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EQUATIONS
Erue = Eagagcisat. ke + 0.059 pH + E°ag/agcigsat. ke (S-1)
TNOER = ERHE -1.23 (S-2)
Nuer = |EruE| (S-3)
n=>b xlog(j) +a (S-4)
Ja =" (8-5)
EASA = “gem (S-6)

&

where Erue / V is the converted potential vs. RHE; E4gugcipsar kcy / 'V 1s the
measured potential vs. the Ag/AgCl(sat. KCI) reference electrode; E°4gugciisar kcp
=0.197 V; noer / V is the O, evolution overpotential; 7z / V is the H, evolution
overpotential; 5 / V is the overpotential; j / A cm™ is the current density; b / V
dec is the Tafel slope; ju / A cm™ is the capacitive current density; j, / A cm? is
the absolute value of the anodic j corresponding to a given scan rate value, at an
electrochemical potential value where there are only double-layer adsorption and
desorption features; j. / A cm? is the absolute value of the cathodic j
corresponding to a given scan rate value, at an electrochemical potential value
where there are only double-layer adsorption and desorption features; EASA / cm?
is the electrochemically active surface area; Cy / F cm? is the electric double-
layer capacitance; Seeom / cm? is the geometric surface of the electrode and Cs / F
cm? is the specific capacitance.'™

* Corresponding author. E-mail: b.taranu84@gmail.com

S121

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



8122 TARANU
ELECTROCHEMISTRY DATA
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Fig. S-1. Anodic polarization curves recorded on GCo and on (a) GCpi-pheN-1, GCp1-bME-1, GCp1-
pmso-1, GCpi-cuzen-1, GCpi-tir-1, GCpi-pem-1 and GCri-ron-1; (b) GCpi-phen-2, GCpi-pMF-2, GCp1-
pmso-2, GCpi-cuzen-2, GCri-tir-2, GCri-pem-2 and GCri-ron-2 and (¢) on GCpi-phen-3, GCpi-DME-3,
GCpri-oms0-3, GCpi-cusen-3, GCpi-thr-3, GCp1-pem-3 and GCri-rron-3. Electrolyte solution: 0.1 mol

L1 H;S04. v=5mV s
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Fig. S-2. Anodic polarization curves recorded on GCo and on (a) GCpi-phen-1, GCpi-bmE-1, GCp1-
pmso-1, GCpi-cuszen-1, GCpi-tr-1, GCpi-pem-1 and GCpi-kron-1; (b) GCpi-pnen-2, GCpi-bmr-2, GCpi-
pmso-2, GCpi-cuzen-2, GCrr-tir-2, GCpi-pem-2 and GCri-ron-2 and (¢) on GCpi-phen-3, GCpi-DME-3,

GCpri1-oms0-3, GCpi-cusen-3, GCpi-thr-3, GCpi-pem-3 and GCri-ron-3. Electrolyte solution: 0.1 mol

L'KCLv=5mVso
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Fig. S-3. Anodic polarization curves recorded on GCo and on (a) GCpi-phcn-1, GCp1-bmE-1, GCpi-
pmso-1, GCpi-cuzen-1, GCpi-tir-1, GCpi-pem-1 and GCri-ron-1; (b) GCpi-phen-2, GCpi-pmF-2, GCpi-

pmso-2, GCpi-chsen-2, GCpi-thr-2, GCpi-pem-2 and GCpi-ron-2 and (¢) on GCpi-phen-3, GCp1-DMF-3,
GCpr1-pms0-3, GCpi-cuzen-3, GCpi-trr-3, GCpi-pem-3 and GCri-rron-3. Electrolyte solution: 1 mol L
TKOH.v=5mV s
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Fig. S-4. Cathodic polarization curves recorded on GCo and on (a) GCpi1-pncn-1, GCp1-DMF-1,

GCpri-omso-1, GCpi-cusen-1, GCpi-thr-1, GCpi-pem-1 and GCri-kon-1; (b) GCpi-pren-2, GCri-DMF-2,
GCpr1-oms0-2, GCpi-cusen-2, GCpi-thF-2, GCpi-pem-2 and GCri-rron-2 and (¢) on GCpi-phen-3, GCpi-
pmr-3, GCp1-bmso-3, GCpi-cuzen-3, GCpi-thr3, GCpi-pems and GCri-ron3. Electrolyte solution:
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Fig. S-5. Cathodic polarization curves recorded on GCo and on (a) GCpi-pnen-1, GCp1-DMF-1,
GCpri-pmso-1, GCpi-chzen-1, GCpi-thr-1, GCpi-pem-1 and GCri-eron-1; (b) GCpi-pren-2, GCpi-bDME-2,
GCpri-pms0-2, GCpi-chacn-2, GCpi-thr-2, GCpi-pem-2 and GCri-rron-2 and (¢) on GCpi-pren-3, GCpi-

pmr-3, GCp1-pmso0-3, GCpi-cusen-3, GCpi-trr-3, GCpi-pem-3 and GCri-rron-3. Electrolyte solution:

0.1 mol LTKCl. v=5mV s
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Fig. S-6. Anodic polarization curves recorded on GCo, GCcs, GCp1 and GCpi.cs in the
following electrolyte solutions: (a) 0.1 mol L™! H2SO4, (b) 0.1 mol L' KCI and (c) 1 mol L™!
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Fig. S-7. Raman spectra recorded on GCri.cs before a cathodic stability experiment performed
in 1 mol L' KOH solution (GCpi-csa) and after the experiment (GCr1-csb).
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TABLE S-I. The HER activity of GCri.c and of other porphyrin-based electrodes

TARANU

TABLES

Catalyst . nuer [ mV at 1
substrate j=-10 mA cm™
b Environment 10 mA ,Tafel slope, mV dec” Ref.
Zn-TPP/G R R S
@Cu foil * 0.5 mol L' H2SO4 480 -
Zn-TAPP/G B R S
@Cu foil ¢ 0.5 mol L' H2SO4 480 -
Zn-TPyP/G 4 b s
@Cu foil ® 0.5 mol L™ H2SO4 560 -
ZnTAPP-NA B .
@GC © 1 mol L' KOH 546 121
CoTAPP-NA B ]
@GC ' 1 mol L' KOH 470 110
CoTPP-SD B ,
@CFP ¢ 1 mol L~ KOH 475 -
CoCOP 1 7
@CFP " 1 mol L' KOH 310 161
CoTCPP B .
@FTO/Ag' 0.5 mol L' H2SO4 666 264
CoTCPP polymer 1 s
@FTO/Ag! 0.5 mol L™ H2SO4 475 197
CoTMPyP/ERGO B 1 )
@GC 0.1 mol L' KOH 347 99
CoTMPyP/ERGO . 1 .
@GC 1 mol L~ KOH 315 96
Co-2DP 1 ) 10
@Ti foil ™ 1 mol L' KOH 367 126
CoP-2ph-CMP-800 4 "
@GC " 1 mol L' KOH 360 121
CoP-3ph-CMP-800 a "
@GC° 1 mol L' KOH 380 -
CoP-4ph-CMP-800 a "
@GC? 1 mol L' KOH 440 -
Gznp-DMF-1 ¢ 1 mol L' KOH 520 150 2
Porphvlar-based ink 1 mol L'! ) 12
(@carbon paper " PBS 770 227
Gceppzn ' 0.1 mol L' KCI 1020 249 3
Fe-porphyrin polymer -y o\ yigon 678 363 B
(@carbon paper "
Co-porphyrin polymer 1y -1 ¢ o 437 195 13
(@carbon paper "
Ni-porphyrin polymer -y .1 oy 644 345 13

@carbon paper %
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Cu-porphyrin polymer

N 1 mol L' KOH 436 236 13
(@carbon paper

Pt-TAPP/G R S

@Cu foil 0.5 mol L H2SO4 ~ 550 -
2H-TAPP/G B . S

@Cu foil * 0.5 mol L' H2SO4 600 -
Ni-TAPP/G 1 . p

@Cu foil ® 0.5 mol L' H2SO4 600 -
Gp2-DMF ¢ 0.5 mol L' HoSO4 108 205 14
Gp4-niph-THF * 1 mol L' KOH 430 140 15
[ERGO/CoTMPyP]+/ 1 1 16

PDDA/4-ABA@GC O mol L' KOH 474 116
GCpri.ca 1 mol L' KOH 770 135 This work

3Zn-TPP = 5,10,15,20-tetraphenyl-21H,23H-porphine on single-layer graphene; ® at -3
mA cm?; © Zn-TAPP = 5,10,15,20-tetrakis(4-aminophenyl)-21H,23H-porphine on single-
layer graphene; ¢ Zn-TPyP = 5,10,15,20-tetrakis(4-pyridyl)-21H,23H-porphine on single-
layer graphene; © ZnTAPP-NA = Zn(II) 5,10,15,20-tetra(4-aminophenyl)-21H,23H-
porphyrin - ferrocene-1,1’-dicarbaldehyde; f COTAPP-NA = Co(1I) 5,10,15,20-tetra(4-
aminophenyl)-21H,23H-porphyrin - ferrocene-1,1’-dicarbaldehyde; ¢ CoTPP-SD@CFP =
Co(II) 5,10,15,20-tetrakis(4-aminophenyl)porphyrin — salicylaldehyde@carbon fibre
paper; " CoCOP = Co(Il) 5,10,15,20-tetrakis(4-aminophenyl)porphyrin-based covalent
organic polymer;  CoTCPP = Co(Il) meso-tetra(4-carboxyphenyl)porphyrin; § COTCPP
polymer = crystalline Co(Il) meso-tetra(4-carboxyphenyl)porphyrin-based polymeric
system; ¥ CoTMPyP/ERGO = tetrakis(N-methylpyridyl)porphyrinato cobalt /
electrochemically reduced graphene oxide; ! at -1 mA cm?; ™ Co-2DP = multilayer 2D
polymer based on Co(Il) 5,10,15,20-tetrakis(4-aminophenyl)-21H,23H-porphyrin and 2,5-
dihydroxyterephthalaldehyde; " CoP-2ph-CMP-800, ° CoP-3ph-CMP-800 and ? CoP-4ph-
CMP-800 = conjugated mesoporous polymer based on Co-porphyrins and pyrolyzed at
800 °C; [ERGO/CoTMPyP]/PDDA/4-ABA@GC = multilayer films containing
tetrakis(N-methylpyridyl)porphyrinato cobalt, on treated glassy carbon electrode; 9 Gzup-
pwmr-1 = Zn(II) 5,10,15,20-tetrakis(4-pyridyl)-porphyrin drop-casted from DMF in one layer
on graphite; * Porphvlar = organic polymer obtained from the condensation of
terephthaloyl chloride and 5,10,15,20-tetrakis(4-aminophenyl)porphyrin; ® at -7 mA ¢cm?; !
Ges-pzn = Zn(Il) 5-(4-pyridyl)-10,15,20-tris(4-phenoxyphenyl)-porphyrin and Carbon
Black drop-casted as catalyst ink on graphite; “"** Fe-porphyrin polymer, Co-porphyrin
polymer, Ni-porphyrin polymer, Cu-porphyrin polymer = organic polymers obtained from
the polymerization reaction of poly(p-phenylene terephtalamide) with 5,10,15,20-
tetrakis(4-aminophenyl)porphyrin metalated with Fe, Co, Ni and Cu; ¥ Pt-TAPP/G = Pt(II)
5,10,15,20-tetrakis-(4-aminophenyl)-21H,23H-porphine on single-layer graphene; * 2H-
TAPP/G = 5,10,15,20-tetrakis-(4-aminophenyl)-21H,23H-porphine on single-layer
graphene; ® at -9 mA cm%; ® Ni-TAPP/G = Ni(II) 5,10,15,20-tetrakis-(4-aminophenyl)-
21H,23H-porphine on single-layer graphene; * Gea.omr = Pt(Il) 5-(3-hydroxyphenyl)-
10,15,20-tris(3-methoxyphenyl)-porphyrin drop-casted on graphite substrate from N,N-
dimethylformamide; * Gpanipn-trr = graphite substrate modified with suspension of nickel
phosphite in solution of 5,10,15,20-tetrakis(4-methoxyphenyl)porphyrin dissolved in
tetrahydrofuran; * [ERGO@CoTMPyP]7/PDDA/4-ABA@GC = multilayer films
containing tetrakis(N-methylpyridyl)porphyrinato cobalt, on treated glassy carbon
electrode.
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