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Abstract

EDTA-citrate complex and solvothermal methods were adopted for the synthesis of gadolinium-doped ceria (GDC)
(Cey 9Gd,) ;O,) solid solution, and the obtained GDC sample is tested for soot oxidation activity. Based on XRD results, it
was evident that the reactive facet planes of {100} and {110} were highly intense [intensity ratio (%) of (200)/(100) (34.2%)
and (220)/(111) (51.2%)] for GDC prepared by the EDTA—citrate method in comparison with the solvothermal method, and
this highly intense reactive facet plane correlates to the lower energy for oxygen vacancy formation. Apart from the smaller
crystallite size (10 nm) the GDC sample prepared by the EDTA—citrate method displayed lower band gap energy (2.99 eV),
higher ratio of reducibility (45.45%) and lower binding energy (528.8 eV) for surface-adsorbed oxygen. The GDC obtained
by EDTA—citrate method displayed a better soot oxidation activity (75,=468 °C) than compared to the GDC obtained by
solvothermal method (75, =500 °C). The obtained results significantly show that the synthesis method plays a crucial role
in controlling the structural properties and in enhancing the soot oxidation activity.
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Introduction

Materials of nanosize range with high surface to volume
ratio influence the size- and shape-dependent properties
along with quantum size effects of electronic features. The
catalytic activity of metal oxides has a dependency on its
crystal size, crystal surface and exposed crystal planes (Piu-
metti et al. 2015). The synthesis method holds the key to
control the homogeneity of material and thus to maintain a
uniform solid solution with better thermal stability (Alifanti
et al. 2003). Depending upon the reaction condition under-
gone during synthesis procedure, particle size, crystal struc-
ture and surface area are controlled efficiently along with
the specific control over loading of metal on to host lattice
(Guillén-hurtado et al. 2015; Mira et al. 2015). The inter-
action between cations used and hence the redox property
of the material is also subjective to the adopted synthesis
method (Kozlov et al. 2002). With the variation in synthesis
method, crystallite size also varies for CeO,-based metal
oxides and hence influences on its redox behaviour. Control
of surface morphology and size effects by synthesis method
modifies active centres for reaction with an improvement in
oxygen vacancy (Calvache-Mufioz et al. 2017; Miceli et al.
2015; Zhang et al. 2016). Various synthesis methods are
available for synthesis of CeO,-based materials, and some
of them are hydrolysis (Liu et al. 2010), precipitation (Kun-
taiah et al. 2013), sol—gel (Medisetti et al. 2017), hydrother-
mal (Pan et al. 2008; Piumetti et al. 2015), Glycine—nitrate
(Prasad et al. 2010), combustion synthesis (Prasad et al.
2008) and microemulsion method (Matecka et al. 2007).

Synthesis of morphologically modified CeO, nanomateri-
als in different shapes such as nanorods (Zhang et al. 2016;
Calvache-Muiioz et al. 2017; Zhang et al. 2016), nanoflakes
(Zhang et al. 2016), and nanocubes (Piumetti et al. 2015)
is highly adapted. The lower stability of {110} and {100}
facet planes in a lattice structure with lower oxygen vacancy
formation energy compared to {111} plane can improve
redox properties considerably in specific morphologically
modified materials (Aneggi et al. 2014). The effect of mor-
phology upon the activity of catalyst studied by Aneggi
et al. has proved that the soot oxidation reaction is highly
shape dependent in nature. The catalytic activity obtained
for pure ceria as nanocubes (T5,=412 °C) and nanorods
(T5o=407 °C) are comparatively higher than conventional
polycrystalline ceria (Ts,=447 °C) samples (Aneggi et al.
2014). Similarly Zhang et al. synthesised ceria nanorods,
nanoflakes and nanoparticles and obtained the 7', tempera-
ture of 368, 383 and 433 °C, respectively. It is quite evident
from the previous studies that the shape control affects the
active site and oxygen defect formation of the sample and
thus controls the catalytic activity of the sample (Zhang
et al. 2016).
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Due to thermal and structural instability and redox cou-
ple degradation of CeO, over an extended operating period,
compels to improve its stability by doping with suitable tran-
sition metal (Atribak et al. 2008; Piumetti et al. 2016b) or
rare earth metal (Bueno-Lopez et al. 2005; Mukherjee et al.
2016) dopant. Dopant addition causes an increase in defect
structure that enhances the catalytic activity of the material.
Due to the variation in charge and ionic radius between Ce**
and Gd**, a considerable alteration in defect structure, OXy-
gen vacancy and oxygen diffusion is resulted (Durgasri et al.
2014). CeO0,—Gd,0O; binary metal oxides are used in applica-
tions such as CO oxidation (Reddy et al. 2016), SOFC elec-
trolyte (Prasad et al. 2008), steam reforming (Prasad et al.
2011), nuclear fuels (Zhu et al. 2010) and so on.

EDTA-citrate method or modified pechini method is
a widely adopted technique. During the process, initially,
chelation of metal complex ions in solution occurs, further
formation of plyometric glass while heating the solution,
by a poly-esterification reaction. Sample with molecular
level compositional homogeneity and the high surface area
at the nanoscale are obtained by this method (Prasad et al.
2012b). On the other hand, there is an improvement in solid
solubility in solvothermal synthesis method by maintain-
ing pressure and temperature above its critical point. Hence
the reaction between solids will speed up and thus results
in homogeneous high pure nanoparticles (Sun et al. 2005).
These two synthesis methods are adopted in the current
study to analyse in detail the variation in structural proper-
ties of the samples due to the changes in reaction conditions.
The differences in the synthesis method may lead to differ-
ences in the structural properties and thus effect the soot
oxidation activity. A fundamental understanding of the effect
of synthesis methods on the structural properties will help
in fine-tuning of the materials with better catalytic activity.

In the present study, GDC sample is obtained using
EDTA-citrate complex and solvothermal methods under
fixed-dopant composition (Ce, ¢Gd, ;O,) and calcined at
600 °C/5 h. A study on comparison of material properties
and their influence on catalytic activity for GDC samples are
not yet reported from the author’s knowledge. Keeping all
other parameters constant and changing only the synthesis
method helps in understanding the intrinsic property of the
material that varies with respect to the synthesis method.
Further, the obtained GDC samples were characterised using
XRD, Raman spectroscopy, SEM-EDS, TEM, UV-Vis DRS
and XPS analysis. The soot oxidation activity of the GDC
samples was tested under tight contact conditions, and effect
of synthesis method on structural properties and soot oxida-
tion activity is demonstrated.
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Experimental details
Synthesis procedure

GDC metal oxide was synthesised using different syn-
thesis methods—EDTA-—citrate method and solvothermal
method. AR grade chemicals were used for the synthe-
sis method. Solvothermal method (Sun et al. 2005) was
used to prepare the GDC sample. In this method, gado-
linium chloride hexahydrate (GdCl;-6H,0) (Alfa-Aesar)
and cerium chloride heptahydrate (CeCl;-7H,0) (SRL)
were used as metal precursor salts. Octadecylamine
(CsH39N) (SRL), absolute ethanol (99.9% C,H40), and
ethylenediamine (C,HgN,) (Sigma) were other chemicals
used for synthesis. A stoichiometric amount of respective
metal chloride precursor salts were mixed with 4% octa-
decylamine dissolved in ethanol solution under continu-
ous stirring condition. Ethylene diamine was added to the
obtained solution to control the viscosity and to adjust the
pH (9-10). Once the mixture is completely dissolved, the
solution was transferred and sealed in a 500 ml Teflon-
lined autoclave. A solid solution was obtained by heating
the solution in the autoclave at 150 °C/72 h. The solid
precursor was calcined at 600 °C/5 h. A small quantity of
sample was further calcined at 900 °C/5 h and they were
tested for soot oxidation reaction to understand the thermal
stability of the samples.

For EDTA-citrate complexing method
(Prasad et al. 2012b), cerium nitrate hexahydrate
(Ce(NO3);.6H,0) >99% (SRL chemicals) and gadolinium
nitrate hexahydrate (Gd(NO3);.6H,0) 99.9% (Sigma) was
used as precursor salts for the synthesis of GDC sample.
EDTA (ethylene diamine tetra acetic acid) (SRL chemi-
cals) and citric acid monohydrate (SRL chemicals) were
used as chelating agents. Ammonium hydroxide (NH4OH)
solution (spectrum reagents) is used to adjust the pH and
buffering agent. The synthesis procedure is explained in
detail elsewhere (Prasad et al. 2012b).After the synthe-
sis, the black precursor salt obtained was oven-dried at
150 °C/24 h and calcined at 600 °C/5 h.

Characterization

The obtained GDC samples were characterized for X-ray
diffraction (XRD) using XPERT Pro diffractometer in
the range of 20°-80°, Raman analysis using Bruker RFS
27 spectrometer with 784 nm laser beam, BET surface
area and pore volume analysis were measured using
SMARTSORB-92/93, scanning electron microscopy
(SEM)/energy-dispersive spectroscopy (EDS) using JSM-
6380LA, transmission electron microscopy (TEM) using

Joel/JEM 2100, UV-Vis diffusive reflectance spectroscopy
(UV-Vis DRS) in a Cary 5000 NIR spectrometer and
X-ray photoemission spectroscopy (XPS) using Omicron
ESCA + with Al Ka (1486.6 eV) monochromator. The
details of the characterization tools used in the present
study is reported in the previous study (Anantharaman
et al. 2017).

Soot oxidation activity measurements

The catalytic activity of the synthesised sample was tested
for soot oxidation reaction under tight contact condition
in TG/DTA 6300 (Hitachi). Standard soot of Printex-U
(Orion Engineered Carbons) was used for the study. The
pre-weighed sample mixture of catalyst and soot at a ratio
of 4:1 was mixed in a mortar and pestle for 30 min to obtain
tight contact sample. Further, the reaction was undergone
in TGA with the presence of air at a flow rate of 100 ml/
min heating from room temperature to 600 °C at a rate of
10 °C/min (Anantharaman et al. 2017). The weight loss was
calculated in terms of conversion and plotted with respect
to temperature. To check the reproducibility the catalytic
activity was measured twice.

Results and discussion

XRD analysis

Figure 1 shows GDC sample XRD results synthesised
by EDTA—citrate and solvothermal synthesis method,

respectively, and Table 1 presents the crystallographic
data obtained from its corresponding XRD spectra. The
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Fig.1 XRD pattern of GDC samples synthesised by the EDTA—
citrate complexing method and solvothermal method calcined at
600 °C/5 h
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Table 1 BET surface area, crystallite size, particle size, pore volume, lattice strain and intensity ratios of GDC sample synthesised by different

methods

Synthesis method Crystallite

size (nm)

Lattice strain (&)
(cm’/g)

Pore volume

Intensity ratio (%)

(200/(111)  (220)/(111)

Particle size from BET surface
TEM (nm) area (mz/g)

EDTA-—citrate 10
Solvothermal 24

0.015
0.006

0.0601
0.0530

10.3 45 342 512
24.8 43 30.8 45.4

well-resolved peak corresponding to cubic fluorite struc-
ture of CeO, without any gadolinium oxide peak confirms
the stable solid solution formation in both the samples.
Enhanced {100} and {110} facet planes compared to
{111} plane lead to improved surface oxygen formation
in earlier planes rather than the later. Improved oxygen
migration {100} and {110} facet-dominated samples leads
to high oxygen mobility (Aneggi et al. 2014). Table 1 pro-
vides the intensity ratio of {100}/{111} and {110}/{111}
values. It is evident from the result that both {100} and
{110} planes are comparatively higher for EDTA—citrate
sample rather than the solvothermal sample that may pre-
dict the higher reactivity of EDTA—citrate sample due to
higher oxygen migration ability (Piumetti et al. 2016a).

Lower crystallite size of the EDTA—citrate sample as
shown in Table 1 can lead to better soot—catalyst con-
tact, and thus the intrinsic catalytic activity is expected to
improve considerably (Liu et al. 2015). For GDC synthe-
sised by the EDTA—citrate method lattice strain is higher
(Table 1), and thus a higher activity for former is expected
since the oxygen diffusion is improved (Rushton et al.
2013). Pore volume of the sample may not have signifi-
cant effect on the activity since the values are considerably
lower than the soot size. During the substitution of higher
ionic radii dopant on CeO, lattice, lattice deformation is
expected that leads to lattice strain which is supposed to
cause higher oxygen diffusion, and thus the activity may
be enhanced (Rushton et al. 2013). The particle size cal-
culated from the TEM image (see S4 and S5) is given in
Table 1 and it shows that the values are almost same as
that of the crystallite size of the corresponding samples.
The BET surface area of the sample obtained by different
synthesis methods are also almost similar (see Table 1).
Apart from crystallographic study, the decomposition
nature of GDC black precursor before calcination obtained
during EDTA—citrate and solvothermal method are ana-
lysed using TGA as in (Fig. S1 (a) and (b)). That confirms
the complete decomposition of all impurities occur below
600 °C and hence this temperature is used for calcination.
Further, surface and bulk phonon information and oxygen
availability are obtained from Raman results.
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Fig.2 Raman spectra of GDC samples synthesised by the EDTA—
citrate complexing method and solvothermal method calcined at
600 °C/5 h

Raman spectroscopy analysis

Figure 2 depicts the Raman spectra of GDC sample synthe-
sised by EDTA—citrate and solvothermal synthesis method.
Symmetric breathing of oxygen around ceria atom in cubic
fluorite CeO, lattice leads to an intense peak at 460 cm™!
that correspond to triply regenerative F,, mode (Prasad et al.
2012a). Oxygen vacancy creation due to cation substitution
in CeO, lattice while doping influences the width and posi-
tion of the F,, peak. Intrinsic and extrinsic oxygen vacancy
is evident in both the samples from the peak in spectra at
around 540 and 600 cm™!, respectively (Prasad et al. 2012a).
The ratio of the intensity of CeO, peak (F,,) to oxygen
vacancy peak (O,) provides an idea about the relative oxy-
gen defects available in the system with varying synthesis



Chemical Papers (2018) 72:3179-3188

3183

Table 2 Composition, band gap

) 2 Synthesis method ~ EDS composi- Band gap Ratio of Og binding Iov/Tr2g T (°C)
energy, ratio of reducibility, Oy/ tion (%) energy (eV)  reducibility energy (eV)
(04 +0p+0,), I, /I, and T - (%)
of GDC samples synthesised by Ce Gd
different methods
EDTA-citrate 89.7 103 299 45.4 528.8 0.095 468
Solvothermal 90.6 94 3.3 31.2 529.1 0.087 500

method (Guo et al. 2011; Sarkar et al. 2017), which is higher
for EDTA—citrate complexing method rather than the sol-
vothermal as shown in Table 2. Relative oxygen vacancy
concentration and amount of oxygen vacancy follows simi-
lar trend as per previous reports (Sarkar et al. 2017). How-
ever, the oxygen vacancy concentration calculated based on
Raman spectroscopy alone cannot be used to conclude since
it considers both surface and bulk oxygen vacancy of the
samples. For soot oxidation reaction, specifically, surface
oxygen is critical in controlling the activity. Further, XPS
analysis will be conducted to understand surface oxygen

vacancy concentration of the samples. To study the morpho-
logical variation in the samples with the effect of synthesis
method TEM analysis is undergone.

SEM and TEM analysis

The SEM morphology of GDC sample synthesised by both
techniques (Fig. S2 (a) and (b)) confirms the similar struc-
ture in both the cases. The atomic composition obtained
from EDS for GDC synthesised by both methods are shown
in Table 2. The compositions calculated are similar to the

Fig.3 a TEM image, b HR-TEM image and ¢ SAED pattern of GDC sample synthesised by EDTA—citrate complexing method calcined at

600 °C/5 h
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theoretical composition (Ce; ¢Gd,, ;O,) due to homogeneous
mixing during both synthesis methods. Structural evalua-
tion at the atomic scale is undergone using TEM analysis
for GDC samples synthesised by EDTA—citrate and solvo-
thermal synthesis method. Figures 3 and 4 depicts the TEM
images obtained during EDTA—citrate and solvothermal syn-
thesis method, respectively. The TEM image of EDTA—cit-
rate sample shown in Fig. 3a confirms that the particles
are almost spherical. Planes corresponding to (111) and
(200) are identified from the fringes of the HR-TEM image
(Fig. 3b). The Debye characteristic rings in SAED pattern
as shown in Fig. 3¢ confirms the polycrystalline nature of
the sample. Each ring in the SAED is indexed correspond-
ing to each plane, which matches very well with the planes
calculated from XRD result. Similarly, the TEM image (see
Fig. 4a) of GDC sample synthesised by solvothermal method
confirms that particles are aggregated without any specific
shape. The morphology obtained for each synthesis methods
are different in nature as evident from their corresponding
TEM images. The HR-TEM image in Fig. 4b shows lattice
fringes corresponding to (111) and (200) plane as evident
in XRD result of the sample. The appearance of Bragg spots

Fig.4 a TEM image, b HR-
TEM image and ¢ SAED pat-
tern of GDC sample synthe-
sised by solvothermal method
calcined at 600 °C/5 h

from SAED pattern shown in Fig. 4c confirms the larger
size of crystals obtained when compared to sample obtained
from EDTA—citrate method. The crystallite size obtained
from XRD also shows that solvothermal sample has higher
crystallite size than EDTA—citrate sample. Further, the vari-
ation in sample coordination and the band gap is studied
using UV-Vis DRS analysis on both the samples.

UV-Vis DRS analysis

Figure 5a shows the UV-Vis DRS of GDC sample synthe-
sised by EDTA—citrate and solvothermal synthesis tech-
niques. GDC synthesised by both method shows a sharp
absorption band below 400 nm. Two absorption spectra
around 270 and 330 nm which corresponds to 0?~ — Ce**
charge transaction and inter-band transaction of CeO,,
respectively, is evident in both the samples (Prasad et al.
2012a). The absorption intensity is higher for GDC sam-
ple synthesised by solvothermal method than that of the
EDTA-citrate method. Figure 5b depicts the band gap
energy calculated using Tauc’s plot. The value of band gap
energy given in Table 2 confirms that the lower band gap

@ Springer
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Fig.5 a UV-Vis DRS plot and b Tauc’s plot of GDC samples syn-
thesised by the EDTA—citrate complexing method and solvothermal
method calcined at 600 °C/5 h

energy is obtained for EDTA—citrate sample in comparison
with the solvothermal sample. The oxygen vacancy forma-
tion energy can be directly correlated to the band gap energy
since it is the energy required for transfer of electrons from
highest filled (O 2p) to lowest filled (Ce 4f) orbitals. With
a reduction in the band gap energy, oxygen available for
the reaction will also improve correspondingly (Getsoian
et al. 2014). Thus, based on the band gap energy, the energy
for oxygen vacancy formation is expected to be lower for
EDTA-—citrate-synthesised GDC rather than the solvother-
mal method, and this may affect in enhancing the activity of
GDC synthesised by the EDTA—citrate method.

XPS analysis
Multiple oxidation state and oxygen vacancy of the sam-

ple is analysed using XPS analysis. The XPS spectra of
GDC samples obtained from the two synthesis methods are

depicted in Fig. 6. Figure 6a and b illustrate Ce 3d and O
Is spectra of XPS analysis, respectively. The Ce 3d core-
level spectrum shows seven peaks corresponding to Ce>*
(Vg» g and v') and Ce** (v, v”, v"” and u") oxidation state
over the surface of CeO, (Prasad et al. 2012a). The pres-
ence of Ce>* confirms the availability of oxygen vacancy
and is in a partially reduced form. The ratio of reducibility
(Ce**/Ce3*+Ce*) is calculated from the Ce 3d XPS plot
and given in Table 2. EDTA—citrate sample has a higher
ratio of reducibility which implies an easy reduction of the
sample and thus higher oxygen vacancy rather than solvo-
thermal sample (Zhang et al. 2016). Three peaks obtained
from O 1s XPS in Fig. 6b is apparent for the existence of lat-
tice oxygen (O,), surface adsorbed oxygen (Op) and oxygen
in carbonates and hydroxide (O,) (Prasad et al. 2012a). The
catalyst to soot active oxygen transfer may be enhanced by
surface-adsorbed oxygen presence as per previous results
(Zhang et al. 2016). For the catalyst with easy removal of
surface oxygen, the catalytic oxidation activity is improved
further. Thus, lowering of binding energy is directly cor-
related to the easy removal of surface oxygen, which can
hence enhance the catalytic reaction. Table 2 shows bind-
ing energy values of surface oxygen for both the samples.
The value confirms that the amount of fast release of sur-
face oxygen in GDC sample synthesised by EDTA—citrate
is higher than that by the solvothermal method. The Gd 3d
spectra are analysed and confirm that the single oxidation
state of Gd** is obtained in both the samples. Based on all
the characterisation techniques utilised, it can be concluded
that GDC obtained using EDTA—citrate method might be
possibly having a higher catalytic soot oxidation activity
rather than the solvothermal sample. Soot activity is further
analysed for both the samples.

Soot oxidation activity

The soot oxidation catalytic activity of GDC samples syn-
thesised by EDTA—citrate and solvothermal synthesis under
tight contact condition is as illustrated in Fig. 7. Table 2
represents the T, temperature obtained for both the samples.
Different steps involved in the soot oxidation mechanism are
oxygen adsorption, oxygen spillover to active carbon sites,
surface oxygen complexes (SOC) formation by active car-
bon chemisorption and SOC desorption. The primary step
involving soot oxidation reaction is the spillover of oxygen
onto active carbon sites and their chemisorption subse-
quently. Soot oxidation reaction occurs at the interface of
soot and catalyst surface (Prasad et al. 2012b). The spillo-
ver mechanism can be related to the ease of active oxygen
formation, oxygen mobility within the lattice and redox
sites (Sudarsanam et al. 2015). GDC sample synthesised
by EDTA—citrate complexing method showed considerably

@ Springer
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Fig.7 Soot oxidation of plane soot sample, GDC samples synthe-
sised by the EDTA-citrate complexing method and solvothermal
method calcined at 600 °C/5 h

lower oxidation temperature (75,=468 °C) than the solvo-
thermal sample (75,=1500 °C).

Durgasri et al. (Durgasri et al. 2014) have studied the soot
oxidation activity of Ce, ¢Gd, ,0,_5 (calcined at 500 °C) syn-
thesised by modified coprecipitation method and obtained

@ Springer

a T, temperature of 472 °C (Durgasri et al. 2014). Even
though the TEM morphology remains the same, the BET
surface area (74 m?/g) obtained by the reported study is con-
siderably higher than both the samples obtained in this study.
The variation in structural parameters and catalytic activ-
ity could be due to the difference in composition, synthesis
method and calcination temperature (Durgasri et al. 2014).
Ce0,-ZrO, sample synthesised by Aneggi et al. (Aneggi
et al. 2012) calcined at 600 °C resulted in a T, tempera-
ture of 390 °C which is significantly lower values compared
to the values obtained for GDC in the current study. The
higher catalytic activity of the sample is pointed out due to
the availability of more reactive facet planes of (110) and
(100) (Aneggi et al. 2012). The synthesis method adopted in
this study varies from the literature reported, that results in
modification of more reactive planes compared and affects
the catalytic activity. The CO, selectivity of CeO,-based
catalyst is considerably higher under tight contact condition
due to relatively slow oxidation process as reported by previ-
ous literatures confirms the same for GDC samples obtained
in the present study (Reddy and Rao 2009; Wu et al. 2007,
Zamar et al. 1995).

Based on the primary characterisation studies undergone,
it can be concluded that the textural and structural property of
catalyst plays a crucial role in controlling its activity. Highly
reactive and low energy indexed {100}, and {110} facets
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in GDC sample synthesised by EDTA-—citrate complexing
method, as per XRD and TEM analysis, leads to higher cata-
lytic activity due to lower energy for oxygen vacancy forma-
tion in this planes (Aneggi et al. 2012). Contact points between
soot and catalyst can be improved by decreasing crystallite
size and increasing pore volume of catalyst (Durgasri et al.
2014; Miceli et al. 2015). Improved lattice strain can enhance
the oxygen diffusion into the lattice and thus aids in improved
oxygen mobility which influences the activity of the catalyst
positively (Rushton et al. 2013). Smaller crystallite size, larger
pore volume and higher lattice strain value obtained for GDC
sample synthesised by EDTA—citrate method has improved
catalytic activity due to enhanced contact points and oxygen
mobility when compared to sample prepared by solvother-
mal method as per this study. The lower band gap energy of
EDTA-citrate sample confirms the lower energy for oxygen
vacancy formation and thus aids in catalytic activity of the
sample (Getsoian et al. 2014). The binding energy of surface
oxygen is the lowest in case of GDC samples obtained by
EDTA-citrate method that proves the easy removal of sur-
face oxygen for soot oxidation reaction and thus can enhance
the activity (Mukherjee et al. 2016). Surface active sites with
better redox potential to shift from Ce>*/Ce*" is a critical
parameter that controls the activity of catalyst (Durgasri et al.
2014). In conclusion, the EDTA—citrate GDC sample with
higher reactive facet planes, smaller crystallite size, higher lat-
tice strain, lower band gap energy, surface-adsorbed oxygen
with lower-binding energy, higher reducibility of Ce** to Ce**
results in enhancing the soot acitivty by improving contact
points and oxygen mobility. It is not a single parameter that
controls the activity of catalyst for soot oxidation, instead the
intrinsic (oxygen availability) and extrinsic (surface contact
points) property controls together simultaneously.

Conclusion

GDC solid solution was synthesised using solvothermal and
EDTA-citrate complexing methods. XRD results confirm the
crystal planes, crystal structure, lattice strain, lattice param-
eter and crystallite size. The intensity ratio of different planes
was calculated, and the lower energy facet planes of {100}
and {110} are highly intense for EDTA—citrate sample. Apart
from that, smaller crystallite size (10 nm), higher lattice strain
(0.015) and higher pore volume (0.0601 cm’/ 'g) were observed
for EDTA—citrate sample. The superior soot oxidation activ-
ity of GDC prepared of the EDTA—citrate method is due to
its low-binding energy of surface oxygen and high Ce**/
Ce** redox cycle (XPS) analysis, and a low band gap energy
(UV—-Vis DRS analysis). The result obtained from the current
study were in favour for the EDTA—citrate method, and thus it
has a better catalytic activity (T5,=468 °C) rather than solvo-
thermal synthesis method (75,=500 °C). The EDTA—citrate
complexing method is possibly a potential synthesis technique

that can be adopted for the synthesis of catalytic materials with
comparatively better catalytic properties.
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