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Abstract In order to attain the successful implantation of ZnO nanorod arrays in advanced optoelectronic devices, it
is necessary to achieve the fast growth of nanorods and the morphology and photoelectric property control of
nanorods. Electrodeposition is used to fabricate the ZnO nanorod arrays. Hexamethylenetetramine is added into the
basic electrolytes and the nanorods are characterized to analyze their morphological, optical and electrical properties.
Hexamethylenetetramine results in a boost in the growth rate of ZnO nanorods. Compared with those of samples
without using hexamethylenetetramine, the growth rate of nanorods using hexamethylenetetramine is increased by
356 % . Hexamethylenetetramine leads to the decrease in the diameter and density of nanorods. As a result, the
distance between nanorods is enlarged to 58 nm. Hexamethylenetetramine results in the redshift of the optical band
gap energy of ZnO nanorods by ~0.12 eV. Hexamethylenetetramine leads to the decrease in the Stokes shift by
0.15 eV, which suppresses the non-radiative recombination in ZnO nanorods. The use of hexamethylenetetramine
achieves the fast growth of ZnO nanorods as well as their tailored physical properties, such as optical band energy,
near band edge emission, Stokes shift, and non-radiative recombination.
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Fig. 1 SEM images of samples 1-5. (a)(c)(e)(g) (i) Front;

(b) (d) (D) (h)(j) cross section
#1 ZnO PKHER S

Table 1 Parameters of ZnO nanorods

Sample Diameter /  Density /  Distance / Height /
No. nm (10" em™™) nm nm

1 83434 10.0 - 82416

2 71+24 8.0 41 294431

3 6121 7.9 52 3744+31

4 6120 7.9 52 369+32

5 55424 7.9 58 356425

FEAE G 1 W, ZnO QK FE 9 FE 51 % B 1. 0 X
10" /em® I 1Ca) AT LA, BA & B 51 2% B 1Y
AR BB — & I R U BERIE 50, 9 K
PRI R 0, 75 HL M b gl A 7S IR 3 DY i
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Fig. 2 Transmissivity and reflectivity spectra of samples
1-5. (a) Sample 1; (b) sample 2; (c) sample 3;
(d) sample 4; (e) sample 5
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Fig. 3 Fitting plots of optical bandgap for samples 1-5.
(a) Sample 1; (b) sample 2; (c) sample 3;
(d) sample 4; (e) sample 5
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Fig. 4 Room temperature photoluminescence spectra of

samples 1-5.
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Fig. 5 Gaussian fitting results of room temperature photoluminescence spectra of samples 1-5. (a) Sample 1;

(b) sample 2; (c¢) sample 3; (d) sample 4; (e) sample 5
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Table 2 Near band edge emission and Stokes shift of

Zn0 nanorods in samples 1-5

Sample Energy of Energy of  Energy of Stokes

No. NBE1/eV NBE2 /eV NBE 3 /eV shift /eV

1 3. 288 - 3. 064 0.232
2 3.318 3. 187 - 0.082
3 3.313 3.176 - 0.097
4 3.307 3.174 - 0.083
B) 3.315 3.175 - 0.085

3.187 €V).390. 4 nm(IEREHE Hy 3. 176 ¢V).390. 7 nm
(IEREHR A 3. 174 €V) .390. 5 nm(IEHER N 3. 175 V)
Qb 20 4 5 4 ) A 34. 8,35, 3,36, 3.36.9 nm, A
LA S 2,050 3~5 B9 NBE 2 0515 0. 011,
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S VU e AL e 07 vk A KRR AT 3K 18, 7 nm /s, [A] LE
PR T 356 %0 . ANUKH LR 5] AR TR
) OH ¥R, OH ) 4o JiC B8 DX 3R 5, A 42
T ZnO QUK RYAE R AR, W P g S R
DU Bz 1) v B85 38 B — S (EL I L Zn O 4K 4 AR K R Y
PETH SR B A, (RIS R 3 DU R T /N ZnO
YN KA 11 T 359 AR R I 51 B R 40 oK R O 2 AR
H 83 nm FEMK = 55 nm. [FEHI % E I /NE 7.9 X
10" em® , HE TGN KA Y ) B 36 K % 58 nm., A A
UK L DY g, T X ZnO 40K B Y 5 25 A B AT 1A
LR G B 0. 120 eV, 7RI St
PURE ST A /N T ZnO s il O a1 16 56 3
BAEGER AR LB O MBS &S, 546, 5
YR H D i 14 e I ZnO 94 K A B4 0T 46 7 357 06 7%
WNT 0,015 eV, 3X&H FH W LA &S NH,
M Zn® FEA N Zn (NHO? , #4 1E W 1
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DA o AR DT I AR B s S R 4R T R T
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