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INTRODUCTION 
My primary research focus is on the behavior of partially-miscible liquid-liquid mixtures, which 
my students and I study using lasers and other instrumentation.  Some pairs of liquid mixtures 
combine in all proportions, like ethanol and water; other pairs, like oil and water, mix only a 
little bit, and usually separate into two distinct layers, or phases.  In my laboratory, my students 
and I study the in-between behavior: pairs of liquids that mix in all proportions above a certain 
temperature, but separate into two layers for certain compositions below this temperature.  We 
use laser light scattering to make a map of the one-phase / two-phase behavior.  The map is 
called a phase diagram, and the boundary dividing the one-phase / two-phase behavior is known 
as the coexistence curve.  The maximum temperature reached by the coexistence curve is called 
the critical point, and strange and beautiful physical behavior occurs in its immediate vicinity.  
Our three-fold objectives are to (i) correlate the observed macroscopic behavior with 
microscopic solvation dynamics, (ii) study the unique behavior that occurs near the critical point, 
and (iii) examine how the addition of a third component to the system alters the phase diagram. 
 
 
ASSIGNMENT 

1) Skim through the following three articles: Dean et al., J. Chem. Phys. 133, 074506 
(2010), Dean and Williamson, J. Chem. Eng. Data, 56(4), 1433-1437 (2011), and 
Williamson et al., Phys. Rev. E, 93, 042610 (2016).  Prof. Williamson will provide 
you with these articles upon your request. 

2) In one to two pages, summarize how a liquid-liquid phase diagram is measured using 
laser light scattering.  A figure might aid your discussion. 

3) Some interesting temperature-dependent aggregation properties were reported some time 
back when researchers added silica particles to different mixtures of the partially-
miscible water + 2,6-lutidine (2,6-dimethylpyridine) system.  We may have an 
explanation for these properties, but we need to measure the phase diagram for 
ourselves (without the silica particles).  Do a brief search of the literature to find 



phase diagram data for the water + 2,6-lutidine system and prepare a graph of the data 
in terms of mole fraction 2,6-lutidine.  What are the critical composition and critical 
temperature of this system? 
You may try finding the phase diagram data via Google, SciFinder Scholar, or a book 
we have in our library: J. M. Sørensen, Liquid-Liquid Equilibrium Data Collection 
(QD503.S67).  Please do not check this book out because others will need to refer to 
it too.  I will certainly help you if you have difficulty finding the phase diagram. 

4) Summarize all of the relevant chemical, physical, and practical properties of the water + 
2,6-lutidine system.  These include cost, supplier, toxicity, molar mass, formula, 
molecular structure, melting point, boiling point, refractive index, and density.  A 
table is a beautiful thing…  As a point of reference, we typically require 50 mL of 
each component to make samples. 
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