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Table S1 Catalysts with BN-bond structure reported in literature

Application (As /mV at
Sample PP ( Electrolyte X ) Ref.
catalyst/support) (i/ mA/cm?)
pure IrOx OER (as catalyst) 1 M KOH 285 (10) 1
calcined-1rOy OER (as catalyst) 0.5 M H,S04 260 (10) c
IrOx/L-BN OER (as support) 1 M KOH 259 (10) 1
h-BN nanosheets
supported on metal HER (as catalyst) 0.1 M HCIO4 =770 (20) 3
substrates (Cu and Au)
IrO,-c-BN OER (as support) 0.5 M H,SO, 400 (10) This work
IrO,-BN-rGO OER (as support) 0.5 M H3S04 300 (10) This work
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Fig. S1 TEM images of a) GO and b) rGO (lattice spacing: 0.36 + 0.02 nm) and c) c-BN sheets

(lattice spacing: 0.32 + 0.03 nm)
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Fig. S2 TEM images of a, b) IrO2-rGO, and c) its particle distribution.
TEM images of d, e) IrO2-c-BN and f) its particle distribution.
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For 1IrO2-c-BN, although the particles were homogeneously distributed, the particles appeared both
in spherical and non-spherical shapes. The average particle diameter calculated from the spherical
nps was 1.6 + 0.3 nm and the lattice spacing for IrO2 nps was ca. 0.23 £ 0.01 nm.
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Fig. S4 EDX mapping of IrO.-BN-rGO at 15 kV showing uniform distribution of all the
constituent elements
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Table S2 MP-AES results obtained for the designed catalysts

Catalyst wt.% from EDX wt.% from MP-AES
IrO2-BN-rGO 121+1.2 9.8

IrO2-rGO 11.7+1.2 11.2

IrO2-c-BN 112+1.1 11.8

S-4



5 IrO,-c-BN

I A A,

E IrO,-rGO

:\-—//\“’f\‘ IrO,-BN-rGO

10 20 30 40 50 60 70 80
26 (degree)

Intensity (a.u.)

Fig. S5 XRD profiles of the catalysts, IrO2-BN-rGO, IrO,-rGO and IrO2-c-BN

Table S3 Calculated d-spacing values for GO, rGO, BN-rGO and c-BN supports

Material 20 d spacing
GO 10.96 8.06
rGO 24.03 3.70

BN-rGO 26.34 3.38

c-BN 26.62 3.35

Similar to BN-rGO, a sharp peak at 20 = 26.5°, referring to the (200)
crystallographic plane of BN, was observed for c-BN exhibiting the highly
crystalline and honeycomb-like hexagonal structure of c-BN comprising of B—
N bonds. Additional weak peaks were observed at 20 =41.5°, 54.9° and 75.8°,
corresponding to (100), (101) and (110) planes, respectively, which are
consistent with the literature.* A small hump at 20 =40.3° was also observed
in IrO,-c-BN after decoration with IrO; nps.
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a) Ir powder (Ir° 4f) b) Ir0,-rGO (Ir"V 4f) c) IrO,-c-BN (Ir 4f)
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Fig. S6 Deconvoluted Ir 4f spectra of a) Ir powder, b) IrO2-rGO, and c) IrO2-c-BN.
Deconvoluted d) B 1s and e) N 1s spectra for IrO2-c-BN. f) Survey scan of all the precursors and
supports

Table S4 Ir 4f peak positions and peak shift obtained from XPS spectra

Sample 4f712l eV Afsi2l eV Peak Shift from Rutile
type unsupported IrO2/ eV

Ir powder 60.9 63.9 0.9

IrO2-rGO 61.4 64.4 0.4
IrO2-B-rGO? 61.2 64.2 0.6
IrO2-BN-rGO 61.1 64.1 0.7
IrO2-c-BN 61.0 64.0 0.8

Rutile type unsupported IrO,® 61.8 64.8 0.0
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Fig. S7 Np surface area normalized LSV profiles for IrO2 supported on different supports (obtained
in 0.5 M H2S0s). The np surface area of IrO2-BN-rGO, IrO2-c-BN and IrO2-rGO was calculated
(from TEM) to be 36.56, 36.08 and 40.10 m* g !, respectively.

Table S5 List of OER activity of IrO> catalysts reported in recent literatures in 0.5 M H>SO4 with
the value of overpotential measured at 10 mAcm at respective Ir loading

Catalyst Loading Ir (mgcm) OVZ‘;pl(geanillrrE?V) Reference
Pt/IrO> 0.300 330 7
Ir/Ti4O7 0.033 - 8
IrOx-Ir 0.130 - 7

IrO; 0.380 282 5

IrO2-rGO 0.140 352 This work

IrO2-N-rGO 0.140 - 9

IrO,-B-rGO 0.140 283 5
IrO2-BN-rGO 0.140 300 This work
IrO>-c-BN 0.140 400 This work

Comm. IrO2 powder 0.287 430 5
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Fig. S8 a) Current density change of LSV on IrO2-BN-rGO (12.1 wt.% Ir) during durability tests
for 12350 cycles, and b) calculated Tafel slope of OER on IrO.-BN-rGO estimated from LSV
curve for all LSV profiles, measured in 0.5 M H2SO4 solution between 1.20 to 1.65 V vs RHE

Table S6 Calculated current densities (j / mAcm™) at 1.48 and 1.65 V vs RHE, overpotential
(n/V) at 5 and 10 mAcm2, onset potential (V), Tafel slope (mV dec™?) from LSV curve and
calculated mass activities (A gi) with increasing no. of cycles for IrO2-BN-rGO.

*All the errors in Tafel slopes are in the range of 10,

3‘3.2 égt; (mAJcm'Z) (mAJcm-Z) 5”nE\A/)Cr?]t_2 g r$1\2c?1t1'2 po?giital I:S' ;(';é'?;’ axsjiy

cycles) at1.48V | at1.65V (V) (A girh)
1(0) 1.92 55.02 0.28 0.30 1.48 72.1+0.02 | 13.82
50 (50) 1.25 54.37 0.28 0.30 1.49 65.2 £ 0.02 9.13
100 (150) 1.09 54.37 0.28 0.31 1.50 64.0 £ 0.01 7.76
200 (350) 0.89 53.23 0.29 0.31 1.50 62.0 £0.01 6.38
500 (850) 0.67 51.75 0.30 0.32 151 59.7 £ 0.01 5.51
1000 (1850) 0.57 48.89 0.30 0.32 151 59.5 + 0.02 4.80
1500 (3350) 0.48 48.32 0.30 0.32 151 59.3+0.01 4.11
2000 (5350) 0.57 43.83 0.31 0.33 151 63.2 £ 0.02 3.50
3000 (8350) 0.40 42.28 0.31 0.33 1.52 59.6 £ 0.02 4,14
4000 (12350) 0.77 33.29 0.30 0.33 151 68.8 £ 0.01 2.88
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Fig. S9 a) Current density change of LSV on IrO2-rGO (11.7 wt.% Ir) during durability tests for
1250 cycles, and b) calculated Tafel slope of OER on IrO2-rGO estimated from LSV curve for
all LSV profiles, measured in 0.5 M H2SOj4 solution between 1.20 to 1.65 V vs RHE

Table S7 Calculated current densities (j / mAcm™) at 1.48 and 1.65 V vs RHE, overpotential
(71 V) at 5 mAcm2, onset potential (V), Tafel slope (mV dec™?) from LSV curve and ca. mass
activities (A gir’t) with increasing no. of cycles for IrO,- rGO.

chzlzz é?tll (mAJcm‘Z) (mAJcm'z) S”ngxzzr?:'z 1 (')7 é\gc{:ﬁ pcizrsmi:al -(r,i,f\iljéig)e a'(:::liisi:y

cycles) at1.48Vv | atl1l.65V (V) (Agirh
1(0) 1.05 22.29 0.308 0.352 1.47 98.0 £ 0.0005 7.52
50 (50) 0.23 18.61 0.335 0.369 1.50 63.3 £ 0.0004 1.66
100 (150) 0.13 13.19 0.353 0.398 1.51 63.7 £ 0.0005 0.92
200 (350) 0.06 8.750 0.381 0.432 1.54 60.7 = 0.0004 0.45
500 (850) 0.04 6.273 0.405 0.450* 1.56 61.1 + 0.0003 0.28
400 (1250) 0.03 5.568 0.410 0.460* 1.57 56.9 = 0.0003 0.18

*after extrapolation
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Fig. S10 a) Current density change of LSV on IrO2-c-BN (11.2 wt.% Ir) during durability tests
for 3350 cycles, and b) calculated Tafel slope of OER on IrO2-BN-rGO estimated from LSV
curve for all LSV profiles, measured in 0.5 M H2SO4 solution between 1.20 to 1.65 V vs RHE

Table S8 Calculated current densities (j / mAcm™) at 1.48 and 1.65 V vs RHE, overpotential
(7/V) at 5 and 10 mAcm2, onset potential (V), Tafel slope (mV dec™) from LSV curve and ca.
mass activities (A gir’t) with increasing no. of cycles for IrO2-c-BN.

*All the errors in Tafel slopes are in the range of 10,

chzlceJZ '(At\c[))t; (mAJcm'Z) (mAJcm'z) S”HEXL;Z L (’)7 n(1\2c?rt1'2 pgi:;iital I;@';:;E; a'(\:ili?/siiy

cycles) at1.48Vv | at1.65V V) Agirh
1(0) 0.18 12.53 0.36 0.40 1.50 61.0+£0.01 1.24
50 (50) 0.11 10.05 0.37 0.41 151 58.4 +£0.02 0.78
100 (150) 0.09 9.09 0.38 0.43 1.52 57.7+0.01 0.62
200 (350) 0.08 8.64 0.38 0.43 1.52 57.6 £0.03 0.56
500 (850) 0.07 7.35 0.39 0.44* 152 | 59.7+001 | 047
1000 (1850) 0.06 6.34 0.40 0.46* 1.53 62.9 £0.01 0.40
1500 (3350) 0.05 3.63 0.44* 0.53* 1.55 72.6 £0.02 0.31

*after extrapolation
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Fig. S11 TEM images of a, b, ¢) IrO.-rGO and d, e, f) IrO2-c-BN sheets after ADT indicating
degradation of IrO2 nps via aggregation and shape distortion

Table S9 Elemental composition of IrO>-BN-rGO estimated via XPS before and after ADT

Elements Element Composition (at. %)
Before ADT After ADT
B 1s 34.37 3.07
Cls 2.99 8.43
N 1s 29.19 8.32
O1s 27.41 48.73
Si2p - 28.05
Ir 4f 5.62 341
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Fig. S12 Comparison of XPS spectra of (a) C 1s and (b) Ir 4f (c) B 1s, and (d) N 1s for
IrO2-BN-rGO, IrO2-rGO and IrO2-c-BN before and after ADT; e) B 1s deconvolution of

BN-rGO support after ADT; (f) Ir 4f deconvolution of IrO2-c-BN after ADT. C 1s deconvolution

of g) IrO2-BN-rGO and h) IrO2-c-BN before and after ADT

The Ir 4f deconvolution of IrO2-c-BN in Figure S12f displayed higher metallic character (high
peak intensity and peak area for Ir° 4f peaks) compared to IrO2-BN-rGO (Figure 8h).
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