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Density Fluctuations in a Binary Solution 

• A binary liquid approaching its binodal temperature will gradually separate 
into regions of constituent substances that have fluctuating size and shape. 
 

• This results in density fluctuations within the system.  
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However, the density of the entire system is unchanged.
Density fluctuations have nothing to do with two differing densities between the species



Critical Casimir Force on Colloidal Systems 

• Near the system’s binodal temperature, critical 
Casimir force affects the interaction between 
colloidal particles, forming a “structure.” 
 

• The interaction is predicted to be based on 
density fluctuations in the binary solvent near 
the binodal temperature. This affects the 
interaction and solution stability. 
 

• Far from the binodal temperature the critical 
Casimir force should be negligible.  
 

• Thus, the critical Casimir force is the attractive 
force between colloidal particles induced by 
density fluctuations in the solvent 
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Hertlein, C., L. Helden, A. Gambassi, S. Dietrich, and C. Bechinger. "Direct Measurement of Critical Casimir Forces." Letters 451 
(2008): 172-75. Nature.com. Nature Publishing Group, 10 Jan. 2008. Web. 31 May 2013. 

 



Critical Casimir Force is Different from the Casimir Effect 

• The Casimir Effect is a small 
attractive force acting between 
two “close” parallel uncharged 
conducting plates in vacuum due 
to quantum vacuum fluctuations. 
 

• The distance between the plates 
is smaller than the correlation 
length of vacuum fluctuations, so 
there is attraction between the 
plates. 
 

Gibbs, Philip, and Don Koks. "What Is the Casimir Effect?" The Casimir Effect. N.p., 27 May 2009. Web. 02 Aug. 2013. 
<http://math.ucr.edu/home/baez/physics/Quantum/casimir.html>. 

Image:  http://en.wikipedia.org/wiki/Casimir_effect 
 

 

Presenter
Presentation Notes
The Casimir force we focus on is different from the casimir effect which is the attractive force acting between….

Transition:  talk about the critical force again, how one is due to density and one due to vacuum



Use of Lutidine/Water Binary Solution 

• Lutidine has 𝜌𝜌 = 0.92 𝑔𝑔/𝑐𝑐𝑐𝑐3 
 

• Lutidine is chemically stable in water. 
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Lutidine is chemically stable.




Determining the Phase Diagram of Solvent 

• Due to density fluctuating in the 
binary system near the critical 
point, light is strongly scattered, 
resulting in critical opalescence. 
 

• The critical point was 
determined using Ultraviolet-
visible spectroscopy. UV-Vis 
spectroscopy measures the 
absorption or reflection of a 
beam of light after it passes 
through a sample. 
 

• Transmittance changes result 
only from the scattering of light. 
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We knew that dynamic light scattering could help us determine the temperature at which the silica particles aggregated. We used UV-Vis in part to determine whether this procedure could also be used to determine the critical point for our solutions. We found in fact that we preferred the accuracy of this UV-Vis technique.

UV-vis spectroscopy measures the absorption or reflection of a beam of light after it passes through a sample.



Grattoni, Carlos A., Richard A. Dawe, C. Yen Seah, and Jane D. Gray. "Lower Critical Solution Coexistence Curve and Physical Properties 
(Density, Viscosity, Surface Tension, and Interfacial Tension) of 2,6-Lutidine + Water." Journal of Chemical & Engineering Data 
38.4 (1993): 516-19.  
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From the critical points determined for each of the solutions, we can form this low lying critical temperature phase separation curve which is consistent to a reference phase diagram. This was a longer process using UV-Vis as the temperature sweep performed was manual.
Our phase separation curve represents the change from a single phase of lutidine and water to two separate immiscible phases, one which is lutidine rich and the other which is water rich.




Colloidal Nanoparticles 

• Silica colloidal particles in 
Water/Lutidine solvent have been 
used as model systems to study 
critical Casimir force for the past 
few decades.  
 

• Ludox is a 50 mass fraction 
suspension of SiO2 in H2O. 
 

• Silica Nanoparticles in Ludox have 
d ≈ 30 nm 
 

• Stock solution has pH ≈ 10 
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Silica has been used as a model for the past few decades in such things as measuring the force of the particles and being able to manipulate colloidal systems. This model system was considered stable, we also felt this system would be stable in order to study the interaction between the silica particles using SANS.
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We initially kept the samples at 4 degrees celsius because we wanted to keep the solutions stable and we felt that 4 degrees celsius was significantly below the phase diagram we found for the lutidine/water binary solvent.

We were surprised because these solutions were thought to be widely stable and should not separate at a temperature so far below the lutidine/water phase separation curve.



Addition of Silica to Binary Solution 

• Below are solutions of 15% colloidal silica with increasing Lutidine/Water 
concentrations from left to right  

• These gelled at 4°C, the temperature at which they were stored 
immediately following preparation.  
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The entire solution does not gel, but gellation does not by sight appear to be linear. We did wonder whether it was due to the lutidine concentration of the solution. So we wanted to determine if this occurred at room temperature as well. 



Procedure Dependent Gellation 

• When we store the solutions at room temperature, after one day only the 
solutions ≥ 29% Lutidine phase separated and/or gelled. 
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Procedure Dependent Gellation 

• When the 15% silica solutions kept at room temperature were then placed 
into the 4 °C fridge, they remained in one phase and did not show any 
gellation. 
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We then wanted to see if this aggregation is reversible, so we then looked into using small angle neutron scattering (change slide).



Small Angle Neutron Scattering 

• From SANS we obtain the 1D 
scattered neutron intensity 
distribution given as I(Q) 

𝑄𝑄 = 4𝜋𝜋
sin(  𝜃𝜃2 )

λ
 = scattering vector 

Hammouda, Boualem. "Small-Angle Neutron Scattering (SANS)." Small Angle Neutron Scattering at the NCNR. NIST Center for 
Neutron Research, 29 Aug. 2012. Web. 01 Aug. 2013. <http://www.ncnr.nist.gov/programs/sans/index.html>. 

 

Aged 0.1% Silica & 29% Lutidine sample  



Small Angle Neutron Scattering Analysis 

𝐼𝐼 𝑄𝑄 = 𝐴𝐴 × 𝑃𝑃 𝑄𝑄 × S(Q) 
 
A:  contrast term  
P(Q):  normalized form factor (intra-particle structure factor) 
S(Q):  Inter-particle structure factor determined by inter-particle potential 
 
At dilute concentrations, S(Q)≈1, therefore, 𝐼𝐼 𝑄𝑄 = 𝐴𝐴 × 𝑃𝑃 𝑄𝑄  
 
Radius of gyration, 𝑅𝑅𝐺𝐺:  at low Q 

𝐼𝐼 𝑄𝑄 = 𝐴𝐴 𝑒𝑒𝑒𝑒𝑒𝑒(−
1
3
𝑅𝑅𝐺𝐺2  𝑄𝑄2) 

Hammouda, Boualem. "Small-Angle Neutron Scattering (SANS)." Small Angle Neutron Scattering at the NCNR. NIST Center for 
Neutron Research, 29 Aug. 2012. Web. 01 Aug. 2013. <http://www.ncnr.nist.gov/programs/sans/index.html>. 

 



Radius of Gyration Determination 

Radius of gyration, 𝑅𝑅𝐺𝐺:  approximate size of the scattering object 
• In our case the scattering object is a silica particle cluster 

This is the aged 0.1% Silica 
and 29% Lutidine sample.  

𝐼𝐼 𝑄𝑄 = 𝐴𝐴 𝑒𝑒𝑒𝑒𝑒𝑒(−
1
3
𝑅𝑅𝐺𝐺2  𝑄𝑄2) 

  

Smith, Julius O., III. "Radius of Gyration." Physical Audio Signal Processing. Center for Computer Research in Music and Acoustics, 
Stanford University, 18 May 2013. Web. 02 Aug. 2013. <https://ccrma.stanford.edu/~jos/pasp/Radius_Gyration.html>. 
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Specifically the radius of gyration is the distance from the axis that all mas b
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The “aged” samples were dilutions of previous 15% silica solutions that we were able to redissolve through physical means. Thus these three aged samples should chemically be the same as the samples that always had low silica concentrations. However, even though the samples were redissolved some aggregates were still formed. Thus, we couldn’t fully break the gel.



pH Affect of Aggregation 

• SiO2 nanoparticles have pH ≈ 10. 
 

• It has been shown that at near neutral pH ≈ 7 the silica will experience 
natural aggregation. 
 

• The pH value of our solutions is  ≈ 10.15. 
 

• Gellation is not due to natural aggregation of silica particles, but due to 
the interaction of the silica particles with the Lutidine in solution. 
 
 

Cook, Kevin T., Kwadwo E. Tettey, Robert M. Bunch, Daeyeon Lee, and Adam J. Nolte. "One-Step Index-Tunable Antireflection 
Coatings from Aggregated Silica Nanoparticles." ACS Applied Materials & Interfaces 4.12 (2012): 6426-431.  
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The nanoparticles experience natural aggregation at a pH of 7 due to the silica alone.



Research Implications and Future Goals 

• The gellation of the concentrated colloidal silica solutions is procedure 
dependent. It is likely due to a chemical reaction. 
 

• Similar systems used by previous researchers could have their stability 
compromised above a certain silica concentration and temperature. No 
one has yet reported chemical reactions in this model system and their 
effect when studying critical Casimir force. 
 

• Further utilize dynamic light scattering and small angle neutron scattering 
(SANS) to determine the scattering patterns of the colloidal particles to 
better determine the transition temperature and nature of interaction. 
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Thus, scientists would have to be careful when drawing conclusions about critical Casimir force using colloidal silica systems.

I do have preliminary DLS data, however we are not confident about the results as we didn’t have time to correct the hydrodynamic radiuses found with viscosity.
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