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Abstract Cubic mesocrystal CeO2 was synthesized via a hydrothermal method with glutamic acid (C5H9NO4) as a template.

The XRD pattern of a calcined sample shows the face-centered cubic fluorite structure of ceria. Transmission electron

microscopy (TEM) and the selected-area electron diffraction (SAED) pattern revealed that the submicron cubic mesocrystals

were composed of many small crystals attached to each other with the same orientation. The UV-visible adsorption spectrum

exhibited the red-shift phenomenon of mesocrystal CeO2 compared to commercial CeO2 particles; thus, the prepared materials

show tremendous potential to degrade organic dyes under visible light illumination . With a concentration of a rhodamine B

solution of 20 mg/L and a catalyst amount of 0.1 g/L, the reaction showed higher photocatalytic performance following

irradiation with a xenon lamp (≥ 380 nm). The decoloring rate can exceed 100 % after 300 min.
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1. Introduction

Recently, organic dyes are the largest class of dyes

commercially used in textile industries and have become

one of the most serious environmental pollution problems.1)

There are a lot of physical, chemical, and biological

treatments for removing these organic contaminants by

an economic and effective way.2) It is widely accepted

that the semiconductor photocatalysis technology has

emerged as one of the most promising method, because it

represents an easy way to utilize the energy of solar light

which is abundantly available everywhere in the world.3,4)

Among the used heterogeneous semiconductors, cubic

fluorite type cerium dioxide(CeO2), a semiconductor with

band gap energy similar to that of TiO2, shows promising

photocatalytic activity because of its stability, cheapness,

high activity and environmental compatability.5) CeO2

material is one of the most important rare-earth oxide

materials, due to their unique crystal structure, optical

properties, high thermal stability, electrical conductivity

and diffusivity, and the ability to store and release oxygen,

which have found be widely used in catalysis.6-8) Ceria is

also widely used in polishing agents, oxygen sensor,

solid oxide fuel cells(SOFC), ceramic materials, especially

catalysis.9-13)

Novel mesocrystals have been proposed to grow via

oriented aggregation of individual small particles.14) The

mesocrystal exhibit that the submicron crystal resembles

a single crystal via oriented aggregation of individual

nanocrystals, making them attractive as the active elements

for various applications.15,16) These materials generally

expose the particular crystal, which reflects the special

optics, thermodynamics and chemical properties.17) The

physico-chemical properties of materials are enormously

determine by crystal structure. For instance, Lu and co-

workers synthesized prism-like mesocrystal CeO2 via a
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hydrothermal method, which showed unusual red-shift

compared with that of bulk CeO2 and was good for

visible light application.18) The mesoporous mesocrystal

Ce1-xZrxO2, with the crystal axis [001] parallel to the pore

channel and the {200} planes dominating the channel sur-

face, has been synthesized by choosing adequate polymer

as surfactant.19)

However, there are few and insufficient reports re-

garding mesocrystal CeO2. In the work, we report the

fabrication of the cubic mesoporous CeO2 by C5H9NO4

template. Meanwhile, the crystallinity, morphology and

photocatalytic activty of product are illuminated. 

2. Experiment Section

Two solutions were prepared: the first solution was

prepared by dissolving 3.47 g of cerium nitrate(Ce(NO3)3·

6H2O, > 99.99 %) in 10 ml deionized water with stirring;

the second solution was prepared by dissolving 5.88 g of

glutamic acid(C5H9NO4, > 99.99 %) in 15 ml deionized

water. The cerium solution was added into the glutamic

acid solution with proper agitation. The mixture was

magnetically stirred for 30 minutes before being trans-

ferred into a 40-ml Teflon-lined autoclave. Then the

autoclave was sealed and kept at 160 oC for 10 h, and

subsequently cooled down to room temperature naturally.

The precipitate was filtered off, washed by deionized

water and absolute ethanol three times, and calcined at

400 oC in air for 2 hours. All reagents used above were

purchased from Sinopharm Chemical Reagent Co. Ltd.

(SCRC) and analytical grade. Standard CeO2 was obtained

by directly calcining Ce(NO3)3·6H2O at 400 oC for 2 h.

The powder X-ray diffraction(XRD) patterns were re-

corded on Rigaku D/MAX-2500PC diffractometer with

Cu target(40 kV, 40 mA, λ = 0.15406 nm) at a scanning

rate of 8o·min−1. Surface areas were calculated by the

BET method on Micromeritics ASAP-2010C instrument.

Transmission electron microscopy(TEM) and selected area

electron diffraction(SAED) images were taken by JEM-

2010 transmission electron microscope at 200 kV. The

ultraviolet-visible(UV-vis) diffuse reflectance spectra were

carried out using TU-1901 spectrophotometer(Beijing

Puxitongyong, China) and the analyzed range was 200-

600 nm.

Hydrogen temperature-programmed reduction(H2-TPR)

analysis was conducted on TP-5000(Tianjin Xianquan,

China) analyzer with TCD detector and recorded between

room temperature and 750 oC at a heating rate of 10 oC/

min under 10 % hydrogen in nitrogen. The photocatalytic

activity of CeO2 samples were studied by degradation

experiments using rhodamine B(RB) dye under xenon

lamp and a 380 nm cut off filter, providing a light intensity

of 100 mW·cm−2. In each experiment, 0.05 g of photo-

catalyst was uniformly dispersed in 500 mL of 20 mg/L

Fig. 1. XRD pattern (a), TEM (b), HRTEM (c) and SAED (d) images of calcined sample.
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RB aqueous solution, respectively. The solutions were

magnetically stirred in dark for 60 min to establish the

adsorption equilibrium between dye and catalyst. 1 mL

H2O2 solution(30 wt%) was added for oxidation of RB in

water before irradiation. Then the photocatalytic experi-

ments were carried out under visible light.

3. Results and Discussion

The XRD pattern of calcined sample is shown in Fig.

1(a). It could be found that in this pattern, the typical

diffraction peaks at 2θ = 28.6o, 33.1o, 47.4o, 56.3o, 59.1o

and 69.5o show the face-centered cubic fluorite structure

of ceria(JCPDS No. 34-0394) and exhibit in consistent

with the fluorite cubic phase (111), (200), (220), (311),

(222) and (400) diffraction planes, respectively. The trans-

mission electron microscopy(TEM) has been used for

demonstrating the morphology and structure of the syn-

thesized CeO2 sample. It can be found from the TEM

image(Fig. 1(b)) that the morphology of the CeO2 is

similar to cube. They are 200 nm to 300 nm in side

length with smooth surfaces. Fig. 1(c) shows the high

resolution TEM(HRTEM) image of a particle edge and

Fig. 1(d) shows selected area electron diffraction(SAED)

pattern of cubic CeO2. It is noticeable that one set of the

lattice fringes is perpendicular to edge of cube, and the

facet of the crystals can also be determined, in which the

inter-fringe distance is 0.271 nm, with the {200} lattice

spacing of the cubic phase for ceria.20) The diffraction

pattern is neither polycrystal ring nor single crystal dot

matric. The pattern images are elongated dots, implying

that the particles are comprised of many small nano-

crystals growing towards the oriented direction.21) The

product could be termed as mesocrystal material.15)

The diffuse reflectance spectra(DRS) of mesocrystal

CeO2 and standard CeO2 are shown in Fig. 2(a). An

adsorption band edge, which finished up with 370 nm for

standard CeO2, is broadened and red shifts about 40 nm

reached 410 nm for cubic mesocrystal CeO2. As for the

red-shift, it could be attributed to the modification of

electron-phonon coupling coefficient and the variation of

carrier scattering style, which determined by the cubic

mesocrystal CeO2 with a large number of defects. Another

reason is that the twin boundary, which formed between

two highly oriented nanocrystals, tend to have lower

energy than the conventional grain boundary of disordered

nanocrystals.22) So the DRS of mesocrystal CeO2 shows

strong visible light absorption. Fig. 2(b), which shows

the optical absorption edges of the two samples, have

been obtained by the application of the Kubelka-Munk

(K-M) algorithm. The optical band gaps of the samples

have been deduced from the modified K-M plots. The

band gap energies were estimated from the plots to be

2.87 eV for mesocrystal CeO2 and 2.98 eV for standard

CeO2, respectively. This may be ascribed to the co-

existence of abundant defects and ordered structure in

cube mesocrystal CeO2, which have potential applica-

tions in the visible-light photocatalytic reaction and optical

apparatus.23)

H2-TPR tests have been carried out to examine the

oxygen activity of mesocrystal CeO2 and standard CeO2,

which are shown in Fig. 3. The standard CeO2 exhibits a

broad reduction peak centered at 520 oC and a high-

temperature reduction peak at above 700 oC. As observed

from the TPR plot of mesocrystal CeO2, the reduction

peak temperatures are centered at 520 oC and 600 oC for

the surface and bulk oxygen reduction, respectively. It is

generally accepted that the low-temperature peak is due

to the reducation of easily reducible surface oxygen and

the high-temperature peak is generally attributed to the

oxygen species in bulk ceria, which show that bulk oxygen

reduction is the main process in conventional CeO2

material.24) By comparison, the total amount of active

Fig. 2. UV-vis absorption spectra (a) and plots of (ahv)2 (a is

absorption coefficient and hv is photon energy) vs. hv (b) for the

mesocrystal CeO2 and standard CeO2.
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oxygen for mesocrystal CeO2 is good for catalytic reaction

and about 4 times higher than the standard CeO2. Because

the mesocrystal CeO2 with oriention crystal structure and

enhanced surface area, which is 36.7 m2·g−1 and higher

than 11.2 m2 g−1 of standard CeO2 resulted from BET

test, tend to produce higher concentration of activated

oxygen species for catalytic process.25) It corresponds

with the conclusion of TEM observation.

To evaluate the visible light catalytic activity of CeO2,

RB degradation reaction has been selected because of the

increasing emission of organic dye waste water. The con-

centration change of RB determined by the absorbance of

the solution at 552 nm and was evaluated with a UV-vis

spectrophotometer. The catalytic capacity is defined as

the following: degradation rate(%) = [(C0 − Ct)/C0] × 100

%, where C0 is the initial concentration of RB and Ct is

the concentration of RB after photocatalytic reaction. Fig.

4 shows that the degradation rate of the mesocrystal CeO2

is 100 % with 300 min, which is much higher than about

20 % for standard CeO2 and only 5 % for no catalytic.

The photocatalytic superiority may be mainly ascribed to

the excellent visible light, suitable band gap and abundant

activated oxygen species of mesocrystal material.26)

4. Conclusion

The results showed that the cubic-like mesocrystal CeO2

could be obtained by hydrothermal reaction with C5H9NO4

as inducer. A possible formation mechanism of cubic-like

mesocrystal CeO2 is concluded on account of the nano-

crystals aggregation along with the ordered orientation

following the manner of coherent interface. The UV-

visible adsorption spectrum exhibited the red-shift pheno-

menon compared with standard CeO2 particles. Judging

from the RB decoloration reaction, the mesocrystal CeO2

showed higher visible light catalytic activity than standard

CeO2.
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