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ZnO/Au nanojunctions were prepared by electrochemical method at room temperature. 
Nanojunction formation is vivid from appearance of ZnO and Au features in x-ray 
diffraction pattern. Optical absorption spectra reveal excitonic as well as surface 
plasmon resonance (SPR) feature in case of nanojunctions.  Bleaching of the 
excitonic feature associated with the blue shift, is a signature of charge transfer from 
Au to ZnO at the interface of nanojunction. An increase in intensity of band edge 
luminescence and quenching of green emission indicates the passivation of surface 
defects due to formation of nanojunctions. 
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1. INTRODUCTION 
 

The semiconductor nanocrystals (NCs), especially II-VI groups, have attracted 
a great deal of attention due to their optical properties based on the quantum 
confinement effect [1-3]. Most of the research is carried out on nanocrystals 
to obtain modulated band gap emission or improved luminescence efficiency 
of nanometer-sized semiconductors [4-14]. 
 Increase in surface to volume ratio is found to be beneficial in interface 
related ferromagnetism and for enhanced photovoltaic and photocatalytic 
activity of NCs. Substantial volume of work [15-19] is initiated on the 
nanojunctions to understand the charge and energy transfer. Improved 
functionalities and tunable physical and chemical properties have attracted 
much interest in the growth of oxide semiconductor-metal nanojunctions, 
such as TiO2/Au and ZnO/Au. The position of characteristic surface plasmon 
resonance (SPR) band of metal nanocrystals depends on the quasi – free 
electron concentration. Also, coupling of oxide semiconductor and noble metal 
allows tailoring of SPR by electron transfer between metal and semiconductor. 
For macroscopic n-type materials in contact with metals a Schottky barrier 
normally forms at the junction between the two materials, which reduces the 
kinetics of electron injection from the semiconductor conduction band into the 
metal [20]. ZnO/Au, Ag, Pt, Cu nanojunctions were prepared [20] by wet 
chemical synthesis.  
 In the earlier work, the charge transfer from ZnO nanocrystals to Ag 
nanocrystals was observed [21] in coupled ZnO/Ag nanocrystals. Here, we 
explore the behavior of ZnO nanocrystals coupled with Au nanocrystals. 
Different size nanocrystals were synthesized using electrochemical method 
by varying the ratio of electrolytes, deposition time, or deposition current. 
In this paper, we report the optical behavior of ZnO/Au nanojunctions. 
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2. EXPERIMENTAL 
 

ZnO/Au nanocrystals were synthesized by electrochemical route at room 
temperature [22]. The synthesis method used in this work is a modified 
version of the one, reported by Reetz, et al. [23]. An electrochemical bath 
consisted of a mixture of acetonitrile (CH3CN) and tetrahydrofuran [THF, 
(CH2)4O] in the ratio 4:1, along with tetraoctylammonium bromide [TOAB, 
C32H68BrN] as a cationic surfactant and cetyltrimethylammonium bromide 
[CTAB, (C16H33)N(CH3)3Br] as a co surfactant. The cell consists of three 
electrodes, viz. zinc (Zn), gold (Au), and platinum (Pt). Zn and Au act as an 
anode, while Pt acts as cathode. The constant current was passed through 
electrolyte under N2 atmosphere for few hours to obtain ZnO, Au and 
ZnO/Au nanocrystals. The ZnO/Au nanocrystals were prepared by passing 
the current through Zn foil (30 mA/cm2) for half hour and then through Au 
foil (1 mA/cm2) for varying time. The nanocrystals were settled down at the 
bottom of the electrochemical cell. They were separated out by 
centrifugation and washed several times with acetonitrile. 
 The X-ray diffraction (XRD) of ZnO nanocrystals and ZnO/Au 
nanojunctions was carried out on a Bruker AXS D8 advance powder X-ray 
diffractometer, with  Cu K (  1.5402 ) as the incident radiation. Room 
temperature optical absorption spectra were recorded using JascoV-670 UV 
visible spectrophotometer while photoluminescence (PL) study was carried 
out using Perkin Elmer LS 55 spectrophotometer.  
 
3. RESULTS AND DISCUSSION 
 

The structural analysis of ZnO/Au nanojunctions is carried out on the basis 
of XRD patterns as shown in Fig. 1. The formation of wurtzite ZnO and 
face-center cubic (FCC) gold is confirmed. No other crystalline impurities or 
noticeable shift was observed in the diffraction peaks. 
 The intensity of Au peaks slightly increases with increasing deposition 
time of Au. Simultaneously, the intensity of ZnO peaks goes on decreasing. 
The broad peaks of ZnO with increasing deposition time of Au confirmed the 
decrease in size of ZnO nanocrystals. The reason is that, Au helps to prevent 
the agglomeration of ZnO nanocrystals. The average diameter of ZnO 
nanocrystals estimated by Scherrer formula [24] is observed to vary from 
~ 5.6 ( 1.1) nm (ZnO) to 3.6 ( 1.2) nm (ZnO/Au). 
 The room temperature optical absorption spectra of ZnO and ZnO/Au 
nanojunctions are depicted in Fig 2. The excitonic peak of ZnO nanocrystals 
is observed at 334 nm. A blue shift of 17 nm in absorption edge is observed 
for ZnO/Au nanojunctions (317 nm) compared to ZnO nanocrystals (334 
nm). Decrease in size of the ZnO nanocrystals may be responsible for the 
blue shift. SPR is clearly observed in the optical absorption of ZnO/Au 
nanojunctions. The intensity of Au SPR peak increases and it red shifts with 
increasing Au deposition time (as shown in inset of Fig. 2). The position of 
plasmon absorption is related [25] to electron density of metal. Thus, the 
increase in intensity and red shift of the SPR of ZnO/Au nanojunctions 
indicates the decrease of electron density of Au due to transfer of electron 
from Au to ZnO. Electron affinity of ZnO is 4.5 eV [26] while the work 
function of Au is 5.1 eV and that of Ag is 4.73 eV [27]. 
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Fig. 1 – X-ray diffraction pattern of ZnO nanocrystals (a) ZnO/Au nanojunctions 
with Au 20 min (b) and ZnO/Au nanojunctions with Au 40 min (c) deposition time 
 

 
 

Fig. 2 – Room temperature absorption spectra of  ZnO nanocrystals (a) ZnO/Au 
nanojunctions with Au 20 min (b) and ZnO/Au nanojunctions with Au 40 min (c) 
deposition time 
 

Consequently, electrons will transfer from Au to ZnO until two systems reach 
a dynamic equilibration. In case of ZnO/Ag [21], the appearance of sharp ZnO 
excitonic feature indicated the charge transfer from ZnO LUMO orbital to Ag 
nanocrystals. But in case of ZnO/Au NCs, due to transfer of electrons from 
Au to ZnO, the electrons accumulate within the LUMO levels of ZnO 
nanocrystals and hence cause the bleaching of the excitonic feature [29]. 
Furthermore, the local electrical field must have been formed [28] at the 
interface between ZnO and Au NCs due to transfer of electrons from Au to ZnO. 

300 400 500 600 700 800

524
520

400 500 600 700 800

c
b
a

520

524

Ab
so

rp
tio

n 
(a

rb
. u

ni
ts)

Wavelength (nm) c
b

a

324

317

334

A
bs

or
pt

io
n 

(a
rb

. u
ni

ts
)

Wavelength (nm)

30 40 50 60 70

Bulk ZnO

b
c

a

(3
11

) A
u11
2

10
311

0

10
2

(2
00

) A
u(1

11
) A

u
10

1
00

2
10

0

In
te

ns
ity

 (a
rb

. u
ni

ts
)

2

http://jnep.sumdu.edu.ua/
http://sumdu.edu.ua/


 
 
 
566 S.V. KAHANE, D.Y. INAMDAR, S. MAHAMUNI  

 

 Fig. 3 exhibits the room temperature PL spectra of ZnO nanocrystals and 
ZnO/Au nanojunctions excited at 325 nm.  
 

 
 

Fig. 3 – Room temperature photoluminescence spectra of  ZnO nanocrystals (a), 
ZnO/Au nanojunctions with Au 20 min (b) and ZnO/Au nanojunctions with Au 40 
min (c) deposition time. 
 

The band edge luminescence of ZnO is observable at 379 nm while green 
emission is observable at 508 nm. As shown in Fig. 3, ZnO/Au 
nanojunctions prepared at different deposition time exhibit stronger UV 
emission and weaker visible emission than that of ZnO. There are two 
viewpoints on the electron transfer between ZnO and Au, which are 
responsible for quenching of green emission and the enhancement of band 
edge luminescence of ZnO nanocrystals. Wood et al. [20] and Subramanian et 
al. [29] have observed that the electrons can transfer from metal (Ag, Au, 
Cu and Pt) to semiconductor (ZnO) under UV light excitation in order to 
equilibrate Fermi-level. The Fermi level of gold (EF  0.5 V vs NHE) is more 
positive than the conduction band energy of ZnO (ECB   0.6 V vs NHE). 
There by electrons transfer from Au to ZnO. Electron accumulation (or hole 
depletion) within semiconductor makes the subsequent electron-hole charge 
separation very inefficient due to rapid reaction of the nascent holes with 
the resident excess electrons in n-type semiconductor [20, 29, 30]. That is 
transfer of electrons from Au to ZnO can lead to accumulation of electrons 
near the conduction band, which increases the recombination of electrons in 
conduction band to holes in valance band of ZnO. The radiative transitions 
subsequently dominate the intensity of band edge emission in the present 
case. Another mechanism is the decrease in number of singly ionized oxygen 
vacancies (V0

+) [29, 30] by capturing electrons when more electrons are 
transferred from Au to ZnO, further causing quenching in visible emission. 
 Also, the absorption of visible light by Au will be responsible for exciton-
surface plasmon coupling, which helps to transfer electrons from Au to ZnO, 
resulting enhancement in UV emission intensity [30]. 

400 450 500 550 600

Exc = 325nm

508

a

b

c

379

PL
 In

te
ns

ity
 (a

rb
. u

ni
ts

)

Wavelength (nm)



 
 
 
 OPTICAL BEHAVIOUR OF ZnO/Au NANOJUNCTIONS 567 

 

 Photoluminescence excitation (PLE) spectra of ZnO nanocrystals and 
ZnO/Au nanojunctions are recorded at constant emission wavelength 
(530 nm) as shown in Fig. 4. Subtle blue shift in the PLE spectra is observed 
and is similar to the optical absorption behavior. 
 

 
 

Fig. 4 – Room temperature photoluminescence excitation spectra of ZnO nanocrystals 
(a), ZnO/Au nanojunctions with Au 20 min (b) and ZnO/Au nanojunctions with Au 
40 min (c) deposition time 
 

SVK wishes to thank University of Pune for the financial support through 
CNQS grant. DI is thankful to CSIR for the fellowship. Work is supported 
by DST nanounit and University of Pune, through BCUD project. 
 
REFERENCES 
 

1. V.L Colvin, M.C. Schlamp, A.P. Alivisatos, Nature 370, 354 (1994). 
2. Y.M. Sung, Y.J. Lee, K.S. Park, J. Am. Chem. Soc. 128, 9002 (2006). 
3. W.C. Kwak, Y.M. Sung, T.G. Kim, W.S. Chae, Appl. Phys. Lett. 90, 173111 (2007). 
4. M.V. Artemyev, U. Woggon, R. Wannemacher, H. Jaschinski, W. Langbein, 

Nano Lett. 1, 309 (2001). 
5. J.P. Hsu, Z.R. Tian, N.C. Simmons, C. M. Matzke, J.A. Voigt, J.A. Liu, Nano 

Lett. 5, 83 (2005). 
6. G.W. Walker, V.C. Sundar, C.M. Rudzinski, A.W. Wun, M.G. Bawendi, D.G. Nocera, 

Appl. Phys. Lett. 83, 3555 (2003). 
7. B.O. Dabbousi, J. Rodriguez-Viejo, F.V. Mikulec, J.R. Heine, H. Mattoussi, 

R. Ober, K.F. Jensen, M.G. Bawendi, J. Phys. Chem. B 101, 9463 (1997). 
8. Y.J. Lee, T.G. Kim, Y.M. Sung, Nanotechnol. 17, 3539 (2006). 
9. A.P. Alivisatos, Science 271, 933 (1996). 
10. M. Bruchez, M. Moronne, P. Gin, S. Weiss, A.P. Alivisatos, Science 281, 2013 

(1998). 
11. W.C. Kwak, W.C. Kim, W.S. Chae, Y.M. Sung, Nanotechnol. 18, 205702 (2007). 
12. E.M. Wong, J.E. Bonevich, P.C. Searson, J. Phys. Chem. B 102, 7770 (1998). 
13. N.S. Pesika, K.J. Stebe, P.C. Searson, J. Phys. Chem. B 107, 10412 (2003). 
14. M. H. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, H. Kind, E. Weber, R. Russo, 

P. Yang, Science 292, 1897 (2001). 

300 350 400 450 500

Em = 530nm

479

b

c

a

387

384

378
PL

E
 In

te
ns

ity
 (a

rb
. u

ni
ts

)

Wavelength (nm)

http://dx.doi.org/10.1038/370354a0
http://dx.doi.org/10.1021/ja061858c
http://dx.doi.org/10.1063/1.2731682
http://dx.doi.org/10.1021/nl015545l
http://dx.doi.org/10.1021/nl048322e
http://dx.doi.org/10.1063/1.1620686
http://dx.doi.org/10.1021/jp971091y
http://dx.doi.org/10.1088/0957-4484/17/14/030
http://dx.doi.org/10.1126/science.271.5251.933
http://dx.doi.org/10.1126/science.281.5385.2013
http://dx.doi.org/10.1088/0957-4484/18/20/205702
http://dx.doi.org/10.1021/jp982397n
http://dx.doi.org/10.1021/jp0303218
http://dx.doi.org/10.1126/science.1060367
http://jnep.sumdu.edu.ua/
http://sumdu.edu.ua/


 
 
 
568 S.V. KAHANE, D.Y. INAMDAR, S. MAHAMUNI  

 

15. Z.H. Chen, Y.B. Tang, C.P. Liu, Y.H. Leung, G.D. Yuan, L.M. Chen, Y.Q. Wang, 
I. Bello, J.A. Zapien, W.J. Zhang, C.S. Lee, S.T. Lee, J. Phys. Chem. C 113, 
13433 (2009). 

16. A. Dawson, P.V. Kamat, J. Phys. Chem. B 105, 960 (2001). 
17. P.V. Kamat, M. Flumiani, A. Dawson, Colloids Surf. A- Physicochem. Eng. Asp. 

202, 269 (2002). 
18. G. Oldfield, T. Ung, P. Mulvaney, Adv. Mater. 12, 1519 (2000). 
19. V. Dhas, S. Muduli, W. Lee, S. Han, S. Ogale, Appl. Phys. Lett. 93, 243108 (2008). 
20. A. Wood, M. Giersig, P. Mulvaney, J. Phys. Chem. B, 105, 8810 (2001). 
21. S. Patole, M. Islam, R.C. Aiyer, S. Mahamuni, J. Mater. Sci. 41, 5602 (2006). 
22. S. Mahamuni, K. Borgohain, B.S. Bendre, J. Appl. Phys. 85, 2861 (1999).  
23. M.T. Reetz, W. Helbig, J. Am. Chem. Soc. 116, 7401 (1994). 
24. B.D. Cullity, S.R. Stock, Elements of X-Ray Diffraction (Prentice-Hall, New 

Jersey: 2001). 
25. A.C. Templeton, J.J. Pietron, R.W. Murray, P. Mulvaney, J. Phys. Chem. B 104, 

564 (2000). 
26. Z.L. Wang, J. Song, Science 312, 242 (2006). 
27. G. Bajaj, R.K. Soni, Appl. Surf. Sci. 256, 6399 (2010). 
28. G. Shan, S. Wang, X. Fei, Y. Liu, G. Yang, J. Phys. Chem. B 113, 1468 (2009). 
29. V. Subramanian, E.E. Wolf, P.V. Kamat, J. Phys. Chem. B 107, 7479 (2003). 
30. W.Q. Zhang, Y. Lu, T.K. Zhang, W. Xu, M. Zhang, S.H. Yu, J. Phys. Chem. C 

112, 19872 (2008). 

http://dx.doi.org/10.1021/jp903153w
http://dx.doi.org/10.1021/jp0033263
http://dx.doi.org/10.1016/S0927-7757(01)01071-8
http://dx.doi.org/ 10.1002/1521-4095(200010)12:20%3c1519::AID-ADMA1519%3e3.0.CO;2-W
http://dx.doi.org/10.1063/1.3049131
http://dx.doi.org/10.1021/jp011576t
http://dx.doi.org/10.1007/s10853-006-0296-0
http://dx.doi.org/10.1063/1.369049
http://dx.doi.org/10.1021/ja00095a051
http://dx.doi.org/10.1021/jp991889c
http://dx.doi.org/10.1126/science.1124005
http://dx.doi.org/10.1016/j.apsusc.2010.04.024
http://dx.doi.org/10.1021/jp8046032
http://dx.doi.org/10.1021/jp0275037
http://dx.doi.org/10.1021/jp804547e

