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Abstract

Fig. 5 (a) Logarithmic slopes 𝛼𝛼𝑥𝑥 and 𝛼𝛼𝑦𝑦, (b) viscosity 𝜂𝜂 measured in the 𝑦𝑦-direction8, (c) particle 
velocity 𝑢𝑢𝑥𝑥 measured in the 𝑥𝑥-direction, and (d) Péclet  number 𝑃𝑃𝑃𝑃 are plotted against glycerol 
concentration for data taken in ground and microgravity conditions. Error bars represent the 
standard deviation between three experiments. 

(a) liquid state ––
Future Directions

The reproducible interfacial properties of PNIPAm show promise for incorporating it as a 
controllable component of more complex systems for particle separation. Extending this 
approach to different particle types and biological fluids may enable tunable thermal-gradient 
driven particle focusing and separation techniques.

(a) liquid state ––
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Thermoresponsive polymers such as poly(N-isopropylacrylamide) (PNIPAm) have potential for 
temperature-controlled particle separation techniques. Above its lower critical solution temperature 
(LCST) of ~34°C, PNIPAm shrinks, expels water, and forms polymer-rich domains that restrict particle 
motion. While bulk PNIPAm phase behavior is well characterized, local rheology during phase 
separation is poorly understood. We apply a one-dimensional thermal gradient to PNIPAm solutions and 
use 2D multiple particle tracking microrheology to characterize particle motion across the resulting 
phase-separated interface. In a thermal gradient, particle displacements show distinct slow and fast 
populations corresponding to polymer-rich and solvent-rich regions, respectively. Across PNIPAm 
concentrations, the spatial distribution of populations, apparent viscosity, local heterogeneity, and 
particle velocity remain consistent, indicating reproducible microscale properties across the phase-
separated interface. In microgravity conditions, we measure rapid particle localization at the hot side. In 
ground conditions, buoyancy-driven recirculation drives continuous flow toward the interface. These 
results characterize particle transport in thermoresponsive systems and inform design of thermal-
gradient-driven separation using thermoresponsive materials as a tunable component.

Rheology of the Interfacial Region is Reproducible 
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Particles Rapidly Localize in Microgravity Conditions

𝑢𝑢𝑟𝑟 =
𝜌𝜌𝜌𝜌𝜌𝜌Δ𝑇𝑇𝐻𝐻3

6𝜂𝜂𝜂𝜂

100 𝜇𝜇𝜇𝜇

Recirculation 
always occurs 
in a thermal 

gradient under 
gravity with a 
characteristic 

velocity:Distinct Particle Populations Form in a Thermal Gradient 

𝑇𝑇 = 35℃

𝛼𝛼𝑦𝑦 > 1

𝛼𝛼𝑦𝑦 = 1

0 < 𝛼𝛼𝑦𝑦 < 1

𝛼𝛼𝑦𝑦 → 0

75 𝑚𝑚𝑚𝑚

UV-curable epoxy

Glass capillary

Sample chamber schematic

Bergé, P., & Dubois, M., Contemp. Phys., 1984, 25(6), 535-582.

Experimental setup for multiple 
particle tracking microrheology 
with an applied thermal gradient 
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Spatially mapped particle population 
profiles in 10 𝑤𝑤𝑤𝑤𝑤 PNIPAm

(a) liquid state

Thermoresponsive Polymers for Optimized Particle Separation

Characterizing particle transport and local rheology in a thermal gradient informs the 
design of thermal-gradient driven particle separation methods. In this work, we vary:

• Temperature: ∇𝑇𝑇 vs. uniform 𝑇𝑇
• PNIPAm concentration: 𝐶𝐶/𝐶𝐶∗, where overlap concentration 𝐶𝐶∗ = 2.5 𝑤𝑤𝑤𝑤𝑤

• Gravity: ground vs. microgravity conditions
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10 𝑤𝑤𝑤𝑤𝑤 PNIPAm in a glass capillary 
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In a 1D thermal gradient:
• 𝑥𝑥-direction: transport velocity

• 𝑦𝑦-direction: local rheology
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1D MSDs in the 𝑥𝑥- and 𝑦𝑦-directions, Δ𝑥𝑥2(𝜏𝜏)  
and Δ𝑦𝑦2(𝜏𝜏) , for particle populations in 

10 𝑤𝑤𝑤𝑤% PNIPAm at ∇𝑇𝑇 = 0.01 𝐾𝐾/𝜇𝜇𝜇𝜇

Color-coded particle trajectory 
maps in 10 𝑤𝑤𝑤𝑤% PNIPAm
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Microscope scan along the capillary in microgravity conditions in 5 𝑤𝑤𝑤𝑤𝑤 PNIPAm
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Particle population profiles and 
measurement temperature, 𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 

𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎 is estimated from experimental 
temperature measurements mapped to the 

corresponding measurement location

Non-Gaussian parameter, 𝛼𝛼𝑁𝑁𝑁𝑁,𝑦𝑦,  
and apparent viscosity, 𝜂𝜂𝑎𝑎𝑎𝑎𝑎𝑎
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