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may be of great importance on the elastic and viscoplastic
deformation of NC materials.

To verify the conclusion that the geometric constraints
imposed by the B 0 and C structural units affect the effi-
ciency of energy storage during elastic deformation, addi-
tional MD simulations are performed on a R29 (730)
46.4� interface, which, based on energy minimization has
a |B 0B 0C| structure. The evolution of the excess interface
energy for the R29 interface is shown in Fig. 10b in com-
parison with the other boundaries considered in this work.
Clearly, the excess interface energy of the R29 (73 0)
boundary decreases during uniaxial tensile deformation.
Furthermore, the effect of the structural transition on the
interface energy evolution can be identified in Fig. 10b as
a brief increase in the excess quantity between 2 and
3 GPa. Visual inspection of the interface structure during
deformation confirms that the structural transition does
initiate between 2 and 3 GPa; however, the magnitude of
the local variation in the Y-position is not as significant
as that in the R5 (310) interface shown in Fig. 6a.

6. Conclusions

Molecular dynamics simulations are used to study the
elastic response of h1 00i tilt bicrystal copper interfaces
subjected to a uniaxial tensile deformation applied normal
to the boundary. Contributions of this work are summa-
rized as follows:

• An elastic structural transition is observed for all inter-
face models that contain the C structural unit and
occurs once the applied uniaxial stress reaches a critical
threshold value. The atomic rearrangements, which are
associated specifically with tensile deformation, are
characterized by a variation in the Y-position of atoms
that comprise the obtuse end (left side) of the C struc-
tural units along the interface plane. A potentially
related alternating disturbance is observed in the energy
of the atoms that comprise the upper and lower vertices
of the C structural units. The threshold stress required
for the structural transition varies as a function of the
misorientation angle of the interface, reaching a maxi-
mum at the R5 (31 0) boundary. Thus, it is suggested
that the threshold stress required for atomic rearrange-
ment may be related to the inverse density of C struc-
tural units within a given interface period, for
boundaries which obey the structural unit model.
Apparently, atomic motions at the interface during elas-
tic deformation evolve the interface into a position apt
for dislocation nucleation, which in the case of the R5
(310) boundary results in a vertical step (disconnection)
at the intersection of the slip plane and the boundary
[15].

• Molecular dynamics simulations show that the excess
interface energy evolves as a function of the uniaxial ten-
sile stress applied normal to the boundary. The details of
the excess interfacial energy evolution are dependent on

the structure of the interface. Boundaries that are com-
posed entirely of B 0 and C structural units (R5 (210) and
R5 (310) respectively) and boundaries comprised of
both B 0 and C structural units (R29 (730) for example)
show a decrease in the excess interface energy as a func-
tion of the increasing applied tensile stress. Other
boundaries considered in this work (R13 and R17) show
an increase in the excess interface energy evolution,
although in some cases this increase in quite modest.
The observed decrease in the excess interface energy is
a direct indication of the inefficiency of the B 0 and C
structural units to store elastic energy during deforma-
tion. Furthermore, the elastic structural transition
results in a temporary increase in the excess interface
energy at the threshold stress, resulting in a non-mono-
tonic form of the excess interface energy evolution.

These observations have significant impact on (i) rela-
tionships between free energy and interface stress, such as
the Shuttleworth equation, which assume that remotely
applied tractions normal to the interface plane do not con-
tribute to changes in the interface excess quantities and (ii)
models for viscoplastic deformation in NC materials, since
the dislocation emission mechanism is commonly posed a
function of the energy stored within the interface prior to
nucleation. Note that uniaxial tension itself is not abso-
lutely sufficient to illustrate that the excess energy depends
on the applied load normal to the boundary, because dur-
ing uniaxial tension the in-plane surface strains change
(due to Poisson’s effect), which, according to Shuttleworth,
should change the interfacial excess energy. Future work
will focus on the influence of stress and strain constraints
parallel to the interface plane on the evolution of the excess
interface energy and the details of the elastic structural
transition. For example, if lateral constraints are posed
such that eX = eZ = 0 during deformation in the Y-direc-
tion and the interfacial excess energy still changes with per-
pendicular loading, then this set of simulations combined
with those in this work would be sufficient to contradict
the assumptions made during the derivation of the Shuttle-
worth equation.
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