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Experimental Methods

Materials and instrumentations

Rink Amide resin was acquired from Novabiochem; 6-bromo-2,2'-bipyridine and ethanolamine were
obtained from Acros organics, Israel; Bromoacetic acid and N,N'-diisopropylcarbodiimide (DIC) were
sourced from Sigma Aldrich. TFA and 4'-Chloro-2,2":6',2"-terpyridine were acquired from Alfa Aesar.
2-(4'-Chloro-2,2"6',2"-terpyridine-4'-yloxy) ethylamine and 2-(2,2’-bipyridine-6-yloxy) ethylamine
were synthesized following the reported method ! and protection of ~OH group of ethanolamine was
carried out by using previously reported procedure.”! The Reagents, solvents, HPLC grade water and
acetonitrile were acquired from commercial sources and used as received without further purification,
except for DMF which was dried using molecular sieves. HPLC grade solvents were used, and high
purity deionized water was prepared by using nanopore Milli-Q water purification system. Aqueous
phosphate buffer solutions were made by dissolving a specific portion of mono, di- and tribasic
phosphate salts, and adjusting pH with added 0.1 M NaOH solution to achieve the final pH with ionic
strength of 0.1 M. From this, phosphate buffers of lower buffer concentrations of 80 mM, 60 mM, 40
mM and 20 mM were made.

Peptoid oligomers were analyzed by reversed-phase HPLC and purified using preparative HPLC
following the same conditions as previously reported." Mass spectrometry was conducted on an Advion
expression mass with electrospray ionization (ESI). UV-Vis measurements were performed using an
Agilent Technologies Cary 60 UV-Vis spectrophotometer. An Agilent Cary 630 FTIR spectrometer was
used to record the IR spectra (400-4000 cm™). All the conditions used for the instruments are the same
as previously reported. ¥

Preparation and characterization of TBE and CoTBE

Peptoid TBE as well as all other control peptoids reported in this work were synthesized manually on
Rink amide resin using the sub monomer approach at room temperature and were characterized by
analytical HPLC and ESI-MS analysis according to the previously reported procedure. **) The TBE and
all other control peptoids trimer were further purified by preparative-HPLC. Corresponding cobalt
complexes of the peptoid TBE and all other control peptoids were prepared in methanol solution with
the addition of Co(OAc),, subsequently adding NaClO4.!" Further the prepared cobalt peptoid
complexes were characterized using the previously reported procedure. !
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Electrochemical Methods

Cyclic voltammetry (CV), Linear Sweep Voltammetry (LSV) and differential pulse voltammetry (DPV)
experiments were carried out on EmStat PalmSens electrochemical analyzer in a three-electrode system
containing Glassy Carbon (GC) as working electrode, Ag/AgCl as reference electrode and Pt wire as
counter electrode. Before each measurement, the working electrode was polished with 0.05 pm alumina
paste followed by rinsing with water and finally drying in air. CVs were collected at 100 mV/s except
for other specifications. DPV was obtained with the following parameters: Amplitude =200 mV, E-step
=10 mV, pulse width = 0.01 s.

Controlled Potential Electrolysis (CPE) experiments were performed using a two-compartment cell (H-
cell) closed with septum. Large surface porous carbon (spongy shape) as working electrode together
with a Ag/AgCl (NaCl sat.) as reference electrode was placed in one of the compartments that was filled
with a 0.5mM buffer solution of the catalyst (pH 7, phosphate buffer 0.1 M of ionic strength with 100
mM NaNO). In the other compartment, containing only the buffer solution, a mesh platinum counter
electrode was used. The use of an H-cell, where the working electrode and Ag/AgCl reference electrode
are separated from the Pt counter electrode by a frit, effectively prevents deposition of Pt or Ag on the
working electrode, which is expected to be negligible under our experimental conditions. Before
starting the experiment, nitrogen gas was purged for 10 min to remove the oxygen from the system.
After CPE, the solution was tested for quantification of ammonia and hydroxylamine formation using
a standard colorimetric method:™
1. Ammonia in the electrolyte was quantified by the indophenol method. After the CPE
experiment, the CPE solution was then neutralized by adding 0.5 M H,SOs, then 500 pl of
phenol nitroprusside solution (P6994, Sigma-Aldrich) and 500 pl of alkaline hypochlorite
solution (A1727, Sigma-Aldrich) was then added to the neutralized sample. The solution was
incubated for 30 min at room temperature in the dark, and the sample absorbance was analysed
by UV-vis spectroscopy. A standard calibration curve was constructed by plotting Absorbance
(635 nm) vs. [NH4 ] using a known concentration of NH4CL[®
2. NH,OH was determined by the following procedures : In the CPE solution, 1 mL of 0.05 M
phosphate buffer solution, 0.8 mL of DI water, 0.2 mL of trichloroacetic acid (12 Wt %), 1 mL
of 8-quinolinol(0.1 g dissolved in 10.0 mL EtOH), and 1 mL of 1 M Na,COs solution were
mixed and placed in a boiling water bath for 1 min for color development. The solution was
then removed from the water bath and cooled at room temperature for 20 min. The absorbance
was measured at 705 nm on a UV-vis spectrophotometer. A standard calibration curve was
constructed by plotting Absorbance (705 nm) vs. [NH,OH] using a known concentration of
NH,OH."!

After the amount of ammonia and hydroxylamine formation were determined, turnover number (TON)
and Faradaic efficiency values were calculated using the following equations:
FE (%) = (ne F Nproduct/ Qnet) X 100%

where n. is the number of electrons required to form one molecule of product (6 for ammonia and 4
for hydroxylamine), F is the Faraday constant, Npyroduct 1S the number of moles of product formed
during electrolysis, and Qne is the net charge passed during electrolysis (Quet = Qcat — Qblank).

The turnover number (TON) was calculated as:



TON=N _ product / N_cat

where N ¢ is the total number of moles of catalyst present in the working electrode compartment.
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Figure S1: CVs of 100 mM NaNO; both in presence and absence of 0.5 mM CoTBE in 0.1 M PBS at
pH 7.0.
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Figure S2: CVs of 0.5 mM CoTBE and with variable NaNO, concentration (0 to 100 mM) in 0.1 M
PBS at pH 7.0.
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Figure S4: (a) UV—Vis spectra of CoOTBE complex at varying concentrations in the presence of NaNO:
in 0.1 M phosphate buffer at pH 7, (b) plot of linear correlation between absorbance vs. CoTBE
concentration at A = 282 nm.
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Figure S5: Plot of linear correlation between absorbance vs. CoTBE concentration, (a) at A =312 nm
and (b) at A =352 nm.
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Figure S6. LSV of 0.5 mM CoTBE in phosphate buffer solution at pH 7 containing 100 mM NaNO,.
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Figure S7. (a) UV-vis absorption spectra of different concentrations of NH4Cl quantify following
indophenol method, (b) resulting calibration curve.
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Figure S8. (a) UV-vis absorption spectra of different concentrations of NHOH quantify following
spectrophotometric method, (b) resulting calibration curve.
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Figure S9. UV-vis absorption spectra for quantification of (a) NHs  and (b) NH.OH using
spectrophotometric method of the solution after 2 hours of CPE at -1.05 V vs Ag/AgCl containing 100
mM NaNO, with CoTBE and without in 0.1 M phosphate buffer at pH 7.

[CoTBE] [NH,'] [NH,OH] | Quiankl(C)
(moles) (moles) (moles)

2.50x10™° 3.66x10° 8.18x10° 10.36 37.65 27.29

TON TON TON FE% FE% FE%
(NH,) | (NH,OH) | (Total) (NH,*) | (NH,OH) | (Total)

14.6 3.27 17.9 77.7 11.6 89.3

Table S1: Details of charge passed during CPE with and without CoTBE (0.5 mM) in 0.1 M PBS (100
mM NaNO., pH 7.0, 2 h). Faradaic efficiency (FE%) were determined from the net charge passed and
standard colorimetrically quantified NH«" and NH-OH.
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Figure S10. (a) CVs of 100 mM NH>OH both in presence and absence of 0.5 mM CoTBE (b) CV of
0.5 mM CoTBE (red line) in the presence of 100 mM nitrite (blue) or NH,OH (green). CVs were
performed in in 0.1 M PBS at pH 7.0.
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Figure S11: ESI-MS spectra of CoOTBE in presence of NH,OH.

Size Distribution by Intensity

50 ................. : .................. :................... ................. : ................. :
P e, STRTPRRPRE S
9 AR xR

20 .................. . ......

Intensity (Percent)

woleee e, STRTPRPPE S

Size (d.nm)

I— Record after cpe Record before cpe |

Figure S12. DLS spectra of CoTBE solution containing 100 mM NaNO, in 0.1 M phosphate buffer at
pH 7 before (green spectra) and after (red spectra) CPE experiment.
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Figure S13. The detection of NH4" and NH>OH in a reaction solution containing 0.5 mM CoTBE and
100 mM NaNO: in PBS (pH 7.0) after stirring at room temperature for 2 h in the presence (CoTBE)
and absence (CoTBE blank) of an applied potential.
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Figure S14: CV of 0.5 mM CoTBE containing 100 mM NaNO, before and after the CPE experiment
at a potential of -0.85 V vs SHE for 2 hours in 0.1 M PBS at pH 7.0.
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Figure S15. FTIR of the dried solid complex CoTBE before and after a 2-hour CPE experiment with
-0.85 V vs SHE applied potential in 0.1 M phosphate buffer at pH 7 containing 100 mM NaNO:.
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Figure S16. UV-Vis absorption spectra of CoTBE before and after a 2-hour CPE experiment with
-0.85 V vs SHE applied potential in 0.1 M phosphate buffer at pH 7 containing 100 mM NaNO:.
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Figure S17. ESI-MS of the catalytic solution of CoTBE before CPE in 0.1M phosphate buffer
solution at pH = 7.0 containing 100 mM NaNO:..
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Figure S18. ESI-MS of the catalytic solution of CoTBE after CPE in 0.1M phosphate buffer solution
at pH = 7.0 containing 100 mM NaNOs,.
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Figure S19. UV-Vis absorption spectra of~20 uM of CoTBE with NaNO:- in 0.1M phosphate buffer at
pH 7 without disturbing for 24 hours, (a) Complete set of spectra over the entire duration, (b) Spectra
extracted at 4 h intervals.
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Figure S20. UV-Vis titration spectra of~20 uM of CoTBE with NaNO: in 0.1M phosphate buffer at pH
7 after 24 hours of undisturbed incubation: (a) Co and (b) Zn.
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Figure S21. HR-MS of the isolated solution of UV-Vis titration of CoOTBE with Ni in 0.1M phosphate
buffer at pH 7 containing NaNO: after 24 hours of undisturbed incubation.
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Figure S22. FTIR spectra of CoOTBE and the dried solid complex of CoTBE solution with NaNOs.
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Figure S23. Continuous 20 CVs of 0.5 mM CoTBE (black) with 100 mM NaNO,, buffer solution
containing 100 mM NaNO, without catalyst (red), and blank buffer solution containing 100 mM NaNO,
recorded after rinse the electrode with water without polishing (blue). All CVs were measured in 0.1 M
phosphate buffer solution at pH 7.
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Figure S24. CVs of 0.5 mM CoTBE in different buffers at pH 7 with 100 mM NaNO:..
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Figure S25. CVs of 0.5 mM CoTBE in varying concentration of phosphate buffer at pH 7 with 100
mM NaNO..
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Figure S26. CVs of 0.5 mM CoTBE in H,O and D,O in 0.1M phosphate buffer at pH 7 with 100 mM
NaNOs..
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Figure S27. Continuous CV scans of 0.5 mM CoTB-BZ (black) with 100 mM NaNO,, buffer solution
containing 100 mM NaNO, without catalyst (red), and blank buffer solution containing 100 mM NaNO;
recorded after rinse the electrode with water without polishing (blue). All CVs were measured in 0.1 M

phosphate buffer solution at pH 7.
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Figure S28. Continuous CV scans of 0.5 mM CoTB (black) with 100 mM NaNQO,, buffer solution
containing 100 mM NaNO, without catalyst (red), and blank buffer solution containing 100 mM NaNO;
recorded after rinse the electrode with water without polishing (blue). All CVs were measured in 0.1 M

phosphate buffer solution at pH 7.



@ 100 . ®) 200 .

—-=-Catalytic Peak Current
ot
-250
< 100t = — R=0.99321
= 2-300
-200 |
300 | -350 | ]
-400 L~ 1 1 1 1 1 -400 . L . . L '
-12 -09 -06 -03 0 03 0O 01 02 03 04 05 06

Figure S29: (a) CVs of CoTBE having different concentration in 0.1 M PBS at pH 7 with 100 mM
NaNO: (b) Linear regression of catalytic peak current versus different concentration of CoTBE.
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Figure S30: (a) CVs of 0.5 mM CoTBE at different scan rates in 0.1 M phosphate buffer pH 7 with
100 mM NO; (b) Linear regression of catalytic peak current versus root of scan rates.



Table S2. Data summary of Co-based electrocatalysts for homogeneous nitrite reduction from reported

literature:
Catalyst Product(s) Applied FE% Experimental | Reference
Potential Yield Conditions
(V) (reference) &
TON
NH," and -0.85 (SHE) NH,", pH=7,0.1 M Present
%2 NH,OH 78%, phosphate buffer work
\N>Cr\3\]\\’l NHZOH,
& 1 ‘/% 12%
HN/\EN’HNJLNH
¥ 18
NH," and -1.5 (SCE) NH.", 6% | Hg electrode, 8
y + NH,OH NH>OH, 3M NaOH,
NG N 73%
|: C;\I/C:OZI\TJ ]
H™[ Cl
. , NH; and | -0.7 (Ag/AgCl) NH,", pH = 5 buffer, 9
QWD) NH,OH 33% carbon rod
AW NH,OH, electrode
Ly 60%
SRtSy
NH4" -1.05 (SCE) 88% pH=7.2, 10
H\m aqueous solution
el 18.9
S% ol
B NH," and -0.9 (SCE) NH,", pH=7,0.5M 11
NT N NH,OH 17% phosphate buffer
C N\,CO,\ N> NH,OH, solution
$1 4 85%
Br
NH," and -1.25 (SCE) NH,", 0.75 M MOPS 12
® NH,OH 30% buffer
e NH,OH,
(\Bj'« 47%
NH4" —0.90 90% IM MOPS 13
. < 9 (Ag/AgCl) buffer, pH = 7.2,
TN\CO‘..-N o° Hg electrode
[ \“; 3550
u/
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