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Table S1. Summary of common solvents used in SIBs.

Classification Typical electrolyte Ref.
IM NaPFs-PC-0.5% FEC 1
Sm NaFSI-NaFTI-NaOT{-PC 2
Carbonate IM NaClO4-EC/PC 3
IM NaClO4-EC/DMC 4
0.5 M NaClO4-EC/PC/DEC 5
IM NaPFs-diglyme 6
NaFSI/DME 7
Ether 0.5M NaBPhs-DME 8
0.9 M NaPF¢-0.1 M NaBF,-diglyme 9
1 M NaPF¢-THF 10
1:3 NaClO4-TMP-5 vol % FEC 11
Phosphate NaFSI:TEP=1:1.5 12
0.16-0.85 M NaFSI-TEP/PhCF3 13
NaFSI-TEP/TTE (1:1.5:2 in molar ratio) 14
1.5 M NaFSI DMC-TFP 15
Fluorinated 0.9M NaFSI-TFEP 16
IM NaClO4-FEC 17
Sulfolane 1M NaClO4-EC/PC/SL 18
Nitrile 50 mol % NaFSI/SN 19




Table S2. Electrolytes and their low-temperature electrochemical performances in SIBs. (“NA” stands for “not available™.)

Retention capacity/

LT Capacity at RT Capacity retention
Electrolyte Electrode °C) (mAh/g) at LT number E’f[ cycles at  Voltage Ref.

0.8M NaPFﬁ- NaNi1/3Fe1/3Mn1/3 _AR0 o

PC/EMC.2WI%FEC O, // hard carbon 1 750 mAh@IC 48%@]1C 80%@1C/2500 1.5-3.8 20
1 M NaPFs in EC-PC-  NVPF // hard .

DMC-20%MA carbon 0  ~95@0.2C ~84%@0.2C NA 2-43 21

Nayg67Nio.1Coo.1Mn
;xWI?§£6_EC/ PC- 0502 // hard 20 178.5@0.2C 79.8%@0.2C 68.2@0.5C /100 1441 22
° carbon

\llol\lﬁ A)legéo“'f’c'z EZ{}‘E’T“I&Z(")‘?Z T 20 91@02C 95.9%@0.2C 17%@5 C /10 0.5-4 23
1 M NaClO,-EC/PC Ea"‘rgz’;gg‘)za T 0 306@NA 80.4%@NA ~27.3%@ NA/5 1.6-43 24
;Vls/t%j‘géo“'m/ PC- IS\IeV%%;phene T 25 1281@002Ag"  60.7%@0.04A-g  T5%@04A /1000 12-43 25
1M NaClO4-EC/PC E:g\égo“”oﬁ 7 25 484@0.01 A-g” 30.5@0.1A-g” >66.7@0.1A¢'30 1242 26
1 M NaPFs-diglyme  Bi // NFPP@C 270 305@0.33C 70.19%@0.03C NA 1-3.5 27




Table S3. Temperature influence on bulk and interfacial performance of SIBs and SMBs using different electrolytes. (“NA” stands for “not

available”.)

Classifica LT Conductivit cmﬁﬁ:i t?\fi ¢ Rate of Rin¢ Rate of Ry
tion Electrolyte Electrode ©C) y at RT increase y decrease decrease Ref.
O, O,
(mS/cm) (mS/em/°C) (Q/°C) (Q/°C)
1.0 M NaPFs-EC/EMC 7.1 0.13 NA NA
1.0 M NaTFSI-FEC/FEMC Na / Na;V,(POy)3 -20 ~4 0.07 NA NA 28
1.0 M NaTFSI-
FEC/FEMC/FB ~3.5 0.04 NA NA
Ea\// S 20 NA NA 210.36 193.47
1 M NaClO4-PC-2 vol% FEC _NaVi2s1107504 ”3
Na / hard carbon -20 NA NA 473 .49 239 .46
Carbonate
1 M NaPF¢-EC/PC/DMC NasVa(PO):Fs / 1o 13.7 0.19 0.42 1.76 .
1 M NaPFs-EC/PC/DMC/MA  hard carbon 11.7 0.20 NA NA
Na/
0.8 M NaPF¢-FEC/EMC/HFE NasVa(PO:):OoF -40 6.0 0.07 NA NA 29
1 M NaClO4-EC/PC Na3V(PO4).Fs / 220 NA NA 132 25.56 24
hard carbon
0.5 M NaPF¢-EC/PC Na / 6.2 0.09 0.34 164.76
Na3V,(PO4),F -20 30
0.5 M NaPFe-diglyme a3V2(PO4)Fs 4.1 0.04 0.17 0.25
0.3 M NaPFs-diglyme /THF ~ Na/Na3Va(PO4)s -20 ~3.6 0.03 NA NA 31
Ether 0.8 M NaOTf-THF/DME Na / NaTiy(PO,)s -60 ~1.5 0.01 NA NA 32
. Na@Mxene /
0.5M NaOTf-diglyme /DOL NasVa(PO)s -40 3.7 0.06 NA NA 33
0.8 MNaOTE0.2 M NaBFe- N iva(POL);  -40 32 0.04 NA NA 34

diglyme




Table S4. Physical properties of carboxylate esters and carbonate esters. (“NA” stands for “not available™.)

. Donor
Carbon Groun Solvent Abbrevi Formula MW Boiling Melting Flash Viscosity Dielectric nll)(:gloel:it numbers Ref.
atom P ation (g/mol) point (°C)point (°C)point (°C) (cP)  constant (D) (kcal/mol :
)
carboxy methyl g, 74 57 -98 -13 0.36 7.07 1.69 16.5 35,36
late acetate
3
carbona dimethyl = )\ . 90 91 5 18 0.59 3.09 0.91 172 35,36,37
te carbonate
ethyl
EA  C4H;0, 88 77 -84 3 0.42 5.99 1.88 17.1  36,38,39
acetate
carboxy
late methyl
4 : MP  C4H;0, 88 80 -88 2 0.43 6.20 1.73 11 39,40
propionate
carbona ethyl
o methyl  EMC  CiHiO; 104 108 -15 23 0.65 2.90 NA 6.5 353740
carbonate
n-propyl - \pA CH GO, 102 102 -95 14 0.55 6.30 1.79 16 40
acetate
i-propyl b0 CHLO, 102 89 73 4 0.49 NA 1.75 17.5 40
acetate
carbox
N A :) RN OR: e N T\ 99 73 12 049 570 1.74 17.1 41
5 propionate
methyl - Vip CHLO, 102 102 -95 11 0.60 5.60 1.72 NA 40
Butyrate
cmethyl g CHL0, 102 91 -85 3 0.69 NA NA NA 42
isobutyrate
carbona diethyl oy ) 118 126 -43 25 0.75 2.81 1.07 16 37,40

te carbonate




Table S5. Conductivity and electrochemical performance (HC/Na cell, 0.1C, 30 cycles) of electrolyte using 3 m NaFSI-linear carboxylate esters
with different chain lengths. (“NA” stands for “not available™.)

Carbon atom Solvent Conductivity (mS/cm) Capacity (mAh/g) ICE (%) Average CE (%)
3 MA 14.13 176 50.03 99.52
EA 11.31 63 32.7 99.1
* MP 10.27 44 25.28 98.75
NPA 7.39 40 24.44 94.34
IPA 6.00 0 58.33 NA
5 EP 6.06 43 17.58 92.04
MB 6.06 22 23.53 NA
MIB 7.38 34 20.46 NA
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Figure S1. Physical properties. (a) boiling point and (b) flash point of carboxylate and carbonate solvent.
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Figure S2. the equivalent circuit used for EIS fitting. Ronm refers to bulk resistance, and Ry refers to

interfacial resistance.
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Figure S3. XPS characterization of the SEI components on cycled hard carbon anodes. (a-c) S 2p, (d-f) C
Is, (h-g) N 1s, (k-m) F 1s and (n-p) Na 1s of the hard carbon anodes after 30 cycles in 3 m NaFSI-MA (a,
d, h, k, n), 8 m NaFSI-MA (b, e, i, 1, 0) and 11.4 m NaFSI-MA (c, f, g, m, p).



Solvation number calculation. The coordinated and uncoordinated solvent have been
deconvoluted according to reported method*’. The area of absorption is assumed to be proportional
to the amount of coordinated and uncoordinated solvent. The relative areas of coordinated and
uncoordinated solvent are used to estimate the concentration of solvent molecules coordinated to
the Na* cation using Equation 1, where Cco, C°, and Cna are the concentrations of coordinated
solvent, total solvent, and sodium salt, respectively, N is the average solvation number, and Aco

and Auc are relative areas of the FT-IR bands for coordinated carbonate and uncoordinated solvent,

respectively.
Ceo = NCng
ACO
Coo =———C°
0 Aco + AUC
A c°
N co (1)

a Aco + AUC CNa

The absorbance bands around 1750cm™ are characteristics of C=0 groups in DMC*,

(b) FT-IR, xm NaFSI-DMC o}

() FTR xm NaFsFDMC o o o
solvated DMC ~ )J\ - CIP.free \\S/N\S//
: ° ? N TN

(o] o]

free DMC

Intensity
Intensity

|
. . ‘ | |
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Figure S4. (a,b) FT-IR profiles of NaFSI-DMC with different salt concentration. (x =0.5, 1, 2, 3, 4)
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Figure S5. XPS characterization of the SEI components on cycled hard carbon anodes. (a, b) Na 1s, (c, d)
N 1s, (e, f) S 2p, (g, h) C 1s and (i, j) F 1s of the hard carbon anodes after 30 cycles in NaFSI-MA (a, c, e,
g, 1) and NaFSI-DMC (b, d, f, h, j).
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Figure S6. CV curves of HC/Na cell using 3 m carboxylate ester-based electrolytes.
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Figure S7. (a) Cycling performance (top: CE; bottom: capacity) and (b) EIS curve of NVP/Na cell using

4 m and 8m NaFSI-MA electrolytes.
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