Shape control of ZnO nanoparticles and growth of ZnO nanorods

by hydrothermal method
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Abstract

Zinc oxide (ZnO), a wide bandgap (3.4 eV) 1II-VI compound
semiconductor, has a stable wurtzite structure with lattice spacing a=
0.325 nm and c= 0.521 nm. Zinc oxide powders were synthesized by a
simple hydrothermal process in the different reaction pH, temperatures,
and precursor concentrations. Nanoparticles were formed by simple
hydrothermal synthesis of mixing aqueous solutions of =zinc nitrate
hexahydrate (Zn(NOj3)s+ 6H.0) and NaOH under controlled process
conditions such as precursor reaction pH, concentration and

temperatures. And zinc oxide seed layer was coated by Metal-Organic



Decomposition (MOD) process, and then the zinc oxide nanorods on ZnO
seed layer were grown by hydrothermal process from 0.3 M at pH 7,
80 C, 1 h. Single phase zinc oxide particles can be easily synthesized
in lower precursor concentration, higher reaction pH and temperature.
Zinc oxide mophology of shorted hexagonal tablet crystals, multipods,
interconnected or separate rods, could be obtained and the shapes
would be efficiently controllable by changing hydrothermal conditions.
Zn0O nanorods can be easily formed on the ZnO coated glass substrate

in low temperature using ZnCl..

_10_



A=

%

olo

ol

22 Ux 7=

&l

z2o] Tb

ol
=

17} 27 Aol

A2 9

U

wurtzite 2725 7AW oy ]

Fob, v &7

IS}

g0l 75

o

o

ool 2

LN

H

=

F 7n02

S
-

A AME
o] 3.3 eV AXxoly, 60 meV

=

o]

[ RN
AT

g o]

3

o2 7HA]7}

3 B2 A7 19

S

T

.

m, H
o=

o
=

EXT =2 oI AA (efficacy) = <

A7) ZokellM miElaH, F

Folm, A4

ol

I

o}
I

ol

ol

2]

A Al

1

k)
pal

A7177F 2R ® ol

11

o A7} golsta, 2



’

7)

nanowire

’

6)

,  hanotube

Tz gl 7t

5)

nanobel t

’

4)

nanorod

nanoneedle® 9] t}

s

oF 3

o)

IR

L
T

3], Zn0

wjr

frpelth.” theREs

=

ol

27

il
—_

o we

=

£% 1 Y=

ojm

7ol A

RS

[

M ol§

—/A
iz

e T

b Az A o

Fc}. MODHS sol-gelH 3 7]

5]

2}

3

Azl v

=
L

Yo A

gel?l ¥4 g8lo

£ 2-ethylhexanol 55 &vwj= A}

o

To-

)
o=

B
)

—

0

~
10

o
ﬁo

5=

[~

o
3
R

6H:0)E =5

Zn-nitrate hexahydrate(Zn(NOs), -

T
-,

Aol A

=

_12_



Fol Y3719 7Zn0

=

&

4ye o

A71E 24ds8lem, 7n0

7}

b g2 &

1]

0 L=
_[7r°

=
=

LNS Az u HoO,

o
oF
ol
zel
ol
G
i)

o

o

3L, dippingHo.2 f-2] 7|3l Zn0 A Sk

_13_



Table 1. ZnO properties

AR FZ Hexagonal Wurzite
it P63mc
AR A2 a: 3.250 A, ¢ 5206 A
c/a: 0.70 A, Zn-0 : 1.94 A
AAE 9 Zn : 1.33 A, O :0.66 A
o] & W7 Zn” 1 0.70 A, 0° : 1.32 A
4 2000 C
<34 1720 T
i 5.675 g/cm’
A 81.38 g/mole
SR £=8.5(24x10" HZ)
Wl =7

3.2 eV
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2.1. Zinc Oxide (Zn0)
2.1.1. Zn02] dWtH<l 54
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8

AEwrt $4 8 & 9o geby syomt

Aol BRAe AU QAo AVH, FRHoE we FHS wu 9

+ AlEoltt. Zn0S AZFsHE HEF n-typed] AZES 7HXA FH &= o]
o] %= donor(AAFANZ 2H83l= 79 ZnT} Oxygen vacancy©l] 2]
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Table 2. Hydrothermal Methods
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-AH (Sol-Gel Synthesis Method)
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Table 3. Characteristics between sol-gel and MOD Method

Sol-Gel

MOD

ser7 wg
M(OR) + H,O MOH + ROH
MCOH) + (HO)M M-O-M +

Beld wrg

M(OR) MO or MCOs

Reaction
H:0 MO + MCOs M-O-M + MCO;
Hydrolysis and Pyrolysis
Condensat ion
b walt A F71%e ARt
Required dofrfof 3 golsfloF g
factors FAHE S| 3ol Ag-Ale] &3l =7}
golsfoF g 71 okt
C . | dEF<o Aeu>0 (i1d Q)
Characteristics G e Ber ars Qo] o5 TAF wkS
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(1) Process controller ® Impeller

(& Motor &) Gas nozzle

(3 Heating wvessel Pressure gauge

@ Teflon veszel (@ Pressure relief valve
& Thermo couple {0 Vent wvalve

19 2. Hydrothermal apparatus.
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Table 4. The experimental conditions of ZnO powder synthesis

Experimental parameters Experimental condition
Reaction pH 7 ~ 11
Reaction time 1h
Reaction concentration 0.1 ~1.0M
Reaction temperature 50 ~ 1007T
pH control (NaOH) 1.2 M
Drying room temperature for 24 h
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Table 5. The experimental conditions of ZnO powder synthesis

(+Hz202)
Experimental parameters Experimental condition
Additive H202
Reaction pH 7 ~ 11
Reaction time 1 h
Reaction concentration 0.07 ~ 0.3 M
Reaction temperature R.T ~ 150C
pH control (NaOH) 1.2 M
Drying room temperature for 24 h
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3.2. Zn0 nanorod 7%
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Hydrothermal Zn0 nanorod
Growth arrays

FTO Seeding

19 3. Schematic illustration of nanorods growth on seeded

substrate.

19 4. Dip coating of ZnO thin film by MOD process.
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0.1M,pH7

LM JLWW Wmo"c
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Intensity(cps)

1% 5. XRD pattern of ZnO powder prepared by hydrothermal

reaction at 0.1 M and pH 7, with different reaction temperature.
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13 6. SEM morphologies of ZnO particles prepared at 0.1 M and

pH 7, with different reaction temperatures; (a),(b) 70C, (c),(d)
100C.
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0.1 M, pH 11
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1% 7. XRD pattern of ZnO powder prepared by hydrothermal

reaction at 0.1 M and pH 11, with different reaction temperatures.
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13 8. SEM morphologies of ZnO particles
prepared at 0.1 M and pH 11, with different
reaction temperatures; (a)50C, (b)707T,
(c)100C
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1% 9, XRD pattern of ZnO powder prepared by hydrothermal

reaction at 1.0 M and pH 7, with different reaction temperatures.
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1.0 M, pH 11
m M\J\\“_N_‘__M 0
g k” . /\ 100°C
(&)
=
9
< - 70°C
. J\ A“MMMMW SOOC
L | L | L | L | L | L
20 30 40 50 60 70 80

20 deg.

1% 10. XRD pattern of ZnO powder prepared by hydrothermal

reaction at 1.0 M and pH 11, with different reaction temperatures.
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19 11. SEM morphologies of ZnO particles prepared at 1.0
M pH 7, 100TC.
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1% 12. SEM morphologies of ZnO particles
prepared at 1.0 M and pH 11, with different
reaction temperatures; (a)70C, (b)100TC.

_41_



4.1.2.

stobn s s pHE

= o
E4E

ul
=

= mE &

5 0.1 M 0.3M, 0.5M, 1.0 M2 ®SA|7]HA 80TA 1A 7FE<t

X
=

ko] XRD 3] A o]

T

o] %o}

3 7n0

73

ZA
A
=

bavh. 19 132 of

S

T AT 0.1 M9

Eis

g o]

. XRD &4 23 Zn0

7 e

73 E A R

T
-

701-

44

Fol #ofA]

o
[¢]

Intensity’} w2 9]
27| wFoltt.

o

Zn0o] 3t

L=
-

, 1.0 Mo] 2 g AolA

Eis

23

)

4 Ao

el

Zn0

}o] morphology

°o]-&3%

bl

T

B

B+ shortened tablet +%4 A=

[¢]

iz

ol
;orv

0

Zn0 42 (19 149](a)) short hexagonal tablet crystals9

JHE AZXEAQa, 0.3 M, 0.5 M, 1.0 M= Ax

2E Ax=

FH = A=A

=

o] (b),(c),(d))

v A A (crystallites)

T
.

o2 HRIt

_42_



pH 7, 80°C-1hr
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1% 13. XRD pattern of ZnO powder prepared by hydrothermal
reaction at pH 7, 80T for 1h.
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1% 14. SEM morphologies of Zinc Oxide particles prepared at pH 7
and 80C-1 h, with different precursor concentrations; (a) 0.1 M (b)
0.3 M (¢c) 0.5 M (d) 1.0 M.
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pH 11, 70°C-1hr
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1% 15. XRD pattern of ZnO powder prepared by hydrothermal
reaction at pH 11, 70C for 1 h.
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1% 16. SEM morphologies of ZnO particles prepared at pH 11
and 70C-1 h, with different precursor concentrations; (a) 0.1 M
(b) 0.3 M (c) 0.5 M (d) 1.0 M.
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19 17. ZnO nano-particles prepared hydrothermally with pH and

precursor concentration at 70C hydrothermal condition.
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1% 18. XRD pattern of ZnO powder prepared by hydrothermal

reaction(+ H205) at 0.07 M pH 7.
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1% 19. XRD pattern of ZnO powder prepared by hydrothermal

reaction(+ H202) at 0.07 M pH 11.
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1% 20. SEM morphologies of ZnO
particles prepared(+H:02) at 0.07 M pH
11 and 150C-1 h.
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13 21. XRD pattern of ZnO powder prepared by hydrothermal
reaction(+ H202) at 0.1 M pH 7.
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0.1 M, pH 11
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1% 22. XRD pattern of ZnO powder prepared by hydrothermal
reaction(+ H202) at 0.1 M pH 11.
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1% 23. SEM morphologies of ZnO particles prepared(+ H>0s) at
0.1 M and 150C-1 h, with different pH; (a) pH 7 (b) pH 11.
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1% 24. XRD pattern of ZnO powder prepared by hydrothermal
reaction(+ H202) at 0.3 M pH 7.
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1% 25, SEM morphologies of ZnO
particles prepared(+H:02) at 0.3 M pH
7 and 150C-1 h.
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pH 7, 150°C-1hr
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13 26. XRD pattern of ZnO powder prepared by hydrothermal
reaction(+ H202) at pH 7, 150 C for

_61_



L B R .
g . w -
SEM WV 10 WY WD: 1480 rrem

SEM MAG: 15.0 kx et S8 2 pen

SEM HV: 18 kY
SEM MAS: 15.8 kx

SEM HV: 18 kY WD: 10,88 mm
SEM MAG; 10,9 hx Ded: S8

1% 27. SEM morphologies of ZnO
particles prepared(+ H20Os) at pH 7 and
150C-1 h, with different precursor
concentrations; (a) 0.07 M (b) 0.1 M
(c) 0.3 M.
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pH 11, 150°C-1hr
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13 28. XRD pattern of ZnO powder prepared by hydrothermal
reaction(+ H202) at pH 11, 150C for 1 h.
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1% 29. SEM morphologies of ZnO
particles prepared(+ H:02) at pH 11
and 150C-1 h, with different
precursor concentrations; (a) 0.07 M
(b) 0.1 M (¢) 0.3 M.
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1% 30. Nano-rod formation on Zinc Oxide thin
film coated glass substrate(440C, 10 min) by
hydrothermal process from 0.3 M at pH 7, 80T,
1 h; (a) zinc acetate (b) ZnCly,
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1% 31. XRD pattern of nano-rod formation on Zinc Oxide thin film
coated glass substrate(550C, 1 h) by hydrothermal process from
0.3 M at pH 7, 80T, 1 h.
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1% 32. Nano-rod formation on Zinc Oxide thin film coated
glass substrate(550C, 1 h) by hydrothermal process from
0.3 M at pH 7, 80T, 1 h.
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