the values of 
0

2V (mic) are invariably little larger than 
0

2V (aq). This suggests 

that the cyclohexanol molecule is preferentially solubilized in the palisade layer of the 

micelle, probably with hydrophobic part solubilized in the palisade layer while the 

relatively polar –OH group is directed towards the surrounding water. Values of 
0

2V (mic) 

for cyclohexanol in CTAB micelle remain almost invariant with increasing micelle 

concentration indicating a similar type of environment of cyclohexanol in different 

surfactant solutions at a given temperature.   

The standard partial molar expansibilities, 
0

2E )/( 0

2

0

2 dTVdE  of 1-propanol, 

butoxyethanol (BE) and cyclohexanol in water and aqueous micelle solutions of CTAB of 
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different concentration, obtained from the temperature dependence of 
0

2V , show a linear 

dependence of 
0

2V  with temperature for each solubilizate  (Fig.10-12). The values of 

0

2V for the solubilizates increase with temperature i.e. 
0

2E  values are positive. The values 

of 
0

2E of solubilizates in different solvent systems are reported in Table 2. 

Table  2. Standard partial molar expansibilities, 
0

2E  of 1-Propanol, BE and 

cyclohexanol in water and in different CTAB solutions. 

 

Solute Solvent system 
0

2E , 

cm
3
 mol

-1
kg

-1
 

 

1-Propanol 

 

Water 0.078 

0.05m CTAB 0.117 

0.35m CTAB 0.087 

BE 

 

Water 0.017 

0.05m CTAB 0.239 

0.30m CTAB 0.224 

n-heptane 0.204 

Cyclohexanol 

 

water 0.043 

0.05 mCTAB 0.149 

0.10mCTAB 0.159 

n-heptane 0.156 

 

 

 

 

 

 

 

Fig. 10. Partial molar volume of 1-popanol as a function of temperature in  Water, ● 0.05m 

CTAB and ∆ 0.35m CTAB solutions. 
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Fig. 11. Partial molar volume of BE as a function of temperature in  Water, ● 0.05m CTAB and 

∆ 0.30m CTAB solutions. 

 

 

 

 

 

 

 

Fig. 12. Partial molar volume of cyclohexanol as a function of mperature in  Water, ● 0.05m 

CTAB and ∆ 0.10m CTAB solutions. 
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The temperature dependence of 
0

2V gives a direct measure of the partial molar 

expansibility, 
0

2E , at infinite dilution. The expansibility of hydrophobic solute in water 

is, generally, positive but small since there is less free space in the co-sphere of a 

hydrophobic solute in water. The relatively larger values of 
0

2E are thus expected for a 

solute in a hydrocarbon solvent where there is relatively more free space in the vicinity of 

a hydrophobic solute in water. The result of our studies shows that the values of 
0

2E of 

CTAB in alcohol-water system are smaller than its value in water. It is expected that 

increase of temperature reduce the hydrophobic hydration of both alcohol molecules and 

surfactant monomers, which results an increase in alcohol-surfactant interactions. It is 

very likely that some of the alcohol molecules may occupy the hydrocarbon part of the 

micelle, which reduces the free space in the micellar aggregates.   

The values of 
0

2E (mic) 1-propanol, cyclohexanol and BE in CTAB solution of different 

concentration are positive and the magnitude are considerably larger than the values in 

water. This suggests that these molecules, in general, have some hydrocarbon-like 

environment where there is more free space than in the vicinity of a hydrophobic solute in 

water, thereby giving higher expansibility. A close agreement between 
0

2E (mic) and 
0

2E (n-heptane) for cyclohexanol and BE supports this agreement. The variation of 
0

2E (mic) with increasing surfactant concentrations, however, does not occur in a 

consistent manner. The values of 
0

2E (mic) for 1-Propanol and BE decreases with 

increasing surfactant concentration while for cyclohexanol it increases with increasing 

surfactant concentration. Generally, micelles at high surfactant concentration are less 

hydrated. The relatively smaller values of 
0

2E (mic) for 1-Propanol and BE when the 

CTAB concentration is increased to 0.30m and 0.35m respectively indicate that those 

molecules are probably located at the surface region of the non- spherical micelle where 

the hydration effect reduce the expansibilities. The relatively larger values of 
0

2E (mic) at 

low surfactant concentration may be due to a decrease in the amount of electrostricted 

water in and around the head group of the micelle. In general, the values of 
0

2E (mic) 

indicate that all the alcohols experience a mixed environment in the surfactant solution 

and are preferentially solubilized close to the micellar surface in the palisade layer. 

Nevertheless, all these results are generally consistent with the analysis based on the 

interpretation of volumes and viscosity data.
22
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