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Fig. S1 a) Optimal structure of water molecule. b) The combining energy of two
molecules and corresponding structure information
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Fig. S2 a) FTIR spectra of O-H bond. b) FTIR spectra of CI-O
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Fig. S3 The fitted O—H stretching vibration representing water molecules with strong,
medium and weak HBs. a) Pure water. b) 1 M Zn(ClO4)2. ¢) 1 M Mg(ClO4)2

80+ [_] Strong v(CH-0Q)
[ ] Medium v(OH-0Q)
] Weak v(OH-Q)
—~ 60 577 56.2 98.3
é - =
@]
= 40+ 367 36.4 129
(n'd
20+
56 7.4 8.8
T ]

Pure water 1 M Zn(CIO,), 1 M Mg(CIO,),

Fig. S4 The ratio of different types of HBs
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Fig. S5 '"H NMR spectra of different solutions

S2 /S9


http://springer.com/40820

Nano-Micro Letters

of — MmO,

-20¢ ﬁ[ﬁ
Freezing point: -20C

—1M2n(ClO,),

Heat Flow (mW)
A
()

-16} Freezing point: -17°C

120 -80 _ -40 0

Temperature(°C)

Fig. S6 The freezing points of different solutions
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Fig. S7 The all FT-IR spectra of different concentration electrolytes
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Fig. S8 The wavenumber shift of different types of HBs
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Fig. S9 a) Optimal structure of ClO4. b) Combining energy between ClO4” and H>O
and corresponding structure information
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Fig. S10 FTIR spectra of C1-O bond
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Fig. S11 a) All Raman spectra of different concentration electrolytes. b) The fitted O—
H stretching vibration representing water molecules with strong, medium and weak
HBs
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Fig. S12 The ratio and Raman shift of different types of HBs
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Fig. S13 The all '"H NMR spectra of different concentration electrolytes
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Fig. S14 DSC curves of a) 0 M (1 M Zn(ClO4)2); b) 1 M; ¢) 2 M; d) 2.5 M; e) 3 M; f)
4 M solution
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Fig. S15 The non-polarizing light microscope observation of 0 M electrolyte (1 M
Zn(ClO4)2) at a) 25 °C; b) -20 °C
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Fig. S16 CV curves of Zn||SS at a) 1 M Zn(CIO4)2; b) 3.5 M Mg(ClO4), + 1 M
Zn(ClOg4); electrolyte
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Fig. S17 The cycling stability of Zn||Zn battery at different electrolytes
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Fig. S18 The cycling stability of Zn||Zn battery at 3.5 M electrolyte
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Fig. S19 SEM images of Zn a) at 3.5 M electrolyte; b) at 1 M Zn(ClO4): electrolyte
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Fig. S20 CV curves of Zn|[PTO battery at different electrolytes
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Fig. S21 a) ESP of PNZ. b) HOMO plots of PNZ and PNZ?*". ¢) The corrected binding
energies of PNZ with Zn** or Mg?*
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Fig. S22 SEM images of PTO electrodes at a) Initial state; b) Discharge state; ¢)
Charge state
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Fig. S23 CV curves of Zn|[PTO battery at a) 25 °C; b) 0, -30 °C, -50 °C and -70 °C;
¢)-70 °C and 0.3 mV s!
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Fig. S24 CV curves of Zn|[PNZ battery at a) 25 °C; b) -70 °C
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Fig. S25 The charge-discharge curves of Zn|[PNZ battery at 25 °C and -70 °C
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Fig. S26 The rate capacity of Zn||PNZ battery at -70 °C

S
o >
2 150} l75 &
<€ S
E . =
> 100t} WWW 50 o
© A Q0
: 2
8 50} s Coulombic Efficiency -70°C 125 o
Charge 0.5C 3
— 1 o
0 » Discharge (1C=290mAgT), 0 O
0 25 50 75 100
Cycle numbers
Fig. S27 The cycling stability of Zn||PNZ battery at -70 °C
Table S1 DES of PTO eclectrodes at different states
C (atom%) O (atom%) Zn (atom%) Mg (atom%)
Initial 87.26 12.74 0 0
Discharge 53.42 34.47 11.90 0.22
Charge 84.41 10.67 4.92 0
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