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Results and discussion

Synthesis of NiFe-LDH nanosheet

Oxygen Evolution Reaction

40H- > O, + 2H,0 + 4e-

(in alkaline solution)

electrocatalysts

(OER)

1.23 V vs RHE

@ 4-electron transfer step
@ High overpotential

Slow kinetics

Highly active

nanosheet -

Water

Hydroxide nanosheet

Layered Double Hydroxide:

LDH

e - <

[V AP, Gav
In®*, Fe3*

M2+ Mg, Zn?*
Mnz* Niz+

@ Low conductivity

LDH Monolayer
Nat. Chem, 2014, 5, 4477

Carbon nanotube (CNT) /NiFe-LDH

Objective

Enhancement of catalytic activity

Exfoliation %
——

LDH nanosheets  of conductivity
(LDH-ns)

Combination with

-
gold clusters @
i)

Improvement ~
Au/LDH-ns
electrocatalyst

Au cluster
-Electron pathway
through Au clusters

oo
co

e

J.Am, Chem. Soc. 2013, 135, 8452

4 Improvement of conductivity
@ Instability of carbon materials

Ni(NO;),-6H,0 : 60 mM
Fe(NO;);-9H,0 : 20 mM
Urea : 140 mM

Distilled water : 40 ml
Triethanolamine : 50 mM

[NiFe-LDH COz
«—CIO,4 exchange solution

Methanol + ag. HCIO,

:50 ml (CIO, /CO4%= 2.5)
Stirring with Ar flow : 1h
Washing : methanol
Drying, 24 h

NiFe-LDH CO;>

Characterization of NiFe-LDH nanosheet

003 : layers distance

Synthesis of a highly active LDH-based
electrocatalyst by loading of Au clusters

d=0.921 nm

8 8
b b

d=0.780 nm
NiFe-LDH CO,?
NiFe-LDH CIO,

Ni 75F€p 25(CO3)o 125(OH),0.38H,0
o

o
388

©
3
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10 20

Hydrothermal
treatment ﬁ
150°C, 36 h [NiFe-LDH CIO,"
Washing, drying «— Formamide

rv-l : Stirring with Ar flow

NiFe-LDH COz | 124h
Ni:Fe=3:1 NiFe-LDH nanosheet
(NiFe-ns)

G. Abellan, et.al., J. Mater. Chem., 2010, 20, 7451
lyi, et.al., Appl. Clay Sci., 2011, 54, 132

Synthesis of gold nanoclusters

DMF : 5 ml DMF : 5 ml DMF : 5 ml
HAuCI, in DMF HAuCI, in DMF HAuCI, in DMF
:100 mM, 150 pl 2100 mM, 150 pl : 100 mM, 37.5 pl
Heating with stirring  |Heating with stirring Heating with stirring
1150°C, 4 h :150°C, 8 h :150°C, 2 h

30 40
26 (degree)

Enlargement

NiFe-LDH CO,

NiFe-LDH CIO,

Transmittance (a.u.)

T
VoIV

V(COZ)v(CIO,)

NiFe-LDH nanosheet

Height (nm)

Height (nm)

4000 3000

Wavenumber (cm')

Height (nm)

2000 1000

— Synthesis of Au/LDH-ns —
[Collodal Au 30 1 ] %3355

{NiFe—ns: 150 pl r.

Mixing, stirring

Au/LDH-ns (L)

Cluster size : S<M <L

Au/NiFe-ns a i
‘Au cluster : S ‘ ‘Au cluster : M ‘ ‘Au cluster : L ‘ ‘ " ‘ 0
[Au ratio : ] e
. Y o
Au cluster a' = 0L SeLe
HAuC|, 3
ek A B 124
s 180 C‘,! Drying at 125°C
Colloidal solution (10 ppm) Au/NiFe-ns
on rotating disk electrode!
XAFS measurement (Au(S)/NiFe-ns, 2wt%)
.

:z Au Au0 Fe E — Au foil R
~ _ ~/ \ o
Zos H Au(OH) <
Zos Oxidation Reduction | 2 g £

02 T Gusers hnirens =

— AuNFe-ns —Fefol D
105 11910 1915 G20 11925 715 770 7i2s 71 7195 600 G395 60 g5 30 — Au clusters (S) &
Energy (V) enorgy (V) Energy (1) ~ / "\ 3
: (7 g
Charge transfer from ——Au/NiFe-ns (S) 2wt% £
Au clusters to nanosheet o
T T T
. . 2 3
Change in electronic state Distance (A)
of Fe active site Au clusters bonded to oxygen
of NiFe-ns.
Conclusions

Catalytic performances

204 LSV (iR-corrected) Effects of Au ratio
] 0348 T T AuNIFens s)
2 Au/NiFe-ns (M)
b AuNiFe-ns (L)
154 =l S
Au/NiFe-ns E 0.3: 1
(S, 2wt%) s
104 5 03 o
s
Iro, g -
5] g
2 §
S) | © oz #<0.262V
0 ; —
140 145 150 155 1.60 O atio ) 4

Potential (V vs RHE)
Au/LDH-ns showed high activities for OER.

@ The Au/NiFe-ns showed much higher activity than that of NiFe-ns, indicating that application of Au clusters to NiFe-ns significantly

improved catalytic activities.

@ Performances of the Au/NiFe-ns electrocatalyst depended on size and amount of gold clusters, and smaller Au clusters were preferable

for higher performances of the Au/NiFe-ns.
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