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Preparation of MnO2/CC electrodes

The CC substrate, a cleaned film with an area of approximately 6 cm?, underwent
pretreatment steps, including cleaning in deionized water for 2 minutes, immersion in 2
M HNGO:s for 10 minutes, rinsing with deionized water, and finally drying in a fume cup-
board at room temperature. The deposition process was conducted at room temperature
in a three-electrode cell with a Pt wire counter electrode and a saturated calomel reference
electrode (SCE, CHI150, CH Instruments, Inc., USA) on an Autolab PGSTAT 128N poten-
tiostat. A CC substrate with an area of approximately 4 cm? was used as the working elec-
trode. The MnO2 nanofiber layers were electrodeposited onto the CC substrate at 0.45 V
using a solution containing 0.3 M Mn(CH3COO)2 and 0.1 M CH3CO:2NH4 at room temper-
ature. This process resulted in the assembly of the nanostructured MnO:/CC electrode,
with a Pt wire counter electrode and a SCE as the reference electrode. Then, the MnO2/CC
electrodes were completed. The typical mass of the deposited MnO: (12 Coulomb, 3
C/cm?), measured with a microbalance (XP105DR Mettler Toledo, accuracy 0.1 mg), was
4.8 mg (equivalent to 1.2 mg/cm? for the deposited area). The mass of dead components
such as the electrolyte, CC, and separator (Kimwipe 34155, Kimberly-Clark Co., USA),
was not considered as part of the active materials (one MnO: electrode with 4.8 mg or 1.2
mg/cm?).

Electrochemical measurements:

The electrochemical potential windows of different DES-based systems were meas-
ured with cyclic voltammetry (CV) following a normal three-electrode system where a
glassy carbon electrode (CHI104, CH Instruments, Inc., USA), an Ag electrode, and a Pt
wire were utilized as working, and counter electrodes soaked in the DES-based electro-
lyte, respectively. The Ag reference electrode was made by soaking an Ag wire in the LO
DES-based solution containing 5 mM silver triflate separated by a glass frit [27]. It shows
a potential of — 0.25 V vs. Ag/AgCl (3M KCl). After the test, the potential obtained through
the three-electrode system was calibrated with respect to the ferrocene (Fc/Fc*) redox po-
tential.
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Figure S1. XPS spectra of (a) Mn 2p, and (b) O 1s of the as-prepared MnO2/CC electrode.
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Figure S2. XRD patterns of MnO2/CC, and bare CC electrodes, respectively.
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Figure S3. SEM micrographs of the MnO:/CC electrode after undergoing 5,000 GCD cycles with the
PVA-LO polymer gel electrolyte.
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Figure S4. (c) Varies of Mn oxidation states (MnO:z symmetric FESC device PAAM-LO, and LO
electrolytes) under different operating voltages.
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