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Elastic energy and interactions between twin boundaries in nanotwinned gold

Yen Fred Woguem∗, Pierre Godard, Julien Durinck, Sandrine Brochard

Université de Poitiers, ISAE-ENSMA, CNRS, PPRIME, Poitiers, France

Abstract

Nanotwinned metals exhibit a surprising combination of ultrahigh strength and high ductility. We have performed
atomistic simulations in gold to study interactions between coherent twin boundaries (CTBs) and between incoherent
twin boundaries (ITBs) for two extreme cases: with close surfaces and without any surface, in order to simulate a
relaxed or a constrained system. The estimated displacement fields give the extension of interactions between twin
boundaries which are 6 atomic planes for the CTB and in the range of 30-42 atomic planes for the Σ3{112} ITB in the
relaxed system. The displacement field in the constrained system is, to a very good approximation, the difference of the
displacement field in the relaxed system and a homogeneous quantity which depends on the excess volumes. The elastic
strain introduced by the twin boundaries in the constrained system and the associated elastic energy γexcess are deduced
from the excess volumes. Our study highlights how the mechanical behaviour (e.g. the yield strength) of samples with
TBs separated by distances less thana critical distance whose order of magnitude is (103 − 105) δTB ≈ (0.5− 360) nm
can be affected.
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Introduction
Defects play a key role in the properties of materials.

This is the case for twin boundaries (TBs) which im-
prove mechanical properties without degrading the elec-
trical conductivity [1, 2]. The energy and structure of
symmetric and asymmetric Σ3 grain boundaries have
been investigated, and it has been shown that local en-
ergy minima correspond to symmetric configurations with
{111}, {112} and {110} boundary planes. Hence arbi-
trary Σ3 asymmetric grain boundaries tend to facet into
Σ3{111} coherent twin boundaries (CTBs), Σ3{112} in-
coherent twin boundaries (ITBs) and Σ3{110} incoherent
twin boundaries which have also been observed in some
cases [3, 4, 5, 6, 7, 8, 9, 10]. This justifies in depth studies
of Σ3{111} CTBs and Σ3{112} ITBs. These two TBs have
been observed experimentally using transmission electron
microscopy [11, 12, 13, 14, 15]. Atomic scale simulations
have been used to study the interactions of Σ3{111} CTBs
with other types of crystal defects such as vacancies, inter-
stitials [16], stacking fault tetrahedra [17], and dislocations
[18, 19, 20, 21]. Some experimental and simulation studies
have shown that the TB junctions {111}||{112}||{111} are
not stable because they can migrate, which is accomplished
by the detwinning of CTBs during annealing [13, 12, 22],
under a shear stress [23] or under irradiation [24, 25].

The study of the interaction energy between two CTBs
for two materials, aluminium (Al) and copper (Cu), has
shown that it is attractive [13]. Other studies for gold and
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other metals have shown that the interaction between two
CTBs is limited to six layers between the CTBs [26, 27, 28].
TBs interact via the atomic displacements that each one
generates. The excess volume being the sum of the atomic
displacements along the normal to the TB, its value cor-
responds to the expansion or contraction that the TB in-
troduces in the system. When the system is constrained,
an elastic field counterbalances this expansion or contrac-
tion, and this introduces an additional energy term. It
has been shown in the literature that the yield strength of
twinned gold or copper nanowires of finite length during
deformation is affected by the distance between coherent
twin boundaries (CTBs) [2, 29, 30]. Some explanations
have been given for this effect on the mechanical proper-
ties in nanotwinned materials. However, the contribution
of the elastic energy induced by the excess volumes of the
TBs has not been considered.

We had recourse to molecular static (MS) simulations to
characterize the elastic displacement field created by one
TB and study the interaction between TBs. Three inter-
atomic potentials commonly encountered in the literature
for gold have been compared. We have also determined
the elastic energy induced by the TBs when the system
is constrained, and used the results to discuss the ensuing
effect in nanotwinned materials. This paper is organized
as follows: the model and methods are detailed in section
1, the results are presented in section 2 and discussed in
section 3.
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1. Model and Methods

For this study, we considered Σ3{111} CTBs and, in-
dependently, Σ3{112} ITBs in a face-centred cubic (fcc)
crystal. Both TBs can be constructed by tilt operations:
the CTB by cutting the crystal along a (111) plane and
performing a 180° rotation of one part around the [112] di-
rection, and the ITB by cutting the crystal along a (112)
plane and performing a 180° rotation of one part around
the [111] direction (figure 1.a).

The computational cell was built by repeating nu, nv

and nw times the 6 atom fcc unit cell along the basis
vectors u⃗ = a0[111], v⃗ = a0

2 [110] and w⃗ = a0

2 [112], re-
spectively, with a0 the lattice parameter of the Au single
crystal. For the ITB configuration, the normal to the twin
boundary is along w⃗ and the size of the simulation cell is
such that nu = 6 and nv = 12. For the CTB configu-
ration, the normal to the twin boundary is along u⃗ and
the size of the simulation cell is such that nv = 24 and
nw = 4. In the following, several distances between free
surfaces and/or twin boundaries were considered by taking
variable values for nw and nu in ITB and CTB configura-
tions, respectively. We have considered multiples of three
and six planes respectively for distances between CTBs
and between ITBs because they correspond to the stack-
ing period along the directions normal to the TBs. We
have used MS calculations with LAMMPS (Large-Scale
Atomic Molecular Massively Parallel Simulator) [33]. The
Embedded-Atom Method (EAM) interatomic potentials of
Foiles [34] and Grochola [35], and Modified Embedded-
Atom Method (MEAM) interatomic potential of Baskes
[36] as implemented by Lee et al [37] have been used. Some
characteristics of gold fcc phase for the three potentials are
given and compared to experimental data in table 1. The
relaxation of the ITB leads to the formation of the 9R
phase [11, 12, 13, 38], as illustrated in figure 1.b for Foiles
potential. The ABC stacking sequence of {111} planes
in an fcc phase becomes ABCBCACAB in the 9R phase.
This 9R phase can also be described using hexagonal (H)
and fcc (C) planes with the CHHCHHCHH sequence. For
Grochola and Baskes potentials, a portion of 9R phase is
also obtained, as presented and discussed in [39]. The main
difference between the three potentials is the width of the
9R phase: the larger width is obtained for the Foiles poten-
tial, and the smallest for the Baskes potential. Relaxation
of the model was done using the Hessian-free truncated
Newton algorithm at 0 K. All atom positions are relaxed
fully and independently until all the force components on
any atom do not exceed 10−4 eV/Å. The analyses of the
obtained structures have been performed with the OVITO
(Open Visualization Tool) software [40].

2. Results

2.1. Interactions between twin boundaries in a fully relaxed
system

We have first studied the interaction between two twin
boundaries with free surfaces along the z direction (the
normal to the TBs) while periodic boundary conditions
(PBC) are imposed in all other directions. The normal-
ized energy introduced by the TBs in the system has been
determined from MS with the formula

γ
(2)
TB =

Etot − E0

2× S
(1a)

where Etot is the total energy of the relaxed system with
the two TBs, E0 is the energy of the relaxed reference
system (system with only surfaces) with the same number

of atoms and S is the surface of one TB. The energy γ
(2)
TB

can be separated into several terms:

γ
(2)
TB = γTB +

γ
(i)
TB−TB

2
+ γ

(i)
TB−surfaces (1b)

where γTB is the energy of an isolated TB, γ
(i)
TB−TB is the

interaction energy between the two TBs and γ
(i)
TB−surfaces

is the interaction between one TB and the surfaces. We
have checked that the distances between the TBs and the
surfaces were large enough for this last contribution to be
neglected. To do so, we first constructed a system with a
single twin boundary and two surfaces to study the TB-
surface interaction. The curve giving the interaction en-
ergy as a function of the TB-surface distance allowed us
to determine the distance where the interaction is negli-
gible. We choose this TB-surface distance (or larger) in
the system with two twin boundaries and two surfaces to
study the TB-TB interaction without the effect of the TB-
surface interaction. The energy γTB and the excess volume
δTB of an isolated TB have been calculated in a previous
work [39]. The results are given in table 1. We recall that
the excess volume is defined as the variation of volume per
unit area of twin boundary (which is related to the atomic
displacement created by the TB).

Figures 2.a and 2.b show the interaction energy γ
(i)
TB−TB

between two TBs for the Foiles, Baskes and Grochola po-

tentials obtained with equation (1b) in which γ
(i)
TB−surfaces

can be neglected as mentioned above. γ
(2)
TB and γTB

are obtained from our MS calculations (equation (1a)
and table 1). We observe that the interaction energy
between the two CTBs is attractive for the three po-
tentials (figure 2.a), which is in good agreement with
the results shown in the literature for Cu and Al [13].
Above 15 Å ∼ 6 atomic planes the interaction energy be-
comes negligible for the three potentials, or more precisely

γ
(i)
CTB−CTB / γCTB < 10−4 for those distances (table 2).

This is in compliance with the results found in the litera-
ture [26, 27, 28]. For the ITB, the interaction energy be-
tween two ITBs is attractive for the Baskes potential but
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Figure 1: a) Unrelaxed and b) relaxed {112} ITB atomic structures obtained with the Foiles potential. Atoms are colored according to
the common neighbour analysis (CNA) parameter (characteristic of the local crystal structure around an atom [31, 32]): atoms in an fcc,
a hexagonal and an unidentified crystal arrangement are respectively in green, red and white. The green, blue and red lines correspond
respectively to the H, H and C planes of figure 2.

Foiles Baskes Grochola Experiment
γISF (mJ/m²) 4.8 56 42.6 33 [41]

a0 (Å) 4.08 4.07 4.07 4.08 [42]
Czz (GPa) (along ⟨111⟩ direction) 224 225 241 241 [43]
Czz (GPa) (along ⟨112⟩ direction) 213 216 231 231 [43]

γCTB (mJ/m²) 2.4 20.2 21.3 /
γITB (mJ/m²) 386.9 438.3 371.1 /

δCTB (Å) −1.2× 10−3 2.9× 10−3 −2.0× 10−3 /

δITB (Å) 0.02 0.06 −0.002 /

Table 1: Fcc gold intrinsic stacking fault energy γISF , lattice parameter a0, stiffness coefficients along ⟨111⟩ and ⟨112⟩ directions, energy and
excess volume of TBs obtained for the three potentials and corresponding experimental data when available.
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Foiles Baskes Grochola

Distance (Å)
CTB 15 15 15
ITB 30 35 25

Atomic planes
CTB 6 6 6
ITB 36 42 30

Table 2: Critical distances (for the three potentials) for
which the interaction energy between the two TBs satisfies

γ
(i)
TB−TB / γTB < 10−4.

slightly repulsive for the Foiles and Grochola potentials.
Above the critical distance mentioned in table 2 the inter-
action energy becomes negligible for the three potentials
using the same criterion as for the CTB. When the interac-
tion energy is non negligible (for the smaller distances), the
interaction energy between the CTBs is much smaller than
the one between the ITBs (e.g. at a TB-TB distance of 20

Å for the Baskes potential γ
(i)
ITB−ITB ≃ 106×γ

(i)
CTB−CTB),

except for the Grochola potential for which the interac-
tion energy between CTBs is quite the same than the one
between the ITBs. We note that there is no correlation
between the sign of δTB and the character (repulsive or
attractive) of the TB-TB interaction.

To account for the elastic displacement field created by
one TB, we computed the interplanar spacing variation

∆d
(relax)
i with respect to the bulk equilibrium value (de).

∆d
(relax)
i versus the position along the normal to the TB

is shown in figures 2.c-2.f. For the ITB, we consider both
the C and the two H planes. For the three potentials, the
elastic displacement field induced by the CTB is limited

to around 10 Å, that is ∆d
(relax)
i /de < 10−4 wherever the

atoms are more than 8 Å apart from the CTB; for the ITB
(for the three planes C, H and H) the elastic displacement
field extends between 20 and 23 Å with the same criterion.
Of course, there is a correlation between the interaction en-
ergy range of TBs and the elastic displacement field: when
the elastic displacement field increases, the interaction en-
ergy between TBs increases, and when the elastic displace-
ment field generated by the TBs becomes negligible, the
interaction energy becomes negligible. For the same TBs,
the interaction energy is different for each potential be-
cause of the different elastic displacement fields. Finally,
we note that, though the elastic displacement field exten-
sion is of the same order of magnitude for the two TBs, its
maximum value is around 100 times larger for ITBs than
for CTBs.

2.2. Interactions between twin boundaries in a constrained
system

In this part, the studied system is the same as the pre-
vious one, except that the free surfaces along z have been
replaced by PBC. To simulate a constrained system, the
atomic positions have been relaxed without relaxation of
the simulation cell (figure 3). The size of the system Lz

along the z direction is twice the distance between TBs.

The normalized energy introduced by the TBs has been
calculated from MS with the formula

γ
(∞)
TB =

Etot − E0

2× S
(2a)

where Etot is the energy of the system with the two TBs,
E0 is the energy of the reference system (without TB)
and S is the surface of each TB. The symbol ∞ means
that there is an infinity of TBs because of the PBC. The

energy γ
(∞)
TB can be separated into several terms:

γ
(∞)
TB = γTB +

γ
(i)(∞)
TB−TB

2
+ γexcess (2b)

with γ
(i)(∞)
TB−TB the interaction energy between one TB and

all its TBs neighbors in the system (the other TB in the
simulation cell and all the images produced by the PBC)
and γexcess the elastic energy ensuing from the excess vol-
ume in the system.

The energy γ
(∞)
TB −γTB in the simulation cell containing

two TBs and with PBC is presented in figure 4 as a func-
tion of the distance between TBs. According to equation
(2b), the variation of this energy is due to the interaction
between TBs and to the elastic energy γexcess. We observe
that, for the three potentials and the two types of TBs,
this function decreases when the distance between TBs in-
creases. When the distance between TBs is large, γ

(i)(∞)
TB−TB

and γexcess become negligible, since γ
(∞)
TB converges to the

energy γTB of a single TB in a relaxed system (table 1).
We focus in the following of this work on the elastic energy
γexcess to evaluate its contribution in equation (2b).
To deepen our understanding of γexcess, we computed

the interplanar spacing variation ∆d
(const)
i along the TBs

in the constrained systems. As shown for the CTB in

figure 5 for 48 atomic planes in the system, ∆d
(const)
i

is very well approximated by the difference of the corre-

sponding variation in a relaxed system, ∆d
(relax)
i , and of

a homogeneous quantity, which appears to be 4δTBde/Lz:

∆d
(const)
i ≈ ∆d

(relax)
i − 4δTBde/Lz. Using the values of

δCTB , de and Lz for each potential (table 1), the homo-
geneous quantities are respectively −1.0 × 10−4 for the
Foiles potential, 2.5×10−4 Å for the Baskes potential and
−1.7× 10−4 for the Grochola potential which are in good
agreement with the values given by the simulations in fig-
ure 5 for the CTB. In other words, the excess volume is
homogeneously distributed over the entire length of the
system. Hence, the elastic energy γexcess generated by a
TB in a constrained system can be explicitly modeled. The
elastic strain necessary to go from a relaxed system (with
length Lz+4δTB along z) to the constrained system (with
length Lz) in a system with two TBs (see figure 3) is

εzz =
−4δTB

Lz + 4δTB
. (3)

This strain is homogeneous in the whole system as ex-
plained above. We consider that εij = 0 for i, j ̸= z; hence,
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Figure 2: Interaction energy between two a) CTBs and b) ITBs as a function of the distance between the TBs (the inset shows zoom-in of the

curves for the three potentials). c), d), e) and f) represent the difference (∆d
(relax)
i ) between the interplanar spacing in the system with one

TB and the interplanar spacing de in the bulk system versus the distance along the normal to the TB respectively for the system containing
a CTB and for three planes of the system containing an ITB (CHH).
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Figure 3: Constrained and relaxed systems with two TBs. a) Contraction (δTB < 0) or b) expansion (δTB > 0) introduced by the excess
volume 4δTB for two TBs in the crystal.

according to this model, the elastic energy 2Sγ
(model)
excess is:

2Sγ(model)
excess =

V

2
σzzεzz, (4a)

2Sγ(model)
excess =

S

2
Czz

16δ2TBLz

(Lz + 4δTB)2
(4b)

where V = LzS is the volume of the crystal, Czz the stiff-
ness coefficient along the direction normal to the TB so
that σzz = Czzεzz. We deduce that the energy of the
model is given by

γ(model)
excess = 4Czzδ

2
TB

Lz

(Lz + 4δTB)2
. (5)

The results obtained with the simulations (symbols) and
with the model (continuous line) for CTBs and ITBs are
represented in figure 4. In the system studied with our MS
simulations Lz is twice the distance between TBs. The
model is in very good agreement with the simulation re-
sults for both types of TBs and for the three potentials.
This means that the elastic energy γexcess has a major
contribution in equation (2b) compared to the TBs inter-
action energy. More quantitatively, the TBs interaction
energy can be evaluated by the difference between the sim-
ulated results and the analytical model of excess energy:
this shows that the order of magnitude of the interactions
between TBs is the same for both constrained and uncon-
strained systems. Moreover, we point out that the stiffness
coefficients and excess volumes used in the model are not
fitted values but they are obtained with atomistic simula-
tions (table 1).

3. Discussion

Now we are going to discuss about the elastic energy
γexcess ensuing from the excess volume in the system be-
tween TBs and between potentials. We will also discuss
the parameters on which this elastic energy depends.

For Foiles and Baskes potentials, the elastic energy
γexcess is larger for the ITBs than for the CTBs. For the
Grochola potential it is almost the same for the two TBs.
For the CTB, the larger elastic energy γexcess is obtained
for the Baskes potential, and the smallest elastic energy
γexcess is obtained for the Foiles potential, while for the
ITB, the larger elastic energy γexcess is obtained for the
Baskes potential, and the smallest elastic energy γexcess is
obtained for the Grochola potential. It becomes negligible
for the critical distance L∗

z between TBs given by

L∗
z =

4Czzδ
2
TB

10−4γTB
, (6)

for which γexcess/γTB < 10−4 and considering that Lz +
4 × δTB ≈ Lz (because Lz ≥ 14 Å and the maximum
value of 4 × δTB is 0.24 Å). The critical distance L∗

z was
determined for the two types of TB and the three po-
tentials using the model, and the results are presented in
table 3. The order of magnitude of the critical distance is
(103 − 105)δTB ≃ (0.5− 360) nm.

The model (equation (5)) highlights that the elastic en-
ergy γexcess depends on the excess volume generated by
the TB and the elastic constants along the normal to
the TB. To explain the difference of the elastic energy
γexcess between the three potentials and between the two
TBs, we have computed the variation of the elastic energy
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Foiles Grochola Baskes

Distance (Å)
CTB 260 100 200
ITB 450 5 3550

Distance

|δTB |
CTB 2.17× 105 5.00× 104 6.90× 104

ITB 2.25× 104 2.50× 103 5.92× 104

Table 3: Critical distances between TBs and for different potentials, for which elastic energy is negligible (γexcess/γTB < 10−4), and ratio
between the critical distance and excess volume.

TBs CTB ITB

∆Czz

Cmax
zz

7.1%
(Foiles/Grochola)

7.8%
(Foiles/Grochola)

∆|δTB |
|δTB |max

59%
(Foiles/Baskes)

97%
(Grochola/Baskes)

Table 4: Relative variation of elastic constants and excess volume
between the three potentials for each TBs. ∆Czz or ∆|δ| are the
variations between the maximum and the minimum values of the
three potentials , Cmax

zz and |δTB |max are respectively the maximum
values of Czz and |δTB | between the three potentials.

Potential Foiles Baskes Grochola
∆Czz

Cmax
zz

(CTB/ITB) 5% 4% 4%

∆|δTB |
|δTB |max

(CTB/ITB) 94% 95% 0%

Table 5: Relative variation of elastic constants and excess volume
between both TBs for each potential. Cmax

zz and |δTB |max are re-
spectively the maximum values of Czz and |δTB | between the two
TBs.

∆γexcess
γexcess

. According to equation (5):

∆γexcess
γexcess

=
∆Czz

Czz
+ 2× ∆|δTB |

|δTB |
. (7)

where once again it is considered that Lz +4× δTB ≈ Lz.

We have computed
∆Czz

Cmax
zz

and
∆|δTB |
|δTB |max

using the values

given in table 1. The results are displayed in tables 4 and 5.
It is clear from table 4 that the main contribution to the
variation of the elastic energy γexcess between the three
potentials comes from the variation of the excess volume
whatever the TB types. Indeed, the variation of elastic

constants (
∆Czz

Cmax
zz

) is always small compared to that of the

excess volume (
∆|δTB |
|δTB |max

) (less than 8% compared to more

than 50%).
Table 5 shows that for Foiles and Baskes potentials the

main contribution to the variation of the elastic energy
γexcess between the two TB types also comes from the
variation of the excess volume. Here again, the variation of

elastic constants (
∆Czz

Cmax
zz

) is always small compared to that

of the excess volume (
∆|δTB |
|δTB |max

) (less than 6% compared

to more than 90%).

The small contribution of the elastic constant variations
∆Czz

Czz
results from the fact that the potentials are adjusted

so as to give reliable elastic constants; hence, these weakly
depend on the potential. Moreover, it appears that the Czz

values are similar whether z corresponds to a < 111 > or
< 112 > direction. On the contrary, the predicted excess
volume values greatly depend on the potential and, except
for the Grochola potential, on the TB type (table 1).

As a result, the higher values of the elastic energy γexcess
for the Baskes potential ensue from the higher values of the
excess volume (for example there is a factor of 30 between
δITB for the Baskes potential and δITB for the Grochola
potential, which explains the higher values obtained for
the Baskes potential in figure 4.b). Similarly the elastic
energy γexcess is larger for ITBs than for CTBs because
ITBs have a greater value of excess volume than CTBs
( | δITB | ≈ 10 × | δCTB | ), except for the Grochola
potential for which the elastic energy γexcess is the same
for both TBs because they have the same excess volume
value.

In this work, we considered three different well-known
and reliable interatomic potentials for gold, already used
in the literature in particular for the study of twinning or
twinned nanowires [29, 44, 45, 46]. As shown in table 1,
the excess volumes obtained with the different potentials
are significantly different, both in sign and in amplitude,
whether it is for the CTB or for the ITB. Furthermore,
these variations do not appear to be related to those of
specific properties related to twinning or twin boundaries:
there is no obvious correlation between the intrinsic stack-
ing fault energies or the TBs energies and the excess vol-
umes (table 1). So these energetic quantities can not be
used within our model for predictions, for which a direct
measure of the excess volumes would be better. But if it is
possible to determine experimentally the elastic constants,
the measure of the excess volume, though not impossible
[47], is difficult, making it tricky to assess its contribution.
Another option in order to rationalize the results and to
compare e.g. different materials would be to use ab initio
calculations to obtain accurate values of the excess vol-
umes. Although a detailed study of this type is beyond
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the scope of the present article, a first insight into such
an analysis can be given with the outcomes of [39]. They
indicate that for gold, the most accurate potential, as far
as excess volumes are concerned, would be the MEAM
Baskes potential, although the Grochola potential shows
better intrinsic stacking fault energy when compared to
experimental or ab initio values.

Our study focusing on two extreme cases can help to
understand the different mechanical behaviours of samples
with TBs whose distances are less than a critical distance
whose order of magnitude is (103 − 105) δTB ≃ (0.5 −
360) nm. Indeed, for constrained systems, the TBs will
generate important residual stresses (related to the elastic
energy γexcess) which can affect the mechanical properties
of the material, whereas the average residual stresses van-
ish in relaxed systems. We emphasize that it is not easy to
determine the detailed stress state in a real system. The
completely constrained system considered in this paper is
an extreme case which may be seen as a textbook case,
and it gives an upper bound on the stress lying in some
systems and its consequences on, e.g., the yield strength.

Among the systems for which the excess volume may
not be fully relaxed, we can cite for example the 4 µm
thick polycrystalline copper samples of [2], where the av-
erage distance between CTBs is 15 nm and the 1-2 µm
thick polycrystalline silver samples of [48], where the av-
erage distance between CTBs may be as small as 3.6 nm.
These examples concern twins with CTBs parallel to the
surface; the constrain is probably larger when the twins
are inclined, as in [49] or [50], where the CTB-CTB dis-
tance is 5-10 nm. Finally, the excess volume relaxation
may also be impeded when the twins do not come from
the elaboration process but result from deformation, as in
the cyclic tests of [51], where nanotwin formation was pre-
sumed to assist grain coarsening. We note that these last
examples concern gold, with CTBs and ITBs.

Conclusion

In summary, we have studied a relaxed and a con-
strained system.

In the relaxed system we have studied the interaction en-
ergy between Σ3{111} CTBs and between Σ3{112} ITBs
using MS with three potentials. The interaction energy be-
tween CTBs is attractive for the three potentials. For the
ITBs this interaction is repulsive for Foiles and Grochola
potentials while it is attractive for the Baskes potential.
Our study shows how the intensity of the interaction en-
ergy between TBs is related to the elastic displacement
field. The interaction energy between CTBs has a lower
extension than the one for ITBs, and this is correlated to
the elastic displacement field induced by each TB.

In the constrained system, we have studied the elas-
tic energy generated by the TBs. We suggest a decom-

position into two terms, γ
(i)(∞)
TB−TB and γexcess, the lat-

ter ensuing only from the excess volume created by the
TBs. γexcess is explicitly computed, and, for the two types
of TBs and for the three potentials, its values dominate

over γ
(i)(∞)
TB−TB . The extension of this elastic energy is lim-

ited to a critical distance Lz whose order of magnitude is
(103−105) δTB ≈ (0.5−360) nm. The difference between
the elastic energy created by CTBs and ITBs, and between
the three potentials is mainly related to the excess volume.

This work highlights how the mechanical behaviour (e.g.
the yield strength) of samples with TBs separated by dis-
tances less than a critical distance whose order of magni-
tude is (103−105) δTB ≈ (0.5−360) nm can be affected.
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Figure 4: Square, round and triangle symbols: energy γ
(∞)
TB − γTB (see equation (2b)) in the system with PBC (constrained) for respectively

Foiles, Baskes and Grochola potentials for a) CTB and b) ITB as a function of the distance between the TB. The continuous lines represent
the elastic model (equation (5)). The insets show zoom-in of the curves for Foiles and Grochola potentials.

Figure 5: Difference (∆di) between the interplanar spacing in the system with a CTB and the interplanar spacing de in the bulk system for
both relaxed and constrained systems and for the three potentials, versus the distance along the normal to the CTB. Full and empty symbols

represent respectively the relaxed (∆d
(relax)
i ) and the constrained (∆d

(const)
i ) systems. The system length is nu = 16 (113 Å).
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