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XPCS studies of shear-induced rejuvenation and
nano-plasticity in soft glassy materials
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We present x-ray photon correlation spectroscopy experiments on a set of soft glassy solids, including concen-
trated nanocolloidal gels, nanoemulsions, and Laponite clay suspensions, subject to in-situ oscillatory shear
strain that provide insight into particle rearrangements above yielding at the nanometer scale and their con-
nection to dynamical and mechanical behaviour of the materials. The oscillatory strain causes periodic echoes
in the x-ray speckle pattern, creating peaks in the intensity autocorrelation function. The peak amplitudes
are attenuated above a threshold strain, signalling the onset of irreversible particle rearrangements. These
materials generally exhibit macroscopic strain softening (as measured by mechanical rheometry) well below
the XPCS peak attenuation threshold, indicating a range of strains at which deformations are nonlinear but
reversible. In the gels, the peak amplitudes decay exponentially with the number of shear cycles above the
threshold strain, demonstrating that all regions in the sample are equally susceptible to yielding and sur-
prisingly that the probability of a region yielding is independent of previous shear history. However, in the
Laponite clay suspensions, which exhibit characteristic mechanical aging behaviour during gelation, atten-
uation of echoes in he x-ray speckle pattern can be long lived for modest strain amplitudes, a hallmark of
mechanical rejuvenation phenomena.
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