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Figure S1: S-TEM image and corresponding elemental maps for several SiNQs within the SiNQ@C-rGO composite. 
Tubular SiNQ particles (marked by yellow arrows) are coated with an N-doped carbon shell and confined by a flexible 
rGO sheet.
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Figure S2: (a) Top-view and (b) cross-sectional view SEM images of the fabricated SiNP@C-rGO electrode; (c) Top-
view and (d) cross-sectional view SEM images of the fabricated SiNQ@C-rGO electrode. The SiNP@C-rGO and 
SiNQ@C-rGO composite particles are uniformly distributed across the electrode coating volume.
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Further insights into the cycling behavior of SiNQ@C-rGO and SiNP@C-rGO cells

The variations in charge and discharge capacity of the cells during cycling at 100 °C are 

presented in Figures S3a and S3b. For the SiNQ@C-rGO cell (Figure S3b), the difference between 

discharge and charge capacities continuously decreases up to around 67 cycles. A constantly 

higher capacity during electrode lithiation (discharge) than delithiation (charge) may either be a 

result of (a) constant Li consumption for SEI formation, since SEI formation rates are higher during 

lithiation than delithiation, or (b) constant trapping of Li inside the active material (in other words, 

not all inserted Li can be extracted). While constant trapping of Li in the active material is a 

possibility if Li transport within the active phase is limited due to slow diffusion, in such scenarios, 

it is highly unlikely that the discharge (lithiation) capacity would increase because the trapped Li 

would reduce the amount of active material available for lithiation during the next cycle. However, 

Figure S3b depicts a rise in discharge capacity from time to time, thus making reason (b) highly 

unlikely. Additionally, as shown in Figure S3b, when the charge and discharge capacities are 

nearly equal, the charge capacity rises above the discharge capacity before falling below it again 

in the next few cycles. This leads us to hypothesize that (i) the constantly reducing difference 

between charge and discharge capacities is because the SEI layer is self-passivating, and gradual 

SEI buildup over cycles lowers the SEI formation rate, (ii) the SEI layer ruptures after every few 

cycles, releasing Li previously consumed in SEI formation and leading to enhanced charge 

capacities, and (iii) the ruptured SEI exposes fresh surfaces that promote new SEI formation, 

setting the active material into a recurring cycle of SEI buildup followed by rupture. The 

differential capacity curves for the SiNQ@C-rGO cell corresponding to cycles 67, 68, and 69 are 

depicted in Figure S3c. This hypothesis is further confirmed by the presence of (a) a smooth broad 

peak around ~0.5–0.7 V during delithiation for cycles 67 and 68, (b) the sudden appearance of 

multiple broad peaks between ~0.5–1 V during the charging half-cycle of the 68th cycle (which 

implies the release of Li from the SEI, as Si, SiOx, or carbon are not expected to show delithiation 

peaks in this voltage range), and (c) the narrowing and deepening of this peak for cycle 69, which 

immediately follows the SEI rupture during the charging half-cycle of the 68th cycle.
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Figure S3: Charge and discharge capacities as a function of cycle number for (a) SiNP@C-rGO and (b) SiNQ@C-
rGO half-cells. Insets show the magnified view of specific cycles. (c) Differential capacity curves of the SiNQ@C-
rGO cell corresponding to specific cycle numbers.
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Figure S4: Cross-sectional SEM image of the SiNQ@C-rGO electrode after 100 cycles at 100 °C.
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Table S1: A literature survey of the electrochemical performance of positive and negative electrodes developed for extreme batteries at or above 100 °C. 

Electrode Active
material

Active 
loading

(mg cm-2)
Electrolyte composition Separator Temperature

(ºC)
Voltage
(V)

Current
(mA g-1)

1st cycle 
(reversible)
capacity

Capacity 
retention
(Cycle 
number)

Capacity 
loss rate 
(%/cycle)

Ref

LFP - 0.5 M LiBOB in PC Thermosetting polyimide (PI) 
nano-fibers based nonwoven 120 2.5-4 124  142 mAh g-1 86% (50) 0.28 1

nano LFP  
(~40 nm) - 1M LiBOB in EC Whattman GF/d borosilicate 

glass fiber 100 3-3.75 ~8.5  110 mAh g-1 75% (170) 0.15 2

LFP ~2 1 M LiTFSI in EMI-TFSI (IL)
EMI:1-ethyl-3-methylimidazolium

polybenzimidazole (PBI) with 
AlN nanowires (PBI-AlN) 100 2.5-4 ~510 150.5 mAh g-1 98.2% (150) 0.01 3

LFP ~2 1 M LiTFSI in EMI-TFSI (IL)
EMI:1-ethyl-3-methylimidazolium

polybenzimidazole (PBI) with 
AlN nanowires (PBI-AlN) 100 2.5-4 ~1360 ~140 mAh g-1 ~70% (200) 0.15 3

LFP 13 1 M LIBOB in 1/1 EC/PC + 5% VC
Al2O3-poly(vinylidene 
fluoride) nanoporous 
(Pyrolux™)

120 2.5-4 49.5 155 mAh g-1 >90% (35) 2.57 4

LFP ~2.85 LiFSI/LiNO3/TEGDME 1/1/2.3 Celgard 2325 100 2.5-3.8 34 ~165 mAh g-1 89% (50) 0.22 5

LFP/C 
composite - 0.8 M LiTFSI in Pip-TFSI quartz membrane 120 3-4.5 ~34 140 mAh g-1 80% (100) 0.2 6

LFP 10.2 0.5 M LiBF4/0.5M LiDFOB in 
EC/PC/DEC (0.2:1.8:0.5 v/v) Celgard 2400 120 2.0–4.0 ~85

~170
159  mAh g-1

153.5  mAh g-1
97% (57)
98.6% (120)

0.05
0.01

7

LFP ~5 0.5 M LiDFOB in (glycerol 
triacetate)GTA/FEC = 5:2 (v/v) Celgard 3401 surfactant-coated 100 3-4.3 ~34 ~160 mAh g-1 95.6% (100) 0.04 8

NCM523 ~5 0.5 M LiDFOB in (glycerol 
triacetate)GTA/FEC = 5:2 (v/v) Celgard 3401 surfactant-coated 100 3-4.3 ~170 ~170 mAh g-1 65.6% (100) 0.34 8

NMC532 - 0.5 mol/L LiTFSI in Ph1444TFSI with 
0.5 w/v % LiDFOB Celgard PP2075 100 2.8-4.0 30 ~138  mAh g-1 90% (100) 0.1 9

Cathode

NCM811 - 1 M LiTFSI/triethyl
phosphate(TEP) with 2% FEC - 100 2.8-4.2 ~200 ~145 mAh g-1  ~75% (50) 0.5 10

Graphite 5.5 1 M LIBOB in 1/1 EC/PC + 5% VC
Al2O3-poly(vinylidene 
fluoride) nanoporous 
(Pyrolux™)

120 0.01-1 109 340 mAh g-1

~1.87 mAh cm-2 >90% (100) 0.1 4

Graphite 2-3 4 M LiFSA in DMC Polyethylene 100 0.01-1.8 744 ~372 mAh g-1

~0.93 mAh cm-2 76% (500) 0.05 11

LTO -
clay/PPMI-(1 M) LiTFSI composite,
PPMI:1-Methyl-1-
propylpiperidinium

- 120 1.0-2.0 50 65 mAh g-1 ~88% (120) 0.1 12

Anode

LTO 2.92 0.8 M LiTFSI and 0.2 M LiODFB in
Adiponitrile(ADN)/EC (v/v 1 : 1) glass fibre 100 1.0-3.0 ~875 ~140 mAh g-1

~0.41 mAh cm-2
99.93% 
(1000) 0.00007 13
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LTO 2.92 0.8 M LiTFSI and 0.2 M LiODFB in
Adiponitrile(ADN)/EC (v/v 1 : 1) glass fibre 120 1.0-3.0 ~875 ~174 mAh g-1

~0.51 mAh cm-2
87.94% 
(1000) 0.01 13

LTO 5-7

h-BN composite  (Mix of boron 
nitride powder and a 1 M solution of 
LiTFSI in 1-methyl-1-
propylpiperidinium bis(trifl 
uoromethylsulfonyl)imide, in a 1:2 
w/w ratio)

- 120 1.0-3.0 ~22 158 mAh g-1

~0.95 mAh cm-2 ~99% (50) 0.02 14

LTO 5-7

h-BN composite  (Mix of boron 
nitride powder and a 1 M solution of 
LiTFSI in 1-methyl-1-
propylpiperidinium bis(trifl 
uoromethylsulfonyl)imide, in a 1:2 
w/w ratio)

- 120 1.0-3.0 ~87.5 ~160 mAh g-1

~0.96 mAh cm-2 ~94% (45) 0.13 14

~0.21 0.8 M LiTFSI in Pip-TFSI
(Pip:1-methyl-1-propylpiperidinum) 100 840 ~0.41 mAh cm-2 ~83% (30) 0.34 15

~0.23
0.8 M LiTFSI in Pip-TFSI +
20% PC (v/v) 100 8400 ~0.21 mAh cm-2 ~86% (60) 0.23 15

- 0.8 M LiTFSI in Pip-TFSI 120 840 ~0.49 mAh cm-2 ~89% (200) 0.06 6

3D Si

(Si sputtered 
on 3D Ni 
current 
collector)

- 0.8 M LiTFSI in Pip-TFSI

quartz membrane

150

0.05-1.5

840 ~0.44 mAh cm-2 ~70% (200) 0.15 6

SiNQ@C-
rGO 0.8-0.9 0.8 M LiTFSI in Pip-TFSI Celgard 2325 100 0.01-1 420 1260 mAh g-1

1.13 mAh cm-2 ~73% (100) 0.27
This 

work
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Table S2: Gas physisorption results for pristine SiNP and SiNQ powders and their corresponding composite materials.

Sample Specific surface area
(m2 g-1)

Total pore volume
(cm3 g-1)

SiNP 56.15 0.12

SiNP@C-rGO 22.98 0.05

SiNQ 399.46 0.64

SiNQ@C-rGO 487.95 0.88
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