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1. General Procedure

Synthetic and electrochemical investigations were performed under a dry inert atmosphere by
utilizing an MBraun glovebox and/or Schlenk techniques unless otherwise stated. Water content in
self-prepared dry solvents was monitored via Karl-Fischer titration. 'H, *C{'H}, and F NMR
spectra were recorded at room temperature (RT) on 300 MHz Bruker Avance Neo or 400 MHz
Bruker Avance I spectrometers in appropriate deuterated solvents, with residual protons as
internal reference. Multiplicities are reported using the following abbreviations: s = singlet, br s
= broad singlet, d = doublet, t = triplet, hept = heptuplet, m = multiplet. p-XRD data were
collected on a Bruker D8 Advance Powder Diffractometer with a vertical 26-0 goniometer in
transmission mode, equipped with a Ko,y germanium monocromator for Cu radiation (A = 1.5406
A), fixed divergence slits and a diffracted beam radial Soller slit. The system is equipped with a
VANTEC single photon counting PSW detector with a 12° overture in 20, and a ninety positions
auto charger sample stage. UV-vis spectra were acquired using a Varian Cary 50 Bio UV-Vis
Spectrophotometer. IR spectra were recorded on a Cary 640 FTIR-ATR spectrometer. Elemental
analysis (EA) was conducted in Universidad de Santiago de Compostela; CHNS analyses were
performed using a Thermo FlashSmart instrument, and sample weights were measured on an
XPR2U microbalance under air. In some cases, the EA results are consistent with the possible
incorporation of small amounts of water, likely due to the hygroscopic nature of the samples.
Nominal mass measurements by mass spectrometry (MS) were obtained using an Agilent 6130
Single quadrupole LC/MS via direct injection.

2. Materials

All chemicals and solvents were purchased from common suppliers (e.g., Sigma-Aldrich, Acros
Organics, abcr GmbH, TCI, Carlo Erba Reagents) and used without further purification unless
otherwise noted. When reagent purity was not absolute, the purity level is indicated in
parentheses. Titanium tetrachloride (Acros Organics) was stored and handled under an inert
atmosphere using a Straus flask. Anhydrous THF, DCM, MeCN, hexane, toluene, and Et,O were
obtained by passing them through a solvent purification system (Innovative Technology or
MBraun). Other solvents, such as MeOH or TFE, were dried by using activated 3 A molecular
sieves.!? Electrodes and other accessories were sourced from IJ Cambria Scientific Ltd, while
carbon fiber paper (Sigracet 39 AA — 10 x 10 cm) was supplied by Fuel Cell Store. Analytical
thin-layer chromatography (TLC) was performed using aluminum sheets coated with silica gel
60 (Merck, 10554). Chromatograms were visualized under UV light. Silica gel (Sigma Aldrich,
717185) with a pore size 60 A, 230-400 mesh, and 40-63 um particle size was used for column
chromatography. Celite® 545 (Merck, 102693), with a particle size of 0.02-0.1 mm, was also used
for certain filtrations.

3. Electrochemistry

Electrochemical measurements were performed on IJ-Cambria CHI-660C or CHI-730D
potentiostats using custom-built, one-compartment glass cells with a three-electrode
configuration at RT unless otherwise specified. Glassy carbon disk (GCqis; S = 0.07 cm?) or
carbon fiber paper (Crp; 0.5 cm x 0.5 cm; geometric S=0.25 cm?) were used as working electrodes
(WE) for homogeneous or heterogeneous electrochemistry, respectively. A Pt Electrode Clamp
(ANR Tech) was used to hold the Crp electrodes. Crp electrodes were approximately 2 cm x 0.5
cm in size, with a 0.5 cm x 0.5 cm area used for soaking functionalization and electrochemical
studies. Current densities were calculated based on the 0.25 cm? geometric area. Generally,
functionalized Crp electrodes prepared inside a glovebox were rapidly connected to the Pt
Electrode Clamp in air and then used in a custom glass cell under an inert atmosphere. A Pt wire
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or disk served as the counter electrode (CE). A pseudo-reference electrode was prepared by
coating a sanded Ag wire with AgCl: the Ag wire was soaked in bleach for 30 seconds to form
the AgCl layer, rinsed with water and acetone, dried with nitrogen, and immersed in the same
electrolyte solution as the working electrode, separated by a frit. This Ag/AgCl electrode provided
a relatively stable reference potential with a shift of < 10 mV, verified against the
ferrocene/ferrocenium (Fc™) couple before and after experiments.® Cyclic voltammetry (CV)
experiments were carried out at a scan rate of 100 mV s unless otherwise noted. All the
electrochemical experiments in this work were iR-compensated at 85%, except for controlled
potential electrolysis (CPE) experiments. TBAPFs (>98%, Sigma Aldrich) was recrystallized
from absolute EtOH (Bp/RT), isolated via vacuum filtration, washed with absolute EtOH, and
dried under vacuum overnight at RT.

3.1.Preparation of Ammonia Solutions

The preparation of ammonia solutions in organic solvents started by purging the anhydrous
solvent (typically 20-50 mL) with Ar for 5 mins using a 2-neck round-bottom flask (Figure S1)
or a commercially available bottle sealed with a septum.

(a)

Pressure
regulator with A
cross purge '

PTEEE
cannula

Mineral oil
bubbler
AT (g)

Anhydrous solvent

Figure S1. Setup for the preparation of NH3 solutions in organic solvents.
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Ammonia gas (Air Liquide, 99.96%) was then sparged into the anhydrous, air-free solvent
(typically for 10-30 min) at RT. The outgas was neutralized by passing it through an aqueous
sulfuric acid solution (15% v/v). Finally, Ar was passed through the headspace for 5 min, and the
resulting solution was stored under an inert atmosphere at RT. Straus flasks were used to introduce
the prepared NH3 solutions into the glovebox.

The concentration of NHj; in the prepared solutions was determined before each electrochemical
experiment by adding 1 part of the ammonia solution (in MeOH, propylene carbonate [PC],
MeCN or TFE [2,2,2,-trifluoroethanol]) to 19 parts of water and titrating the miscible mixture
with a 0.1 M HCI aqueous solution, which had been previously standardized using a 0.05 M
sodium carbonate aqueous solution (Figure S2). The titrations were repeated three times, using
either a pH meter or methyl orange indicator to determine the equivalence point.

Commercially available 0.5 M NH3 in THF (Acros Organics) and 2 M NH; in MeOH (Abcr
Chemicals) solutions were also used.

14 § 5
1 ] 2 HCl + Na,CO, — CO, + H,0 + 2 NaCl .
10 1 5
8 A 3 2
I >
S g | , 2
EMethyl orange: 3.1 (red) and 4.4 (vellow) 3 T
4 =
2 /\ / { !
0 F e e e P— 0
0 5 10 15 20 25 30 35 40
eram (mL)

[I——

._A.—l———'—l_—l_—'—l_—l_‘—‘....._n.vu;m-'—k_l—a_ H t t _—y
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0

Figure S2. Representative example of HCI standardization and NH3 titration using methyl orange and a pH meter.
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4. Synthesis and Characterization

4.1.Preparation of 1

Br

B —
NH, 2) H,0 NH,

2,6-diisopropylaniline quantitative 1

The preparation of 1 has been previously reported in the literature.* A solution of N-
bromosuccinimide (NBS) (20.7 g, 114 mmol, 98%) in anhydrous DMF (50 mL) was added
dropwise over 30 min to a stirred solution of 2,6-diisopropylaniline (19.7 g, 100 mmol, 97%) in
anhydrous DMF (100 mL) at 0 °C under an inert atmosphere. The reaction mixture was stirred at
0 °C for 1 h, after which water (150 mL) and brine (50 mL) were added. The resulting mixture
was extracted with EtAcO (3 x 200 mL), and the combined organic layers were washed with
saturated NH4Cl solution (3 x 100 mL), followed by water (100 mL) and brine (100 mL), and
then dried over anhydrous Na,SO4. After solvent removal, 1 was obtained as a dark red oil in
quantitative yield and used without further purification. "TH NMR (400 MHz, CDCl;) § (ppm):
7.11 (s, 2H, H2), 3.71 (br s, 2H, NH>), 2.88 (hept, Jua-us = 7.0 Hz, 2H, H4), 1.25 (d, Jus-us = 7.0
Hz, 12H, H5).

o
w)
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)
O — 0 O <
N - ~ 00 AN N
NN m N - -
o o
o N
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(s) 3.9 3.7 3.5 3.3 3.1 2.9 2.7
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| li. L AN
T T T 6
N o o ~
N' (o] (o] i
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Figure S3. '"H NMR spectrum (400 MHz, CDCI;3) of 1.
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4.2. Preparation of 2

—
X >
HO” ~OH
phenylboronic acid, Pd(PPhj3),
NH, toluene, Na,CO3, H,0, EtOH O
NH,

1 72 h, reflux

2

71%

The preparation of 2 has been previously reported in the literature.>® 1 (8.0 g, 31 mmol),
phenylboronic acid (5.74 g, 47 mmol) and Pd(PPhs)4 (1.81 g, 1.55 mmol, 99%) were dissolved in
toluene (200 mL) and EtOH (50 mL). The mixture was purged with inert gas for 30 min.
Meanwhile, Na,COs (80 mL, 2 M solution in water) was also purged with inert gas for 30 min,
and then added to the reaction mixture. The biphasic reaction mixture was slowly heated to reflux,
during which an exothermic reaction occurred, causing the reaction mixture to turn black. The
resulting mixture was maintained under reflux for 3 days under an inert atmosphere. After cooling
to RT, the organic layer was separated and filtered through toluene-rinsed Celite pad. The filtrate
was dried over anhydrous Na,SOs, and the solvent was removed under vacuum. The residue was
purified by column chromatography (wet loading in eluent, silica gel, hexane/DCM 1:1, R,~ 0.4)
to yield 2 (5.67 g, 22 mmol, 71%) as a colorless oil. "H NMR (400 MHz, CDCl;) & (ppm): 7.59
(m, 2H, H3), 7.43 (t, 2H, Ji2-m = Juwom3 = 8.0 Hz, H2), 7.31 (m, 3H, + H6), 3.81 (brs, 2H,
NHz), 3.01 (hept, Jus-no = 7.0 HZ, 2H, ), 1.36 (d, Jons = 7.0 HZ, 12H, )

™
O
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(@] —_— i
0 M — O o o — — ~N
n < on - ) o m m
r\r\"r\r\' N N ™ m —
(d)
(m) I e B e e o e e e B L
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&
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Figure S4. "H NMR spectrum (400 MHz, CDCl3) of 2.
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4.3. Preparation of 3

)
Br B O
HO” ~"OH
4-biphenylboronic acid, Pd(PPh3),
NH, toluene, Na,COj3, H,0O, EtOH O
NH,

1

overnight, reflux
3

33%

1 (18.0 g, 70 mmol), 4-biphenylboronic acid (21.3 g, 106 mmol, 98%) and Pd(PPhs)4 (4.10 g,
3.51 mmol, 99%) were dissolved in toluene (200 mL) and EtOH (50 mL). The mixture was purged
with inert gas for 30 min. Meanwhile, Na,COs (80 mL, 2 M solution in water) was also purged
with inert gas for 30 min, and then added to the reaction mixture. The biphasic reaction mixture
was slowly heated to reflux, during which an exothermic reaction occurred, causing the reaction
mixture to turn black. The resulting mixture was maintained under reflux overnight under an inert
atmosphere. After cooling to RT, this was filtered through toluene-rinsed Celite pad, and the dark
organic layer was separated and dried over anhydrous Na,SO4. The solvent was removed under
reduced pressure and a brown/purple solid was obtained as a residue, which was purified by
column chromatography (silica gel, wet loading in DCM, hexane/DCM 8:2 to DCM, R, ~ 0.1)
and triturated in hexane to obtain pure 3 (7.55 g, 22.9 mmol, 33%) as a white solid. "H NMR (400
MHz, CDCls) 6 (ppm): 7.70-7.63 (m, 6H, Ar), 7.50-7.44 (m, 2H, Ar), 7.41-7.31 (m, 3H, Ar),
3.84 (bI‘ S, 2H, NHz), 3.01 (hept, JH12_H13 =7.0 HZ, 2H, ), 1.36 (d, JH13.H12 =7.0 HZ, 12H,

). BC{'H} NMR (101 MHz, CDCl;) & (ppm): 141.39, 141.07, 140.12, 138.94, 132.80,
130.86, 128.86, 127.42, 127.16, 127.07, 121.79, 28.20, 22.60. MS (APCI", MeOH) m/z calcd for
C24HasN [M+H]": 330.2; found: 330.3. Anal. Caled for C4H7N-0.2H,O: C, 86.50; H, 8.29; N,
4.21. Found: C, 86.75; H, 8.82; N, 4.38. The SC-XRD structure is shown in Figure S103.
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Figure S5. 'H NMR spectrum (400 MHz, CDCl3) of 3.
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Figure S6. *C{'H} NMR spectrum (101 MHz, CDCls) of 3.
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4.4. Preparation of HL1

.
W/QW/ Hefest =N
¢ H
absolute EtOH, reflux SN

L

2,6-diisopropylaniline N
acetylacetone

-2 H,0

78%
The preparation of HL1 was based on previously reported procedures.” A solution of
acetylacetone (4.1 mL, 40 mmol, 99%) and 2,6-diisopropylaniline (16.6 mL, 85 mmol, 97%) in
absolute EtOH (30 mL) was purged with inert gas for 15 min. Then, concentrated HCI (3.3 mL,
40 mmol, 37%) was added dropwise to the solution, and the mixture was refluxed for 24 h under
an inert atmosphere. After this time, the hydrochloride salt H(LL1)-HCI formed as a white solid.
The reaction mixture was cooled to 0 °C, and the salt was filtered, washed with cold EtOH, and
dried under vacuum. This salt was deprotonated by dissolving it in DCM (150 mL) and mixing
with saturated Na,CO; (100 mL). The aqueous layer was discarded, the organic layer was washed
with brine, dried over anhydrous Na,SO4 and filtered, and the solvent was removed under vacuum
to leave HL1 (13.0 g, 31 mmol, 78%) as a white solid. 'H NMR (400 MHz, CDCl;) & (ppm):
12.12 (br s, 1H, NH), 7.13 (m, 6H, H1 + H2), 4.88 (s, 1H, H9), 3.11 (hept, Jus-ns = Jus-nee = 7.0
Hz, 4H, H5), 1.73 (s, 6H, H7), 1.22 (d, Jue.ns = 7.0 Hz, 12H, H6), 1.12 (d, Juens = 7.0 Hz, 12H,
).

m
O
()
~ Q
Ll 0 m 0 m N N AN < N
(\j N Ll 0 Ll l\ AN N o
AN ’\ ~ < %) \—<\—| — - -
+
d
. o (d)
S
(m)
NH (s) (hept)
(br s) l L u
\ | JJ_JL_
= i bl P*O)ﬁ*b
o S < S © N N
q—ll . . . . ko' . — . <t 'LO [ | \—'l
12 11 10 9 8 7 6 5 4 3 2 1

6 (ppm)
Figure S7. "H NMR spectrum (400 MHz, CDCl3) of HL1.

S11



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

4.5. Preparation of HL.2

c C C
CO TiCl, iN\ =
+ 6 _H
o NH, =N
c

&
L
c

anhydrous heptane, N
2,6-diisopropylaniline reflux )@
hexafluoroacetylacetone
- TiO,
HL2
~
+
NH3
cr

23%

The preparation of HL2 was based on previously reported procedures.®® Under an inert
atmosphere, titanium tetrachloride (6.0 mL, 55 mmol) was added dropwise to a vigorously stirring
solution of 2,6-diisopropylaniline (29.55 g, 150 mmol, 90%) in anhydrous heptane (150 mL). A
dense orange precipitate formed immediately. After stirring the reaction mixture for 2 h at RT,
hexafluoroacetylacetone (3.6 mL, 25 mmol, 99%) was added. The resulting reaction mixture was
refluxed overnight, during which the color of the solution turned light yellow, and a significant
amount of precipitate consisting of titanium dioxide and 2,6-diisopropylanilinium chloride
formed. The yellow solution was isolated by vacuum filtration, and "pentane was used to rinse
the reaction flask. Then, the filtrate was washed with water (x 3) and brine (x 1). The orange layer
was dried over anhydrous MgSQOs, and the solvent was removed under reduced pressure to afford
an orange oil. MeOH (50 mL) was added, and the mixture was stirred at RT to form shiny yellow
crystals of HL2, which were isolated by vacuum filtration and washed with MeOH. The mother
liquor was stored at -35 °C overnight to give a second crop of crystals. Total yield: 2.97 g, 5.64
mmol, 23%. "H NMR (300 MHz, C¢Ds) & (ppm): 11.55 (br's, 1H, NH), 7.12 (d, 2H, H1), 7.06
(d, 4H, H2), 6.02 (s, 1H, H9), 3.10 (hept, Jus-us = Jus-ne = 7.0 Hz, 4H, H5), 1.22 (d, Jus-ns = 7.0
Hz, 12H, H6), 1.04 (d, Jue-us = 7.0 Hz 12H, ). YF NMR (282 MHz, C¢Ds) & (ppm): -65.23
(s, CF5). IR-ATR: 1642 cm™! (s, v(C=N)) [reported]; 1640 cm™! (s, v(C=N)) [found].
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4.6. Preparation of HL3

o O HCI cat. ) =N
+ 2 _— <
0 O absolute EtOH, reflux ~=N
HoN

L 24 h
acetylacetone 4-aminobiphenyl

-2H,0
HL3

36%

O/O/ N/ \g\g

Acetylacetone (1.5 mL, 14.4 mmol, 99%) and 4-aminobiphenyl (5.13 mg, 29.7 mmol, 98%) were
dissolved in absolute EtOH (130 mL) under an inert atmosphere. Then, concentrated HCI (1.2
mL, 14.4 mmol) was added dropwise to the solution, and the resulting mixture was refluxed for
24 h under an inert atmosphere. After this time, the hydrochloride salt H(L3)-HCI formed as a
yellow solid. The salt was filtered, washed with cold EtOH, and dried under vacuum. This salt
was deprotonated by dissolving it in CHCl; (150 mL) and mixing with saturated Na>COs (100
mL). The aqueous layer was discarded, the organic layer was washed with brine, dried over
anhydrous Na,SO4 and filtered. Evaporation of the solvent gave a yellow residue, which was
recrystallized from 1:1 THF/"heptane to obtain pure HL3 as a yellow solid. A second crop of
crystals was obtained from recrystallizing the residue of the mother liquor. Total yield: 2.07 g,
5.14 mmol, 36%. "H NMR (400 MHz, CDCls) & (ppm): 12.87 (br s, 1H, NH), 7.61 (d, Juz-12 =
7.6 HZ, 4H, ), 7.56 (d, JH6-H7 =8&.0 HZ, 4H, ), 7.44 (t, JHz.H3 = JHz.H1 =7.6 HZ, 4H, ), 7.33
(tt, Jui-me = 7.6 Hz, Jui.u3 = 1.5 Hz, 2H, H1), 7.07 (d, Ju7-n6 = 8.0 Hz, 4H, H7), 4.96 (s, 1H, ),
2.10 (s, 6H, ). BC{'H} NMR (101 MHz, CDCl3) & (ppm): 159.51 (C9), 145.03 (C4), 140.84
(C8), 136.07 (C5), 128.77 (C2), 127.51 (C6), 126.89 (C3), 126.80 (C1), 122.81 (C7), 97.90
(C11), 21.02 (C10). MS (ESI', MeOH) m/z calcd for C0H»7N> [M+H]": 403.2; found: 403.2
[M+H]". Anal. Caled for C29H26N>-0.2H,0: C, 85.76; H, 6.55; N, 6.90. Found: C, 85.70; H, 6.85;
N, 7.07. The SC-XRD structure is shown in Figure S104.
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4.7. Preparation of HL4

) O
(0] TiCly —=N
+ 6 3 :H
o N anhydrous toluene, reflux, ==N

c Ha overnight c
hexafluoroacetylacetone 4-aminobiphenyl Q
-TiO,

68%

Under an inert atmosphere, titanium tetrachloride (1.15 mL, 10.5 mmol) was added dropwise to
a vigorously stirring solution of 4-aminobiphenly (5.20 g, 30.1 mmol, 98%) at 0 °C in anhydrous
toluene (25 mL). A dense brown precipitate formed immediately. The mixture was left to stir for
2 hat 80 ° C. After cooling to RT, hexafluoroacetylacetone (0.72 mL, 50 mmol, 98%) was added,
and additional toluene (25 mL) was added to assist stirring. The resulting mixture was refluxed
overnight. The color of the reaction mixture lighter during the reaction. After cooling to RT, the
precipitate was removed by vacuum filtration, and hexane was used to rinse the reaction flask.
Then, the filtrate was washed with water (x 3) and brine (x 1). The organic layer was dried over
anhydrous MgSQOs, and the solvent was removed under reduced pressure to yield an orange solid
residue. This residue was recrystallized from hexane (Bp/-35 °C), and shiny orange solid of HL4
were obtained, which were washed with hexane and MeOH. The mother liquor was partially
concentrated and kept at -35 °C to obtain a second crop of crystals. Total yield: 1.76 g, 3.4 mmol,
68%. '"H NMR (400 MHz, C¢Ds) & (ppm): 12.37 (br s, 1H, NH), 7.39 (d, Jus-n2 = 8.5 Hz, 4H,

), 7.33 (d, Jue-n7 = 8.5 Hz, 4H, H6), 7.20 (t, Jio-n3 = Ju2-m1 = 8.5 Hz t, 4H, H2), 7.13 (tt, Jui-m2
=8.5 Hz, Jui.u3 = 2.3 Hz, tt, 2H, H1), 6.96 (d, Ju7-ue = 8. Hz, 4H, H7), 4.96 (s, 1H, ), 2.10 (s,
6H, ). F NMR (376 MHz, CsDs) & (ppm): -62.50 (s, CF5). BC{'"H} NMR (75 MHz, C¢Ds)
d (ppm): 149.17, 148.77, 141.73, 140.24, 138.96, 128.73, 127.61, 127.28, 126.92, 122.85, 119.60
(low intensity q, Jcr = 284 MHz, CF;). MS (ESI", MeOH) m/z calcd for CooH20FsN, [M+H]":
511.2; found: 511.1 [M+H]*. MS (EST, MeOH) m/z calcd for C20H20FsN2 [M-H]: 509.2; found:
509.0. Anal. Calcd for C2oH20F¢N>-0.2H,0: C, 67.75; H, 4.00; N, 5.45. Found: C, 67.84; H, 4.21;
N, 5.50. The SC-XRD structure is shown in Figure S105.
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4.8.Preparation of HLS

o TiCl, =N
+ 6 ¢ _H
o) O anhydrous toluene, reflux, =N -
C overnight C
hexafluoroacetylacetone NH;

2 -Tio,

-4
HaN' ! cl

3

1%

Under an inert atmosphere, titanium tetrachloride (1.45 mL, 13.2 mmol) was added dropwise to
a vigorously stirring solution of 2 (9.62 g, 37.9 mmol) in anhydrous toluene (25 mL). The reaction
mixture immediately turned dark red. After stirring the reaction mixture for 2 h at RT,
hexafluoroacetylacetone (0.91 mL, 6.3 mmol, 98%) was added. The resulting reaction mixture
was refluxed overnight, during which the color of the solution turned darker, and a significant
amount of precipitate consisting of titanium dioxide and P2 hydrochloride formed. The brown
solution was isolated by vacuum filtration, and "pentane was used to rinse the reaction flask. Then,
the filtrate was washed with water (x 3) and brine (x 1). The orange layer was dried over
anhydrous MgSQs, and the solvent was removed under reduced pressure to afford an orange oil.
MeOH (25 mL) was added, and the mixture was left at -35 °C overnight to isolate the almost pure
product as a light-yellow solid, which was recrystallized from hexane (Bp/-35 °C) to obtain pure
HL5 (60.8 mg, 0.9 mmol, 1%) as a shiny yellow solid. A second crop of crystals was not obtained
from the mother liquor. "H NMR (400 MHz, CDCls) & (ppm): 11.26 (br s, 1H, NH), 7.66-7.54
(d, 4H, Ar), 7.49-7.41 (t, 4H, Ar), 7.40-7.28 (m, 6H, Ar), 5.86 (s, 1H, ), 3.02 (hept, Jusg-no =
Jus-no = 7.0 Hz, H8), 1.29 (d, Juo-us = 7.0 Hz, 12H, H9), 1.18 (d, Juo-us = 7.0 Hz 12H, ). UF
NMR (376 MHz, CDCls) & (ppm): -65.52 (s, CF5). BC{'"H} NMR (101 MHz, CDCI3) 8 (ppm):
142.15, 141.48, 139.57, 137.24, 128.85, 127.24, 122.32, 119.4 (low intensity q, Jcr = 280 Hz,
Cl:), 87.53, 28.83, 25.22, 22.96. MS (ESI', MeOH) m/z calcd for C41HasFsN> [M+H]™: 679.4;
found: 679.3. MS (ESI', MeOH) m/z calcd for C4iH43FsN2 [M-H]: 677.3; found: 677.2. Anal.
Calcd for C4Ha4FsN,-0.6H,0: C, 71.44; H, 6.61; N, 4.06. Found: C, 71.35; H, 6.92; N, 4.09. The
SC-XRD structure is shown in Figure S106.

S19



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

M H9'
(@]
d
. 8 (d)
o~ (e} Vo] (o] O 0 O~
= N % S MmN
i M~ 7] o™ ™ = o -
H9
(d)
14 AromaticH
\\\\ H13 H8
(s) (hept)
NH ‘
(br s) l
‘ L
T —re— T T o——é’”"
Q © Q Q Q o N
. . — . . . . . . '<l' <'|' LO' . 'H . . . . . <l" . — 'H .
12.0 11.0 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
8 (ppm)
Figure S15. '"H NMR spectrum (400 MHz, CDCl3) of HLS.
o
n
0"
©
CF3
|
-10 -30 -50 -70 -90 -110 -130 -150 -170 -190

& (ppm)
Figure S16. '°F NMR spectrum (376 MHz, CDCl3) of HLS.

520



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

q
q
a
NnooNTW!mS NN < q
d NN N®MmN O m 4 M N O
NTdONONNON L i 0 N
T TN N NNNN - ~ n 0 1 N
™ A A A A o0 M AN AN N
~ <
~ a
o N
~N —
i i
[ [

| CF3

‘ 120.6119.4118.2
6 (ppm)

150 140 130 120 110 100 90 80 70 60 50 40 30 2

& (ppm)
Figure S17. 3C{'H} NMR spectrum (101 MHz, CDCl3) of HLS5.

S21



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

4.9. Preparation of HL6

Co 11, TiCl,
+ 3
0 anhydrous toluene, reflux,

overnight

54%

Under an inert atmosphere, titanium tetrachloride (1.66 mL, 15.1 mmol) was added dropwise to
a vigorously stirring solution of 3 (14.2 g, 43.1 mmol) in anhydrous toluene (150 mL) at 0 °C.
The reaction mixture immediately turned dark and was stirred overnight at RT.
Hexafluoroacetylacetone (1.04 mL, 7.2 mmol, 98%) was then added, and the mixture was stirred
for 2 h at 90 °C. After this time, the color of the reaction mixture turned brown, and a significant
amount of precipitate consisting of titanium dioxide and P3 hydrochloride formed. A red solution
was isolated by vacuum filtration, which was washed with water (x 3) and brine (x 1). The organic
layer obtained was dried over anhydrous Na,SOs, and the solvent was removed under reduced
pressure to afford a red oil. MeOH (100 mL) was added, and the mixture was stirred at RT to
form a tan powder, which was isolated by vacuum filtration and washed with MeOH to yield HL6
(2.02 g, 3.89 mmol, 54%). '"H NMR (400 MHz, CDCls) & (ppm): 11.66 (brs, 1H, NH), 7.71-7.62
(d, 12H, Ar), 7.75-7.31 (t, 4H, Ar), 7.44-7.34 (m, 6H, Ar), 6.09 (s, 1H, H3), 3.01 (hept, Jus-zo =
Jus-noe = 7.0 Hz, 2H, H8), 1.34 (d, Juo-us = 7.0 Hz, 12H, H9), 1.20 (d, Juo-us = 7.0 Hz 12H, ).
F NMR (282 MHz, CDCls) § (ppm): -66.42 (s, 3F, CF3, C6), -77.09 (s, 3F, CF5, C1). BC{'H}
NMR (101 MHz, CDCIs) 6 (ppm): 146.81, 142.10, 140.66, 139.66, 128.90 (low intensity q, Jc.r
=286 Hz, CF>), 128.87, 127.64, 127.57, 127.09, 122.41, 29.06, 25.29, 21.76. MS (ESI', MeOH)
m/z calcd for CooHasFsNO [M-H]: 518.2; found: 518.1. Anal. Caled for C2oH»7FsNO-0.3H,0: C,
66.35; H, 5.30; N, 2.67. Found: C, 66.37; H, 5.57; N, 2.69.
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4.10. Preparation of HL7
Method A

0.5 TiCl,

anhydrous toluene, reflux,
overnight

78%

Under an inert atmosphere, titanium tetrachloride (0.45 mL, 4.1 mmol) was added dropwise to a
vigorously stirring solution of 3 (3.89 g, 11.8 mmol) in anhydrous toluene (20 mL) at RT. A dark
brown precipitate formed immediately. After stirring the reaction mixture for 2 h at RT, a solution
of HL6 (1.03 g, 2.0 mmol) in anhydrous toluene (10 mL) was added. The resulting reaction
mixture was refluxed overnight, during which time the color of the reaction mixture turned
orange, and a significant amount of precipitate consisting of titanium dioxide and P3
hydrochloride formed. A dark brown solution was isolated by vacuum filtration and washed with
water (x 3) and brine (x 1). The organic layer was dried over anhydrous Na,SOs, and the solvent
was removed under reduced pressure to yield a solid residue. The residue was triturated with
MeOH (100 mL), resulting in the isolation of HL7 (1.27 g, 1.53 mmol, 78%) as a yellow solid.
'"H NMR (400 MHz, CDCl3) & (ppm): 11.27 (brs, 1H, NH), 7.81-7.58 (d, 12H, Ar), 7.51-7.44 (4,
4H, Ar), 7.44-7.28 (m, 6H, Ar), 5.88 (s, 1H, ), 3.04 (hept, Juiz-miz = Juiz-miz» = 7.0 Hz, 4H,

), 1.31 (d, Jui3-m12 = 7.0 Hz, 12H, ), 1.20 (d, Jmiz-m2 = 7.0 Hz 12H, ). Y’FNMR (376
MHz, CDCl3) & (ppm): -65.50 (s, CF5).
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Method B

TiCl,

anhydrous toluene, reflux,
overnight

e]
+
o

hexafluoroacetylacetone
-TiO,

quantitative

Under an inert atmosphere, titanium tetrachloride (1.17 mL, 10.6 mmol) was added dropwise to
a vigorously stirring solution of 3 (9.98 g, 30.3 mmol) in anhydrous toluene (80 mL) at RT. A
dense yellow-brown precipitate formed immediately. After stirring the reaction mixture for 2 h at
RT, hexafluoroacetylacetone (0.37 mL, 2.53 mmol, 98%) was added. The resulting mixture was
refluxed overnight, during which the color of the solution turned orange-brown, and a significant
amount of precipitate consisting of titanium dioxide and P3 hydrochloride formed. A dark brown
solution was isolated by vacuum filtration and washed with water (x 3) and brine (x 1). The
organic layer was dried over anhydrous Na,SO4, and the solvent was removed under reduced
pressure to yield a solid residue. The residue was purified by column chromatography (wet
loading in DCM, silica gel deactivated with 3% TEA, hexane/EtAcO 9.5/0.5, Ry~ 0.7) to afford
HL7 (2.09 g, 2.52 mmol, quantitative yield) as a yellow solid. "H NMR (400 MHz, CDCl;) &
(ppm): 11.30 (br s, 1H, NH), 7.73-7.62 (m, 12H, Ar), 7.51-7.45 (t, 4H, Ar), 7.44-7.32 (m, 6H,

), 5.90 (S, 1H, ), 3.06 (hept, JH12.H13 = JH12.H13’ =7.0 HZ, 4H, ), 1.33 (d, JH13.H12 =7.0
Hz, 12H, ), 1.22 (d, Juizm2 = 7.0 Hz 12H, ). YF NMR (376 MHz, CDCl;) & (ppm): -
65.47 (s, CF5).

BC{'H} NMR (101 MHz, CDCl;) & (ppm): 142.12, 140.79, 140.26, 140.08, 138.94, 137.22,
128.85, 127.48, 127.46, 127.35, 127.08, 122.11, 119.40 (low intensity q, Jc.r = 280 Hz, CF5),
87.41, 28.74, 25.12, 22.86. MS (ESI', MeOH/FA) m/z calcd for CssHs;FsN> [M+H]": 831.4;
found: 831.4. MS (ESI', MeOH/FA) m/z calcd for CHs1F¢N> [M-H]: 829.4; found: 829.2. Anal.
Calcd for Cs3Hs,FsN»-0.5H,0: C, 75.80; H, 6.36; N, 3.33. Found: C, 76.13; H, 6.77; N, 3.37. The
SC-XRD structure is shown in Figure S107.
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4.11. Preparation of HL8

0.5 TiCly

anhydrous toluene, reflux,
overnight

-Tio,

Cl

64%

Under an inert atmosphere, titanium tetrachloride (0.23 mL, 2.1 mmol) was added dropwise to a
vigorously stirring solution of 2,6-diisopropylaniline (1.187 g, 6.0 mmol, 90%) in anhydrous
toluene (5 mL) at RT. A dense orange precipitate formed immediately. After stirring the reaction
mixture for 2 h at RT, a solution of HL.6 (519.7 mg, 1.0 mmol) in anhydrous toluene (5 mL) was
added. The reaction mixture was refluxed overnight, during which the color of the solution turned
dark brown, and a significant amount of precipitate consisting of titanium dioxide and 2,5-
diisopropylanilinium chloride formed. A dark brown solution was isolated by vacuum filtration
and washed with water (x 3) and brine (x 1). The organic layer was dried over anhydrous Na;SOs,
and the solvent was removed under reduced pressure to yield a solid residue. The residue was
triturated with MeOH (10 mL) to obtain HLS8 (433 mg, 0.64 mmol, 64%) as shiny yellow crystals.
"H NMR (400 MHz, CDCls) & (ppm): 11.24 (br's, 1H, NH), 7.82-7.05 (m, 14H, Ar), 5.84 (s, 1H,

), 2.99 (hept, JH4_H5 = JH4_H5’ = JH13_H14 = JH13_H14’ =7.0 HZ, 4H, + ), 1.42-1.05 (d, d, d,
d, R Jus-u4 = Jus-ns = JHia-m1z = Jaiamiz = 7.0 HZ, 24H, + + + ) F NMR (376
MHz, CDCl3) 8 (ppm): -65.52 (s, 3F, CF5), -65.55 (s, 3F, CF3). BC{'H} NMR (101 MHz, CDCl;)
O (ppm): 142.26, 141.79, 140.93, 140.43, 140.17, 138.85, 137.87, 137.29, 128.97, 127.60, 127.57,
127.47, 127.20, 127.01, 123.40, 122.20, 28.82, 28.70, 25.23, 25.15, 23.01, 22.87. MS (ESI",
MeOH) m/z calcd for C41HasFgN, [M+H]": 679.4; found: 679.3. MS (EST", MeOH) m/z calcd for
C41Ha3F6N, [M-H]: 677.3; found: 677.2. Anal. Caled for C4iH44F¢N»-0.4H,O: C, 71.78; H, 6.58;
N, 4.08. Found: C, 71.76; H, 7.06; N, 4.11. The SC-XRD structure is shown in Figure S108.
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Figure S25. '°F NMR spectrum (376 MHz, CDCl3) of HLS.
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Figure S26. 3C{'H} NMR spectrum (101 MHz, CDCl3) of HLS.

S31



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

(0]
(0]
il acetylacetone %Q
2 W/@( HCI cat.
NH,

4.12. Preparation of HL9

\/
r\l

absolute EtOH, reflux

1
overnight }—Q

-2 H,0

31%

Concentrated HCI (4.6 mL, 55 mmol, 37%) was added dropwise to a solution of acetylacetone
(5.8 mL, 56 mmol) and 1 (28.5 g, 111 mmol) in absolute EtOH (200 mL). The resulting mixture
was refluxed overnight. After cooling the reaction mixture to RT, hydrochloride salt HL9-HCI
formed as a white precipitate. The solvent was removed under vacuum, leaving an orange residue,
which was refluxed with cyclohexane (300 mL) for 1 h. The resulting slurry was then allowed to
cool to RT, filtered, and the solid was dissolved in DCM (300 mL). This solution was mixed with
a saturated aqueous Na>COjs solution (200 mL) and stirred until the solid dissolved. The organic
layer was separated, washed with water (3 x 200 mL) and brine (200 mL), dried over anhydrous
NaySOs, and filtered. The solvent was removed under reduced pressure, yielding a pinkish
residue, which was triturated with hexane and filtered to obtain HL9 (10.11 g, 17.5 mmol, 31%)
as a white solid. '"H NMR (400 MHz, CDCl;5) & (ppm): 11.93 (s, 1H, NH), 7.24 (s, 4H, H2), 4.90
(S, lH, ), 3.06 (hept, JHS-H6 = JHS-H6’ =70 HZ, 4H, ), 1.71 (S, ), 1.21 (d, JH6-H5 =7.0 HZ,
12H, H6), 1.11(d, Jue-us = 7.0 Hz, 12H, ). BC{'H} NMR (101 MHz, CDCI5) & (ppm): 161.60,
145.00, 139.81, 126.55, 119.01, 94.17, 28.50, 24.20, 23.06, 20.89. MS (ESI*, MeOH) m/z calcd
for CooH41BroN, [M+H]"™: 575.16; found: 577.1. MS (ESI,, MeOH) m/z calcd for Ca9H39BraN»
[M-H]: 573.15; found: 575.0. Anal. Caled for C2oH4oBraN»: C, 60.42; H, 7.00; N, 4.86. Found:
C, 60.39; H, 7.46; N, 4.93. The SC-XRD structure is shown in Figure S109.
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Figure S28. '3C{'H} NMR spectrum (101 MHz, CDCl3) of HL9.
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4.13. Preparation of HL.10

& .
-B<
HO™ "OH

=N Pd (PPh3)4 =N r
X <\ H
=N toluene, NaZCO3 SN -
H,0, EtOH S
overnight, reflux Q

76% HL10 Q

HL9 (5.76 g, 10.0 mmol), 4-biphenylboronic acid (5.95 g, 30.0 mmol) and Pd(PPhs)4 (584 mg,
0.50 mmol) were mixed in toluene (100 mL) and EtOH (25 mL). The mixture was purged with
inert gas for 30 min. Meanwhile, Na,COs (25 mL, 2 M solution in water) was also purged with
inert gas for 30 min, and then added to the reaction mixture. The biphasic reaction mixture was
refluxed overnight. After cooling to RT, the mixture was filtered through a toluene-rinsed Celite
pad, and the dark organic layer was separated, washed with brine, and dried over anhydrous
Na»SOs and filtered. The solvent was removed under reduced pressure, yielding a brown solid
residue. This residue was purified by column chromatography (wet loading in eluent, silica gel
deactivated with 3% TEA, DCM/hexane 8:2, Ry~ 0.9) and triturated with hexane to afford HL10
(5.49 g, 7.6 mmol, 76%) as a white solid. '"H NMR (400 MHz, CDCl;) § (ppm): 12.23 (s, 1H,
NH),), 7.80-7.35 (m, 12H, Ar), 5.00 (s, 1H, ), (hept, Jui2-n13 = Ju-miz = 7.0 Hz, 4H, ),
1.86 (S, 6H, ), 1.37 (d, JH13.H12 =7.0 HZ, 12H, ), 1.28 (d, JH13’.H12 =7.0 HZ, 12H, )
BC{'H} NMR (101 MHz, CDCls) & (ppm): 161.55, 142.99, 141.02, 140.96, 140.46, 139.78,
137.50, 128.93, 127.53, 127.51, 127.47, 127.36, 127.17, 122.11, 93.68, 28.56, 24.46, 23.44,
21.06. MS (ESI', MeOH): m/z calcd for CssHsoN> [M+H]": 723.5; found: 723.3. MS (EST,
MeOH) m/z calcd for CooHs7N, [M-H]: 721.5; found: 721.2. Anal. Caled for Cs3HssN»-0.3HO:
C, 87.39; H, 8.11; N, 3.85. Found: C, 87.37; H, 8.37; N, 3.83. The SC-XRD structure is shown
in Figure S110.
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Figure S29. '"H NMR spectrum (400 MHz, CDCl3) of HLS.
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Figure S30. '3C{'H} NMR spectrum (101 MHz, CDCl3) of HLS.
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4.14. Preparation of [Cu'(L1)(MeCN)]

C./ 1) "BuLi, 0 °C to RT, 3 h >Q
™ T 3
IffN\ BuH 1 rfN\ |
oA ( cu—nNcMme
N L 2)[Cu((MeCN),ICF3S0s, RT, 10 min N L
>_© - LICF4S0; | 7@
anhydrous THF cul(L1)(MeCN
HL1 [Cu'(L1)( )|
Glovebox

40%

The preparation of [Cu'(L1)(MeCN)] was based on previously reported procedures.!®!! Inside a
glovebox ([H,O] < 0.1 ppm, [O2] <0.1 ppm), a solution of "BuLi (2.5 M in hexanes, 1.9 mL, 4.8
mmol) was carefully added dropwise at RT to a stirring solution of HL.1 (2.0 g, 4.8 mmol) in
anhydrous THF (20 mL), avoiding overheating. The resulting yellow mixture was stirred at RT
for 3 h. After this time, [Cu'(MeCN)4]CF3SOs (2.0 g, 4.8 mmol) was added to the reaction mixture,
turning it dark. The mixture was stirred at RT for an additional 10 min. All volatiles were then
removed under dynamic vacuum, leaving a green residue that was suspended in anhydrous
"pentane (3 x 20 mL) and filtered through a Celite plug. The volatiles of the filtrate were removed
under dynamic vacuum, yielding a brown residue. This residue was recrystallized from "pentane
(RT/-40 °C) to afford [Cu'(L1)(MeCN)] (1.0 g, 1.9 mmol, 40%) as yellow crystals. 'H NMR
(400 MHz, CsDs) 6 (ppm): 7.19 (m, 4H, Ar), 7.09 (m, 2H, Ar), 4.98 (s, 1H, H9), 3.55 (hept, Jus.
H6 — JHS-H6’ =7.0 HZ, 4H, ), 1.85 (S, 6H, ), 1.41 (d, JH6-H5 =7.0 HZ, 12H, ), 1.29 (d, JH6’»
us = 7.0 Hz, 12H, ), 0.08 (s, 3H, NCCH?).
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Figure S31. "H NMR spectrum (400 MHz, C¢De) of [Cu'(L1)(MeCN)].
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4.15. Preparation of [Cu'(L1)(AcO)]

ﬁ cu'(0Ac), ;Q
'/’\ Y

F,N\ MeOH r—N\ ‘\/o\
a H B —— (I ,%
\L Ve \L / \O
N reflux, 2 days N

A e

HLA1 [Cu'(L1)(OACc)]

65%

The preparation of [Cu(L.1)(AcO)] was previously reported in the literature.'> A MeOH solution
(200 mL) containing HL1 (41.9 mg, 0.1 mmol) and Cu(AcO), (18.7 mg, 0.1 mmol, 98%) was
refluxed for 48 h under an inert atmosphere. After the solvent was evaporated under vacuum, a
dark brown residue remained, from which [Cu(L1)(AcO)] (352.7 mg, 0.65 mmol, 65%) was
obtained as dark brown microcrystals from several crops of recrystallization from MeOH (Bp/-
35°C). MS (ESI*, MeOH, MeOH-FA, or MeCN-FA): [M-AcO]" or [M+H]" not found. IR-ATR:
1590 cm! (s, v(C=N)) [reported]; 1551 cm? (s, v(C=N)) [found]. Anal. Caled for
C31H44CuN,0,-1.2H,0: C, 66.30; H, 8.32; N, 4.99; Found: C, 66.30; H, 8.46; N, 5.05. SC-XRD
shown in Figure S111 also confirmed the already reported structure.

4.16. Preparation of [Cu(L3)(AcO)]

& &

1]
—N Cu'(OAc), —N

Ve
=N MeOH/CHClj (3:1), =N

Q reflux, 24 h Q

34%

A O

[Cu'(L3)(OACc)]

A solution of HL3 (40 mg, 0.1 mmol) in CHCI3 (5 mL) was added to a stirring MeOH (15 mL)
solution of Cu'(AcO), (19 mg, 0.1 mmol, 98%). The resulting dark mixture was refluxed
overnight. After this time, the solvent was removed under reduced pressure, and the residue was
triturated with Et,O (10 mL). The solid was filtered and washed with MeOH to yield
[Cu™(L3)(AcO)] (18 mg, 0.034 mmol, 34%) as a dark brown powder. Anal. Caled for
C31H23CuN>0,:0.6Cu(OAc),: C, 60.92; H, 4.84; N, 4.25. Found: C, 60.85; H, 4.73; N, 4.40. The
formulation [Cu™(L3)(0OAc)] is the most likely structure formed under these conditions. The
formation of [Cu"(L3)] was not observed; instead, the product consistently appeared to contain
a minor proportion of unreacted or co-precipitated Cu"(OAc)., supporting the assignment of a 1:1
Cu:L3 stoichiometry. Moreover, electrochemical studies show distinct redox behavior for this
complex compared to that expected for a bis-chelated [Cu'(LL3);] species, further corroborating
the proposed formulation (see Figures S54 and S55).
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Figure S32. ATR-FTIR comparison between Cu'l(AcO)2 and [Cu''(L3)(AcO)] with/without MeOH rinsing.
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Figure S33. pXRD comparison between Cu''(AcO)2 and [Cu(L3)(AcO)] with/without MeOH rinsing.
The crystallinity of the samples was coming from residual Cu'(OAc)z.
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4.17. Preparation of [Cu''(L3):]

& 0
O 1) 2 "BuLi, RT, 3 h O Q:K\i R

—N -2"BuH 1 —N

~ N N
H Q
- C -N%
N 2) 2 [Cu'(MeCN),4]CF5S03, RT, 10 min N i
A,

-2 LiCF4S0; | %,
Q -Cu®y Q
Q anhydrous THF Q

Glovebox [Cu“(L3)2]

17% Ph,, = 4-biphenyl

Inside a glovebox ([H.O < 0.1 ppm, [O2] < 0.1 ppm), a solution of "BuLi (2.5 M in hexanes, 0.24
mL, 0.60 mmol) was carefully added dropwise at RT to a stirring solution of HL3 (200 mg, 0.50
mmol) in anhydrous THF (5 mL), avoiding overheating. The resulting orange mixture was stirred
at RT for 3 h. After this time, [Cu/(MeCN)4]JCF5SOs (189 mg, 0.50 mmol) was added to the
reaction mixture, turning it dark. The mixture was stirred at RT for an additional 10 min. All
volatiles were then removed under dynamic vacuum, leaving a red residue that was suspended in
anhydrous "pentane (3 x 20 mL) and filtered through a Celite plug. The volatiles of the filtrate
were removed under dynamic vacuum, yielding a brown residue. This residue was recrystallized
from "pentane (RT/-40 °C) to obtain [Cu'(L3):] (37 mg, 0.042 mmol, 17%) as dark brown
crystals. Anal. Caled for CssHsoCuN4-2.4H,0: C, 76.57; H, 6.07; N, 6.16. Found: C, 76.57; H,
6.27; N, 6.09. The SC-XRD structure is shown in Figure S112.

4.18. Preparation of [Cu''(L4)2]

& 0

Cu'(OAc),
c 0 MeOH/CHClj (3:1), c 0 s
, <IF,N\H reflux, overnight =N l\ri‘”::C
N N B
N - HOAc N i ¢

C Cc A,
2 Q-
53%

[Cu'(L4),]

Ph, = 4-biphenyl

A solution of HL4 (102 mg, 0.1 mmol) in CHCI3 (5 mL) was added to a stirring MeOH (15 mL)
solution of Cu(AcO), (19 mg, 0.1 mmol). The resulting dark mixture was refluxed overnight.
After this time, the reaction mixture was left to cool to RT, and dark brown precipitates formed.
The solvent of the reaction mixture was removed under reduced pressure, and the residue was
triturated with MeOH (10 mL) and filtered to yield [Cu"(L4),] (57 mg, 0.053 mmol, 53%) as a
dark brown powder. Anal. Caled for CssH3sCuF12N4-2.6H,0: C, 61.69; H, 3.86; N, 4.96. Found:
C,61.67; H, 3.75; N, 5.02. The SC-XRD structure is shown in Figure S113.
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4.19. Preparation of [Cu'(L2)(MeCN)]

c ﬂ 1) "BuLi, RT, 3 h & ﬂ

[ -"BuH 1 —N

==N" \_  2)[Cu(MeCN),JCF3SO3, RT, 10 min =N\

anhydrous THF
HL2 [Cu'(L2)(MeCN)]
.

Glovebox

29%

Inside a glovebox ([H20] < 0.1 ppm, [O2] <0.1 ppm), a solution of "BuLi (2.5 M in hexanes, 1.00
mL, 1.25 mmol) was carefully added dropwise at RT to a stirring solution of HL2 (1.258 g, 2.39
mmol) in anhydrous THF (10 mL), avoiding overheating. The resulting brown mixture was stirred
at RT for 3 h. After this time, [Cu}(MeCN)4]JCF5SOs (902 mg, 2.39 mmol) was added to the
reaction mixture, turning it dark. The mixture was stirred at RT for an additional 10 min. All
volatiles were then removed under dynamic vacuum, leaving a red residue that was suspended in
anhydrous "pentane (3 x 20 mL) and filtered through a Celite plug. The volatiles of the filtrate
were removed under dynamic vacuum, yielding a red residue. This residue was recrystallized
from MeCN (RT/-40 °C) and washed with "pentane to afford [Cu'(L2)(MeCN)] (440 mg, 0.70
mmol, 29%) as red crystals. NMR data corresponded to the one reported in the literature.”> '"H
NMR (400 MHz, CD3CN) & (ppm): 7.16-6.99 (m, 6H, + H2), 5.54 (s, 1H, H8), 3.06 (hept,
Jua-ns = Jma-ns = 7.0 Hz, 4H, H4), 1.96 (s, 3H, NCCH3), 1.21 (d, Jus-us = 7.0 Hz, 12H, H5) 1.13
(d, Jus.na = 7.0 Hz, 12H, ). YF NMR (376 MHz, CD;CN) 8 (ppm): -63.73 (s, CF?).
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Figure S34. "H NMR spectrum (400 MHz, CDsCN) of [Cu'(L2)(MeCN)].
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Figure S35. 1°F NMR spectrum (376 MHz, CD3CN) of [Cu'(L2)(MeCN)].
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Figure S36. UV-vis spectrum of 0.1 mM [Cu'(L2)(MeCN)] in MeCN under an inert atmosphere with/without 50 mM
NHs. The presence of NH3 initiates the equilibria described in the paper (Equations 8 and 9), leading to the formation
of the colorless [Cu'(NH3)4]* complex, which coexists in equilibrium with the red [Cu'(L2)(NH3)] and
[Cu'(L2)(MeCN)] species.'3 These equilibria are evidenced by the decrease in absorbance in the UV-vis spectra.
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4.20. Preparation of [Cu'(L7)(MeCN)]

1) "BuLi, RT, 3 h
-"BuH 1

-
N' L 2)[Cu(MeCN),CF;SO3, RT, 10 min
‘ - LICF4S04 |

anhydrous THF

Glovebox

48%

Inside a glovebox ([H20] < 0.1 ppm, [O2] <0.1 ppm), a solution of "BuLi (2.5 M in hexanes, 0.50
mL, 1.25 mmol) was carefully added dropwise at RT to a stirring solution of HL7 (715 mg, 0.86
mmol) in anhydrous THF (5 mL), avoiding overheating. The resulting brown mixture was stirred
at RT for 3 h. After this time, [Cu'(MeCN)4]CF5SOs (324 mg, 0.86 mmol) was added to the
reaction mixture, turning it dark. The mixture was stirred at RT for an additional 10 min. All
volatiles were then removed under dynamic vacuum, leaving a red residue that was suspended in
anhydrous benzene (3 x 10 mL) and filtered through a Celite plug. The volatiles of the filtrate
were removed under dynamic vacuum, yielding a red residue. This residue was recrystallized
from MeCN (RT/-40 °C) and washed with "pentane to afford [Cu'(L7)(MeCN)] (548 mg, 0.59
mmol, 48%) as red crystals. 'H NMR (400 MHz, CD;CN) & (ppm): 7.80-7.66 (m, 12H, Ar), 7.53-
7.35 (m, 10H, Ar), 5.63 (s, 1H, ), 3.05 (hept, Jui2-n13 = Juz-miz = 7.0 Hz, 4H, ), 1.96 (s,
3H, NCCH3), 1.31 (d, Juis-uiz = 7.0 Hz, 12H, ) 1.24 (d, Juiz-ui2 = 7.0 Hz, 12H, ). F
NMR (376 MHz, CD3sCN) 8 (ppm): -63.74 (s, CF3). BC{'H} NMR (101 MHz, CDCl3) § (ppm):
145.66. 141.37, 141.18, 140.30, 136.98, 129.95, 128.44, 128.27, 128.12, 127.77, 122.43, 118.31,
29.39, 24.85, 22.82, 22.70. Anal. Calcd for CssHssCuFsN3-0.4H,O: C, 70.14; H, 5.87; N, 4.46.
Found: C, 70.17; H, 6.19; N, 4.21. The SC-XRD structure is shown in Figure S114.
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Figure S37. 'H NMR spectrum (400 MHz, CD3CN) of [Cu!(L7)(MeCN)].
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Figure S38. '°F NMR spectrum (376 MHz, CD3CN) of [Cu'(L7)(MeCN)].
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Figure S39. >C{!H} NMR spectrum (101 MHz, CD3CN) of [Cu'(L7)(MeCN)].
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Figure S40. UV-vis spectrum of 0.1 mM [Cu'(L7)(MeCN)] in MeCN under an inert atmosphere.
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Table S1. Qualitative solubility test of [Cu'(L7)(MeCN)] in various solvents commonly used in electrochemistry.
The compound’s solubility was evaluated visually by mixing small amounts of the solid with each solvent and
observing whether it dissolved under gentle stirring. These results provide guidance for selecting suitable solvents for
Crp functionalization and also for determining the appropriate solvent in heterogeneous electrochemical experiments.

Solvent Solubility at RT
1-(But-1-yl)-3-methyl-1H-imidazol-3-ium hexafluorophosphate Insoluble
1,2-Dimethoxyethane Soluble
2,2,2-Trifluoroethanol (TFE) Insoluble
Benzene Soluble
Benzonitrile Soluble
Butyronitrile  Soluble
Dichloroethane (DCE) Soluble
Dichloromethane (DCM) Soluble
EtOH Partially soluble
PrOH  Partially soluble
MeCN Soluble
MeOH Partially soluble
N,N’-dimethylformamide (DMF) Soluble
"BuOH Partially soluble
Nitromethane Soluble
N-methylpyrrolidinone (NMP) Soluble
"pentane Soluble
"PrOH Partially soluble
Propylene carbonate (PC) Partially soluble
THF Soluble
Toluene Soluble
Trifluoro-toluene  Soluble
y-butyrolactone Soluble
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4.21. Preparation of [Cu'(L10)(MeCN)]

1) "BuLi, RT, 3 h
-"BuH 1

=N\ 2)[Cu'(MeCN),]CF35SO;, RT, 10 min
' - LICF3S03 |

anhydrous THF

Glovebox

18%

Inside a glovebox ([H20] < 0.1 ppm, [O2] < 0.1 ppm), a solution of "BuLi (2.5 M in hexanes, 0.26
mL, 0.65 mmol) was carefully added dropwise at RT to a stirring solution of HL.10 (400 mg, 0.55
mmol) in anhydrous THF (10 mL), avoiding overheating. The resulting dark red mixture was
stirred at RT for 3 h. After this time, [Cu'(MeCN)4]CF3SOs (452 mg, 1.20 mmol) was added to
the reaction mixture, turning it yellow. The mixture was stirred at RT for an additional 10 min.
All volatiles were then removed under dynamic vacuum, leaving a greenish yellow residue that
was suspended in anhydrous "pentane (3 x 10 mL) and filtered through a Celite plug. The volatiles
of the filtrate were removed under dynamic vacuum, yielding a yellow residue. This residue was
recrystallized from "pentane (RT/-40 °C) to afford [Cu'(L10)(MeCN)] (82 mg, 0.01 mmol, 18%)
as yellow crystals. '"H NMR (400 MHz, CD;CN) & (ppm): 7.78-7.69 (m, 12H, Ar), 7.51-7.35 (m,
1OH, ), 4.76 (S, 1H, ), 3.25 (hept, JH12_H13 = JH12_H13’ =17.0 HZ, 4H, ), 1.96 (S, 3H,
NCCHs;), 1.70 (s, 6H, ), 1.30 (d, Ju13-m12 = 7.0 Hz, 12H, ) 1.24 (d, Juizu12= 7.0 Hz, 12H,

). BC{H} NMR (101 MHz, CDCIs) & (ppm): 129.94, 128.22, 127.98, 127.74, 122.51,
118.31, 28.90, 24.24, 23.31. Anal. Caled for CssHsoCuN3-3.9H,0: C, 73.65; H, 7.62; N, 4.69.
Found: C, 73.69; H, 7.22; N, 4.04. The SC-XRD structure is shown in Figure S115.
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Figure S41. '"H NMR spectrum (400 MHz, CD3CN) of [Cu'(L10)(MeCN)].
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Figure S42. *C{'H} NMR spectrum (101 MHz, CD3CN) of [Cu'(L10)(MeCN)].
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Table S2. Qualitative solubility test of [Cul(L10)(MeCN)] in various solvents commonly used in electrochemistry.
The compound’s solubility was evaluated visually by mixing small amounts of the solid with each solvent and
observing whether it dissolved under gentle stirring. These results provide guidance for selecting suitable solvents for
Crp functionalization and also for determining the appropriate solvent in heterogeneous electrochemical experiments.

Solvent Solubility at RT
1-(But-1-yl)-3-methyl-1H-imidazol-3-ium hexafluorophosphate Insoluble
1,2-Dimethoxyethane Soluble
2,2,2-Trifluoroethanol (TFE) Insoluble
Benzene Soluble
Benzonitrile Soluble
Butyronitrile  Soluble
Dichloroethane (DCE) Soluble
Dichloromethane (DCM) Soluble
EtOH Partially Soluble
‘PrOH  Partially Soluble
MeCN Partially soluble
MeOH Partially soluble
N,N’-dimethylformamide (DMF) Soluble
"BuOH Partially Soluble
Nitromethane Soluble
N-methylpyrrolidinone (NMP)  Soluble
"pentane Partially soluble
"PrOH Soluble
Propylene carbonate (PC) Partially soluble
THF Soluble
Toluene Soluble
Trifluoro-toluene Soluble
y-butyrolactone Partially Soluble
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5. Electrochemical Studies

5.1. Electrochemistry of HL.1
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Figure S43. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM HL1. Conditions: under air, GCuisk (S =
0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s'.
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Figure S44. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM HL1 with 10 equiv. of "BuLi. Conditions:
under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s!.,
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5.2. Electrochemistry of HL2

E j ~
(f’N\H
_

N L
HL2

Y

Homogeneous Electrochemistry of HL2 in THF

(a)

j (MA cm™)

(b)

0.18
0.16+
0.14+
0.12-
0.10+
0.08+
0.06+
0.04+
0.02+

Background

—HL2

0.00+

—J

-0.02

-04 00 04
E (V vs. Fc*)

Background
——HL2

-0.4

0.0 0.4 0.8

E (V vs. Fc*’0)

Figure S45. Cyclic voltammograms in THF (¢ = 0.1 M TBAPF¢) of 1 mM HL2. Conditions: under air, GCudisk (S =
0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s'.
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Figure S46. Cyclic voltammograms in THF (n = 0.1 M TBAPFs) of 1 mM HL2 with 10 equiv. of "BuLi. Conditions:
under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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5.3. Electrochemistry of HL3

Homogeneous Electrochemistry of HL3 in THF
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Figure S47. Cyclic voltammograms in THF (# = 0.1 M TBAPFs) of 1 mM HL3. Conditions: under air, GCudisk (S =
0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s
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5.4. Electrochemistry of HL4
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Figure S48. Cyclic voltammograms in THF (¢ = 0.1 M TBAPF¢) of 1 mM HL4. Conditions: under air, GCuisk (S =
0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s'.
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5.5. Electrochemistry of Cu'l(AcO),

Homogeneous Electrochemistry of Cu"(AcQ); in THF
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Figure S49. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM Cu'(AcO): with/without 0.5 M NHs.
Conditions: under air, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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5.6. Electrochemistry of [Cu'(MeCN)4]CF3SO;
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Figure S50. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu'(MeCN)4]CF3SOs with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s,
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Figure S51. Cyclic voltammograms in MeCN (u = 0.1 M TBAPFs) of 1 mM [Cu'(MeCN)4]CF3SO3 with/without 0.5
M NH3. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v

=100 mV s\,
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5.7. Electrochemistry of [Cu'/(L1)(AcO)]
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Figure S52. Cyclic voltammograms in THF (x = 0.1 M TBAPFe) of 1 mM [Cu'(L1)(AcO)] with/without 0.5 M NH3
Conditions: under air, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s°!.
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Homogeneous Electrochemistry of [Cu"(L1)(AcO)] in MeCN
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Figure S53. (a) Cyclic voltammograms in MeCN (x = 0.1 M TBAPFs) of 1 mM [Cu''(L1)(AcO)] with/without 1.4 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =
100 mV s’'. (b) Cyclic voltammograms in THF (u = 0.1 M NH4CF3SO3) of 1 mM [Cu'(L1)(AcO)] with/without 1.4
M NH3. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v
=100 mV s\
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5.8. Electrochemistry of [Cu'(L3)(AcO)]
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Figure S54. Cyclic voltammograms in THF (z = 0.1 M TBAPF¢) of 1 mM [Cu'(L3)(AcO)] with/without 0.5 M NHs.
Conditions: under air, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s°!.
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5.9. Electrochemistry of [Cu'(L3):]
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Figure S55. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu'(L3)2] with/without 0.5 M NH3.
Conditions: under air, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s°!.
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5.10. Electrochemistry of [Cu'l(L4):]
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Figure S56. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu'(L4)2] with/without 0.5 M NH3.
Conditions: under air, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s°!.

S59



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

5.11. Electrochemistry of [Cu'(L1)(MeCN)]
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Figure S57. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu!(L1)(MeCN)]. Conditions: under an
inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s'.
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Figure S58. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu'(L1)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s,
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Figure S59. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu'(L1)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCaisk (S = 0.07 ¢cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =
100 mV s,
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Figure S60. Cyclic voltammograms (a) and CPE (b and c) in THF (x = 0.1 M TBAPFs) of 1 mM [Cu'(L1)(MeCN)]
with 0.5 M NHs. Conditions: under an inert atmosphere, GCdisk (S = 0.07 cm?), WE; Pt coil, CE; Ag/AgCl wire, pseudo-
RE; v =100 mV s’!; one-compartment cell. Oxidation done under substoichiometric conditions.
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Figure S61. Cyclic voltammograms (a) and CPE (b) in THF (u = 0.1 M TBAPF¢) of 1 mM [Cu!(L1)(MeCN)] with
0.5 M NH3. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt coil, CE; Ag/AgCl wire, pseudo-RE;

v =100 mV s’'; one-compartment cell. (c) UV-vis spectra were recorded before and after CPE by taking 20 uL aliquots
of the electrolye solution and diluting them in THF (3 mL). Oxidation done under substoichiometric conditions.
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Figure S62. Cyclic voltammograms (a) and CPE (b) in THF (x = 0.1 M TBAPF¢) of 1 mM [Cu!(L1)(MeCN)] with
0.5 M NHs. Conditions: under an inert atmosphere, GCplate (S = 2 cm?), WE; Pt coil, CE; Ag/AgCl wire, pseudo-RE; v
=100 mV s’!; two-compartment cell. Oxidation done under substoichiometric conditions.
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Figure S63. Cyclic voltammograms (a) and CPE (b) in THF (u = 0.1 M TBAPF¢) of 1 mM [Cu!(L1)(MeCN)] with
0.5 M NHs. Conditions: under an inert atmosphere, GCplate (S = 2 cm?), WE; Pt coil, CE; Ag/AgCl wire, pseudo-RE; v
=100 mV s’'; two-compartment cell. Oxidation done under substoichiometric conditions.

S65



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

(a) (b)

0 8 | - - - Background + NH, (Before CPE)
' Background + NH; (After 3000 s CPE)
- [CU'(L1)(MeCN)] + NH, (Before CPE)

- [Cu'(L1)(MeCN)] + NH, (After 3000 s CPE) 0.5-
i et —~

N

'E o.#\»\\
o

< 0.3

—— Background
0.61__ [Cu'(L1)(MeCN)]

E
.—0.24
0.1
-0.6+——+ . . . . 0.0 : :
-1.2-08-04 00 04 08 1.2 0 1000 2000 3000
E (V vs. Fc0) t(s)

Figure S64. (a) Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu!(L1)(MeCN)] with 0.5 M NH.
Conditions: under Ar, Crp (S =4 cm?; 4 x 1 cm), WE; Pt coil, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s’'; two-
compartment cell (with a glass frit of porosity grade 3). (b) Red trace, j vs. ¢ graph for a CPE of a 35 mL solution of
THF containing 500 mM NH3, 1 mM of [Cu!(L1)(MeCN)] and 100 mM TBAPFs as supporting electrolyte, at an Eapp
=0.63 V vs. Fc* for 3000 s. Conditions: under Ar, Crp (S =4 cm?; 4 x 1 cm), WE; Pt coil, CE; Ag/AgCl wire, pseudo-
RE; v=100 mV s’'; two-compartment cell with 15 mL headspace in each compartment. Black trace, the same without
the Cu complex. In red, Q =5.58 —3.47 = 2.11 C. In black, Q = 3.47 C, for blank.
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Figure S65. GC chromatograms of the anodic headspace compartment of the previous experiment in Figure S64 in the
presence of catalyst [Cu'(L1)(MeCN)]. Insets show enlargement of the R = 7.5-8.5 min zone. R; (O2) = 7.8 min, Ry
(N2) = 8.3 min. Blue trace, before CPE showing the presence of adventitious air. Green trace, after CPE showing the
increase of only N2 from the NH3 oxidation.
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Figure S66. GC chromatograms of the anodic headspace compartment of the previous experiment in Figure S64 in the
absence of catalyst [Cu'(L1)(MeCN)]. Insets show enlargement of the Rt = 7.5-8.5 min zone. R: (O2) = 7.8 min, R:
(N2) = 8.3 min. Blue trace, before CPE showing the presence of adventitious air. Green trace, after CPE. Here no N2
is observed except for the one obtained from adventitious air.
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Homogeneous Electrochemistry of [Cu'(L1)(MeCN)] in MeCN
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Figure S67. Cyclic voltammograms in MeCN (z = 0.1 M TBAPFs) of 1 mM [Cu!(L1)(MeCN)] with/without 2 M
NHs. Conditions: under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s™'.
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Figure S68. Cyclic voltammograms in THF (z = 0.1 M TBAPFs) of 1 mM [Cu'(L10)(MeCN)]. Conditions: under an
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inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,

S68




Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

(a) (b)

0.14 { — Background
—— [Cu'(L10)(MeCN)]

0.1241° " Background + NH, M 06‘ ---

- - - [Cu'(L10)(MeCN)] + NH,
— 0.104

<
= 0.08-
© 0.06/
£ 0.04/

N

‘— 0.02]
0.00/
-0.021
04 -03 02 -01 00 01 02

E (V vs. Fc'0)

—— Background i
—— [Cu'(L10)(MeCN)] 4
Background + NH, N
- - = [Cu'(L10)(MeCN)] + NH,

.04 -02 00 02 04 06
E (V vs. Fc'0)

(c) (d)

0.8
0.7 { — Background —— Background i
—— [CUY(L10)(MeCN)] —— [CU(L10)(MeCN)] H
0.6 " - Background + NH, - - - Background + NH, o
" |- - - [Cu'(L10)(MeCN)] + NH, 0.6 - - - [cu'(L10)(MeCN)] + NH, '
—~ 0.5 !
o .
g 0.44 b
o g :
0.31 Sl !
< * ." “
& 0.2 . .
= . "
— 0.14 . L
0.09 ...:~ ""‘—ég -
0.14°. LS
7 T T T -0.2 T T T T
-0.8 -0.4 0.0 0.4 -0.8 -0.4 0.0 0.4
E (V vs. Fc*) E (V vs. Fc*)
(e (H)
0.05
Background Background
0.15| iitonen) 0.04| i
- - - [CUYL10)(MeCN)] + NH 003l [CUY(L10)(MeCN)] + NH,
tg\ 0.02
g 021
0.01
<< | s
£ 000 -7
L0014
-0.024:
-0.10 -0.03

1.0 08 -06 04 -02 00 0.2
E (V vs. Fc')

1.0 -08 06 -0.4 -02 00 0.2
E (V vs. Fc'0)

Figure S69. Cyclic voltammograms in THF (x = 0.1 M TBAPF¢) of 1 mM [Cu'(L10)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =
100 mV s\,
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Heterogeneous Electrochemistry of [Cu'(L10)(MeCN)] in MeOH
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Figure S70. Cyclic voltammograms in MeOH (u = 0.1 M TBAPFs) of [Cul(L10)(MeCN)]|@Crp (S = 0.25 cm?).
Preparation: [Cu'(L10)(MeCN)]@Crr electrodes were prepared by soaking for 1 h (a) or 1 s (b) Cep into a solution
of 1 mM [Cu!(L10)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert atmosphere, Pt disk, CE;
Ag/AgCl wire, pseudo-RE; v=100 mV s’..
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Heterogeneous Electrochemistry of [Cu'(L10)(MeCN)] in TFE
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Figure S71. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu'(L10)(MeCN)]@Crr (S = 0.25 cm?)
with/without 0.93 M NHas. Preparation: [Cu'(L10)(MeCN)]@Crp electrodes were prepared by soaking for 1 s into a
solution of 1 mM [Cu'(L10)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert atmosphere, Pt

disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s!.
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Figure S72. Cyclic voltammograms in TFE (z = 0.1 M TBAPFs) of [Cu(L10)(MeCN)|@Crp (S = 0.25 cm?) with
0.93 M NHs. Preparation: [Cu'(L10)(MeCN)]@Crr electrodes were prepared by soaking for 1 s into a solution of 1
mM [Cu!(L10)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert atmosphere, Pt disk, CE;
Ag/AgCl wire, pseudo-RE; v= 100 mV s’
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5.13. Electrochemistry of [Cu'(L2)(MeCN)]
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Homogeneous Electrochemistry of [Cu'(L2)(MeCN)] in THF

(a) (b)
0.20
Background 0.201 Background
—— [Cu'(L2)(MeCN)] — [Cu'(L2)(MeCN)]
0.154
0.15+
o~ 0101 & o10]
5 005 S o.0s]
< { = — <
= 0.00 Z i £ 0001 = i —J
~ ~
=-0.05/ = 0.05]
_0.10‘ _0.10<
—0.151 : : : -0.15 : : :
0.0 0.2 0.4 0.6 -0.4 0.0 0.4 0.8
E (V vs. Fc*0) E (V vs. Fc*)

Figure S73. Cyclic voltammograms in THF (u = 0.1 M TBAPF¢) of 1 mM [Cu!(L2)(MeCN)]. Conditions: under an
inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s\,
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Figure S74. Cyclic voltammograms in THF (¢ = 0.1 M TBAPF¢) of 1 mM [Cu'(L2)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s,
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Homogeneous Electrochemistry of [Cu'(L2)(MeCN)] in MeCN
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Figure S75. Cyclic voltammograms in MeCN (u = 0.1 M TBAPFs) of 1 mM [Cu!(L2)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s,
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Figure S76. Cyclic voltammograms in MeCN (u = 0.1 M TBAPFs) of 1 mM [Cu!(L2)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s,
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Figure S77. Cyclic voltammograms in MeCN (u = 0.1 M TBAPFs) of 1 mM [Cu'(L2)(MeCN)] with 0.5 M NH3 and
different equivalents of LiL2. A 300 mM LiL2 solution was prepared by adding "BuLi (30 pL, 2.5 M solution in
hexanes) in MeCN (2.2 mL) containing HL2 (39.5 mg). Then, every LiL.2 equivalent was added by adding 0.17 mL
of the LiL2 solution into the electrolyte solution (Vinitat = 3 mL). Conditions: under an inert atmosphere, GCaisk (S =
0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s,
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5.14. Electrochemistry of [Cu'(L7)(MeCN)]

Homogeneous Electrochemistry of [Cu'(L7)(MeCN)] in THF
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Figure S78. Cyclic voltammograms in THF (u = 0.1 M TBAPF¢) of 1 mM [Cu!(L7)(MeCN)]. Conditions: under an
inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s\
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Figure S79. Cyclic voltammograms in THF (uz = 0.1 M TBAPF¢) of 1 mM [Cu'(L7)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV s\,

S79



Supporting Information for

Exploring Copper f-Diketiminate Complexes for Heterogeneous Ammonia Oxidation Anchored on Graphitic Surfaces via CH-n and n-rt Interactions

(a) (b)

1.4
1 4< —— Background —— Background '
T | —[cu'w7y(MecN)) —— [Cu'(L7)(MeCN)] i
1.2 - Background + NH, 1240 Background + NH, 3
el . [Cu'(L7)(MeCN)] + NH, 1.0 - - = [Cu(L7)(MeCN)] + NH,4 ,',’
< 1 < 0.8
g 0o 5 00
< 0.6 <
£ 04] E
0.2
0.0,
-0.2 T -0.2 T T T T T
-08 -04 00 04 038

08 -04 00 04 08

E (V vs. Fc'0) E (V vs. Fc'0)

Figure S80. Cyclic voltammograms in THF (u = 0.1 M TBAPFs) of 1 mM [Cu(L7)(MeCN)] with/without 0.5 M
NHs. Conditions: under an inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =

100 mV sl
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Homogeneous Electrochemistry of [Cu'(L7)(MeCN)] in MeCN
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Figure S81. Cyclic voltammograms in MeCN (u = 0.1 M TBAPF¢) of 1 mM [Cu!(L7)(MeCN)]. Conditions: under an
inert atmosphere, GCuisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,

Heterogeneous Electrochemistry of [Cu'(L7)(MeCN)] in MeCN
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Figure S82. Cyclic voltammograms in MeCN (z = 0.1 M TBAPFs) of [Cu(L7)(MeCN)|@Crp (S = 0.25 cm?).
Preparation: (a) [Cu'(L7)(MeCN)]@Crp electrodes were prepared by drop casting 200 pL of a solution of 0.5 mM
[Cu!(L7)(MeCN)] in THF onto Crp under an inert atmosphere. (b) [Cu!(L7)(MeCN)]@Crr electrodes were prepared
by soaking Crp for 18 h into a solution of 0.5 mM [Cu!(L7)(MeCN)] in THF under an inert atmosphere. Conditions:
under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s\,
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Heterogeneous Electrochemistry of [Cu'(L7)(MeCN)] in MeOH
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Figure S83. (a) Cyclic voltammograms in MeOH (u = 0.1 M NaClO4) of [Cu'(L7)(MeCN)]@Crp (S = 0.25 cm?)
with/without 2 M NHs. Preparation: [Cul(L7)(MeCN)]@Cre electrodes were prepared by drop casting 100 pL of a
solution of 0.5 mM [Cu'(L7)(MeCN)] in THF onto Crp or by soaking Crp for 18 h into a solution of 0.5 mM
[Cu!(L7)(MeCN)] in THF under an inert atmosphere. (b) Cyclic voltammograms in MeOH (u = 0.1 M NaClOa) of
[Cu'(L7)(MeCN)]@Cre (S = 0.25 cm?) with/without 2 M NH3. Preparation: [Cu'(L7)(MeCN)]@Cre electrodes were
prepared by soaking Crp for 24 h into a solution of 0.5 mM [Cu!(L7)(MeCN)] in THF under an inert atmosphere.
Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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Figure S84. Cyclic voltammograms in MeOH (uz = 0.1 M TBAPFs) of [Cul(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 1.07 M NHas. Preparation: [Cu'(L7)(MeCN)]@Cre electrodes were prepared by soaking Crp for 8 days
into a solution of 0.5 mM [Cu'(L7)(MeCN)] in THF under an inert atmosphere. After this time, the electrodes were
dried at RT and rinsed (a) or not (b) once with MeOH. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl

wire, pseudo-RE; v=100 mV s,
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Figure S85. Cyclic voltammograms in MeOH (u = 0.1 M TBAPF¢) of [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 1.07 M NHs. Preparation: [Cul(L7)(MeCN)]@Crp electrodes were prepared by soaking Crp for 24 h
into a solution of 0.5 mM [Cu!(L7)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert atmosphere,
Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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Figure S86. Cyclic voltammograms in MeOH (xz = 0.1 M NH4OTf) of [Cul(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 1.07 M NHs. Preparation: [Cu'(L7)(MeCN)]|@Cre electrodes were prepared by drop casting (5 x 20 pL)
a solution of 1 mM [Cu!(L7)(MeCN)] in MeCN under an inert atmosphere. Conditions: under an inert atmosphere, Pt
disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s!.
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Figure S87. Cyclic voltammograms (a and b) and CPE (c and d) at Eapp = 0.24 V vs Fc™° without stirring in MeOH (u
= 0.1 M TBAPFs) of [Cu(L7)(MeCN)|@Crp (S = 0.25 cm?) with/without 0.43 M NH;. Preparation:
[Cu!(L7)(MeCN)|@Crr electrodes were prepared by soaking Crp for 24 h into a solution of 0.5 mM [Cu!(L7)(MeCN)]
in THF under an inert atmosphere. After this time, the electrodes were dried at RT and rinsed (a) or not (b) once with
MeOH. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s’ (a) I'= 1.2
nmol cm?; background subtracted Qcpe = 8.728:10 C; TON = 520 assuming 100% FE. (b) I" = 0.53 nmol cm;
background subtracted Qcpe = 8.485:102 C; TON = 1112 assuming 100% FE.
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Example of calculation for surface loading, turnover number and turnover frequency from
electrochemical data shown above between Figures S87a and S87c,
Considering one-electron transfer .. [Cul!(L7)(MeCN)]* + e~ = [Cul (L7)(MeCN)]

Qintegrated N 1 _ 2.80-1075C . 1 _
nxF Ageometric 1+96485Cmol™* 05cm+*0.5cm

Surface loading (I') =

1.16 - 10~° mol [Cu! (L7)(MeCN)] cm~% = 1.2 nmol [Cu! (L7)(MeCN)] cm~?
Considering 100% FE ... 2NH;=N,+6H'"+6e"

Nelectrons CPE _ QCPE
N * Neatalyst 6+ F T * Ageometric

Turnover number (TON) =

B 8.728-1072C B
" 6%96485C mol~1 *1.16 - 10~° mol [Cu! (L7)(MeCN)] cm~2 % (0.5 cm * 0.5 cm)

=520

T (TOF) = ToN _ 520 =0.14s"1=520h"1
urnover frequency = T 3g00s - 01457 =

Example of calculation for surface loading, turnover number and turnover frequency from
electrochemical data shown above between Figures S87b and S87d,

Considering one-electron transfer ... [Cu'!(L7)(MeCN)]* + e~ = [Cu!/(L7)(MeCN)]

Qintegrated N 1 _ 1.27-1075C . 1 _
nxF Ageometric 1+96485Cmol™* 0.5cm=*0.5cm

Surface loading (I') =
5.27 - 1071% mol [Cu! (L7)(MeCN)] cm™2 = 0.53 nmol [Cu!' (L7)(MeCN)] cm™2
Considering 100% FE ... 2NH; =N, +6H"+6e"

electrons CPE __ QCPE

n
Turnover number (TON) = = =
n* ncatalyst 6% F T x Ageometric

3 8.485-1072C B
T 6+96485 C mol~1 %527 -10-19 mol [Cu! (L7)(MeCN)] cm=2 * (0.5 cm * 0.5 cm)

=1112

TON 1112

_— = -1 = -1
n 3600 S 031s 1112 h

Turnover frequency (TOF) =
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Figure S88. Cyclic voltammograms (a) in MeOH/TFE (1:1) (« =0.1 M TBAPFs) and (b) in MeOH/TFE (1:9) (¢ =0.1
M TBAPFs) of [Cu(L7)(MeCN)|@Crr (S = 025 cm? with/without 025 M NHs. Preparation:
[Cu!(L7)(MeCN)|@Cre electrodes were prepared by soaking Crp for 24 h into a solution of 0.5 mM [Cu!(L7)(MeCN)]
in THF under an inert atmosphere. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =
100 mV s,
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Figure S89. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu!(L7)(MeCN)|@Crr (S =0.25 cm?) and cyclic
voltammograms in 0.5 M NH3 in MeOH. Preparation: [Cu'(L7)(MeCN)]@Crp electrodes were prepared by soaking
Crp for 24 h into a solution of 0.5 mM [Cu!(L7)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert
atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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Figure S90. (a) Cyclic voltammograms in (1) TFE (¢ = 0.1 M TBAPFs), (2) 2 M NH3 in MeOH (« = 0.1 M TBAPFs)

and (3) TFE (u = 0.1 M TBAPF) of [Cu!(L7)(MeCN)|@Crp (S = 0.25 cm?). (b) Cyclic voltammograms in (1) TFE
(u = 0.1 M TBAPFs), (2) 1 M NH3 in MeOH (1 = 0.1 M TBAPF¢) and (3) TFE (u = 0.1 M TBAPF¢) of
[Cul(L7)(MeCN)|@Crr (S = 0.25 cm?). Preparation: [Cul(L7)(MeCN)]@Crr electrodes were prepared by soaking
Crp for 24 h into a solution of 0.5 mM [Cu!(L7)(MeCN)] in THF under an inert atmosphere. Conditions: under an inert
atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v= 100 mV s'!. The average integrated charge of the main cathodic

wave of [Cul(L7)(AcO)]@Crp electrodes in TFE was Qintegrated = 2.00-10° C considering different replicates,
corresponding to I"= 0.83 nmol cm.

Example of calculation for surface Loading, turnover number and turnover
frequency from electrochemical data shown above,

Considering one-electron transfer ... [Cu'!(L7)(MeCN)]* + e~ = [Cu!(L7)(MeCN)]

1 2.00-1075C 1

Qinteyrated " _ " _
Ageometric 1+96485Cmol™* 0.5cm=*0.5cm

nxF

Surface loading (I') =

8.29 - 10719 mol [Cu! (L7)(MeCN)] cm™2 = 0.83 nmol [Cu!' (L7)(MeCN)] cm™2
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Heterogeneous Electrochemistry of [Cu'(L7)(MeCN)] in TFE
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- Background + NH, S
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— o
N .
S 1.6 ;
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Figure S91. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu!(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without bubbled NH3 gas. Preparation: [Cu'(L7)(MeCN)]@Crp electrodes were prepared by soaking Crp for 24
h into a solution of 0.5 mM [Cu'(L7)(MeCN)] in THF under an inert atmosphere. After this time, the electrodes were
dried at RT and rinsed once with MeOH. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-
RE; v=100 mV s\
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Figure S92. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 6.7 M NH3 at different potential windows. Preparation: [Cu'(L7)(MeCN)]@Crp electrodes were
prepared by drop casting some drops of a solution of 0.5 mM [Cu(L7)(MeCN)] in MeCN onto Crp. Conditions: under
an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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1.24 Considering one-electron transfer ...  [Cu(L7)(MeCN)]* + e~ = [Cu!(L7)(MeCN)]
N 1.01 Q 1 450107 C 1
| . s _ Qintegratea _ - _
Surface loading (I') = nxF Ageometric T 1+96485Cmol-1 05cm*05cm
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Figure S93. Cyclic voltammograms and CPE at Eapp = 0.64 V vs Fc™° with stirring in TFE (uz = 0.1 M TBAPF¢) of
[Cu(L7)(MeCN)|@Crp (S = 0.25 cm?) with/without 6.7 M NHs. Preparation: [Cu'(L7)(MeCN)|@Crr electrodes
were prepared by soaking Crp for 24 h into a solution of 0.5 mM [Cul(L7)(MeCN)] in MeCN under an inert
atmosphere. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s'. I'=0.19
nmol cm?; background subtracted. Qcpe = 1.29-10°! C; TON = 4766 assuming 100% FE.
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(a) (b)
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Figure S94. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 3.4 M NHs. Preparation: [Cu'(L7)(MeCN)]@Crp electrodes were prepared by soaking Crp for 24 h into
a solution of 0.5 mM [Cu'(L7)(MeCN)] in MeCN under an inert atmosphere. Conditions: under an inert atmosphere,
Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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Figure S95. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?)
with/without 3.4 M NHs. Preparation: [Cu'(L7)(MeCN)]@Crr electrodes were prepared by drop casting a solution of
1 mM [Cul(L7)(MeCN)] in MeCN (5 x 40 pL) onto Crp under an inert atmosphere. Conditions: under an inert
atmosphere, Pt disk, CE; Ag/AgCl wire, pseudo-RE; v =100 mV s\,
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Figure S96. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of (a) [Cu'(L2)(MeCN)]@Cre (S = 0.25 cm?) and
(b) [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?). Preparation: [Cu'(L2)(MeCN)]@Crp and [Cu'(L7)(MeCN)]@Crp
electrodes were prepared by soaking for 1 s Crp into a solution of 1 mM [Cu!(L2)(MeCN)] or [Cu(L7)(MeCN)] in
THF under an inert atmosphere, respectively. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire,
pseudo-RE; v=100 mV s\,
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Figure S97. Cyclic voltammograms in TFE (u = 0.1 M TBAPFs) of (a) [Cu'(L2)(MeCN)]|@Crr (S = 0.25 cm?) and
(b) [Cu'(L7)(MeCN)|@Crp (S = 0.25 cm?). Preparation: [Cu'(L2)(MeCN)]@Crp and [Cu'(L7)(MeCN)]@Crp
electrodes were prepared by soaking for 1 h Crp into a solution of 1 mM [Cu!(L2)(MeCN)] or [Cu'(L7)(MeCN)] in
THF under an inert atmosphere, respectively. Conditions: under an inert atmosphere, Pt disk, CE; Ag/AgCl wire,
pseudo-RE; v=100 mV s!.
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Heterogeneous Electrochemistry of [Cu'(L7)(MeCN)] in 1-(But-1-yl)-3-methyl-1H-imidazol-3-

ium hexafluorophosphate
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Figure S98. (a) Cyclic voltammograms in 1-(But-1-yl)-3-methyl-1H-imidazol-3-ium hexafluorophosphate of
[Cu'(L2)(MeCN)|@Cre (S = 0.25 cm?). Preparation: [Cu'(LL7)(MeCN)]@CFre electrodes were prepared by soaking
Crp for 24 h into a solution of 0.5 mM [Cu'(L7)(MeCN)]@Crp in THF under an inert atmosphere. After this time, the
electrodes were dried at RT and rinsed once with MeOH. (b) Cyclic voltammograms in 1-(But-1-yl)-3-methyl-1H-
imidazol-3-ium hexafluorophosphate of [Cu'(L2)(MeCN)|@Crp (S = 0.25 cm?) with/without bubbled NHs.
Preparation: [Cul(L7)(MeCN)|@Crr electrodes were prepared by soaking Crp for 24 h into a solution of 0.5 mM
[Cu!(L7)(MeCN)|@Crp in THF under an inert atmosphere. Conditions: under an inert atmosphere, Pt disk, CE;

Ag/AgCl wire, pseudo-RE; v= 100 mV s!.
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5.15. Comparative Studies

Comparison between Homogeneous Electrochemistry of [Cu'(L2)(MeCN)] and
[Cu'(MeCN),]CF3SOs in THF with 0.5 NH;

' - - - Background + NH;
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Figure S$99. Cyclic voltammograms in MeCN (¢ = 0.1 M TBAPFs) of 1 mM [Cu!(MeCN)4]CF3SO; (blue dashed line)
and 1 mM [Cu'(L2)(MeCN)] (red dahsed line) with 0.5 M NH3 and Fc, showing a coinciding wave at cathodic
potentials. Conditions: under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE;
v=100mV sl

Comparison between Homogeneous Electrochemistry of [Cu'(L1)(MeCN)], [Cu'(L2)(MeCN)],
[Cu'(L7)(MeCN)] and [Cu'(L10)(MeCN)] in THF
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Figure S100. (2) Cyclic voltammograms in THF (x = 0.1 M TBAPF¢) of 0.5 mM [Cu!(L1)(MeCN)] and 0.5 mM
[Cu!(L2)(MeCN)] (red line) and 0.5 mM [Cul(L1)(MeCN)] and 0.5 mM [Cu!(L2)(MeCN)] (blue line). (b) Cyclic
voltammograms in THF (x = 0.1 M TBAPFs) of 1 mM [Cu'(LX)(MeCN)] (LX = 1, 2, 7, 10) complexes. Conditions:
under an inert atmosphere, GCaisk (S = 0.07 cm?), WE; Pt disk, CE; Ag/AgCl wire, pseudo-RE; v=100 mV s\
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6.1. UV-Vis Studies
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Figure S101. UV-Vis spectra in MeCN (top) and THF (bottom) of [Cu/(MeCN)4]* (a and d), [Cu'(L1](MeCN)] (b and
€), and [Cu!(L2](MeCN)] (c and f) under an inert atmosphere with different equivalents of NHs. Procedure: 1 mM
complex stock solutions were prepared with varying concentration of NH3 and subsequently added (150 uL) to THF
(3.15 mL) under an inert atmosphere.
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6.2. NMR Studies
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Figure S102. (a-¢) 'H NMR spectra (500 MHz, CD3CN) and (f) °F NMR spectra (471 MHz, CD3CN) of
[Cu'(L2)(MeCN)] (red line), [Cu'(L2)(MeCN)] + NH3 (orange line), [Cu'(L2)(MeCN)] + HL2 + NH3 (green line),
and HL2 + NHj (blue line). Preparation: Stock solutions of 500 mM NH3 in MeCN were prepared containing 1 mM
[Cu!(L2)(MeCN)] and/or 1 mM HL2, and subsequently added (500 pL) to CD3CN (500 pL) under an inert atmosphere.
Solvent suppression was performed for all 'H NMR spectra at § = 1.93 ppm to remove MeCN signal.
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7. Crystallographic Details

CIF files can be found on CCDC with deposition number 2410168-2410180.

Structure CCDC Number
3 2410175
HL3 2410178
HL4 2410177
HL5 2410173
HL7 2410168
HLS 2410172
HL9 2410180
HL10 2410176
[Cu'(L1)(OAC¢)] 2410174
[Cu''(L3);] 2410170
[Cu''(L4);] 2410171
[Cu'(L7)(MeCN)] 2410179
[Cu'(L10)(MeCN)] 2410169

7.1. Data Collection

Crystal structure determinations for compounds HL4, HLS5, HL10, [Cu'(L3):], [Cu'(L4)],
[Cu'(L7)(MeCN)] and [Cu'(L10)(MeCN)] were performed using a Rigaku diffractometer
equipped with a Pilatus 200K area detector, a Rigaku MicroMax-007HF microfocus rotating
anode with MoK, radiation, Confocal Max Flux optics, and an Oxford Cryosystems Cryostream
700 plus low-temperature device (T = -173 "C). Full-sphere data collection was conducted with @
and ¢ scans. Programs used: The data collection and data reduction was performed using
CrysAlisPro,'* and absorption correction was applied using the Scale3 Abspack scaling
algorithm. '

Crystal structure determinations for 3, HL3, HL7, HL8, HL9 and [Cu'(L1)(AcO)] were
performed with an Apex DUO Kappa 4-axis goniometer, equipped with an APPEX 2 4K CCD
area detector, a Microfocus Source E025 IuS using MoK, radiation, Quazar MX multilayer Optics
as a monochromator, and an Oxford Cryosystems Cryostream 700 plus low-temperature device
(T =-173°C). Full-sphere data collection was employed with wand ¢ scans. Programs used: The
data collection was conducted using APEX-2,'® data reduction was done using Bruker Saint!’
V/.60A, and absorption correction was applied using SADABS.®

7.2. Structure Solution and Refinement

The crystal structures were solved using the SHELXT program.'® Visualization and processing
were performed with OLEX2 program.”’ Missing atoms were subsequently located from
difference Fourier synthesis and added to the atom list. Least-squares refinement on F? using all
measured intensities was carried out using the SHELXL 2015 program.?! All non-hydrogen atoms
were refined including anisotropic displacement parameters.
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7.3. ORTEP Structures and Comments

Figure S103. ORTEP drawing (50%) showing compound 3. Solvent molecules and disordered atoms have been omitted
for the sake of clarity. Monocrystals were formed by slow evaporation at RT of a solution in MeOH. Comments: The
asymmetric unit contains one molecule of the organic compound. The terminal aromatic ring (C13-C18) is disordered
in two orientations (ratio: 62:38).

Figure S104. ORTEP drawing (50%) showing compound HL3. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by slow evaporation at RT of a saturated solution in THF.
Comments: The asymmetric unit contains one molecule of the organic compound.
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Figure S105. ORTEP drawing (50%) showing compound HL4. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by slow evaporation at RT in deuterated benzene. Comments:
The asymmetric unit contains two independent molecules of the same organic compound and two molecules of benzene.
One of the benzene molecules is disordered in two orientations (ratio 60:40). The measured sample was a multi-
component crystal in which two domains could be indexed and integrated consistently (twin ratio 69:31). The two
crystals identified were processed using Scale3 Abspack, accounting for overlapping reflections.?

Figure S106. ORTEP drawing (50%) showing compound HLS. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by slow evaporation at RT in CHCls. Comments: The
asymmetric unit contains one molecule of the organic compound and one solvent molecule. For the solvent molecule
there is a positional disorder in which 86% corresponds to chloroform and 14% to dichloromethane. In the main organic
molecule one of the CF3 groups is disordered in two orientations (ratio 93:7). The hydrogen atom located at N1 was
localized experimentally from the residual electron density.
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Figure S107. ORTEP drawing (50%) showing compound HL7. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by slow evaporation at RT in CHCls. Comments: The
asymmetric unit contains two molecules of the same organic compound. Both molecules are partially disordered in two
orientations.

Figure S108. ORTEP drawing (50%) showing compound HLS8. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by slow evaporation at RT in acetone. Comments: The
asymmetric unit contains half molecule of the organic compound which is located on a 2-fold axes. The hydrogen atom
coordinated to N1 is disordered in two orientations around the two-fold axes (ratio 0.5:0.5). The CF3-groups are
disordered in two orientations (ratio 91:9).
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Figure S109. ORTEP drawing (50%) showing compound HL9. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by recrystallization from acetone (Bp/RT). Comments: The
asymmetric unit contains one molecule of the organic compound. Two of the isopropyl groups present in the molecule
are disordered in two orientations with a ratio of 58:42.

Figure S110. ORTEP drawing (50%) showing compound HL10. Solvent molecules and disordered atoms have been
omitted for the sake of clarity. Monocrystals were formed by recrystallization from hexane (Bp/-35 °C). Comments:
The asymmetric unit contains one molecule of the organic compound. Some of the isopropyl groups and one of the
terminal benzene rings present in the molecule are disordered in two orientations.
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Figure S111. ORTEP drawing (50%) showing compound [Cu'(L1)(AcO)]. Monocrystals were formed by
recrystallization from MeOH (Bp/-35 °C). The structure is already resolved in the literature.”? Comments: The
asymmetric unit contains one molecule of the copper metal complex. The measured sample was a multi-component
crystal in which two domains could be indexed and integrated consistently (twin ratio 50:50). The two crystals
identified were processed with TWINABS taking in account overlapping reflections.”

Figure S112. ORTEP drawing (50%) showing compound [Cu"(L3)2]. Solvent molecules and disordered atoms have
been omitted for the sake of clarity. Monocrystals were formed by recrystallization from "pentane (RT/-35 °C).
Comments: The asymmetric unit contains one molecule of the organometallic compound and one molecule of "pentane.
In the main molecule one of the ligands is disordered in two orientations (ratio 70:30). The "pentane molecule is
disordered in five orientations with a ratio 0.25:0.25:0.15:0.20:0.15.
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Figure S113. ORTEP drawing (50%) showing compound [Cu'(L4)2]. Monocrystals were formed by recrystallization
from DCM/MeOH 1:1 at RT. Comments: The sample measured was a multi-component crystal from which only one
crystal could be indexed. The asymmetric unit contains one molecule of the organometallic compound. Despite of being
a multi-component crystal, the structure is of good quality.

Figure S114. ORTEP drawing (50%) showing compound [Cu!(L7)(MeCN)]. Solvent molecules and disordered atoms
have been omitted for the sake of clarity. Monocrystals were formed by recrystallization from MeCN (RT/-40 °C).
Comments: The asymmetric unit contains one molecule of the organometallic compound and half molecule of non-
coordinated acetonitrile. The non-coordinated MeCN molecule is disordered in two orientations (ratio 50:50).
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Figure S115. ORTEP drawing (50%) showing compound [Cu'(L10)(MeCN)]. Solvent molecules and disordered atoms
have been omitted for the sake of clarity. Monocrystals were formed by recrystallization from MeCN (Bp/-40 °C).
Comments: The asymmetric unit contains two independent molecules of the same copper metal complex and one
molecule of acetonitrile. The acetonitrile molecule is disordered in four positions with a ratio 0.37:0.37:0.13:0.13.
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8. Computational Studies

8.1. General Procedure

All structures were modelled using the AMS2021 software package with the DFT functional
BP86-D3%° (Becke exchange functional®® with gradient correction provided by the Perdew
expression?’ and Grimme’s D3 dispersion®®) with a DZP basis set for the elements H, C, N, and
F and a TZP for Cu, including ZORA%3! scalar relativistic corrections. The calculations were
performed using THF or MeOH as solvent employing the COSMO?**** solvent model. Weak
interactions were analysed using the Non-Covalent Interactions (NCIs) approach.’*3% The
interactions were computed with a coarse grid, and depicted using an isosurface value of 0.3 and
a density threshold for detection of weak interaction regions of 0.02. A data set collection of input
and output files is available in the ioChem-BD repository.*°

8.2. Structure Optimization and Anchoring

(a) (b)

(c) (d)

Figure S116. Optimized structures of (a) graphene surface (Ci24Hssg), (b) [Cu'(L2)(MeCN)], (c) [Cu'(L7)(MeCN)],
(d) and [Cu!(L10)(MeCN)] in MeOH. Color code: Gray (C), blue (N), white (H), green (F), orange (Cu).

Before conducting the anchoring study, the conformation of the complex in solution was
evaluated (Figure S116). Achieving full n-m stacking along the entire triphenyl group could
significantly enhance immobilization stability onto a graphene layer. However, the isopropyl
groups on the first ring may hinder this due to the high steric hindrance with the S-diketiminate
ring. To assess this, the rotation energy barrier of the ortho-substituted ring was calculated, as
shown in Figure S117. The results indicate that the barrier is too high for the ring to adopt a flat
orientation, preventing complete n-n stacking.
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Figure S117. Energy barrier for the rotation of the triphenyl group around the B-diketiminate ring.

While the rotation of the isopropyl-substituted ring requires significant energy, the barrier for
adjusting the angle between the phenyl rings within the triphenyl unit of [Cu'(L7)(MeCN)] and
[Cu'(L10)(MeCN)] is relatively low, making this adjustment feasible.

Figures S118, S119, and S120 display the structures of the immobilized complexes and highlight
the interactions responsible for anchoring them onto the surface via only CH-rn interactions. The
complex-graphene distances are provided in Figures S119, S111, and S113.
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Figure S118. Optimized structure of [Cu'(L.2)(MeCN)] anchored via sole CH-m interactions onto a graphene layer.
The supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), green (F), orange (Cu).

Figure S119. Complex-graphene distances for structure [Cu'(L2)(MeCN)] anchored via sole CH-x interactions onto
a graphene layer. Color code: orange (Cu-graphene), blue (CH-x isopropyl-graphene).
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Figure S120. Optimized structure of [Cu'(L7)(MeCN)] anchored via sole CH-w interactions onto a graphene layer.
The supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), green (F), orange (Cu).
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Figure S121. Complex-graphene distances for structure [Cu'(L7)(MeCN)] anchored via sole CH-x interactions onto
a graphene layer. Color code: orange (Cu-graphene), blue (CH-n isopropyl-graphene), green (CH-n phenyl-graphene).

Figure S122. Optimized structure of [Cu'(L10)(MeCN)] anchored via sole CH-x interactions onto a graphene layer.
The supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), orange (Cu).

Figure S123. Complex-graphene distances for structure [Cu'(10)(MeCN)] anchored via sole CH- interactions onto a
graphene layer. Color code: orange (Cu-graphene), blue (CH-r isopropyl-graphene), green (CH-n phenyl-graphene).
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Figures S124-S127 show the structures of the immobilized complexes stabilized by a combination
of CH-n and n-m interactions. The advantage of mixed CH-n and n-n anchoring is evident in the
enhanced anchoring energy compared to CH-r interactions alone. The anchoring energy values
in MeOH and THF are reported in Tables S3 and S4, respectively.

Figure S124. Optimized structure of [Cu'(L7)(MeCN)] anchored via mixed CH-x interactions and -n stacking onto
a graphene layer. The supramolecular interactions are indicated in red. Gray (C), blue (N), white (H), green (F), orange
(Cu).
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Figure S125. Complex-graphene distances for structure [Cu'(L7)(MeCN)] anchored via mixed CH-x interactions and
n-n stacking onto a graphene layer. Color code: orange (Cu-graphene), blue (CH-n isopropyl-graphene), green (CH-n
phenyl-graphene), red (n-x stacking).
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Figure S126. Optimized structure of [Cu!(L10)(MeCN)] anchored via mixed CH-x interactions and n-x stacking onto
a graphene layer. The supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H),
orange (Cu).
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Figure S127. Complex-graphene distances for structure [Cu'(10)(MeCN)] anchored via mixed CH-r interactions and
n-n stacking onto a graphene layer. Color code: orange (Cu-graphene), blue (CH-x isopropyl-graphene), green (CH-n
phenyl-graphene), red (n-m stacking).

The energies obtained from the calculations were used to quantify the anchoring energy, as
described by Equation 1:

Eanchoring = TBEassembled - (TBEgraphene + TBEcat) (1)

The anchoring energy (Eanchoring) represents the energy contribution responsible for the deposition
of the complex onto the graphene layer. TBEca, TBEgraphene, and TBEassembled are the energies
provided by the software for the complex, graphene and the assembled system, respectively.

Since the complexes [Cu'(L7)(MeCN)] and [Cu'(L10)(MeCN)] have multiple possible
anchoring geometries, several values for the anchoring energy were obtained, each corresponding
to a different geometry. The energy difference between each anchoring geometry and the most
stable one was calculated and expressed as relative energy (Eri), using Equation 2:

Erer = Ei = Emost stable ()
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Table S3. Anchoring energies of [Cu'(L2)(MeCN)], [Cu'(L7)(MeCN)], and [Cu'(L10)(MeCN)] on the electrode
surface in MeOH as solvent.

Structure Eanchoring (kcal mol")  E,q (kcal mol™)
[Cu'(L2)(MeCN)] -32.9 67.9
[Cu'(L7)(MeCN)] (CH-n) -66.8 34.0
[Cu'(L7)(MeCN)] (n-7) -100.8 0
[Cu'(L10)(MeCN)] (CH-r) 275.0 25.8
[Cu'(L10)(MeCN)] (n-) 97.6 3.2

Table S4. Anchoring energies of [Cu'(L2)(MeCN)], [Cu'(L7)(MeCN)], and [Cu'(L10)(MeCN)] on the electrode
surface in THF as solvent.

Structure Eanchoring (kcal mol")  E,q (kcal mol™)
[Cu'(L2)(MeCN)] -33.2 68.4
[Cu'(L7)(MeCN)] (CH-r) -67.3 343
[Cu'(L7)(MeCN)] (n-7) -101.6 0
[Cu'(L10)(MeCN)] (CH-r) 2755 26.1
[Cu!(L10)(MeCN)] (n-) -98.2 3.4

The calculations performed in MeOH and in THF show very similar values of the anchoring
energies. As expected, ligand L2 is less suitable for immobilization, as the only anchoring sites
are the two isopropyl groups. In contrast, ligands L7 and L.10 exhibit greater stabilization due to
their larger surface area, which allows for more interactions. Additionally, the triphenyl group in
these ligands can rotate to lie parallel to the surface, promoting stronger n-n stacking and further
enhancing the anchoring energy.

Building on the catalytic cycle proposed by Warren and coworkers in homogeneous conditions,'?
where ammonia replaces acetonitrile in-situ on the copper center, we also calculated the stability
of the immobilized structure for the resulting complex. The structures and energy values are
presented in Figures S128-S132 and Tables S5 and S6. Comparison of the anchoring energies for
the ammonia-substituted complex indicates that the solvent replacement has minimal impact, as
the energy values remain virtually unchanged.
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Figure S128. Optimized structure of [Cu'(L2)(NH3)] anchored via CH-m interactions onto a graphene layer. The
supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), green (F), orange (Cu).

Figure S129. Optimized structure of [Cu'(L7)(NH3)] anchored via CH-m interactions onto a graphene layer. The
supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), green (F), orange (Cu).

Figure S130. Optimized structure of [Cu'(L7)(NH3)] anchored via mixed CH-x interactions and n-n stacking onto a
graphene layer. The supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), green
(F), orange (Cu).
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Figure S131. Optimized structure of [Cu'(L7)(NH3)] anchored via CH-m interactions onto a graphene layer. The
supramolecular interactions are indicated in red. Color code: Gray (C), blue (N), white (H), orange (Cu).

Figure S132. Optimized structure of [Cu'(L7)(NH3)] anchored via mixed CH-x interactions and n-w stacking onto a
graphene layer. The supramolecular interactions are indicated in red. Color code: Color code: Gray (C), blue (N), white
(H), orange (Cu).
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Table S5. Anchoring energies of [Cu'(L2)(NH3)], [Cu'(L7)(NH3)], and [Cu'(L10)(NH3)] on the electrode surface in
MeOH as solvent.

Structure Eanchoring (kcal mol™")  E,q (kcal mol™)
[Cu'(L2)(NH3)] -32.0 66.7
[Cu'(L7)(NH3)] (CH-7r) -67.5 31.2
[Cu'(L7)(NH3)] (r-1r) -98.8 0
[Cu'(L10)(NH3)] (CH-7) -78.9 19.9
[Cu'(L10)(NH3)] (n-) -96.3 2.5

Table S6. Anchoring energies of [Cu'(L2)(NH3)], [Cu'(L7)(NH3)], and [Cu'(L10)(NH3)] on the electrode surface in
THF as solvent.

Structure Eanchoring (kcal mol™")  E,q (kcal mol™)
[Cu'(L2)(NH3)] -32.3 67.3
[Cu'(L7)(NH3)] (CH-7r) -68.0 31.5
[Cu'(L7)(NHs3)] (rt-1r) 99.5 0
[Cu'(L10)(NH3)] (CH-n) -79.2 20.3
[Cu'(L10)(NH3)] (n-) -96.8 2.8
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