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FEoIGA F7] v Rk Wb ATAIY S, S 25 9 9k ARE 5 3 S 5_7%3}04 e Ak
7], BeF, 2 9 AW 72 5 vAl 7= HIOV} 7Fesith. 53] v SdRke] =84, 3k, 1714 9 2714
548 B Y A% ol wet AR EY wA g2 Aol et B4E 28 5 qlvks dRlo] gink ATt
A Zro|d TS B3l ¥ HEE 28810 nickel oxide(NiO) Yie QA 2ok Wl AA 22 Aolslgith.
TA ol S 558 Frksha, 99 S 9 5 2dEste] 73 Nio A% xR A v IRE
A| 78131 2™ nanodots, nanoﬂowers 9! nanoplates®] R.%F WIshE 1510t} olgst Auls F3l F=olg 39
OF AFE NiO Wie YRb= AAf 2}, oldiA] A%, 7188 Zuf] Fofel] &-8-3 = Q& A0 F 7|djer}.

Abstract — Colloidal nanoparticles can be controlled in terms of size, shape, composition and crystal structure by
adjusting reaction parameters such as the type of precursor, reaction temperature, and reaction time. In particular, the
physical, optical, electrical, and magnetic properties of nanoparticles are determined by their microstructures which is
manipulated by changing the structural parameters of nanoparticles. In this study, the morphology and crystal structure
of NiO nanoparticles were controlled by adjusting reaction parameters during the synthetic procedure. Nanoparticles
composed of NiO crystal structures were synthesized by controlling the types and amounts of metal salts, and the
morphological variations of nanodots, nanoflowers, and nanoplates were observed. These results suggest that NiO
nanoparticles synthesized by colloidal synthesis could possess specific crystal structures and be applicable as electronic
devices, energy storage, and electrochemical catalysts.

Key words: Colloidal nanoparticles, Nickel oxide, Shape control

LN E S99 Ao, he Q1abe] Sge) utet Yehia), AEISH(5.6,

Ax} A [7-0] W 7158 Sul[10, 1] 5 TRk ofel $-8

S8 9 BUE BR0lR B e AL S & Ik 50 049 ) ol AT ol e U1

WEG AL S ATAY EFO B NS WS 2ol Ak vhe YA o)A T2 W 5 of ol ueh A58l 54,
) ) 0] AP bsa1a 27 B 2 AR sl B w5 AIsler] o] walabed, 8 1
T 5 A R vhe Q0] BEH, BEA, A L ANH A, A Aels /R, AR 2 9 T o] golst

"To whom correspondence should be addressed.

E-mail: paiktae@cau.ac.kr

This is an Open-Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

262

ehe ol e BAEe 7 g,

Nickel oxide(NiO) U JAR= dukd o 2 71.8 2l Ak} 71 of|A]
QP de] o, A7), Bk W AR 5 wAlTERE Alo]ste]
g S8 Fololl Al EAS HA sk 4 lrt. 3 Nio Y
A= AR R A F0 s 57 o =2 pd HheAe] 540 9le



F& o 93k Fold Nio e YAk Bok 24 263

2 94> A% 28 Bewl] el wek g
2 4= Qlok REEA| A 54 0= Q1a)] Fvl[12-14], 2lF o= Hf
Eia[15-17], A5 HA[9,18], HIYF AA[19-21] 5-2] -§-81EofellA]
i0 VR §1AR= NPT 8L NPTe] Aks) el A
oJollA] 7}l ﬂﬂ'_ 4 Ass HehdET), ol olvA] #-
&8 Tokel A BFAR] ARt AEs 73t gttt o] & F3
NiO Y= §i72k= 2§ o= v e A5 d\JHE AREEO] &
Ast A7 &S ATk, FHE B0 7 }04 EjoF =] 9l
& T Al 2RoA] Axt 5F o2 g, ek e n|E o
5.9 NiO th= §iAk= 2 A se] vlal] Ed4o] 11, 58 X9
AL Erf RS2 913 o] %o 4 F-91 & AlF Stk o= Nio
e YRk WSS T ]7]‘31 izt E)FTiﬂ' HhE-, w|gk
WA, QArsheka: 2hs) 5o Rkl thsh Sl A5 %‘EH@'E}.
NiO Wi 42k 8 o= 93 T sk [22], FHH[23,24],
o 8H4(25,26], Z-AH[27], 1L AEEH[28.29]1S E3 B
I QLo v J=ke] A7) }—)F pm o] A 7] 9 Bk
dTrtton, 37, moF W A7 729 Alojol tjgt A= st
o)tk bl WA, 58 A7) W B gAdEE 2 U
?JX}E] S F& &2 0] E(metal oleate)2] 3= &4l
o7 4ejA lvh30,31]. E3] 54 AkskE v 47k 34
]}‘1 =5 SHO|EE BTt B AMEIA o3hS sto] gzt
719k G AT CE 50, &¥0IEY] wE S
e QIARe] A% S0 =e A3 A A7) Felxleh gk &
o] E= xte] sHel Ajato] YAk 3T S wA sk v
AR S Py skE = Sl
2 A= & AdolA] T AFA2 2ellete] vie e
sk A dEEH S O]%O]'—’ T8 A S =5
A& E8te] Nio e Ak BekS Alofshs FHE A e
T} Nickel 2] HH-& A= oleic a01d octadecene % oleylamine 2]
7] €1 3ol nickel oleateE B3Il -2 HES- o)A E3
wo] THEAA NiO Ve RS 233l gk vhe §iRke] =171,
U Ad 2 5 28 EAE AT Qe gy 55
Ao T 9 S 2dsto] Nio Ui YA 373 A3kt
=& GO = lithium stearates A3 -9~ NiO 2 7/ 2] nanodots
S 2 FA3A T} B3 lithium stearate?] 9FS A 3Fo] A5
A3}, oFo] ZFagof 2} nanodots®] 5%} nanoflowers® %
3L 15T 718 0 7 F45 9 lithium hydroxide® th
AsHd NiO A77d 2] nanodots %! nanoplates 3 B 2] U A
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2-1. M=

Lithium hydroxide(LiOH, 98%), oleic acid(OA, 90%), octadecene
(ODE, 90%), oleylamine(OAm, 70%) 2 nickel(I) acetylacetonate
(NiAcAc, 95%)2] ¥H$- A|2k-& Sigma-Aldricholl A -1} &} T}
Lithium stearate(LiSt, 90%)2] HF-§- A] k-2 Tokyo Chemical Industry
Co., Ltd.o| A il 313 T} Toluene(99.5%) ! methyl alcohol(MeOH,
99.5%)2] HH-g- Al 2F2 Daejung Chemicalsell A ol 3kt B&

Aloke F7HAQ1 A glo] Aol Abgagict.

2°2. 25 €O lithium stearate=S A[28 NiO L= X} &8

Lithium stearate= AF-&-3F NiO nanodots®] &4 3732 o}S-3}
2T} 125 mL 37 &< vhe ZEk 300 LiSt 1.742 g(6 mmol),
OA 12 mL % ODE 30 mLE 23 120 CollA] 30% S A3&
At Ak, T W EeES AASISITE o], WkE- Sk
NiAcAc 0.2569 g(1 mmol) ¥ OAm 18 mL-& ¥, 712 120 C

of| A 1AIZE 308 B3t IS FAIEIT e &
A2 (N, )i 7 3ka1 235 TollA] 30 B2k RS Wit
Toluene ¥ MeOHE- A8-319] HE-5- £A-8 A A slal HFH o2
toluene®]] £AFs] Ui 9IRS B3I

23. 2% Y2= lithium hydroxideS AI2SH NiO LI UK} &H

Lithium hydroxide S A}-8-3F NiO nanodots 2] 3+ 3792 o33}
21}, 125 mL 37 5 vFE E2k2~ 79 LiOH 0.1437 g(6 mmol)
OA 2 mL ¥ ODE 30 mLE €3l 120 CollA] 304 52 A3

Aste] Ak, 77 9 EEES AASSI O]zr H-g E}iioﬂ
NiAcAc 0.2569 g(1 mmol) 2 OAm 18 mL<

oA 1417 30% F3F A g FAIEIITE W
AN, )E %738k 300 CollA 304 F<F H&%—% ARk el )
Toluene ¥ MeOHE AHg-3to] ¥k &N AA|staL HF 4
tolueneol] EAFato] Ui J2bE Bakeigich 471 @4 2+
71 &UH 0AY] %S 12 mL A3l nanoplates FEf Q] Y
A= 58K

2-4. EM 2M

e dxke] g, 27] 9 29 22492 Carl ZeissAHe] SIGMA X
-5 ARE-3F Scanning electron microscopy(SEM) S 2 F=85}9] 0.
7HE AU SkeVE AT O}Oﬂ T}, T8t Transmission electron microscopy
(TEM)- 200 kV2] 715 AEe 7 JEOLAF JEM-F2005 22 2-8-510]
S7sISiek. v kel A% 725 Tete7| $18l X-ray diffraction
(XRD):= BrukerA} New D8-Advance ™ 22 AF&-35Fo] 3] 2} 30-
905=2] HefellA S5kt

ol i A RO 4 Yol g e 4]
71, 255, 49 79} 8 el 548 Aok ga

Ao —1
S BTH2,32]. w5 =X A4 ol th3t MeEH TS &
=, Wk v ] o] % 5 AFAA e A A SES
= K aiet.

Astel, Yol 54 gl ik 4 gS SAAL oA

o1 B e gt 719 B8 TR S I 2 SR
o] Mz THE List % LIOHE AH§3te] NiO the 149] 374
eI 4 e e i

NiO Y= 94=1E] 392 OA, ODE % OAm2] 7] &l el A
nickel % =59 12 &S Fal Hsy et “121 lithium
stearate(LiSt) =+= lithium hydroxide(LiOH)2] &% 995 OA ¥
ODE?] 7] gvlloll 8318}z, 120 TlA 302 5% A3= 74
sto] Whgoll 43S = ¢ e A, R E EEES AlA .
0]o]A] nickel®] WFS- A1 nickel(IT) acetylacetonate(NiAcAc)
2 5718 OAmSE =8k 712 120 TollA 1A17F 308 &<t
AFE FAg} o] F Bkg E3E2 Wk LEE T3] 30%
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Fig. 1. TEM images of NiO NFs. (a, b) LiSt 6 mmol, and (c) LiSt 3 mmol. (d) XRD spectra of NiO NFs.

7Eabe-S t}.
= gAY A Aol E Yl ListE £ Fo.® Hvlsla,
235 T H-§ =014 30% 7F HH-&-2 %1383} nanodots(NDs)
o] 3% nanoflower(NFs) B El ] Lk A= FAJ3HATE List
6 mmol 2 AFE-3Fo] 433 NiO NFs2] A vl 2 17vl& TEM ©]
u] X Fig. 1(a,b)oll YEFAITE NF HE] S 0] & NiO NDs2
Az} A7) oF 35404 nm A7) 2 BQlsgdt) Liste] %S 3
mmolZ £ 31 = NiO NFsE +A5h= 1S gelslnh
(Fig. 1(c)). &% @& e 4Rk 329 oy A] Adeljel] 4a-s A
A 2F S-S WRska e o)l 7]od gk 2], B v 1Al
S sk ST YAt Bk A TS Alofg et
ohe} glehAd g4, BAMY B g 5 iRke] AEs A
Z 2.8k o3ghs- $It}33]. Liste] %¥o] 3 mmoloA] 6 mmolZ 57}
sho]] ulg} NiO NFs7}F 549 AFEjoll A NiO NDs?] 24+ Aejz
WsFsh= 21 Lisvh 54 94¢] o123} v, Liste] 11 &4 A
Qlo] v §izf 9] FREE S sho] A FAF HEIE S
7N 7= reko 7 283k Zl o 7 AdkEn) 44 i EAE 9
3 X-4 34 #4 (XRD) A 8= 21333t Fig. 1(d)¥& NiO
NFs2] XRD ¥4 A3}o]t} vy &= NiO cubic(JCPDS 00-
001-1239)°] ] A elA] LElL}= XRD ¥ YER L 91O
e BBl o3t XRD Fo| EAI8HA] ¢k 2 0E Hol 7de]
NiO7} A E A5 &1 = Sl
T 2 2] ohe Al SN, w5 Goll tisl Lists 22
26 mmol)®] LIOHZ thA|8}aL, £7] &7 OAS 2 mLE Z0iA]
& SISt Ni A4 94 LioHs= 3h-t] FEj= gofol
Flekal, 255 53] &8 0A%} &S PAsl] 5 g3
wj71#] 7|t} o] % 228 W Ni A7 318 T4+ 120 C
A T dAHHE T3 AW F71ETN ES AAUT
300 T WS- 25 oA 304 7F W58 W ashd Lists AFE-3F
Aol A UEFE NF Zel7) obd 242ke] ND7} #-2l =] Q=

)

1o 0%1'
U
o =

e 2] b IS FAJEISIT Fig. 2(ab)s LiOH 2 OA 2 mLE
AHE-8te] E4d 8 NiO NDs2] A ull& 3! J1H]& TEM ©o|v|A| & X
o] M, ¢ A= oF 3.8+0.5 nm 7] 2 213+ TH NiO NDs&=
NiO cubic(JCPDS 00-001-1239)2] ©+ A4 o2 vehr] E<=
ol ot the 3] d 92 YEhA] ghe 210 Kol £
NiO7}F = a5 &1 7 ATH(Fig. 2(c)).

NiO tie 12ke] = vl o] o2 WAt 24 7Fssitt.
37| LIOHE 5% 9o ARt 94 Z71elA #7] €7 0AS)
AREERS 12 mLE S71ste] 3d$k 79 nanoplates (NPs) 3 el ]
e §IARE Az THFig. 3). Wi 4AFe] ddellA OAE v
dAre] 7] 9 BeES Alofsh= vl a3 93Hs sh, 53] OAx
EQ o s A 28 st ohfst Bkl v ]iAkE
FA3 = 9l A $HtH34,35]. LIOHE 2% 9 0.7 AFE-8He] Nio
e QIS @AISE AT, 0A9) oFo] T7Htel whk NiO NDsellA]
NiO NPs& W= 34 fshyh B givt, o] ZgellA 0AE Y
AR 2-gato] Nio Uk 2tke] 237 Whak-s 22438kl plate &
Blo] S 123k 3102 Jhebet), Fig 3(a-cyis A& 2 oz
TEM ©| ] A 2, NiO NPsi= 27§ ©]7¢] plate”} 45-¥ %%
BTt JxF A7) B4 A}, oF 14.6+2.8 nm 7|2, Al
NiO NPs7} vh-¢- A3t =} 517] B2 48155 148}
th. NiO NPs®| 94 245 setsl7] )4l TEM/EDS mapping +
28 &S A= Fig. 3(efell YERLe M, v Q1xke] FejE
e}k Ni 2 O A47F 28 218 ERISIGIT LIOH= OA%} g
J2J8] lithium oleate® HFETH36]. NiO Y &S] BoF %
AolA], 28 g Rk Wl 545 99] FH(LiSts} lithium oleate)=
& ARl Y o]F Aol §-75 Alelehd 1A o= FARSIE.
T8, JRR A0 E Qo] x4 Aol £, Ald e A,
EE w55 o] 23] REgA el wlAg Aol & Fr =T & vk
[37.38]. o] 2]t 2foli= vhie Ybe] A9 A3 A olA] Fast
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Fig. 2. (a) Low-magnification and (b) high-magnification TEM images of NiO NDs. (¢) XRD spectra of NiO NDs.
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Fig. 3. (a, b) low-magnification and (c) high-magnification TEM images, (d) HAADF-STEM, and (e, f) EDS mapping images of NiO NPs.
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