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Figure S1: Room temperature x-ray diffraction pattern of MgFe,O4

Table S1: Crystallographic data of MgFe,Oy4 at 900 °C.

Crystal system

Cubic

Space group

Fd3m

Unit cell dimension

a=b=c=8.47224 (9) A

o=p=y=90°

Atomic Coordinates

0] (0.25472, 0.25472, 0.25472)
MgT (0.125, 0.125, 0.125)
FeT (0.125, 0.125, 0.125)
MgO (0.5,0.5,0.5,)

FeO (0.5,0.5,0.5,)

x2 5.89

R, 5.79%
Ry 5.49%
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Figure S2: (a) Fourier transform infrared spectroscopy and (b) Raman spectroscopy data of

MgFe,0, at room temperature.

Figure S2a shows the obtained FT-IR spectrum of MFO in the wavenumber range from 400 to 1200
cm!. The strong absorption band at ~530 cm! indicates the formation of MFO, which can be assigned
to the metal-oxygen band corresponding to the intrinsic stretching vibrations of the metal at the
tetrahedral site'. The vibrational and structural properties of MFO are further probed with Raman
spectroscopy, shown in Figure S2b. MgFe,0, spinal structure consists of five Raman active modes
assigned as one A,,, one E,, and three F,, modes?. The F,, mode at 217 cm™! is due to translational
movement of the whole tetrahedron (FeO4). Raman mode at 329 cm!, which can be assigned to E, is
due to the symmetric bending of oxygen with respect to Fe. Raman modes at 480 and 548 cm™' are
assigned to F,, which are related to the vibrations of the octahedral group. The 480 and 548 cm™! modes
are caused by the asymmetric stretching and bending of the Fe-O bond, respectively. The A, mode at

704 cm! corresponds to the symmetric stretching of oxygen atoms along Fe-O tetrahedral bonds.
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Figure S3: Scanning electron microscopy image of MgFe,O4 nanoparticle synthesized via the sol-gel

method.

The SEM image of the as-synthesized MFO nanoparticles is shown in Figure S3. The average particle

size of the nanoparticle is found to be 69.4 nm.
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Figure S4: (a) Polarization versus electric field loop of MgFe,O,4 and (b) Variation of remnant

polarization and coercive field with respect to applied electric field.

The ferroelectric polarization vs electric field (PE) hysteresis loops were plotted for the magnetic
nanocomposite film at different external electric fields, viz. 15, 20, 25, 30, and 35 kV/cm, as shown in
Figure S4a. The remnant polarization (in terms of 2P,) and coercive field (in terms of 2E.) values at
different electric fields are plotted in Figure S4b. The remnant polarization and coercive field increase
approximately linearly with the applied electric field, indicating enhanced domain alignment and

switching activity under a stronger field.
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Figure S5: Long-term durability and cyclical stability analysis of the MF-3 nanogenerator under

constant force.

To evaluate the long-term durability and cyclic stability, the voltage output of the nanogenerator was
tested after two years and for 2000 cycles of mechanical excitation using the stepper motor, as shown
in Figure S5. After 2 years of ambient storage and < 2000 cyclic operations, the voltage output is stable
(~5.8 V) with slight variations in performance. The excellent electrical response clearly suggests the

superior long-term durability, operational stability, and reliability of the nanogenerator.
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Figure S6: Biomechanical motion sensing of (a) wrist and (b) elbow using MF-3 nanogenerator.

Flexible multifunctional composite materials have been of immense interest for biomedical sensing
applications, owing to their high sensitivity to low frequency physiological and biomechanical motions.
The ability of the MF-3 nanogenerator for biomechanical motion sensing was demonstrated by
attaching the device to different parts of the human body, such as the wrist and elbow, as shown in
Figure S6a-b. The nanogenerator generated the specific electrical output signals as a response to the
applied mechanical deformation during the bending and relaxation motions, confirming its excellent
sensitivity towards human motion. The stable and repeatable voltage response from wrist and elbow
movements demonstrates the promising potential applicability of the MF-3 nanogenerator in wearable

self-powered motion sensing and human activity monitoring applications.
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