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Figure S1. &i-;111; of the PO-(111) (blue), M-(111) (black), and M-(111) (gray) as a function of

g(111; (lower x-axis) and A?Erﬁi{’f}d (upper x-axis) in (a) Hfo.sZros02 and (b) ZrOz. €i-{111} is defined

A equil
qui ey s . . _
as |—qur— — 1, where Ai—{111} represents the equilibrium in-plane area of the i-phase. gu11; =

i—{111}

strained
AjZ(111)

equil

T—(111)

— 11s also shown in red as a guide.

Notes for Figure S1: Due to the discrepancies in lattice parameters and consequent A?Eaﬂn}

among polymorphs in Table 1, €i-{111; values also differ among polymorphs for a given A?Er{‘iiff}d

and eqny. In HfosZrosO2, for instance, em-111) is always negative, indicating the M-(111)
undergoes the in-plane compressive strain compared to the M-phase in equilibrium for all {111}
range investigated. On the other hand, the M-(111) is under in-plane tensile strain (i. e., positive
Em—(111)) @t €{1113 > -0.005, while under in-plane compressive strain (i. €., negative €y_(111)) at

gq111; <-0.01 compared to the M-phase in equilibrium.
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Figure S2. Fi"ibof (a,b) T-(111), (c,d) PO-(111), (e,f) M-(111), and (g,h) M-(111) depending on

temperature in (a,c,e,g) Hfo.5Zros02 and (b,d,f,h) ZrO>. The color bar represents the scale of €{111}.
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Figure S3. (a) Temperature- and configuration-dependent F;'® of the T-phase HfosZr0.502. The

cation configurations of the T-phase Hfo5sZr0.502 are represented in (b~d).
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Figure S4. viq11; of T-(111), O-(111), M-(111), and M- (111) depending on &1} in (a)
Hfo.5Z10.502 and (b) ZrOz2. The O-(111) represents the (111) plane of the antipolar orthorhombic

structure.
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Figure S5. Figrin at 1000 K for the T-(111), PO-(111), M-(111), and M-(111) grains as a function

of gq111; (lower x-axis) and A?Er{‘}iff}d (upper x-axis) in (a) Hfo.5Zro.502 and (b) ZrOs.
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Figure S6. (a,b) €(111;-dependent Eipuik of ZrOz2 calculated by (a) LDA and (b) PBEsol functionals.

(c,d) Temperature-dependent Fipuik of ZrOz2 calculated by (¢) LDA and (d) PBEsol functionals.
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Figure S7. Energy profiles during the nucleation of a single unitcell of M- and PO-phases in 3x3x3

T-phase supercell using the nudged elastic band method.
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Figure S8. Conventional unit cell volume of the T-(111), PO-(111), M-(111), and M-(111) grains

depending on g{111; in (a) Hfo.5Zro.502 and (b) ZrOx.
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Figure S9. 7-dependent phase fraction of the T-, M-, and PO-phases crystallized from amorphous

(CT,crystn, CM,crystn, and CPO,crystn) in (a) Hfo.5Z1r0.502 and (b) ZrOz.

Notes for Figure S9: The crystallization rate, Ricrysm, was calculated as;

o)

Ri,crystn: Nsvoexp (k T
Bt crystn

, where the AF;" is the crystallization barrier of the i-phase described in the previous study [1]. The
differences in pre-exponential factors of Ns (the number of nucleation sites) and vo among
polymorphs were assumed to be negligible. Using the Ricrystn, Cicrysn Was calculated by the

following equation.

R i,crystn

C; =
i,crystn
RM,crystn + RT,crystn + RPO,crystn

10



HZO-strain-Nanoscale-Ye et al.

—_
Q
~

(b)

A B B B L R T T T T T
1400 F . L | i
0 I Hfy 521050, 1400 ; ZrO,
1200 [ @ 0.9 o - 1200 o e-0g.4 -
o) F e — L, N 1
e e
X 1000 - e M Poe g < 1000} ® C e .
3 [ --=-PO ! . 3 : A
& 800 ! . - & 800 - 1 LN
~ ! | ) ~ : .
600 |- . . 600 |- | .
S R L SRS
400 [ o-" : m 400 | - 1 .
| N | ¢ |
E 1 1 1 1 | m A S e U TN RN SR N
-0.03 -0.02 -0.01 0.00 0.01 0.02 0.03 -0.03-0.02-0.01 0.00 0.01 0.02 0.03
€111} €111

Figure S10. {111} -dependent equilibrium temperatures of M- and PO-phases (7equii,v and Tequil,po)

in (a) Hf0.5Zr0.502 and (b) ZrOx.
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