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Abstract

Materials based on cerium dioxide are used in various fields of high-tech industry: from precision polishing of 
optical glasses and the production of high-strength ceramics to using them as three-route catalysts in engines and 
medical applications as biomimetics. Due to a wide range of practical applications of such materials, there is an 
actual task to develop a method for producing cerium oxide with the ability to control its textural characteristics. 
To solve this problem in this work, the method of thermal decomposition of the precursor Ce

2
(C

2
O

4
)
3
•10H

2
O was 

chosen. The main advantage of this method is the possibility of obtaining products in the form of a pseudomorph 
consisting of nanoparticles of the product and preserving the shape and size of the crystals. In the course of the 
work, the conditions for obtaining pseudomorph were found, i.e. porous granules of cerium oxide nanoparticles, 
the size of which is set at the stage of synthesis of precursor crystals. Techniques have been developed for grow-
ing Ce

2
(C

2
O

4
)
3
•10H

2
O crystals of various sizes and habit. The work also revealed the factors that influence the 

textural characteristics of the resulting oxides during thermal decomposition of the selected precursor. It was 
shown that during thermal decomposition of thin (<20 µm) precursor plates with a basal face (010) in air, cerium 
dioxide pseudomorph transparent to visible light was formed. Thicker crystals were destroyed parallel to the (010) 
face with a fracture scale of about 10 μm. It was shown that an increase in water vapor pressure during dehydra-
tion led to structural changes other than those during dehydration in air. With such a rearrangement of the 
structure, the initial crystals are destroyed into particles less than 5 μm. In this work, we were able to obtain a 
pseudomorph consisting of 5–6 nm particles of cerium dioxide with a surface area of 140–150 m2/g and 40 % 
porosity. Controlled annealing allowed the microstructure to be enlarged to the required size of crystallites that 
make up the pseudomorph.
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INTRODUCTION

At present, cerium dioxide CeO
2
 is widely 

used in various areas of science and industry. 
A unique property of this compound is its ability 
to easily change the degree of cerium oxidation 
from +4 to +3 and back, which allows this com-
pound to catalyze both oxidation and reduction 
processes. This feature is used, for example, in 
automobile engines. Materials based on cerium 

dioxide act as three-route catalysts accelerating at 
the same time the reduction of nitrogen oxide (II) 
into nitrogen, oxidation of carbon monoxide into 
carbon dioxide, and after-burning of gaseous hy-
drocarbons [1]. In addition, CeO

2
 is used as a cat-

alyst and catalyst support in the reactions of 
selective oxidation and dehydrogenation [2, 3]. 
Cerium dioxide doped with the metals with the 
oxidation degree lower than +4 (for example, 
Sm3+, Gd3+) is a good oxygen conductor used as 
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the electrolyte in solid oxide fuel elements [4, 5]. 
Cerium dioxide is also widely used as an abrasive-
polishing material [6], in electrochromic coatings 
and sensors [7], in protective coatings absorbing 
UV radiation [8, 9]. During recent years, a large 
number of works dealing with the studies of the 
antioxidant properties of this compound have 
been published. It was demonstrated that the na-
noparticles of cerium dioxide are able to bind var-
ious types of free radicals in an organism [10, 11]. 
So, nanosized CeO

2
 may become promising medi-

cine against the diseases caused by oxidative 
stress, including the diseases of skin, heart, Alz-
heimer disease and even obesity [12, 13].

Definite texture characteristics of this mate-
rial are necessary in different areas of cerium di-
oxide application. For example, CeO

2
 with high 

porosity and specific surface is required for ca-
talysis, separate nanoparticles able to penetrate 
through the phospholipid membranes of cells are 
necessary in medicine, while the particles of mi-
crometer size are necessary in the case if cerium 
dioxide is used as an efficient polishing material. 

Various methods of obtaining CeO
2
 nanoparti-

cles are known. Among them, the methods of syn-
thesis in aqueous and anhydrous media are most 
widespread: first of all, the direct precipitation of 
hydrated cerium dioxide from the solutions of ce-
rium salts with the addition of strong bases [14], 
homogeneous hydrolysis [15], synthesis in micro-
emulsions and reverse micelles [16, 17] etc.

In the present work, to obtain nanosized ceri-
um dioxide, we chose the thermal decomposition 
of precursor, which is cerium (III) oxalate dec-
ahydrate Ce

2
(C

2
O

4
)
3
•10H

2
O. Thermal decomposi-

tion of solids is one of the traditional methods of 
solid state chemistry for the synthesis of the par-
ticles of small size. This is a simple and available 
method allowing one to obtain nanoparticles of 
various substances [18]. As a rule, the product of 
thermal decomposition is a porous compact for-
mation retaining the shape of the initial particle 
of the precursor. This macrostructure of the 
product is called pseudomorph in topochemical 
literature. In the pseudomorph, the nanoparticles 
of the product are bound with each other through 
strong contacts and form a porous three-dimen-
sional framework, 3D-nanostructure. As a rule, 
the volume of voids (pores) is comparable with 
(or even exceeds) the volume of the solid sub-
stance. So, the final product is a porous agglom-
erate of nanoparticles, which may be interesting 
in various applications, for example in catalysis. 
Previously, the authors of the present paper pro-

posed an approach described in [19, 20], allowing 
prediction of pseudomorph parameters. Accord-
ing to this approach, the total pore volume in 
a pseudomorph is determined by the volume 
shrinkage during the reaction, pore size distribu-
tion is determined by the stage sequence of the 
reaction and shrinkage at every stage of the re-
action, and the size of product particles is deter-
mined by the largest shrinkage among those for 
different stages of the reaction. 

In the present work, we generalize our previ-
ous experimental results on the studies of thermal 
decomposition of cerium oxalate decahydrate [19, 
21, 22]. The major attention was paid to the analy-
sis of determining morphological changes during 
the reaction. The possibilities of morphological de-
sign of the final product, CeO

2
 pseudomorph, are 

presented, under the change of conditions at each 
of the following stages: the growth of precursor 
crystals, dehydration of the resulting crystals, ox-
idative thermolysis of dehydrated oxalate, and 
annealing of the resulting cerium dioxide. 

EXPERIMENTAL

The morphology of initial crystals and reaction 
products was studied with the help of optical po-
larization-interference microscopes Biolar (PZO, 
Poland), Polam L-213 (LOMO, the USSR), re-
flected-light optical microscope Neophot 21 (Carl
Zeiss, Germany), scanning electron microscope 
TM-1000 (Hitachi, Japan). High-resolution elec-
tron microphotographs and micro-diffraction 
patterns of the products of oxidative thermolysis 
were taken with the help of a transmission elec-
tron microscope JEM-2200 FS (Jeol, Japan).

To obtain the information about the changes in 
morphology during thermal decomposition of the 
precursor, in situ optical investigation of precur-
sor crystals during heating was carried out. The 
details of the experiment were presented in [22].

Thermogravimetric measurements were carried 
out with the help of thermobalance SETARAM 
B70 (France) in air. Simultaneous TG-DSC analysis 
with mass spectrometry was carried out with a 
STA-449F1 instrument (Netzsch, Germany) with 
heating rates 3–5 °C/min in a mixture of argon 
with oxygen (80 % Ar + 20 % O

2
). The results of 

thermal analysis were presented in [21, 22].
The data on the specific surface of the samples 

and the isotherms of nitrogen adsorption-desorp-
tion were obtained with a TermoSorb instrument 
(Russia) and an automated adsorption set-up 
ASAP 2400 (the USA).



	 MORPHOLOGICAL DESIGN OF NANOCRYSTALLINE CERIUM DIOXIDE � 291

Powder diffraction patterns were obtained using 
a D8 Advance diffractometer (Bruker, Germany). 
In situ diffraction studies during heating in the 
air and in vacuum were carried out in a high-
temperature chamber HTK 1200 N (Anton Paar, 
Austria, temperature stability ±0.1 °С; the cell 
was made of Al

2
O

3
).

The procedures of crystal growth and the con-
ditions of thermal decomposition were described 
in [21, 22].

RESULTS AND DISCUSSION

Oxalates of lanthanoids from La to Er form 
isostructural decahydrates [23]. The data on the 
structure of cerium (III) oxalate decahydrate 
were presented in [24]. The structure belongs to 
the monoclinic system and has a space group of 
symmetry Р2

1
/с. Each Ce3+ cation is surrounded 

by three oxalate groups and three water mole-
cules (Fig. 1, a). So, the coordination number of 
cerium is equal to 9. Oxalate ion in this structure 

is a bidentate ligand, so each oxalate anion coor-
dinates two cerium cations. This is how the hex-
agonal cerium oxalate layer, a basic structural 
element, is formed (see Fig. 1, c). The layers are 
perpendicular to the b axis and are superimposed 
on each other with a shift along the с axis. The 
rest water molecules (for decahydrate, there are 
two such molecules per each cerium cation) are 
arranged inside the layers and between them. 
Thermal decomposition of Сe

2
(C

2
O

4
)
3
•10H

2
O dur-

ing heating in the air proceeds in two main stag-
es: dehydration and oxidative thermolysis of oxa-
late. Dehydration is a multistage process that in-
cludes the formation of several intermediate 
hydrates. The final product of the reaction is 
CeO

2
. The total volume change during the reac-

tion is about 85 %.
Dehydration in vacuum or in the air involves 

uniform compression of thin crystals without de-
struction (Fig. 2, c, d) or cracking into large blocks 
(larger than 10 mm) thick crystals with the for-
mation of the pseudomorph (see Fig. 2, b). During 

Fig. 1. Structural data for initial Ce
2
(C

2
O

4
)
3
•10H

2
O (a – structure of the coordination polyhedron around Ce3+, b – crystal facing, 

c – structure of the layer) and intermediate product Ce
2
(C

2
O

4
)
3
•6H

2
O (d).  
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slow dehydration under quasi-equilibrium condi-
tions (a closed container with a small hole provid-
ing slow removal of water from the sample, tem-
perature 120–175 °C, long time of the process up 
to 120 h) the crystal is destroyed into separate 
blocks less than 5 mm in size (see Fig. 2, e). This is 
an unexpected result. As a rule, thermal decom-
position under the conditions close to equilibrium 
promotes a decrease in deficiency and an increase 
in the size of the particles of reaction product (for 

example, this is the case for thermal decomposi-
tion of calcite [25]). The main reason of the influ-
ence of dehydration conditions on the morphology 
of reaction product is connected with the formation 
of various polymorphous modifications of cerium 
(III) oxalate hexahydrate. Two different topotaxial 
structural transformations are observed during 
the dehydration of Ce

2
(C

2
O

4
)
3
•10H

2
O.

Investigation with the optical methods showed 
that dehydration in vacuum or in the air involves 

Fig. 2. SEM photographs of initial Ce
2
(C

2
O

4
)
3
•10H

2
O crystals and the products of its dehydration under different conditions: 

a – dehydration in the air, crystals with habit planes (010) and (100); b – destruction of thick crystals parallel to the (010) face 
during dehydration in vacuum; c – crystal with thickness <20 mm after dehydration in vacuum; d – pseudomorph formation 
during dehydration in vacuum or in the air; e – destruction of precursor crystals during slow dehydration (under increased 
water vapour pressure).
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an anisotropic change of the size of crystals: a 
substantial decrease in the size along the b axis 
(~30 %) and insignificant deformation along the 
directions of а and с (~5 %). Axis b is perpendicu-
lar to cerium oxalate layers, so the observed crys-
tal deformation is the evidence of a decrease in 
the distance between the layers with the conser-
vation of layer parameters.

We suppose that dehydration in vacuum or in 
the air proceeds as follows. At first, partial re-
moval of mobile interlayer water occurs, and a 
solid solution of water vacancies in the initial 
structure is formed, which is so-called vacancy 
structure. Running over the region of the exist-
ence of the vacancy structure is accompanied by 
the appearance of plate-like segregates growing 
along the (010) plane, and crystal compression 
along the b axis. Complete filling of crystal vol-
ume with plate-like segregates corresponds to 
the loss of four water molecules, to chemical 
composition Ce

2
(C

2
O

4
)
3
•6H

2
O and to crystal com-

pression by 18–20 %. The structures with n < 10 
have been unknown for cerium polyhydrate oxa-
late Ce

2
(C

2
O

4
)
3
•nH

2
O. However, analysis of the 

structures of hexa- and tetrahydrates of praseo-
dymium oxalate tetrahydrates [26–28] (the near-
est neighbour of cerium in the lanthanide row) 
showed that the formation of dimers composed of 
polyhedrons is characteristic of these structures. 
Cross-linking of the polyhedra is connected with 
the removal of one water molecule from the near-
est surroundings of the metal cation and the in-
sertion of oxygen of the oxalate ion from the 
neighbouring polyhedron. It may be assumed 
that the formation of cerium (III) oxalate hexa-
hydrate also involves the removal of water mol-
ecules from the nearest surroundings of cerium. 
The position of the removed water molecule in 
the coordination polyhedron is occupied by oxy-
gen of the oxalate ion from the nearest coordina-
tion polyhedron of the neighbouring layer. As a 
result, re-linking of the neighbouring cerium ox-
alate layers occurs, with a substantial decrease in 
the distance and with the formation of strong 
bonds fixing the layer structure and providing 
the conservation of its parameters in further de-
hydration. It was demonstrated that X-ray amor-
phous product was formed as a result of water 
removal. This may be connected with the fact 
that cross-linking of the layers proceeds in a dis-
ordered manner and leads to the loss of the long-
range order in the positions of atoms. During fur-
ther dehydration, water is removed from the in-
terlayer space, and the hydrate Ce

2
(C

2
O

4
)
3
•nH

2
O 

is formed (n < 3, where n depends on dehydra-
tion conditions). This transformation is accompa-
nied by a further decrease in the distance be-
tween cerium – oxalate layers and the compres-
sion of the crystal along the b axis by 30 %. 
Complete removal of water from dehydration 
product is observed only during the decomposi-
tion of oxalate (T > 250 °C).

Faceting of Ce
2
(C

2
O

4
)
3
•nH

2
O crystals is pre-

sented in Fig. 1, b. Mainly plate-like crystals with 
two types of faceting grow. The crystals with the 
first type of faceting have the dominant (100) 
face, while the basal face in the crystals of the 
second type is the (010) face. It should be stressed 
that the crystals with the habit of the first type 
(100) grow in the medium with low pH and were 
obtained mainly through recrystallization from 
saturated solutions, while the crystals of (010) 
habit are synthesized according to a standard 
procedure through the joint addition of the di-
luted solutions of the reagents. Anisotropy of de-
formation during dehydration is the reason why 
the thickness and habit of the crystals have a 
substantial effect on the morphology of dehydra-
tion product. The photographs of the crystals of 
(100) habit (upper crystal) and (010) habit (lower 
crystal) before and after dehydration are pre-
sented in Fig. 2, a. One can see that the width of 
the crystal of (100) habit decreased substantially, 
and cracks appeared on the surface. Quite con-
trary, the changes in the size of the crystals of 
(010) habit are insignificant. The destruction of 
the crystals occurs mainly along the planes (010) 
(see Fig. 2, b). The scale of destruction exceeds 
10 mm, so the crystals of (010) habit with the 
thickness of less than 20 mm are not destroyed 
(see Fig. 2, c). So, crystal faceting and size affect 
the dispersion of the product formed through de-
hydration of the precursor. 

Unlike for dehydration in vacuum or in the 
air, the reaction carried out under quasi-equilib-
rium conditions leads to the formation of crystal 
products, and dispersing of initial crystals into 
the particles less than 5 mm in size occurs (see 
Fig. 2, e). It was established by means of powder 
diffractometry that in this case the phases 
Ce

2
(C

2
O

4
)
3
•6H

2
O and Ce

2
(C

2
O

4
)
3
•3.5H

2
O are 

formed. The destruction of the sample occurs at 
the stage of hexahydrate formation. Analysis of 
diffraction patterns showed that the structure of 
cerium (III) oxalate hexahydrate obtained under 
quasi-equilibrium conditions is similar to the 
structure of samarium (III) and europium (III) 
oxalate hexahydrate [29, 30]. This structure be-
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longs to the monoclinic system and has the spatial 
symmetry group Р2

1
/с, i.e. the space symmetry 

group remains unchanged in the structural trans-
formation. Similarly to initial decahydrate, ceri-
um ions in cerium (III) oxalate hexahydrate coor-
dinate 9 oxygen atoms; the crystal structure is 
composed of metal-oxalate layers, too, but layer 
structure undergoes substantial changes (see 
Fig. 1, d). The shape of the cell of metal-oxalate 
network changes from hexagonal to nearly rec-
tangular (see Fig. 1, c, d). Interlayer crystal water 
is completely absent from the structure. It should 
be stressed that the existence of the monoclinic 
phase of cerium (III) oxalate hexahydrate has not 
been reported before, and it was discovered for 
the first time in this work. In [29] we carried out 
a detailed investigation of the mechanism of 
structural transformation during the dehydra-
tion of Sm

2
(C

2
O

4
)
3
•10H

2
O. We suppose that a 

similar mechanism takes place also in the forma-
tion of monoclinic Ce

2
(C

2
O

4
)
3
•6H

2
O. The course 

of reaction involves the removal of the mole-
cules of outer-shell water and the deformation 
of the metal-oxalate network. The structure of 
Ce

2
(C

2
O

4
)
3
•6H

2
O may be obtained from the 

structure of decahydrate through a shift of each 
(100) plane along the [00-1] direction by approx-
imately 1/2 с and compression in the direction 
perpendicular to these planes. As a result of 
structural deformation, the shape of the network 
cell becomes nearly rectangular. 

In situ observation with optical methods 
showed that the reaction proceeds in a localized 
manner. Particles start to chip off the crystal at a 
definite site, the front of destruction is formed, 
and it moves over the crystal. As a result, the 
crystal goes into many pieces non-connected with 
each other. The motion of reaction front over the 
crystal involves shifts and turns of the crystal 
and the formed particles. The observed transfor-
mation possesses all morphological features prone 
to displacive or martensite phase transitions. A spe-
cific feature of this transformation is its occur-
rence as a result of the change of the chemical 
composition, namely the removal of water mole-
cules from the crystal, rather than temperature 
or pressure change. 

So, the morphology of dehydration product is 
affected by the size, crystal faceting (habit), and 
reaction conditions (see Fig. 2). One may govern 
the dispersion of the dehydration product by 
changing these parameters. As we have already 
mentioned above, thin plate-like (010) crystals 
with the thickness of less than 20 mm are not de-

stroyed during dehydration (see Fig. 2, c, d). De-
struction is observed in thick crystals (maybe due 
to the formation of elastic strain sufficient for the 
destruction of the sample) and in the crystals 
with the developed (100) face, in the plane of 
which the crystal is compressed. Destruction al-
ways takes place along the (010) planes. In the 
case of the reaction carried out under quasi-
equilibrium conditions, the crystals are destroyed 
into the particles of micron size (see Fig. 2, e).

Heating in the air leads to the oxidative ther-
molysis of cerium (III) oxalate hexahydrate. Ce-
rium dioxide is formed as a pseudomorph. The 
photographs of two Ce

2
(C

2
O

4
)
3
•10H

2
O crystals of 

different thickness heated in the air (1 °C/min) 
are shown in Fig. 3, a. The thin crystal remains 
transparent after dehydration. A thicker crystal 
exhibits destruction, which causes light scatter-
ing. The transparency of the thin crystal is con-
served after the formation of cerium dioxide. The 
diffraction pattern of the product of oxidative 
thermolysis is presented in Fig. 3, b. The reaction 
product is cerium dioxide with fluorite structure. 
Broad reflections are the evidence of a small size 
of the particles. Calculation of crystallite size was 
carried out using the Rietveld method in the 
Topas 4.2 software (Bruker AXS, Germany). The 
average size of the crystallites was about 5 nm. 
According to the data on low-temperature nitro-
gen adsorption, the specific surface of the result-
ing CeO

2
 is 140–150 m2/g. If we assume that the 

shape of cerium dioxide particles is isotropic, par-
ticle size corresponding to this value of specific 
surface is about 6 nm. So, it may be concluded 
that the crystallite size is close to the size of ce-
rium dioxide particles. 

The high-resolution electron microphotograph 
of the product of oxidative thermolysis and the 
electron diffraction pattern are shown in Fig. 3, c. 
The resulting cerium dioxide is composed of crys-
tallites 5–6 nm in size. The ring diffraction maxi-
ma at the electron diffraction pattern are the 
evidence of crystallite disorientation in the sam-
ple. This may be connected with the fact that the 
structures of the dehydrated sample and the final 
product are strongly different from each other, 
no orientation correspondence is observed be-
tween them. 

Measurements of crystal size before and after 
reaction allow determining the volume shrinkage 
during the reaction and the porosity of the pseu-
domorph. For the formation of the pseudomorph 
of cerium dioxide, porosity is about 40 %. This 
value is in good agreement with the value of pore 
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volume, which is 0.092 cm3/g, as determined 
from adsorption measurements.

The effect of annealing temperature on the 
process of enlargement of cerium dioxide parti-
cles in the pseudomorph was studied. Long-term 
annealing of the resulting cerium dioxide at 
250 °C did not have any noticeable effect on its 
texture characteristics. However, at a tempera-
ture above 500 °C substantial enlargement of ce-
rium dioxide particles started. After sample ex-
posure for 1 h at 500 °C, the specific surface was 
37 m2/g, and at 750 °C it decreased to 2 m2/g.

The general scheme of morphological changes 
during the thermal decomposition of cerium (III) 
oxalate decahydrate is presented in Fig. 4. The 
final product of the reaction is composed of the 
compact aggregates of СеO

2
 nanoparticles con-

nected by necks and separated by pores. It was 
demonstrated that the qualitative change of the 

morphology under thermal decomposition of 
Ce

2
(C

2
O

4
)
3
•10H

2
O takes place at the first and the 

last stages of the reaction, which are character-
ized by the largest shrinkage values and substan-
tial structural rearrangements. During the for-
mation of Ce

2
(C

2
O

4
)
3
•6H

2
O in vacuum or in the 

air, uniform compression of thin crystals without 
destruction occurs, or the destruction of thick 
crystals into coarse blocks (more than 10 mm). 
During slow dehydration at a temperature of 
120 °C and higher, destruction into blocks less 
than 5 mm in size occurs. So, the size and shape of 
the particles may be governed at the stage of the 
formation of Ce

2
(C

2
O

4
)
3
•6H

2
O. The size of the 

particles forming the 3D-structure of the aggre-
gates and the internal porosity are determined by 
the final stage of the reaction, which is the for-
mation of cerium dioxide. In this work, we suc-
ceeded in obtaining a pseudomorph composed of 

Fig. 3. Morphological changes during thermal decomposition of precursor crystals in the air: a thicker crystal is destroyed and 
scatters light, while the thinner crystal remains transparent till the end of transformation (a); powder diffraction pattern of the 
obtained CeO

2
 (b); microphotograph and electron diffraction pattern of the obtained CeO

2
 (TEM) (c).   
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cerium oxide particles 5–6 nm in size, with spe-
cific surface 140–150 m2/g and porosity 40 %. 
These values are a record for cerium dioxide ob-
tained by means of thermal decomposition from 
various precursors. Controllable annealing allows 
one to carry out the enlargement of the micro-
structure to the necessary size of the particles 
comprising the pseudomorph. So, the aggregates 
of cerium dioxide particles with the required size, 
dispersion and porosity may be obtained by regu-
lating initial dimensions and shape of precursor 
crystals, conditions of the reaction and subse-
quent thermal treatment. 

CONCLUSION

The major factors affecting the morphology of 
CeO

2
, the final product of thermal decomposition 

of Ce
2
(C

2
O

4
)
3
•10H

2
O, were revealed. 

Reaction conditions under which CeO
2
 is formed 

as pseudomorphs with the conservation of the size 
and shape of precursor crystals were determined. 
This allows performing the morphological design 
of the material as early as at the stage of precursor 
synthesis: the size and shape of precursor crystals 
will determine the morphology of CeO

2
.

It is shown that the conditions of 
Ce

2
(C

2
O

4
)
3
•10H

2
O dehydration have a substantial 

effect on the morphology and crystal structure of 
the product: the shape of initial crystals is re-

tained after dehydration in vacuum or in the air, 
in other words, a pseudomorph is formed; if dehy-
dration is carried out at increased water pressure, 
the formation of the crystal phase occurs along 
with crystal dispersion into particles less than 5 mm 
in size. Two versions of structural transforma-
tions during the dehydration of Ce

2
(C

2
O

4
)
3
•10H

2
O 

crystals are proposed. They are implemented 
under different reaction conditions. These trans-
formations cause different transformations of the 
initial structure, which leads to differences in the 
scale of destruction, sizes and shapes of crystals. 

It is demonstrated that an essential factor to 
control the morphology during precursor dehy-
dration in vacuum or in the air is the thickness of 
initial crystals. Thin lamellar (010) crystals with 
the thickness less than 20 mm are not destroyed, 
unlike for thick crystals and the crystals with the 
developed (100) face, in the plane of which the 
crystal compression occurs. It is necessary to 
stress that the crystals that are not subjected to 
destruction remain transparent fore visible light 
until the transformation is completed (until the 
CeO

2
 is obtained).

The final product of the reaction, CeO
2
, is 

formed as a pseudomorph composed of the par
ticles 5–6 nm in size. Nanoparticles in the pseudo-
morph are bound through contacts and form a 
porous three-dimensional framework, a 3D-struc-
ture. Pores occupy about 40 % of the pseudo-

Fig. 4. General scheme of the control of the morphology of final product (CeO
2
) during thermal 

decomposition of Ce
2
(C

2
O

4
)
3
•10H

2
O.
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morph volume. The investigation by means of 
TEM showed that the crystallites in the pseudo-
morph have an arbitrary orientation. Long-term 
annealing of the resulting cerium dioxide at 
250 °C has no substantial effect on its texture 
characteristics. However, at a temperature high-
er than 500 °C substantial enlargement of cerium 
dioxide particles starts. 
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