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Physicochemical characterization (additional information):

TEM: The samples were dispersed in high-purity absolute ethanol under sonication, after which a

carbon-coated 400 mesh copper grid was immersed in the suspension and then air-dried.

XPS: A pass energy of 80 eV was used for the survey spectra (step size = 1.0 eV) and 40 eV for the
regions of interest (ROI, step size = 0.1 eV). Data acquisition was performed using VISION software
at a pressure lower than 1x10° Pa. Electrostatic charging effects were corrected using a charge
neutralization system. The surface atomic percentages were calculated from the corresponding peak

areas using the sensitivity factors provided by the manufacturer.

Electrical conductivity measurements: In order to study the intrinsic electrical conductivity (¢) of
the as-prepared nanomaterials, the samples were pressed into 13 mm diameter pellets using a
laboratory hydraulic press (2 ton, 10 sec), without performing any dilution step (i.e., without previous

dispersion in a polymeric matrix).
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Table S1. Core-level binding energies and areas of the main components for CNT-N based nanomaterials obtained by curve fitting of XPS spectra?

Cls N 1s O1s Fe 2ps); Fe 2py, Co 2p3), Co 2py,
Material BE Area BE Area BE Area BE Area BE Area BE Area BE Area
(eV)® (%) (eV)® (%) (eV)® (%) (eV) (%) (eV)® (%) (eV)® (%) (eV)® (%)

284.6 (0.9) 440 3984(19) 203 530.8(2.3) 43.6 711.6(4.5 100.0 n.d.d n.d.d — — — —

285.1(1.4) 22.6 400.0(1.9) 21.9 532.7(2.3) 518
CNT-N 286.2 (1.4) 12.1 401.3(1.9) 43.1 535.6(2.3) 4.6

287.3 (1.4) 54 403.7(1.9) 104

288.6 (1.4) 2.4 406.5 (1.9) 4.3

290.6 (4.8) 13.5

284.6 (0.8) 413 3983(1.7) 169 530.0(1.3) 59.1 710.8(2.9¢ 372 724.1(29)¢ 149 780.1 (2.0 27.0 7958 (2.0) 13.4

285.1(1.3) 234 399.7(1.7) 243 531.4(1.3) 246 713329F 145 7266QR2.9F 172 781.8 (2.0)f 9.2 797.5 (2.0)f 4.6
CNT- 286.1 (1.3) 123 401.3(1.7) 447 5324(1.3) 11.6 7188(7.1)¢ 17.5 732.1(7.1)¢ 8.7 786.9 (5.1)¢  30.6 802.6 (5.1)¢ 15.2
N@Co 287.2 (1.3) 5.6 403.5(1.7) 11.1  533.5(1.3) 4.7

288.5 (1.3) 3.1 406.0 (1.7) 3.0

290.6 (4.8) 143

283.7(1.6) 129 400.0(1.7) 223 530.0(1.3) 57.8 710.8(2.9¢ 32.5 724.1(29)¢ 129 780.1 (2.1)¢ 24.6 795.8 (2.1)¢ 12.2
CoFe,0, 285.4(1.6) 54.1 4032(1.7) 777 531.5(1.3) 290 713329Ff 141 7266Q2.9)F 7.0 781.9 (2.1)f 7.6 797.6 (2.1)f 3.8

286.9 (1.6) 21.9 532.5(1.3) 12,6 718.8(8.1)¢ 223 732.1(8.1)¢ 112 786.9(6.3)¢ 345 802.6 (6.3)¢ 17.3

288.6 (1.6) 11.1 533.7(1.3) 0.6

2 The core-level binding energies and areas of the trace components in the F 1s and Si 2p regions are presented in the Supporting Information.

b The values between brackets refer to the FWHM of the bands.

¢ Area of each component relative to the total core-level peak area.

dn.d. — not detected.

¢ Metal cations located in octahedral sites.
f Metal cations located in tetrahedral sites

 Shake-up satellite peak.
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Table S2. Core-level binding energies and areas of the components in the F 1s and Si 2p

regions for CNT-N based nanomaterials obtained by curve fitting of XPS spectra

F 1s Si 2p;); Si 2p1
Material BE Area BE Area BE Area
(eV)* (%) (eV)? (%) (eV)® (%)
CNT-N 685.7(42) 100 102.4(2.0) 66.7 103.0(2.0) 333
CNT-N@Co 684.4(2.0) 100 101.6(3.0) 66.7 102.2(3.0) 333

2 The values between brackets refer to the FWHM of the bands.
b Area of each component relative to the total core-level peak area.
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Table S3. Comparison of the energy storage performance of the paper SCs prepared in this work with that of other paper-based SCs recently reported

in the literature?

Substrate Electrode Materials Electrolyte Fabrication Specific capacitance Ener.gy Pow.e r Ref.
process of the SC cell density density
CNT-N//CNT-N PVA/H;PO,  Vacuum filtration 21.58 Fem3 at 0.5 mV s'! 1.44mWhcem?  39.53 mW cm?
110.36 mF cm™ 7.37 uW hcem?  202.16 uW cm™
CNT-N//CNT-N@Co PVA/H;PO,  Vacuum filtration 1473 F cm3 at 0.5 mV s™! 4.05mWhcm?  170.44 mW cm?
53.30 mF cm? 14.65 yWhem?  616.73 uW cm?
CNT-N//CNT-N@Mn PVA/H;PO,  Vacuum filtration 25.69 Fcm3 at 0.5 mV s'! 4.04mWhcem?  44.42 mW cm’
Nylon filter 123.59 mF cm™ 1945 uWhem?  213.73 yWcem?  This
paper CNT-N//CNT-N@Fe PVA/H;PO,  Vacuum filtration 2045 F cm3at 0.5 mV s’! 7.835mWhcem?  84.17mWem?3  work
89.44 mF cm 3431 yWhcem?  368.09 uW cm?
+CNT-N@Fe//CNT-N@Mn-  PVA/H;PO,  Vacuum filtration 2291 Fem?3at 0.5 mV s’ 8.63 mWhcm?  55.68 mW cm?
95.06 mF cm? 35.81 yWhem?  230.99 uW cm?
+CNT-N@Mn//CNT-N@Fe—  PVA/H;PO,  Vacuum filtration 21.32Fcm3 at 0.5 mV s’ 620 mWhcm?  42.96 mW cm3
88.46 mF cm? 2571 uWhem?  178.19 uW cm™?
Cellulose filter graphene nanosheets ink PVA/H,SO, Vacuum 46 mF cm? (laminated, one cell) - — [1]
paper filtration 17 mF cm?2 (laminated, 3 in-series units) 15 uW h em2 (3 <100 yW cm2 (3
in-series units) in-series units)
Air-laid CNT ink KOH 35 mF cm? at 1 mA cm™ - - [2]
paper CNT ink/MnO, KOH Dip-and-dry 123 mF cm? at 1 mA cm?2 4.2 uW h cm™ 4000 pW cm?
(composed of CNT ink/MnO, PVA/KOH 73 mF cm? at 0.6 mA cm 1.8 uWhem?  ~127 uW cm2®
cellulose and process
polyester fibers)
Commercial +Ni(OH),/Ni/graphite// PVA/NaOH Spray + pencil 3.05F cm3at 10 mV s’! 035mWhcem?  32.5mW cm? [3]
cellulose paper Mn;04/Ni/graphite— drawing +
electrodeposition
Laboratory +MnO,/Ni//AC/Ni— PVA/Na,SO, electroless 2.0F cm?at5mV s! 0.78 mW h ¢cm™ 2.5 mW cm? [4]
filter paper plating method 700 mF cm
electrodeposition
Lab-made Graphene/PANI H,S04 Vacuum filtration 1320 mF cm? at 0.25 mA cm™ 120 pW h cm™ 100 pW cm2 [5]
bacterial 18 uW h cm? 4450 pW cm?

cellulose paper

2 AC — activated carbon; NWs — nanowires; PANI — polyaniline; PPy — polypyrrole. ® Estimated by eye.
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Table S3 (cont.). Comparison of the energy storage performance of the paper SCs prepared in this work with that of other paper-based SCs recently

reported in the literature?

Substrate Electrode Materials Electrolyte Fabrication Specific capacitance Ener.gy Pow'e r Ref.
process of the SC cell density density
Xerox paper Graphite pencil H,S0, Pencil drawing 1.13 mF cm? at 200 mA g! [6]
In-house paper Graphite pencil H,S0, Pencil drawing 2.3 mF cm™ at 200 mA g! [6]
Xerox paper Thin graphite sheets PVA/H;PO,  Pencil drawing + 529 F cm?at | mV s! [7]
(pencil)/PPy electrodeposition
A4 Xerox paper Exfoliated graphene ink PVA/H,SO, Paintbrush ~11.3mF cm?at 1 mV s’! [8]
coating
Cellulose Positively-charged PANI PVA/H,SO, Dip-coating, 5.72 mF cm? at2 mV s’! [9]
nanofiber paper NWs followed by negatively- layer-by-layer

charged reduced graphene
oxide nanosheets

2 AC — activated carbon; NWs — nanowires; PANI — polyaniline; PPy — polypyrrole. ® Estimated by eye.



Fig. S1.  Electrical conductivity as a function of the frequency of the CNT-N based nanomaterials

in the frequency range of 20 Hz to 3 MHz.
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Fig. S2.  Cyclic voltammograms of CNT-N//CNT-N paper SC at different scan rates.
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