
1 
 

Supporting Information 

Rheological study of nanoemulsions with repulsive and attractive interdroplet 

interactions 

Zahra Abbasian Chaleshtari a and Reza Foudazi b* 

a Department of Chemical and Materials Engineering, New Mexico State University, Las Cruces, NM, USA 

b School of Sustainable Chemical, Biological and Materials Engineering, The University of Oklahoma, Norman, OK, 

USA 

 

 

 

 

Figure S1. Contribution from SDS micelle depletion, VDW and electrostatic repulsion to the overall 

interaction potential of nanoemulsions with different dominant interactions over a volume fractions range. 
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Figure S2. Oscillatory interaction energy for various oil volume fractions of nanoemulsions in three 

different regimes with 𝑈 > 0, 𝑈𝑚𝑖𝑛~ − 𝑘𝑇, and 𝑈𝑚𝑖𝑛~ − 20𝑘𝑇 as a function of interdroplet distance ℎ. 

The 𝑈𝑂𝑆𝐹 is present in ℎ > 𝑑𝑚,𝑒𝑓𝑓 and it is assumed that the patterned region is filled with one layer of 

micelles with effective diameter of  𝑑𝑚,𝑒𝑓𝑓. 𝑑𝑚,𝑒𝑓𝑓 = 𝑑𝑚 + 2𝜅−1 where dm is the SDS micelles diameter (≈ 

4.8 nm).1 
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Figure S3. Complex viscosity of the nanoemulsions at 𝜑 = 35% as a function of frequency. 
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Figure S4. Different stages for constructing a master curve for storage and loss moduli of nanoemulsions 

with different interaction potentials and volume fractions in viscoelastic region: (a1-a2) Frequency 

dependence of scaled storage and loss moduli of the nanoemulsions with repulsive, weakly attractive and 

strongly attractive interactions and 40%-60% volume fraction. The subscripts of r, a, and g for 𝜑 stand for 

repulsive, weakly attractive, and strongly attractive regions (gel), respectfully. The filled symbols are at 

𝜑 = 50%, which is considered as reference for superposition shifts. (b1-b2) Data points shifted 

horizontally with shift factor of 𝛼𝜑,𝑈 (constant for both moduli) and vertically with shift factor 𝛽𝜑,𝑈 for 

storage modulus or 𝛽𝜑,𝑈
′  for loss modulus. (c1-c2) The master curve for storage and loss modulus of 

nanoemulsions with different interaction potentials achieved by a second vertical transition with shift factor 

of 𝛾𝑈  which is constant for both moduli and is only a function of potential energy. 
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Figure S5. Shift factors for transition of storage and loss moduli of nanoemulsions and master curve 

construction. 
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