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Supplementary Materials
Relationship between Young's Modulus and Planar Density of

Unit Cell, Super Cells (2x2x2), Symmetry Cells of Perovskite
(CaTiO;) Lattice
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Figure S1. Synthesis route of CaTiOs.

2. Crystalline Size Calculation with Modified Scherrer Equation

According to the Monshi-Scherrer equation, for finding the size of the crystal, Equa-
tion (S1) is utilized. The modified scherrer equation can provide the advantage of decreas-
ing errors to give a more accurate value of L from all or some of the different peaks [1].

LnB = Ln (KTA) + Ln( L ) (51)

Cos6

The linear plot of Ln B (B in radians) versus Ln (ﬁ) (degree) can be a linear plot

for all peaks, the least squares statistical method is used to decrease the sources of errors.
After stablishing the most accurate linear plot, the value of Ln (KTA) can be obtained from

the intercept. The e (intercept) gives (KT}‘), single value of L is obtained from all of the available
peaks. Ln 8 versus LH(FZG) is depicted in the plots of Figure S2, with the equations of
the linear least squares method obtained from the linear regression of data in plot. After
plotting and obtaining the linear equation for the least squares method of peaks, Equation
(S2) is done. The crystallographic values of each individual XRD pattern of CaTiOs are

tabulated in Table S1.

(KT}\) —e (intercept) (52)
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Linear equation of calcium titanate was recorded by y = 1.4941x - 6.0682 with inter-
cept value of - 6.0682. Nevertheless, the intercept was calculated as e 60652 = 0.00232. After
the calculation, the value of crystal size achieved to ~ 59.10 nm. (K is the shape factor,
usually taken as 0.89 for ceramic materials and A is wavelength of radiation in nanometer
(Acuke=0.15405 nm)). Base of this method is related to the logarithmic function, and loga-
rithmic function can decrease the errors of crystal size calculations [2]. The BET specific
surface area of CaTiOs sample is ~ 24.68 m?/g. Furthermore, the value of crystal size ex-
tracted by BET is achieved to 63.02 nm. As a result, the value of crystalline size calculated
from X-Ray diffraction was in the well correspondence with value extracted from BET.

Table S1. Crystallographic parameters of each individual XRD pattern related to the CaTiOs.

CaTi03

20 B=FWH o cos® 1/cos® Ln(l/cos p=FWH Lnf 4sin® dii(;)a-co
(de- M (de- ree) (de- (de- ©)(de- M (ra-  (de- " hkl
gree)  gree) & gree) gree) gree) (radian) dian) gree) (degree)
2345 0.128 1173 098 1.0213 0.02109 0.00223 6.07484 0.81 0.00219 100
3341 0136 1671 096 1.04409 0.04315 0.00237 604;332 1.15 0.00227 110
4122 0.145 2061 0.94 1.06837 0.06614 0.00253 597924 1.41 0.00237 111
4797 0154 2398 091 1.09451 0.09030 0.00268 591-902 1.63 0.00243 200
54.06 0.163 27.03 0.89 1.12263 0.11567 0.00284 5 86_223 1.81 0.00252 210

71 0.1 : 86 1.15301 0.14 00322 _ . 1. 00277 211
59 0.185 29.85 0.86 5301 0.14238 0.0032 5.73562 99 0.002
70.18 0.165 35.09 0.82 1.22212 0.20058 0.00288 5 85_003 2.29 0.00236 220
7514 0191 3757 0.79 1.26166 0.23242 0.00333 57(;370 244 0.00263 221
79.98 0.217 3999 0.77 1.30521 0.26636 0.00378 557_608 2.57 0.00291 310
84.86 0.180 4243 0.74 1.35483 0.30367 0.00314 576302 2.69 0.00232 311
8§9.50 0.230 4475 0.71 1.40808 0.34222 0.00401 551-790 2.81 0.00284 222
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Figure S2. Linear plot of modified Scherrer equation related to the CaTiOs.
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(a) (100), unitcell ®<ca

for CaTiOj; cupic: (ionic radius) reg2+ = 1A, rrjer = 0.60 A,rge— = 1.40 A,a =3.79 &4

X
area of the plane (100): $ =axa =3.79 x 3.79 = 14.36

number of atoms in the plane (100) x area of each atom in the plane (100) =[(4 X ix T { rgz- )2) + (4 X i X T (rTi‘H')Z)] =
[(axbxm(140?)+ (4 x D x 7 (060)?)| = 1343

_ number of atomns in the plane (100)x area of each atom in the plane (100) _ 1343

Planar density - area of the plane (100) BE _ 993
(b) (110), unit cell ®ca
®o

=@+ @?=(3792+3.79)2 —— x=535
area of the plane (110): S =a x x = 3.79 x 5.35 = 20.27

number of atoms in the plane (110) x area of each atom in the plane (110) =[(4 X i X1 ("Ti‘” )2) + (2 X % X1 (roz— )2)] +

[(1x7 (reas ))] = [((a x x w 0602) + (2 x 2 xw (140)%) + (1 x w (1)?)] = 42.10

H number of atoms in the plane (110)x area of each atom in the plane (110) _ 10.42
F= e
Planar denSIty area of the plane (110) 20.27 0.51
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(c) (111), unit cell ®@c¢a
®o

QT

FIs

-+
w
Ed

ce

(h)2=(a)? + (b)% = (3.79)% + (2.65)> —— h=4.62

area of the plane (111): § = height x width - (h) x x _(s62)xa N _ (a62)x534

2 2 2 2 =12.33
1
the plane (111) x area of each atom in the plane (111) :[(3 XE) X m( rrja+ )2] = 0.5 x w(0.60)? = 0.56
Planar density
planer density — ...mber of atoms in the plane (111) x area of each atom in the plane (111) _ 056

area of the plane (111) 1233 0.04

(d) (200), unit cell @ ca

area of the plane (002): $ =a% = 14.36
Yo | > X

number of atoms in the plane (200) x area of each atom in the plane (200) = [(4 X i Xm ( roz- ]2) + (1 XT (rca+ )2)] =

fer v Dk (1.400%) + (1 xw (1D2)] =615 +3.14=9.29
Planar density ity —

number of atoms in the plane (002)x area of each atom in the plane (002) _

9.29
area of the plane (002) Taae = 0.64

14.36
(e) (210), unitcell ®@ca
® o
T

x)2=()2 + (g)2 =(3.79)%2 + (1.89)2 ——> x =423
\f‘i_' X area of the plane (210): S =a xx = 3.79 x 4.23 = 16.03
number ofatoms in the plane (210) x area of each atom in the plane (210) = [(2x 2 x 7 (rpps )7} + (152 5w (rge- )+ (2 x Exw (rga- 1)) -
[(2% 2% 7 0.60)7) + (13 25w (1.40)) + (2 x 2 x e (1.40)2)| = 6.70

planer density =

nwmber of atoms in the plane (210)x area of each atom in the plane (210} _ 6.70
area of the plane (210) -

Teos = U4l
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(f) (211), unitcell ®ca

® o
@Ti
T4
‘ |
[]
h
1
1
L by
‘. 1
b
S
2 '
B h N x
. a 3.79
sina=_=7-,=089, «=6287 @=@?%*+ ()? = (379)% + (1.89)2 ——— x=423
. b_ b _ _
sinc =-2_——m =0.89, b=1.68

)2 = (@) + (1) = (3.79) + (1.68)> —> h = 4.14

area of the plane (211); § = "X WD AXx _ (1D XEI _ g g5
tan B=m =222 — 106, p=62.96 g=180-p 180-6296 o,
z 211 2 2

number of atoms in the plane (211) x area of each atom in the plane (211) =

x n(rrjs+ )2 =

(1 X %)] x w(rgz-)* + KZ X %)

[(1 X 63&36)] x m(1.40)2% + [(2 X 52{132)] x w(0.60)% = 1.43

_ number of atoms in the plane (211) x area of each atom in the plane (211) _ 1.43 _
area of the plane (211) 8.75

Planar density - 0.16

(g) (220), unit cell ®@ca
®o
@rT

af2

x)? =(%)2 + (%)2 =(1.89)2 + (1.89)2 —— x= 267
area of the plane (220): S =axx = 3.79 x 2.67 = 10.11
. : | 1 2 1
number of atoms in the plane (220) x area of each atom m the plane (220) —[(4 X, xm { rpz- ) )] :[((4 X 4—) X (1.40)2)] =6.15

P|anar density _ number of atoms in the plane (220)x area of each atom in the plane (220) _ 6.15

area of the plane (220) T 1011 = 0.60
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(h) (221), unit cell ®ca
® o
@Ti

Lad

D
3 1.89 a. a.
sina=2=2-=070, a=44.42 ®)? =%+ ()* = (1.89)% + (1.89)%, x =2.67
sina=m=—=0.70, b=132
¥ 1.89

(h)? =(a)? + (b)? = (3.79)% + (1.32)%, h = 4.01

area of the plane (221): S = height: width h% = &0y : 267) _ 5.35

h _ 401
tanf===-— =3.01, p=71.62
T 133 P

_ 180 = (2xP) _ 180 -(2x71.62) _ 18.38
2 2
number of atoms in the plane (211) = area of each atom in the plane (211) ﬂ[(l x %})] X w(rrje+ )? +[(2 x %ﬂ Xm(rga-)2=

e

[(1 % 12;38)] % 1(0.60)2 + [(z <1 ;ff)} X i(1.40)2 = 2.49

__ number of atoms in the plane (221)x area of each atomin the plane (221) _ 249 0.46

Planar denSity area of the plane (221) S35
(i) (310), unit cell ®ca
®o
@Ti

V.L,, X (02 =(?+ ()%= (1.26)* + (3.79)%, x=3.99
area of the plane (310): S =a xx = 3.79 X 3.99 = 15,12
number of atoms in the plane (310) x area of each atom in the plane (310) =

[(1x 2w (rga-))]+ [(2 % Ex e (e 7)) = [(25¢ 5w (0:60)%) ]+ (1 x S mox ( 1.497) = 3.644

_ number of atoms in the plane (310)x area of each atom in the plane (310) _ 3.644 _ 0.24

Planar denSIty area of the plane (310) 15.12
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(i) (311), unitcell @®ca
® o
@T

z4

sina=2=32-094, «=70.05 (0% = ()2 + (a)% = (1.26)* + (3.79)%, x = 3.99
- h_ b _ _
sma:a_——m—l).gﬁl, b=1.18

(h)? = (a)2 + (b)? = (3.79)2 + (1.18)%, h = 3.96

area of the plane (311): S = 7"‘“3“; width _hx x : x_ (29 x (399 : B9 _ 790

— 396 _ — _180-pB 180-(63.20)
x =1, =198, p=63.20 o= ° — 58.40

h 3.9
x
2

mumber of atoms in the plane (311) % area of each atom in the plane (311)=

2 ° )2 =]l 2 5840 0.60)% = 0.36
x% X (T ) = x 360 X m(0.60)° = 0.

H __ number of atoms in the plane (211)= area of each atom in the plane (311} _ 0.26
Planar denSIty N area of the plane (311) -

= 0.04

7.90

(k) (222), unit cell ®@ca
@®o0
@Ti

Ay -y APy — 7.2 = W)? + 176, h=231

a4z
i wi ) x == 231x267
area of the plane (222): § = helght: v _ = zx

number of atoms in the plane (222) x area of each atom in the plane (222) 2[(3 X %) x w(rgz- )2] = [(3 X ‘—15) X T[(1.40)2] =3.07

H __ number of atoms in the plane (222) x areaof each atom in the plane (222) _ 3.07
Planar density = =

area of the plane (222) 308 0.99

=3.08

Figure S4. Geometry of planes and calculations of planar density of (a) (100), (b) (110), (c) (111), (d) (200), (e) (210), (f) (211),
(g) (220), (h) (221), (i) (310), (j) (311) and (k) (222) related to the unit cell of CaTiOs.
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(a) (100), supercell (2x2X2) @ca
@®o
@i

z ‘ [((8x%)+(4x 1)X11:(r02—)2)+((4 X%)Jr(‘l)(%)Jr(l) X‘l‘[(rTi4+)2)]:

[(8 x 1 (1.40)*) + (4 X 7 (0.60)?)] = 53.78

_ number of atoms in the plane (100)x area of each atom in the plane (100) _ 53.78

Planar density area o the plane (100) T =093

(b) (110), super cell (2x2X2) @ca
®o
@Ti

2a

. 1 , =@+ (2a)? = (2x379)% +(2x379) ———> x=1071
area of the plane (110): S =2axx =2 x 3.79 x 10.71 = 81.18
number of atoms in the plane (110) x area of each atom in the plane (110) =

[((ox+ axge ) xmComen )+ (8 x5 4 2) xm rop )] (4w )] -

[(4 x W (0.60)2) + (4 X W (1.40)) + (4 X W (1)3)] =41.72

_ number of atoms in the plane (110)x area of each atom in the plane (110) _ 41.72 _ 0.51

Planar density area of the plane (110) 81.18
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(c) (111), supercell (2X2x2) @ ca
. Y ®o

@Ti

Y T X regular Hexagon area formula(each side length is equal to x)=6 x (L

4

H
(3.79xf) xﬁ_s X (2&73);«4’5 _

area of the plane (111): S=6x 76.64

1
number of atoms in the plane (111) x area of each atom in the plane (111) = [(5 Xzt 1) X M rTi+ )z] =3 xm(0.60)* =3.39

Planar denSity L number of atoms in the plane (111) X area of each atom in the plane (111) _ 339 — 0.04
area of the plane (111) 76.64

(d) (200), super cell (2xX2X2) @ ca
®o

| I

i
Sy
.
. .
e
+ -
- ' °

area of the plane (002): § = (2a)? = 57.45

number of atoms in the plane (200) x area of each atom in the plane (200) =
z [((4 X2 +4x3+1)xm(rge- )2) + (4 x 7 (rcat )2)] =[(4 x 7w X (1.40)2) + (4 x 7 (1)2)] =37.20

__ number of atoms in the plane (002)x area of each atom in the plane (002) _ 37.20

Planar density = area of the plane (002) =745 = 064
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(e) (210), super cell (2x2X2) @ ca :\
®o0
@ Ti

®?*=2a)? + @)?=(2x%x3.79)%+ (3.79)> —— x=847
area of the plane (210): S=2a x x = 2 X 3.79 X 847 = 64.20
Y‘T_—p X

number of atoms in the plane (210) x area of each atom in the plane (210) = [((2 X §+ 1) x 1 (rpjer }2)+ ((2 x% +4 x§+ 2) xm(rgz- )2)]=

[(2 x m(0.60)2) + (4 x 1w (1.40))] =26.89

_ number of atoms in the plane (210)x area of each atom in the plane (210) 2689 0.41
area of the plane (210) T 6420

Planar density -

(f) (211), super cell (2x2X2) @ ca
-0 ®o
@ Ti

2a
¥y X

2a

(x)?=(2a)% + (@) = (2% 3.79)2 + (3.79)) ——— x =847
=222+ 2a)?=(2x3.79)?+(2x3.79)2 —— y=10.72

Heron's law

area of the plane (211). s ————— s =2 % JP(P -x)p-y»p-2)

Xty 8.47+10.72+10.72
p=2"= - =14.96

s=2x,/14.96 (14.96 — 8.47)(14.96 — 10.72)(14.96 — 10.72) = 2 x 41.77=83.54
Cosines law: ¥* = (x)%4(x)? — 2(x){(x)cos8 ——> cos0 = 0,199 ——— 8 = 78.52

number of atoms in the plane (211) = area of each atom in the plane (211) =

[(@x 222+ 252820 1) s (opyes )+ (@ 2 m (rg2- )Y [ (2w (reas )] =102 X 10 (0.60)2) + (2 X 1 (1.40)2) + (2 X 7 (1)?)] = 20.86

2

_ number of atoms in the plane (211)x area of each atom in the plane (211) _ 2086 _ 025
area of the plane (211) 8354 .

Planar density
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@ ca
@®o0
@ Ti

v‘i_, x (92=(35)%+(35)?=(3%189)?+ (3% 189> —— x=802

area of the plane (220): S = 2a X x = 2 X 3.79 x 2.67 = 60.79

number of atoms in the plane (220) x area of each atom in the plane (220) =[((4 X i+ 6 X %+ 2)Xm ( roz- )2)]

[(6 x w(1.40)%)]=36.94

_ humber of atoms in the plane (220)X area of each atom in the plane (220) _ 36.94 _ 0.60
T 6079

Planar denSity ' area of the plane (220)

(h) (221), super cell (2x2x2)
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)%= (g a)? + (g a)? = (g X 3.79)% + (g X379 —> x=8.04
M?=G)?+ (@2 = (197 + (3.79)2 —— y = 4.24

area of the plane (211): § = 2 x51452
Angle between two miller cubic directions: [u; vy wi] < [up va wy] [0 % - ]] k [—% 0 1]

. (360 - (143.13)) — 10844

=—08 ——> 0 =143.13 2

[y uy + vyvg + wyws] _
V@i + v+ wd)VaE +vZ +wd) \((%—kl) xG+1)

cos =

S1=2XyxyXsind = x4.24 x424xsin(143.13)=539

Cosines law: zZ = (¥)*+(¥)? — 2N (¥)cosh——> 2z = 8.04—> 52 = 2X x = 8.04 X8.04=64.64—>5 = 64.64 + 2 x5.39=75.42

number of atoms in the plane (211) x area of each atom in the plane (211) =

1B+ ax ) xm (rge- )2)]= [(1.8 x 7 (0.60)2) + (3.2 X 1 (1.40)2)] = 21.74

[((2 x 224 1y (e )2) + [(4 x 12

_ number of atoms in the plane (211) x area of each atom in the plane (211) _ 21.74 _ 0.29

75.42

Planar denSIty area of the plane (211)

(i) (310), super cell (2x2x2)
®o
@i

....‘ :........‘“...-.“ D

¢

2=+ (@)% = (1.26)* + (3.79)2 — x="7.99
area of the plane (310): S=2a xx =2 X 3.79 X 7.99 = 60.56
number of atoms in the plane (310) x area of each atom in the plane (310) = [(2 x( roz—)z)] + [((2 xé + 1) X (rrje+ )2)]

=[(2 xm(1.8)2)]+ (2 x T x (0.6)2)=14.58
_ number of atoms in the plane (310)x area of each atom in the plane (310) _ 14.58 _ 0.24

Planar denSity area of the plane (310) 60.56
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(j) (311), super cell (2x2x2)

®ca
® o
@T
5
1
[510]
\
il
. o
) =

(0)? =(2)? + (2a)% = (253)% + (7.58)> ——> x=7.99

Angle between two miller cubic directions: [u; v; wy] < [uy 5 W3] [— 3 1 0] S [_ 0 - 1]
[ugup + + ] -3
Ugtly + V10 + Wyw;
e e U2 2 =-01 —— §=09574

cass=\/( 21 12t wd) J(d + v2 2)=1_'_1_
us+ 4w + vy 4w
1+ 1)V F Ty W J(‘é"’l)x(?;"'l)

arca of the plane (311): S =x X x xsinf = 7.99 x 7,99 X 5in95.74 = 63.52
9574
number of atoms in the plane (311) x area of each atom in the plane (311)= K(z XZe0 + 1) x w ( rrjes )2) =(@2xnx(0.6)2)=173

=0.03

_ number of atoms in the plane (311)x area of each atom in the plane (311) _ 1.73
63.52

Planar density area of the plane (311)
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(k) (222), super cell (2xX2x2)
@ ca
®o0
@rTi
Y I y =039+ (397=(3%189)7+(3x 189 —> x=802 B

area of the plane (222): $ =0.5x x X x X sin60 = 0.5 X 8.02 X 8.02 X 0.866 = 27.85

number of atoms in the plane (222) x area of each atom in the plane (220) = [((3 X §+ 6 X %) X Tr( roz—)z)] +[(1 X1 X (I‘Ca-)- )2)] =

[(3.5 X 1 (1.40)2)] +{(1 X T (1)2)] = 24.69

number of atoms in the plane (222) % area of each atom in the plane (222) _ 2469 _ 0.88

planer densm_,' - area of the plane (222) 27.85

Figure S5. Geometry of planes and calculations of planar density of (a) (100), (b) (110), (c) (111), (d) (200), (e) (210), (f) (211),

() (220), (h) (221), (i) (310), (j) (311) and (k) (222) related to the super cells (2x2x2) of CaTiOs.

(a) (100), supercell (8x8%x8) @ca T
oo e o5 0(). 0=0=0=0=
@i Fia
¢ 0 0 o
0
0-0'0'0-
0:0:0:0:
0:0:0:0:
z area of the plane (100): S =8a X 8a = 64 X 3.79 x 3.79 = 919.30
¥ x  number of atoms in the plane (100) x area of each atom in the plane (100) =

[((32 x3)+ @12 x 1) x 7 (rg2- )2) + ((4 x3)+ (28 x3) + (49) xm ( rTi4+)2)] -
[(128 x 1 (1.40)2) + (64 X T (0.60)%)] = 860.54

_ number of atoms in the plane (100)x area of each atom in the plane (100) _ 860.54

Planar denSity v area of the plane (100) ~ 919.30 =093
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®o

(b) (110), super cell (8xX8%X8) @ca
. P2 s o Ti

Py o4 W
> > & P

(x)?=(8a)? + (8a)2 = (8 x3.79)2+ (8 x3.79)2 ——— x=42.88

area of the plane (110): S=8a xx = 8 x 3.79 X 42.88 = 1300.12
number of atoms in the plane (110) x area of each atom in the plane (110) =
(421282 1+ 49) xm (rpges )*) + (16 x 2 4 56) xm (g )?) |+ [(64 x 7 x (rear )*)] =
" > T ( rrjet 3 m(rgz- Ca

[(64 x 1 (0.60)2) + (64 x 7w (1.40)%) + (64 x w (1)%)] = 667.52
_ number of atoms in the plane (110)x area of each atom in the plane (110)  667.52 051

Planar denSIty - area of the plane (110) 1300.12

@ ca
®o
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)2V3

regular Hexagon area formula(each side length is equal to x)=6 x = —

area of the plane (111): 8=6x =1194.21

(4x3.79xﬁ}2xd§_5 % (459.65) X3
4

1 1
number of atoms in the plane (111) x area of each atom in the plane (111) = [(6 X3+18x 5+ 37) xm( rTi4+)2] =

48 x 7 (0.60)% = 54.28

Planar denS|ty _ number of atoms in the plane (111) x area of each atom in the plane (111) _ 54.28 — 0.04
area of the plane (111) 1194.21

@®ca
®o
@T

area of the plane (002): S = (8a)? = 919.30
Yo | > X

number of atoms in the plane (200) x area of each atom in the plane (200) =

[((4x5+28%3+49) xm (rge-)") + (4 x (g )*)| =[(64 x 7 x (1.40)) + (64 x w (1)2)] =595.14

Planar denSity _ number of atoms in the plane (002)X area of each atom in the plane (002) - 595.14 — 0.64
area of the plane (002) 919.30

@®ca
®o

er cell (8%x8x8)

£

(e) (210), sup

-
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(x)?=(8a)? + (4a)2 = (8 x3.79)2 + (4 x3.79)2 — > x=33.90
area of the plane (210): S=8a x x = 8 x 3.79 x 33.90 = 1027.85

number of atoms in the plane (210) x area of each atom in the plane (210) =

[(Rox3+axi+21)xm(rpue) )+ (24 x2+52) %7 (rg-) ) [(32 X 7 (0.60)2) + (64 x 7 (1.40)2)] = 430.27

number of atoms in the plane (210)x area of each atomin the plane (210) _ 430.27 _ 0.41

planer density = area of the plane (210) T 102785

®o
@Ti

(f) (220), super cell (8x8%8) @ca

®)?Z= (15%)2 + (15%)2 = (15 x 1.89)% + (15 x 1.89)2 —— x =40.09

area of the plane (220): S=8a x x = 8 x 3.79 x 40.09 = 1215.53
number of atoms in the plane (220) x area of each atom in the plane (220) = [((4 X Tl; + 42 x% +98) x T ( rgz- )2)] =
[(120 % T (1.40)2)] = 738.90

_ number of atoms in the plane (220)X area of each atom in the plane (220)  738.90

Planar denSity - area of the plane (220) 1215.53 = 0.60
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(g) (310), super cell (4%x4%x4) @ca
e B ®o
TS @Ti

Ny

©
()

("5)2 =(2 %)2 + (2a)2 = (2.52)% + (7.58)2 —— x = 1597

area of the plane (310): S=4a xx =4 x 3.79 x 15.97 = 242.10
number of atoms in the plane (310) x area of each atom in the plane (310) =[(4xm ( 1’027)2)] “[(@x2+3yxm (g )2)]

[(Bxm(rcas )')] = [(4 x 7 (L)) + (4 X 1% (0.6)2) + (8 x m x (1)?) = 5430

H __ number of atoms in the plane (310)x area of each atom in the plane (310) _ 54.30 _
Planar denSIty area of the plane (310) T 24210 0.23

®o
@ Ti

(h) (310), super cell (8x8%x8) @ca

J.ad .
FEEEEY

(X
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("5)2 =(4§)2 + (4a)? = (5.05)? 4+ (15.16)2 — x = 31.96

area of the plane (310): S =8a xx =8 x 3.79 x 31.96 = 969.03
number of atoms n the plane (310) x area of each atom in the plane (310) = [(24 x (rgz- )2)] - [((6 X % +21) X 7 (rrjse )2)]

[(16 % 1 (rcas )*)]= [(24 x 7 (L] + (24 x 7 x (0.6)2) + (16 x 7 x (1)?) = 225.18

Planar den5|ty _ number of atoms in the plane (310)x area of each atom in the plane (310) _ 225.18

area of the plane (310) " 969.03 =023

Figure S6. Geometry of planes and calculations of planar density of (a) (100), (b) (110), (c) (111), (d) (200), (e) (210), (f) (220),
(g) (310) (4x4x4) and (h) (310) (8x8x8) related to the super cells (8x8x8) of CaTiOs.

(a) (211), super cell (4x4x4)

(x)?=(2a)% + (4a)? = (2x3.79)2 + (4 x3.79)? — > x=16.95
()%= (4a)® + (42)? = (4 X 3.79)2 + (4 X 3.79)? ———y=21.44

Heron's law

area of the plane (211): s —————s =2 X \/p(P -x)(p-y)(p—2)

_ x+y+y _ 1695+21.44+21.44
-2 T 2

=29.92

s =2X4/29.92(29.92 — 16.95)(29.92 — 21.44)(29.92 — 21.44) = 2 X 167.05=334.1

Cosines law: y2 = (x)%2+(x)? — 2(x)(x)cos0 —— cos0 = 0.199 —— 0 = 78.52

number of atoms in the plane (211) x area of each atom in the plane (211) =

[((2 o 7:;2 +2x “;:;8 +4x % +5) X (rrye+ )2) + ((8 X % +4) xm( roz_)z)]+[(8 X T (rcay )2)] =

[(8 x m (0.60)2) + (8 x 1 (1.40)?) + (8 X 7 (1)2)] = 83.44

Planar density _ number of atoms in the plane (211)x area of each atom in the plane (211) _ 8344 0.25

area of the plane (211) 3341
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(b) (211), super cell (8x8x8)

-

(x)?=(4a)? + (8a)> = (4 Xx3.79)? + (8% 3.79)2? — > x=33.90

(v)?=(8a)2 + (8a)? = (8 x 3.79)% + (8 x 3.79)2 — > y = 42.88

Heron's law

area of the plane (211): s ——————s =2 X \/p(p —x)p—y)(p—2)

x+yv+ 33.90+42.88+42.88
p=""2 = - —=59.83

s =2 x/59.83(59.83 — 33.90)(59.83 — 42.88)(59.83 — 42.88) = 2 X 667.62=1335.24

Cosines law: y? = ()24 (x)? — 2(x)(x)cos® ——— cos0 = 0.199 —— 0 = 78.52
number of atoms in the plane (211) x area of each atom in the plane (211) =

[(ExZZ+2x 22 12 x 24 25) xm (rppes ) ) + ((16 x 2+ 24) x 7 (102 ) ) (32 % m (ras ))| =

[(32 x T (0.60)2) + (32 X 7 (1.40)2) + (32 X 1 (1)?)] = 333.76

H _ number of atoms in the plane (211)x area of each atom in the plane (211) 333.76
Planar density = £ P = =0.25

area of the plane (211) 1335.24

Figure S7. Geometry of planes and calculations of planar density of (a) (211) super cell (4x4x4) and (b) (211) super cell
(8x8x8).
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(a) (221), super cell (4x4x4)

(x)?=(3a)? + (3a)? = (3x3.79)2+ (3 x3.79)2 — > x=16.08
M?*=(@)?2+(2a)?=@B7N*+(2x3.792 _____ . y==848

area of the plane (221): § = 2 xS1+52

Angle between two miller cubic directions: [u; v, wy] < [u; v, w,] [0 % - 1] k [—E 0 1]

+ + -1 360 — (143.13
[u1u2 L) W1W2] - 08— > 0 =143.13 S B:( (2 )

\/(uf+vf+w12),/(u§+v§+w22):J(l+1)x(%+l)

) =108.44

cosf =
4

§1=2xyxy X sind = - x8.48 x8.48 xsin(143.13)=21.57 Cosines law: 22 = (y)?+()? — 2(¥)(¥)cos0

2% = (8.48)?+(8.48)% — 2(8.48)(8.48)cosd ——> z = 1608 —> S§2 =z X x = 16.08 x16.08=258.57

—> §=25857+2 %21.57=301.71

number of atoms in the plane (221) x area of each atom in the plane (221) =

(%2244 x 282 4 45 243y ko (rpyee)”) + (12 + 4% 3) x 1w (rga- ) )JFI(7 X 1 (0.60)%) + (14 x 7 (1.40)?)] = 94.12

360 360

_ number of atoms in the plane (221)x area of each atom in the plane (221) _ 9412 0.31

Planar denSIty area of the plane (221) 301.71
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®)%=(6a)% + (6a)? = (6 X 3.79)? + (6 X 3.79)2 ——— x=32.16
(N?=(2a)? + (4a)> = (2x3.79%? + (4 x3.79)? — = y=16.95
area of the plane (221): § = 2 xS1+52
Angle between two miller cubic directions: [u, v; w,] < [uy vy ws] [0 % - 1] L I—% 0 1]

[uyuy + v, + wyws,) -1

\/(uf+vf+w12)\/(u§+v§+w22):\l(%+l)x(%+1)

360 — (143.13)
=08 ——— 0=14313——> B=(——F——

cosfl =

) = 108.44

S1=2xyxyXsind == x16.95 x16.95 xsin(143.13)=86.19  Cosines law: z2 = (3)?+(y)? — 2() (y)cosd
22 = (16.95)2+(16.95)% — 2(16.95)(16.95)cosd ——> z=32.16 —> §2 =z x x = 32.16 x32.16=1034.27

—> S$=1034.27 + 2 X86.19=1206.65

number of atoms in the plane (221) x area of each atom in the plane (221) =

[(2x ™22+ ax 2% 4 14 %2+ 19) xm (rqyer)*) + (52 + 8 x ) x w (rg2-)7)|=[(28 X 1 (0.60)%) + (56 x 1 (1.40))] = 376.49

260 360

_ number of atoms in the plane (221)x area of each atom in the plane (221) _ 376.49
area of the plane (221) T 1206.65

Planar density =031

Figure S8. Geometry of planes and calculations of planar density of (a) (221) super cell (4x4x4) and (b) (221) super cell
(8x8x8).
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(a) (311), super cell (3%x3x%3)

@ ca
® o

(x)?=(a)* + (32)* = (3.79)* + (11.37)*—— x=11.99
Angle between two miller cubic directions: [u; v; wy] < [uy v, wy] [—% 1 0] 3 [5 0 — 1]
1
cosf = [yt & vivs +wiws] _9 01 — 0 =95.74

V@i + vi+wd) V(G +vi+wd) J(%+1)><(%+1)
area of the plane (311): S=x Xx X sinB = 11.99 X 11.99 X sin95.74 = 143.04

number of atoms in the plane (311) x area of each atom in the plane (311) =

2
(ZXW'FZXW'FZ)XT[(YTI‘H) )]: (3 XTI X (06)2)=3'39

( 95.74 84.26

Planar density _ number of atoms in the plane (311)X area of each atom in the plane (311) _ 339 _ 0.02
area of the plane (311) 143.04
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(b) (311), super cell (4x4x4)

e
# ; 0g %y
. ‘:: ::.f‘v-:“-‘.‘d ST
O30, Mg 263,20 e
o oS n®
r "‘ow“"\"‘-.»"‘\. by
o oI g
| o 03 28o%00 05 %4 P00
-0 %o 200 S0 0 WoP 0,
, : a0
4 D 0200
y‘i—. X o Ti
()7 =(3)? + (42)> = (5.05)” + (15.16)> — x=15.99
Angle between two miller cubic directions: [u; vy wy] < [u; V5 W] [—:—1 1 0] S E 0-— 1]
L1111 + 030, + ] -3
cos) =t 2 L2 AT _ 2 =—01 —— §=09574
V@ + v +wd) V03 +vF +wF) J(%+1)><(%+1)
area of the plane (311): S =x X x X sinf = 15.99 X 15.99 X sin95.74 = 254.40
number of atoms in the plane (311) x area of each atom in the plane (311) =
95.74 1
(2X ——+4ax=+3)xm (rpp+ )" || = (553 x X (0.6)2)=6.25
360 2
Planar dens“:y _ number of atoms in the plane (311)x area of each atom in the plane (311) _ 625 0.02
area of the plane (311) " 25840
(c) (311), super cell (8x8x8)
510

A

€.

(-0
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()2 =(%)? + (82)% = (10.11)? + (30.32)> — x=31.96

Angle between two miller cubic directions: [u; vy wy] < [uy v, W] [—% 1 O] k E 0 - 1]
1
[uluz + LS5 + W]_Wz] _6

-01 — 6 =95.74

SN re7 S s N v rare: s B T
J(§+ 1)>< G+1D

area of the plane (311): S =x X x X sinB = 31.96 X 31.96 X sin95.74 = 1016.32

number of atoms in the plane (311) x area of each atom in the plane (311)=

95.74 1
[((2 xm +8x §+ 17) X ( rpje+ )2)] = (21.53 x tx (0.6)2)=24.35

Planar denS|ty __ number of atoms in the plane (311)x area of each atom in the plane (311) _ 24.35 — 002
area of the plane (311) 1016.32

Figure S9. Geometry of planes and calculations of planar density of (a) (311) super cell (3x3x3), (b) (311) super cell (4x4x4)
and (c) (311) super cell (8x8x8).

(a) (222), super cell (3x3%3)

.

lha

[ v < I i
| =
: , e —b L
Lo . . . . 2
el o @0 o
@ Ti .

(x)?2= (5%)2 + (5%)2 =(5x1.89)2 + (5% 1.89)2 ——> x=13.36
area of the plane (222): S =0.5x x X x X sin60 = 0.5 x 13.36 x 13.36 X 0.866 = 77.28

number of atoms in the plane (222) x area of each atom in the plane (222) = [((3 X i +12 % % +3) xm(rge- )2)] + [(3 XX (rog+ )2)] =

[(9.5 x 1 (1.40)2)] + [(3 X 7 (1)?)] = 67.92

Planar denSIty _ number of atoms in the plane (222)x area of each atom in the plane (222) _ 6792 _ 0.88
area of the plane (222) 77.28
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(x)2= (15"’;)2 + (15%)2 = (15 % 1.89)2 + (15 X 1.89)2 —— x = 40.09
area of the plane (222): S=0.5X x X x X sin60 = 0.5 x 40.09 x 40.09 x 0.866 = 695.92

number of atoms in the plane (222) x area of each atom in the plane (222) =[((3 X é +42 X % +63)Xm (rozf )2)] +[(28 XX (rCa+ )2)] =

[(84.5 x m (1.40)2)] +[(28 x 7 (1)2)] = 608.28

H b f at in the pl 222)X f h at in the pl 222 608.28
Planar denSlty _ humber of atoms in the plane (222)x area of each atom in the plane ( }: = 0.88

area of the plane (222) 695.92

Figure S10. Geometry of planes and calculations of planar density of (a) (222) super cell (3x3x3), (b) (222) super cell (8x8x8).
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