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General. All chemicals used in this study were purchased from commercial sources and used
as received. Anhydrous acetonitrile, and methanol were purchased from Sigma-Aldrich and
used as received. Cu(ClOy),* 6H,0 and ferrocene substrates were procured from Sigma Aldrich
and used without further purification. Diethyl ether was purified over sodium/benzophenone.
The ligand H,L; was prepared following a literature procedure.! TEMPOH was synthesized
according to the literature procedure.> Synthesis and manipulations of all air-sensitive
compounds were performed either in an Nj-filled glovebox (Vigor Tech) or using standard
Schlenk techniques. Caution: Although no problems were encountered during the synthesis of
the complex, perchlorate salts are potentially explosive and should be handled with care!?

Experimental Section

Elemental analysis. A PerkinElmer 2400 Series II CHNS/O instrument was used to perform
the CHN analysis of the Cu complexes used in this study.

Infrared Spectroscopy. Fourier transform infrared spectra of the Cu complexes (1, 1-0x) were
recorded on a KBr pellet in a Nicolet protégé 460 ESP instrument.

Mass spectra. ESI mass spectra of the ligands and Cu complexes were recorded in Waters
Xevo—G2XQTOF instruments with the electrospray ionization (ESI) source. GC-mass spectra
of the organic compounds were measured in an Agilent 7890B GC system fitted with an FID
detector and an Agilent 5977B GC/MSD mass detector.

NMR spectroscopy. The 'H-NMR spectra of the organic compounds and Cu complex were
recorded in a Bruker 400 MHz (DPX-400) or 500 MHz (DPX-500) NMR instruments. Low-
temperature NMR of the Cu complexes was measured in a JEOL-JNM-ECA Series (Delta
V4.3)-400 MHz-FT-NMR instrument. Solution magnetic moments of the Cu complexes were
determined by Evans’ method following literature procedures.*

Electron Paramagnetic Resonance Spectroscopy. X-band EPR data described in this study
were recorded in a Bruker A300 spectrometer at 77 K using a liquid N, finger Dewar. The EPR
samples of 1 (2 mM) were prepared in MeOH. The samples (~400 pL) were introduced in the
EPR tubes and sealed using septa inside an N,-filled glove box. Then, the data were recorded
at 77 K. EPR data was processed using Bruker WinEPR and simulated using SymFonia
software.

Preparation of 1-ox: A 400 uL methanol solution of 1 (2 mM) was introduced in an EPR tube
inside the glove box and sealed with a septum. The EPR tube was taken outside the glove box
and placed in an Eyla low-temperature reaction bath pre-cooled at —40 °C. After 5 minutes,
one equiv. of ceric ammonium nitrate (30 uL of a 40 mM methanol solution, one equiv.) was
slowly introduced into the reaction solution using a Hamilton microliter syringe. Then, the
solution was quickly purged with nitrogen for 2 minutes to make the solution homogeneous
before dipping the tube in a liquid nitrogen bath. The sample was then taken for the EPR
measurement.

Electrochemical Measurements. Cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) data reported in this study were recorded using a CH Instrument (CHI
760E, CH Instrument, USA) in a typical three-electrode set-up. A glassy carbon working

S2



electrode, Pt wire counter electrode, and Ag/AgCl in saturated KCIl or Ag wire as pseudo
reference electrodes were utilized during the measurements. All measurements were made in
methanol or acetonitrile solutions at 25 °C using ferrocene (Fc) as the internal standard (with
respect to the Fc*/Fc couple) and tetrabutylammonium perchlorate ("BusNCIO,4) as the
supporting electrolyte. The E,, values for the ferrocene derivatives were calculated from the
DPV data using the Parry-Osteryoung Equation (£, = E,, + AE/2).> AE is the amplitude.

Kinetic Study. All of the kinetic measurements reported in this study were conducted in an
Agilent 8454 Diode Array Spectrophotometer equipped with a liquid nitrogen-controlled
UNISOKU low-temperature cryostat, which can control the temperature of a reaction solution
over a temperature range of —80 to 100 °C within £ 0.1 °C accuracy.

A 10 or 25 mL stock solution of the Cu(Il) complexes (1, 0.1-0.3 mM) in methanol was
prepared inside a glove box. A 2.4 mL solution of the complex solution was introduced in a
long-neck cuvette inside the glove box, sealed with a rubber septum, and taken outside the
glove box. The cuvette was subsequently placed in the pre-cooled cryostat fitted at the
spectrophotometer at a desired temperature. Then, a methanolic solution of ceric ammonium
nitrate (one equiv. with respect to complex) was introduced into the Cu(Il) complex solution
at —40 °C to —60 °C via a Hamilton syringe connected to a long needle. Once the formation of
the oxidized Cu(Il) complex was complete (1-0x), a substrate solution (10—100 pnL) was added
to the reaction mixture, stirred vigorously, and the reaction was monitored by UV-vis
spectroscopy following the decay of species 1-0x. Pseudo-first-order rate-constant (kqps) was
estimated from the slope of a plot of In(A—A..) vs. time (s), and second-order rate-constant (k,)
was determined from the slope of a plot of k., vs [substrate]. In the reactions studied under
second-order reaction conditions, k, values were determined from the slope of a plot of 1/[1-
ox] vs. time (s).

X-ray Crystallography. Single crystals of 1 suitable for single-crystal X-ray diffraction
studies were selected from an acetonitrile/diethyl ether solution containing the crystals and
immediately immersed into the Paratone oil, followed by mounting on a nylon loop under a
100 K nitrogen cold stream. Data collections were performed on a Bruker D8 VENTURE
Microfocus diffractometer equipped with PHOTON II Detector, with Mo Ka radiation (A =
0.71073 A), controlled by the APEX III (v2017.3—0) software package. The raw data were
integrated and corrected for Lorentz and polarization effects with the aid of the Bruker APEX
III program suite.® Structures were solved by the intrinsic phasing method and refined against
all data in the reported 20 ranges by full-matrix least squares method based on F2 using the
SHELXL program suite.” Hydrogen atoms at idealized positions were incorporated in final
refinements. The non-hydrogen atoms were treated anisotropically. Diagrams for the
complexes were prepared using the Mercury software.® The crystallographic data and final
agreement factors for the complex are provided in Table S1, S2.
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Table S1. Summary of X-ray crystallographic data of Cu complex 1.

1
Empirical CyH,CICuNOg¢
formula
Formula weight 564.45
Crystal system Monoclinic
Space group P21/n
a(A) 10.905(6)
b(A) 19.645(10)
c(A) 11.608(6)
o (deg.) 90
S (deg.) 104.342(17)
y(deg.) 90
Volume (A3) 2409(2)
Z 4
Dca1eq. (mg/m?) 1.556
1 Mo-K, (mm™) 1.069
F(000) 1158.8
Orange (deg.) 2.09to 32.840
Reflections 56315
collected
Reflections 4101
unique
R(int) 0.0842
Data (I>2c5(1)) 8050
Parameters 332
refined
Goodness-of-fit 1.138
on F?
R1 [I>20(])] 0.0846
wR2 0.2198
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Table S2. Important bond lengths (A) and bond angles (°) for complex 1.

Bond Length (A) 1
Cu(1)-N(1) 1.912(3)
Cu(1)-N(2) 1.929(4)
Cu(1) -N(3) 1.920(4)
Cu(1) -N(4) 1.916(3)
Cu(1) -0(3) 2.419(4)
N(1) -N(2) 2.892(6)
0(1) -0(2) 2.515(6)
Bond angle (°)
N(1)~Cu(1)-N(2) 97.7(2)
N(2)—Cu(1)-N(3) 174.02)
N(3)—Cu(1)-N(4) 94.2(1)
N(1)-Cu(1)-N(3) 83.8(2)
N(2)-Cu(1)-N(4) 83.6(2)
N(1)-Cu(1)-N(4) 173.4(2)

X-ray Absorption Spectroscopy (XAS) Methods. X-ray absorption spectra were collected at
the Diamond light Source (Oxford, UK) on bending magnet beamline BL18 at electron energy
8.98 KeV and an average current of 100 mA. The radiation was monochromatized by Si(110)
crystal monochromator. The intensity of the X-rays were monitored by three ion chambers (I,
I; and 1) filled with 70 % nitrogen and 30 % Helium and placed before the sample (Ip) and
after the sample (I; and I;). Cu metal was placed between ion chambers I; and I,, and its
absorption was recorded with each scan for energy calibration. Cu XAS energy was calibrated
by the first maxima in the second derivative of the copper’s metal foil’s X-ray absorption near
edge structure (XANES) spectrum. The samples were kept at 20 K in a He atmosphere at
ambient pressure and recorded as fluorescence excitation spectra using a 44-element energy-
resolving Ge detector. The solution complexes were measured in the continuous helium flow
cryostat in fluorescence mode. Around 40 XAS spectra of each sample were collected. Care
was taken to measure at several sample positions on each sample, and no more than 5 scans
were taken at each sample position. In order to reduce the risk of sample damage by x-ray
radiation, 80% flux was used (beam size 1000 um (Horizontal) x 2000 um (Vertical)), and no
damage was observed scan after scan to any samples. All samples were also protected from the
X-ray beam during spectrometer movements by a shutter synchronized with the scan program.
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Cu XAS energy was calibrated by the first maxima in the second derivative of the copper’s
metal X-ray Absorption Near Edge Structure (XANES) spectrum.

Extended X-ray Absorption Fine Structure (EXAFS) Analysis,Athena software’ was used
for data processing. The energy scale for each scan was normalized using the copper metal
standard. Data in energy space were pre-edge corrected, normalized, deglitched (if necessary),
and background corrected. The processed data were next converted to the photoelectron wave
vector (k) space and weighted by k%> The electron wave number is defined as

_ 20/ . .
k=[2m(E-E,)/h7] , Ey is the energy origin or the threshold energy. K-space data were

truncated near the zero crossings k =1.5 to 14 A-! in Cu EXAFS before Fourier transformation.
The k-space data were transferred into the Artemis Software for curve fitting. In order to fit
the data, the Fourier peaks were isolated separately, grouped together, or the entire (unfiltered)
spectrum was used. The individual Fourier peaks were isolated by applying a Hanning window
to the first and last 15% of the chosen range, leaving the middle 70% untouched. Curve fitting
was performed using ab initio-calculated phases and amplitudes from the FEFF8!0 program
from the University of Washington. Ab initio-calculated phases and amplitudes were used in
the EXAFS equation S1.

2R,

N, o T
200 =873 Ly (kR e Feh O Sin(2kR, + ¢, (k) (S1)
J J

where N; is the number of atoms in the j* shell; R; the mean distance between the absorbing

feﬁ 7 (m,k, R; ) 1s the ab initio amplitude function for shell j,
and the Debye-Waller term ¢*”" accounts for damping due to static and thermal disorder in

atom and the atoms in the j* shell;

2R,
7,0

absorber-backscatterer distances. The mean free path term <*“ reflects losses due to inelastic
scattering, where 4;(k), 1s the electron mean free path. The oscillations in the EXAFS spectrum

SIn(2kR; + ¢; () , where % ®is the ab initio phase function for

are reflected in the sinusoidal term
shell j. This sinusoidal term shows the direct relation between the frequency of the EXAFS
oscillations in k-space and the absorber-backscatterer distance. Sy’ is an amplitude reduction

factor.
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The EXAFS equation'! (Eq. S1) was used to fit the experimental Fourier isolated data (q-space)
as well as unfiltered data (k-space) and Fourier transformed data (R-space) using N, Si°, Ey, R,
and o? as variable parameters. N refers to the number of coordination atoms surrounding Cu
for each shell. The quality of fit was evaluated by R-factor (Eq. S2) and the reduced Chi? value.
The deviation in £ ought to be less than or equal to 10 eV. R-factor less than 2 % denotes that
the fit is good enough!! whereas R-factor between 2 and 5 % denotes that the fit is correct
within a consistently broad model. The reduced Chi? value is used to compare fits as more
absorber-backscatter shells are included to fit the data. A smaller reduced Chi? value implies
a better fit. Similar results were obtained from fits done in %, ¢, and R-spaces.

Y:(dif ference between data and fit;)*?

Yi(data)? (S2)
The pre-edge area fits were carried out with an error function and a Gaussian function in the
Athena!! software using the peak-fitting function. The formulas for the error(erf) and Gaussian

function employed for the pre-edge fits are shown in equations S3 and S4.
Error function:

-E
cerf(e 0) +1

R — factor =

A
w

(S3)
Gaussian function:
A - (e- Eo)2
( )ex .
WA /2T (ZW ) (S4)

Where A corresponds to the amplitude; w, the width; E°, the centroid of the pre-edge and
near edge peaks and e, the x-ray energy.

The parameters EO, A and w used for each sets of functions are tabulated below (Table S5).

DFT Calculations. The DFT optimization calculations were performed using the ORCA
(Version 5.0.4) program package developed by Neese!? and co-workers. The geometry
optimizations were carried out using the solid-state (XRD) as a starting point. The calculations
were carried out using the BP86 exchange-correlation functional'3 in combination with the
triple zeta valance polarization functions (def2-TZVP),!# the continuum-like polarizable model
(CPCM) model with acetonitrile as a solvent, and the atom-pairwise dispersion correction with
the Becke-Johnson damping scheme (D3BJ). 13

The RI'¢ approximation were used to accelerate Coulomb and exchange integrals for the
ground and excited state calculations respectively. The default GRID settings were further used
for the self-consistent field iterations and for the final energy evaluation. The calculated
structures were confirmed to be minima based on a check of the energies and the absence of
imaginary frequencies from frequency calculations carried out on the optimized geometries.
DFT calculations of both the initial and oxidized form of the Cu complex are shown in Table
S4 and Appendix. In order to calculate the electron density differences between 1 and 1-o0x,
the optimized geometry and parameters of 1 were used to perform a single-point energy
calculation on 1-ox. The total electron densities of 1 and 1-0x were subsequently attained
through Multiwtn: A Multifunctional Wavefunction Analyzer program package developed by
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Lu and co-workers' and subtracted and visualized from one another with the Chemcraft
software (Table S7).

Time-dependent (TD)-DFT XANES Calculations. Time-dependent DFT (TD)-DFT
calculations for the optical and XANES spectra of the Cu complexes were carried out using
the hybrid-DFT functional B3LYP. The TD-DFT XANES simulations were in this case
performed with the B3LYP!7 as functional with the def2-TZVP triple-zeta!” basis sets together
with the D3BJ dispersion correction effects with dense integration grids and the CPCM model.
The def2-TZVP/J auxiliary basis set was also employed. A broadening of 3 eV was applied to
all XANES calculated spectra and shifted by +194.5 eV relative to experimental spectra. Up to
50 and 150 roots were calculated for the optical and XANES spectra, respectively.

Table S3. EXAFS Fits parameters.

Sample Fit | Reg | Shell,N R, A E ss.2 R-factor | Reduced
ion (103) Chi-
square
1 1 I Cu-N,4 1.94 2.8 34 0.0054 345
2 LII | Cu-N, 4 1.95 5.0 34 0.0061 189
Cu-C/O, 8 | 2.87 16
Cu-C,12 |3.11 1.9
3 LII | Cu-N, 4 1.94 3.6 3.5 0.0043 184
Cu/O, 1 2.35 9.4
Cu-C/O, 8 | 2.86 19
Cu-C,12 | 3.11 1.9
1-ox 4 I Cu-N,5 1.95 2.7 5.5 0.0157 953
LII | Cu-N, 4 1.96 3.6 4.5 0.0774 1277
Cu/O, 1 231 4.9
Cu-C/0, 8 | 2.82 8.4
Cu-C,12 |3.16 33
6 LII | Cu-N,5 1.96 5.0 5.8 0.0157 467
Cu-C/O, 8 | 2.86 14
Cu-C,12 |3.09 1.2

* The amplitude reduction factor SO? was fixed to 1. Region I refers to the EXAFS spectra
region between apparent distances 1.2 -2 A, Regions I ,II refer to that between 1.2-3 A. We
note that the data resolution, the ability to distinguish between 2 bond distances, given by m/2Ak
is ~0.126 A.

Table S4. Summary of the bond distances of 1 and 1-0x, derived from EXAFS, XRD, and DFT
analysis Bond distances are in A.

Complexes | EXAFS (A) | XRD (A) DFT (A)

1 Cu-N (4): Cu-N: 1.91982, 1.91215, | Cu-N: 1.93181, 1.95127,
1.94 1.92887, 1.95686, 1.94610
Cu-0(1): Cu—N,,, = 1.947

S8



2.35 Cu—N,,, =1.919 Cu-O (Perchlorate) = 2.44430
Cu—O (Perchlorate) =

2.41869
1-ox Cu-N (5): Cu-N: 1.96855, 1.97209,
1.96 1.98871, 1.98035
Cu—N (bound acetonitrile) =
2.06838

Cu—N,y, =1.996

Table S5. Pre-edge parameter fits for 1 and 1-ox.

1

Function Centroid Amplitude Width
Erf 8983.5 0.090 3.2
Gauss 8979.4 0.105 1.8
Pre-edge area 10.5 units

1-0x

Function Centroid Amplitude Width
Erf 8984.04 0.090 3.2
Gauss 8979.4 0.100 1.8
Pre-edge area 10.0 units

The pre-edge area peaks fitting were further re-carried out in the Fityk!® software and as
previously demonstrated!®, and the same pre-edge peak areas of 10.5, and 10.0 units were
obtained for 1, and 1-o0x, respectively, thus confirming the fit procedure employed in the
Athena’ software.

Synthesis

H,L,—ds was synthesized as described in Scheme S1, and similar experimental conditions were
followed as described for the preparation of H,L,.! Nitrobenzene—ds was synthesized from
benzene—ds by using HNO3/H,SO, as the oxidant according to the literature procedure.?
Aniline—ds was further synthesized by reducing nitrobenzene—ds by Sn/HCI using the same
procedure as for the reduction of natural nitrobenzene.

6-(2-methyl-1,3-dioxolan-2-yl)-N-(6-(2-methyl-1,3-dioxolan-2-yl)pyridin-2-yl)-N-
(phenyl-d5)pyridin-2-amine (P3):Yield: 83 % (1.45 g). '"H NMR (CDCl;, 500MHz): 8 1.6 (s,
6H, CH3), 3.88 (m, 4H, CH), 3.99 (m, 4H, CH,), 7.01 (d, 2H, ArH), 7.11 (d, 2H, ArH), 7.51(t,
2H, ArH). BC NMR (CDCls, 100MHz): & 24.46, 65.19, 108.6, 113, 115.7, 137.5, 157.3, 158.9.
ESI-MS [C,4H,0DsN304 + H']: 425.2232 (calculated), 425.2215 (observed). IR (KBr, cm™):
3440 (br), 2986 (s), 2882 (s), 2933 (s), 1571 (s), 1440 (s), 1323 (s), 1196 (s), 1036 (s), 950 (s),
876 (s), 803 (s), 742 (s), 566 (m).

1,1'-(((phenyl-d5)azanediyl)bis(pyridine-6,2-diyl))bis(ethan-1-one) (P4): Yield: 90% (1.06
g). 'HNMR (CDCl;, 500MHz): 6 2.4 (s, 6H, CH3), 7.31 (d, 2H, ArH), 7.68-7.33 (m, 4H, ArH).
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13C NMR (CDCls, 100MHz): 6 25.57, 115.6, 119.7, 137.92, 151.69, 156.69, 200.19. ESI-MS
[C30H2DsN30, +Na*]: 359.1527 (calculated), 359.1523 (observed).IR (KBr, cm™): 3434 (br),
2925 (m), 2885 (br), 1690 (s), 1575 (s), 1439 (s), 1331 (m), 1250 (s), 1159 (s), 1156 (s), 954
(s), 805 (s), 728 (s), 593 (s), 551 (m).

(1E,1'E)-1,1'-(((phenyl-d5)azanediyl)bis(pyridine-6,2-diyl))bis(ethan-1-one) dioxime
(H,L—d5): Yield: 77% (0.82 g). '"H NMR (dmso-ds, 5S00MHz): 8 1.9 (s, 6H, CH3), 6.96 (d, 2H,
ArH), 7.46 (d, 2H, ArH), 7.67 (t, 2H, ArH), 11.42 (s, 2H, NOH). 3C NMR (dmso-ds, 100MHz):
o 10.54, 114.1, 115.98, 138.47, 153.19, 154.74, 156.77. ESI-MS [CyH4DsNsO, + H*]:
367.1926 (calculated), 367.1918 (observed). IR (KBr, cm™!): 3233(br), 2922 (m), 1739 (br),
1566 (s), 1446 (s), 1363 (m), 1296 (m), 1158 (s), 1014 (s), 921 (s), 800 (s), 728 (s), 679 (m),
550 (m).

N1, N3-bis(2-acetylphenyl)-2,2-diethylmalonamide (P5): 1-(2-aminophenyl)ethan-1-one
(1g, 7.4 mmol) was dissolved in dry diethyl ether, and the solution was stirred at 0 °C in ice
bath. Then 2,2-diethylmalonyl dichloride (728.9 mg, 3.7 mmol) was added dropwise into the
solution. After 5 min, triethylamine (2.25 g, 22.2 mmol) was added to it. The reaction mixture
was stirred for 12 h. The solvent was evaporated, and 10 % HCI solution was added to the
residue. The aqueous solution was extracted with DCM, the organic layer was collected and
dried over Na,SO,. The product was purified with column chromatography using hexane: ethyl
acetate (10:4) to yield a yellowish solid. % yield = 72% (2.1 g, 5.3 mmol). '"H NMR (CDCls,
500MHz): 6 0.98 (t, 6H, CHj3), 2.3 (q, 4H, CHy,), 2.67 (s, 6H, COCH3), 7.13 (t, 2H, ArH), 7.56
(t, 2H, ArH), 7.9 (d, 2H, ArH), 8.84 (d, 2H, ArH), 12.18 (s, 2H, NH). 3C NMR (CDCl;, 100
MHz): ¢ 8.82, 25.25, 28.48, 62.18, 121.25, 122.41, 122.55, 131.51, 135.03, 140.75, 171.67,
202.55. ESI-MS [Cy3H,6N,04 + Na*]: 417.1785 (calculated), 417.1776 (observed).

2,2-diethyl-N1, N3-bis(2-((E)-1-(hydroxyimino)ethyl)phenyl)malonamide (H4L,):
Precursor P5 (200mg, 0.507mmole), hydroxylammonium chloride (70.46mg, 1.014mmole)
and pyridine (79.1 mg, 1.014mmole) were dissolved in EtOH and the mixture was refluxed at
80 °C for 12 hrs. Then the solvent was evaporated, and water was added to the residue. The
aqueous solution was extracted with DCM, the organic layer was collected and dried over
Na,SO,. The product was purified with the column chromatography using hexane: ethyl acetate
(10:3) to yield a brownish solid. % yield = 88% (189 mg, 0.445 mmol). 'H NMR (CDCls,
500MHz): 6 0.90 (t, 6H, CH3), 2.1 (q, 4H, CH,), 2.19 (s, 6H, COCH3), 7.11 (t, 2H, ArH), 7.33
(t, 2H, ArH), 7.42 (d, 2H, ArH), 8.38 (d, 2H, ArH), 8.53 (s, 2H, OH), 12.55 (s, 2H, NH). 13C
NMR (CDCl;, 100MHz): 6 8.07, 12.54, 24.22, 61.51, 121.52, 123.52, 123.83, 128.30, 129.48,
136.66, 156.85, 171.67. ESI-MS [Cy3HxN4O4 + Na']:  447.2003 (calculated), 447.2000
(observed).

[Cu''(HL;)(C104)]® CH3CN (1). A methanolic solution of (3 mL) of Cu (ClO4),* 6H,0 (0.185
g, 0.5 mmol) was slowly added to a stirring solution of H,L; (0.183 g, 0.5 mmol) in 3 mL of
methanol. The reaction mixture was allowed to stir at room temperature for ~1 h. The resulting
reaction solvent was evaporated to dryness. The complex was purified by crystallization by

diffusing diethyl ether into an acetonitrile solution of the complex at room temperature. Yield:
47 % (0.123 g). Anal. Calcd for CyoH;3CuNs0,ClO4* CH;CN, (564.44 g/mol): C, 46.81; H,

S10



3.75; N, 14.89, Found: C, 46.83; H, 3.64; N, 15.97. IR (KBr, cm™!): 3437 (br), 1591(m), 1440
(s), 1369 (s), 1274(s), 1112 (s), 1092 (s), 796 (m), 709 (m), 626 (s). ESI-MS (positive ion mode,
MeOH): m/z = 423.0739 (LCu + H"). UV-Vis (in MeCN): 4, nm (&, M~! cm™!): 312 (4989),
517(378), 574 (338).

Complex 1-ds was synthesized following the same procedure as mentioned above.

D D D
D D
NH;
D D
N
Br | N\ \L.j/k HO\/\OH U)r sz(dba NaOBuL | x RS
”BuLl -78°C stOH dppf, toluene =N b

3

Conc.
j@D HNO3/H;S04 ﬁ SnIH’ j@ ZNAHCIl
D

D
D D
D D D D
NH,OHs HCI
S X -— =
9 NaOAG ET ?
=
OH OH
HzL4-ds

Scheme S1. Synthesis of H,L;—ds.
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Figure S1. The 'H-NMR spectrum of P3 (400 MHz, 25 °C) in CDCl;.
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Figure S2. The 13C NMR spectrum of P3 (101 MHz, CDCl;) at 25 °C.
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Figure S3. The ESI-mass spectrum of precursor P3 in methanol. [C,4H;0DsN;O0, + H*:
425.2232 (calculated), 425.2215 (observed)]. Calculated m/z for [P3 + H]" (C4H,0DsN3O4 +
H") =425.2237; observed m/z = 425.2215.
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Figure S4. The FT-IR spectrum of P3 was recorded on the KBr pellet.
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Figure S5. The 'H-NMR spectrum of P4 in CDCl; was recorded in a 400 MHz NMR
instrument at 25 °C.
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Figure S6. The 13C NMR spectrum of P4 (101 MHz, CDCl;) at 25 °C.
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Figure S7. The ESI-mass spectrum of P4 in methanol. Calculated m/z for [P4 + Na]*
(C20H12D5N302 + Na*) = 3591532, observed m/z = 359.1523.
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Figure S8. The FT-IR spectrum of P4 was recorded on KBr pellet.
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Figure S10. The '3C NMR spectrum (101 MHz, in DMSO-ds) of H,L;-ds at 25 °C.
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Figure S11. The ESI-mass spectrum of H,L;-ds in methanol. Calculated m/z for [HL,—ds + H]*
(Cy0H 8DsNsO, + H") = 367.1931; observed m/z = 367.1918.
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Figure S12. The FT-IR spectrum of H,L-ds was recorded on a KBr pellet.
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Figure S13. UV-vis spectrum of 1 (0.15 mM) in methanol at 25 °C.
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Figure S14. The FT-IR spectrum of 1 was recorded on the KBr pellet.
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Figure S15. The ESI-mass spectrum of 1 was recorded in methanol. The inset Figure shows
the experimentally obtained and theoretical isotope distribution pattern of the complex.
Calculated m/z for (HL)Cu]* (C50H3CuNsO,) = 423.0756; observed m/z = 423.0739.
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Figure S16. Measurement of the effective magnetic moment (u.¢) of 1 (7.26 mM) in methanol-
d4 by Evans’ method. "H-NMR was recorded in a 400 MHz instrument at 25 °C using
hexamethyldisiloxane as an internal standard. u.¢ value was calculated using the difference of
chemical shift of the internal standard.
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Figure S17. X-band EPR spectrum of 1 (2 mM) at 77 K (methanol) and its computer-simulated

spectrum. EPR measurement experimental conditions: Frequency = 9.628961 GHz, Power =
2.01 mW, Modulation frequency = 100 kHz, Modulation amplitude = 4.91 G.

Simulated parameters: 2.045 (gx), 2.09 (g,), and 2.165 (g,); 20 G (A%Y), 30 G (4%Yy), 210 G
(AC), 14 G (4N)), 15.3 G (4N,), 13 G (4N,)
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Figure S18. X-band EPR spectrum of 1 at room temperature. EPR measurement experimental
conditions: Frequency = 9.783718 GHz, Power = 3.88 mW, Modulation frequency = 100 kHz,
Modulation amplitude = 0.5 G.
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Figure S19. CV of 1 (0.5 mM) at different scan rates in methanol. The data was recorded using
a glassy carbon working electrode, Pt wire counter electrode, and Ag/AgCl in saturated KCl as
the reference electrode. Potential values were converted to Fc*/Fc couple. (B). A plot of
anodic/cathodic current vs. /2,
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Figure S20. The FT-IR spectrum of 1-ds was recorded on the KBr pellet.
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Figure S21. The ESI-mass spectrum of 1-ds was recorded in methanol. The inset Figure shows
the experimentally obtained and theoretical isotope distribution pattern of the complex.
Calculated m/z for (HL;-ds)Cu]™ (CyoH3DsCuNs0O,) = 428.1070; observed m/z = 428.1049.
The peaks observed at 427.0996 and 426.0937 likely correspond to the fragmentation of the
parent peak.
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Figure S22. DPV of 1 in acetonitrile at 25 °C. A glassy carbon working electrode and Pt wire
counter electrode were used during the measurements. An excess of "Buy;NCIO,4 was used as
the supporting electrolyte.
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Figure S23. Measurement of the effective magnetic moment (u.¢) of 1-0x (10.99 mM) in
methanol-d; by Evans’ method. The 'H-NMR spectrum was recorded in a 400 MHz instrument
at — 40 °C using hexamethyldisiloxane as an internal standard. u.¢ value was calculated using

the difference of chemical shift of the internal standard.
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Figure S24. The FT-IR spectrum of 1-ox and 1-0x-ds was recorded on the KBr palette.
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Figure S25. Raman spectrum of 1-0x and 1-0x-ds in methanol was recorded using a 785 nm
laser.
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Figure S26. Zoom-in of the pre-edge regions together with the respective fits shown in
dashed blue of A. 1 and B. 1-ox. The dashed lines correspond to the step and gaussian
functions used to fit the pre-edge peaks whereas the blue dashed line correspond to the
summed overall fit.
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Figure S27 A. Zoom-in of the calculated (top) and experimental (bottom) pre-edge regions of
1 (black) and 1-ox (red) B. Calculated pre-edge and rising edge XANES of calculated models
of 1, 4-coordinated ligand oxidized 1-o0x without bound solvent molecules, Five-coordinated
ligand oxidized 1-ox with a bound acetonitrile molecule.
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Figure S28. Fourier transforms of k3-weighted Cu EXAFS for A. 1 (solid black line) and its
corresponding fit (Fit 3, Table S3) (dotted black line)and B. Ligand oxidized 1-ox (solid red
line) and its corresponding fit (Fit 6, Table S3).
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Figure S29 Top. Calculated Pre-edge models. Bottom. Calculated pre-edge for 1 (with bound
perchlorate), Ligand oxidized 1-ox (with bound acetonitrile), metal oxidized 1 without bound

solvent or perchlorate, metal oxidized 1 with bound acetonitrile, and metal oxidized 1 with
bound acetonitrile.
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Figure S30. The X-band EPR spectrum of the reaction mixture was obtained after the addition
of one equivalent TEMPOH to 1-0x in methanol at —40 °C. The EPR data was recorded at the
liquid nitrogen temperature.
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Figure S31. DPV data of different ferrocene derivatives showing one-electron oxidation
potentials in methanol. The data was recorded in methanol at 25 °C using a glassy carbon
working electrode and Pt wire counter electrode. "BusNCIO4 was used as the supporting
electrolyte.
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Table S6. ET rate constant values of 1-ox at —60 °C in methanol. The E,, values of the

ferrocene derivatives were measured at 25 °C.

Substrate Eox (vs. Fc'/Fc) ke M1 s71)
Ethylferrocene —0.05 25x 103
Ferrocene 0 1.3x103
Bromoferrocene 0.17 96
Methyl ferrocenylethynyl ketone 0.23 24.3
(methoxycarbonyl) ferrocene 0.25 20.7
Acetyl ferrocene 0.28 11
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Figure S32. Time trace at 543 nm upon addition of one equivalent of ethyl ferrocene to 1-o0x

at — 60 °C. [inset: Plot of 1/[1-0x] vs. time for determining second order rate constant value at
- 60 °C.]
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Figure S33. Time Trace at 543 nm upon addition of one equivalent of bromo ferrocene to 1-
ox at — 60 °C. [inset: Plot of 1/[1-0x] vs. time for determining second order rate constant value

at— 60 °C.]
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Figure S34. Time trace at 543 nm upon addition of one equivalent of methyl ferrocenylethynyl
ketone to 1-0x at — 60 °C. [inset: Plot of 1/[1-0x] vs. time for the determination of second order

rate constant value at — 60 °C.]
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Figure S35. Time trace at 543 nm upon addition of one equivalent of (methoxycarbonyl)
ferrocene to 1-0x at —60 °C. [inset: Plot of 1/[1-0x] vs time for determining second order rate

constant value at — 60 °C.]
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Figure S36. Time trace at 543 nm for the reaction of 1-0x with acetyl ferrocene (1.2 mM, 1.98
mM, 2.77 mM, and 3.54 mM) at —60 °C. [inset: Plot of In(A-A,) vs. time (s) for the
determination of pseudo-first-order rate constant (k) value at — 60 °C.
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Figure S37. A plot of kg, (s7!) vs. [acetylferrocene] for the determination of second order rate
constant (k) value for the reaction of 1-o0x with acetylferrocene at — 60 °C.

Table S7. Summary of the bond distances of calculated Cu-based complexes. Bond distances

are in A.
Cu-O Cu-N Cu-O
Compl Cu-N; | Cu-N; | Cu-N; | Cu-N
ompiexes R it R e (Perchlorate) | (Acetonitrile) | (Methanol)
1 with 1.931 | 1.951 | 1.9568 | 1.9461
2.44430
perchlorate 81 27 6 0
Slofvzﬁfgz 1.941 | 1.951 | 1.9500 | 1.9276
M 36 | 78 6 0
perchlorate
1 with
1.936 | 1.956 | 1.9592 | 1.9557
bou1‘1d‘ 9 1 4 g 2.36773
acetonitrile
Ligand
oxidized 1-
ox without | 1.932 | 1.965 | 1.9650 | 1.9474
bound 36 24 0 0
solvent or
perchlorate
Ligand
oxidized 11y 41 | 1962 | 1.9700 | 1.9554
ox with 2.30678
78 10 3 1
bound
perchlorate
Ligand 1) gce | 1972 | 1.9887 | 1.9803
oxidized 1- ’ ’ ' ' 2.06838
. 55 09 1 5
oxwith
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bound
acetonitrile

Metal
oxidized 1
without 1.885 | 1.923 | 1.9170 | 1.8975

bound 22 54 7 3
perchlorate
or solvent

Metal
oxidized 1 | 1.887 | 1.923 | 1.9204 | 1.8988
with 52 94 9 1
perchlorate

2.39244

Metal
oxidized 1 | 1.895 | 1.922 | 1.9236 | 1.9037
with 22 17 4 0
acetonitrile

2.28676

Table S8. Electronic energies and LUMO-HOMO gaps energies at 298.15 K of 1 and 1-0x

Electronic
Complex energy (Eh) LUMO - HOMO gap (eV)
kcal/mol

1

3275.5632916 3.4690164028
22529

2647.1320064 1.557455926
82481

S31



Electron density
differences between 1
and 1-ox showing most
of the spin density
distributions to  be
around the iminoxyl
radical.

AE (kcal/mol) between
1-ox and 1

628.43128

Table S9. Electronic energies of the starting Cu'' doublet, Cu'' radical triplet species, and Cu!l!
singlet species.

Electronic energy (Eh)
Cul starting doublet |-2971.25780
species (1)
Cu'! radical triplet  |-2971.03479
species
Cu'll singlet -2971.06202

AE (kcal/mol)
Triplet-doublet 0.22301
Singlet-doublet 0.19578

The following Tables present the DFT optimized coordinates that were obtained using
the BP-86'“ functional, the CPCM model, and the atom-pairwise Grimme dispersion
correction with the Becke-Johnson damping scheme (D3BJ)!6 23,
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Table S10. 1 with perchlorate

29

ol e N e N e N e e N e e N e ) e e i) Sie) W) Nie) S S BN BN e ol ]

5.578649000

8.054630000
7.431166000
2.773109000
7.873571000
4.746448000
4.058067000
6.280393000
6.963572000
3.572356000
5.510768000
4.270630000
1.584420000
2.977425000
1.678506000
2.636683000
5.528060000
2.018160000
1.135202000
3.128496000
2.180731000
3.349467000
3.515231000
6.788251000
0.537797000
0.598629000
2.218672000
1.480952000
0.380335000
0.341075000
5.139058000
5.764827000
5.863967000

9.066882000
10.558265000
8.900713000
8.459755000
9.867446000
9.811060000
7.967906000
8.480908000
10.392491000
9.434669000
7.618265000
7.297523000
8.078062000
7.750678000
7.056191000
6.560694000
10.766989000
6.795173000
6.598106000
10.038668000
9.754301000
6.359043000
5.823156000
11.089077000
6.690655000
5.893108000
6.114284000
5.378028000
8.738549000
9.531942000
11.386831000
12.145909000
7.000111000

4.317758000
4.698605000
6.501450000
2.817299000
5.507669000
2.723718000
4.778157000
6.041608000
3.925276000
2.199358000
6.666221000
5.952577000
2.073334000
4.016104000
1.128494000
0.969526000
2.138632000
4.430564000
3.831660000
0.994258000
0.548785000
6.406555000
7.338711000
2.840543000
0.409699000
-0.331767000
5.621325000
5.941719000
2.316589000
3.063981000
0.959807000
0.495318000
7.977496000
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5.055070000
6.782831000
6.023048000
-0.676663000
-1.565307000
3.917035000
3.575950000
-0.755789000
-1.702801000
7.738526000
8.079174000
8.607253000
7.244561000
6.170224000
7.111845000
5.023704000
6.870968000
5.705769000

7.141890000
7.451945000
5.916294000
7.345242000
7.057619000
11.002673000
11.467204000
8.366939000
8.876751000
12.120143000
11.863453000
12.194669000
13.101421000
6.176430000
5.400097000
6.593731000
7.385489000
5.371371000

Table S11. 1 without solvent or perchlorate

29

(o) Ne e N e e e N e U N N i e clie )

5.509998000
8.001310000
7.369707000
2.808278000
7.814005000
4.756973000
4.079375000
6.244614000
6.929068000
3.603709000
5.508257000
4.288677000
1.594587000
3.005157000
1.636861000

9.175509000
10.637920000
8.989195000
8.411051000
9.958329000
9.800810000
7.935584000
8.533035000
10.446076000
9.393822000
7.616133000
7.266341000
8.063233000
7.709535000
7.042037000

8.708767000
8.366475000
7.866677000
0.640908000
0.077410000
0.391309000
-0.534128000
1.593132000
1.773907000
2.336011000
1.322066000
2.997300000
2.279270000
2.593302000
1.777528000
1.774214000
3.102254000
3.729169000

4.398094000

4.765167000
6.571183000
2.785016000
5.580804000
2.721537000
4.760798000
6.086378000

3.972264000
2.172437000
6.674533000
5.938662000
2.062715000
3.990212000
1.113850000
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2.574332000
5.542264000
2.049473000
1.172110000
3.180824000
2.250686000
3.375817000
3.537890000
6.781924000
0.469863000
0.490672000
2.249750000
1.515486000
0.416819000
0.418118000
5.174023000
5.800710000
5.870953000
5.093310000
6.821584000
5.968156000
-0.718934000
-1.628253000
3.969979000
3.645954000
-0.745850000
-1.672720000
7.746496000
8.108814000
8.599689000
7.256086000

6.517354000
10.754410000
6.746929000
6.543703000
9.968896000
9.659095000
6.314669000
5.780986000
11.104113000
6.712024000
5.915627000
6.064322000
5.323020000
8.758976000
9.550889000
11.343808000
12.101719000
6.980917000
7.166637000
7.387604000
5.890626000
7.401429000
7.141421000
10.933177000
11.375618000
8.422681000
8.959625000
12.115492000
11.825601000
12.210801000
13.095121000

0.926046000
2.134211000
4.398798000
3.793924000
0.945440000
0.480554000
6.379892000
7.313874000
2.858847000
0.420387000
-0.324141000
5.587965000
5.903925000
2.334679000
3.084472000
0.934598000
0.469622000
7.974411000
8.730351000
8.335212000
7.863084000
0.681430000
0.138223000
0.344931000
-0.597081000
1.636954000
1.840954000
2.343753000
1.346525000
3.022054000
2.243560000
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Table S12. 1 with bound acetonitrile
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5.682608000

8.112755000
7.437264000
2.925702000
7.915046000
4.866169000
4.112966000
6.297453000
7.051029000
3.738704000
5.470796000
4.243076000
1.779217000
3.037131000
1.907347000
2.857387000
5.666138000
1.997816000
1.115417000
3.369144000
2.467147000
3.245069000
3.345001000
6.887331000
0.809385000
0.899186000
2.118561000
1.318361000
0.580272000
0.511263000
5.340638000
5.979890000
5.744242000

¢

8.458134000
10.017005000
8.431360000
7.788467000
9.353797000
9.185692000
7.436405000
8.000078000
9.807206000
8.743423000
7.227985000
6.892519000
7.342566000
7.215645000
6.208826000
5.674936000
10.116985000
6.385073000
6.192340000
9.240415000
8.891089000
6.071837000
5.635599000
10.490338000
5.778146000
4.893027000
5.824844000
5.186956000
8.052701000
8.935572000
10.646820000
11.386684000
6.736936000

3.990993000
4.411833000
6.262670000
2.432593000
5.236253000
2.369522000
4.484411000
5.791235000
3.608840000
1.796677000
6.461613000
5.734390000
1.658794000
3.716524000
0.857128000
0.826724000
1.770740000
4.199763000
3.598630000
0.520521000
0.028856000
6.253102000
7.244623000
2.513440000
0.108125000
-0.522418000
5.462530000
5.838564000
1.729556000
2.366253000
0.529543000
0.052747000
7.843902000
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Table S13. Ligand oxidized 1-ox without bound solvent or perchlorate

4.971268000
6.720428000
5.742725000
-0.398361000
-1.253766000
4.173834000
3.890155000
-0.512900000
-1.454684000
7.826357000
7.287565000
8.293188000
8.611755000
6.665032000
6.404222000
6.049587000
5.690284000
6.923089000
5.250285000

7.086935000
7.100601000
5.637070000
6.481002000
6.142943000
10.185216000
10.569313000
7.616174000
8.163671000
11.539173000
12.476686000
11.221230000
11.722416000
6.703155000
6.380130000
6.016716000
4.979267000
6.119215000
6.683454000

29
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5.533429000
8.057685000
7.315890000
2.822471000
7.943179000
4.771262000
4.097011000
6.238655000
6.950663000
3.618597000
5.461814000
4.278085000
1.603200000
3.031041000

9.187214000
10.720596000
8.907284000
8.408526000
10.111024000
9.803698000
7.944841000
8.517290000
10.471697000
9.397800000
7.571067000
7.262468000
8.060267000
7.722579000

8.544486000
8.181644000
7.874961000
0.167954000
-0.418155000
-0.093256000
-1.073143000
0.977558000
1.025037000
2.024961000
1.827275000
1.080373000
2.764468000
2.741574000
1.654603000
0.300178000
0.271253000
-0.357687000
-0.055689000

4.408935000
4.710518000
6.648829000
2.796578000
5.503540000
2.726256000
4.765622000
6.116572000
3.958648000
2.178953000
6.704089000
5.942035000
2.073567000
3.988826000
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1.652580000
2.591847000
5.546496000
2.064213000
1.198295000
3.183318000
2.249590000
3.349018000
3.504176000
6.790309000
0.483464000
0.504230000
2.233859000
1.493468000
0.427358000
0.429445000
5.169710000
5.794933000
5.821835000
5.037880000
6.773188000
5.904799000
-0.706413000
-1.616494000
3.966401000
3.635620000
-0.735342000
-1.663894000
7.739087000
8.083881000
8.602938000
7.233824000

7.049159000
6.530867000
10.753896000
6.746288000
6.548015000
9.965216000
9.652328000
6.304515000
5.771734000
11.116367000
6.722555000
5.931619000
6.053881000
5.313807000
8.752561000
9.537678000
11.339426000
12.095840000
6.941804000
7.131258000
7.341025000
5.850532000
7.405618000
7.146857000
10.930032000
11.369112000
8.417014000
8.946622000
12.127529000
11.825798000
12.241465000
13.099134000

1.115282000
0.919650000
2.130938000
4.392363000
3.768616000
0.957447000
0.502230000
6.377249000
7.313232000
2.841929000
0.423955000
-0.326036000
5.578951000
5.879645000
2.359558000
3.116281000
0.927920000
0.458663000
7.993721000
8.742927000
8.357781000
7.878022000
0.696022000
0.153877000
0.345357000
-0.595386000
1.661552000
1.875578000
2.303890000
1.303898000
2.964219000
2.198806000
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Table S14. Ligand oxidized 1-ox with bound perchlorate
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5.642202000

8.141605000
7.411345000
2.795514000
8.034680000
4.768072000
4.079981000
6.293281000
7.005639000
3.581696000
5.467024000
4.260022000
1.593555000
3.010730000
1.690836000
2.652883000
5.526576000
2.052450000
1.201241000
3.097721000
2.134538000
3.319843000
3.465602000
6.801282000
0.539988000
0.598439000
2.216480000
1.482018000
0.387086000
0.352500000
5.102318000

9.012935000
10.577985000
8.779696000
8.442578000
9.942635000
9.800204000
7.968817000
8.445119000
10.379886000
9.446597000
7.588546000
7.302603000
8.076019000
7.747434000
7.111983000
6.644466000
10.775797000
6.763683000
6.541502000
10.088664000
9.820233000
6.362285000
5.845839000
11.091300000
6.766633000
6.011570000
6.089604000
5.344107000
8.703566000
9.455034000
11.434430000

4.254940000
4.584207000
6.510223000
2.788533000
5.362822000
2.692978000
4.744623000
6.016616000
3.863137000
2.183881000
6.662337000
5.926321000
2.048662000
3.973775000
1.046478000
0.837000000
2.119981000
4.372803000
3.737095000
1.019296000
0.598206000
6.377890000
7.324095000
2.795500000
0.334139000
-0.450178000
5.570533000
5.872492000
2.357007000
3.146429000
0.969841000
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5.715968000
5.822117000
4.944657000
6.594039000
6.226666000
-0.679903000
-1.575399000
3.867912000
3.499691000
-0.756978000
-1.708277000
7.728029000
8.034956000
8.616987000
7.220278000
6.172854000
7.091856000
4.916232000
6.822860000
5.903010000

12.210024000
6.997288000
6.917005000
7.602768000
5.981818000
7.384551000
7.111466000

11.074178000

11.571172000
8.349818000
8.830016000

12.136308000

11.895692000

12.212163000

13.111719000
6.080410000
5.278542000
6.303024000
7.404945000
5.424143000

0.516889000
7.972819000
8.625593000
8.459825000
7.825379000
0.628479000
0.069257000
0.422899000
-0.474137000
1.637649000
1.867924000
2.281925000
1.253505000
2.914043000
2.254987000
2.837030000
2.031698000
2.113027000
3.096636000
4.119512000

Table S15. Ligand oxidized 1-0x with bound acetonitrile

29
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5.737270000
8.211837000
7.468408000
2.776550000
8.109205000
4.763485000
4.062872000
6.331338000
7.051296000

«

8.268227000
9.876705000
8.116464000
7.924010000
9.219408000
9.254647000
7.445060000
7.824030000
9.730799000

o

3.700194000
4.092022000
6.004433000
2.376563000
4.857505000
2.285798000
4.327858000
5.527458000
3.401575000
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3.559573000
5.432247000
4.195331000
1.584367000
2.955369000
1.694186000
2.655059000
5.505945000
1.918263000
1.037576000
3.053242000
2.082362000
3.174579000
3.277001000
6.801316000
0.556473000
0.625162000
2.040640000
1.245707000
0.377788000
0.331903000
5.051779000
5.654262000
5.760451000
4.911766000
6.099539000
6.602701000
-0.662206000
-1.547361000
3.810241000
3.424149000
-0.752136000
-1.703099000
7.700546000
7.171127000
8.006538000
8.592380000
6.523114000
6.872036000
7.310481000
6.885449000
8.407266000
6.974201000

8.943362000
7.131841000
6.878122000
7.549847000
7.279103000
6.549241000
6.063216000
10.264636000
6.419290000
6.232615000
9.641508000
9.393775000
6.073146000
5.630760000
10.532330000
6.190908000
5.407521000
5.833473000
5.188156000
8.201671000
8.981396000
10.996204000
11.800371000
6.716004000
6.256987000
7.591574000
6.005652000
6.832117000
6.548700000
10.662741000
11.207583000
7.834256000
8.332321000
11.630159000
12.593241000
11.463310000
11.684049000
6.729731000
5.861326000
4.777843000
3.831597000
4.715330000
4.957407000

1.789930000
6.263330000
5.564582000
1.624486000
3.598005000
0.660592000
0.489554000
1.756810000
4.077079000
3.470655000
0.669177000
0.252442000
6.100879000
7.088770000
2.409135000
-0.067293000
-0.822411000
5.325124000
5.696707000
1.880532000
2.641575000
0.660649000
0.243849000
7.646004000
8.158479000
8.219728000
7.629294000
0.174951000
-0.395403000
0.115059000
-0.745919000
1.146829000
1.336913000
1.959524000
1.997840000
0.916030000
2.589727000
2.562797000
1.880098000
1.031658000
1.393781000
1.050906000
0.001212000
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Table S16. Metal oxidized 1 without bound perchlorate or solvent
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5.494580000

7.961697000
7.341453000
2.795150000
7.798841000
4.750366000
4.094758000
6.235800000
6.909198000
3.592999000
5.505512000
4.295025000
1.583785000
3.011968000
1.646176000
2.589898000
5.536747000
2.062403000
1.186469000
3.175704000
2.240369000
3.386496000
3.558531000
6.764933000
0.484935000
0.516488000
2.255547000
1.520009000
0.401488000
0.392700000
5.166425000
5.802316000

9.172240000
10.566366000
9.007552000
8.419307000
9.894674000
9.793707000
7.963126000
8.550144000
10.402499000
9.395700000
7.634847000
7.287738000
8.060821000
7.735882000
7.040500000
6.525647000
10.750042000
6.772986000
6.580747000
9.986168000
9.674478000
6.343840000
5.818143000
11.074318000
6.700739000
5.905174000
6.091076000
5.353317000
8.748060000
9.539276000
11.346823000
12.102318000

4.381679000
4.755895000
6.501829000
2.785757000
5.603850000
2.750560000
4.745791000
6.044090000
3.981065000
2.196564000
6.642818000
5.926121000
2.056657000
3.979598000
1.108687000
0.925735000
2.156518000
4.404491000
3.793504000
0.975498000
0.521906000
6.373654000
7.310112000
2.868936000
0.410995000
-0.333696000
5.588708000
5.907997000
2.327958000
3.078230000
0.965408000
0.509438000
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Table S17. Metal oxidized 1 with perchlorate
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5.896918000
5.123964000
6.853858000
5.976510000
-0.710935000
-1.615161000
3.959039000
3.632608000
-0.753488000
-1.686480000
7.751673000
8.102978000
8.606133000
7.270216000

5.526490000

8.008050000
7.404796000
2.756772000
7.849648000
4.729257000
4.066176000
6.262478000
6.927620000
3.557760000
5.508396000
4.272767000
1.567190000
2.978937000

«

7.020333000
7.222686000
7.418261000
5.929151000
7.379075000
7.110478000
10.949705000
11.399857000
8.399611000
8.926952000
12.070320000
11.779880000
12.145868000
13.055473000

9.108531000
10.487483000
8.900164000
8.463236000
9.805028000
9.810521000
7.993593000
8.497927000
10.364030000
9.433539000
7.621314000
7.311539000
8.076667000
7.773308000

7.940058000
8.696375000
8.287970000
7.827012000
0.668311000
0.121101000
0.375270000
-0.561730000
1.623998000
1.823760000
2.376634000
1.375487000
3.053670000
2.286832000

¢

4.325423000

4.684215000
6.414604000
2.808863000
5.523976000
2.751534000
4.757991000
5.994866000

3.939613000
2.215060000
6.620144000
5.931264000
2.061155000
3.997788000
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1.672936000
2.633071000
5.515219000
2.026921000
1.144710000
3.125450000
2.175051000
3.358088000
3.537268000
6.763261000
0.534323000
0.599868000
2.222350000
1.485004000
0.363165000
0.320324000
5.132002000
5.770645000
5.911772000
5.098757000
6.814688000
6.105306000
-0.682627000
-1.568982000
3.910515000
3.572602000
-0.768973000
-1.718322000
7.749724000
8.092091000
8.610537000
7.272919000
6.187016000
7.156187000
5.034016000
6.852397000
5.739084000

7.055555000
6.564031000
10.765687000
6.816010000
6.631966000
10.045193000
9.755887000
6.377259000
5.844131000
11.062392000
6.686450000
5.889924000
6.131866000
5.396782000
8.735167000
9.528099000
11.381799000
12.133025000
6.993761000
7.085206000
7.465720000
5.921148000
7.336304000
7.045013000
11.005835000
11.471230000
8.357495000
8.862584000
12.057257000
11.768828000
12.125217000
13.045007000

6.234544000
5.476870000
6.610229000
7.479374000
5.449072000

1.117612000
0.959531000
2.157826000
4.426543000
3.822259000
1.010289000
0.573549000
6.388108000
7.318832000
2.847809000
0.397845000
-0.343740000
5.609906000
5.931282000
2.306863000
3.054171000
0.979661000
0.520694000
7.907814000
8.641491000
8.304787000
7.753386000
0.628797000
0.064111000
0.406484000
-0.518953000
1.580939000
1.760421000
2.350809000
1.345877000
3.020696000
2.268713000
2.690287000
1.899638000
1.861315000
3.180184000
3.844266000
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Table S18. Metal oxidized 1 with acetonitrile
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5.574144000

8.100207000
7.465419000
2.772502000
7.937592000
4.735409000
4.046282000
6.288091000
6.980269000
3.557185000
5.476413000
4.213670000
1.619739000
2.945684000
1.787460000
2.763954000
5.508333000
1.935499000
1.041844000
3.105995000
2.152050000
3.239045000
3.377529000
6.779463000
0.689680000
0.805446000
2.089711000
1.307618000
0.391358000
0.297196000
5.101165000

«

8.526575000
9.837942000
8.275139000
7.966865000
9.169301000
9.325695000
7.531052000
7.951308000
9.784632000
8.965273000
7.189660000
6.916043000
7.535423000
7.338603000
6.488600000
6.015003000
10.308283000
6.470035000
6.307027000
9.613109000
9.333216000
6.069760000
5.579116000
10.559639000
6.069816000
5.252764000
5.850118000
5.185494000
8.173227000
8.989813000
10.970170000

3.874436000
4.194987000
5.949777000
2.410083000
5.037841000
2.363807000
4.390619000
5.563836000
3.499600000
1.833816000
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