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Synthesis of Co,0, Nanocubes as an Efficient Electrocatalysts for the
Oxygen Evolution Reacitons
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ABSTRACT: The high efficient water splitting system should involve the reduction of high overpotential value, which
was enhanced by the electrocatalytic reaction efficiency of catalysts, during the hydrogen evolution reaction (HER)
and the oxygen evolution reaction (OER) reaction, respectively. Among them, transition metal-based compounds
(oxides, sulfides, phosphides, and nitrides) are attracting attention as catalyst materials to replace noble metals that are
currently commercially available. Herein, we synthesized optimal monodisperse Co;[Co(CN)], PBAs by FESEM, and
confirmed crystallinity by XRD and FT-IR, and thermal behavior of PBAs via TG-DTA. Also, we synthesized
monodispersed Co,O, nanocubes by calcination of Co,[Co(CN)y], PBAs, confirmed the crystallinity by XRD, and
proceeded OER measurement. Finally, the synthesized Co,0, nanocubes showed a low overpotential of 312 mV at a
current density of 10 mA-cm™ with a low Tafel plot (96.6 mV-dec™).
A WS- (HER) T} Aka Y WE--(OER) ZHZbof| A o] Sl =2 Q17 4171
IAREE] Za7E rbsfojof Firh. T T Ak Aol 5 7Rk
= @A AEHAL e ATSe HAY S Ar2s Futa
L 248 F3l Ao THEAME Co,[Co(CN)y], PBAsE 341311 XRD, FT-IR £4
Flof 4444 3215k TG DTAR 3} PBAsel 912 71558 shelsisiey. 22132 4 2149) CoColCN),
PBASE: 2|54 BHLAPE Co,0, e FH8 YASILT XRDE $5) 0]9] 27438 H5}1 OFR 5748 2
3Y 0]—°C‘E]— FEAoF FAH Co,0, Ui %’—E'_% 10 mA-cm™9] AF W o)A 312 mVe] W& w- et} 96.6 mV-dec’ Q]
2 Tafel slopes X Qlt}.

Key Words: &< 7] 7-Z 4| (Metal-organic frameworks), Prussian Blue Analogues, Co,;[Co(CN);],, Co,0,

.M 2 % WRgQl Ald: A HHS
A | ol A A 50l TS
A a0t A2E A A UA W Folt glo] B Ba) FHAHY AP 2 mAIA R ofA
3 71e2H B a7t 49 03 ok I FAAE W Ak o] AAE Fu3] 98] g AFAE0| the B4

Received 30 August 2019, received in revised form 23 November 2019, accepted 26 November 2019

*SKKU Advanced Institute of Nanotechnology (SAINT), Sungkyunkwan University, Suwon 16419, Korea
**School of Advanced Materials Science & Engineering, Sungkyunkwan University, Suwon 16419, Korea
***Nano Materials and Components Research Center, Korea Electronics Technology Institute, Seongnam 13509, Korea
fCorresponding author (E-mail: dhyoon@skku.edu)



356 Hyung Wook Choi, Dong In Jeong, Shengyuan Wu, Mohit Kumar, Bong Kyun Kang, Woo Seok Yang, Dae Ho Yoon

of thet A& AaPstar ok v B2 AR A7)0k
TZ2E Aol el uhet A 7o) 1 7]|3}8k4 4ol ¥st7]
o ol Fufjoll vl At F&o|tH1.2]. AATIA] 54
A (3], FEkE(4], A3k (5], dgkE(6] 5 o8 &% 7]
HHO] Ue A mEo] Akar A WRSolA Aasge AT
S EH Harwo] gt

I F A= &4 AFHE(Co,0,, NiCo,0,, NiFe,0,)2 &
A 7P aEAQl FuE dHA Sl RuO, IrO, & A
AL FREE Fuj = 2 Qle[7-9). shA|RE HA F
Bj 9] Co,0,= W& H|FEHZA 0 & Qlsf H7]3}sHa] 54d0]
Astel= 540] At ol B ARl Co,0,8] t
LegzAlolE Fol A7IEked EAS FAA7IHAL =Y
g ereh Lei Xuol A4 E2 Ar Zet2utE 5ol v
28 3FAAIZ] Co,;0, nanosheetsE $HA435F912[10], Yan-Ru
Liue} 741 5-& NaBH, 219 & Bl o] AlgA 2hele
Co;0, nanoparticlesE gHAJ3FACH11]. 3R o] AF1E &
T dRe 27] W F2E Alofste] THEANE Uie JAE
stz ool Uk

2 AFoN A= e 24, 2, 271 7HE 5 e
Metal-organic Frameworks(MOFs) & 3}1}21 Co,[Co(CN)],
Prussian Blue Analogues(PBAs)E §H/ddlal 11204 9] Ak
SR “35to] T4k Co,0, nanocubess 37T H
) 2= F 4 -2 E5F0] CoyCo(CN),), PBASE 24591
=4, o]ufj pHS} SDBS(Sodiumdodecylbenzene-sulfonate)2]
¥ Z7ste] oF 500 nm 27]9] YT Lhie FH2 T
SRzt Agelolch. o)€ A AT BAS 500°Coll A Aks}
A A Ak =2 2A44E Z5= Co,0, nanocubesE
A3kt o]@ A gH4JE Co,0, nanocubes= 10 mA-cm™29]
A5 diollA] 312 mVe] w2 39t} 96.6 mV dec'e]
2 Tafel slope2 Hlc}.

2. A

ot

e

Cobalt(II) acetate tetrahydrate(reagent grade, Co(CH,COO),
4H,0, Sigma-Aldrich, USA) 0.8244 mmol, Sodiumdodecylbenzene-
sulfonate(SDBS) (technical grade(Aldrich), C, H,,NaO,S,
Sigma-Aldrich, USA) 1.25 g& $F <= 150 mlo]| 3] 7|5} 8-
AE TH=t}. Potassium hexacyanocobaltate(I1T)(ACS reagent,
>97%, C;CoK,Nj, Sigma-Aldrich, USA) 0.9012 mmol& &
5= 150 mlof| H7}slf 84 BE W=t 1§, HCl= &5
9 A9} B Z471e] pHE 22 S £ 55°C 2l o)A
IAZE &9F wRbshs o Attt 12|15l 89 BE 69 A9
3 F55°C A Lo A 24 7F 5}t aHERETE HE-E-o]
T3 QRS Bo) oS ol v AW 60°C
QB A7 AZAY F F RS 5 mIS 2 B4 Y
FaloflA BEAIZ £ -110°C 27NN T2 A=E
K135k Cos[Co(CN)gl, PBAs7} b . o] A e-4d
PBASE box furnaceof| 4] £ 5°CY] 452 4 2 500°Cof| A]
AR EE FAAA 4871 Co,0, nanocubes7| g E T}
3. 2t ¥ nH

Le AARe] Aol A 7 T83 q8E s A2 4
FEEek 9 oy A olth Uie AR} JREHE=TT whE
5 22 72719 QA7 FAEE L 2 YA w2 3t
oM Sz oz Agio] dojupA "ot v AA}F FollA
PBAs nanocubes= < W3S upal AAslo] FH RS o]
7 E=dl of7]ollA pHe} SDBS7F 22}l gk gt
pH= PBAs7} 44a wf £ o2& 57k 7|1 SDBS
© ABEEE Alolsto] FEIF L2A AFE 5 e Al
e FofsiErt12,13].

Fig. 1. FESEM images of synthesized Co,[Co(CN),], PBAs at 55°C with SDBS (a) 1 g, (b) 1.25 g, (c) 1.5 g (pH 3), (d) pH 1, (e) pH 2 (SDBS

1.25 g), and (f) EDS profile of Co;[Co(CN),], PBAs
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Fig. 2. (a) FT-IR spectrum and (b) XRD pattern of Co;[Co(CN)l,
PBAs with SDBS 1.25 g and pH 2 at 55°C
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Fig. 3. TG-DTA curves of synthesized Co;[Co(CN),], PBAs with
SDBS 1.25 g and pH 2 at 55°C
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Fig. 4. FESEM images of Co,0, nanocubes at various calcination
temperature (a) 500°C, (b) 600°C, (c) 700°C, and (d) XRD
patterns of Co,0, nanocubes after calcination for 2 h in
air at 500, 600, and 700°C
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