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Abstract:   In the present work, we successfully synthesized ZnO nanorods under hydrothermal 

conditions, which have been utilized as the matrix to fabricate various noble metal (Pt, Pd, and 

Ru)-supported ZnO photocatalysts by subsequent reduction with ethylene glycol. In terms of systematic 

characterization, it was found that the Pt particles in the Pt/ZnO composite have small size with narrow 

size distribution, while the Pd particles in the Pd/ZnO composite have a larger size distribution due to 

aggregation. On the other hand, no Ru particles were practically observed in the Ru/ZnO composite. In 

the photodegradation of a methylene blue solution under UV light irradiation, both Pt/ZnO and Pd/ZnO 

exhibited significantly enhanced photocatalytic activity compared with the ZnO nanorods, whereas no 

noticeable increase of catalytic activity could be observed in the case of Ru/ZnO. Furthermore, the 

photocatalytic activity of the Pt/ZnO catalyst was higher than that of Pd/ZnO, due to its small -sized and 
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uniform Pt particles. Therefore, noble metal particles with small size and high dispersion contribute to the 

enhancement of the photocatalytic performance of ZnO materials. After detailed investigation of various 

Pt/ZnO composites with different Pt loadings, it was demonstrated that the optimal Pt loading required to 

maximally improve the photocatalytic performance of ZnO nanorods corresponds to 3.2%. 

Key Words:   Zinc oxide;  Photocatalysis;  Supported Noble Metal;  Photodegradation;  Methylene 

blue 
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1  ZnO NR M/ZnO XRD   

Fig.1  XRD patterns of the ZnO NR and  

M/ZnO samples. 
 



No.10   ̔ ZnO ᾣỲ ╕ └ ῒᾣỲ  2085 

ZnO ԍ

ZnO Ȃ 3(d)ҹ

ZnO NR SEM ̆

Ҭ ץ ₮ ZnO Ӟ

̆ ץ ZnO

ץ ̆ ᵬ Ҋ ZnO NR

↕ ֟ ̆ ֓ ԍ

ZnO ᵬ Ҋ ̆ ҍ

῏ Ȃ ԍ └ ZnO

№ ΐ (XRD

)̆ ץ M/ZnO Ỳ ╕Ӟ Ḡ ԅ ZnO

ᵣ Ȃҹԅ ѿ Ҍ M/ZnO

Ҭ Ȃ ῒ ԅ

TEM ̆ 3(e, f, c) Ȃ׆ 3(e)Ҭ

ץ ₮̆ ZnO ᵣ ҉ №

Pt ̆Pt ΐ ̆ғ

ѿ̆ 1.2ī1.7 nmӊ ( 3(e) )Ȃ

׆ 3(f)Ҭ↕ ץ ₮ Pd ԍ Pt

̆ғῒ ̆ №

ῤ(1.8ī2.8 nm̆ 3(f) )̆ғ ZnO

Ҍ ѿȂᵖ Ҍ ᶏ Ru

̆ ץ Ru/ZnO TEM (

 
2  ZnO NR (a) SEM ̆(b) SEM ̆(c) HRTEM  

Fig.2  (a) SEM, (b) high-magnification SEM and (c) HRTEM images of the ZnO NR.  

Inset in (a) is the diameter distribution of the ZnO NR. 

 

 
3  (aςc) Pt/ZnŎPd/ZnŎRu/ZnO Ỳ ╕ SEM ̆(d) EG ZnO NR SEM ̆ 

(e, f) Pt/ZnŎPd/ZnOỲ ╕ TEM  

Fig.3  (aςc) SEM images of the Pt/ZnO, Pd/ZnO and Ru/ZnO; (d) SEM image of the ZnO NR treated by EG;  

(e, f) TEM images of the Pt/ZnO and Pd/ZnO.  

Insets in (c), (d), (e) are the HRTEM image of Ru/ZnO, and the corresponding diameter distributions of Pt and Pd nanoparticles, respectively. 
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4  (a) Pt/ZnŎ(b) Pd/ZnŎ(c) Ru/ZnO Ỳ ╕ EDX  

Fig.4  EDX spectrum of the (a) Pt/ZnO, (b) Pd/ZnO and (c) Ru/ZnO. 
 

 
5  Pt/ZnO (a) XPS ῃ ̕Pd/ZnO (b) XPS ῃ ̕Ru/ZnO (c) XPS ῃ ̕ 

(d) Pt 4f XPS № ̕(e) Pd 3d XPS №   

Fig.5  XPS spectrum of the (a) Pt/ZnO, (b) Pd/ZnO and (c) Ru/ZnO; (d)high-resolution XPS spectrum of  

Pt 4f of the Pt/ZnO and (e) high-resolution XPS spectrum of Pd 3d of the Pd/ZnO. 
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6  ZnO NR M/Z nOỲ ╕ UV-Vis DRS  

Fig.6  UV-Vis DRS of the ZnO NR and M/Z nO. 

Inset shows the corresponding digital images. 
 

 
7  ZnO NR M/Z nOỲ ╕ PLᾣ  

Fig.7  PL spectra of the ZnO NR and M/Z nO. 



2088 Acta Phys. -Chim. Sin. 2017 Vol.33 

№ ᾣỲ ╕Ỳ

Ȃ 

ԅҌ Pt Pt/ZnOᾣỲ Ỳ

Ȃ׆ 9(a)Ҭ ץ ⌠̆ ԍ ZnO NR̆

ԅPt Pt/ZnO ᾣỲ

⌠ԅҌ ̆ ғ Pt

ⱴ Ȃ 9(b) ̆Pt/ZnO Pt

0.4%׆ ⱴ⌠3.2%̆ ῒ  0.025׆

min
ī1 ⱴ⌠ 0.1 min

ī1Ȃp Pt Ҍ

Pt/ZnO ᾣỲ ̆ ץ Pt

ⱴ⌠ 6.0% ̆ Pt/ZnO

Ҋ ҹ 0.055 min
ī1Ȃ 10(a)ҹ Pt ҹ

6.0% Pt/ZnOỲ ╕ HRTEM ׆̆ Ҭ

ץ ₮ ZnO ҉ ԅ Pt

̆ Pt 10(b) ̆

ῒ ҍ Pt ҹ 3.2% Ҭ Pt

ᵌȂ Pt ⱴ̆Pt

Ҍ ̆p ῒ ⱴ̆

׆ ZnO ̆ ԅ

ҍỲ ╕ ̆ ᶏ Pt/ZnOᾣỲ ╕Ỳ

 

 

 
8  (aïd) ᾣ Ҋ ZnO NRȁPt/ZnOȁPd/ZnO Ru/ZnO Ỳ MB ҬҌ MB

ᾣ ȂMB ҹ10 mgĀLī1̆Ỳ ╕ 0.002 g̕ (e)Ҍ M/ZnO ᾣ Ҋ MB ᾣỲ ̕

(f)Ҍ M/ZnO Ỳ ╕   

Fig.8  (aïd) Time dependent UV-Vis absorbance of the MB solution over ZnO NRȁPt/ZnOȁPd/ZnO and Ru/ZnO under 

UV irradiation.  MB concentration is 10 mgĀLī1, catalyst mass is 0.02 g; (e) Photocatalytic activity of different  M/ZnO  

samples for the MB degradation under the UV light irradiation ; (f) Photoreaction constants of different M/ZnO samples. 








