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Morphology and characterization 
of cockloft-like ZnO/morin hybrid 

Y. LI*, Y.-L. ZOU 

College of Science, Civil Aviation University of China, Tianjin, 300300 P.R. China 

Morin modified multilayer ZnO with a cockloft-like morphology was fabricated in alcohol solution, 
using hydrothermally synthesized ZnO nanodisks and morin as the precursors. The samples were charac-
terized by field emission scanning electron microscopy, X-ray diffractometry, Fourier transform infrared 
spectroscopy and fluorescence spectroscopy. The results show that the cockloft-like ZnO hybrid, having 
hexangular morphology with the diameter of 1.5–2 μm and the thickness of ca. 1 μm, is composed of 
a multilayer flatform stacked by numerous ZnO nanodisks in its middle and a meshlike muffle made up of 
countless morin nanoparticles with the diameter of ca. 40 nm. The UV emission of the as-fabricated 
product is obviously attenuated by morin nanoparticles assembling on the surface of the ZnO nanodisks. 
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1. Introduction 

ZnO, a n-type II–VI compound semiconductor with a direct band gap energy of 
3.37 eV at ambient temperature and strong exciton binding energyof 60 meV, has 
currently attracted intensive interest in optics, electronics, catalysis, etc. Many papers 
focused on the synthesis of various ZnO nanostructures with particular morphologies, 
such as nanowires [1, 2], nanobelts [3], nanorods [4], nanotubes [5–7] and nano-
disks [8]. Furthermore, various elements and compounds were doped into ZnO struc-
ture to improve its properties, such as Pt [9], titanate [10], CdS [11] and PbS [12]. The 
fabrication and the toluene sensing properties of TiO2-doped ZnO nanostructures have 
been reported. It was found that a TiO2-doped ZnO sensor exhibits remarkably en-
hanced responsiveness to 100 ppm toluene [13]. A colloidal Fe-doped ZnO nanocrys-
tal was synthesized and its distinct ferromagnetic resonance signal at room tempera-
ture was revealed [14]. On the other hand, organic dyes such as cationic azobenzene 
dye [15] and rhodamine [16] are increasingly used as dopants and modifiers of inor-
ganic nanomaterials. Among all the organic dyes, morin is usually used as a useful 
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dopant or modifier, especially as a fluorescent reagent. The photoluminescence of porous 
anodized aluminum oxide impregnated with morin was investigated [17]. A SiO2-morin 
nanocomposite was successfully synthesized and the reactivity of the nano SiO2, in terms 
of selective binding and extraction of heavy metal ions was greatly improved by morin 
modification [18]. The interaction between morin and TiO2 was investigated by analyzing 
the UV-vis absorption, UV-vis diffuse reflectance spectrum [19]. Morin was also interca-
lated into NaY zeolite, as a modified electrode material [20]. The synthesis and the photo-
catalytic property of the dye-sensitized ZnO have been reported [21]. ZrO2/morin nano-
composite was fabricated by a simple heat refluxing method and the enhancement of its 
photoluminescence was disclosed [22]. To our knowledge, there have been no reports on 
morin modified ZnO. Therefore, it is necessary to research the fabrication and characteri-
zation of morin modified ZnO structure. In this paper, we report a cockloft-like structure 
of morin modified multilayer ZnO, and its properties are characterized via X-ray diffrac-
tometry, field emitting scanning electron microscopy, Fourier transform infrared spec-
trometry and fluorescence spectrometry. 

2. Experimental 

Materials. All reagents such as zinc chloride (ZnCl2, 98%), ammonia (NH3·H2O, 
25%), and N,N,N-trimethyl-1-hexadecanaminium bromide (CTABr, C19H42BrN, 99%), 
morin hydrate (C15H10O7·xH2O, 99.5%) and absolute ethanol (C2H5OH, 99.7%), pur-
chased from Kewei Company of Tianjin University, were analytical grade, and were 
used without further purification. 

Fabrication. The fabrication of morin decorated ZnO disks was carried out ac-
cording to the following procedure. In the first step, 6 g of ZnCl2 and 0.05 g of CTABr 
were dissolved into 90 cm3 of distilled water, and then 6.5 cm3 of ammonia was 
slowly dropped into the former solution under vigorous stirring to form the reactant 
mixture. Subsequently, the solution was loaded in a 250 cm3 beaker placed in a water 
bath and was hydrothermally treated, first at 95 °C for 3 h and then at 50 °C for 1 h. 
The resulting white precipitate was washed several times with distilled water and al-
cohol, and dried at 60 °C for 10 h in an oven to obtain ZnO products. In the second 
step, the as-synthesized ZnO particle was mixed with 10 cm3 of morin solution, using 
alcohol as a solvent, and the mixture was thoroughly mixed until it was dried by natu-
ral evaporation in atmosphere to obtain the products. 

Characterization. The morphologies of the as-synthesized samples were investi-
gated by 1530VP model field emission scanning electron microscopy (FESEM). The 
X-ray diffraction (XRD) pattern of the obtained particles was identified on a DX-2000 
X-ray diffractometer with CuKα radiation (λ = 0.1542 nm). Photoluminescence (PL) 
spectra of these samples were measured with a WGY-10 fluorescence spectropho-
tometer with a Xe lamp (150 mW). The excitation wavelength was fixed at 230 nm. 
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The spectrum of these samples at ambient temperature was observed in the wave-
length range of 350–600 nm. Fourier transform infrared spectroscopy (FTIR) meas-
urements of the samples were undertaken on a Nicolet 380 spectrometer with the spec-
tral resolution of 1 cm–1. The samples were mixed with KBr, in the weight ratio of 
sample-to-KBr of 1:100, and were then pressed into pellets for characterization. 

3. Results and discussion 

FESEM images and XRD spectra. Figure1 shows the images of the as-prepared 
ZnO disks and the mesh-like morin masked multilayer ZnO. In Figure 1a, a very large 
number of nanodisks 1.5 μm in diameter and ca. 50–100 nm thick can be observed, 
which can be easily indexed to a wurtzite ZnO structure (Fig. 2a) and has an unclear 
hexagon shape.  

 

 
Fig. 1. FESEM images of the fabricated ZnO nanodisks (a) and the cockloft-like ZnO -- 

formed in morin solution with a concentration of 0.005 mol/dm3 (b, c, and d) 

a) b) 

c) d) 
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Here, the synthesis of the as-prepared product wa
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Fig. 2. XRD spectra of the fabricated ZnO nanodisks (a
formed in morin solution with a concentration o

The outstanding change of the XRD patterns o
caused by the self-assembled structure of morin par
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re are numerous morin particles 
0–100 nm in diameter in a good 

 

a) and the cockloft-like ZnO 
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XRD peaks at 31.84°, 34.81° and 36.33°, all XRD di
ZnO in Fig. 2, spectrum a almost disappear and sever
in spectrum b, due to the dispersion and the absorpti
The XRD measurement results reflect the morphology
by morin mesh in a visible manner. 

Based on the results above, the assembly mechan
be proposed as follows. ZnO nanodisks come out und
tem during the first step of the synthesis. In the second
tallized from the alcohol solution preferentially adso
disks to form a laciness round ZnO nanodisks. The
along plane (0001) by the dipolar force of ZnO, and 
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muffle. In this way, the cockloft-like ZnO/morin comp

Fig. 3. FTIR transmittance spectra of the fabricated ZnO nan
formed in morin solution with a concentration of 0.005 m

FTIR spectra. Figure 3 shows the FTIR spectra of
modified ZnO (spectrum b) and morin (spectrum c). In sp
ZnO nanodisks located at 560 and 902 cm−1 can be attrib
stretching vibration of Zn–O, respectively. The peaks at
signed to the C–O bond of CTABr remains. The peaks
assigned to OH– and CO3

2–. The peaks at 1620, 1460 
morin (Fig. 3, curve c) can be assigned to the C=C 
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ffraction peaks of the multilayer 
ral peaks related to morin appear 
ion of X-ray by morin particles. 
y of the ZnO multilayer masked 

nism of morin-modified ZnO can 
der stirring in hydrothermal sys-
d step, morin nanoparticles crys-

orb on the fringe of these nano-
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nodisks (a), the cockloft-like ZnO 
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f ZnO disks (spectrum a), morin-
pectrum a, the absorption peaks of 
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asymmetric stretching vibration of C–O–C, respective
630 cm−1 are assigned to the stretching vibration of –
spectrum of ZnO nanodisks and morin with that of th
ZnO, the bands at 993, 797 and 630 cm–1 disappear
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sponding to Zn–O were concealed by strong ones. It 
bonds were formed between ZnO disks and morin part

Fig. 4. Room temperature PL spectra of the fabrica
the cockloft-like ZnO formed in morin solution using 

the concentration of: b) 0.003 mol/dm3, c) 0.005 mol/dm3, d) 
f) 0.011 mol/dm3, g) 0.013 mol/dm3, h) 0.015 mol/d

PL spectra. Figure 4 shows the room temperatur
and morin modified ZnO nanodisks. It is clearly obser
emission at about 396 nm [23, 24] evidently decrea
creases in the fabrication process of the morin modi
the intensity of the UV emission of the reported mori
ally strongly enhanced by introducing an appropriate 
Here, the attenuation of the UV emission is caused by
by morin and the emittion from nano ZnO. The fact i
by numerous morin particles, which reduces the inten
ing at the surface of ZnO and the emission emitted fro
of morin does not integrate into ZnO structure and d
structure, and therefore the emission mechanism of Zn

ely. The bands between 993 and 
–C–OH [19]. Comparing the IR 
he as-fabricated morin modified 
red with the appearance of new 
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implies that some new chemical 
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re PL spectra of ZnO nanodisks 
rved that the intensity of the UV 
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is that ZnO particles are muffled 
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does not change the energy band 
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4. Conclusion 

A well ordered structure of morin modified multilayer ZnO with a cockloft-like 
morphology can be successfully fabricated via a simple adsorption process in alcohol 
solution, using ZnO nanodisks synthesized in a hydrothermal system and morin as the 
precursor. The cockloft-like ZnO composite, having a wurtzite structure and a hexan-
gular morphology with the diameter of 1.5–2 μm and the thickness of about 1 μm, is 
composed of two parts: a multilayer flatform stacked by numerous ZnO nanodisks in 
its middle and a meshlike muffle made up of a very large number of morin nanoparti-
cles with diameters of ca. 40 nm. Comparing the IR spectrum of the ZnO nanodisks 
and morin with that of the as-fabricated cockloft type composite, it can be observed 
that the bands at 993, 797 and 630 cm–1 disappear with the occurrence of the new 
bands at 951, 832, 714, 609 and 463 cm–1, which implies that some new chemical 
bonds are formed between ZnO disks and morin particles. The UV emission of the as-
fabricated product is obviously attenuated by morin nanoparticles assembling on the 
surface of ZnO nanodisks. 
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