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Scheme S1 Synthesis scheme of the vacuum-filtered TisC2Tx film electrode and assembly

schematic of the proton battery.



Figure S1 (a) Dingdall phenomenon of diluted few-layer TisC2Tx colloidal solution. (b)

Optical image of the vacuum-filtered TisC2Tx MXene film. The film exhibits excellent

flexibility.
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Figure S2 (a) CV profile and electrode mass response and (b) electrode mass change versus
charge for TisC2Tx MXene on an Au-coated quartz crystals substrate recorded at 10 mV s

with a potential range of 0.05 to 0.25 V in 9.5 M H3POau.
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Figure S3 Adsorption energy of H20 on the surface of (a) TisC20z2, (b) TisCzF2, (c) TisC2Clz,
and (d) TisC2(OH)a.
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Figure S4 Cyclic voltammograms of the TisC2Tx MXene film electrode measured at different

scan rates in 5 M H2SOa.
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Figure S5 Fitted EIS plots shown in Figure 4d and 4e using Zview software.



-
o
o

MXene —a— 20°C
] —»— 0°C
-20 °C
—v— -40 °C
—o— -50°C
—at— -60 °C

i

2]
o

40

20

NS =

0 20 40 60 80 100
Current density (A g™

Specific capacity (mAh g ')

Figure S6 Specific gravimetric capacity vs. current density for TisC2Tx MXene film electrode

measured at different temperatures in 9.5 M H3POa.
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Figure S7 (a) Electrochemical impedance spectroscopy of the TisC2Tx MXene and PS-
MXene film electrodes collected at 0.2 V vs. Ag/AgCl in 9.5 M HsPOa. The inset shows the

high-frequency range. (b) Specific gravimetric capacity vs. current density for PS-MXene

film electrode at different temperatures.
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Figure S8 Electrochemical performance of H-TBA in
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acid electrolyte. (a) Cyclic

voltammograms of H-TBA at a scan rate of 2 mV st in 5 M H2SO4 and 9.5 M H3zPOsq,

respectively. (b) Galvanostatic charge-discharge profiles of H-TBA at a current density of 1

A g?tin5 M H2S04 and 9.5 M H3POa. (c) Electrochemical impedance spectroscopy of H-

TBA collected at 0.8 V vs. Ag/AgCI in 5 M Hz2SO4 and 9.5 M H3sPOa. The inset shows the

high-frequency range. (d) Galvanostatic cycling profiles of H-TBA at different temperatures

with current density of 1 A g in 9.5 M HsPOa. (€) Electrochemical impedance spectroscopy

data of H-TBA collected at 0.1 V vs. carbon at different temperatures in 9.5 M H3PQOa. The

inset shows the high-frequency range. (f) Specific gravimetric capacity vs. current density for

H-TBA at different temperatures.
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Figure S9 Electrochemical performance of PS-MXene||H-TBA proton battery in 9.5 M
H3PO.. (a) Galvanostatic charge-discharge profiles of proton battery measured at 20°C with
(a) current densities of 5, 10, 20, 50, 100, 200 A g and (b) -60°C with current densities of

0.2,0.5,2,5,10 A g (c) Capacity retention of PS-MXene||H-TBA proton battery at -60°C.

The inset shows galvanostatic cycling data collected at 10 A g.
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Table S1 Comparison of some previous studies that used acidic electrolyte

Anode Cathode Electrolyte Temp. Capacity Cycling at room
T
88 mAh g1 at - 0 . .
TiaCoT,lS1] AC 5 M HS04 50°C | 50°C, 104 mAhg | o0 capacity retention
f o after 20,000 cycles
at 20°C
180 mAh g*at - ~85% capacity
MoOQ3!52 APB 9.5 M H3PO4 -78°C 40°C, 220 mAh g retention after 200
Lat 20°C cycles
170.8 mAh g* at - N . .
MoO3(s3! MnO2 2 M H2S04 +2 M 70°C 70°C, 210.7 mAh 81% capacity retention
MnSO4 1 o after 300 cycles
gtat20°C
105 mAh g?at - N . .
PTOIS] MnO2 2 M H2S04 +2 M 70°C 70°C, 150 mAh g 80% capacity retention
MnSO4 1 o after 5,000 cycles
at 20°C
. 64 mAh g1 at - . .
ThaCaTx H-TBA 9.5 M HsPO4 60°C | 60°C, 90 mAh gt | O capacity fading
(This work) o after 25,000 cycles
at 20°C
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