Electronic Supplementary Material (ESI) for Journal of Materials Chemistry A.
This journal is © The Royal Society of Chemistry 2023

Cracked Carbon Matrix Decorated with Amorphous IrQO,
Boosting Oxygen Evolution Reaction in Electrochemical

Water Splitting

T. B. Ngoc Huynh,? Dohyeon Lee,* Soo-Kil Kim®, Myung Jun Kim,** and Oh Joong Kwon?®"

“Department of Energy and Chemical Engineering and Innovation Centre for Chemical

Engineering, Incheon National University, Incheon 22012, Republic of Korea

bSchool of Integrative Engineering, Chung-Ang University, 84 Heukseok-ro, Dongjak-gu,

Seoul 06974, Republic of Korea

“Department of Applied Chemistry, Kyung Hee University, Yongin-si, Gyeonggi-do 17104,

Republic of Korea
Corresponding Authors

*myungjun.kim@khu.ac.kr (M.J.K), ojkwon@inu.ac.kr (0.J.K)

Table of Contents

Supplementary FiGUIes............ccociiiiiiiiiiiiiieee e S2
Supplementary Tables.............cccooiiiiiiiii e S13
REFEIreNCeS. .........ooiiiiiiiii e S18

S1



Supplementary Figures

Figure S1. A TEM image and elemental mapping results of Ir nanoparticle embedded in CM-
100.
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Figure S2. Cyclic voltammograms for (a) IrO,@CM-40, (b) 60, (c) 80, (d) 100, and (e) 120

for measuring ECSA. (f) Current density as a function of the scan rate measured from (a)—(e).
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Figure S3. Size distribution of IrO4 nanoparticles embedded in (a) CM-40, (b) 60, (¢) 80, (d)
100, and (e) 120.
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Figure S4. TEM images for [rO,@CM-100 with white arrows indicating th

IrOy particles.
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Figure S5. (a) XPS spectra of Ir 4f for commercial IrO, and synthesized IrO4 nanoparticles
with IrO,@CM-100. XPS spectra of (b) Ir 4f, (¢c) N 1s, (d) C 1s, and (e) Ti 2p for IrO,@CM-
40, 60, 80, 100, and 120.
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Figure S6. XPS spectra of O 1s for (a) [rOy@CM-100 and (b) I[rO,@CM samples.
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Figure S7. Voltammograms before IR correction for OER on commercial IrO, and IrO,@CM

samples.
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Figure S8. Tafel plots for commercial IrO, and IrO,@CM samples.
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Figure S9. Voltammograms during the accelerated durability test (ADT) for (a) [rOx@CM-40,
(b) 60, (c) 80, and (d) 120 in Nj-saturated 0.1 M HCIO, electrolyte.
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Figure S10. A TEM image and elemental mapping results of I[rO,@CM-100 after long-term
durability test at 10 mA-cm for 100 h.
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Figure S11. A SEM image and elemental mapping results of IrO,@CM-100 after long-term
durability test at 10 mA-cm for 100 h.
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Supplementary Tables

Table S1. The Synthetic Conditions for N-Doped Carbon Matrix with IrO; Nanoparticles.

The amount of

Samples polyaniline solution?
(uL-cm?)
[rO,@CM-40 40
IrOx@CM-60 60
IrOx@CM-80 80
[rO,@CM-100 100
[rO,@CM-120 120

aPolyaniline solution: 0.06 M aniline, 0.12 M F-aniline, 1 M HCIl, 0.23 M (NH,),S,05

(See Experimental section)
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Table S2. OER Half-Cell Performance of Ir-Based Electrocatalysts Reported in Previous

Research.
Loading Stability test
Catalysts Electrolytes Amount2 n? Chronopoten Increasing Ref.
(mg;-cm™) -tiometry rate of
0.1 M 10 mA-cm?, 0.57 This
Ir0,@CM-100 HCIO, 05 264 100 h mV-h-! study
IrO_-Ta_O_/Ti
2 %2 0.1 M H,SO, 0.7 270 - - 1
felts
10% F-doped
1£0./Ti fol 0.1 N H,S0, 0.3 250 - - 2
. -2
2% tO/NWCNT  05MH,S0, 0016 272 10 n}‘g‘gm © 3.6mVh! 3
. -2
4wt% IO /CNT 0.1 MH,S0, 0076 270  ° n}‘g‘gm © 38mVh! 4
Ir'W/C 0.1 M HCIO, 0.03 3000 - - 5
. -2
Ir S“pesgucmre/ 0.0 MHCIO, 00115 276 0 mﬁhcm © 78mVh! 6
I'NiCu/CB 0.1 M HCIO, 0.02 303 - - 7
IrO, nanofiber 0.1 M H,SO, 0.2 440 - - 8
Ir0O-RuO,@Ru  05MH,S0, 0379 281 - - 9
. -2
IrO_nanosheets 0.5 MH,SO, 00078 250 10 n}ggm © 47mVht 10
3-DOMIr02  05MH,S0,  0.127 330 - - 11
. -2
IrO /CNT 05MH,S0, 0016 203 1° n}ggm © 57mvh! 12
. . -2
Irnanoparticles ) 5y p 1 o), 0.82 290 10mAem?, 5.0 mV-h! 13
/graphene 10 h
Mesoporous IrO
2 0.1 M HCIO, - 270 - - 14
film
IrO_/graphiti om?
OYEEPILC ) S M H,S0, 0081 276 ZOMACML o s4wvahl 15
carbon nitride 4h
. . -2
INiCoy  01MHCIO, 025 220 OUFM™ lamvat 16

a0Qverpotential @10 mA-cm2 (mV)
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Table S3. Charge Transfer and Solution Resistances Measured from Nyquist Plots in

Figure 4(c).
Samples Solution resis:ance Film resistaznce .Charge transfer )
(Ry, Q-cm?) (R, Q-cm?) resistance (R, Q:cm?)
[rO,@CM-40 2.90 1.38 5.35
IrOx@CM-60 2.60 1.30 3.24
[rO,@CM-80 2.64 1.03 3.76
IrOx@CM-100 2.60 0.17 3.20
[rO,@CM-120 2.56 0.84 3.90
Commercial IrO, 2.53 2.02 10.82
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Table S4. Percentages of Oxygen Species Calculated from XPS Spectra in Figure S6(b).

Samples Lattice O OH group
[rO,@CM-40 49.5 50.5
[rO,@CM-60 54.1 45.9
[rO,@CM-80 52.5 47.5

IrOy@CM-100 46.2 53.8
IrOy@CM-120 54.0 46.0
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Table SS. Full-Cell Performance of Ir-Based Electrocatalysts Reported in Previous

Research.
Membrane @1A-cm™ Ref.
Anode Cathode ) V)
IrO,@CM-100 Pt/C 40% This
(1 mg-cm??) (0.4 mg-cm??) NRIIS 20 1.64 study
Ir/TiO,-MoOx Pt/C 46%
(0.5 mgem?) (0.5 mgem?) NR212 80 1.74 17
Ir/B4C-100 °C Pt/C 20%
(0.5mgem?) (0.4 mgem?) NR212 80 1.63 18
II'().7RL10.3 OX Pt/C
(18mgem?) (0.5 mgem?) NR115 80 1.656 19
IrO, Pt/C 40%
(14mgem?) (0.4 mgem?) NR115 80 1.765 20
IrO, Pt/C
(3.0mgem?) (0.1 mgem?) NR212 RT 1.56 21
It Sne 1O Pt/C 70%
052970482 (0.57 mgeem-  NRI15 80 1.63 22
(1.5 mg-em™) 2)
IrO,@TiO, Pt/C 60%
(12mgem?) (0.5 mgem?) NR115 80 1.7 23
IrO,-V doped 0
TiO, (OPSt/r(r:l 4_2;(1’_2) NR117 80 2.03 24
(2.5 mg-cm?) > Mg
IrO,-Nb doped 0
TiO, (Ofg[/r(rjl 4'(0);;’_2) NR117 80 2.027 25
(2.5 mgrem?) > Mg
IrO, Pt/C 40%
(17mgem?) (0.5 mg-em?) NR117 80 1.88 26
80% IrO,/ATO Pt/C 20%
(2 mg-em?) (0.5 mg-cm?) NR115 80 1.74 27
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