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Nanocrystalline metals exhibit remarkable mechanical properties relative to their coarse-
grained counterparts, including high strength, high hardness and an enhanced ability to 
deform superplastically. Despite this fact, an understanding of the physical mechanisms 
responsible for these basic properties remains elusive. Based on abundant indirect 
evidence and physical insight from molecular dynamics simulations, it has been largely 
accepted that with the decrease of grain size, a crossover regime exists, where the 
deformation mechanism of nanocrystalline materials will change continuously from 
dislocation nucleation and motion to grain boundary (GB) mediated plasticity, i.e. from 
an intragranular process to an intergranular one. However, to date no conclusive direct 
experimental evidence for the operation of non-dislocation based plasticity mechanism 
has been detected.  
Here we show by solving the challenging problems encountered in previous studies, in 
situ dynamics dark-field transmission electron microscopy (DFTEM) has been done 
successfully which reveal conclusive experimental evidence that GB mediated plasticity, 
such as grain boundary sliding and grain rotation, become a prominent deformation mode 
for as-deposited Ni with an average grain size of about 10 nm [Fig. 1]. Moreover, no 
deformation twins were found in grains that are still in a strained state. Theoretical 
analysis suggested that the deformation mechanism crossover resulted from the 
competition between the deformation controlled by nucleation and motion of dislocations 
and the deformation controlled by GB related deformation accommodated mainly by GB 
diffusion with decreasing grain size [1, 2] 

We have also used nano-beam electron diffraction in the TEM to study the behavior of 
individual grains in nanocrystalline Ni during deformation under low local strain rate 
conditions. Direct measurement of lattice distortions during straining reveals that grain 
interiors may experience ultra-high elastic distortions during tensile deformation. These 
observations allow us to critically evaluate two highly cited models, which predict a 
critical grain size below which dislocation pile up or multiplication cease operation.  We 
find that only the dislocation multiplication model can reasonably predict this critical 
grain size.  Based on our application on dislocation multiplication model, we find the 
critical grain size in nickel to lie between 3.4~10.5 nm, depending on the type of 
dislocation [3]. This agrees with our observations surprisingly well [4].  
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Figure1. DFTEM observation depicted the evolution of the newly grown agglomerate 
immediately following the image sequence shown in figure 3 of reference [1]. (A) t=0.6s; 
(B) t=1.1s, a small notch begins to emerge on the middle left of the agglomerate.  (C) 
t=1.6s, the lower left corner of the agglomerate lost its contrast gradually. (D) t=1.63s, 
the lower left corner presented itself again in a sudden manner, which indicates sudden 
grain rotation. (E) t=2.6s, the agglomerate appears to split into two elongated parts. (F) 
t=7.2s, the evolution of the agglomerate has all but stopped since t=2.6s, as a state of 
equilibrium is approached. 
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