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Abstract: Oxygen evolution reaction is a critical bottleneck for the development of efficient electrochemical hydrogen
production because of its sluggish reaction. Among various catalysts, transition metal-based layered double hydroxide has drawn
significant attention due to their excellent catalytic properties and cost-effectiveness. This paper begins with basic crystal
structures, and then conventional adsorbate evolution mechanism of layered double hydroxide. Strategies for enhancing catalytic
properties based on adsorbate evolution mechanism and lattice oxygen mechanism that could surpass theoretical limit of
adsorbate evolution mechanism are discussed. This paper ends with a brief discussion on the challenges and future directions of
layered double hydroxide-based oxygen evolution reaction catalysts.
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Fig. 1. Strategies for enhancing OER properties of transition metal-based layered double hydroxides.



360

A
ES
20134 o]3 zh+8 wvby Q1= o]XIY(two dimension)
AX|olt} [22]. 015 % 44t8t= U= A E(nanosheet)=
=% o]=(M)o] HHAL] Aol YX|st 72 HAIA
Aba o] 2(0)o] YAsta Jlot, THAE0] BA2E &
+ott(edge-sharing) ©]oj%l F(layer) &5 o] FiL
9t} o]x% SAstEe Yubxoz MY M*(OH),
(A")yn'yH,09] BHetA0 2 BHE W, M*(OH), B2A}
o] E(brucite)& Ul 4+ M* o](e.g. Fe*", Ni*", Mg”",
Ca”™, Mn*", Co*, Cu”, Zn")o] M* o]&(e.g. Al*,
Co™, Fe¥, Cr”, Ga”, Ti*)2 & x]§H(substitution)%
FEolth. A7A EAE = F7HAQ] PSS S0l=
(A", e.g. NOs, S04, Clos, CI, Br)o] Z7ho|
intercalation®] o] A5t #+&(charge balance)g S-A|
Shal ot [1& 2(a)] [23]. o] 55 ~4tetE Ul 24 POl
29] By 20089 Sideriso °Jsf HE At [24].
Mg” 1AL (OH)o(A™ )y/n'yH,0 0|55 4AteHZ o] Thgt
'H-?’Al double-resonance® “Mg triple-quantum
magic angle spinning NMR 4] Z 1}, Mg:AlQ] H|-&
O] 2:1 o]/%Ql 4% Alo] (#AlAl 0 2 Mg(OH); HE- A
ol 25t Qlgo] El= it [1™ 2(b), (c)]. o=
=0 ASEAS JPR| L Q1 ALY 7H A7) A whateio 2

o

@ : AR, Ga*t, etc.
@©: NOs, CO.2, F-, CI, PO, etc.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 358-373, July 2024: Han and Park

olsf WSt AE(close contact)S m]stILA} & T S0]
o} meta] o] F5 4AteE-& MY(OH), tHE A L M™
| &o] 4R B AH(single atomic dispersion)® A
st 18X (hydroxide solid solution)2 o AXIt}, o]
S

2H0oRE MT-MT I YA AEW Y 5 ol e
oA chefeh £49ulE 71 4 Qo AgAoR: R
MM ulgo] 2 ol gl m) PRl o] FF 4t
ahg A7 EAH R, MMT=3:1Y H L TP A
Q1 TA7 FHECEL FRiA ok [25]. & ol FF 4
3t22 S 34 ol 57t golo] theket 2492 7t
A 4 ole # ohet FU) 34 ol2ol BAt gateof
ol axfolct

(Gibbs free energy, AG)9] 9J&f AA =}, (i) 1749 A
AHE UEson fAbgtolzo]l BH

Fig. 2. Structure of layered-double hydroxides: (a) Schematic representation of the LDH structure. Crystal structure of Mg>*i«
AP (OH)2(A™)wnyH20 with (b) random and (c) ordered distribution of Al [reproduced with permission from AAAS (2021) Ref. 24].
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Fig. 3. (a) Adsorbate evolution mechanism (AEM) of oxygen evolution reaction mechanism for alkaline condition [reproduced with permission
from Wiley-VCH GmbH (2023) Ref. 26] and (b) Gibbs free energy plot of reactive species and intermediates of oxygen evolution reaction

[reproduced with permission from Wiley-VCH GmbH (2010) Ref. 27].
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Fig. 4. Co?* or Co**-doped NiFe layered double hydroxide: (a) TEM image of NiCo**Fe611 layered double hydroxide, (b) XRD patterns, (c)
linear sweep voltammetry polarization curve of NiFe31, NiCo**Fe211, NiCo**Fe611. Free energy plots of the OER process on (110) surface
of (d) NiFe LDH, (e) Co**-doped NiFe LDH, and (f) Co**-doped NiFe LDH [reproduced with permission from Elsevier (2018) Ref. 37].
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Fig. 5. S-doped NiFe layered double hydroxide: (a) Linear sweep voltammetry curves of Ni foam (NF), RuO2/NF, NiFe-LDH/NF, and NiFe-
LDH/NEF-S-3h, (b) Gibbs free energy changes diagram, and (c) total density of states for the NiFe-LDH/NF, and NiFe-LDH/NF-S-3h
[reproduced with permission from American Chemical Society (2022) Ref. 42].
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Fig. 6. Te-doped NiCo layered double hydroxide: (a) XRD patterns of NiCo-LDH (black) Te-NiCo-LDH (red), (b) Gibbs free energy changes

diagram, and (c) Total density of states for a-NiCo-LDH, B-NiCo-LDH,
of Chemistry (2022) Ref. 43].

and a-Te-NiCo-LDH [reproduced with permission from Royal Society
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