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Supplemental information

1. Metadynamics simulation of martensite — austenite (parent) — martensite
transformation cycle

The computational method used in this work for the study of shape memory loss is first

validated through the successful simulation of the experimentally observed martensitic

transformation in the B 19'. This implies that such process can be studied (with confidence) using
metadynamics method. An experimental study of thermally induced transformation between
martensite (M) and its parent (P) structure in NiTi was studied between 255 K and 363 K using
neutron time of flight diffraction !. The temperature range of study covers a closed cycle of the
M™ P~ M transformations. The Metadynamics method used is capable of simulating phase
transformation at finite pressure-temperature (PT) conditions, therefore, we approximate the
ambient pressure with ~1 GPa pressure. A temperature point (300 K) that falls within the
experimental temperature field (255 K to 363 K) was used. The x-ray diffraction (XRD) pattern

of the B19 (martensite) structure was calculated before the simulation starts. The simulation was
allowed to proceed, and the system attain a temperature of 300 K. The XRD pattern of the
configurational average of the ‘warm’ system was calculated at the end of the simulation time. All

configurations were quenched to 0 K and the XRD patterns were also calculated as shown in SI

Fig 1a. We observe that the quenched configuration has identical XRD pattern with the B19

structure before the start of the simulation. However, the XRD pattern of the ‘warm’ configuration
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is completely different from the B19s’. Interestingly, all of the distinct peaks are successfully

indexed to the B2 structure at 0 K (see SI Fig 1b), which shows that the ‘warm’ B19 structure

transforms to the B2 structure for temperature within the martensitic transformation temperature
field and back to the B19 when temperature-quenched to 0 K. The evolution of the six collective

variables (CV) during the metadynamics simulation of B19 _, B2 transformation is shown in SI

Fig. 2. The transformation occurs around 350 metadynamics step. The eigenvalues and the

corresponding eigenvectors of the Hessian matrix for the B19 at ~1 GPa is shown in SI Table I.
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SI Fig. 1: (a) Evolution of the enthalpy during metadynamics simulation of martensitic transition
from B19 (M) to B2 (P) and back to B19 (M) structure at ~1 GPa, 0 K to ~1 GPa, 300 K and ~1
GPa, 0 K, respectively. Inset is the calculated XRD pattern for the Martensite B19 structure before

the simulation, configurational average of the ‘warm’ system at the end of the simulation time and
the quenched configuration (b) Comparison of the calculated XRD pattern for the B2 structure at

~1 GPa, 0 K and the B19 at ~1 GPa, 300 K (4 = 0.3344 A),
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SI Fig. 2: Evolution of the six collective variables during metadynamics simulation of transition
from B19 to B2 structure at ~1 GPa, 300 K.

SI Table I: Eigenvalues (in unit of kbar A) and the corresponding eigenvectors of the Hessian
matrix for the starting 2 x 2 x 4 B19 supercell calculated at ~1 GPa.

Eigenvalue s S5 S3 S4 Ss Se

1638.51 6167.38 6733.64 8247.67 10598.95  42500.10

Eigenvectors

hy, 0.246 0.208 0.019 0.001 0.805 -0.498
hy, -0.175 0.473 0.026 -0.001 -0.503 -0.701
hs; 0.055 -0.851 -0.040 0.000 -0.112 -0.509
hj, 0.000 -0.015 0.283 -0.960 -0.001 0.002

hjs -0.952 -0.083 0.004 0.001 0.294 -0.029



hys 0.006 -0.048 0.960 0.284 -0.007 0.007

2. Electronic free energy in NiTi at ambient and elevated temperatures
If we assume that the electronic DOS is temperature independent (fixed density-of-states
approximation ?), and approximate the electronic free energy using the T=0 K electronic DOS,

D(e) = D(&)[p(r,T = 0 K)]. The electronic free energy can be written as:

F,(V,T) = E,(V,T) -TS?'(V,T), (1)

where
max. CB o cr £y

E,(V,T)= D(e)f(e,T)e de - f D(e)f(epT)ede, (2)
min. VB o s min. VB o

max. CB utof f
SEWV,T) = ykg D(€)S(eT)de . (3)
min. VBcutoff

S(&T) is the temperature dependent entropic contribution to electronic free energy and is defined

as:
SET) == [f(&,Dnf(z,T) + (1= f(&,T))In (1-f(&D)], 4
€~ &f i
f(e,T) = |exp +17".
and the Fermi-Dirac occupation, f (Ei’T) is defined as kT In our

calculations, The vibrational entropy is 5.8 meV/atom which is less than 25.7 meV, the value of
. . l
T at 298 K. For this reason, it suffices to ignore the entropic contribution (Se V. T) ) to free

energy so that electronic contribution to free energy is approximated by the vibrational internal

E,(V.T)

energy of the electron, only. If we assume energy equipartition for the system under

study in the temperature regime below the melting point, then we expect the differences of the

Eq(V.T) between the NiTi-P-1 and B19 structure to be nearly constant, hence plays no significant

role in stabilizing the structures at high temperatures and as such can be ignored.



=~

Energy (eV)

(—]

-1

Y

Vv

=

SI Fig. 3: Calculated electronic band structure of NiTi-P-1 structure at 10 GPa along the high-

symmetry path. The Fermi energy level has been set to 0 eV.

SI Table II: Predicted structural parameters for the NiTi-P1 at a pressure of 10 GPa and 0 K
temperature.

Space

group

A

(A)

Fractional atomic Coordinates




Atom x y z  Site
Pl 5.17 7.13 8.73 73.15 99.59 90.68 Ti  0.65 0.12 087 1la
Ti  0.09 0.63 038 1la
Ti 094 0.78 088 1la
Ti 051 029 038 la
Ti 024 045 0.87 1la
Ti 0.79 097 037 la
Ti 030 0.05 063 Ila
Ti 029 052 0.14 1la
Ti 042 072 0.62 Ila
Ti 099 021 0.12 la
Ti 0.13 039 0.62 1la
Ti 032 087 0.12 1a
Ni 0.82 0.04 0.63 1la
Ni 022 052 015 1la
Ni 009 0.73 0.63 1la
Ni 050 020 0.11 Ila
Ni 036 041 0.62 1la
Ni 079 087 0.12 1la
Ni 0.16 0.12 0.86 1la
Ni 043 064 036 Ila
Ni 056 0.77 0.89 1la
Ni 003 028 039 Ila
Ni 029 046 0.88 la
Ni 071 096 037 1la
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