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Leveraging on plasmonic hot electrons is an emerging strategy for electron–hole 
separation towards efficient photovoltaics and photocatalysis. On page 960,  
X. Huang, S. J. Wang, S. J. Chua, and co-workers extend this concept to electron–
hole recombination for illumination, which is rarely reported. By taking advantage 
of the good energy match between the dopant-correlated green luminescence in 
Cu-doped ZnO nanowires and the localized surface plasmon resonance of Au 
nanoparticles, an intense, ultrafast, and temperature-robust UV luminescence is 
achieved in the nanowires after coating with Au nanoparticles.
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facilitates seamless electrical contacts, [ 4 ]  
which is particularly important for the appli-
cations of the semiconductor NWs in light-
emitting diodes (LEDs) [ 1 ]  and laser diodes. [ 5 ]  
Therefore, toward high performance NWs 
solid state lighting, SP-enhanced route [ 6 ]  
stands out among the other strategies, 
namely, surface passivation, [ 7 ]  hydrogen 
doping, [ 8 ]  and exciton localization. [ 9 ]  

 ZnO semiconductor with a bandgap of 
3.37 eV and a large exciton binding energy 
of 60 meV is regarded as a promising 
ultraviolet (UV) luminescent material. [ 10,11 ]  
However, the UV emission from ZnO 
nanostructures is found to be weaker than 
expected because of various defects incor-
porated during growth, which results in a 
broad defect emission band in the visible 
region, [ 12 ]  and this is especially true for 
solution-grown ZnO nanomaterials. [ 11–15 ]  
Metal NPs coating has been extensively 

explored as an effective way to enhance the UV photolumines-
cence (PL) of ZnO nanomaterials. [ 6,16–18 ]  However, inevitable 
oxidation of many of the metal NPs (e.g., Ag and Al) dete-
riorates their practical performance far below their theoretical 
predictions. [ 19 ]  Thus Au NPs are widely used in plasmonics 
because of their resistance to oxidation, although their local-
ized surface plasmon resonance (LSPR) absorption spectra fall 
mainly in the visible light range in most cases, [ 20 ]  which does not 
match the UV PL of ZnO very well. Recently, the reported sim-
ilar enhancement of UV PL from ZnO by coating with different 
metal NPs (including Au, Ag, Pt, and Al) with varied LSPR char-
acteristics casts doubt on the underlying mechanism of lumi-
nescence enhancement. [ 17 ]  So far, the reports on SP-enhanced 
luminescence are mainly based on direct coupling between the 
LSPR of metal NPs and luminescence-of-interest from semicon-
ductors. However, this route leads to substantial self-absorption 
of the emitted light by the metal NPs, [ 21 ]  thus compromising the 
initial objective of enhancing the luminescence. Moreover, con-
trary to the luminescence enhancement at room temperature, 
it was shown that the UV luminescence from metal-NPs-coated 
ZnO is suppressed at low temperature. [ 18,22 ]  Thus, overcoming 
the limitations of luminescence self-absorption and low 
temperature suppression has far-reaching impact not only on 
fundamental science but also on practical applications. 

 Although plasmonic hot electrons have been documented 
in photovoltaics, photocatalysis, and photodetectors, [ 23–25 ]  their 
potential in luminescence enhancement has yet to be explored. 

 Leveraging on plasmonic hot electrons is regarded as an emerging strategy 
for electron–hole separation toward effi cient photovoltaics and photo-
catalysis, but its application in electron–hole recombination for illumination 
is rarely explored. Herein, a signifi cantly improved ultraviolet luminescence 
is reported from Cu-doped ZnO nanowires (NWs) through dopant mediated 
generation and transfer of plasmonic hot electrons. Through coupling the 
Cu dopants-correlated green luminescence in Cu-doped ZnO NWs with the 
localized surface plasmon resonance of Au nanoparticles (NPs), UV emission 
from the NWs is enhanced by a factor of ≈280 and its lifetime drops from 
2.45 ns to about 18 ps after covering the NWs with Au NPs. Moreover, robust 
UV emission sustains from room temperature to low temperature. This 
work extends the applications of plasmonic hot electrons and provides an 
appealing route toward achieving intense, ultrafast, and temperature-robust 
luminescence, which holds great potential in light-emitting diode and laser 
diodes for illumination, optical communication, and biomedical applications. 

  1.     Introduction 

 Coupling the exciton of semiconductor nanowires (NWs) with 
surface plasmon (SP) of metal fi lms or nanoparticles (NPs) accel-
erates the light–matter interaction, thus creates an unprecedented 
opportunity toward achieving intense and ultrafast photonic emis-
sion. [ 1–3 ]  In addition, the conducting nature of the metal coating 
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Herein, we propose to address the above mentioned challenges 
in SP-enhanced luminescence via dopants-mediated genera-
tion and transfer of plasmonic hot electrons. Taking ZnO NWs 
as an example, the strong green luminescence (GL) from Cu 
dopants [ 26 ]  lies exactly in the LSPR absorption spectrum of Au 
NPs. [ 20 ]  Through resonant coupling between the GL and LSPR, 
plasmonic hot electrons are generated and transferred from 
Au NPs to the conduction band of Cu-doped ZnO NWs, [ 27 ]  
resulting in a signifi cantly enhanced UV emission with an 
extremely shortened radiation lifetime from the NWs. To the 
best of our knowledge, this is the fi rst report on doping medi-
ated plasmonic enhancement of the UV luminescence from 
ZnO. Moreover, our strategy allows for UV enhancement over 
a wide temperature range. The results show that leveraging on 
the plasmonic hot electrons is a promising approach toward 
fabricating high performance LED and laser diodes.  

  2.     Result and Discussion 

  2.1.     Characterizations of the Cu-Doped ZnO NWs Coated with 
Au NPs 

 Morphology of the Cu-doped ZnO NWs is shown in the scan-
ning electron microscopy (SEM) image in  Figure    1  a. The 

diameter of the NWs ranges from 50 to 100 nm, and the length 
of the NWs is about 1 µm. A typical transmission electron 
microscopy (TEM) image of the NW is shown in Figure  1 b. 
Selective area electron diffraction (SAED) pattern in the inset 
of Figure  1 b indicates that the NW is single crystalline ZnO 
with wurtzite structure, grown along (002)  c -axis. Metal NPs 
were sputtered onto the NWs, which can be seen from the SEM 
image in Figure  1 c. The lattice distance of the NPs is measured 
to be 0.235 nm from the high-resolution transmission electron 
microscope (HRTEM) image in Figure  1 d, corresponding to 
the (111) plane of Au with face-centered-cubic structure. The 
shape of the NPs is close to an ellipsoid. The size of the NPs is 
defi ned by the length across the longer side of the NPs, which 
corresponds to the plasmonic length of the NPs. [ 28 ]  As seen 
from Figure  1 d, the size of the NPs varies from 3 to 15 nm, 
thus the size mentioned in the following text is an estimated 
average value. X-ray diffraction (XRD) pattern (Figure  1 e) of the 
NWs can be well indexed to hexagonal wurtzite ZnO (JCPDF 
No. 89-1397), and is consistent with the SAED result. Secondary 
ion mass spectrometry (SIMS) results clearly indicate the pres-
ence of Cu in the doped NWs (Figure  1 f), although Cu-related 
precipitates were not detected by XRD and TEM. 

    2.2.     Giant UV Luminescence Enhancement 

  Figure    2   compares the effect of Au NPs on the PL spectra of 
undoped and Cu-doped ZnO NWs at room temperature. Similar 
to previous reports, [ 12,14,15 ]  the PL spectrum of undoped ZnO 
exhibits a UV emission around 377 nm from near-band-edge 
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 Figure 1.    a) SEM image and b) TEM image with an inset of SAED pattern 
of Cu-doped ZnO NWs without Au NPs, c) SEM image and d) TEM image 
with an inset of the HRTEM image showing the Au NP of Cu-doped ZnO 
NWs covered with Au NPs, e) XRD and f) SIMS spectra of Cu-doped ZnO 
NWs without Au NPs.

 Figure 2.    PL spectra of a) undoped ZnO NWs and b) Cu-doped ZnO 
NWs measured under identical condition, Au NPs with different size were 
coated onto the NWs. The inset in (b) is the enhancement factor versus 
wavelength for Cu-doped ZnO NWs coated with 10 nm Au NPs.
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emission and a broad defects emission around 580 nm. The 
defects emission normally originates from intrinsic defects 
such as oxygen vacancies and oxygen interstitials. [ 13,14 ]  After 
coating with Au NPs, the defects emission weakens and the UV 
emission strengthens as shown in Figure  2 a. The intensity of 
the UV emission is enhanced by only a few times even with 
an optimized size (≈10 nm) of Au NPs, similar to many of the 
previous reports. [ 6,18,22,29 ]  After doping with Cu, the PL spectra 
of the NWs show a relatively weak UV emission and a strong 
GL centered at ≈502 nm, [ 26 ]  which is consistent with previous 
fi ndings. [ 30 ]  As shown in Figure  2 b, upon coating with Au NPs 
onto the Cu-doped ZnO NWs, the GL weakens substantially, 
while the UV emission strengthens dramatically. In contrast 
to the undoped ZnO, the enhancement factor (α) [ 8 ]  of the UV 
emission in Cu-doped ZnO can be as high as 280 with an opti-
mized size of Au NPs around 10 nm (the inset of Figure  2 b), 
which is two orders of magnitude larger than the fl uctuation 
caused by nonuniformity of the samples (Figure S1, Supporting 
Information). 

    2.3.     Shortened UV Luminescence Lifetime 

 In order to shed light on the mechanism of the UV enhance-
ment, time-resolved photoluminescence (TRPL) spectra of 
the Cu-doped ZnO NWs are shown in  Figure    3  . The decay 
curve of the UV emission from Cu-doped ZnO NWs without 
Au NPs can be well fi tted with a bi-exponential function with 
time constants  τ  1  = 0.52 ± 0.03 ns and  τ  2  = 2.45 ± 0.09 ns. The 
amplitude of the fast decay is typically ≈23% of the total decay. 
The fast decay component exhibits a time constant compa-
rable to that of ZnO NWs in the literatures (≈0.45 ns), [ 18 ]  and 
is commonly attributed to the excitons on the surface of ZnO, 
where nonradiative recombination via surface states leads to a 
fast decay. [ 18,31,32 ]  The slow decay component has a time con-
stant close to that of bulk ZnO (≈3 ns), and is ascribed to the 

intrinsic radiation of free excitons (FX). [ 32 ]  In sharp contrast, 
after covering Au NPs on the Cu-doped ZnO NWs, the decay 
curve exhibits a single exponential decay behavior. Subtracting 
the instrument response function from the decay curve yields 
an estimation of the lifetime of the UV emission to be about 
18 ps, which is among the shortest for spontaneous emission 
ever reported in ZnO. [ 6,18,33 ]  The dramatic reduction in the 
lifetime of the UV emission translates to a Purcell factor as 
high as ≈136. This comparison suggests unambiguously that 
the enhancement of UV emission from Cu-doped ZnO NWs 
after coating with Au NP is not due to surface passivation, as 
suppression of surface nonradiative recombination leads to 
longer decay time of the UV emission, [ 29 ]  which is contrary to 
what we have observed here. The shortened radiative lifetime 
is in good agreement with the scenario of LSPR enhanced UV 
emission, [ 34 ]  which may be originated from an additional decay 
channel through electron–hole–SP coupling. [ 29 ]  

    2.4.     Temperature-Robust UV Luminescence Enhancement 

 The UV enhancement is further studied by low temperature PL 
measurements. For comparison, the variable temperature PL 
spectra of Cu-doped ZnO NWs before and after coating Au NPs 
are depicted in  Figure    4  . The UV emission from bare Cu-doped 
ZnO NWs at 18 K is dominated by radiative recombination from 
donor-bound excitons (DX) located at 3.359 eV, and the feature 
of FX emission can be well observed. Moreover, a clear peak at 
3.31 eV as well as its longitudinal optical phonon replicas can 
be distinguished. Different from the FX and DX, the position 
of this set of peaks seems to be weakly temperature dependent 
on the measurement temperature (Figure  4 a), being coinci-
dently similar to the behavior of GL (Figure  4 a). [ 26 ]  The 3.31 eV 
peak was also observed to be weakly temperature dependent in 
ZnO quantum dots, [ 35 ]  and it was normally ascribed to acceptor-
related excitons, [ 36 ]  thus here we tentatively ascribe it to radia-
tive recombination from acceptor-bound excitons (AX) related to 
zinc vacancies or Cu dopants. In contrast, the Cu-doped ZnO 
NWs coated with Au NPs only exhibit an emission at 3.361 eV 
without clear fi ne structures in the UV range (Figure  4 b). 
Figure  4 c shows the PL spectra of Cu-doped ZnO NWs with 
and without Au NPs measured at 18 K. The Arrhenius plots of 
the integrated PL intensity of Cu-doped ZnO NWs as a function 
of measurement temperature are shown in Figure  4 d. Clearly, 
the UV enhancement in Cu-doped ZnO NWs coated with Au 
NPs persists from room temperature to low temperature. This 
fi nding is in sharp contrast to the disappearance of UV enhance-
ment at low temperature in undoped ZnO NWs coated with 
either Ni NPs or Au NPs in the previous reports. [ 18,22 ]  

    2.5.     Excitation-Power-Dependence of the Improved UV 
Luminescence 

 To have a better understanding on the improved UV lumines-
cence,  Figure    5  a shows the PL spectra of Cu-doped ZnO NWs 
coated with 10 nm Au NPs under different excitation power of 
the laser source. With the laser power increases from 0.074 to 
100 mW, the UV luminescence strengthens without clear peak 
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 Figure 3.    TRPL spectra of Cu-doped ZnO NWs with and without Au NPs, 
and the inset is the enlarged part in the short time region. The IRF is the 
instrument response function, which restricts the detection limit of the 
system.
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shift. As shown in Figure  5 b, the integrated intensity of the UV 
luminescence follows a linear power-dependence behavior with 
the excitation power, which is in line with that of spontaneous 
emission. [ 37 ]  Consistent with previous results on ZnO, [ 35 ]  the 
power factor  k  is 1.15 ± 0.02, which falls into the range of 1–2 
and is quite close to 1, most likely corresponding to FX emis-
sion. [ 37 ]  For comparison, the integrated intensity of UV lumines-
cence and GL from bare Cu-doped ZnO NWs are also plotted 
in Figure  5 b, which also follow a similar linear power-depend-
ence behavior. The power factor for the UV emission from bare 
Cu-doped ZnO NWs is 1.39 ± 0.12, which is quite close to 1.5, 
indicating besides FX, bound excitons may also make a signifi -
cant contribution to the UV luminescence of the bare NWs. [ 37 ]  
The power factor for the GL from bare Cu-doped ZnO NWs is 
0.94 ± 0.02, which is below 1. Such a power factor suggests the 
nature of the GL in bare Cu-doped ZnO is free-to-bound radia-
tive recombination, [ 37 ]  which is in agreement with the previous 
ascription of the GL. [ 30,38 ]  

    2.6.     Mechanism of UV Luminescence 
Enhancement 

 A possible mechanism of the UV lumines-
cence enhancement from Cu-doped ZnO 
NWs is proposed, which involves the following 
steps: First, upon excitation by a 325 nm 
laser, an ultrafast charge transfer from the 
ZnO host to the Cu dopants happens fol-
lowed by carriers recombination at the Cu 
dopants, which will generate GL if there 
is no Au NPs. [ 38 ]  Second, the energy of the 
LSPR absorption of Au NPs overlaps with 
the energy of the GL so well ( Figure    6  a) that 
the energy from the GL of Cu-doped ZnO 
can transfer to the LSPR of Au NPs, probably 
through Förster resonance energy transfer, [ 39 ]  
in which the energy transfer may happen 
instantaneously with the carrier recombi-
nation without physically generating the 
GL photon. This energy transfer process is 
manifested by the disappearance of GL in 
Cu-doped ZnO after covering Au NPs. Third, 
nonradiative decay of the LSPR of Au NPs 
generates excited electrons, typically referred 
to as plasmonic hot electrons. [ 24,27 ]  Fourth, 
calculation results show long lifetime of the 
hot electrons corresponding to a high effi -
ciency of plasmon-induced energetic hot elec-
trons, [ 40 ]  considering the lifetime of the hot 
electrons at the surface of Au NPs is as long 
as 1–3 ps, [ 41 ]  it is reasonable to deduce that 
many of the plasmonic hot electrons have 
enough energy to overcome the Schottky 
barrier between Cu-doped ZnO NWs and 
Au NPs (≈0.66 eV) (Supporting Informa-
tion). [ 40,42 ]  Therefore, it is thermodynami-
cally favored for many of the hot electrons 
to inject from the Au NPs to the conduction 
band of Cu-doped ZnO, as demonstrated in 
photovoltaic and photocatalytic systems. [ 24,43 ]  

Especially the lifetime of the hot electrons at the surface of 
Au NPs is 1–3 ps, [ 41 ]  which is one order of magnitude longer 
than the time scale of hot electrons injection process (approxi-
mately hundreds of femtoseconds), [ 44,45 ]  thus providing enough 
time to accommodate the electron transfer process. These pro-
cesses together with the energy band alignment between Cu-
doped ZnO NWs and Au NPs are schematically illustrated in 
Figure  6 b. [ 24,33,46 ]  In other words, the energy transfer process 
(from Cu-doped ZnO NWs to Au NPs) and the hot electron 
transfer process (from Au NPs to Cu-doped ZnO NWs) turn 
the Au NPs into “electron pumps,” which generate plasmonic 
hot electrons and transfer them to the conduction band of Cu-
doped NWs within a very short period of time. The transferred 
hot electrons from the Au NPs increase electron density in the 
conduction band of Cu-doped ZnO NWs, leading to an increase 
in the spontaneous emission rate of exciton, [ 47 ]  as manifested 
by the shortened UV PL decay time shown in Figure  3 . We note 
that besides the intensity enhancement, the UV peak of the 
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 Figure 4.    Variable temperature PL spectra of a) bare Cu-doped ZnO NWs and b) Cu-doped ZnO 
NWs with Au NPs. c) Comparison of low temperature (at 18 K) PL spectra of Cu-doped ZnO 
NWs with and without Au NPs, respectively. d) Arrhenius plot of the UV emission of Cu-doped 
ZnO NWs with and without Au NPs, respectively.
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NWs broadens after coating with metal NPs (Figure  2 b). This 
could be due to increased concentration of electrons on the sur-
face of the NWs, [ 15 ]  which is in line with the scenario of carriers 
accumulation on the surface of the NWs due to transfer of hot 
electrons from the metal NPs to the NWs. 

    2.7.     Further Discussion 

 It is noted that the peak position of LSPR absorption maximum 
varies with the size of the Au NPs. With prolonging the sput-
tering time of Au, the size of Au NPs increases, which leads 
to a redshift of the LSPR peak position (Figure S2, Supporting 
Information). [ 20,28 ]  Decreasing or increasing the Au NPs size 
will shift the LSPR maximum away from the GL spectrum 
maximum, thus deviating from a perfect energy match to ful-
fi ll the resonance condition. The optimal size of the Au NPs to 
achieve the strongest UV emission from Cu-doped ZnO NWs is 
about 10 nm, at which the corresponding LSPR absorption [ 20,28 ]  
matches well with that of the GL (Figure  6 a). The importance of 
the resonant coupling is further manifested by the PL spectra 
of Cu-doped ZnO NWs coated with Pt NPs (Figure S3, Sup-
porting Information). The UV enhancement factor is one order 
of magnitude smaller for NWs coated with Pt NPs than that for 
NWs coated with Au NPs, as a resonant coupling between the 
LSPR of 10 nm Pt NPs and the GL cannot be established due to 
the LSPR energy of the Pt NPs being in the UV region [ 48 ]  rather 
than green light range. 

 It is worthy to note that the decay time of the enhanced UV 
luminescence in our work is only about 18 ps (Figure  3 ). To 
the best of our knowledge, it is among the shortest for spon-
taneous emission in metal-NPs-decorated ZnO nanomaterials 
(e.g., ≈30 ps in ZnO nanorods capped by Au NPs, [ 6 ]  50 ps in 
ZnO NWs coated with Ni NPs, [ 18 ]  64 ps in ZnO nanoparticles 
coupled with Au NPs, [ 33 ]  and 261 ps in ZnO NWs coated with 
Au NPs [ 17 ] ). The decay time of the improved UV luminescence 
is one order of magnitude longer than that of the stimu-
lated emission in ZnO (≈1 ps [ 49,50 ] ), which is in line with its 
nature of spontaneous emission as revealed by the power-
dependent results in Figure  5 . The short lifetime of 18 ps 
corresponds to a frequency of about 55 GHz, which shows 
great potential in high speed optical communication. Another 
signifi cant feature of the enhanced UV emission achieved by 
Cu dopants-mediated generation and transfer of plasmonic 
hot electrons is its excellent temperature stability at low tem-
perature, which is in sharp contrast to the disappearance of 
UV enhancement at low temperature in undoped ZnO NWs 
coated with either Ni NPs or Au NPs in the literature. [ 18,22 ]  
Prior reports on SP-enhanced luminescence are widely based 
on the guiding principle of direct coupling between LSPR and 
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 Figure 5.    a) Room temperature PL spectra of Cu-doped ZnO NWs coated 
with 10 nm Au NPs under different excitation power ranging from 0.07 
to 100 mW. b) Log–log plot of the integrated PL intensity ( I  PL ) of the UV 
luminescence shown in (a) as a function of the excitation power ( P  ex ). For 
comparison, the results of UV luminescence and GL from bare Cu-doped 
ZnO NWs are also included.

 Figure 6.    a) Comparison between the PL spectrum of bare Cu-doped 
ZnO NWs and the absorption spectrum of Au NPs with a size of 10 nm. 
b) Schematic illustration of the possible mechanism of the UV enhance-
ment involving the processes of 1) virtually generating GL at Cu dopant, 
2) transferring energy from the virtual GL of Cu-doped ZnO NWs to LSPR 
of Au NPs, 3) exciting LSPR of Au NPs upon receiving the transferred 
energy from the virtual GL, and generating plasmonic hot electrons 
as a result of nonradiative decay of the LSPR, 4) transferring hot elec-
trons from Au NPs to the conduction band of Cu-doped ZnO NWs, and 
5) excitons radiative recombination at Cu-doped ZnO into UV emission. 
The energy band alignment between Cu-doped ZnO NWs and Au NPs is 
sketched approximately according to refs. [ 24,33 ]  and [ 46 ] .
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luminescence-of-interest, [ 1,6,18 ]  where the enhancement of UV 
emission from ZnO decorated with metal NPs at room tem-
perature is ascribed to a strong coupling between LSPR and 
FX. [ 18 ]  However at low temperature, bound excitons (DX and 
AX) emission dominates the PL spectra (see Figure  4 a), and 
their coupling with the LSPR is believed to be weak probably 
due to their weak oscillation strength and localization nature. [ 18 ]  
In addition to the self-absorption by the metal NPs themselves, 
strong UV emission from ZnO NWs/metal NPs system at low 
temperature was rarely documented in the literature. [ 4 ]  Herein 
we fi nd that the limitation of direct coupling between the LSPR 
and the UV emission from ZnO can be circumvented by lev-
eraging on the plasmonic hot electrons through coupling the 
LSPR with the carrier recombination at the dopants. It was 
suggested that the coupling mechanism between exciton and 
LSPR may be similar to that between exciton and phonon. [ 51 ]  
The structured GL with multiple phonon replica in Cu-doped 
ZnO [ 26 ]  (Figure  4 a) infers that the coupling between GL exciton 
and phonon is quite strong, thus it is reasonable to expect a 
strong coupling between GL exciton and LSPR when coating 
Au NPs onto Cu-doped ZnO NWs, although the GL photon 
may not necessarily to be generated. By assuming an internal 
quantum effi ciency (IQE) ≈100% at 18 K, [ 8 ]  the IQE of the UV 
emission from Cu-doped ZnO NWs at 300 K is increased from 
1.6% to 11% after coating with Au NPs. 

 The UV enhancement of undoped ZnO NWs after coating 
with metal NPs (Figure  2 a) is mainly caused by surface passi-
vation, as evidenced by the prolonged exciton lifetime revealed 
in previous reports. [ 29 ]  Enhanced light scattering/extraction may 
also play a part in enhancing the UV emission. These factors are 
believed to account for the difference between the Purcell factor 
(≈136) and the UV enhancement factor (≈280) in our results on 
Cu-doped ZnO NWs coated with Au NPs. Besides, in undoped 
ZnO coated with Au NPs, the photon-excited electrons in the 
conduction band of ZnO could tunnel through the Schottky 
barrier to the adjacent Au NPs, which facilitates electron–hole 
separation and could suppress the UV emission if the Au NPs 
are attached on the side walls of the ZnO NWs. [ 52 ]  However, the 
electrons tunneling through the Schottky barrier can be pre-
vented after doping Cu into ZnO, since Cu dopants can trap 
the electrons effectively through forming acceptor centers. The 
formation of acceptor centers in Cu-doped ZnO NWs is mani-
fested by the formation of additional band tail states in the 
X-ray photoelectron spectrometry (XPS) valence band spectrum 
compared to that in the undoped ZnO (Figure S4, Supporting 
Information). [ 53 ]  The electrons can transfer from the ZnO host 
to the Cu dopants in a timescale as short as ≈40 ps, [ 38 ]  and this 
process is thermodynamically more favorable than tunneling 
through a Schottky barrier to the adjacent Au NPs. These com-
parisons further highlight the vital roles of Cu dopants and 
also differentiate our results from the previous ones based on 
undoped ZnO. [ 6,16–18,22,33,41,52,54,55 ]  

 It should be noted that the LSPR of Au NPs could be excited 
coincidentally through the defects-correlated visible emission 
in ZnO, [ 33,47,54,55 ]  however the poor thermal stability of these 
defects [ 14,15 ]  makes such an alternative not reliable in practical 
applications. Here we propose a new strategy to address this 
issue by taking advantage of the thermally stable Cu dopants 
in ZnO. [ 26 ]  The UV luminescence from our NWs integrates the 

merits of high intensity, ultra-short lifetime, and temperature-
robust characteristic, which are highly desirable in nanoscale 
LED and laser diodes. [ 2 ]  It opens up opportunities to tailor the 
coupling between the LSPR of metal NPs and the exciton of semi -
conductor through chemical doping. The concept that utilizing 
dopants to mediate the generation and transfer of plasmonic hot 
electrons provides a new avenue to modify the SP–exciton coup-
ling and charge transfer at the interface of metal NPs and semi-
conductors NWs, which are critical to maximize the potential of 
plasmonic hot electrons in photonics and beyond. [ 24,43,56 ]    

  3.     Conclusion 

 In conclusion, we report an extraordinary UV luminescence 
from Cu-doped ZnO NWs by dopants mediated generation 
and transfer of plasmonic hot electrons. SP–exciton resonant 
coup ling is achieved through matching the LSPR absorption 
of Au NPs with the Cu-correlated GL of Cu-doped ZnO NWs, 
as manifested by the suppression of GL from Cu-doped ZnO 
NWs after coating Au NPs. Meanwhile, UV emission from the 
NWs is enhanced remarkably, and the lifetime of the UV emis-
sion is shortened from about 2.4 ns to 18 ps, corresponding to a 
Purcell factor as large as 136. Moreover, the enhanced UV emis-
sion shows robust temperature stability down to 18 K. The NWs 
with intense, ultrafast, and temperature-robust UV emission 
hold great potential in nanoscale UV LED and laser diodes.  

  4.     Experimental Section 
  Synthesis of NWs and Metal NPs Coating : A chemical bath deposition 

method was adopted to synthesize Cu-doped ZnO NWs on Si (100) 
substrates. [ 26 ]  Briefl y, a seed layer of ZnO NPs was spin-coated onto 
the substrates, followed by annealing in air at 250 °C for half an 
hour. The growth solution consisted of 25 × 10 −3   M  zinc acetate and 
1 × 10 −3   M  copper acetate in deionized water, in which ammonia was 
added to adjust the pH value to about 10. The growth was conducted 
at 90 °C at ambient pressure for 1 h. The NWs were annealed at 800 °C 
in air for 30 min to promote the formation of substituted Cu dopants at 
Zn site, as evidenced by the Cu-related strong GL from the samples after 
annealing. [ 26 ]  Reference samples of undoped ZnO NWs were synthesized 
by the same procedures except without copper acetate in the growth 
solution. Metal (Au or Pt) NPs were sputtered onto the NW by direct-
current sputter (JEOL JFC-1600 Auto Fine Coater) at a sputtering rate of 
≈0.3 nm s −1 , and the average size of the NPs was controlled by adjusting 
the sputtering time. 

  Characterization and Luminescence Measurements of NWs  :  The 
structure, morphology, and composition of the samples were 
characterized by XRD (Bruker D8 Discover), SEM (Helios Nanolab 600), 
TEM (JEOL JEM 2100), and SIMS (TOF-SIMS IV). UV–visible absorption 
spectra were scanned by UV-3600 UV–Vis–NIR Spectrophotometer 
(Shimadzu). PL spectra were recorded using a micro-PL system 
(Renishaw Ramanscope 2000) with a He-Cd laser ( λ  = 325 nm) as the 
excitation source. PL spectra were collected from three locations of 
the same samples and averaged to minimize the fl uctuation in sample 
uniformity and measurements. TRPL data were collected from the UV 
peak around 377 nm at room temperature by time-correlated single 
photon counting (PicoQuantPicoHarp 300), excited by a 260 nm laser 
pulses (100 fs, 80 MHz) from the third harmonic of the Titanium 
sapphire laser (Chameleon, Coherent Inc.). XPS measurements were 
performed using VG ESCALAB 220i-XL instrument equipped with a 
monochromatic Al Ka (1486.7 eV) X-ray source.  
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