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Figure S1: Low temperature dependent XRD of Cs,AgBiBrg.
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Figure S2: Refined XRD data of Cs,AgBiBrs at 115 K in tetragonal lattice system with 14/m

space group.
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Figure S3: Low temperature XRD of Cs,AgBiBrg at the phase transition region.
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Figure S4: Zoom view of 31.73° peak at low temperature XRD of Cs,AgBiBrs.
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Figure S5: Time dependent XRD stability of Cs,AgBiBr.

— 12 months
—— 1 month

e

=

o

> |

b - J I J

‘7

o

=}

Nt

=

J—

A ‘ AJ JL 41 1 J A
40 5

0



Intensity (a.u.)

Cs 3d

T
1200

T T T
800 600 400

Binding Energy (eV)

200 0

Figure S6: XPS survey scan of Cs,AgBiBrs.

Table S1: Comparison of Piezoresponse of various halide perovskites

S. No. Material Maximum Applied | Reference
piezoelectric electric
Amplitude response bias
1. FASnI; ~400 pm +10V 1
2. v-CsPbl; ~350 pm +10V 2
3. CsGeBr; ~70 pm +8V 3
4, PEAzMAn_lpbnbnﬂ (Il :5) ~400 pm 10V 4
5. MAPDB(I, Bry); ~90 pm +5V 5
6. DMAACACI; ~175 pm +60V 6
7. (TMAEA)Pb,Clg ~600 pm +20V 7
8. Cs,AgBiBr ~272 pm 20V this work
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Figure S7: (a) Energy dispersive real and imaginary parts of optical dielectric function; (b)

Debye temperature versus absolute temperature (T); (c) T X entropy, enthalpy, and free

energy as a function of T, (d) heat capacity versus T plot.
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Figure §8: Picture of the PNG device (a) without bending (b) with bending.
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Figure 89: XRD of pure PDMS, Cs,AgBiBrg crystals with prepared film
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Figure S10: Output performance registered from PDMS



Group theoretical analysis using VIBRATE!

Cs,AgBiBrg

Hall Symbol: -F 423
Space Group: Fm 3 m (O
Space Group Number: 225
a=11.2712

b=11.2712

c=11.2712

a=90

B=90

Y=290

Crystal System: Cubic
Setting: Standard

Point Group: m3m (Oy)

Atomic Coordinates

24e 1 0.250310 0.000000 0.000000
24e 2 0.250310 0.500000 0.500000
24e 3 0.750310 0.000000 0.500000
24e 4 0.750310 0.500000 0.000000
24e 5 0.749690 0.000000 0.000000
24e 6 0.749690 0.500000 0.500000
24e 7 0.249690 0.000000 0.500000
24e 8 0.249690 0.500000 0.000000
24e 9 0.000000 0.250310 0.000000
24e 10 0.000000 0.750310 0.500000
24e 11 0.500000 0.250310 0.500000
24e 12 0.500000 0.750310 0.000000
24e 13 0.000000 0.749690 0.000000
24e 14 0.000000 0.249690 0.500000
24e 15 0.500000 0.749690 0.500000
24e 16 0.500000 0.249690 0.000000
24e 17 0.000000 0.000000 0.749690
24e 18 0.000000 0.500000 0.249690
24e 19 0.500000 0.000000 0.249690
24e 20 0.500000 0.500000 0.749690
24e 21 0.000000 0.000000 0.250310
24e 22 0.000000 0.500000 0.750310
24e 23 0.500000 0.000000 0.750310
24e 24 0.500000 0.500000 0.250310
4a 25 0.000000 0.000000 0.000000
4a 26 0.000000 0.500000 0.500000
4a 27 0.500000 0.000000 0.500000
4a 28 0.500000 0.500000 0.000000
4b 29 0.500000 0.000000 0.000000
4b 30 0.500000 0.500000 0.500000
4b 31 0.000000 0.000000 0.500000
4b 32 0.000000 0.500000 0.000000
8c 33 0.250000 0.250000 0.250000
8c 34 0.250000 0.750000 0.750000
8c 35 0.750000 0.250000 0.750000
8c 36 0.750000 0.750000 0.250000
8c 37 0.750000 0.750000 0.750000
8c 38 0.750000 0.250000 0.250000
8c 39 0.250000 0.750000 0.250000
8c 40 0.250000 0.250000 0.750000
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Lattice Centring Operators

1: 0.0000000 0.5000000 0.5000000

2: 0.5000000 0.0000000 0.5000000

3: 0.5000000 0.5000000 0.0000000

4: 0.0000000 0.0000000 0.0000000

Non-Magnetic Case k =0

Symmetry Operators
R t x,y,z Operator: 1 (E)

100 0.000

010 0.000

0 0 1 0.000
R t -y,-z,x  Operator: 3 (C3)

010 0.000

0 0 -1 0.000

100 0.000

I EL——
R t z,-x,-y  Operator: 3 (C3)

0 0 1 0.000

-1 00 0.000

010 0.000

I EL——
R t -y,z,-x  Operator: 3 (C3)

0 10 0.000

0 0 1 0.000

-1 00 0.000

R t -z,-x,y  Operator: 3 (C3)

t -z,X,-y  Operator: 3 (C3)



R t y,z,-x  Operator: 3 (C3)

010 0.000

0 0 1 0.000

-1 00 0.000

I EL——
R t z,x,y Operator: 3 (C3)

0 0 1 0.000

100 0.000

010 0.000

I EL——
R t y,z,x  Operator: 3 (C3)

010 0.000

0 01 0.000

100 0.000

I EL——
R t -z,-y,-x  Operator: 2 (Cy)

00 -1 0.000

010 0.000

R t z,-y,x Operator: 2 (Cy)

0 0 1 0.000

010 0.000

100 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -x,-z,-y  Operator: 2 (Cy)

-1 00 0.000

00 -1 0.000

0 10 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -x,z,y  Operator: 2 (Co)

-1 00 0.000

0 0 1 0.000

010 0.000

R t -y,-X,-z  Operator: 2 (Cy)

R t y, X,z  Operator: 2 (Cy)

010 0.000

100 0.000

0 0 1 0.000

I EL——
R t -y,x,z Operator: 4 (Cy)

0 10 0.000

100 0.000



R t y,-X,z  Operator: 4 (Cy)

010 0.000

-1 00 0.000

0 0 1 0.000

I EL——
R t x,-z,y  Operator: 4 (Cy)

100 0.000

00 -1 0.000

010 0.000

I EL——
R t x,z,-y  Operator: 4 (Cy)

100 0.000

0 0 1 0.000

010 0.000

I EL——
R t z,y,-x  Operator: 4 (Cy)

0 0 1 0.000

010 0.000

-1 00 0.000

I EL——
R t -z,y,x  Operator: 4 (C4)

0 0 -1 0.000

010 0.000

100 0.000

I EL——
R t -X,-y,z  Operator: 2 (C»)

-1 00 0.000

0 10 0.000

0 0 1 0.000

I EL——
R t X,-y,-z  Operator: 2 (C»,)

100 0.000

010 0.000

00 -1 0.000

I EL——
R t -x,y,-z  Operator: 2 (C»)

-1 00 0.000

010 0.000

00 -1 0.000

I EL——
R t -X,=y,-z  Operator: 1 (i)

-1 00 0.000

010 0.000

00 -1 0.000

I EL——
R t y,-X,-z  Operator: 4 (Sy)

010 0.000
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R t -y,x,-z  Operator: 4 (S,)

010 0.000

100 0.000

00 -1 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -x,z,-y  Operator: 4 (S,)

-1 00 0.000

0 0 1 0.000

010 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -x,-z,y  Operator: 4 (S,)

-1 00 0.000

0 0 -1 0.000

010 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -z,-y,x  Operator: 4 (S,)

00 -1 0.000

010 0.000

100 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t z,-y,-x  Operator: 4 (Sy)

0 0 1 0.000

010 0.000

-1 00 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -z,-X,-y  Operator: 3 (Sg)

00 -1 0.000

-1 00 0.000

0 10 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -y,z,-x  Operator: 3 (Sg)

010 0.000

00 -1 0.000

R t y,z,-x  Operator: 3 (Sg)

010 0.000

0 01 0.000

-1 00 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -z,x,y Operator: 3 (Sg)

0 0 -1 0.000

100 0.000

010 0.000

R t y,-z,x  Operator: 3 (Sg)
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R t z,x,-y  Operator: 3 (Sg)

0 01 0.000

100 0.000

010 0.000

I EL——
R t -y,z,x  Operator: 3 (Sg)

010 0.000

0 01 0.000

100 0.000

I EL——
R t z,-x,y Operator: 3 (Sg)

0 01 0.000

-1 0 0.000

R t x,y,-z  Operator: m (G)

100 0.000

010 0.000

0 0 -1 0.000

___________________________________________________________________________________________________________________________________________________________________|
R t -x,y,z Operator: m (o)

-1 00 0.000

010 0.000

0 0 1 0.000

x,-y,z  Operator: m (o)
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R t z,y,x Operator: m (o)

0 0 1 0.000

010 0.000

100 0.000

I EL——
R t -z,y,-x  Operator: m (G)

0 0 -1 0.000

010 0.000

-1 00 0.000

I EL——
R t x,z,y Operator: m (G)

100 0.000

0 0 1 0.000

010 0.000
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R t x,-z,-y  Operator: m (G)

100 0.000
00 -1 0.000
010 0.000
___________________________________________________________________________________________________________________________________________________________________|
R t y,x,z Operator: m (G)
010 0.000
100 0.000
0 0 1 0.000

R t -y,-x,z  Operator: m (G)
010 0.000
-1 00 0.000
0 01 0.000

Reducible Characters List

Point Group = m3m (Oy)

1: (1) 12:(3) 3:(3) [4:(3) 0/5:(3) 06:(3) 0]7:(3) 0[8:(3) [9:(3) [10:(2) M11:(2) [12: (2)
30 0 0 0 0 -2 -2 -2
13:(2) [14:(2) 15:(2) [16:(4) 17:(4) [18:(4) |19:(4) [20: (4) |21: (4) [22: (2) |23:(2) [24: (2)
-2 -2 -2 4 4 4 4 4 4 -6 -6 -6
25: (-1) |26: (-4) |27: (-4) |28: (-4) |29: (-4) |30: (-4) [31: (-4) |32: (-3) |33: (-3) |34: (-3) |35: (-3) |36: (-3)
-6 -4 -4 -4 -4 -4 -4 0 0 0 0 0
37: (-3) [38: (-3) [39: (-3) [40: (m) |41: (m) [42: (m) |43: (m) |44: (m) [45: (m) |46: (m) |47: (m) [48: (M)
0 0 0 6 6 6 6 6 6 6 6 6

Character Table

133333333222222444444222--------------- mmmmmmmmm
144444433333333

N R T T e e e T T T U e e e T T T T T e e

A2 11111111t T111------ 11111111111 -1-1-1-1-1-1
g 1111111111111 111111

Eg 2|-FFF}FI|FF 0000000000002222000000---]-"--F-F 222000000
171111111 11111111

T1 300000000- - - 11111 1---311111100000000-1-1-1-1-1-1-1-1-1
g 111111 111

T2 3000000001111 ---1-1---- 3l == - oooo00000--1-11T 11111
g 111111111 111111

L e T e e e e T T b e O R R B e e e e e e A A B A A A A
u 111111 111111111 1

A2 11111111t T11-11 11 - - - - - - - 1-1-111 1111
u 1111111111111 1 111111111

Bu 2|} }F|F ooooo0o0000000222-00000011111111-2-2-2000000
171111111 2

T1 300000000- - - LR e R E oooooo0001 11111111
u 111111 1113111111

T2 3000000001114 A -} 1-+-©-1-~-F- 111111000000001 11 -1-1-1-1-1-1
u 1111111113

Irreducible representations (Mulliken Notation)



rred = A1g+Eg +T1g+2T29+5T1u+T2u
Irreducible representations (Bethe Notation)

I'ieq = I +3" 404 +2I 5" +50 4 +1's”

Invariants
IR Active - Acoustic Modes (translations)

T1u 1-‘4_ (X1y!Z)
Rotations

T1g 1-‘4+ (Rx1Ry,Rz)
Raman Active

Ag 't x2+y2+z2

Eq I'z* (2z2-x%-y2,x2-y?)
ng r5+ (XZ,yZ,XY)
Silent

Tou I's
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