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Cosmetic Formulation with DWS Microrheology  

Optical microrheological techniques are gaining increasing interest as a technique of choice to extend 
the frequency range to high frequencies and gain insight into the rheology and dynamics of wormlike 
micelles and other complex fluids systems [1, 2-8]. It has been shown [9] that the high frequency 
response of entangled wormlike micelle can be utilized to extract out some of the key microstructural 
parameters of wormlike micelles such as the persistence length and contour length. In this study, 
Diffusing Wave Spectroscopy (DWS) is utilized to explore the evolution in the wormlike micellar 
structure in sodium laureth sulfate (SLES) / cocamidopropyl betaine (CAPB) system as a rhamnolipid 
biosurfactant (mono/di-rhamnolipids mixture, CCB) is introduced. A systematic evaluation of the 
evolution of the rheology and dynamics is explored on changing the surfactant to biosurfactant ratio, 
and changing formulation conditions, such as rhamnolipids concentration, salt concentration, and pH 
values. The primary goal of this study is to provide some formulation guidance on rheology impacts 
and modification for the cosmetic and personal care industry. 

 

Sample Preparation and Measurements 

All samples were prepared with 1wt% polystyrene 
tracer particles with 500 nm diameter. 2 mm thickness 
cuvettes were used to ensure sufficient scattering. All 
samples were evaluated using DWS at 25°C in 
transmission mode using the DWS RheoLab.      

 

Effect of Ratio 

The effect of ratio is evaluated by increasing wt% of 
rhamnolipids while keeping salt and pH the same for all 
testing samples. All samples were prepared with 16 
wt% total surfactant concentration with 2 wt% sodium 
chloride and 82 wt% deionized water. Different ratio of 
SLES, CAPB, and rhamnolipids were prepared in glass 
vials with additional deionized water and 2 wt% 
sodium chloride. Detailed compositions for each of the 
systems are shown in table 1. Then mixed with the 
surfactant by gently rolling the container on a flat 
surface. After resting for 24 hours at 25°C, the pH 
values of the samples were adjusted to 7.47 for all the 
samples below.  

 

 SLES 
(wt%) 

CAPB  
(wt%) 

CCB  
(wt%) 

Sodium 
Chloride 
(wt%) 

DI 
water 
(wt%) 

Sample 1 16 0 0 2 82 

Sample 2 14 2 0 2 82 

Sample 3 12 2 2 2 82 

Sample 4 10 2 4 2 82 

 

Table 1: Samples composition where the total surfactant is fixed 
at 16 wt%. 

 

Effect of Adding Salt  

For evaluating the effect of sodium chloride 
concentration, the amount of sodium chloride that was 
added to the sample was varied from 2 wt% to 10 wt%. 
The ratio of the SLES, CAPB, and CCB were maintained 
at 10 wt%, 2 wt%, and 4wt% which makes the total 
surfactant concentration of 16 wt% for all samples. 
When sodium chloride concentration exceeds 5%, 
SLES/CAPB/CCB samples starts to phase separate. 
Therefore, no DWS data was collected for samples with 
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sodium chloride concentration higher than 5 wt%.     
 

Effect of pH 

Sample 4 (SLES 10wt%, CAPB 2wt%, CCB4%) was 
also used in the study of pH. Sodium Chloride was kept 
constant at 2 wt% for all samples. The pH was adjusted 
to the desired value using citric acid and the pH value 
of each sample was tested by a semi-micro pH meter.  

 

Results and Discussion 

Effect of Ratio 

Figure 1 shows Maxwellian type response in SLES, 
SLES/CAPB and SLES/CAPB/CCB system. However, 
much weaker entanglement and potential shortening of 
micelles seems to be taking place on addition of CCB. 
As shown in the table below, the SLES/CAPB system 
formed long wormlike micelle with a contour length of 
445.8 nm, and the short entanglement length 𝑙𝑒 and 
persistence length 𝑙𝑝 indicated the high degree of 
entanglement and flexibility of the wormlike micelle. 
With 2 wt% addition of CCB, contour length 𝐿̅ of the 
wormlike micelle reduced to about 20% of its original 
length while the persistence length did not decrease 
significantly. This indicates the long flexible wormlike 
micelles in SLES/CAPB morphed into shorter, rigid rods. 
This structure change is potentially the fundamental 
reason for the rheological phenomenon we observed in 
SLES/CAPB/CCB systems, which is a reduction in 
viscosity with increasing CCB addition. 

 

 
Figure 1: Microrheological responses for sample 1,2 and 3 over 
the entire frequency. Table shows size data extracted from the 
high frequency G’, G” result, where 𝑳̅ is the contour length, 𝒍𝒆 is 
the entanglement length and 𝒍𝒑 is the persistence length of the 

wormlike micelle. 

 

Effect of Adding Salt 

The loss of viscosity on addition of CCB is not favorable 
for personal care products. One of the most common 
methods to rebuild system viscosity is by adding salts 
such as sodium chloride to the system, since sodium 
chloride tends to screen charges between surfactant 
head groups and further promotes the growth of 
wormlike micelles. In this manner viscosity of the 
SLES/CAPB/CCB can be built up to a certain extent. 
However, viscosity decreases significantly when salt 
concentration ≥ 4 wt%. This is possibly due to 
shortening of the micelles or branching. The structural 
parameters extracted from the DWS in table 2 
corresponded to the viscosity change in the system. 
When salt concentration is 4 wt%, contour length of the 
micelles is the longest whereas the entanglement 
length and persistence length is in relation shorter than 
for other samples. A decrease of micellar contour length 
was found when salt concentration becomes greater 
than 4 wt%. Persistence length also increases in this 
case. These data indicate the potential shortening of 
the micelles with higher rigidity. 

 

 

  

   

    

     

                            

 
  
 
  
  

 
 

                         

          

          

                 

                 

                       

                       

 𝐿̅(nm) 𝑙𝑒(nm) 𝑙𝑝(nm) 

Sample 1 445.8 23.26 22.8 

Sample 2 94.83 27.63 18.15 

Sample 3 88.37 50.91 20.1 
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Table 2: Salt effect on the SLES/CAPB/CCB system’s contour 
length, entanglement length and persistence length.  

 

Effect of pH 

In the same SLES/CAPB/CCB system, pH impacts the 
system’s rheological response significantly. Due to the 
zwitterionic nature of CAPB, it become more cationic at 
lower pH while rhamnolipids become more nonionic. 
SLES still maintains its anionic nature at low pH and this 
promotes the interaction between CAPB and SLES. At 
lower pH, overall loss and storage modulus exhibits 
higher values while longer relaxation times were 
observed. Increase in micelles contour length under 
lower pH conditions was confirmed by the DWS data.   

 

 

 
Figure 2: pH influence on the 10wt% SLES, 2wt% CAPB and 4wt% 

CCB system where salt concentration is fixed at 2wt%. Table 

shows size data for the surfactant system at different pH value. 

 

Conclusions 

This preliminary rheological and microstructure study of 
the complex biosurfactant/surfactants ternary system 
utilized DWS microrheology to reveal the effect of 
formulation conditions on the mixtures rheological 
responses. This unique characterization technique 
extended the frequency range which enables us to 
extract key microstructural parameters of wormlike 
micelles. All measurements were conducted with a 
DWS RheoLab. A more comprehensive account of this 
study has been published in reference [1].   
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