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Figure S1. Galvanostatic cycling of Na || Na symmetric cells at 0.2 mA cm−2 and 0.1 mAh cm−2 in an electrolyte 
composed of 0.5 M NaPF6-DEGDME. 

 

Figure S2. Photos of 0.5 M NaPF6-DME/THF (2:8) after storing at 20 °C and −80 °C for 24 h (Salt precipitation 
was observed at the bottom of the vial at −80 °C). 
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Figure S3. Temperature dependent ionic conductivity of 0.5 M NaPF6-DME/THF (2:8), 0.5 M NaPF6-
DEGDME/DOL (2:8) and 0.5 M NaPF6-DME/DOL (2:8). 

 

Figure S4. Galvanostatic cycling of Na || Na symmetric cells at 0.2 mA cm−2 and 0.1 mAh cm−2 at −80 °C. Note 
that initial stepwise temperature drop was carried out to stabilize the cells. 

 

Figure S5. SEM image of Na metal surface after 50 cycles in 0.5 M NaPF6-DEGDME/DOL (2:8) at −80 °C (Inset: 
corresponding cross-sectional SEM image). 
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Figure S6. XPS depth profile analysis on the Na metal electrode after 50 cycles (symmetric Na || Na cells) at a 
current density of 0.5 mA cm−2 with a capacity of 0.5 mAh cm−2 in 0.5 M NaPF6-DME/DOL (2:8) electrolyte at 
−80 °C. 

 

Figure S7. Contents of elements determined by ex-situ postmortem XPS depth profiling of the Na metal electrode 
(symmetric Na || Na cells) in 0.5 M NaPF6-DME/DOL (2:8) after cycling at −80 °C. 
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Figure S8. XPS profiles of C 1s, O 1s, F 1s and P 2p of the Na metal surface after 50 cycles (symmetric Na || Na 
cells) in 0.5 M NaPF6-DEGDME/DOL (2:8) at 0.5 mA cm−2 and 0.5 mAh cm−2 at −80 °C. 

Table S1. Summary comparing performance of Na metal anodes (symmetric cells of Na/Na) cycling at current 
density ≥0.5 mA cm−2 and at low temperatures (≤40 °C). 

System Temperature 
(°C) 

Current 
(mA cm−2) 

Capacity 
(mAh cm−2) 

Overpotential 
(mV) 

Cycle 
number Ref. 

Na/Na −80 0.5 0.25 54 >1460 This work 
Na/Na −40 1.0 1.0 16 >375 This work 
Na/Na −40 1.0 3.0 16 10 This work 
Na/Na −40 3.0 1.0 82 10 This work 
Na/Na −40 1.0 1.0 ~110 >165 [1] 
Na/Na −80 0.5 0.25 ~150 >715 [1] 
Na/Na −60 0.5 0.25 ~200 10 [2] 
Na/Na −40 0.5 1.0 ~40 5 [3] 
Na/Na −40 0.5 1 ~50 10 [4] 
Na/Na −60 0.5 0.5 ~130 5 [5] 

Table S2. Melting point, dielectric constant, and dynamic viscosity of DEGDME, DME, DOL and THF [1–3,6]. 

Solvent Melting Point (°C) Dielectric Constant (ɛ) at 
25 °C 

Dynamic Viscosity (η) (mPa·S) at 
−35 °C 

DEGDME −64 7.30 2.34 
DME −58 7.20 1.89 
DOL −95 7.00 1.82 
THF −108.4 7.58 0.49 

Table S3. Summary of NaPF6 salt dissolution in binary solvents at 0.5 M concentrations at −35 °C (“Yes” indicates 
fully dissolved; “No” indicates not fully dissolved; “Partially” indicates slight solid precipitation as the electrolyte 
approached its saturation point; “*” indicates the six electrolytes systems that were selected for the further 
electrochemical evaluation). 

Electrolyte Composition Solubility 
*0.5 M NaPF6-DME:DOL (8:2) Yes 
*0.5 M NaPF6-DME:DOL (5:5) Yes 
*0.5 M NaPF6-DME:DOL (2:8) Yes 

0.5 M NaPF6-DME:THF (8:2) No 
0.5 M NaPF6-DME:THF (5:5) No 
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Table S3. Cont. 

Electrolyte Composition Solubility 
*0.5 M NaPF6-DME:THF (2:8) Yes 

0.5 M NaPF6-DEGDME:DOL (8:2) Yes 
0.5 M NaPF6-DEGDME:DOL (5:5) Yes 

*0.5 M NaPF6-DEGDME:DOL (2:8) Yes 
0.5 M NaPF6-DEGDME:THF (8:2) No 
0.5 M NaPF6-DEGDME:THF (5:5) Partially 

*0.5 M NaPF6-DEGDME:THF (2:8) Yes 

Table S4. Summary of identified XPS peaks [7–11]. 

C1s (eV) O1s (eV) F1s (eV) P2p (eV) 
Polycarbonate (293) 

O-C=O/CO3
2− (289.5) 

C-O (286.8) 
C-C (284.8) 

Na KLL (537) 
O-P=O (532.5) 

Na2O (526) 

PF6
− (687.6) 

Na-F (684.2) 
PF6

− (137.4) 
O-P=O (133.7)  

NOTE: XPS positions in P2p spectra are based on 2p3/2. For XPS peak-fitting of P2p, 2p3/2 to 2p1/2 area ratio is fixed at 2:1 
according to the ratio of degeneracy, where 0.84 eV is employed as the doublet separation of 2p3/2 and 2p1/2. 
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