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The graphene-like ZnO:Eu’" (ZEO) nanosheets with different Eu" doping concentrations are
synthesized successfully by a simple hydrothermal method. We utilize the native surface effect in
the ZEO nanosheets for the first time to certify the resonant energy transfer mechanism from the
ZnO host to the Eu’" ions by means of the power-dependent photoluminescence technique.
Meanwhile, to further explore the functional applications of the graphene-like ZEO, we also
characterize their photocatalytic activity on the Rhodamine B dye and reveal that both the higher
specific surface area and Eu®" doping lead to the higher degradation efficiency of ZEO nanosheets.
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. INTRODUCTION

Doping is an effective way to change the optical and
electrical properties of semiconductor materials or further
improve the performance of their optoelectronic devices.
Rare earth (RE) elements such as Eu, Er, and Tb are the fa-
mous visible luminescence centers once they are incorpo-
rated into the host matrix. Therefore, people expect that
doping RE element into the lattices of ZnO would provide
the efficient visible light emissions.' ™ Recently, Eu’* as one
of the most famous red emitting activators has been success-
fully incorporated into the ZnO nanoparticles, nanorods
arrays, and nanospheres, and most of them provide the red
emission at 615nm due to the intra-4f shell *Dy-'F, transi-
tion, which makes ZnO:Eu®" (ZEO) turn into a promising
candidate for the white light-emitting diode and planar dis-
play due to their multicolor emissions."®’ However, rare
work has been reported about the Eu®"-doped ZnO nano-
sheets, especially for the very thin and soft nanosheets as
metaphorically called the graphene-like,® since it is a huge
challenge to incorporate the Eu ions into the ZnO lattices
due to the giant differences in ionic radius and charge
between Zn*>" and Eu® " ions.

Recently, especially after the emergence of graphene,
the nanosheets obtained by the delamination of layered com-
pounds have been recognized as a novel class of nanostruc-
tured materials due to their unique structural feature of
ultimate two-dimensional anisotropy with extremely small
thickness in nanometer.*~'? From fundamental point of view,
this extremely small thickness with huge surface will defi-
nitely bring the surface effects into the optical properties due
to their much higher specific surface area. In our previous
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work about Eu’" doped ZnO nanowires, we already pointed
out that ZnO host resonantly transferred their energy to Eu®"
via the oxygen vacancy as trapping and energy storage cen-
ters.> Then, how will the strong surface effects influence the
Eu’" emission once Eu’" is doped into the graphene-like
ZnO nanosheets? To help reveal this deep fundamental phys-
ical phenomenon, we need to utilize the excitation power-
dependent photoluminescence (PL) technique, since it is an
effective method to gain a good understanding and system-
atically investigate the luminescence mechanism and the
excitation pathways of the RE®" ions in semiconductor
hosts."*~'> However, the excitation power-dependent PL for
the Eu*" doped ZnO nanostructures is rarely reported.

Therefore, in this paper, we would like to present the
controllable synthesis of graphene-like ZnO:Eu®" nano-
sheets by a hydrothermal method. The surface effects on
their optical properties, especially the energy transfer mecha-
nism from ZnO host to Eu®" ions, and photocatalytic activ-
ities will be investigated in detail.

Il. EXPERIMENTAL SECTION
A. Synthesis

Eu-doped ZnO nanosheets were synthesized via the
hydrothermal method with post-annealing treatment.
7Zn(NO3),-6H,O was first dissolved in the deionized water.
Eu,03 powder was dissolved in dilute nitric acid to obtain a
0.05 mol/l aqueous solution of europium nitrate. The above
two solutions were mixed together, in which the concentra-
tion of the metal ions was adjusted to 0.05 mol/l. Then the
urea was added into it with a Zn:Eu:urea molar ratio of
1:0.02:2, 1:0.02:4, and 1:0.02:8, respectively. After stirring,
the solution was transferred into a 100 ml teflon-lined auto-
clave, which was filled to nearly its 80% capacity. The auto-
clave was kept in a dry cabinet at 120°C for 6h, then the

© 2013 American Institute of Physics
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solution was cooled down to room temperature and washed
with alcohol and deionized water for three times. After dried
at 60 °C, the powder was annealed at 400 °C in air for 2 h.
Herein, we obtain the as-grown samples named as ZEO-2,
ZEO-4, ZEO-8 according to the content of urea, respectively.
For comparison, we also prepared the undoped ZnO sample
in the similar process only without adding Eu*" solution,
which was named as UZO.

B. Characterization

X-ray diffraction (XRD) patterns were recorded by a
MAC Science MXP-18 X-ray diffractometer using a Cu tar-
get radiation source was used to study the crystal structure
and morphology of the samples. The scanning electron
microscope (SEM, S-570, Hitachi) with an energy dispersive
spectrometer (EDS) was used to characterize the morphology
and different chemical composition of the samples. The
transmission electron microscope (TEM, JEM-2100, JEOL)
spectroscopy system was used to qualitatively confirm the
detailed microscopic structure. A quantitative compositional
analysis was carried out by using an X-ray photoelectron
spectroscopy (XPS) in an ultra-high vacuum chamber at a
pressure lower than 1.333 x 10~ Pa. The PL measurements
were performed on the Renishaw invia spectroscopy excited
by a continuous He-Cd laser with a wavelength of 325 nm.

C. Photocatalytic activity measurement

Photocatalytic activity of the samples was determined
by the degradation of Rhodamine B (RhB) under UV light
irradiation. Photoirradiation was carried out using a 250-W
high-pressure Hg lamp (centered at 365nm). Before expo-
sure to UV irradiation, the mixed aqueous solutions of RhB
and as-synthesized products were magnetically stirred thor-
oughly in the dark until reaching the adsorption equilibrium
of the RhB on the catalyst. After different irradiation inter-
vals, the solution concentration of RhB was analyzed by a
UV-vis spectrophotometer (UV-5800PC, Shanghai Metash
Instruments Co., Ltd) at room temperature. In addition, com-
mercial ZnO nanoparticles powders (25-40nm in size,
Shanghai Chemical Reagent Co., Ltd) were adopted for ref-
erence catalysts to compare the photocatalytic activity under
the same experimental conditions.

lll. RESULTS AND DISCUSSION
A. Microstructure and morphology

Fig. 1 shows the XRD patterns of the as-prepared ZnO
and ZnO:Eu®" samples. We can see that all the diffraction
peaks can be indexed to wurtzite-type ZnO structure for all
the samples according to the standard JCPDS 36-1451 file
for ZnO. For ZnO:Eu*" samples, no diffraction peaks are
detected from europium oxides or any other impurities,
which indicates that Eu®" ions are successfully doped into
the crystal lattice of ZnO matrix. We can also find in Fig. 1
that, with increasing the urea content, the diffraction inten-
sities in the XRD patterns decrease step by step, indicating
the degeneration of crystalline qualities. Hence, we can
deduce that the Eu*" doping concentration in ZnO probably
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FIG. 1. XRD patterns of UZO, ZEO-2, ZEO-4, and ZEO-8. The inset shows
the magnified patterns in the vicinity of 30° ~ 40°.

increases with the increase of urea content, which will be
further proved by the SEM results. Generally, as the ionic ra-
dius of Eu" is much bigger than that of Zn*", the incorpora-
tion of Eu®" ions into the ZnO matrix necessarily leads to
the expansion of the unit-cell volume of the ZnO:Eu’" sam-
ples, which will result in the shift of diffraction peaks to the
lower angle. However, as shown in the inset of Fig. 1, in
comparison with the XRD pattern of UZO, we can find that
the diffraction peak positions first shift to the higher angle
for ZEO-2 and then shift to the lower angle again for ZEO-4
and ZEO-8, indicating that the Eu®" doping first makes the
lattice shrink and then expand again. This phenomenon may
be explained as follows: First, the incorporated Eu’" ions
probably build the obstructions for the movement of grain
boundary and limit the grain growth in ZnO, thus the lattice
of ZEO-2 sample shrinks.'®"'® However, once the Eu®>" con-
centration increases in ZEO-4 and ZEO-8, the lattice
expands again since the Eu’" ions incorporated into the ZnO
lattices necessarily lead to the expansion of the unit-cell vol-
ume of the ZnO:Eu®" samples as the ionic radius of Eu®" is
much bigger than that of Zn**.

Fig. 2 presents the SEM images of the UZO and
ZnO:Eu*" samples. All the samples own nanoflake morphol-
ogies. As shown in Fig. 2(a), the thickness of UZO nanoflake
is about 200 nm. While, Figs. 2(b)-2(d) illustrated the thick-
ness of ZEO-2, ZEO-4, and ZEO-8 nanoflakes is 80nm,
100 nm, and 150 nm, respectively.

We further performed the EDS measurement on the
nanosheets to verify the chemical composition of these nano-
flakes, which has been shown in Fig. 3. In Figure 3(a), only
Zn and O elements can be detected in UZO sample. While,
in Figures 3(b)-3(d), we can find that, except the Zn and O
elements, a small amount of Eu elements exist in the ZEO-2,
ZEO-4, and ZEO-8 samples. The corresponding quantitative
concentration of Eu®" has been estimated to be 1.03%,
1.39%, 1.98%, respectively, which strongly confirms the
deduction from XRD results. In addition, since the Eu** con-
centration in the initial solution is fixed and only urea con-
tent increases step by step. Therefore, we can deduce that
urea content in initial growth solution may promote the
incorporation of Eu®" ions into ZnO.
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FIG. 2. SEM images of UZO (a), ZEO-2 (b), ZEO-4 (c), and ZEO-8 (d).

To qualitatively reveal the detailed microscopic struc-
ture, the TEM image of ZEO-8 was presented in Fig. 4. We
can see in Fig. 4(a) that the copper substrate is covered with
a layer of large-area, continuous, crumpled and very thin
sheet, which is quite similar to the graphene sheet.'**® The
rumpling mainly comes from the sonication and sheet take-
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out process. To make the structure clearly, the high magnifi-
cation TEM images corresponding to the R1 and R2 parts
marked by the red dot rings in Fig. 4(a) were shown in Figs.
4(b) and 4(d), respectively. R1 mainly focused on the wrin-
kle of the sheets, while R2 was taken at the edge of the
sheets. The HRTEM image corresponding to one of the wrin-
kle place marked by the red dot ring in Fig. 4(b) was illus-
trated in Fig. 4(c). We can clearly see the fringe lines along
at least three directions, which have been marked by the red,
green, and blue lines in the images. The fringe lines along
the red and blue arrow directions finally crossed with each
other due to the formation of wrinkles. The fringe spaces for
three directions are all 0.268 nm, which is corresponding to
the (002) plane distance of the standard wurtzite-type ZnO
structure (cell constants of a=3.249A and c=5.206 A).
However, this spacing is bigger than that of standard ZnO,
which is mainly caused by the cell volume expansion when
the Eu®" ions doped into ZnO. From the red dot rectangle
part in Fig. 4(d), we can see that the nanosheet can be distin-
guished as single-layer or double-layers. The HRTEM image
corresponding to the places marked by the small red and
blue dot rectangles in Fig. 4(d) was illustrated in Figs. 4(e)
and 4(f). The fringe spaces are all estimated to be 0.268 nm,
which have a great agreement with that in Fig. 4(c). How-
ever, we can clearly see the defects cross the fringes in Fig.
4(e) as marked by the red dot rectangles, which maybe
caused by the Eu’" incorporation into the ZnO lattices.
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FIG. 3. EDS spectra of UZO (a), ZEO-2
(b), ZEO-4 (c), and ZEO-8 (d).
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FIG. 4. TEM and HRTEM images of ZEO-8. (a) TEM image; (b) high-magnification TEM image corresponding to the wrinkle region marked by red dot ring
(R1) in (a); (c¢) HRTEM image corresponding to the region marked by the red dot ring in (b); (d) high-magnification TEM image corresponding to the edge
region marked by red dot ring (R2) in (a); (¢) HRTEM image corresponding to the region marked by the small red dot rectangle in (d); (f) HRTEM image cor-

responding to the region marked by the blue dot rectangle in (d).

To further investigate the chemical composition and the
bonding state in the graphene-like ZnO:Eu”" nanosheets, we
performed XPS measurements on the ZEO-8 sample. Prior
to the XPS measurements, the sample was cleaned by sput-

tering with an Ar ion beam to remove any potential surface
contamination. As shown in Fig. 5(a), the typical XPS survey
scan confirms the presence of Zn, O, Eu, and C elements,
indicating that no other impurities exist in ZEO-8 sample.
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FIG. 5. XPS spectrum of ZEO-8. (a)
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We would like to mention that, for all the XPS spectra in Fig.
5, the binding energies have been calibrated by taking the car-
bon Cls peak (285.0eV) as reference. The high resolution
scans of Zn2p, Ols, and Eu3d of ZEO-8 are shown in Figs.
5(b)-5(d). In Fig. 5(b), the peaks located at 1021.2 and
1044.4eV are associated to Zn2ps;;, and Zn2p,p,, respec-
tively.>'* Since the O1s XPS spectrum in Fig. 5(c) is obvi-
ously unsymmetric, we use Gaussian function to fit it and the
deconvolutions show the presence of two different Ols peaks.
The peak centered at 531.0eV is associated to the O~ ion in
the wurtzite structure surrounded by the Zn atoms with their
full complement of nearest-neighbor o>~ ions,mf24 whereas
the peak centered at 531.5eV can be ascribed by many
authors to the presence of OH bonds, i.e., ZnO(OH).>!=2* Fig.
5(d) presents the Eu3d XPS spectra of ZEO-8. The two char-
acteristic peaks at 1164.6 and 1134.7eV are attributable to
the core levels of Eu3ds, and Eu 3ds),, respectively, which
indicates that the Eu ions are trivalent.”>° By fitting the inte-
grated peak areas and using the calibrated atomic sensitivity
factors, the atomic ratio of Eu to Zn was quantitatively deter-
mined to be 1.96%, which is well consistent with the EDS
results.

B. Photoluminescent properties and energy-transfer
mechanisms

Fig. 6(a) shows the room-temperature PL spectra of the
as-prepared ZnO, ZEO-2, ZEO-4, and ZEO-8. All the spectra
consist of an UV peak at 386 nm and a green emission peak
at about 550 nm. Usually, the green emission is related to the
oxygen vacancy (Vo), which is attributed to the transition
between the electron close to the conduction band and deeply
trapped hole at Vo centre (oxygen vacancy containing no
ele:ctrons)ZL29 or the transition between the electron at Voo
(with one electron) or Vo't (with two electrons) and the
hole at vacancy associated with the surface defects.>*° The
UV emission band is related to a near band-edge (NBE) tran-
sition of ZnO, namely, the recombination of the free excitons
(376 nm). The room temperature PL peak position can be
different, for example, the transition energy from 375nm
(Ref. 31) to 383 nm,** and the exact energy position depends
on the contribution between the free exciton and the transi-
tion between free electrons to acceptor bound holes.**™’ In
our case, the UV emission peak of UZO located at 386 nm,
which exhibits an obvious redshift in comparison with other
ZnO nanostructures and bulk materials.®’'’ We would like
to propose that this redshift is related to the surface band
bending effect due to the graphene-like morphologies with
large surface-to-volume ratio.

The as-synthesized ZnO nanostructures are usually
n-type, but both donor-and acceptor-like states are present
within the band gap.*® Hence, some donor electrons in the
conduction band will reduce their energy by occupying the
acceptor-like surface states. A negative surface charge is gen-
erated, counterbalanced by a positive space charge that origi-
nates from ionized donors within a depletion width d away
from the surface, so that overall charge neutrality is main-
tained. Consequently, a built-in electric filed and the corre-
sponding electrostatic potential will built up so that the
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FIG. 6. (a) Room temperature PL spectra of UZO, ZEO-2, ZEO-4, and
ZEO-8; (b)excitation spectrum of ZEO-8; (c) visible light region of PL spec-
tra with UV peak normalization; the inset illustrates the intensities of both
green and red emissions via the mole ratio of Zn”":urea.

energy bands bend upwards as they approach the surface and
finally results in a surface depletion layer, which will strongly
influence the PL properties of ZnO nanostructures.**** We
can simply estimate band-bending effect and its impact on PL
of ZnO and ZnO:Eu" samples in detail. The width of the
surface depletion region can be described as***

~[2ez:080Ds 1/2 |
B [ezzv;m} | W
where &,0 is the relative dielectric constant of ZnO, & is the
permittivity of vacuum, Qg is the height of potential barrier,
e is the electronic charge, and N} (T) is the temperature
dependent activated donor concentration, which can be
described as follows:

Np

Np(T) = ——F—
1—|—2exp(E’;(;—TED>

@)

Using Njj (T) ~ 10" cm ™ at room temperature, ¢z,0 ~ 8.7,
and @y is of the order of 0.5 eV,43 the calculated width of
depletion region is ~69 nm. Since the thickness of UZO and
ZEO samples in our case is obviously thin, which is far
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smaller than 69 nm as shown in Fig. 4, they should be thor-
oughly depleted. Hence, the strong upward band bending
near surface will play an important role to influence their PL
properties, which will finally result in the redshift of their
UV emission compared to other ZnO nanostructures and
bulk materials. Furthermore, in Fig. 6(a), we can also
observe that the Eu’" doping leads further red shift of the
UV emission (388 nm) in comparison with the UZO samples.
Since the change of Eu*" doping concentration has no influ-
ence on the UV emission peak position as shown by the
black dot line in Fig. 6(a), this further redshift maybe attrib-
uted to the further thickness decrease of the graphene-like
ZnO:Eu®" nanosheets as discussed in the SEM results of
Fig. 2, which leads to a further stronger surface band
bending.

Besides the UV and green emission band in the PL spec-
tra of ZnO:Eu’" nanosheets in Fig. 6(a), we can also observe
an additional red emission peak centered at ~613 nm, which
can be attributed to the intra-4f transition of Eu>" ions, in
particular, the 5D0—7F2 transition.'%74® In our previous
work, we revealed the mechanism of Eu®" emission in the
ZnO nanowire arrays, i.e., a resonant energy transfer from
the ZnO host to the Eu" ions via the Vo as trapping and
energy storage centers.’ Fig. 6(b) presents the excitation
spectra of ZEO-8 with monitoring 613 nm emission. The ex-
citation peaks at 393, 465, and 538 nm are likely originated
from the "Fo-Lg and "Fy-"Dy (J=2, 1) transition of Eu’"
ions.*”*® In addition, it is obvious to see that a strong excita-
tion peak appears at UV range that corresponds to the NBE
transition of ZnO, which further confirms the energy transfer
from UV-generated delocalized electron and hole pairs in
ZnO host to Eu®" ions.*’** We further normalized the UV
emission to compare the green and red emissions in the PL
spectra as shown in Fig. 6(c) and summarized their inten-
sities via the mole ratio of Zn>":urea in the inset of Fig. 6(c).
Obviously, the intensities of both green emission caused by
Vo and red emission from Eu®" ions increase step by step
with increasing the urea content in the growth solution. Since
the increase of urea content will cause the increase of the
Eu’" doping concentration in ZnO nanosheets as discussed
in the XRD results, two effects will be appeared. On one
hand, the red emission from Eu’" ions will increase step by
step; on the other hand, the Vo density will increase in the
samples due to a higher valence Eu’" ions replace a lower
valence Zn*" ions.*” As a result, the green emission will be
enhanced as well. Moreover, the same variation tendency for
both emissions further confirms their native relationship, i.e.,
Vo indeed serves as the trapping and energy storage centers
for the resonant energy transfer from the ZnO host to the
Eu’" ions in our case. The detailed schematic illustration of
energy transfer mechanism can be found in Fig. 7(a). Due to
the surface effects, the conduction band (CB), valence band
(VB), and the defect levels are up-bending. The probable
Eu’" emission mechanism can be described as follows: A
large amount of carriers are excited from the VB to CB of
ZnO. Then, they are trapped at energy storage centers of Vo.
By means of a resonant energy transfer process, the trapped
carriers at the Vo could transfer their energy to the Eu’"
subsystem (i.e., 7F0 — 5D2). As a final step of the energetic
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(@) | (b) %))
CB Electron @
\'./ . )

Vo -
0 *.., —_— s, 5 : .
T (=01234) hten B

EL |8,/ E,

A=613 nm
[©)]
y @
= 4 @

FIG. 7. (a) Schematic illustrating the proposed mechanism of energy trans-
fer from the ZnO host to the Eu’" ions. The dashed and the solid lines with
arrows represent nonradiative and radiative processes, respectively; (b) sche-
matic illustrating the proposed variation of energy transfer process with dif-
ferent power excitation.

7Fy
(J=0~4)

VB  Hole /

process, Eu>" ions go through the radiative transition from
°Dy to 'F,, giving out the red emission.

The excitation power-dependent photoluminescence is
an effective method to systematically investigate the photo-
luminescence mechanism and the excitation pathways of the
Eu’" ions in semiconductor hosts. Therefore, we performed
the excitation power-dependent PL. measurement on ZEO-8
sample and their spectra are shown in Fig. 8. To analyze, the
UV peak position, red and green emission intensity via the
normalized excitation power density is summarized in Fig. 9.
Obviously, as shown in Figs. 8 and 9, not only the UV peak
position keeps red-shift with increasing excitation power !
but also the red and green emission intensity initially enhan-
ces with the increase in excitation power up to around
0.4mW and 2 mW, respectively, and then decreases again.””
In our case, with increasing the excitation power, more and
more photo-generated electrons will be formed in the
graphene-like ZEO-8 samples, so that the Fermi level will
move upward to the conductive band and lead to the further
upward band bending, which finally results in the continued
red-shift of UV position.>* Simultaneously, the Vo states will
trap more and more photo-generated electrons and cause the
initially enhancement of green emission. However, the num-
ber of Vo states is limited after all. When all the Vo states

5000 —20uW

PL intensity (a.u.)

400 500 600 700
Wavelength(nm)

FIG. 8. Excitation power dependence of the room-temperature PL spectra of
ZEO-8.
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a function of excitation power density.

have been occupied by the electrons, the green emission
reaches the maximum, which corresponds to the situation
with the excitation power of 0.4 mW in our case as shown in
Fig. 9(a). Above this excitation power, the competition
between green emission and nonradiative recombination
pathway turns out to be violent so that the green emission in-
tensity falls off.’>>' Due to the native relationship between
green and red emissions mentioned above, their intensity
should reach the maximum at the same excitation power.
However, we can see from Fig. 9(b) that the intensity of red
emission keeps increasing when the green emission intensity
falls off after 0.4 mW and finally turns into the maximum
when the excitation power is 2 mW. Therefore, we would
like to propose that, due to the high specific surface area in
the graphene-like ZEO-8 sample, the adjustment of band
alignment during the increase process of excitation power
also has a strong influence on the resonant energy transfer
from the ZnO host to the Eu" ions.’®! As illustrated in
Fig. 7(b), with the increase of excitation power, the energy
band keeps upward bending as marked by (1), (2), and (3).
The corresponding energy difference (E) between Vo and
valance band can be assigned to E;, E,, and Es, respectively,
which follows the relationship of E; > E, > E;. In that case
the resonant energy transfer is allowed; it is reasonable to
believe that a critical E exists, for example, E, in our case,
which is in well agreement with the energy of 'F, — °D,
and quite favorable for the resonant energy transfer to make
the intensity of Eu>" red emission reach the maximum. For
the region of E < E,, the intensity of Eu’" red emission will
be enhanced step by step with the increase of the excitation
power since the energy is near to the resonant critical energy
step by step. While, once in the case of E > E,, the efficiency
of resonant energy transfer will be lower again since the
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FIG. 10. Degradation efficiency of ZEO-8 for RhB dye versus reaction time.

energy does not match well again. Thus, the intensity of
Eu’" red emission turns weak.

C. Improved photocatalytic activities

To further explore the functional applications of the
graphene-like ZEO, we also characterize their photocatalytic
activity on the RhB. Fig. 10 displays the time-dependent
RhB degradation efficiency under UV light irradiation in the
presence of the UZO, ZEO-8 graphene-like nanosheets, and
commercial ZnO nanoparticles. Obviously, the UZO and
ZEO-8 exhibit the higher degradation efficiency on the
whole compared to the commercial ZnO. The improved pho-
tocatalytic activities of the nanosheets demonstrated above
can be explained as the synergistic effects of large surface
area and improved electron transport ability of charge car-
riers.® On one hand, the large surface area can increase the
number of possible reactive sites for adsorbing enough reac-
tant molecules.®>>° On the other hand, both the surface
atomic structure and surface area sensitively affect the sur-
face carrier transfer process.®>*™>® Due to the small thick-
nesses of UZO and ZEO-8 nanosheets, the charge carriers
can be transported very fast once they reach the surface and
edge. This improved electron transport ability can substan-
tially suppress the recombination probability of charge car-
riers in the nanosheets, which strongly improves their
photocatalytic reactions. Moreover, it is interesting to note in
Fig. 10 that the degradation efficiency of ZEO-8 is higher
than that of UZO before exposure to the UV light for 60 min.
The incorporation of Eu®" into the ZnO lattices will form
trap states to capture photo-generated carriers, which will
suppress the carrier recombination and further enhance their
photocatalytic activities.’”® However, the trap states of
Eu’" are limited after all due to the low doping concentra-
tion, so that the degradation efficiency of ZEO-8 turns to be
same with that of UZO after exposure to the UV light for
60 min.

IV. CONCLUSIONS

In this work, we successfully synthesized the graphene-
like Eu®"-doped ZnO nanosheets by a simple hydrothermal
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method for the first time as we know. The detailed investiga-
tion reveals that the native higher specific surface area has a
great influence on the Eu®" red emission and photocatalytic
activities. Our results not only provide a candidate material
for both flat display and photocatalytic applications but
inspire people that the surface effects can be skillfully used
to realize or enhance the multi-functional application of
nanomaterials.
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