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Template -free synthesis of 3-D flower-like ZnO microcrystals and its formation mechanism
LI Ping'?, XU Fang-xiang®, GUO Hai-rong®, WEI Yu>?, WANG Xin-kui'
(1. Institute of Coal Chemistry, Chinese Academy of Sciences, Taiyuan 030001, China; 2.College of Chemistry and Material
Science, Hebei Normal University, Shijiazhuang 050016, China; 3.Key Laboratory of Advanced Films of Hebei Province,
Shijiazhuang 050016, China)

Abstract: Three-dimensional (3D) flowerlike ZnO microcrystals, with a diversity of well-defined morphology, were
successfully prepared from Zn(NO;), and NaOH via a simple one-step solution route without any template . All the samples of
product are hexagonal phase wurtzite , which are made of many single crystals growing along c-axis . The formation mechanism for

solution synthesis of 3D ZnO microcrystals was investigated in detail . The influences of temperature, reactant concentration and

molar ratio of Zn(NO;), to NaOH on particle size and shape were also studied .

Key words: ZnO; 3D flowerlike; solution synthesis; formation mechanism

In0 B—FMEENRRF LIRS, ZET
REH BN 3.37 eV, A TR A RER 5 60 meV, 7E
LHMEBAEAREN B HMTFRT R, BmE.
PR T35 G AR BEL 28 | 1A 1% R R L K B B HE b L 8 AR 3
Wkt RL EANOL RS B A T B R R R 2
A ZnO ¥ B FEAE BURE AR S B I3 4 105 L Y
etk i R DY, BRTE AR &I
M—4E ZnO Z9 KR 540, G 46 AR 91 KR &L 400Kk
WK K ETED Y, BOE BT — 2 3D
ZnO T/ 9K 540 B3R, ek L B AR O HRECIR g
JECIR (G A SRR EED - 247 Je iy . W R G ZnO
EAEL AT AENY ER AR RS MR
BRI kR 10- 151 S 4 SR % BLTE ZnO 105 B9 W
HA B 3 S ] 268 B A A 50 3 L T8 45 R R/
MRER RS ER. Hb FERF M ER, LHE

W 7% B #8 : 2006 - 10 - 31
E€WHE Wt4E A AR R4 (501115) % B

R F AV BN, 7] 6841 B R R B B 36
B, EERABEMNTE, U Zn(OH);™ H R
VL HT 3R AR, AN AT AT B AR, AR IR (< 100°C) B4k
3 h BPRT 3 2T 1 5E3E /9 3D FE4R ZnO &4, 7= 3 A]
ik 90% . A G B, BB R VA 45 OB Y B
SR KN, R ZnO & AR B9 Tolk Ak A= 7= FF e — 4% 7 2R
ST EE BB

1 LI

1.1 EZEMSEFRA

Fi H A H F 1 H 5 S-570 4 45 (SEM) #l H
ST H-9000 3% 51 6 45 (TEM) WML ZZ AL S 9 T 4 . I
[ 4 72 1) Bruker AXS D8 ADVANCE X 5 £ ¥ 777 5
X (XRD, & 518 CuK,, A = 0.15406 nm) .75 43 ¥ 5 5t
45 (HRTEM) % X B, F-177 5F (SAED ) %l iIX F Br &

EER N AV 1972 - ), %, LA BN (1955 - ), 3, 8RB LA R, E BT T7 10 40k 8 A6 0 0AH & B B DL B 2 | 41 e 3%

AR, IRIE R A L0311 - 86268342, weiyu @ mail. hebtu. edu.. en.



- 32 - LA, 4 L

FEHBE2H

AEHE 5 ) R ARG .

B2 4% [ Zn(NO; ), - 6H,0 ] FI A S 1L 4 (NaOH) 3
Koy ek, KA — IR FEIEK .
1.2 X

BE ] 1 mol/L B Zn(NO, ), 7K ¥ 1 4 mol/L Y
NaOH 7K % ¥ £ 500 mL, #5 o SC 50 B % Tl S i 1t
)R 5 BB — R £ 3R 1 mol/L Zn(NO;),
W, BT 200 mL EA (B H, 5 ERARRE R E
B)P . U—EREZBKREERHEIC, MEL
iR ID T I — R LAY 4 mol/L NaOH ¥ ¥, 15 7|
100 mL £ 78 5 B9 ) B W, Zn(NO; ), 5 NaOH F4 &
IREEA 1:(7 ~8) o ¥ ULIR A B W EH B 250 mL
BE O ZERHETE R 1B A B THE B W E B E K E
B RAE 3 he RMEH)E, LA EH ZE
&, 7= EHE EEKEE2~3 R, ERFETH
RIET 5% EH R

2 HRE5ITR

2.1 3D ZnO WBHEHFERHAR

SCH % A Zn(NO,),-NaOH & & | 38 i Bt 28 2 i
B SO ) #e B2 B Zn(NOs), 5 NaOH B BER 1,
4 & FIESE 3D 20K ZnO 5. B 1 A RS
B &R R BB SEM BB R, R 15 T 52
AT LAY & 7 i B 4 45 1 B 7™ i PR RE A8 FR o SEM
B ¥ B R R M B9 BURLTE 35 A7 40 BR, X
7= i B R R AE X B BUR 2 F 100 4N 50RL AY #E 5 3R
BOE#{E. B SEM B A Al IE R E 2, BT 18 1
ZnO FHIRYI A 3D 4544, LA F— & Hos, IO A R
SHEKBRZ R, IMERBEY LR, BME

@ (e) )
B 1 3Dk ZnO # % 1 SEM & K

S A R B BRI BB R, R R EE
KB Rl S AR (LR 1) o
£ 1 3D R ZnO & B W & 5 45 R R M REIRAR

Zn(NOs), Zn(NO,) Bk R A

ﬁg W/ 5 NaOH WJE/ SFZI Rt/ k)
il i3 pm
mol-L™'  EERK T pm

1 0.2 1:7 95 a 2.5 1.2,0.4(K%&I3.0)
2 0.2 1:7 8 b 6.1 2.7,0.6(K%&L4.5)
3 0.2 1:7 75 c 11.0 4.8,0.2(K%&Ik24)
4 0.1 1:7 95 d 2.4 0.6,0.6(K%&L1.0)
5  0.05 1:7 95 e 2.1 0.5,0.5(K%K 1.0)
6 0.2 1:8 95 f 4.4 2.1,0.4(K%H5.3)

PR X SR AT B (XRD) B S IE B &% 7= SN
NI b REFBED ZnO, WA FoAth Y 2% W, 7= 49 4
B, EHEEBFES 1, T TEM.HRTEM & SAED
3T, WL 2,

(c¢)SAED (d)SAED

B2 3Dk ZnO & W & # R AE

ME 2(a) TEM B R 7T DASE 52 & “ 76 % 1) 2
B — A~ 2L R A A0 1 DY R R S AR KR, 1B 2(b) 2 Xt
Bl 2(a) BAE“1" o X I HRTEM B o MWHR
J A ORI ) — b 5 ) AT S AR A, & I & 15 F]
ZSLRIBE N ~ 0.26 nm, 5§ ZnO & 1K (002) & I 5]
B 4314, YiBH 3D ZnO &5 H A BN “AE IR O B
mm g, H A K T 1) S T E T (002) & TE AY AR Bl 9]
(BPYE c ®irmm) . B 2(e) AL, BIE 2(a)
PRAE“1” B R P AT 5 B . HEDI AR B R R S
UL B A AR IR S T dhAH B B A 45
Bl 2(d)N ZnO B & 4807 AL (A HE“2” K 38) B H
TS EE , B s 2% KR BE R B 0 S BRG]



2007 %E 2 F

FEF TERERZETRELHFUE AT RNE - 33 -

IRAEZ B R R AR, TR 2 22 4 A 8] B Im] i HE
FIME S, HHESNEREEM S M, X3 3D
ZnO B AL OFRALIE R B 2B Gk (TR ) B
FFHEF B %O o
2.2 3D 4R ZnO L RHI A HLIE

ZIRBLRLERRYE, Zn0 5K X FFREER B
3D EH , R TEH AR E W R B A TR B . e AE
AP OH B FHKEFEE &, BRTH Zn() FE
PLZn(OH);- B F B XF1E. BN R B R It
,Zn(OH);~ RESFMEM Zn0: Zn(OH);” —
ZnO + H,0 + 20H",

H T A Y ok R B R, RO B BE R R PR,
Zn0 HI BB A G 5, TRMETHR 1B
MR TEE IR AL i A Zn (11 ) ¥ B BE B IE) A 25 4k
M2k (B 3) . TERMAYERHI BB (5 min ) ,Zn( 1)
W 28 TR (f 0.19 mol/L f& % 0.05 mol/L), 5
BRI N AR L T R & A, BIVRL BE AU B0 48 K B9 9
FRF, XEFRLRER, ROAHER. fFib
SREE A B (B OH™ ), MRl R T 2 58 W FH B +
(Zo** )R AR PR O B 7, T HETH
T, AT #1555 7 &R s 22 8] 59 B e g, (07 [B] 49 5
HEEXFEF. RENPIEN FHEREL, R4
AR R R, (3 AT R E R R BB KH) =445
¥, BPR R F o BT RN B R P (AE] 3 &
AIPAE B, )W 20 min Zn( [1 ) ¥ B B 24 3% 8] F
) , VW AT R A B T R R IR R, IR
RbLF Z I8 4k SR 13, RAETE BUE K 3D 45,
T 38 ok — 5 A A KL AR R R T
fp A E LR FRENTFEAFWERE, REHK
MHEBEA NG R E,ERER — &5 HHIEHR N
HZA R RE A TR 3D 451, 249 W A0 i
MR KBEARLASE , &L 3E— 25 4 K U2 H v R
RN W45 di S R B9 ) BORL AR BOR Sk HoRE HESE B
B o SEHRERA, B BRAL 5 min B 7= BI 24 3D 46
AR Zn0, B H SEM B R (& 4) /] LLE B, BOKLRL 2

0.20f
7, 0.18F
= 0.16}
g 0.14}
iy 0.12F
£ 0.10F
= 0.08}
= 0.06f
N 0.04}

002 , O e
0 50 100 150 200 250 300

Mk B ] /min

B3 REBREKRMGTRFH Zo( 1l )R E

B B 1E] B 2 U 2

REH2.2~2.5 ym, GERATMHERL , XU
B ZnO R B9 AR R BEAR PR o AIE] 4 i K BT 18 50452
AT LA R A — S IR BURL 59 4T, 15— B iR 2/
ArURE PR 8 (R POREL T ) SEART B, He 45 fR R B 22, 3B R
LR R A TRES R e — AR, R4S R i AR

i

& 4 ﬁamwws min Fi %% ZnO 4 5% 8 SEM FE fr

2.3 AEEIE M= mE SR KANE R0
ME 1 SEM B8 | K 3% 1 fr it By i S 56 4% 146 7T LA
B, RN B R E K Zn(NOs), 5 NaOH
4 BE IR L X AR L i B TR B N K/ IN S R R TR AR BE Y
B, ERERERT, NEEE A KYENHE
MEEMEREEREFENRKIHFER, X 3 1ME
FEH A B YR AR . BE RN IE B
95 CREMRZE 85°C, fb IR I TE B A= 4L R K, 1B J5URL At
R R R, X2 H T BE IR B AR, S oy 2 B 8 1
R TR B AT E (3 h) WS H B AR E S
YER R Gl OB IE B i 85 C R = 75°C , BBk
AR L BE 38 K, T ELAL & B 4 S B B, &4y 32 R
LB A, R EEOHEERA. W RZERE
DA AR A R O FEERIE R, |
H R RER B T 3 2 0t R s a4 R
BEBM: S —FES X EEARKSBSTERSH
B B 45 i 2D W ¢ TR R M AR P AR K, B
HI R, b E % . BRI Yo B AR, A K TR
BB IR EEMNFHER, FEME T &L
MRKEHE(ERMEZENRE). X Zn(NO;), 5 NaOH
BEJRECE 1:7 /N8 1:8 BF, BT OH™ B 19k B3
KT Zn(OH); ™ B4, AR T & 1A A% AR
KIHEE , FERSHRNEEANEEZNAERY
R L 358 435 1 b AR 2 G, DTG 8 45 43 3 % il L 3%
KRERHEEAZ), GLEEHERE.

SE

[1] Ni mY H, Wei X W, Hong J M, et al . Hydrothermal preparation and op-
tical properties of ZnO nanorods Mater[ J].Sci Eng B,2005,121:42 —47.

(T#%357)



2007 %E 2 F

FRRE VRS EREHARAFENABREERNZE - 35 -

f60a &K Bt A A RBSFEMRT BH .
i (60 B), KTl Hr 5T R ILE 1.
F1 ERHILSHMTEDIN
TG b7 (B4 %)/ % TER BT (R 80)/ %
B RS K K4y € H 0 S N
Befelh 26.50 66.90 4.80 1.80 82.10 7.50 7.40 0.67 1.66
TR 17.16 77.67 1.53 3.64 47.63 4.91 37.72 0.14 0.84

KB 14.57 81.03 0.59 3.81 50.40 5.49 44.08 0.01 0.02
PS 18.95 70.55 7.20 3.30 49.69 4.92 44.70 0.05 0.42

1.2 EWREBERITE

SCHRE BT E O BGR OL IX, R B A X,
TN R A3 5% 2.2.0.8 kW, fi B Fp iR 4540 41 iR
BEo PR RR A MR R G B W B I FE B
WO RBET RN ETKBRER ST, Lk
B K 29 300 g JEORL AR B RN 2%, B mA R
i), BT AED REEHE. REEARAK
(WA 90 mL/min) , FF 48 I # AR . FHIR 3R H
30 K/min, HZ s IR B 43514 350.400.450.500.550
600°C, BT MA =4 R 1L, — KT 3~4 ho
1.3 HRSWERIE

SRS M EIEL GC/900-DC 43 Hr , [ E AH K

GDX-502 Fy WAL , R AR . H o FME B (TCD
K ) 4347 Hy CHy CO . CO, 5 £1 51 W Wi ) 38 (FID A
W) 43 7 CHg CoH,  C3Hg  C3Hg  CH, 5 38 3 415 #E Hiy
LT B B s AR FI L0 5P 6 1% X (Bio -IR) Ko 8 BT K
FA1X GC-MS(HP-6890/5973) 43 #T ; P\ EE 4 #r 5% I 7
[ NETZSCH-STA409C 4 43 Hr ¥ o

2 RS

2.1 BRESW

Xof R [ 26 9 A= 0 I L R 5 e SR B W AT
THRESN,EREYR SRR 2 F ke H 6k
B A D FERON o FE AR E 2 90 mL/min I HAGHE
30 K/mn &ABT, AR . EZERKXBESYH
KRESESFILE 1 fE 2, NE1ATUEH , RE
AW R AR EORIR B R0 B 46 R K A R 4R IR A
JER B AR , $97E 178 ~ 521°C , Hidk KAl Y 16
HEAK. REEAB . EREHE 2 M RKMS
VR EE (360°C) JLF 1 B %8 B B9 & KA 40 f IR &
(361°C) F A&, T KM Y B KA il 1L B2l 330.4°C,
h 2% B AL PR AR PR A B B R, N AR ) RN R S8 R
AREOI(FEREEL 1:1.1:2.3: 1) IBREYWRETH
AT TR (HLE2) N E 28 A ) i 5 R 56 B LA

(L% 33 W)

[2] Zhang S C,Li X G. Preparation of ZnO particles by precipitation trans-
formation method and its inherent formation mechanisms[ J]. Colloid
Surface A,2003,226:35 - 44.

[3] Gao X P,Zheng Z F,Zhu H Y, et al. Rotor-like ZnO by epitaxial
growth under hydrothermal conditions [ J]. Chem Commun, 2004 :
1428 - 1429.

[4] Gao X D,Li X M, Yu W D.Flower-like ZnO nanostructures via hexam-
ethylentetramine-assisted thermolysis of zinc-ethylenediamine complex
[J1.J Phys Chem B,2005,109(3) : 1155 - 1161.

[5] Yu HD,Zhang Z P,Han M Y, et al . A general low-temperature route
for large-scale fabrication of highly oriented ZnO nanorod/nanotube ar-
rays[J].J Am Chem Soc,2005,127:2378 — 2379.

[6] Wang J M, Gao L. Wet chemical synthesis of uliralong and straight sin-
gle-crystalline ZnO nanowires and their excellent UV emission proper-
ties[ J].J Mater Chem,2003,13:2551 - 2554.

[7] Pan Z W,Dai Z R, Wang Z L. Nanobelts of semiconducting oxides[ J] .
Science,2001,291:1947 - 1949.

[8] Lao J Y,Huang J Y,Wang D Z, et al.ZnO nanobridges and nanonails
[J].Nano Lett,2003,3(2) :235 - 238.

[9] Wang J, Cao M,Fang B Q, et al . Synthesis and characterization of mul-
tipod, flower-like , and shuttle-like ZnO frameworks in ionic liquids[ J].
Mater Lett,2005,59:1405 - 1408.

[10] McBride R A,Kelly J M, McCormack D E. Growth of well-defined ZnO
microparticles by hydroxide ion hydrolysis of zinc salts[J].J Mater
Chem,2003,13:1196 - 1201.

[11] Zhang Y,Jia H B,Luo X H, et al . Synthesis, microstructure , and growth
mechanism of dendrite ZnO nanowires[ J].J Phys Chem B,2003,107:
8289 - 8293.

[12] Xie Q,Dai Z,Liang J B, et al. Synthesis of ZnO three-dimensional ar-
chitectures and their optical properties[J].Solid State Commun, 2005,
136:304 — 307.

[13] Wang Y G, Yuen C,Lau S P, et al. Ultraviolet lasing of ZnO whiskers
prepared by catalyst-free thermal evaporation[J]. Chem Phys Lett,
2003,377:329 - 332.

[14] Guo L,Ji Y L,Xu H B, et al. Regularly shaped, single-crystalline ZnO
nanorods with wurtzite structure [ J].J Am Chem Soc, 2002, 124:
14864 - 14865.

[15] Zhang H,Yang D R,Li D S, et al. Controllable growth of ZnO micro-
crystals by a capping-molecule-assisted hydrothermal process[ J] . Cryst
Growth Des,2005,5(2) :547 - 550.

[16] Blesa M A, Matijevi¢ E. Phase transformations of iron oxides, oxohy-
droxides, and hydrous oxides in aqueous media[ J]. Adv Colloid Interf
Sci, 1989,29:173 - 221.

[17] Sugimoto T, Yamaguchi G. Formation of uniform spherical magnetite
particles by crystallization from ferrous hydroxide gels [J].J Cryst
Growth, 1976,34(2) :253 - 262.



