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Figure S1. EDX elemental mapping of a single C/PSiNW obtained by energy-filtered TEM 

imaging showing a) C map, b) Si map, c) C and Si superimposed map; d) Raman spectrum of 

the C/PSiNWs electrode.
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Figure S1d shows the Raman spectrum of the C/PSiNWs electrode. The Raman 

measurement is conducted at room temperature using a HoribaJY LabRAM confocal Raman 

spectrometer with an excitation laser line of 632.8 nm. The band observed at 501.2 cm-1 

corresponds to the Si nanowire arrays while the peaks located at nearly 1316 and 1590 cm-1 

attributed to the characteristic D and G bands of carbon materials, respectively. The D (defect) 

peak is linked to the breathing mode of A1g symmetry at the edges of graphite plains in carbon 

materials and it becomes active when the structure has various defects. The G (graphitic) peak 

is assigned to the stretching mode of E2g symmetry in sp2 carbon atoms showing 

characteristics of ideal graphite.1 The intensity ratio of D and G bands (ID/IG) gives direct 

information about defective nature of carbon matrix. From the figure, the ID/IG ratio calculated 

as 1.7 indicating structural disorder in the carbon layer. This result is in good agreement with 

the TEM and XPS studies.
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Figure S2. X-ray photoelectron spectra of MnOx/C/PSiNW electrode: a) Si 2p, b) C 1s, c) O 1s 

regions. XPS spectra of C/PSiNW electrode: d) Si 2p, e) C 1s, and f) O 1s regions of C/PSiNWs.

Figure S2a shows the close-up Si 2p region of the spectrum obtained on 

MnOx/C/PSiNW sample. Two peaks at 103.6 and 100.1 eV are attributed to Si-O (SiO2) and Si-

C bands, respectively.2-4 Most likely, HNO3 step and atmospheric oxygen and water contribute 

to the formation of SiO2. This SiO2 layer is also confirmed by STEM-HAADF analysis which 

provides detailed information about the structure of nanowire arrays (Figure 1f). The high-
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resolution XPS spectrum for the C 1s region of MnOx/C/PSiNWs sample is shown in Figure S2b. 

The asymmetric C 1s peak is deconvoluted into two peaks. The peak positioned at 284.8 eV 

corresponds to graphitic carbon (sp2 bonding), while the peak located at 286.5 eV arises from 

the oxygenated carbon species such as -C-O,-C=O and -O-C=O.5 From Figure S2c, it is revealed 

that the O 1s signal arises from three environments, namely SiOxCy, SiO2 and Mn-O located at 

534.7, 532.8 and 530.1 eV, respectively.6-7 Figures S2 (d-f) show Si 2p, C 1s  and O 1s regions 

of C/PSiNW electrode, respectively.  In comparison, the C/PSiNW sample without MnOx 

deposition only exhibits O 1s signal from two environments, namely SiOxCy, and Si-O (Figures 

S2c and S2f).

Table S1. XPS fitting parameters for deconvolution of Si 2p, O 1s, Mn 2p and C 1s regions of 

C/PSiNWs and MnOx/C/PSiNWs electrodes.

MnOx/C/PSiNWs C/PSiNWs
Core level Bonding 

structure
Binding 
Energy 

(eV)

FWHM 
(eV)

Area 
(keV.counts)

Binding 
Energy 

(eV)

FWHM 
(eV)

Area 
(keV.counts)

Si4+-O 103.6 2.4 12.8 103.6 2.3 17.1Si 2p Si-C 100.2 2.6 2.6 99.8 1.9 3.9
Mn-O 530.1 1.9 8.6 - -
O-Si4+ 532.8 2.6 29.8 532.9 2.3 22.2O 1s
SiOxCy 534.7 3.6 3.8 534.9 3.3 4.2
Mn2+ 642.1 2.9 3.5 - - -Mn 2p3/2 Mn3+ 643.6 4.7 1.9 - - -
Mn2+ 653.7 3.5 1.6 - - -Mn 2p1/2 Mn3+ 654.8 3.0 0.9 - - -
C-C 284.8 1.6 11.6 284.8 1.6 53.8

C 1s C-O, C=O 286.0 2.9 21.8 286.0 3.0 71.7
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Figure S3. Effect of a) KMnO4 concentrations (15 min deposition time, 20 μm nanowire length) 
and b) deposition time (20 mM KMnO4 concentration, 40 μm nanowire length) on areal 
capacitances of the MnOx/C/PSiNWs electrode. 

Table S2. Electrochemical performances of silicon based electrodes for supercapacitor 

applications.

SiNWs: Silicon nanowires, EMIM-TFSI: 1-ethyl-3-methyl-imidazolium 
bis(trifluoromethylsulfonyl)imide, PMPyrrBTA: 1-Methyl-1-propylpyrrolidinium 
bis(trifluromethylsulfonyl)imide, SiNWAs: Silicon nanowire arrays, [Bmim][NTf2]:1-Butyl-3-
methylimidazolium bis(trifluoromethylsulfonyl)imide, rGO: reduced graphene oxide.

Samples Electrolyte
Nanowire
 length

(μm)
Capacitance

Potential
window

(V)
Cycle life

Capacitance 
Retention

(%)
Ref.

C@SiNWs 1 M Na2SO4 19 25.64 mFcm-2

(0.1 mAcm-2) 0.7 25000
(0.025 Vs-1) 75 8

C/PSiNWs EMIM-TFSI 75 ~190 mFcm-2

(1 mAcm-2) 0.8 5000 
(3mAcm-2) 83 9

MnO2@SiNWs
(3D hierarchical)

Li-doped 
PMPyrrBTA 50 13.38 mFcm-2

(10 mVs-1) 2.2 5000 90.9 10

HNO3-oxidized 
n-type SiNWAs [Bmim][NTf2] 15 216 μFcm-2 1.7 - - 11

HNO3-oxidized 
p-type SiNWAs [Bmim][NTf2] 15 404 μFcm-2 1.5 - - 11

rGO-SiNWs

1-ethyl-3-
methyl

imidazoliumbi
s imide

5-6 240 μFcm-2

(0.01 mAcm-2) 1.3 1000 ~98 12

MnOx/C/PSiNW
s EMIM-TFSI 75 381 mFcm-2 

(12.5mAcm-2) 2.95 10000 
(0.5Vs-1) 82 This 

work
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Figure S4. a) EIS spectrum of AHS recorded at open circuit potential (OCP) (inset: enlarged 

view in the range of 0- 140 Ω), b) Galvanostatic charge-discharge curves of AHS device for 

different current densities (0.2 mAcm-2 – 2.0 mAcm-2), c) cyclic voltammetry curves of AHS 

device as a function of scan rate, d) GCD cycling performance of the AHS device at the current 

density of 4.0 mAcm-2 in the voltage range of -1.6 – 2.0 V.
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