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Abstract The metal alkoxide, CuCo-glycerate nanospheres (NSs), were successfully synthesized as Cu-Co bimetallic sulfides
hierarchical multi-shelled hollow nanospheres (CuCo,S, HMHNSs) through solvothermal synthesis. In this reaction mechanism,
the solvothermal temperature and the amount of glycerol as a cosurfactant play significant role to optimize the morphology
of CuCo-glycerate NSs. Furthermore, CuCo,S, HMHNSs were obtained under optimized sulfurization reaction time of 10 h
via anion exchange reaction between glycerate and sulfur ions. Finally, the structural and chemical compositions of CuCo-
glycerate NSs and CuCo,S, HMHNSs were confirmed through field emission scanning electron microscopy (FESEM),
transmission electron microscope (TEM), X-ray diffraction (XRD) and electrochemical performances.

Key words Binary transition metal sulfides, Hierarchical multi-shelled hollow structure, Anion exchange reaction

P4 oA AR 59E 7H o)F AolFE F5E AFA FF 2o theT

-
)

olgd=E* =xlgs** ZolM* HEEQI* Sintayehu Nbret Tiruneh®, ZHET*** fLIS*H**

AT AAAFE, Y, 16419

AT Aat=Aried, 749, 16419

sk 2 E AT, A, 13509

2018 4¥ 104 5

(2018 59 8 AALAR)

(2018 5¥ 9 AAA)

=

2 & F& gFAle]=9l CuCo-glycerate Y79 &3y A4S B3 @4t Cu-Co ol
% 1329 Y=7(CuCo,S, HMHNSs)E /st A3ttt o] W mAYUZelA Emddy &
A glycerol?] %S CuCo-glycerate W=2] FEIE A 3}st=t 23 9

oF & o] 7ke] Fol wd whe-E T3l 10A17e] HAskE &3} vk 27l AFHoE FAEUY. HFHo=R

e 229 w24, g3t4 5A4L SEM, TEM, XRD9} 17]5}8H4 54 7bel] 9)s) shel= it

w4 k= A
=9 Bz

o Bz AHE

it ol
oXx X

FH odA] A% 2AF T sl g ARAEE 3

=3 o|A] &mjeh ol= s EE 3H 18] [3, 4]. 22y, 779 FHEATEE Bl w2 oluA] =’
4 TAE sds] A% thekem SAEEA ool o =S JHAAL Q7] wiEell ARjlel Ag-sk=dl flo] dl
g A77F s AFEL AT, 2] 7 79 N HE 7R T5). olEE wAIAE sidsh] 2l
A= A ] AREL 3= wiEel Bls) Bop  AS o] TPl & dexzlore gaL vkl

Sho, 4 ZspHololof sl we A==}

*Corresponding author
E-mail: dhyoon@skku.edu

=
H

AR ghe TPok Ptk

WhSSer} Wy



Binary transition metal sulfides hierarchical multi-shelled hollow nanospheres with enhanced energy storage performance 113

FgAel oo} drh T WrasEe $5E
5o A% B A 9 2o 7 AdlE Fa 4

At

=4 oAM= LFAYIEA dolgs SehE
< AL el S, we AAER G
A oA A ate] AT == 2 9
tHe). 531, ol9Al Hdoled F=2 A= bE 5
= AolellM 28-shs AUA] aeh Sidk 415} el
o2 Qlaf oA A% el A8HAS o, =
A71skeb 542 7 0= ARRETT).

2ol t29] 33 T erRAls A diE v
FRA vgo] ¥, A W AFTE W] wel oy
A A Rkl vt ShdsAl AW TS,
53] 79 e & HAFe] e, AF FHol
TE AlE FEM tsdl 3l FE HeTERAlE
ST FHe A2 2 ARCIE 8l Faradaic Abst
el wheol Fagk dst Ale]oje] it A=rt 1)
Al Ent. meEb, A5-deid HE W] P &
4 B Asid Atele] mHHQd 4T gz s
e Nk SE A S glu9]. B, T3 Wit
e 352 ARlE AIE & AF 2] 72w
< @skaly] g F7HE A AAE Alste] Aol
= S I 5 ATH10].

A = S AYHR] = A7) 7

|

)

glycerate Y= 75 A3Ho=2 PN, Suldd
A r W B AEEAAIR glycerole] S 23}
o 34 FH 21E& =Es T3, 22 7o) gt
&£ 2JolE o] 88 ol w3 P KirKendall &3}
o ]3] CuCo-glycerate NSsZFE CuCo,S, HMHNSs
E S 5, olE 79 AHAEe &Y HS =H=E
Z_—I]

Copper(Il) nitrate trihydrate(puriss. p.a., 99~104 %,
(Cu(NOs;),- 6H,0, Sigma-Aldrich, USA) 0.125 mmol,
Cobalt(Il) nitrate hexahydrate(ACS reagent, > 98 %,
Co(NO,),* 6H,0, Sigma-Aldrich, USA) 0.25 mmolZ
glycerol(99.0 %(GC), C;HgO;, SAMCHUN, Korea) 8 ml
9} 2-propanol(anhydrous, 99.5 %, (CH,),CHOH, Sigma-
Aldrich, USA) 40 mI7} 271 &) Hrlet &, 204
N7 &9 wRksko), 32 /318F StellA] 3 A 2 A%
S Z3Y5}7] 93] Teflon-lined stainless-steel autoclave
of ¥4 @& & #A7]Z(Box furnace)s ©]&3te] Eo
2°Ce & &= 150°ColM 3AIF FF SR

TAE gt REgo] Ed WES dMEEIE
[-83te] ofeh&= S AIFEE &, 60°C EolA 1247
B AXAZIE GEAE Y gdsk - 2] CuCo-
glycerate A7AE A& T AUrt. o]FA Lofxl CuCo-
glycerate A-7A] 30 mge}l thioacetamide(ACS, 99 %,
CH,CSNH,, Alfa Aesar, USA) 0.5 mmol2 20 ml2] ol
gholl 7k &, Ad2elA] AZE 5t wksie) 8o
o] Mo] AeAoz upl & flollA Awdt I
FHE oAl g 160°ColA 10A17F
=4 v 7%9 CuCo,S, Wet2

9] AN S flsted A4 E9171 ellA] 300°C

O

Alkoxides= glycerol} Co9} Zn 72 Hola4 &3h&
AtolollA] d7] vkl oa T, BuIFY 2=
FE= alkoxides®] FEHE Fdsted Fa3 TS
SHH 12, 13]. Fig. 1(a~cy> S E3 =%(140°C, 150°C,
160°C)E 2el3t] /9% CuCo-glycerate®] field emission
scanning electron microscopy(FESEM) Z3}o]t}. Fig.
lays SUETA 255 140°CE A3l 43S 2
FAS wjo] Az, d2FH I P B AL
AREE TS oUAE TR ki) wiitol] b
gt FHE o]FA XA tAFCRE ke ®Hol
AAAT Suiddd =7 150°CS] Fig. 1(b)E -S3l
CHEAME DL 73 o] Va7t 3 RS Ejlst
Atk Fig. l(cye 160°CE g +4S A3
AFe] AR, B2 252 Q] v YRbe] A5t
FEER FFEo] Y7t 255 AYA| Xslal 11
He AS RlsT14]. o] 23E B8 e o
Sk 39 CuCo-glycerateE &/33t7] $I8lA1 150°CE]
SiEEAE 257F dasithe AL ERISHiITE BEo,
SuEe 25 ol B AHEAIAR] glycerol
o] F FES Yite] @A} AR YIS 5o
o] A2 oEHd A =g F7] Wil glycerol]
FE HEE FAL ST ARES FEsI T 15].

Fig. 1(d, ey= 8793 =5 4 =720 150°C
2 IAAZ F, glycerold] ¥ GBSt A dHES
288k CuCo-glycerate®] FESEM Z3}olt}. Fig. 1(d)
= 6ml9] glycerots 71 A2 QJAtEo] Thilthy]
A Fepal M2 EHEY e AS gl o=
H7FE glycerole] o] 7] wizol] YRt 3 A =
AAEEE F8] AlofsiA] Hate] EARETE 7HAE A
S & 4 JATH16]. Fig. 1(e)= 10 ml2] glycerol2 3
7hete] e Y2 THEARS & o]Foj PRt

o



114 Y.H. Lee, H.W. Choi, M.S. Kim, D.I. Jeong, S.N. Tiruneh, B.K. Kang and D.H. Yoon

m&gm?nm
%

| tement
cK wn 2597

oK 1984 | 3827

" CoK | 4568 | 2392 |

2437 | nss

L
cut
Co | TYotals | 10000 | co

-y .
0 1 2 3 4 5 6 7 8 9 10
Energy (KeV)

Fig. 1. FESEM of CuCo-glycerate nanospheres (NSs) obtained at various solvothermal temperature (a) 140°C, (b) 150°C, (c¢) 160°C
at the constant amount of glycerol of 8 ml and the added amount of glycerol (d) 6 ml, (¢) 10 ml at temperature of 150°C. (f) EDS
profile of CuCo-glycerate NSs.
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Fig. 2. CuCo-glycerate NSs as precursor (a, b) Normal TEM, (c¢) XRD, (d) STEM, (e~h) EDS mapping of Cu, Co, C and O respectively.
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Fig. 3. CuCo,S, hierarchical multi-shelled hollow nanospheres (HMHNSs) obtained after sulfurization reaction (a) SEM, (b) Normal
TEM, (c) XRD, (d) STEM, (e~g) EDS mapping of Co, Cu and S respectively.
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Fig. 4. Electrochemical performance of CuCo,S, HMHNSs. (a) CV curves at various scan rates (2~50 mVs "), (b) GCD curves at
different current densities (0.0~0.4 V), (c) specific capac1tance of CuCo,S, HMHNSs, (d) cycling performance for 2000 cycles at
5A g of CuCo,S, HMHNSs electrodes
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