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Simulation methods
The EAM potential parameterized by Mendelev [1] is used to describe the interatomic
interactions of iron atoms. Three different diameter iron sphere were modeled: 15 nm, 30
nm and 60 nm. All nanoparticles are first relaxed by molecular dynamics simulations and
then compressed between two planar indenters. One of the indenters moves toward the
particle with a constant velocity and the strain rate is ~108 s‐1, while the other indenter is
fixed. The interaction between the indenters and the iron atoms is described by a repulsive
potential. The iron nanoparticles were loaded in two close crystal directions [100] and [511],
which are selected based on observed experimental observations. We examined the
deformation process of the nanoparticles at both room temperature (300K) and low
temperature (25K). During compression, both isothermal (using a Nose‐Hoover thermostat)
and adiabatic conditions were used to examine the temperature rise and its effect on the
corresponding deformation processes.
Finite element analysis was conducted in ANSYS150. The finite element model comprises
three parts. The top (Diamond tip) and bottom (Silicon substrate) parts are modeled as
blocks meshed by SOLID185, and the middle is a sphere made of iron, covered by a layer of
‐Fe2O3 shell with thickness 4 nm. This part is meshed by SOLID187. Two contact pairs were
created to simulate the contact between the sphere and two blocks, respectively. Due to
geometric symmetry, one quarter was modeled. The bottom surface of the silicon substrate
is fixed. A displacement loading was applied on the diamond tip. The reaction forces were
obtained to compare with the experimental data.
In addition, using the interatomic potential finite element method (IPFEM) [2,3], we
performed three‐dimensional simulations of compression tests on iron nanospheres while
taking into account the nonlinear anisotropic elastic effects on large deformation of single‐
crystal iron. Within the framework of the embedded‐atom method (EAM) [4], the
interatomic potential‐based hyperelastic model for the body‐centered cubic crystal of iron
was implemented in the finite element program ABAQUS/Explicit (2011) [5] by writing a
user‐material subroutine called VUMAT. The EAM potential of iron developed by Mendelev
et al. [1] was used in this study. The diamond tip and Si substrate were modeled as
rectangular slabs of isotropic linear elastic materials (i.e., Young’s modulus and Poisson’s
ratio are 1220 GPa and 0.20 for diamond and 185 GPa and 0.28 for Si, respectively). Since
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this analysis was focused on the deformation behavior inside the bulk crystal of iron, the
effects of nonlinear elasticity of diamond tip and Si substrate were ignored.
The iron nanosphere with a diameter of 210 nm (D) and the slabs with the in‐plane size of
1.2D x 0.6D and depth of 0.2D were employed, so that the number of elements in a sphere
was 25,757 and that in a diamond/Si slab was 1152. This D value is sufficiently larger than
effective range of atomic interactions in a homogeneous iron crystal, and thus considered to
be large enough to employ the local continuum approximation. In the dynamic, explicit
computational procedures of this program, the nonlinear response was obtained
incrementally. The boundary conditions were imposed as follows: the displacement along
the bottom of the Si mesh was constrained to be zero, while the displacements of lateral
surfaces were unconstrained. The diamond slab was moved down in displacement control at
a sufficiently low rate to mimic the quasi‐static loading condition. The iron nanosphere was
pressed along the [001], [110] and [111 ] directions in IPFEM simulations.
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Figure S1

Figure S1. Schematic drawing of the set‐up for the in‐situ compression test of individual iron
nanoparticles. The nanoparticles were dispersed on a wedged Si substrate for compression
testing in the TEM. In order to observe the microstructure evolution of the nanoparticle
under the electron beam and ensure the diamond tip accessed easily, the wedged Si
substrate was fixed on the Cu mount in the TEM holder normal to the electron beam. Then,
the flat diamond tip was brought into contact with the iron nanoparticle while it was being
observed. The diamond tip was coarsely positioned using manual screws, and then finely
positioned in the x, y and z directions using a piezoceramics actuator. The iron nanoparticle
was compressed between the flat diamond tip and the Si substrate and the deformation
behavior was simultaneously observed in the TEM using a real‐time recording system. The
displacement control mode was used, and the rate was 5 nm/s.
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Figure S2

Figure S2. Extraction process of compressed pancake‐like iron nanoparticle in FIB chamber
by using nano‐manipulator.
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Figure S3

Figure S3. Bright‐field TEM images of the iron nanoparticle with diameter of 429 nm before
(a) and after (b) the compression test. Lots of defects were observed in the thinned iron
pancake from bright‐field TEM image (c) and dark‐field TEM image (d).
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