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A. Materials Details.

Cobalt (IT) nitrate hexahydrate [Co(NO3),*6H,0] (M.W.: 291.03 g/mole), iron (III) nitrate nonahydrate
[Fe(NO3)3*9H,0] (M.W.: 404.0 g/mole), iron (III) chloride [FeCl;] (M.W.: 162.2 g/mole), ammonium
persulfate [(NHy4),S,05] (M.W.: 228.18 g/mole), dimethylformamide [C3;H;NO] (M.W.: 73.09 g/mole),
ethylene glycol [HOCH,CH,OH] (M.W.: 62.0 g/mole) and hydrochloric acid (37%) were procured
from Merck, Germany. Acrylic acid [CH,=CHCOOH] (M.W.: 72.06 g/mole), ammonium hydroxide
(NH4OH) solution (28 %) and poly(vinylidene fluoride-co-hexafluoropropylene) (M,, = 400,000.0)
were purchased from Sigma Aldrich. Potassium hydroxide flakes, isopropanol (M.W.: 60.10 g/mole),
iron powder and graphite fine powder (98 %) were purchased from Loba Chemie Pvt. Ltd., India.
Silver nanoparticles (AgNPs) (99.9 %, dia. ~ 30 nm) were obtained from Alfa Aesar Pvt. Ltd. India.
Liquid polydimethylsiloxane [PDMS] elastomer (Sylgard 184) and its curing agent were obtained from
Dow Corning Corp., USA. Carboxylated polyurethane (CPU) was purchased from Wanhua Chemical
Group Co., Ltd. Graphite sheet (sheet thickness ~ 0.25 cm) was purchased from Nickunj Eximp Entp
Pvt. Ltd., India. Commercially available stainless steel (SS) fabric with an average pore diameter ~ 110 um
was exploited as conductive substrates as well as electrodes in the SHASC and the HPTENG devices. Prior
to utilize, all the SS fabrics were mirror polished with a piece of emery paper followed by washing with de-
ionized (DI) water and ethanol for several times and dried at 40 °C for ~ 24 h. Commercially available
medical syringe (DISPO VAN/2 mL), cigarette wrapper, transparent PP sheets (thickness = 0.11 mm),
adhesive and PP tapes (d = 0.04 mm) were purchased from the local market. DI water with a resistivity
value of ~ 18 MQ-cm acquired from a JL-RO100 Millipore—Q Plus water purifier was used in the

experiments.



B. Preparation of the asymmetric supercapacitor (ASC) components:

B1. Preparation of positive and negative component electrodes (CoFe,0,@SS and Fe-RGO@SS):
CoFe,04@SS electrode was prepared by direct growth/deposition of magnetic CoFe,O,4 on a polished
SS fabric substrate (current collector) through a cathodic electrodeposition followed by an annealing
treatment. A piece of SS fabric (2x2 c¢cm?) was first polished and washed thoroughly with water/ethanol
for several times. Thereafter, the electrodeposition was executed at room temperature with a mixed
electrolyte employing conventional three-electrode configuration. The electrolyte comprises a mixture
of 0.1 M Co(NO3),*6H,0 and 0.2 M Fe(NO3)3°9H,0 in ethylene glycol. During electrodeposition, the
SS fabric was employed as working electrode while a graphite sheet (2x2 ¢cm?) and a saturated calomel
electrode (SCE) was used as counter and reference electrode, accordingly. The working and counter
electrode were placed at a distance of 0.8 cm while the applied current density was 2 mA/cm?. After 30
min of electrodeposition, the electrodeposited SS fabric was gently removed, washed with DI water,
ethanol and kept in an air oven at ~ 60 °C for drying. Afterwards, the dried electrode (CoFe, alloy
electrodeposited on SS) was annealed in presence of air at 500 °C for ~ 5 h to convert CoFe, alloy into
CoFe,04.1 2 Subsequently, a homogeneous dispersion of silver nanoparticles (Ag NPs) in isopropanol
solvent (1 mg/mL) was slowly drop casted (4 pL) on the as-fabricated electrode and dried at ~ 55 °C
for 8 h. Introducing trace AgNPs eventually enhances the charge transport properties of the electrode
material. 4 Finally, the as-prepared electrode was marked as CoFe,O4@SS and employed as binder-
free positive electrode in the SHASC device. The mass of CoFe,O4 deposited on SS fabric was ~ 0.026
g (6.5 mg/cm?). Contrariwise, magnetic Fe-RGO@SS was prepared by depositing Fe-RGO on polished
SS fabric substrate. Initially, a piece of SS fabric substrate (2x2 cm?) was kept immersed in graphene
oxide (GO) suspension for ~ 24 h. The GO suspension was prepared by uniformly dispersing 0.3 g of
GO (synthesized by employing the modified Hummers” method from graphite powder)® in 100 mL DI

water by ultrasonication for 50 min. After 24 h of SS immersion, ~ 0.17 g pure iron (Fe) powder (avg.
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particle size 10 um) and 25 mL HCI (37 wt %) were added gradually to the above suspension at room
temperature under stirring condition. After proper mixing, the suspension was continuously stirred for
~ 30 h to reduce GO at room temperature. After the reduction, excess HCl was added in dropwise
manner to oxidize superfluous Fe powder.® Afterwards, 28 % ammonium hydroxide solution was
added gently under slow stirring (at pH =~ 10) and kept for ~ 10 h (under stirring condition) and
additional 6 h (without stirring). During reaction, both the Fe(OH); and Fe(OH), were formed which
eventually dehydrated to Fe;O4 with a small extent of Fe,O3.7- Finally, iron oxides decorated RGO
deposited on the SS fabric substrate was gently removed, washed with DI water, ethanol and kept in air
oven at 80 °C for drying. This electrode was marked as Fe-RGO@SS and employed as binder-free
negative electrode in SHASC device. The mass of Fe-RGO deposited on SS was 0.048 g (12 mg/cm?).

B2. Preparation of a KOH soaked self-healing polymer hydrogel electrolyte membrane/separator
(Fe’*—PAA/KOH): Primarily, the self-healing polymer hydrogel membrane/separator was prepared by
employing typical free radical polymerization technique followed by ionic crosslinking in between
polyacrylic acid (PAA) chains and Fe’" ions.!? At the onset, 6 mole% of FeCl; (with respect to the
monomer) was added to an aqueous acrylic acid solution. The ultimate solution was vigorously stirred
for ~ 30 min at room temperature. Afterwards, ammonium persulfate initiator (~ 1 wt% of acrylic acid)
was gently added into the above mixture in presence of argon atmosphere and subsequently heated at ~
50 °C. After few minutes, the entire solution turned highly viscous (pre-gel state). It was then slowly
casted on a Petri dish and kept at ~ 50 °C in a vacuum oven for 14 h for complete gelation. Finally, the
hydrogel membrane (thickness =~ 1.2 mm) was slowly peeled off from the Petri dish and washed with
DI water. This self-healing hydrogel membrane (Fe**-PAA) was kept immersed in aqueous 1 M KOH

solution for ~ 18 min to obtain Fe3*~PAA/KOH hydrogel electrolyte separator for the SHASC device.



C. Materials characterization.

X-ray diffraction (XRD) patterns of the as-deposited SS fabric electrodes were executed by mounting
the electrodes on X Pert PRO diffractometer [PANalytical, Netherland] with a monochromatic Cu K,
radiation (A=0.15418 nm). X—ray photoelectron spectroscopic studies were accomplished by utilizing a
PHI 5000 Versa Probe II type spectrometer [having Al K, source ~ 1486 eV].!! Before performing the
XPS analysis, the as-deposited Fe-RGO were gently peeled off/scratched from SS substrates and then
loaded on the XPS instrument in pellet forms. The typical survey scan spectrum was acquired with
reference to aliphatic carbon having a binding energy of ~ 284.1 eV. The weigh amount of RGO and
iron oxides in Fe-RGO have been estimated by utilizing a TGA-Q50 (TA instruments), USA within a
wide temperature range starting from room temperature (25 °C) to 800 °C at a heating rate of 10 °C min™!
under continuous air flow. Field emission scanning electron microscopic (FE-SEM) analyses were
executed by employing a Carl Zeiss—SUPRA 40 (Oberkochen, Germany) within 5 kV operating
voltage. The corresponding energy dispersive X-ray line spectrums (EDX) and elemental mappings
were obtained from an energy dispersive spectrometer (EDS) attached with the FE-SEM unit. Fourier
Transformed Infrared spectroscopic analyses were executed (utilizing NEXUS—-870, Thermo Nicolet)
within 4000 — 400 cm™'. Raman spectra of the electroactive materials were acquired from a Raman
triple spectrometer (model T-64000, HORIBA Jobin Yvon, France). Electrochemical measurements of
as-prepared CoFe,O4@SS and Fe-RGO@SS were executed by using a three-electrode cell
configuration on a Biologic SP—150 electrochemical work station. In conventional three-electrode
configuration, CoFe,O4@SS and Fe-RGO@SS (2x2 cm?) electrodes were utilized as working
electrode individually, while a platinum (Pt) foil (I1x1 ¢cm?) and a saturated calomel electrode (SCE)
were employed as counter and reference electrode, accordingly. The entire electrochemical
measurements of the assembled SHASC was accomplished by employing a two-electrode cell

configuration with CoFe,O4@SS as positive and Fe-RGO@SS as negative electrodes separated by a
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KOH soaked Fe3'~PAA self-healing hydrogel electrolyte membrane/separator. All the electrochemical
impedance spectroscopic (EIS) analyses were executed within 1 MHz — 100 mHz frequency range with
10 mV AC voltage amplitude. The magnetic response of CoFe,O4 and Fe-RGO were executed by
employing a vibrating sample magnetometer (Lake Shore cryotronics, USA: model 7400) within an
applied field of = 16 kOe at room temperature. Before performing the VSM measurements, the
electrode materials were peeled-off from SS substrate and loaded on the instrument. Mechanical
properties of Fe3*-PAA/KOH hydrogel electrolyte separator and CPU film (encapsulator) were
analyzed by employing ZwickRoell tensile testing system with a stretching speed of 50 mm/min. The
swelling behavior of the hydrogel separator was perceived by dipping the membrane in 1 M KOH for ~
33 min.'% The output voltages (Vo) of the TENG and HPTENGs were evaluated by utilizing a digital
oscilloscope (ROHDE & SCHWARZ, RTM-2022) with an input impedance of 1 MQ. The short
circuit current (Isc) of the TENG and HPTENGs were evaluated by using a Keithley—4220
electrometer. Self-charge/discharge performance of the SCSHASC power cell was inspected by
employing Biologic SP—150 electrochemical work station with a two-electrode cell set-up. The Vg
attained by SCSHASC during practical application was monitored by using a commercial multimeter
(FLUKE 115 true RMS).

D. Utilized equations:

The charge (q) of the component electrodes and the optimized mass ratio (m./m_) amongst the two

electroactive materials deposited on SS was calculated by employing the following equations:3: 12

q=CxAV xm (E1)
m, C xAV_
— = (E2)
m_ C,xAV,
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Here, C, AV and m denotes the specific capacitance (in F/g), operating voltage window (V) and mass
of the active electrode materials (g). Additionally, the Cy, C; and C, of individual electrode materials

and the SHASC device was assessed from their relevant GCD profiles using the following equations:'3

_IxXAt 3
T omx AV (E3)
C,= CSP/AV (E3a)
O IX At 4
AXAY E4)

Here, C,, C;and C, are the specific capacitance (F/g), specific capacity (mAh/g) and areal capacitance
(F/cm?), accordingly. (i/m) and (i/A) indicates the current density (A/g) and areal current density
(A/cm?), accordingly. AV is the potential drop (V) while discharging and At symbolizes the time (s) for
frequent discharging. The energy and the power density of the SHASC was calculated by utilizing the

following equations:!4

1
Egusc = E X Cgpase X (A V)2 (ES)

Pyuse = Egpasc ' T (E6)
Here, Egy45c and Psyysc symbolize energy density (in Wh/Kg) and the power density (in W/Kg) of the
SHASC, accordingly. Csy4sc denotes the specific capacitance (in F/g); AV is the voltage window (V);
T symbolizes the discharging time of the SHASC, respectively.
The % swelling ratio (SR) of the hydrogel membrane/separator (in 1 M KOH) was calculated by using

the following equation:!°

w,-w,
SR(%) = x100 (E7)
W,
Here, W;and W;represents the initial weight (g) of the hydrogel membrane and weight after consequent

swelling at a particular time, accordingly. Moreover, the force applied during periodic finger imparting

was calculated by employing the kinetic energy and momentum theory. The used equations are:!'>-!”7
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m.g.h :%xme2 (E8)

(F—mg)xAt=mV (E9)
F

= E10

o Area (E10)

Where m represents the average mass of the tapping body/limbs, 4 represents the particular height of
falling; V symbolizes the average velocity of falling; F' and Af represents the average contact force
during imparting and the time span, respectively. Here, we have considered m = 1.20 kg, g = 9.8 N/kg,
area = 0.0024 m?, h = 0.11 m, and At = 0.30 s. Thus, the calculated applied force (F) and the contact
pressure (o) generated during finger imparting were ~ 17.6 N and 7.34 KPa, respectively. Further, the
instant output power/power density of a single HPTENG was calculated by utilizing the following

equation:!8

V2

P=———
R, x Area

(E11)

Here, P represents the power density of HPTENG (uW/cm?), V denotes the maximum output voltage
(in V) generated from the HPTENG at a load resistance Ry (Q2). The surface charge density (Qp) was

calculated from their own current vs. time curves with the help of the following equation:

QD_Iixz‘

= E12
Area (E12)

The numerator of this equation implies the integral area of current vs. time curve at a certain time span.

E. XPS and TGA analysis of Fe-RGO:

The narrow scan XPS profiles of Fe-RGO have been illustrated in Figure S1(a—c). As shown in Figure
Sla, the Fe 2p spectrum consist two characteristic peaks centered at a binding energy of ~ 710.4 eV
and 724.8 eV resembles to Fe 2ps, and Fe 2p;;, peaks of Fe;04, accordingly.’® In addition, a small

shakeup satellite peak centered at a binding energy of 719.0 eV signifying minute existence of Fe,O;



phase.?% 2! As revealed in Figure S1b, the characteristic Fe 2ps,, spectrum can be split into two peaks
centered at a binding energy ~ 710.0 eV and 710.7 eV, ascribed to the existence of both Fe?" and Fe3",
accordingly. Besides, the acquired O1s spectrum of Fe-RGO can be split into three peaks centered at a
binding energy of ~ 529.2 eV, 530.0 eV and 530.9 eV after deconvolution (as shown in Figure Slc).
These characteristic peaks ascribed to different chemical environments. The peak at 530.0 eV evidently
illustrates the presence of oxygen in “oxide” form whereas the peak at 530.9 eV arises possibly owing
to the minute existence of C—OH.?? 2> Minor amount of Fe~OOH (impurity) can be identified from the
spectrum (~ 529.2 eV). All these acquired signatures eventually illustrate the presence of mixed iron
oxides (solely Fe;O,4 with trace quantity of Fe,Os) in Fe-RGO. Moreover, Thermogravimetric analysis
(TGA) has been employed to estimate the weigh amount of RGO and iron oxides in Fe-RGO (Figure
S1d). The TGA profiles of RGO (black) and Fe-RGO (red) follows two-step degradation in air. It has
been perceived that weigh amount of RGO and mixed iron oxides in Fe-RGO (initial wt. loading =

9.758 mg = 100 %) were 4.6834 mg (48 %) and 5.0741 mg (52 %).
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Figure S1. Narrow scan profiles of Fe-RGO: (a) Fe 2p, (b) Fe 2p;5, and (c) deconvoluted O 1s. (d)

TGA plots of RGO (pure/pristine) and as-prepared Fe-RGO in air.

F. Elemental mappings and EDS patterns of both CoFe,0O4 and Fe-RGO:
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Figure S2. (a, b) Selected areas for elemental mapping of CoFe,0, and Fe-RGO, respectively. (al-a3)

displays the co-existence of Co, Fe, and O in CoFe,0y,, individually. (b1-b3) displays the co-existence

of C, Fe, and O, individually in Fe-RGO. (¢, d) EDS pattern of CoFe,0,4 and Fe-RGO, consequently.

G. Morphologies of CoFe,0,@SS and Fe-RGO@SS after completion of 8000 successive GCD

cycles and after several finger imparting/tapping cycles:

To comprehend the effect of rapid electrolyte diffusion and fast surface redox reactions on the

microstructures of the component electrodes during repetitive cycling, the FE-SEM analysis has been

executed after the completion of 8000 consecutive GCD cycles and numerous finger imparting/tapping

cycles. Figure S3a, b represents the morphological features of the CoFe,O4@SS (+ Ve electrode) after

8000 GCD cycles. As revealed in Figure S3a, the interconnected microflowers-like arrays still persists
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even after long-term/vigorous cycling. Figure S3b displays that the microflowers contain numerous
ultrathin nanopetals with marginally increased thickness (~ 20-24 nm) and faintly broken edges. This
increase in thickness probably attributed to the swelling of the nanopetals by electrolyte.?? Likewise,
the internal cavities are well-preserved after vigorous GCD cycles. Figure S3d, e depicts the acquired
morphological features of the Fe-RGO@SS (Ve electrode) after 8000 GCD cycles. Typical flake-like
architecture of RGO decorated with iron oxides still persists after long-term electrochemical cycling.
The retention of this flake-like morphology offers a large specific surface area for enhanced electrode-
electrolyte interactions. The thickness of the RGO nanoflake becomes ~ 25-28 nm owing to swelling
effect. These outcomes essentially illustrate the microstructural stability of the component electrodes
against long-term cycling. Furthermore, the durability of these microstructures against repetitive finger
imparting/tapping cycles is demonstrated in Figure S3c and f. It has been realized, the microflowers of
CoFe,0, (Figure S3c) and flake-like architecture of Fe-RGO (Figure S3f) still sustains after long and
repetitive imparting cycles. The justifications behind the microstructural stability of CoFe,O4@SS and
Fe-RGO@SS electrodes after repetitive imparting are: (i) both the microstructures inherently restrict
deformations (micro to nano level) upon application of stress; (ii) in the ultimate device, the electrodes
are surrounded by two elastomeric PDMS flip-strip which restricts the electrodes from abrupt shocks;
(i1i1)) owing to inherently high load bearing ability of SS, it absorbs impact/shocks from both sides
during long and repetitive imparting cycles; (iv) CPU encapsulation also protects the components and
microstructures from vigorous mechanical damage; (e) direct growth/deposition of the active materials

on polished SS fabric substrates might be another feasible reason for the adequate structural stability.
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Figure S3. FE-SEM images of (a, b) CoFe,0,@SS, (d, ) Fe-RGO@SS (at different magnifications)
after 8000 GCD cycles. (c, f) CoFe,04@SS and Fe-RGO@SS acquired after several imparting cycles,

accordingly.

H. Fourier Transformed Infrared (FTIR) and Raman spectroscopic analysis:

To determine the bond information and structural features of the as-synthesized electroactive materials,
FTIR spectroscopic analysis has been executed. Figure S4a reveals the FTIR spectrum of CoFe;0y,.
Two characteristic peaks appeared at ca. 574 cm™! and 460 cm™! signifies the existence of typical Fe3*—
O% bond.?* These typical signatures are observed in almost all the ferrite materials. Additionally, two
characteristic peaks appeared at ca. 1614 cm™!' and 1399 cm! is attributed to the antisymetric and
symmetric stretching of cobalt metals, accordingly. A broad peak appeared at ca. 3420 cm™! is owing
to the presence of O—H stretching vibrations of adsorbed water molecules.? Figure S4b represents the
FTIR spectrum of GO and Fe-RGO. The FT-IR spectrum of GO (synthesized by modified Hummers’
method) consists of seven moderate to low intensity peaks at ca. 1102 cm™! for alkoxyl C—O groups,
1238 cm! for epoxy C-O groups, 1422 cm™! for carboxyl C-O stretching vibration, 1572 cm™! for

aromatic C=C, 1716 cm™! for C=0 stretching vibration, 2920 cm™' possibly for H-O-H stretching
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vibration and 3430 cm™! for hydroxyl group stretching vibrations. The FT-IR spectrum of Fe-RGO
(blue curve) consists of six characteristic peaks. Three of them appeared at 1403 cm™! for carboxyl C—
O stretching vibration, 1541 cm™! for aromatic C=C and 3280 cm™' for hydroxyl stretching vibrations.
The other three peaks appeared at ca. 628 cm™! for bulk magnetite, 555 cm™! and 455 cm™! signifies the
existence of Fe3*—0? bond.?-28 The absence of other characteristic peaks of GO in Fe-RGO suggests
proper reduction of GO where Fe-powder used as reducing agent. The spectrum likewise illustrates the
formation of mixed iron oxides (solely Fe;O,4 with trace quantity of Fe,O;) in RGO. Figure S4c reveals
the Raman spectrum of CoFe,0O, where four moderate to low intensity bands has been recognized at
ca. 698 cm™! (for Ayg), 611 cm!(for A;y), 560.5 cm™! (T,,) and 484 cm™! (T,g). The acquired Raman
active modes eventually illustrate the formation of cobalt ferrite with spinal structure. It is to be stated
that no other distinctive Raman active bands are observed for Fe,03/Fe;O4 (impurity) in CoFe,04.2°
Figure S4d represents the acquired Raman spectrum of Fe-RGO where the two characteristic Raman
active bands at ca. 1363 cm™' (signature of D band) and 1585 cm! (signature of G band) have been
recognized. The characteristic D band appears owing to the existence of sp® defects while the G band
reveals in-plane vibration of sp? hybridized carbon in RGO. The Ip/Ig ratio becomes ~ 1.09 signifying
higher defects generated in RGO (as compared to GO) due to the existence of iron oxides. Moreover, a
high intensity band at ca. 682 cm™! signifies the presence of Fe;O4 while two small bands at ca. 518
cm! and 581 cm! suggest the existence of minute Fe,O3 in Fe-RGO.3%-32 Hence, it can be inferred that

both CoFe,0, (spinel) and Fe-RGO has been formed successfully on SS fabric substrates.
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Figure S4. (a) FTIR spectrum of CoFe,0y. (b) Comparison of the FTIR spectra of GO and Fe-RGO.

Deconvoluted Raman spectrum of (c) CoFe,0, and (d) Fe-RGO.

I. Complete electrochemical analysis of CoFe,O4@SS (positive electrode):

Prior to assemble the SHASC device, comprehensive electrochemical analysis of CoFe,O4@SS has
been executed utilizing a conventional three-electrode cell set-up within 0-0.6 V potential window in
presence of aqueous 1 M KOH electrolyte. Before the execution of CV, GCD and EIS analyses, all the
electrode materials were frequently charged and discharged at a current density of 5 A/g for ~ 50 GCD
cycles until a stable Cy, value attains. Afterwards, the electrochemical analyses have been executed. As

mentioned earlier, trace Ag NPs was introduced in CoFe,O4@SS electrode to enhance the charge
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transport kinetics. Figure S5a shows the acquired CV profiles of CoFe,04@SS (Ag NPs incorporated)
at several scan rates of 2, 5, 10, 30, 50, 80, 100, 120, and 150 mV/s, individually. All the CV profiles

exhibits a pair of redox peaks within 0-0.6 V attributed to the following reactions:3?

CoFe>O, + H,O + OH~ <> CoOOH + 2 FeOOH + e~ (I)
CoOOH + OH~ <> CoO, + H,0 + & (IT)
FeOOH + H,0 <> Fe(OH); <> (FeO4)? + 3¢ (I1T)

The anodic peak (broad) appears at ~ 0.50 V while the cathodic peak appears at ~ 0.35 V. A minor
shifting of the peak voltage positions with the elevation of scan rate can be attributed to composition
“polarization”. Likewise, upon elevating the scan rate, the current response increases suggesting an
enhanced diffusion of the electrolytic ions inside the cavities of the electroactive materials. Besides,
incorporating Ag NPs into CoFe,O4@SS eventually improves its capacitive response and conductivity.
As can be seen in Figure S5b, the CV curves of CoFe,O4@SS (with Ag NPs) exhibit a higher area than
CoFe,04@SS (without Ag NPs). Figure S5¢ compares the CV of CoFe,O4@SS (Ag NPs incorporated)
and blank SS to elucidate the capacitance contribution of blank SS fabric (if any). It is apparent that the
contribution of blank SS fabric is negligible as compared to CoFe,0,@SS (with Ag NPs) electrode.
The GCD profiles of CoFe,O4@SS (Ag NPs incorporated) are demonstrated in Figure S5d at a varying
current density of 1, 2, 3, 5, 8, 10, 15 and 20 A/g within 0-0.6 V potential window. All the profiles
illustrate Faradaic behavior of the electrode with a tiny plateau region. The as-prepared CoFe,O4@SS
(Ag NPs incorporated) reveals a Cy, value of ~ 1055.0 F/g (C; = 175.84 mAh/g) at 1 A/g and a C, of ~
6850 mF/cm? at 6.5 mA/cm? current density (calculated by employing equation E3, E3a and E4,
accordingly). The actual mass of CoFe,O4 was ~ 0.026 g. The C,, still retains up to ~ 970.6 F/g (C, =
161.77 mAh/g) at a high current density of 20 A/g signifying admirable rate capability of the electrode.
Figure S5e compares the acquired GCD profiles of CoFe,04,@SS (with Ag NPs) and CoFe,O,@SS

(without Ag NPs). It has been recognized that CoFe,O4@SS (without Ag NPs) exhibits a maximum
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C,, of ~978.6 F/g at 1 A/g which is fairly lower than that of CoFe,O4@SS (with Ag NPs). Hence, this
Ag NPs incorporated CoFe,O4@SS was employed as positive electrode in the SHASC. Figure S5f
shows the variation of gravimetric Cy, with the applied current density. A gentle diminution in the Cy,
has been observed with the increment of current density owing to less availability of the redox active
sights for Faradaic reactions especially at higher current densities. The inset demonstrates the magnetic
healing behavior of CoFe,O4@SS. As can be realized, the shape of the GCD curve remains equivalent
after healing through magnetic attraction. Figure S5g illustrates the variation of C, with areal current
density. In a similar way, a diminution in the C, values has been observed with the increment of areal
current density. The C, value still retains up to ~ 6300 mF/cm? even at 130 mA/cm? high areal current
density. Figure S5h exhibits the Nyquist plots or complex plane impedance profiles: initially and after
5000 GCD cycles. The shapes of the impedance profiles are analogous. Each profile comprises a
semicircular arc at high-frequency region followed by a steeper line at low-frequency region. Initially,
the electrode exhibits an R, of ~ 1.6 Q which is smaller than ~ 1.92 Q (after 5000 cycle). Moreover,
the initial impedance profile displays a more vertical line (having a higher slope) at low frequency in
comparison to the impedance profile after 5000 GCD cycles. The low R of CoFe,04@SS suggests
better reactivity, faster electrolyte ion transport kinetics. The equivalent circuit diagram fitted to the
Nyquist plot is shown in the inset. The GCD cyclic stability measurement of the electrode has been
accomplished at 1 A/g constant current density for 5000 cycles within 0—0.6 V (as displayed in Figure
S51). The interconnected microflowers obstruct the volume expansion during vigorous cycling. As a
result, it exhibits long-term stability against repetitive electrochemical cycling with 94.4 % of its initial
Cyp retention after 5000 GCD cycles. A moderate increment of Cy, (~ 2.8 %) during few initial GCD
cycles can be attributed to time-dependent diffusion of the electrolytic ions through the pores/cavities
of CoFe,O4 microflowers. This phenomenon suggests complete utilization of the electrode surface

after few charge/discharge cycles. The first 10 GCD cycles (at 1 A/g) is displayed in the inset.
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Figure S5. (a) CV curves of CoFe,04@SS electrodes at various scan rates. (b) A comparison between

the CV curves of CoFe,04@SS (with Ag NPs) and CoFe,O,@SS (without Ag NPs) at 2 mV/s. (¢) A

comparison between the CV curves of CoFe,04@SS and blank SS fabric at 2 mV/s. (d) GCD curves at

various current densities. (¢) A comparison between the GCD curves of CoFe,O4@SS (with Ag NPs)

and CoFe,O4@SS (without Ag NPs) at 1 A/g. (f) Variation of Cy, values with current densities. (Inset

demonstrates the GCD curves of CoFe,O4@SS at 1 A/g; before cutting and after joining by magnetic

attraction). (g) Variation of C, with the areal current density. (h) Nyquist plot: initially and after 5000

GCD cycles. (Inset denotes the fitted circuit diagram). (1) Cy, retention after 5000 GCD cycles at 1 A/g.

(Inset depicts the sequential GCD profile up to 10 GCD cycles).
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J. Complete electrochemical studies of Fe-RGO@SS (negative electrode):

Prior to assemble the SHASC device, comprehensive electrochemical analysis of Fe-RGO@SS has
been executed utilizing a three-electrode cell set-up within —1.0-0 V potential window in presence of
aqueous 1 M KOH. Figure S6a illustrates the CV profile of Fe-RGO@SS at several scan rates of 2, 5,
10, 30, 50, 100, and 150 mV/s, individually. All the acquired CV profiles exhibits a near-rectangular
nature (owing to the existence of RGO) associated with a pair of redox peaks (owing to the existence
of Fe;0,4 and minute Fe,03). As can be recognized in Figure S6b, the anodic peak appears at — 0.58 V
while the cathodic peak appears at — 0.89 V attributed to Fe (II) <»Fe (III) redox pairs.3* The shape of
the CV curves deviates from ideal rectangular-type (EDLC behavior) suggesting the existence of both
Faradaic and EDLC response. An electrostatic interaction between the electrolyte ions and RGO leads
to physical adsorption and desorption of electrolyte ions at the electrolyte-RGO interfaces. In addition,
improved electrolyte penetration ensures enhanced interaction between Fe?'/Fe3* ions with OH~ which
eventually reflected by the improved electrochemical performance. Therefore, the electrode-electrolyte
interactions have a direct effect on the capacitive and device performance. The GCD profiles of Fe-
RGO@SS has been displayed in Figure S6c¢ at a varying current density of 1, 2, 5, 10 and 20 A/g
within —1.0-0 V. All the profiles likewise illustrate a combined electrochemical response. The Fe-
RGO@SS reveals a Cy, of ~ 385.0 F/g (C; = 106.95 mAh/g) at 1 A/g and a C of ~ 4620 mF/cm? at an
areal current density of 12 mA/cm?. The actual mass of Fe-RGO on SS was ~ 0.048 g. The C,, still
retains up to ~ 346.0 F/g (C; = 96.12 mAh/g) at a high current density of 20 A/g signifying admirable
rate capability of Fe-RGO. Figure S6d shows the variation of gravimetric C, values with the applied
current density. A gentle diminution in the Cg, values has been observed with the increment of current
density. Figure S6e illustrates the variation of C, with the areal current density. As can be seen, the Cy
still retains up to ~ 4150 mF/cm? even at 240 mA/cm?. Figure S6f depicts the Nyquist plot of Fe-

RGO@SS electrode. Initially, it exhibits an R value of 2.42 Q and R of 0.6 Q. The linear nature of
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the profile at low frequency eventually illustrates enhanced diffusion of the electrolytic ions within the
flake-type architecture of Fe-RGO. The stacked RGO flakes (with nanoscale separation) in Fe-RGO
eventually afford enriched electrode-electrolyte interactions. Impressively, after 5000 GCD cycles, it
exhibits an Ry, value of ~ 2.63 Q (small increase compared to initial R.) and Ry of 0.6 Q. Thus, the
stability and integrity of stacked-like architectures of Fe-RGO even after 5000 GCD cycles can further
be perceived. It is to be stated that during long and vigorous electrochemical cycling, the iron oxide
NPs prevents coalescence of RGO flakes and provides suitable electrode-electrolyte interactions (as
can be realized from similar R.). Also, the linear portion of the Nyquist plot after 5000 cycles at low
frequency ascertains enhanced diffusion of the electrolytic ions within flake-type Fe-RGO after
vigorous cycling. It also illustrates efficient “electrode-electrolyte interactions” persisting even after
5000 GCD cycles. Moreover, the Nyquist plot of pristine RGO@SS exhibits an increased R of 3.83 Q
and an R value of 0.96 Q. This could be due to instant coalescence of the adjacent stacked RGO flakes

during measurements and restrict electrolyte penetration.
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Figure S6. CV profiles of Fe-RGO@SS: (a) at different scan rates. (b) at 2 mV/s. (¢) GCD profiles at
several current densities. (d and e) Variation of C, and C, values with the applied current densities,

accordingly. (f) Nyquist plot. (Inset shows the photograph of Fe-RGO deposited SS fabric electrode).
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K. Estimation of the working potential range:

40{(a)  @2mVs = 0.6 —°— CoFe,0,@SS
= 24
. CoFe,0,@SS O 0.4 '.,.-'«.‘.. @1A/g
E 304 (+) Ve electrode CIJ 0.2- >~ pL TN
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Figure S7 (a) CV profiles of CoFe,O4@SS (+ Ve) and Fe-RGO@SS (—Ve) collectively at 2 mV/s. (b)

Collective GCD profiles of the two component electrodes obtained at 1 A/g.

Table S1: Comparison of C, energy/power density and working voltage of our SHASC with

other related outcomes already reported in the literatures:

Materials/Device Cy, (F/g) Working Energy density Power density Ref.
voltage (V) (Wh/Kg) (W/Kg)
ZnFe,O4/NRG// ~37.0 F/g (at 0-1.2V 6.7 3000 35
ZnFe,0O4/NRG 0.3 Alg)
NiFe,O, (Three 454.0 (at 1 0-0.6V — — 36
electrode system) Alg)
MnCoFeQOy (Three 670.0 (at 1.5 0045V 3.15 2250 37
electrode) A/g)
CoFe,04/RGO 38.0 (at 3 0-15V 12.14 643.0 38
(Asymmetric) mA/cm?)
CoFe,04/C//AC 160 (at 0.25 0-1.6V 14.38 720.0 33
(Asymmetric) Alg)

CoFe,04@SS//Fe- 155.8 (at 1 0-1.6 V 554 (at1 A/g) 800.0 (at 1 A/g)  This
RGO@SS Alg) 46.5 (at 10 A/g) 8000.0 (at 10 A/g) work
(Asymmetric)

S-20



L. Mechanical durability and swelling ratio of the Fe3*~PAA/KOH membrane/separator:
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Figure S8. (a) Stress vs. strain curves of the KOH soaked Fe’*~PAA membrane: Initially, after 10 and
30 consecutive days. (Inset portrays the photograph of a rolled KOH soaked Fe’**~PAA membrane). (b)

Swelling ratio (%) at several immersing time intervals (in 1 M aqueous KOH).

M. Output performances of the TENG:
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Figure S9. (a) Vo of the TENG upon finger imparting. (Inset displays the photograph of finger

imparting on TENG). (b) /sc generated by TENG upon finger imparting. (c) Calculation of SCD (Qp)
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from i vs. t profile of the TENG. (Coloured region resembles the integral area used to calculate Qp).
(d) Vo of the TENG during heel pressing. (Inset shows the photograph of heel pressing on TENG). (e)
Isc generated upon heel pressing. (f) Calculation of Qp from i vs. t curves for a single and two

parallelly connected HPTENGs.

N. Output performances of the HPTENG:
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Figure S10. (a) Vo generated by a single HPTENG in reverse connection. (b) Rectified Vg signals
generated by a single HPTENG under frequent finger imparting. (Inset depicts the magnified view). (c)
Variation of the Vg of single HPTENG with altering the magnitude of compressive force (at a constant

f=3.80 Hz).

O. Working mechanism of the sandwich-type SCSHASC upon vertical contact-separation:

Figure S1la demonstrates the complete schematic diagram of the sandwich-type SCSHASC power
cell. As revealed previously, the device consists of a SHASC unit sandwiched between two parallelly
connected HPTENGs. A full-wave bridge rectifier is introduced to mutually connect the SHASC and
HPTENGs. Upon application of repetitive compressive force/stress on the top of the SCSHASC power
cell, it harvests electrical energy and stores the energy (as electrochemical energy) for sustainable
power supply (Figure S11b). The typical working mechanism of the assembled SCSHASC power cell
upon vertical contact-separation is illustrated serially in Figure S11(c—f). At the initial stage, the

constituent triboelectric friction layers (SS and PVDF-HFP/SS impregnated micro-patterned PDMS)
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of individual HPTENGs do not contain any electric potential (Figure S11a). Owing to sandwich-type
design, the +Ve and —Ve triboelectric friction layers will contact twice upon one-time compression.3’
When compressive force is applied on the top of the SCSHASC power cell (Figure S11c), the upper
triboelectric friction layer (PVDF-HFP/SS impregnated PDMS) first comes in contact with the
adjacent bottom SS fabric layer (components of HPTENG-1); followed by instant ejection of electrons
from the SS surface. As a result, the bottom SS become positive and the upper composite film-strip
gains negative charges on its surface (as per the triboelectric series). The potential difference generated
between the two adjacent layers essentially drives the elections to charge the inner SHASC unit
through a rectifier. Afterwards, the bottom triboelectric friction layer of HPTENG-2 (PVDF-HFP/SS
impregnated PDMS) immediately touches its adjacent upper SS layer and thereby producing a current
in the same direction (Figure S11d). The flow of current persists till the device attains an electrical
equilibrium state. Owing to the inherent tendency of the compressed SCSHASC to recover its original
sandwich-like structure, the separation distance between the friction layers of each HPTENG increases
after the removal of applied force. Therefore, the generated charges create a reverse potential. Once the
bottom friction layer of HPTENG-2 leaves its adjacent upper SS layer, positive charges are induced on
the impregnated SS electrode of the bottom triboelectric film-strip (Figure S11e). As a result, the
electrons flow through the external circuit in the reverse direction. Consequently, the top triboelectric
film-strip of HPTENG-1 leaves its adjacent bottom SS layer (Figure S11f) causing the generation of
output peak and the device attains equilibrium further. As can be realized, both the HPTENGs
scavenge mechanical energy by a coupling of contact electrification and electrostatic induction. Before
charging the internal SHASC, the alternating current (AC) harvested from each HPTENG has been
rectified to direct current (DC) by a rectifier. Upon applying this generated DC on the constituent
electrodes of the SHASC, it starts charging gently. Besides, the charging of the SHASC unit is

governed by the ongoing electrochemical reactions. Initially, no potential is applied across the SHASC
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electrodes and hence, no electrochemical reaction will occur. When electric potential is applied (during
charging by the HPTENGsS), the electrochemical equilibrium is hampered. This potential difference
essentially drives the electrolytic ions (K* and OH") to the respective constituent electrodes through the
pores of the hydrogel separator. As a result, the internal SHASC unit of the sandwich-type SCSHASC
power cell stores charges gradually. Since, the inner supercapacitor reveals self-healing features, any
unexpected damage/breakage of its components after numerous compression/stress cycles can be

automatically repaired.
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Figure S11. (a) Schematic diagram of the sandwich-type SCSHASC power cell (with two arc-shaped
HPTENGS, one inner SHASC unit and a full wave bridge rectifier unit). (b) Effect of compressive
force/mechanical deformation on the top of SCSHASC. (c—f) Schematic diagrams demonstrating the
working mechanism of the SCSHASC: (¢ and d) under stressed conditions, (e) releasing condition, and
(f) back to its original state/shape.

P. GCD and EIS analysis of the SHASC component electrodes after repetitive imparting cycles:
In order to support the microstructural stability of both CoFe,0,4 (microflower) and Fe-RGO (stacked-
flakes) against repetitive mechanical imparting/deformations, electrochemical measurements i.e. GCD
and EIS of each component electrodes (CoFe,04@SS and Fe-RGO@SS) has been executed after long
and repetitive imparting cycles. GCD has been executed at 1 A/g to check any significant capacitance
deterioration as a result of microstructural damage after repetitive imparting/deformation. Figure S12a
and b represents the comparative GCD profiles of CoFe,04@SS and Fe-RGO@SS (before and after
repetitive imparting cycles), separately. It has been perceived that the specific capacitance and the areal
capacitance remain virtually unaltered (a slight variation) before and after repetitive imparting/tapping
cycles (for both the electrodes). EIS analysis has been executed to check any significant resistance or
impedance deterioration as a result of microstructural damage after repetitive deformation. Figure S12¢
and d demonstrates the comparative EIS profiles of CoFe,O4@SS and Fe-RGO@SS (before and after
repetitive imparting), separately. Likewise, the resistance characteristics (Rg and R,) of the electrodes
will remain almost unaltered (little variation) after long and repetitive imparting cycles (as compared to
their initial R and R values). Hence, the stability of the component electrodes (CoFe,O,@SS and Fe-
RGO@SS) against long and repetitive imparting cycles can be confirmed both from morphological and
electrochemical perspectives. The empirical values of Cs,, C4, Rs and R, before and after repetitive

imparting cycles are tabulated in Figure S12 e and f.
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Figure S12.

GCD profiles of (a) CoFe,O4@SS and (b) Fe-RGO@SS: before and after long-repetitive

imparting cycles (at 1 A/g). Nyquist plots of (c) CoFe,O4@SS and (d) Fe-RGO@SS: before and after
long-repetitive imparting cycles. The Cy,, C,4, R and R values before and after long imparting cycles

are tabulated in (e) and (f).
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Supporting Information Videos
The characteristic self-charging and self-healing features revealed by the SCSHASC# power cell are

demonstrated in three video clips (Supporting Video S1, S2 and S3) in Supporting Information Videos.
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