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Electrical characterization

In the body text we show the electrical resistivities p and the carrier concentration n. of TiS
grown by atomic vapor deposition (ALD).553 Here is an overview of the detailed electrical
parameters obtained by Hall measurements: These are a schematic of the specimen and
the resulting geometric factors from the van-der-Pauw measurement (Figure SS1a), the Hall
voltage Vg and Hall constant Ry (Figure SS1b) as well as the Hall mobility pug (Figure
SSlc). For the van der Pauw specimen we deposit 200 nm of TiSy by ALD onto a cleaned
1x1cm? glass substrate with gold point contacts on each edge. For this we derived all Hall

parameters and the resistivity.
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Figure S1: Hall parameters of 200nm TiS2 film. (a) Sheet resistivity in a 1x1cm? Hall
van-der-Pauw specimen. (b) The Hall voltage Vy and Hall constant Ry as function of the
temperature 7' (measured at 100 4A and 0.91 T magnetic field). (c¢) Mobility py as function
of temperature.

Electrochemical characterization

All electrochemical studies were conducted in a standard three-electrode arrangement in an
H-cell configuration (Figure S3). 200nm of TiS, on carbon paper are used to study the
electrocatalytic activity (working electrodes, WEs). We use Ni as a counter electrode (CE)
to improve the oxygen evolution. For our studies it was necessary to employ a hybrid solvent
(acetonitrile and water) to address stability (TiS, can hydrolyze in all-aqueous media)®! and
to improve the solubility of CO (up to 0.2mol L™!). Furthermore, we found the presence of
water advantageous to create a continuous electrolysis cycle with co-evolution of Oy (in addi-
tion to CO-evolution on the cathode) on the Ni anode. As such we create an electrolysis COq
splitting to CO and O, ideal for long-term studies without risk of unwanted side-oxidation
of the electrolyte (oxidation of EMIM-BF, and NBuy-PFg) or the co-solvent (oxidation of
CH3CN). To determine the reference potential we use a calibrated Ag/AgCl quasi reference
electrode (QRE). The electrolyte is 0.1 M NBuy-PFg or 4% EMIM-BF} in acetonitrile-water.
The water amount is set to 1%vol (or, 0.56 mol L™!). The reference potential (calibration)
of the QRE is measured referring the ferrocene/ferrocenium couple (Fc/Fct). We compared
the standard potential EQrpus. pe/re+ in the COz-purged state, in 0.1 M NBuy-PFy or 4%
EMIM-BF, in acetonitrile-water. The system CO,, water and CH3CN and the electrolyte

will lead to a constant pH with only negligible changes. From the as-derived Eqrpys. pe/pet
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we calculated the standard reference potentials of the reversible hydrogen electrode (RHE,

equation 1:

ERHE = EQREUS.FC/FC+ +0.641V + pH -0.0591V (1)

We show the calibration against Fc/Fc™ (sweeps) inside the cyclic voltammetry plots
(body text, Figure 4). The cell parameters/constants and the electrochemical surface area
(ECSA) were studied by electrochemical impedance spectroscopy (EIS). Spectra were recorded
between 100 mHz and 0.1 MHz with an ac-amplitude of 50 mV (Figures SS2 and SS3 and Ta-
ble SS1). From the Bode-plot we derive the resistances (R, electrolyte, R,,, membrane /frit)
and the working electrode capacitance (Cy ). The latter is used to estimate the surface
factor of the electrochemical surface area (fzoga of carbon paper, equation 2) and to calcu-
late the current density (jpcsa) from the projected surface area. As reference capacitance

we use 40uF cm? (planar glassy carbon).5!

C’WE' . j rojected
fECcsa = JECSA = aprojected (2)
Cres fECcsa
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Figure S2: Impedance data of electrolysis cell in NBu,-PFs and EMIM-BF, elec-
trolyte solution. Bode-plot of the electrolysis cell used to derive the resistances (R, and
R,,) and the WE-capacitance (to further calculate the surface factor fpcga). Inset: (b)
Equivalent circuit used to derive the cell constants R, R,, and Cyg. Cywg is crosschecked
by j vs. scan rate, Figure S3 and used to calculate the ECSA.
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Table S1: Cell constants measured from electrochemical impedance spectroscopy; values
normalized to 1cm?.

electrolyte WE | CE | Ry*/ Q| R.*/ Q| Cwe / uF | fecsa
0.1 M NBuy-PF, | TiS, | Ni | 51.0 4.82-10* | 186 4.65
4% EMIM-BF, | TiS, | Ni | 27.5 1.32.10* | 178 4.45

*electrolyte and membrane resistances

The working electrode capacitance (Cyy ) was further determined using current density j
at different scan rates (Figure S3a). The capacitance is derived at -0.2V vs. Ag/AgCl QRE
by taking the slope from j versus scan rate plot (Figure S3b). From this, we derive a similar

capacitance as before measured by electrochemical impedance spectroscopy at 188 uF cm 2.
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Figure S3: j vs. scan rate to determine the electrochemical surface area. (a) ECSA-
measurement of displacement currents in NBuy-PFg on the working electrode at different
scan rates. (b) Plot of the scan rates (taken at -0.2Vvs. Ag/AgCl QRE) versus the current
densities j to derive the capacitance Cyg. The linear fit (slope) shows a similar value for
carbon paper as reported by electrochemical impedance spectroscopy (Cy g =188 uF cm™2).

Water and conductivity

In addition, we explored the effect of water on the ionic conductivity. The Bode-plot (Figure

2

SS4) shows only a minor decrease of R, between 1 and 10%,, water (52.4Qcm™ and

50.1 Qcm™2, respectively).
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Figure S4: R, in NBuy-PFg at 1% and 10% water content. Bode-plot of R, shows
little effect of water on the electrolyte conductivity (i.e. decrease of R, from (52.4 € cm™2
to 50.1 Qem™?).
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Figure S5: Schematic of the cells used to study CO,-splitting to CO and O..
(a) Electrolysis cell: For the anode side, a Ni/NiO, counter electrode (CE) is employed
to activate the evolution of O, and to suppress unwanted degradation of the electrolyte
and solvent.% 57 (b) Spectroelectrochemical flow cell: Schematic of the in-situ ATR-FTIR
internal reflection mode to explore the stability /mechanism of CO,RR on TiSs.
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Figure S6: In-situ ATR-FTIR spectroscopy employed to explore stabil-
ity /reversibility. Scan to maximum reduction potential (-1.7Vvs. RHE) and back (before-
after-scan) in Ny saturated and CO, saturated environment. In both cases, the response from
TiS, shows the spectroscopic fingerprints of CH3CN and the electrolyte (NBuy-PFg) and, in
presence of CO,, accumulation of COy on the surface.
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In-situ FTIR

The scheme/function of the in-situ FTIR setup is depicted in Figure Sbb: It comprises (i)
a germanium parallelepiped serving as the infrared reflection element for attenuated total
reflection mode (ATR), (i) the electrocatalysts (200nm TiS,) deposited on top of this el-
ement, (i) the flow-cell mounted onto the reflection element and (iv) the electrical and
solution supply tubes. The entire flow cell is made from Teflon. The feedthroughs for
the tubes are tightened using wax. The cell is placed into the FTIR-probe space onto a
custom designed holder. We tighten the cell using a Teflon bolt and a rubber o-ring be-
tween flow-cell and germanium-TiS;. The electrical contacts are provided by thin copper
wires outside the FTIR-setup. During measurement we continuously supply fresh COo-
saturated electrolyte and measure the IR-response as function of time and electrochemical
potential (and current). The ATR-mode delivers a qualitative insight to the surface reac-
tions related to COoRR. In addition we see accumulation/depletion of the electrolyte and
solvent. The estimated penetration depth of the evanescent wave is a few pm at the in-
terface TiS,/electrolyte. Quantitative estimations have to be considered with care, since
the penetration depth is also dependent on the wavelength. We subsequently interpret our
spectra only surface- and near-surface-sensitive (i.e. adsorption on the surface and adjacent
Helmholtz-layer on the TiSs/solution interface). The difference spectra -AT and differen-
tial spectra -AT/T depict the changes experimentally observed within these layers. Bulk
changes in TiS, (massive degradation or dissolution/degradation from the electrode) can be
clearly excluded within the reported potential window between 0 and -1720 mV vs. RHE
(Figure SS6).58510 All changes seen in this stability scans relate either to the electrolyte,
the acetonitrile and, in COs-saturated solution, to CO,. Above these potential windows we
cannot exclude the dissolution/reaction of the electrocatalyst and the germanium with the

corresponding electrolyte.
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Figure S7: Analysis of CO;RR products in the head space. Gas chromatograms show
the gaseous product distribution at -0.11 Vvs. RHE (zero overpotential for CO, reference
scan with hydrogen evolution). At -0.5V vs. RHE (or 0.39V overpotential) we detect a
similar amount of Hy and preponderantly evolution of CO.
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Chromatographic CO detection

From chronoamperometric scans we detected the onset of CO evolution and the quantitative
determination of CO to calculate the Faradaic efficiencies. We present that at the reported
onset for CO evolution at 5mA cm~2 at -0.5Vvs. RHE (or 0.39V overpotential), a distinct
CO peak appears (correlating to 83% Faradaic yield). At the thermodynamic equilibrium
for CO evolution (-0.11 mV vs. RHE), only hydrogen is detected. The hydrogen content (and
as such jp,) remains approximately constant between -0.11 and -0.5mV vs. RHE (nn) which

underlines the selectivity of TiS, for CO.

Addendum: Mechanistics

As proposed in Figure 3a,b (body text), we further show the difference spectra in the thiole
fingerprint regime (S-H bonding) that emerges between 1550-1590 cm~!. Similar features
have been reported for MoS;5!! for hydrogen evolution. We indicate this analogy in the

differnce scan, since a minor fraction of our product is also hydrogen (Figure SS8).

Addendum: Comparison

Ag and Au (thin films on glass by physical vapor deposition) are compared to TiSy using
the same electrolyte (NBuy-PFg) (Figure SS9).
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Figure S8: Fingerprint regime for thiole in the differential scan of the in-situ ATR-
FTIR system. The spectra reveal a distrinct S-H stretching at 1565 cm ™! upon increasing
cathodic bias (co-evolution of hydrogen besides CO).
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Figure S9: Voltammograms of Au, Ag and TiS, in the same electrolyte for com-
parison.
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