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Measurements

The structural properties of the prepared BNT NPs analyzed using an Empyrean X-ray
diffractometer by Malvern Panalytical. The Raman spectroscopy analysis performed using
LabRAM by Horiba. The IM3570 impedance analyzer by Hioki was used in dielectric
properties studies at room temperature (RT). The BNT system PE loop measurement was
performed by Radiant Technologies (PLC21216-375) at RT. The American Piezo ds; Tester is
used in the quantification of the piezoelectric coefficient. The morphological analysis,
elemental spectrum, and mappings were performed from MIRA3 by TESCAN. The HF01-37
by Lin Mot was used in applying constant mechanical force. The applied compressive force
was measured by the Force and Torque indicator from Mecmesin. The JIBT 200 by Junil Tech
was used in applying bending force. The energy harvesting outputs were measured by Keithley
electrometer 6514. The Piezo Force Microscopy (PFM) analyses performed from a Scanning

Probe Microscope (SPM) by Multimode 8 (Bruker).
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Fig.S1 The SEM image of the sintered BNT disks and it’s corresponding EDS mapping
images.
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Fig.S2 The frequency-dependent dielectric studies of the prepared BNT composite films. (a)
Dielectric constant, (b) Dielectric loss, (¢) AC Conductivity, (d) Impedance.

PBNT composite films dielectric analysis:

The dielectric constant of the composite films increases from 6 to 28 at 100 kHz by
load varying from 10 to 70 % of BNT NPs. The interfacial polarization with dipolar
polarization, shown a high dielectric constant of 43 at low frequency, which later dropped to
27 at higher frequencies. The dielectric loss is one of the piezoelectric loss affecting the energy
harvesting performance!. The initial loading of 10 to 50 % of BNT NPs shown a low dielectric
loss variation from 0.003 to 0.01, but the further loading leads to a rapid increment of dielectric
loss. The 60 % gave 0.04, while it reached 0.11 for 70 % at 200 kHz, and this high dielectric
loss indicates the reduction in energy harvesting performance. Further, the conductivity and
impedance studies performed, and it follows a similar trend of dielectric loss with the maximum
conductivity of 0.27 uS/cm observed for 70 %, and low impedance of 9.42 kQ at 200 kHz.
These results indicate the 50 % loading of BNT NPs was optimum with good dielectric constant
and reasonable loss, while the higher loading gives huge loss, which will affect the electrical
outputs. As shown in Fig.4, the structural instability with cracks and voids at higher loading is
the major reason for huge losses.
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Fig.S3 (a) The voltage response of unpoled PBNT CPNGs under bending force. Inset digital
images show the device in normal and bending motion conditions (Strain ~ 1.5 %).
current response of PBNT CPNGs under bending force. (c¢) The voltage response of unpoled
PBNT CPNGs under a compressive force of 6 N force @ 1 m/s?. (d) The current response of
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unpoled PBNT CPNGs under a compressive force of 6 N force @ 1 m/s?.
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Fig.S4 (a) The charging-discharging cycle of 0.1 pF capacitors using 50 % PBNT CPNG. (b)
The 50 % PBNT CPNG device voltage stability at 6 N force @ 1 m/s? for over 1000 s.
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Fig.S5 The energy harvesting from biomechanical force (a) The force conditions under tapping
and not tapping conditions. (b) The measured voltage and current response under tapping and
no tapping conditions.



Supporting table

Table R1: Comparison table of the prepared BNT system electrical properties with the
reported BNT materials.

Material
BNT 2
BNT 3
BNT 4
BNT 3

Unpoled
BNT 3
Poled
BNT ¢
BNT’
BNT 8
BNT °

This
work

€

~350 @
100 kHz
262 @
10 kHz

~410 @
10 kHz
~460@
10 Hz
~340
@100
kHz
~250 @
1 kHz
~340 @
100 kHz
400 @ 1
kHz
3383@ 1
kHz

€ Tq(°0) €m

~0.12 200 @ 2745 @
@100kHz 100 kHz 100 kHz
0.0962 @ - -
10 kHz
- - 2800 @1
kHz
~0.05 ~145@ 1170@
@ 10kHz 10kHz 10 kHz
~0.05 ~145@ 2200@
@ 10kHz 10kHz 10 kHz
~0.08 200 @ 2750@
@100 100 kHz 100 kHz
kHz
~0.15 ~226 @ 2825 @
@ 1 kHz 1 kHz 1 kHz
~002@ 190@ 2700 @
1 kHz 100 kHz 100 kHz
- 190@1 2900 @

kHz 1 kHz
0.039@ 206@1 3035w 1
1 kHz kHz kHz

P, E,
(uC/cm?) (kV/em)
38 66
32.7 65
~41 ~61
~38 ~58
~24.3 ~63

34 60

ds3
(pC/N)

74
74

79

¢ = Dielectric constant, g, = Dielectric loss, &, = Maximum dielectric constant, T4 =
Depolarization temperature, P. = Remanent Polarization, E. = Coercieve field, d;;=
Piezoelectric coeffcient.



Table S2: Comparison of energy harvesting performance of proposed work with

recently published works

Active

Materials
Bi4Ti3012 10

Bi Ti;01, 1

Bi;Tiz;O0p, !
PVDF 2
BiFeO3 13

PVDF/ NaNbO; 2

PVDF
14

PVDF/FNC

0.91K0,48N30.52Nb03-
0.04Bi0,5Na0_5ZrO3-
0.05AgSbOs-
0.2%F8203 15
Mn-modified
(Ko.sNays)NbO; 16
(1-x) KNaNbO;-

x BaTiO; NPs 7
KosNagsNbOs-
BaTiOs/PVDF 8
Pb[Zl’(x)Ti(l_x)]O3 19
Pb(Zr 5,Tig.45)03 2
Pb(Zr 5,Tiy.43) O3 *!
rGO/Pb(Mgl/g,me)O
3—PbTiO3;/PVDF-TrFe
22

Biy.5(Nay.cKo.4)0.5TiO3
23

Bip s(Nay.83Ko.17)0sTiO

24
3

0.78Bi0.5Nao,5TiO3-
0.22SrTiO; 25
0.92(Nao,5Bi0,5)TiO3-
0.04(K,.5Biy 5) TiO;3-
0.04BaTiO; 26
BisNay sTiO3
(Present work)

Electrod
e

Al
Al

ITO
Cu
Al
Cu

Cu

Ag

ITO

Al/PES
ITO

CulDT

Ag paste

Au

Devic

e
Area

(cm?)

4

4

2.5

4

Applied
force
(kPa)

25

Hand
force
Hand
force
15
Hand
force
15

0.039

0.039

75

50
Finger
tapping

Cantileve
r model

5@ 1

m/s?

Voltag
e (V)

12.5

10

1.6
0.7
3

1.746
0.001

0.008

75

16

55

160

365
209
6.5

8.4

11

3.5

1.31

12

22

Curren
t (HA)

0.1

0.06

0.083
0.25
0.216

7.5

10

0.410

0.4

240
53

0.14

Usage

Force
sensor

Pressure
sensor
Pressure
sensor

Force
sensor

Sleep
monitoring

Frequency
sensor

Acceleratio
n sensor

FNC: Fluorinated nanocellulose crystals; PES: Polyethersulfone; IDT: Interdigitated

electrodes.
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