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Abstract ~
In this work, the effects of Sm*3 and Y*3 doping onto the structural, optical and electrical properties of

Nd2Sn207 are investigated. An atomic content of 3.49 % and 4.29% of Sm and Y, respectively, were
sufficient to alter the physical properties of the Nd.Sn.Oz Particularly, the Y™ ionic substitution
decreased the lattice constant, narrows the energy band_gap, ehanged the conductivity type from n —to
p- type and increased the electrical conductivity by 73 times ;vithout changing the cubic nature of
structure of the pyrochlore ceramics. On the othershand, Sm* ionic substitutions changed the cubic
structure to hexagonal or trigonal and forced:eptical transitions in the infrared range of light. The energy
band gap shrunk from 3.40 to 1.40 eV, the defect density is reduced and the electrical conductivity
increased by 47 times via Sm doping. These doping agents’ makes the neodymium stannate pyrochlore
ceramics more appropriates for.optoelectronic applications.

Keywords: Neodymium stannate; Rare earth doping; lattice parameters; band gap; conductivity
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1. Introduction
Pyrochlore ceramics including neodymium stannate are regarded as promising materials owing to their
suitability fortuse as_nanofibers and efficient photoabsorbers [1], as photocatalytic agents [2], as
magnetocalaric applications [3] and as optoelectronic devices [4, 5, 6]. Nanofibers and thin films made
of Nd2Sn20O7 and other rare earth materials like Sm2Sn.O7 and Er.Sn.O7 which are prepared by the

electrospinning and spin coating techniques [1] are reported to exhibit high photoelectrochemical
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efficiency for water splitting reactions. Nanostructured Nd>Sn,O7 are also used for degradation methyl
orange dye [2]. Nd2Sn2O~ is also observed to exhibit a second order magnetic phase transition at0.91 K
to a noncoplanar all-in-all-out magnetic structure of the Nd® * magnetic momentsimaking the material
suitable for magnetocaloric applications [3]. In addition, optical investigations on the neodymium
stannate pyrochlore ceramics have shown that with the energy band gap being 3.40 eV, the pyrochlore
are attractive for the production of ultraviolet sensors [4]. ~

In an attempt to widen the range of applications of the Nd>Sn.O- pyrechlore ceramics, various doping
agents including Mn [7], Gd and Tb metals are used [8]. While, the participation Mn significantly
influenced the textural properties, the bond strength of.'Sn—O, surface oxygen vacancy and redox
properties of the Nd>Sn.O- pyrochlore ceramics as catalysts [7, 9y 10], the Gd and Tb doping narrowed
the energy band gap and altered the conductivity “type of the pyrochlore by forming either
shallow acceptor or deep donor levels in the band'gap of the pyrochlore. The doping agents presented by
Gd and Tb remarkably enhanced the electrical conductivity 390 and 58 times, respectively. The studies
suggests that the neodymium stannate.are highly influenced by the doping agents which plays role in
technological applications. Although the Th and Gd doping succeed in altering the conduction type and
energy band gap values, they did not\succeed in reaching the low energy spectral ranges. Solar cell and
infrared applications require low energy band gap values. For this reason, here in this work, we are
motivated to explore/the effects of the other rare earth samarium and yttrium doping agents on the
structural, opticaland electrical properties of the pyrochlore. These two elements are selected because of
their electronic_properties. Namely, the yttrium exhibit electronic configuration in the orbital states
4d15s? which is close to the orbitals of Sn (4d°5s%5p?) and samarium have electronic configuration

with the orbitalstates 4£°6s% which is close to those of Nd (4f*6s?%). The close orbitals forces orbital

overlapping that in turn enhances the electronic properties of the pyrochlore ceramics. We believe that
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slight enrichment in the doping level (2% for Gd and Thb is enriched to 4.0% for Sm and Y/) and altering
the number of electrons in the same orbital states may change the dynamics of the optical transitions and
make the material more appropriate for solar energy harvesting and IR other IR applications.

Here in this work, low percentages of Sm and Y are solved in the structure of the pyrochlore by the solid
state reaction technique. The resulting pyrochlore are studied by means of scanning.€lectron microscopy,
X-ray diffraction and optical spectrophotometry to determine the effects of the doping agents on the
crystallinity, grain and crystallite size, microstrain, defect density, optical absorption interbands
transitions and bang gap values. In addition, the temperature dependent electrical conductivity is also
studied to determine the effects of the doping agents on the electrical conductivity parameters prior to

technological applications. N

2. Experimental Details
Sm and Y- doped Nd>Sn,O7 pyrochlore.ceramics are synthesized by the conventional solid state reaction
technique using appropriate high purity (99.9% pure) Nd203, SnO2, Sm203 or Yh,0Os3 starting materials.
The value of the empirical doping I\evel was chosen to be 4.0% of Sm20z or Y20s. The oxides were
weighed (using a 5- significant digit'scale) and mixed in accordance with the empirical formula Nd2
(Smy,0r Yx)Sn20O7. The mixingwas actualized in ethanol media in a plastic container for 6 h. After drying
the slurries at 100°°C for 24h, they were calcined at 1050-1400 °C for 10h in a tightly closed alumina
crucible to prevent evaporation losses which were checked by weighing the samples before and after
calcination. After grinding the calcined powders in an agate mortar, they were pressed into pellets with

10 mm diameters and 1-2 mm thickness using uniaxial press with 2MPa pressure. The pellets were

sintered in the temperature range of 1050-1400 °C for 4h with a heating and cooling rates of 250 °C/h
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after burying them in the pyrochlore powder to minimize the loss of volatile species. Bulk densities of
the samples were measured by Archimedes method after grinding the surfaces of the pellets to'maintain
proper density measurements. The relative densities of the pellets were calculated using theoretical
densities of the doped BZN samples which were estimated using the respectivedattice parameters of each
sample that are obtained from X-ray diffraction. The best calcination and sintering temperatures were
the same (1350 °C) for revealing optimum parameters to reveal highest possible relative density (~98%).
The samarium doped samples were wheat (one of the brown tones) eolored<and the Y-doped samples
were ivory colored. The ceramics were investigated by scanning electron microscopes (COXEM- 200
equipped with EDAX energy dispersive X-ray analyzer), X-ray diffraction unit (Miniflex-600) at
scanning speed of 1.0 deg./min., ultraviolet -visible light spectrophotometer (Thermoscientific Evolution
300) and Keithley current-voltage characterization system. The X-ray diffraction was recorded at 40 kV
with beam current of 15 mA for the sintered pellets. The diffraction angle was altered in the range of 20-
70°. The optical transmittance and reflectance. measurements were carried out in the range of 300-1100
nm in 2 nm steps at room temperaturexThe transmittance was recorded through using special bands that
allow hanging of the powders densely. The powders were obtained from the sintered pallets to keep
consistency in measurements,/ The Emd was already stored in the reference compartment to reduce its
effect. The temperature dependent conductivity measurements were performed in a homemade cryostat
in ambient atmospherg in the temperature range of 300-470 K. The electrical contacts were made using
high purity silver.andcarbon-pastes. During this process, the samples were masked with four probe mask
and the mask slotswere smoothly pained with Ag or carbon using a brush. The C and Ag contacts were
left to dry for 24 hours in isolated media. No contact annealing was made to the samples. The validity
of the'contactavas checked by the ohmic nature of the current-voltage characteristics. The Ag contact

was selected owing to its least noise in measurements.
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3. Results and Discussion
In order to get sure that the samarium and yttrium doping agents is homogeneously solved in the
neodymium stannate solid state solution, various regions were selected from the surfaces and from the
bulk of the samples and were monitored by both of the scanning electron micrescopy (SEM) and energy
dispersive X-ray spectroscopy (EDX) techniques. In accordance with the recorded'EDX spectra which
are shown in Fig. 1 (a) and (b) for yttrium and samarium doped pyrochlore.ceramics, respectively, the
pyrochlore ceramics are composed of Nd, Sn, O and the doping agentsenly..Except for ignorable amount
of carbon, no extra elements were detected in the pyrochlore. Thepresence of carbon is most probably
due to the surface contacts on top of the samples. Point contacts of carbon were installed on the surface
of the samples for the purpose of ohmic nature testing as mentioned in the experimental part. The strong
Au peaks appeared as a result of 10 nm coating of the samples to prevent electron contamination. The
numerical investigations on various regions of the samples revealed an average value of 4.29 at.% of
yttrium and 3.49 at. % of samarium. The difference between the measurements of the selected areas never
exceeds 10% of the measured value. The same spectra are always observed for all the measured values.
The difference between the atomic 'contents that were substituted through experiments as 4.0 % of Sm203
and Y203 and those determined from\EDX measurements for Sm and Y is ascribed to the escape of some
of the content during the heating cycles and due to the erroneous distribution of some grains in the bulky
samples. On the other hand; the respective electron microscopy images which are detected from the
surfaces and bulk(cross-sectional parts) of the samples have shown much difference between the samples
indicating the_strong effect of the doping agents on the morphological properties of the pyrochlore.
Particularly,. while the Y-doped Nd>Sn,O7 samples which are shown in Fig. 2 (a) displayed large
irregularly shaped grains with very different sizes in the range of 100 nm-1.5 um, the samarium doped

samples which are shown in Fig. 2 (b) exhibit irregularly shaped grains of length of 320 and width of
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230 nm. It is clear from Fig. 2 (a) and (b) that the doping agents play vital role in the shapes of the grown
grains. Enlargements of the images by ~40000 times which are shown in the insets of Fig. 2 (a)and (b)
for Y-and Sm-doped samples, respectively, have shown the existence of circulareles inside the grain
of Y-doped samples. The diameter of these holes is ~160 nm. Such holes did net.exist in‘the Sm-doped
samples.

To clarify these differences in the SEM images, the X-ray diffraction technigue-is employed. The X-ray
diffraction patterns for the undoped, Y and Sm doped neodymium stannate ceramics are displayed in Fig.
3. As seen, interesting characteristics can be detected from the observed XRD patterns. Particularly,
while the Y-doped Nd2Sn>O7 display the same reflection peaks of the undoped ceramics with some
additional peaks (shown by dashed red circle in Fig. 3) that can be assigned to the cubic structure of the
Nd>Sn.0O7 compound, the samarium doped samples displays different structural characteristics. The
maximum reflection peaks of the undoped, Y-doped and Sm-doped samples appeared at diffraction
angles (26) of 29.36°, 29.66° and 43.09 °, respectively. To understand, the structural modifications that
are associated with the doping agents,.the observed diffraction patterns were analyzed with the help of
“Crystdiff” and “TREOR 92” software packages. The software carries computer simulations that
reproduce the XRD data of possible\reflections from particular crystalline material based on the lattice
parameter, space groups, crystallite"size and microstrain. To explore all possible structural phases,
crystallography open/database codes (COD) which are listed in Table-1 were employed. Since the
material is mainly composed of Nd>Os and SnO. which exhibit hexagonal and tetragonal structures,
respectively, the possibly of decomposition of the ceramic samples upon doping was also taken into
account. The results of the simulator are shown in Fig. 4 (a) and (b). To make the simulation results more

realistic, the microstrain value was taken as 1.0x 10~* and the crystallite size was assumed to be 100

nm which'is the worst possible size observed in the SEM analyses. As can be seen from the figure, the
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theoretically and experimentally (Fig. 3) estimated reflection peaks of the Nd.Sn,O-<ceramics are
different from those of the Nd2Os and SnO- indicating the successful production of the ceramics. Even
though the theoretically estimated XRD patterns of the Nd2Sn>O7 ceramics are highly oriented along the
(022) direction which appears at diffraction angles of 26 = 23.91°, the experimentally observed main
peak is oriented along the (222) reflection direction which appears at 268 = 29.36°. In addition, the
possibility of material decomposition upon doping is excluded when the theoretieally estimated reflection
patterns of Y203 and Sm.O3 are compared to that of Nd2Sn>O7. The experimentally determined patterns
for Sm- doped neodymium stannate which give the strongest diffraction at 26 = 43.09° does not appear
in the patterns of the theoretically estimated XRD plot for&Sm»03 Nd203 and SnO that are shown in Fig.
4 (a) and (b). The experimental diffraction patterns for the Sm @doped samples appear at 26 values of
43.09°,50.14°,59.23° and 61.99°. None of these diffraction angles refer to SnO2 or to Nd20s
indicating that new crystalline phase has appeared, as a result of Sm doping. Attempts to explore the
resulting new structure with the observed reflection peaks included test assuming cubic, hexagonal,
trigonal and tetragonal cells. The orthoarhombic, monoclinic and triclinic crystal systems were excluded
as the number of observed reflection\ peaks IS insufficient to execute such type of solutions. The results
of the tested systems are illustrated in{Table-2. As seen from the table, the most appropriate solutions
which exhibit no error (A8) between the experimentally observed and theoretically calculated 26 values
relate to both hexagonal and trigonal lattices with the same lattice parameters. The main difference
between these two crystal systems are the number of fold axes. The hexagonal system is composed of
four axes, three of equal/lengths, separated by equal angles and lie in the same plane, the fourth axis is
perpendicular to the plane of the other three axes. This system has lattice point in each of the two six
folded axes. On the other hand, the trigonal system is composed of three equal axes, but none of them is

perpendicular to the other. The crystal faces of trigonal system all have the same shape and length. These
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basic definitions of the hexagonal and trigonal systems explain the reason beyond reading the same Miller
indices (hkl) for the observed reflection planes and calculating the same lattice parameters for both
systems.

To give significance for the observed remarkable structural changes upon daping of the neodymium
stannate with Sm compared to the yttrium which reveal lattice constants of valuedf a =10.429 A and
also compared to the previously reported gadolinium (a =11.565 A) anddterbium (a =11.544 A) [8]
doping agents, we track the attention to the crystal structure, electronie,structure, coordination number
and ionic radiuses of the cations at the A and B sites of the (A2B20z).pyrochlore ceramics. In general, in
pyrochlore oxides, A2B207 is derived from fluorite by femoving one eighth of the oxygen ions and
ordering the two cations and oxygen anions. The Nd2SnO7 structure is formed if the cation radius of
the two cations (Nd, Sn) falls into a specific range.. The Ndand Sn cations are of 8 and 6 coordination
numbers, respectively. The ionic radius of Nd (112 pm [11]) is larger than that for Sn (69 pm [11] ).
The formation of Nd2Sn,0> basically dependsion the ionic radius of the cations. For cations (A*3, B*%),

r

the condition on the ionic radius must be such that: 1.46 < rA < 1.80 while for cations (A*2, B*®), the
B

condition on the ionic radius mustbesuch that: 1.40 < 2 < 2.20 [12].

B
Recalling that the ionic radiuses of Y2 and Sm* and the cations ratios (r, /) are 102 and 109 pm and
1.48 and 1.62 [11], respectively all the doping agents should form stable doped pyrochlore. In addition,
a deep look at the bond.length of the coordinated atoms shows that the Nd-O form a bond of length of
2.47 A [8], the Y-Q[13] and Sm-O form bonds of length of 2.30 and 2.36 A [14], respectively. The
doping of ¥ and Sm metals as substitutional elements in place of Nd reveals bond length differences of
0.17 and 0.11 Ajrespectively. Studies on Y2Os films have shown that a lower coordination number and
shorter bond lengths may be achieved upon loss of oxygen atoms [15]. The absence of oxygen atoms

leads tothe formation of vacancies that increases the defects in the pyrochlore and causes lattice

8
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distortion as a result of local strain fields. VVacancies cause a decrease in the interatomic distanees which
Is accompanied to an increase in the disorder [15]. For the purpose of obtaining specific information
about the defect density in the doped Nd2Sn.O7 pyrochlore ceramics, the maximumpeak broadening ()

and the diffraction angle (20) were used to determine the crystallite size (onegrain is accumulation of

0.944

Beos@)’ L = 1.5405 A), the' microstrain (e =

many crystallites) using Scherrer equation (D =

B/(4tan(0)) and the defect density (§ = 15¢/(aD)) [4]. While the Y-doped?eramics exhibit, D, € and
& values of 25 nm, 5.6x 1073 and 3.19 x 10! lines/cm?, respectively,the Sm doped samples reveals
respective values of 33 nm, 2.98x 1073 and 1.24 x 10! lines/em?®./As the data predicts, the Y doping
leads to large values of defect density compared to that of Sm.Remarkable decrease in the defect density
and in the microstrain values are also obtained for Sm doped cer;mics. In addition, the decrease in the
lattice parameter of the pure Nd2Sn.07 from 10.573:to 10.429 A upon Y doping can be assigned to the
shorter bond length of Y-O compared to/Nd=0.as we mention here. Studies on the structural stabilization
of Y- doped zirconia [16] has shown that the Y-atoms occupy the second-nearest-neighbor cation sites
to oxygen vacancies and repel eachther. The Y atoms force oxygen vacancies to form repulsive pairs.
These effective defect pairs caused phase transformation from tetragonal to cubic transition and strongly
alters the lattice parameters. For.our case, the preferred phase transitions in the presence of Sm are still
a challenge and need further considerations.

It is possible to think that, the orbital overlapping between atoms of A site could be an extra parameter
that leads to the jphase transition in the presence of Sm. While Y exhibits electronic configuration of 4d*
5s2, the Sm‘has the 4f¢°6s? electronic configuration. Sm atom orbitals reach higher energy levels of Nd
(4f* 6s?)than that.of Y. It means that the orbital overlapping between Nd and Sm atoms is much stronger
than that.of Y and Nd. As weak overlapping (weak bonding) between orbitals leads to a very reactive

surface,and resulting in a more energetically stable semiconducting surface upon the adsorption of
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foreign chemical species [17], the strong orbital overlapping forces formation of strong bonds and
nonreactive surfaces. For this reason, we believe that, under these conditions, the internal energy (caused
by strain field) stabilization could be reached by structural transformations as we observed for Sm doped
Nd2Sn207.  As a supportive information, it is mentioned that in MoSz/silicene and MoS,/stanene
sandwich structures [18], owing to the orbital overlapping at the interface, low biaxial deformation (~3%
) was sufficient to induce the structural phase transition in MoS: lattice. The.origin of such behavior was
assigned to the strain induced interlayer covalent bonds formation, which forees MoS: lattice to be more
sensitive to external strain. As an alternative impressive effect of the/Sm doping in ceramics, it is
mentioned that Sm doping caused phase evolution in BixSmxFeOssolid state solutions. In these types
of ceramics, it was observed that upon calcination, Sm doping.of bismuth ferrite promotes the formation
of perovskitic phase and leads to the elimination:ef the secondary phases [19].

To obtain information about the effects of Y and'Sm doping on the optical and electrical properties of
the Nd2SnO7 pyrochlore ceramics, the optical abserption (A) and electrical conductivity (o) were
measured as functions of incident light.energy and temperature, respectively. The absorption spectra for
the samples under study are illustrated in Fig. 5 (a). The spectra display three regions of absorption named
first absorption regions in the range;f 5.7-5.1 eV, second absorption regions in the range of 5.1-2.3 eV
for Y-doped samples and 5.1-2.8 eVfor Sm-doped samples and third absorption region in the remaining

ranges of incident photon energy. While the first region is assigned to the direct allowed transitions

energy band gap () as demonstrated in the inset of Fig. 5 (a) which show the Tauc’s equation ((aE)?

(E — Eg),a = /d, d:thickness) like trend of variation, the second and third regions refer to the

absorption hy.interbands [8]. The same style of absorption spectra were previously observed for Gd and
Tb doped Nd2Sn>0O7 pyrochlore ceramics. For Tb doped samples, the values and the variation of A with

incident wavelengths was faster than that of Gd. For the Sm doped samples the absorption level is higher

10
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than that for Y above 1.91 eV. Both doped samples show, approximately, the same slopes«@andvalues in
the energy range of 1.91-1.14 eV. In this region were the interbands are dominant, the width of the
interbands (E,) which is calculated in accordance with the previously described methed [8] reveals values
of 1.05 and 1.10 eV for Y and Sm doped samples, respectively. These values are lower than those
reported as 1.39 eV and as 1.43 eV for pure and Gd doped neodymium Stannate{pyrochlore ceramics
respectively. The E, values for Sm and Y doped samples are also a bit higherthan those we previously
determined as 0.98 eV for Th-doped ceramics [8]. In addition, as the inset of Fig. 5 (a) shows, the energy
band gap of Y-doped ceramics exhibit value of 3.0 eV. Those samples doped with Sm display energy
band gap of 1.40 eV. This value of the energy band gap is.confusingas it is very close to the values of
the interbands width and bring to the mind the possibility of domination of the interbands owing to the
strong orbital overlapping between Nd and Smatoms as we ebserved from the XRD analyses. In general,
the value of the energy band gap for the pure neodymiumstannate is 3.40 eV [4, 8]. Literature data also
reported values in the range of 3.5-4.5 eV [20]. For this reason, it can be concluded that the Y-doping
reduces the energy band gap of the needymium stannate similar to that of Gd and Th doping agents.

Although our previous investigations have shown that the f orbital electronic contributions from Tb and
Gd could be the main reason for the:bserved narrowing in the band gap which also apply to Sm as it has
f orbitals in its structure, other reasons should also be considered to explain the narrowing of the band
gap as a result of Sm and Y doping. The Sm doping abruptly decreased the energy band gap of the
neodymium stannate. We believe that this remarkable decrease in the value of the energy band gap is
attributable to.the structural modifications that raised upon Sm doping. While the Sm changed the
structure from cubic to hexagonal or trigonal and significantly decreased the lattice constant along the

c — axis from'10.573 [4] to 9.09 A. The Y*2 doping decreased the lattice constant from 10.573 to

10.429 A. Structural modifications which happened as a result of Sm*® doping are also assigned as a

11
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reason for the shrinkage in the value of the energy band gap of sodium borosilicate [21]. dn-addition, it
is mentioned that the decrease in the lattice parameters in SnTe is a reason for the decrease in the value
of the energy band gap [22].

On the other hand, the hot probe technique and current-voltage characteristics tests has shown that while
the Sm doping causes n-type conduction with room temperature conductivity values of 7.29%x
1071% (Qcm)~1 , the Y-doping resulted in p —type conductivity and increased the room temperature
conductivity values to 11.70x 1071° (Qcm) 1. Compared to the undoped samples which exhibit n- type
electrical conductivity of value of value of 1.60x 10711 (Qcm) "1 [4, 8],the Sm and Y doping increases
the conductivity by ~46 and 73 times, respectively. Eventhough the electrical conductivity is enhanced
significantly, it is still very high and set the neodymium stannate in the insulating group of materials.
The temperature dependent electrical conductivity. which'issilustrated in Fig. 5 (b) for both samples is
observed to follow the Arrhenius style of variation.in which the electrical conductivity is given by the
relation, o(T) « exp(E,/kT). While the electrical conductivity appears to be active in the temperature
range of 370-470 K for Y doped samples with an activation energy (E,) of 0.28 eV, the Sm doped
samples is more active in the range o\f 400-470 K with E; value of 0.55 eV. These values are less than
half of the energy band gap and indicates the formation of deep donors and deep acceptors levels below
the conduction and above the valence band of the Sm and Y doped Nd2Sn2O7 ceramics, respectively.
The activation energy value being 0.55 eV obtained for n-type Sm doped ceramics is less than that we
observed as 1.06'eV for n —type undoped ceramics and larger than those obtained as 0.48 eV for Th
doped Nd2Snz07 ceramics [4, 8] indicating that new impurity levels has formed in the band gap of the
material under investigations. The value of the activation energy being 0.28 eV is also larger than we
obtained as 0.086 eV for p — type Gd-doped [8] neodymium stannate ceramics giving evidence that the

accepter levels formed by Y-doping are deeper than those formed by Gd-doping. The change in the

12
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conductivity upon doping was also observed for ZnO and was assigned to the cation vacanciesiand to the
different incorporation of compensating donor defects [23]. The p-type conduction in ZnO requires
incorporation of shallow acceptor levels which was achievable by substitution af.a group I elements
presented by potassium in Zn sites motivating the formation of one hole“per alkali“atoms in the
neighboring oxygen atom. It is also observed that in NiOx the conductivity type changes from p to n-type
owing to the scenario in which for every removed O ion, there is a Ni*? jonttaking two electrons and

converting to the Ni° state [24, 25].

4. Conclusions

@
In this study, we have explored the effect of yttrium and Sm doping agents on the structural, optical and

electrical properties of neodymium stannate pyrochlore ceramics which are prepared by the solid state
reaction technique. Remarkable changes presented by structural modification from cubic to hexagonal
(or trigonal) structural type accompanied with large shrinkage in the energy band gap and enhancement
of electrical conductivity by 46 times and formation of deep donor levels at 0.55 eV are obtained via 3.49
at. % Sm doping. An atomic.content,of4.29 at. % successfully changed conductivity type of the
pyrochlore and increased the electrical.conductivity by 73 times without much reduction in the value of
the energy band gap and,without.ehanging structure of the pyrochlore. While the Sm doping nominate
the neodymium stannate as an optoelectronic material being effective in the infrared range of light, the

yttrium doping make the pyrachlore sensitive to visible light especially in the blue light range.
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Fig. 1 The energy dispersive X-ray spectra for the (a)'Y — d (b) Sm-doped Nd2Sn207 ceramics.
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Fig. 2 the scanning electron microscopy images for (a) the Y- and (b) Sm-doped Nd>Sn>07 samples,
respectively. The inset of (a) show the magnification at 40000 times for the Y-doped samples and inset

of (b) show the magnification of 42700 times for the Sm-doped samples.
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29 Fig. 3 The X-ray diffraction patterns for Nd2Sn.O7 pyrochlore ceramic doped with Y and Sm.
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doped Nd>Sn.O7 pyrochlore ceramics. (b) The temperature dependent electrical conductivity for the Y

and Sm-doped Nd2Sn>O7 pyrochlore\ceramics.
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Table 1: The structural parameters of the compounds composing the Sm and Y doped Nd>Sn,O7ceramics

oNOYTULT D WN =

COD Chemical Space Group Lattice parameters CrystalbStructure
9 Formula a(d) b)) c@)

10 1009013 Y03 la-3 10.61 10.61 10.61 Cubic

N 1000062  SnO: P 42/mnm 474 474 319 Tetragonal

12 1010281  Nd2Os P321 384 384 601 Hexagonal

13 1010340  Smy0Os 1213 10.85 10.85 10.85 Cubic

15 =

w

19 Table -2: The possible crystal systems that results from the Sm doping into the structure of NdSn.O~
Observed Cubic Hexagonal Trigonal Tetragonal

9 a=889A a=10914 ¢=9.094 a=10914 c=9.094 a=14114 c=2124
23 20 (°) /1, 20(°) A6(°) 26 (°) A6(°) 20:(°) A6(°%) 20 (°) A6(°)
24 43.09 100 43.09 0.00 43.09 0.00 43.09 5 0.00 43.09 0.00
25 50.14 78 50.18 0.04 50.14 0.00 5044 0.00 50.14 0.00
26 59.23 56 59.63 040 59.23 0.00 59.23 0.00 59.24 0.01
27 6199 43 6161 0.38 61.99 0.00 61.99 0.00 61.98 0.01
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