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Continuous shear thickening due to clusters

X Cheng, ) McCoy, J Israelachvili, | Cohen - Science, 2011



John's talk...
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Hydro (symmetric)

YCLin, B Guy, M Hermes, W Poon, C Ness, J Sun, | Cohen — PRL, 2015



YCLin, Chris Ness, M Cates, J Sun, | Cohen - PNAS, 2016



Repulsion, contact, friction & all that...
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“Why should one wish to make measurements with ever increasing precision?

Because the whole history of physics proves that a new discovery is likely to
be found lurking in the next decimal place.”
(Floyd K. Richtmyer, 1931)



“Why should one wish to make measurements with ever increasing precision?

Because everyone has solved everything so I'm going to need to work harder.”
(Itai Cohen, 2017)






Brownian stress
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JG Kirkwood, J Chem Phys (1950)
JF Brady, J Chem Phys (1993)
DR Foss & JF Brady, JFM (2000)
C Gao etal, PRE (2010)

X Cheng etal, Science (2011)



1um silica in water/glycerol J

Neil Lin, Matt Bierbaum,
James Sethna, Peter Schall



Colliding neighbors

Step 2
Average stress snapshots over time
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Apply to crystals, liquids and glasses
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Simulation

Position ri(2a)



Simulation
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N Lin*, M Bierbaum?¥*, J Sethna, | Cohen — Nature Materials, 2016
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iquids: “The noise is the signal”

Rolf Landauer

Green-Kubo relation
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+ Rheometry 1.~ Ny

¢ BD simulations (stress)

¢ BD simulations (anisotropy)
o ASD simulations
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What about high

System no longer in equilibrium
Local stresses vary
SALSA still applies
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But... accurately locating all particles is a problem

Current techniques: centroid location, o, ~ 100 nm,
no R measurement, missing particles



Robert Brown Jean Claude Eugene Péclet






Images are complicated
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Aside: comparison to other methods
Build a fake image...

Platonic




Perfect Pixelated Image
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Adjacent Particle Bias
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aggregation barrier
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—— EDL interaction potential W,(D)
— VdW interaction potential W_(D)
— total interaction potential W,,,(D)

distance
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Back to Kirkwood

Sum the force contributions









Experimental details

Hji‘ '

| Aﬁ{ka 1.;31 ‘! 1}

—— Force
Circular
Plate Measurement / _ﬁ.
attached Device Y / —
to Piezo

Top Plate
Qil Trap
X

Sample Bottom Plate Z

Microscope

Silica spheres in 80-20
glycerol-water — index
matched

Volume fraction = 0.52

Strain

Oscillatory Shear
Frequency 1Hz

Constant Shear amplitude e

Time (s)

Stress



20

10
Normalized Gap h/2a

-

N - © © « « O
b e = O D
jing
| l]/|b] Aysoosip aAneleY




Viscosity of buckled phase
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Sharp increase at extreme confinement
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How do they evolve under shear?

Stay tuned...
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“You can observe a lot by watching” v gerra

Papers: structure to rheology

. Imaging the microscopic structure of shear thinning and thickening
colloidal suspensions
X Cheng et al. Science (2011)

. Assembly of vorticity aligned hard-sphere colloidal strings
X Cheng et al. PNAS (2012)

. Enhancing Rotational Diffusion Using Oscillatory Shear
BD Leahy et al. PRL (2013)

. Biaxial shear of confined colloidal hard spheres
YC Lin et al. Soft Matter (2014)

. A multi-axis confocal rheoscope
¥YC Lin et al. Rev Sci. Inst. (2014)

. The effect of shear flow on the rotational diffusion of a single
axisymmetric particle
BD Leahy et al. JFM (2015)

. Hydrodynamic and Contact Contributions to Continuous Shear
Thickening in Colloidal Suspensions
YC Lin et al. PRL (2015)

. Stress Assessment from Local Structural Anisotropy (SALSA) YC
¥YCLin et al. Nature Materials (2016)

. Tunable shear thickening
YCLinetal. PNAS (2016)

. Maximum Resolution Microscopy (MRM)
MK Biertaum et al. FRX(2017) Thanks: Gareth Mckinley, John Brady,

. Determining Viscosities UUsing the Green-Kubo Relation Don Koch. Roseanna Zia. Heinrich
YC Lin et al. PRL (2017) ’. ’
Jaeger, Eric Brown, and the Cohen
. How confinement induced structures alter viscosity contributions

M Ramaswamy et al. PRX (2017) group.
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