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Figure S1. CVs (under argon) for complexes 1 (1 mM) (black), 2 (1.47 mM) (blue) and 3 (1.43 mM) (red) in the
absence of acid in MeCN with 0.1 M TBAP at a scan rate of 0.1 V /s.
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Figure S2. CVs (under argon) for complexes 4 (1.15 mM) (black), 5 (0.93 mM) (blue) and 6 (1 mM) (red) in the
absence of acid in MeCN with 0.1 M TBAP at a scan rate of 0.1V /s.
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Figure S3. Plot of current (iy) vs. (scan rate (v))"? (0.025-1 Vs™) for the reduction peaks of (a) complexes 1

(black) (0.5 mM), 2 (red) (1.11 mM) and 3 (blue) (1.07 mM) and (b) complexes 4 (black) (1.15 mM), 5
(red) (0.93 mM) and 6 (blue) (1 mM). Lines are best fit lines to the data. Linear plot of i, vs square root
of the scan rate suggests no deposition of the catalyst on the electrode surface.
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(a) CVs (under argon) for complex 1 (1 mM) in MeCN in the absence (---) and presence of (0.97, 2.90,
4.82, 6.75, 10.58, 18.20, 25.74, 40.64 mM) (—) acetic acid with 0.1 M TBAP at 0.1 V /s. The reverse
scans have been omitted for clarity. (b) CVs (under argon) for complex 1 (0.46 mM) in MeCN in the
absence (—) and presence (---) of AgNO; at 0.1 V/s. (c) CVs (under argon) for complex 1 (0.46 mM)
in MeCN in the absence (---) and presence of (0-82 mM) (—) acetic acid with 0.1 M TBAP at 0.1 V /s.
CVs with acetic acid were measured after addition of AGNO; to the MeCN solution of the sample.
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(a) CVs for [FPPSCSP*INICI (3) (1.43 mM) in MeCN in the absence (---) and presence of (1.35, 2.71,
5.40, 8.09, 13.44, 18.76, 29.31, 39.72, 50 mM) (—) of acetic acid at 0.1 V /s. (b) CVs (under argon) for
complex 3 (0.43 mM) in MeCN in the absence (—) and presence (---) of AgNO; at 0.1 V/s. (c) CVs
(under argon) for complex 3 (0.43 mM) in MeCN in the absence (---) and presence of (0-28 mM) (—)
acetic acid with 0.1 M TBAP at 0.1 V /s. CVs with acetic acid were measured after addition of AQNO3
to the MeCN solution of the sample.



Figure S6.

o_ =
<
= -200
o
5
(8]
-400
30 25 20 -15 -1.0 -05 0.0
E/VvsFct/Fc
o_
<
3.
< -200-
[
o
S
=1
o
-400

25 20 15 -1.0 -05 0.0
EIVvsFc*/Fc
Top: CVs for [PPOCOP™"INiSC¢H,CH; (4) (1.15 mM) in MeCN in the absence (---) and presence of
(2.61, 6.076, 9.53, 16.39, 23.2, 36.66, 49.92 mM) (—) of acetic acid at 0.1 V /s. Bottom: CVs for

[PPPOCSP™NiISCH4CHs; (5) (0.93 mM) in MeCN in the absence (---) and presence of (2.61, 6.075,
9.53, 16.39, 23.203, 36.66 mM) (—) of acetic acid at 0.1 V /s.
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CVs for 1 mM (a) complex 1, (b) complex 2 and (c) complex 3 in MeCN before and after bulk

electrolysis experiment with 0.1 M TBAP at 0.1 V /s. Bulk electrolysis was carried out at the first
reduction potential of the complexes.

Figure S7.
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Figure S8. CVs for 0.5 mM (a) complex 4 and (b) complex 5 in MeCN before and after bulk electrolysis

experiment with 0.1 M TBAP at 0.1 V /s. Bulk electrolysis was carried out at the first reduction
potential of the complexes.
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Figure S9. (a) CVs (under argon) for complex 1 (1.02 mM) in MeCN in the absence (---) and presence of (0.66, 1.33,
1.99, 3.97, 5.94, 9.84 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s. (b) CVs (under argon) for complex 1 (0.46

mM) in MeCN in the absence (---) and presence of (0-5 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s. CVs
with TFA were measured after addition of AQNO; to the MeCN solution of the sample.
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Figure S10.  CVs (under argon) for complex 2 (1.11 mM) in MeCN in the absence (---) and presence of (0.60, 1.19,
2.39, 3.58 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s.
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Figure S11.

CVs (under argon) for complex 3 (1.87 mM) in MeCN in the absence (---) and presence of (0.75, 1.50,
2.99, 4.47, 5.94 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s.
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Figure S12. CVs (under argon) for [FrPOCOP®rNiSCgH,CHj3 (4) (0.85 mM) in MeCN in the absence (---) and

presence of (6.59, 11.76, 14.32, 24.31, 33.96, 47.85, 61.08 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s.
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Figure S13.  CVs (under argon) for complex 5 (1.24 mM) in MeCN in the absence (---) and presence of (1.99, 3.97,

5.94, 9.84, 13.68 mM) (—) of TFA with 0.1 M TBAP at 0.1 V /s.
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Figure S14.  CVs (under argon) for complex 1 (0.5 mM) in MeCN in the presence of AA at different scan rates.
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Figure S15.(a) CVs (0.1 Vs) of CH3;CN (——), of CH3CN and 63 mM acetic acid (- - -), of [PPPOCOP™|NICI (1) (1
mM) (—) in the presence of 40.64 mM of acetic acid, of [PFPOCSP™]NiCl (2) (1.47 mM) (—) in the
presence of 45.2 mM of acetic acid and of [P'lPSCSP™|NiCl (3) (1.43 mM) (——) in the presence of 50
mM of acetic acid in CH3;CN. (b) CVs (0.1 Vs') of CH3CN (——), of CH3;CN and 63 mM acetic acid (- - -),
of [P'POCOP™]NiSC¢H,CH;3 (4) (1.15 mM) (——) in the presence of 50 mM of acetic acid and of
[PPOCSP™INiISCgH4CHs5 (5) (1.15 mM) (—) in the presence of 36.7 mM of acetic acid in CH3;CN.
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Figure S16. CVs (0.1 Vs') of CH;CN (——), of CH3CN and 5.94 mM TFA (- - -), of [P'lPOCOP™]NiCl (1) (1.02 mM)
(—) in the presence of 5.94 mM of TFA, of [PPOCSP™NICI (2) (1.11 mM) (—) in the presence of
3.58 mM of TFA and of [P"PPSCSP™]NICI (3) (1.87 mM) (—) in the presence of 5.94 mM of TFA in

CH;CN.
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CVs (0.1 Vs™) of CHsCN (——), of CHsCN and 23.08 mM TFA (- - -), of [PPPOCOPPINiSCsH,CHj (4)

(0.85 mM) (—) in the presence of 14.32 mM of TFA and of [P"'POCSP™]NiSC¢H,CHj3 (5) (1.24 mM)
(—) in the presence of 13.68 mM of TFA in CH;CN.
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Figure S18.  Plot of charge vs. time for controlled-potential electrolysis of 1 mM complexes 1 and 4 (a) with AA (-
2.4/-2.5 V) and (b) with TFA at -1.9/-1.8 V in CH3CN / 0.1 M [N(n-Buy4)][PFg].
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Figure S19. Rinse test was performed with the [P"'PE'CE2P*|NiCl (1-3) and [P"PE'CE2P*"|NiSCsH4CH; (4 and 5)
complexes. The solid black line is for catalysis in the presence of the catalysts with acetic acid at 0.1
Vs'. The working electrode (GCE) was then dipped into the solution having the same amount of
acetic acid but without the catalyst after gently rinsing with acetonitrile (black dashed line) at 0.1 Vs'.
The Pt counter and Ag/AgCl reference electrodes were also cleaned thoroughly before the rinse test.
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Figure S20. Rinse test was performed with the [P"PE'CE2P™NiCl (1-3) and the [P'PE'CE2P™]NiSC¢H,CH; (4 and 5)
complexes. The solid black line is for catalysis in the presence of the catalysts with TFA at 0.1 Vs™'. The
working electrode (GCE) was then dipped into the solution having the same amount of TFA but without
the catalyst after gently rinsing with acetonitrile (black dashed line) at 0.1 Vs'. The Pt counter and
Ag/AgCl reference electrodes were also cleaned thoroughly before the rinse test.
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icat VS catalyst concentration plots for (a) [P'POCOP™|NICI (1) with acetic acid (26 mM), (b) for
[PPPOCSP™]NICI (2) with acetic acid (6.17 mM), (c) for [P'lPSCSP™NICl (3) with acetic acid (6.51
mM), (d) for [PPPOCOPPINiSCsH,CH; (4) with acetic acid (4.34 mM) and (e) for
[PPPOCSP™INiSCsH4CH3 (5) with acetic acid (23.2 mM) in MeCN with 0.1 M TBAP at 0.1 V/s. Lines
are the best-linear fit to the data.
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Figure S22.

icat VS catalyst concentration plots for (a) for [P'POCOP™|NiSCsH4CH; (4) with TFA (14.32 mM) and (b)

for [P"POCSP™INiSCe¢H4CH; (5) with TFA (9.84 mM) in MeCN with 0.1 M TBAP at 0.1 V/s. Lines are
the best-linear fit to the data.
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Proton reduction kinetics:

For a diffusion limited catalytic process that occurs at high enough [H*] that the concentration remains unchanged, the
observed current obeys the following equation:

joat = NFA [cat] N DR[H 7] 1)

The peak current observed in the absence of acid for the complex, can be written as:

FyD
i, = 0.443FA [cat]\ RT (2)

Dividing (1) by (2), results in the following expression:

leg T k
? 0.4463

A = area of the electrode, D is the diffusion coefficient of the catalyst (D for the oxidised and reduced forms are
assumed equal), n = 2 for H, production , R = 8.314 J/(mol K), F = 96485 C/mol, v scan rate in V/s, k is the third order
rate constant. Linearity of:

1. plots of i../i, vs acid concentration confirms that the electrocatalytic process is second order with respect to acid
concentration

2. plots of i.o¢ vs [catalyst] confirms that the process is first order with respect to catalyst concentration

The rate law for the thirdorder process can be written as: rate = k [H*]? [caf]

18
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0.1 Vis.
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Figure S24.
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Figure S25.  Top: i, Vs acid concentration plot (with TFA) for [P'lPOCOP®NiSCsH,CH3 (4) (0.85 mM) and for
[PPOCSP™INiISC¢H4CH5 (5) (1.24 mM) in MeCN with 0.1 M TBAP at 0.1 V/s (negative sign for
catalytic current has been ignored). Bottom: i / i, vs acid concentration (M) plot for
[FPOCOPPTINiISC¢H4CH; (4) (0.85 mM) and for [P'POCSP™NiSC¢H,CHj5 (5) (1.24 mM) (with TFA) in
MeCN with 0.1 M TBAP at 0.1 V/s.
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Figure S26.  Plot of iy (nA) vs. scan rate (Vs') for complex [PPPOCOP™INICI (1) (0.5 mM) with 2.61 mM (m) and

9.53 mM (e) acetic acid in 0.1 M [NBu,][PFs] / MeCN. Negative sign for catalytic current has been
ignored.
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Figure S27.  Plot of iz (uA) vs. scan rate (Vs') for complex [P'POCSP™]NICI (2) (1.11 mM) with 1.74 mM (m) and

4.52 mM (e) acetic acid in 0.1 M [NBug][PFs] / MeCN. Negative sign for catalytic current has been
ignored.
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Figure S28.  Plot of (@) icat (wA) vs. scan rate (Vs™') for complex [F'FPSCSP®NiCl (3) (1.07 mM) with 3.48 mM (m)
acetic acid in 0.1 M [NBu,][PFs] / MeCN. Negative sign for catalytic current has been ignored.
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Figure S29.  Plot of iz (WA) vs. scan rate (Vs™) for complex [P'lPOCOP™INiSCsH,CH3 (4) (1.15 mM) with 2.61 mM

(w) and 9.53 mM (e) acetic acid in 0.1 M [NBuy][PFs] / MeCN. Negative sign for catalytic current has
been ignored.
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Figure S30.  Plot of iy (LA) vs. scan rate (Vs) for complex [PPPOCSPPINiSC¢H4CH; (5) (0.93 mM) with 2.61 mM
(m) and 9.53 mM (e) acetic acid in 0.1 M [NBuy4][PFs] / MeCN. Negative sign for catalytic current has
been ignored.
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Figure S31.

Figure 32.
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Scan rate / Vs'1
Plot of i.a (WA) vs. scan rate (Vs™) for complex [P"'POCOP™INiSC¢H,CH; (4) (1.5 mM) with 4.17 mM
(m) and 13.5 mM (e) TFA in 0.1 M [NBu4][PFs] / MeCN. Negative sign for catalytic current has been

ignored. No kinetic information can be extracted in these experiments since a region independent of
scan rate was not fully reached.
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Plot of iget (LA) vs. scan rate (Vs) for complex [PPPOCSP™NiSC¢H4CH; (5) (1.24 mM) with 3.97 mM
(m) TFA in 0.1 M [NBug][PFs] / MeCN. Negative sign for catalytic current has been ignored. No kinetic

information can be extracted in these experiments since a region independent of scan rate was not
fully reached.
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Figure S33.  UV-Vis absorption spectroscopy (I = 1 mm) of (a) complex [F'TPOCSP*"|NiCI (2) (0.18 mM) and (b)
complex [PPPSCSP™1INICI (3) (0.09 mM) recorded in acetonitrile under different concentrations of TFA
(0-93 mM). The spectral changes upon addition of increasing amounts of acid are indicated by arrows.
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Figure S34. UV-Vis experiments in acetonitrile for [F'lPSCSP*|NiCl (3) in the absence and presence of TFA and
after addition of NaHCOs.
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Figure S35.

Absorbance

after adding NaHCO,

Absorbance
Absrobance
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Wavelength / nm Wavelength / nm
UV-Vis absorption spectroscopy (I = 1 mm) recorded in acetonitrile for complexes (a)

[P"POCOPPTINiISC¢H4CH; (4) (0.25 mM) under different concentrations of acetic acid (0-580 mM) and
(b) [PPPOCSP™INiSC¢H,CHj5 (5) (0.15 mM) under different concentrations of acetic acid (0-1160 mM).
The dotted lines represent the UV-Vis measurements after addition of NaHCO; to the acetonitrile
solution and (c) [P'PPOCSP™NiSCsH4,CH3 (5) (0.10 mM) under different concentrations of TFA (0-5
mM). The spectral changes upon addition of increasing amounts of acid are indicated by arrows.
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Figure S36. 'H NMR spectra for [PlPOCOP™]NICI (1) in CD;CN without (red) and with (green) TFA.
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Figure S37. 3'P{'H}NMR spectra for [FFPOCOP™NiCl (1) in CD3CN without (red) and with (green) TFA.
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Figure S38. 'H NMR spectra for [PlPOCSP™]NIiCl (2) in CD;CN without (red) and with (green) TFA.
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Figure S39. 3'P{'H} NMR spectra for [F'lPOCSP™NiCl (2) in CD3;CN without (red) and with (green) TFA.
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Figure S40. 'H NMR spectra for [P'PSCSP™]NIiCl (3) in CD;CN without (red) and with (green) TFA.
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Figure S41. 3'P{'H} NMR spectra for [FIPSCSP™]NiCI (3) in CD;CN without (red) and with (green) TFA.
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Figure S42. 'H NMR spectra for [PlPOCOP™]NiSCsH,CHj3 (4) in CD;CN without (red) and with (green) TFA.
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Figure S43. 3'P{'H} NMR spectra for [F'lPOCOP™NiSC¢H,CH; (4) in CD3CN without (red) and with (green) TFA.
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Figure S44. '"H NMR spectra for [PlPOCSP™INiSCsH,CHj3 (5) in CD3CN without (red) and with (green) TFA.
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Figure S45. 3'P{'H} NMR spectra for [FPOCSP™NiSC¢H,CH; (5) in CD3CN without (red) and with (green) TFA.
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Table S1.

Crystallographic parameters for complex 6.

[PrPSCSPPINiSC¢H,CHj (6)

Chemical formula
Formula weight
Colour

Crystal system
Space group

Unit cell dimensions
a,b,c

a, B, v

Cell volume

z

Temperature

Wavelength

Reflections collected
Independent reflections
Observed reflections (I > 20(l))
Parameters

GOF (F?)

Ry (1> 20(1))

WR, (all data)

C25H38Nipzs3
555.38 g/mol
red
monoclinic

C2/c

30.1685(9) A
9.1638(3) A
20.4900(6) A
90°
105.7342(11)°
90°

5452.4(3) A3

8

150(2) K

0.7107 A (Mo-K,)
63008

6581

5819

289

1.038

0.0266

0.0698
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Qualitative Analysis Report

Instrument Name LCMS Data Filename

D:\Chem32\1\Data\1901119012905.D

Acq Method 100%ACN - SCAN Pos Sample Name PH 158
DA Method HRMS.m Position Vial 21
User Name SYSTEM Comment ACN

User Spectra

x10 6 |tESI Scan:1 (0.14-0.18 min, 4 Scans) Frag=30.0V 19012905.D
o
2.5 ¥
2 O—P(iPr),
1.5 Ni*—N=— mv/z =440
od
14 =t .
~ O—P(iPr),
0.5 g
il | | ‘ T . | | | | |
425 430 435 440 445 450 455 460 465 470 475
Counts vs. Mass-to-Charge (m/z)
x10 6 |TESI Scan:2 (0.15-0.19 min, 4 Scans) Frag=150.0V 19012905.D
=]
4 =
3 ~
ol
=
2, ¥
=] . e
14 S 3 s}
3 3
=t
O d : ‘ ! | Lzl s ; ‘ | ‘I {IT - : : : : :
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Figure S46. LC-MS spectra (low resolution) for complex 1 in MeCN with 10 equiv. of TFA added.
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Elemental Composition Report

Hasche PH 159

Mass Calc. Mass mDa PPM Formula
456.1184 456.1190 -0.6 -1.3 C20H34 N O P2 S Ni
Hasche XEVO-G2XSTOF#YEA1301
PH 150 MeOH/0.19:HCOOH in H20 9:1
10012905 58 (0.632) 1: TOF MS ES+
6.30e+007
i 456.1184
S—P(iPr),
Nif—N=— m/z =456
4470817
9% 458.1144 0—P(iPr),
415.0815
417.0878 b
405.0341 4140712 461.1137
i 356.0373.55421%%  3700177375.0372 301.1616 N N ||| ~418.0889 440.1410 [ |,{ 483.0791 493.0871 196 ng5g_506.1270 5332128

= miz
345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535

Figure S47. LC-MS spectrum (high resolution) for complex 2 with 10 equiv. of TFA added.



Qualitative Analysis Report

Instrument Name LCMS Data Filename  D:\Chem32\1\Data\1901\19012913.D
Acq Method SCAN Pos_oS.M Sample Name PH 161

DA Method HRMS.m Position Vial 24

User Name SYSTEM Comment MeOH/0.1%.HCOOH in H20 90:10

User Spectra

x10 6 |*ESI Scan:1 (0.15-0.20 min, 5 Scans) Frag=30.0V 19012913.D
(]
j,Sf 3
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Figure S48. LC-MS spectra (low resolution) for complex 4 with 10 equiv. of TFA added.
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