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Materials and Method

I-Vinylimidazol e ( A-bzdhis{2roethylpropichitiile), (AIBN, 298%),
bromoacetonitrile (Aldrich 97%), and bis(trifluoromethane sulfinyte lithium salt (Aldrich

99%) were used as received without further purifications. Dimethyl sulfoxide (DMSO), dimethyl
formamide (DMF), methanol, and tetrahydrofuran (THF) were of analytic grade. Potassium
bicarbonate (KHCg@) was of analytic grade amgurchased from Sigma Aldrich. Poly(acrylic

acid) (PAA) MW: 130,000 g/mol, was obtained from Sigma Aldrich. Mwhiled carbon
nanotube (O 98 %, O.D x |.D x L.D 10 nm N 1 n
from Sigma Aldrich and purified by thelfowing procedure: 300 mg of carbon nanotubes were
refluxed in 50 mL of0.3 M HNOs for 12 h in a 250 mL flask to remove the catalyst. After

cooling down, the CNTs were separated by centrifugation, washed with excess of water several
times and freezdried Poly[l-cyanomethy3-v i ny |l i mi daz ol i um bis(t
sulfonyl)imide] (abbreviation: PCMVImEN) was synthesized according to referer{&d).

Nitrogen doped carbon membrane was prepared according to previous(&noft piece of
glasssubstratewas ultrasonically cleaned in acetone and deionizedcewaespectively, for 30

min before use.

Preparation of HNCM/CNTA homogeneous CNT dispersion was firstlycamplished by

sonicating 0.1 g of purifiedCNTs in 1g of poly[1l-cyanomethy3-vinylimidazolium
bis(tripuoromet hane sN)lafid®.4a8g lof)polyGacrgie dcid) (FAEMV I mT f
solution in10 mL of dimethyl formamide (DMF) for 4 h. Owing to the strong polarization and

caton” i nt er act i o naolimeaunitevia BRGMVImTiNeand GNiIrsg PCMVIMTAN

specifically attaches to the surface of the CNTs. Then, centrifugation of the dispersion removed
aggregategundispersed CNTs)'he formed homogeneous dark dispersion was cast onto a clean
glass platevith an area of 3 x 3 cfand dried at 80 °C for 3 h. Then the film was immersed in a

0.1 wt% aqueous N5 ol uti on for 3 h, following a modiy
our group(S3. This process triggers charging of PAA and electrostatic crosslirirtge

charged PAA with PCMVIMTN simultaneously, constructing a stable porous film, which can



be readily peeled off from the substrate. Afterwards, pyrolysis of the film at!®@® pure N
under 1.5 torr. leads to the hierarchically structuredbldedHNCM/CNT hybrid.

Preparation of Ndoped carbon derived from CNHCMVImTEN. A homogeneous CNT
dispersion was accomplished by sonicating 0.1 g of purified CNTs in 1g of glgffomethw
3vinylimidazolium bis(tri puoroNmmeld mlaaidmethyi| f ony
formamide (DMF) for 4 h. Then, centrifugation of the dispersion removed aggregates
(undispersed CNTs). The powderous CNT/PCMVIpgNTfvas obtained byrying the solution.
Afterwards, Ndoped carbon was obtained by carbonization of BXCMVIMTf,N at 900°C in

pure N under 1.5 torr.

Characterization.'H-NMR spectra were recorded on a Bruker AVANCE Il spectrometer
operating at 400 MHz resonance frequencya)X photoelectron spectroscopy (XPS) data were
collected by an Axis Ultra instroent (Kratos Analytical) under ultrahigh vacuum (2IDorr)

and by using a meayseourber Thercarbon ts peak wak dalibbéted at 285 eV
and used as an internal standard to compensate for any charging effects. Nitrogen sorption
isotherms wre measured ail96 °C using a Micromeritics ASAP 2020M and 3020M system.
The samples were degassed for 6 h at 200 °C before the measurements. Pore size distribution
was calculated by density functional theory (DFT) method. Elemental analyses weredbtain
from the service of Mi kroanal yti sches Labor
scanning electron microscope (FESEM, FEI Quanta 600FEG) was used to acquire SEM images.
Transmission electron microscope (TEM) and high resolution TEM (HRTEM) images

taken on a JEOL JEM100F transmission electron microscopy operated at 200 kV.

Electrochemical measurementbe electrochemical measurements were performed on an
electrochemical impedance spectroscopy (EIS) capable channel in a Biologic VMP3 potentiostat.
The asprepared HNCMs or HNCM/CNT hybrids were used as the working electrode. A Pt and
an Ag/AgCl (in saturad KCI solution) electrode were used as the counter and reference
electrodes, respectively. The electrolyte is 0.1 M KHGGIution with pH 6.8 All the applied
potentials were converted to reversible hydrogen electrode (RHE) potential scale (with&ut the |
compensation) using E (vs. RHE)=E(vs. Ag/AgCl)+ 0.210 V+0.0592 V*A.8xed volume of

30 mL electrolyte was used for all of the electrochemical experiments. For controlled potential



electrolysis of CQ@ the cathodic compartment of the cell was degaaesddsaturated with C@t

10 mL mir! for 30 minutes. During the electrolysis, €@as was continuously bubbled into the
cathodic compartment at a rate of 10 mL tamd was delivered directly to the sampling ladp

an online precalibrated gas chromagraph (Agilent7890B) (K CO, CH, CH4,CoHs, COp)

(S9. A GC run was initiated every 20 min. The gaseous products were analyzed using a packed
13 x molecular sieves with a thermal conductivity detector using He as a carrier gas,fQ@QO

CHa, CH4, and GHs analysis. Argon was used as the carrier gas for analysis. The Faradaic
efficiencies (FEs) of CO and2Hproduction were calculated from the volume concentration of

gaseous products as below:

2Fv,Gtp,

—— 70 300%
RT, Q,, ® 1000000

FE, (%)=

Where, vy (vol%) = volume concentration of j = CO or Hin the exhaust gas from the
electrochemical cell at a given sampling time;

G (ml/min at room temperature and ambient pressure) = Gas flow rate;

Qtotal (C) = Integrated charge passed during electrolysis (Chronoamperometry data)

t (min)= Electrolysis time;

Po=1.01x105 Pa, d= 269.2 K, F = 96500 @hol*, R=8.314 J mol K%,

Liquid product was quantified after the electrochemical measurement byptagsure liquid
chromatography (HPLC, Agilent technologies) system equipped Agilent 1200, 1260 and
1290 Infinity liquid chromatography technology and further confirmed'H#WNMR (Bruker
AVANCE Il 400) using DO as solvent. The FEs for CO and &te average values and that for
formate is a cumulative value during the electra@y$he electrde area was calculated from its

surface area

Preparation of Ndoped carbon derived from CNT/ PCMVIaN based ElectrodeA suspension

of N-doped carbon powders derived from CNT/PCMVIaN1fand Nafion perfluorinatedesin
solution along with a mixture of water and isopropanol were extensively mixed by
ultrasonicating for 1 hour to produce the catalyst ink, which was then brushed onto the carbon
paper, with an approximate 1 x 1 Tarea. Eventually, a uniform 5 + 0.2 mg catalyst loading

was achieved. The electrodes were then dried at 110 °C overnight in a vacuum oven.



Figure S1. Photograph of the homogeneous and stable walli carbon nanotube (CNT)
dispersion in poly[icyanomethy3-vi ny |l i mi daz ol i um bis(tripuor
(PCMVImTf2N) and poly(acrylic acid) (PAA) dimethyl formamide (DMF) solution.
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Figure S2. Crosssection SEM images of PCMVImI¥N/PAA/CNT membrane. a, Low
magnification; b, high magnification. Particularly, from Supplementary Figure 2b, it can be
clearly seen that the carbon nanotubes well dispersedmuch thicler than the pristine one
Multi-g I £ £ SR OFNb2y yly20d2oS o6x oy 22X hd5 E )kad5 E
purchase from Sigma Aldrizhwhich can be attributed to the adsorption of PCMVIghTén the
surface of carbon -hamnot eb as ttleeanmdazapliore catiossane
PCMVImTf.N and the graphitic CNIsurface.

100007 x| 2.5 [5.0mm |0 °|2.56 um| SE Nova Nano

[ @



spot| WD | tilt

det | HV ‘mag
TLD | 500KV |30000x| 25 |51 mm |2

Figure S3 Enlarged crossection SEM image of HNDCM/CNT.




Figure $4. Crosssection SEM images of HNCM. a, Low magnification; b, high magnification.
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Figure S5. XPS spectra dHNCM and HNCM/CNT

Figure S6. Raman spectrum of HNCM and HNCM/CNT.



