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Abstract

The structural information (shape, size, aggregation number, micellar charge) about alkytrimethylammonium bromide 
(CmH2m+1N+(CH3)3Br- micelles has been obtained for CTAB(m=16), TTAB(m=14) and DTAB(m=12) using SANS 
(Small Angle Neutron Scattering) technique. The most important property of micellar solutions is their ability to 
solubilize the materials that are otherwise insoluble in water this is relevant for many industrial and biological 
applications. The experiments were carried out on mixed micellar solutions (CTAB+DTAB, CTAB+TTAB and 
TTAB+DTAB) of surfactants with same head groups but different chain lengths. It is seen that micelles are ellipsoidal in 
all cases. The minor axis of micelle increases with increase in surfactant length. It is found that size, aggregation number 
and fractional charge of the mixed system are in between that of single components.
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1. Introduction

The study of micellar solutions is of interest both 
from point of view of basic research and application 
of surfactants. This paper deals with a SANS study 
of structural aspects of mixed micelles, when two 
types of surfactant molecules which differ in length 
are simultaneously present in the solution [1]. The 
micellisation properties of single component 
surfactant solutions are reasonably well understood. 
The structural aspects for a number of surfactant 
solutions have been studied and the effects of 
temperature, surfactant concentration and the 
additives (both organic and inorganic) on structural 
parameters have also been examined [2-7]. During 
recent year more studies are being carried out to 
understand the micellalisation behavior of 
multicomponent surfactant solutions. SANS 
technique is an important tool for studying the 
micellar structure (shape and size) and inter-micellar 
interactions. These studies are of practical interest as 
surfactants used in various applications are often 

mixtures of homologous compounds or are 
contaminated by impurities. Most of the studies on 
mixed micelle deals with determination of critical 
micelle concentration [8-10], Kraft point [11] and 
Cloud point [12]. For some systems, the detailed 
structural aspects have also been examined using 
SANS [13-15].  The effect of the relative lengths of 
the constituent monomer on the aggregate structures 
in the mixed micelles has been studied by carrying 
out SANS measurements on cationic alkyltrimethy-
lammonium bromide (CmH2m+1 N+(CH3)3Br- 
surfactants. In particular, measurements have been 
carried out on mixed micellar solutions of cetyl 
trimethyl ammonium bromide (CTAB ) (m=16)+ 
tetradecyl- trimethyl ammonium bromide (TTAB) 
(m=14), CTAB+dodedecyl  trimethyl ammonium 
bromide(DTAB) (m=12) and TTAB+DTAB. 

2. Materials and Method

CTAB, TTAB and DTAB were purchased from 
Sigma Chemical Company, Japan. The D2O (99.4%) 
was got from Heavy Water division of BARC. The 
micellar solutions were prepared by dissolving known 
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amount of surfactants in D2O. Use of D2O instead of 
H2O for preparing micellar solutions provides better 
contrast in SANS experiments. In mixed micellar 
solutions the solutes were mixed in 1:1 molar 
proportion and the concentration was kept fixed at 
0.2M. SANS measurements were carried out using 
SANS spectrometer at the guide tube laboratory of 
Dhruva Reactor at BARC [16]. The solutions were 
held in quartz cell of thickness 0.5 cm. The 
temperature was maintained at 30±0.20C. The 
measured SANS distributions were corrected for the 
background, empty cell scattering and the sample 
transmission and were normalized to cross section 
units. The corrected normalized data dΣ/dΩ versus Q 
are shown in Figs. 1 to 4.

3. Theory

It has been assumed that constituent surfactants 
mixed ideally in the micelle for analyzing the SANS 
data. This is a reasonable assumption, especially 
when surfactant components have similar charges, as 
the case in our studies. In fact, this has been 
confirmed in earlier SANS studies where contrast 
variations techniques were employed. It has been 
shown that in micellar solutions of surfactants with 
same or similar head groups but different chain 
lengths, mixing is ideal [17, 18]. The coherent 
differential scattering cross section (dΣ/dΩ) for a 
system of monodispersed ellipsoidal micelles is 
given by

dΣ/dΩ = n(ρm-ρs)2V2 [<F2(Q)> + <F(Q)> 2(S(Q)-1)]     (1)

where n denotes the number density of micelles,  ρm 
and ρs are the scattering length densities of the 
micelle and the solvent respectively and V is the 
volume of the micelle. The aggregation number N of 
the micelle is related to micellar volume by the 
relation V=Nv, where v is the volume of the 
surfactant monomer. The values of the surfactant 
monomers have been determined using Tanford's 
formula [19] v=(27.4+26.9m+vg)Å

3, where m is the 
number of carbon atoms in the surfactant monomer 
and vg is the volume of the head group. The value of 
vg for CTAB, TTAB and DTAB, which have the 
same head group, has been used to be 102 Å3.

The scattering length densities of all surfactant 
monomers are same about-0.38x1010 cm-2. The 
scattering length density of D2O is 6.38x1010 cm-2. 
The volume of mixed micelle is given by

V=N[x1v1+(1-x1)v2]                                                (2)

where x1 is the mole fraction of component 1 in the 

mixed micelle, v1 and v2 are the monomer volumes 
of the components. The scattering length density of 
the mixed micelle is calculated by

ρ=x1ρ1+(1-x1)ρ2                                                   (3)

where  ρ1 and  ρ2 are the scattering length densities 
of the components. F(Q) is single particle form 
factor and depends on the shape and size of the 
particles. In the analysis, we assume the micelles to 
be monodisperse ellipsoids. We recall that for an 
ellipsoidal micelle 

 

where a and b are the the semimajor axis and 
semiminor axis of ellipsoidal micelle.  µ is the cosine 
of the angle between the direction of major axis and 
the wave vector transfer Q.  S(Q) is the interparticle 
structure factor. S(Q) specifies the correlation 
between the centers of different micelles and it is the 
Fourier transform of the radial distribution function 
g(r) for the mass centers of the micelle. In the 
analysis, S(Q) has been calculated by using mean 
spherical approximation as developed by Hayter and 
Penfold [20]. In this approximation micelle is 
assumed to be a rigid equivalent sphere of diameter  
σ =2(ab2)1/3 interacting through a screened Coulomb 
potential. The fractional charge α(=z/N, where z is 
the micellar charge) is an additional parameter in the 
calculation of S(Q). For calculation of the 
composition of mixed micelles, Clint theory of ideal 
mixing of surfactant components has been used [21]. 
In this theory, the mixed CMC (Cm), unaggregate 
monomer concentrations (C1

m and C2
m ) and the mole 

fraction (x1) of the component 1 in mixed micelle are 
given by

where τ is the mole fraction of the surfactant 1 in the 
total mixed solute.  C1

m and C2
m are the CMC's of 

pure surfactants 1 and 2. The aggregation number 
(N), fractional charge (α) and semiminor axis (b=c) 
are the parameters in analysis of SANS data in terms 
of equation (1). The semi major axis is calculated by 
the relation a=3v/4πb2.

4.   Results And Discussion

4.1.  Single Component Micellar Solution

<F2(Q)>=∫ 10 [F(Q,µ)]2dµ   (4

(5)

(6)

(7)

(8)

)

x=Q[ a2µ+b2(1-µ2)]1/2

1
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Fig. 1: SANS distribution for the 0.2M micellar 
solution of surfactants with same head group but 
different chain lengths.

Fig. 2: SANS distribution from mixed micellar 
solution (0.1MCTAB+0.1MDTAB) and compare with 
pure 0.2MCTAB and 0.2MDTAB micellar solution.

Fig. 3: SANS distribution from mixed micellar 
solution (0.1MCTAB+0.1MTTAB) and compare with 
pure 0.2MCTAB and 0.2MtTAB micellar solution.

Fig. 4: SANS distribution from mixed micellar 
solution.

Table-1.  Surfactants with same head group but different chains lengths.

      π  
        
        
        

That is, micelles of CTAB are larger than micelles of 
TTAB and DTAB.
The various structural   parameters as obtained from 
detailed data analysis are given in Table 1. It is seen 
that micelles are ellipsoidal in all the cases. The 
values of semiminor axis for CTAB, TTAB and 
DTAB are 21, 18 and 15 Å, respectively. It may be 

no ted  tha t  these  va lues  a re  smal l e r  than  the  
corresponding extended length of the surfactant 
molecules. The aggregation number also decreases in 
the same order. This is due to decrease in the surface 
area of the micelles with the decrease in length of the 

SANS distributions from micellar solutions of 
different chain length surfactants 0.2M CTAB 
(m=16), 0.2M TTAB (m=14) and 0.2MDTAB 
(m=12) are shown in Fig. 1. Each distribution shows 
a well-defined peak. The fact that peak position Qm 
(0.048 Å-1) is different at the same surfactant 
concentration in CTAB, TTAB and DTAB shows that

micelle sizes are different in these systems. The 
observed values of Qm, as one decreases the length of 
the surfactant molecules for a fixed concentrations, 
suggest that the number density of CTAB micelles is 
smaller than those of TTAB and DTAB micelles. 
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surfactant molecule as there is less space for the 
number of head groups to occupy.  However, the 
fractional charge on the micelle increases as one  
goes from CTAB to DTAB. The value of fractional  
charge for DTAB is the largest because of the higher 
dissociation of surfactant molecules.  

4.2. Mixed Micelles: Effect of Chain Length

Fig. 2 shows the SANS distribution from mixed 
micellar solution of (0.1MCTAB+0.1MDTAB). The 
SANS patterns from the pure components micellar 
solutions 0.2M CTAB and 0.2M DTAB are also plo-
tted in the figure. In all these three micellar solutions, 

total number of surfactant molecules is same. It is 
observed that two components micellar solution 
(0.1M CTAB+0.1M DTAB) s imilar  to  s ingle  
component micellar solutions, shows a single peak, 
which is expected if all the micelles are identical in 
composition. The intensity and the position of the 
peak for above mixed micellar solution lies in 
between those of pure components, namely 0.2M 
CTAB and 0.2M DTAB. The micellar parameters for 
these systems are given in Table 2. It is found that 
size, aggregation number and fractional charge of the 
m i x e d  s y s t e m  a r e  i n  b e t w e e n  t h a t  o f  s i n g l e  
components.

The value of semi minor axis 18Å for (0.1MCTAB 
+0.1M DTAB) micelles is in between 21 Å and 15 Å 
for 0.2M CTAB and 0.2M DTAB respectively. The 
semi minor axis is usually decided by the length of 
the surfactant molecule. The variation in semiminor 
axis thus suggests that in mixed micelles of two 
different chain length surfactants while the shorter 
chain length surfactant has a tendency to stretch, the 
larger chain length surfactant folds to pack inside the 
micelles. The aggregation number of the mixed 
micelles has been found to be closer to the one 
consisting of short chains as compared to the one 
containing longer chains.

The effect of variation in chain  length of mixing 
surfactants on the structural parameters of CTAB 
micelles is given in Fig. 2 (0.2M CTAB, 0.1M CTAB 
+0 .1M DTAB,  0 .2MDTAB) ,  F ig .  3 (0 .2M CTAB,  
0.1MCTAB + 0.1MTTAB,  0.2MTTAB), Fig. 4 ( 0.1M 
CTAB+0.1M TTAB,  0.1M CTAB+0.1M DTAB,  0.1M 
TTAB+0.1M DTAB. The shifting of peak position 
towards lower Q for all four figures (Figs. 1 to 4) 
shows that micellar size increases on increasing the 
chain length of mixing surfactants. The aggregation 
number increases as the chain length of mixing 
surfactant is increased as shown in Table 2.
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Table-2. The values of various parameters for mixed micellar solutions of surfactants with same head group 
but different chains lengths.

(a) [0.1M CTAB+0.1MDTAB) compared with 0.2 CTAB and 0.2M DTAB.
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5. Conclusions

The structural information (shape, size, aggregation 
number, micellar charge) about alkytrimethylam-
monium bromide (CmH2m+1N

+(CH3)3Br- micelles has 
been obtained for DTAB(m=12), TTAB(m=14) and 
CTAB(m=16) using SANS technique. It is observed 
that two components micellar solution namely (0.1M 
CTAB+0.1M DTAB) similar to single component 
micellar solutions, shows a single peak, which is 
expected if all the micelles are identical in compo-
sition. The intensity and the position of the peak for 
above mixed micellar solution lies in between those 
of pure components, namely 0.2M CTAB and 0.2M 
DTAB.  It is found that size, aggregation number and 
fractional charge of the mixed system are in between 
that of single components. It is seen that micelles are 
ellipsoidal in all cases. The minor axis of micelle 
increases  with  increase  in  surfactant  length.  
However, the major axis and aggregation number 
depend both on molecular length and the head group 
size.
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