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A series of compounds with the general formula (La1–xSmx)2-
Ti2O7 (0� x �1.0) has been synthesized by a sol–gel method
and characterized by XRD, Raman spectroscopy, and scan-
ning electron microscopy (SEM). These compounds are
structurally isomorphic to perovskite-type La2Ti2O7 until a
substitution rate of x = 0.8. Above this substitution rate (x
�0.8), a biphasic mixture is obtained between the substi-
tuted perovskite layered phase and the pyrochlore Sm2Ti2O7

phase. The unusual phosphor (La1–xSmx)2Ti2O7 has been
elaborated and its luminescent properties were investigated
for low rates of substitution. The emission and excitation
spectra were used to study the luminescent properties. The

Introduction
Lanthanide titanates of general formula Ln2Ti2O7 are

the subject of considerable interest due to their photocata-
lytic and ferroelectric properties. For instance, they can be
used as photocatalysts for producing hydrogen from water
splitting and degradation of organic pollutants.[1–4] Gen-
erally, Ln2Ti2O7 compounds (Ln = La, Ce, Pr, Nd) crys-
tallize in a perovskite-layered structure[1,5] and exhibit ferro-
electric properties; consequently, they can be used in ferro-
electric random access memory[5] and ferroelectric gate
field-effect transistors.[6] Moreover, these compounds have
a high Curie temperature, which is particularly interesting
for high-temperature piezoelectric applications.[7,8] How-
ever, Ln3+ ions with small radii (Ln = Sm–Lu) generally
adopt a pyrochlore structure[9,10] with no known ferroelec-
tric properties. The stability of the structure depends on the
ratio between the radii (r) of the Ln3+ and Ti4+ cation sites.
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(La1.9Sm0.1)2Ti2O7 powders emit bright red–orange light
under UV excitation. The emission properties show that
La2Ti2O7 is a suitable host where the La3+ ions can be substi-
tuted by other trivalent lanthanide ions that induce lumines-
cence properties in the visible region and lead to phosphor
materials. The electronic structure calculations of (La1.9-
Sm0.1)2Ti2O7 shows that this compound is an insulator with a
band gap of about 2.77 eV. The valence band mainly consists
of oxygen states with hybridized titanium and samarium
states; whereas, the conduction band mainly consists of tita-
nium states with hybridized lanthanum and samarium states.

If r(Ln3+)/r(Ti4+) is in the range 1.46–1.78, then the com-
pound formed will have a pyrochlore structure. However, if
r(Ln3+)/r(Ti4+) is higher than 1.78, then the compound
formed will adopt a perovskite-layered structure. If r(Ln3+)/
r(Ti4+) is less than 1.46, the compound will adopt a defect
fluorite structure.[9]

La2Ti2O7 has been reported to be ferroelectric with a
high Curie temperature (Tc ≈ 1500 °C). It has a dielectric
constant in the range εr = 42–62, with a low-temperature
coefficient and a low dielectric loss at microwave fre-
quency.[11] La2Ti2O7 crystallizes in a monoclinic structure
with a P21 space group. The unit cell parameters, number
of molecules per unit cell (Z), and theoretical density (ρ)
are a = 7.8114(2), b = 5.5474(1), c = 13.0185(1) Å, β =
98.719°, Z = 4, and ρ = 5.78 g cm–3, respectively.[12]

Sm2Ti2O7 crystallizes in a cubic pyrochlore structure
with a Fd-3m space group. The unit cell parameter, number
of molecules per unit cell, and theoretical density are a =
10.231(1) Å, Z = 8, and ρ = 6.305 gcm–3, respectively.[13,14]

Oxides with a pyrochlore structure have been proposed as
good candidates for the immobilization of actinide species
for nuclear waste.[14,15]

Photoluminescence has been identified in rare earth
Ln2Ti2O7 doped compounds such as La2Ti2O7:Pr3+,[16]

Gd2Ti2O7:Eu3+,[17] and (La0.95Eu0.05)2Ti2O7:Li+.[18]

Furthermore, it has been reported that La2Ti2O7 oxides can
act as excellent hosts for integration by substitution of
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lanthanide ions to produce phosphors emitting a variety of
colors for the development of photoluminescent materi-
als.[16,18]

There are several synthesis routes for Ln2Ti2O7 com-
pounds (Ln = La and Sm) such as traditional solid-state
reactions,[1,19,20] polymerized-complex methods,[21] hydro-
thermal synthesis,[22] coprecipitation methods,[13] metal–
organic decomposition methods,[23] and sol–gel synthe-
sis.[24–26] However, to the best of our knowledge, there is no
report of the synthesis of a (La1–xSmx)2Ti2O7 solid solu-
tion.

The objective of this work is to use a sol–gel synthesis
method to obtain a (La1–xSmx)2Ti2O7 solid solution and to
study its luminescent properties. Structural characterization
was performed by XRD to evidence the evolution of lattice
parameters in the as-synthesized solid solution and
multiphasic compounds. The morphology and average
grain size of the powders were investigated by SEM, and the
luminescent properties for the compounds with low rates of
substitution were measured. Finally, the electronic struc-
tures of the La1.9Sm0.1Ti2O7 solid solutions, obtained by
first principle calculations, were analyzed to give a better
understanding of their optical properties.

Results and Discussion
Structural Characterization and Morphology

XRD patterns of Sm2Ti2O7 powders prepared by the
sol–gel route under different temperatures are shown in Fig-
ure 1 within the 2θ range of 10° to 90°. This step was under-
taken to determine the optimum synthetic temperature of
undoped Sm2Ti2O7. We observe that Sm2Ti2O7 (JCPDS
No. 15–0209) crystallizes in cubic pyrochlore structure and
begins to form at 800 °C. The XRD peak intensity increases
slowly with temperature until 1100 °C. The full width at
half maximum value of the peaks decreases as the tempera-
ture increases. Similar results for the preparation of
La2Ti2O7 layered-perovskite structures were obtained in

Figure 1. XRD patterns of Sm2Ti2O7 obtained at various calci-
nation temperatures.
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previous work.[27] We chose a temperature of 1100 °C for
the calcination of the (La1–xSmx)2Ti2O7 gels (x = 0–1) to
obtain good crystallinity.

XRD patterns of (La1–xSmx)2Ti2O7 (x = 0–1) are shown
in Figure 2. For x = 0–0.8, we observe the perovskite-type
structure of La2Ti2O7 (JCPDS No. 81–1066), without ad-

Figure 2. (a) XRD patterns of (La1–xSmx)2Ti2O7 powders for vari-
ous atomic percentage of Sm; (b) the (hkl) peak positions (with h
and k � 0) changes depending on x values, whereas the (00l) peak
position remains unaffected; (c) the presence of Sm2Ti2O7 pyro-
chlore phase is observed for atomic percentages above 80 % (see
dotted part).
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Figure 3. Evolution of (La1–xSmx)2Ti2O7 unit cell parameters vs. x.

Table 1. Unit cell parameters of (La1–xSmx)2Ti2O7 powders calcu-
lated using the Unit Cell program based on the refinement of 2θ
observed with the (hkl) theoretical values of La2Ti2O7 (JCPDS No.
81–1066). The star indicates that Sm2Ti2O7 was refined using pyro-
chlore structure (JCPDS No. 15–0209).

% at. Sm a (Å) b (Å) c (Å) β (°) V (Å3)

0 7.808(4) 5.546(4) 13.010(1) 98.646(5) 557.08(5)
5 7.807(8) 5.549(3) 13.021(8) 98.633(4) 557.82(2)
10 7.795(0) 5.539(7) 13.008(2) 98.637(3) 555.35(6)
20 7.770(8) 5.527(6) 13.005(1) 98.661(6) 552.26(0)
30 7.749(0) 5.516(9) 13.005(2) 98.643(6) 549.67(0)
40 7.737(3) 5.505(6) 13.012(0) 98.690(9) 547.93(8)
50 7.715(4) 5.490(2) 13.003(0) 98.691(8) 544.47(6)
60 7.697(3) 5.477(5) 12.999(5) 98.712(8) 541.77(3)
70 7.675(0) 5.464(5) 12.993(7) 98.715(7) 538.67(5)
80 7.661(3) 5.455(8) 13.000(3) 98.733(8) 537.09(4)
90 7.650(6) 5.445(9) 12.996(4) 98.759(4) 535.18(3)
95 7.639(6) 5.437(1) 12.987(7) 98.771(9) 533.17(5)

100* 10.233(1) – – 90 1071.57(2)

ditional peaks. These compounds have a monoclinic struc-
ture with P21 space group. The intermediate compositions
(0� x �0.8) have the same structural type. The refined
lattice parameters are shown in Table 1. Firstly, parameters
a and b decrease with the increase of x: 7.80 to 7.63 and
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5.54 to 5.43 Å, respectively. Secondly, c seems quasiconstant
for all values of x (13.01 to 12.98 Å). This is directly illus-
trated by zooming into the XRD pattern in the range of 2θ
= 26–36° (Figure 2b). Indeed, we can observe that the (hkl)
peaks (with h and k � 0) move with increasing x value while
the (00l) peak positions remain unchanged. Thus, reducing
a and b induces a decrease in the cell volume. By plotting
the variation of these lattice parameters vs. the x values
(Figure 3), we can see that they follow Vegard’s law.[28] This
linear variation confirms the formation of a solid solution
with Sm3+ ions inserted in the place of La3+ ions without
changing the original monoclinic perovskite-type structure.
The variation of a and b can be explained by the structure
of La2Ti2O7; the crystalline structure can be described as
layers of distorted perovskite-like slabs corresponding to
four corner-sharing TiO6 octahedra separated by two layers
of Ln cation sites (Figure 4). Following the a

�
and b

�
axes,

these compoundspresent infinite chains of TiO6 octahedra.
However, following the c

�

axis, we see repetitions of four
blocks of TiO6 octahedra (perovskite n = 4). Variation of
the cation size (La3+ = 1.160, Sm3+ = 1.079 Å)[29] in the
perovskite cage significantly changes the values of a and b
because the infinite chains are connected in the direction of
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these two parameters. On the contrary, following the c
�

axis,
the TiO6 octahedra are only connected by four blocks.
Thus, modification of the cation size does not significantly
affect the value of c.

Figure 4. Crystal structure of Ln2Ti2O7 (monoclinic P21). The unit
cell is outlined.

For x above 0.8, we observe a biphasic mixture consisting
of the Sm2Ti2O7 cubic pyrochlore structure and the
(La1–xSmx)2Ti2O7 monoclinic layered-perovskite structure.
The appearance of the Sm2Ti2O7 phase is observed in Fig-
ure 2c. Nevertheless, we still observe lattice parameter evol-
ution for the perovskite-layer structure until x = 0.95. Fi-
nally for x = 1, the well known single Sm2Ti2O7 cubic pyro-
chlore phase is seen without additional peaks.

Figure 5 shows SEM images for powders with x = 0, 0.1,
0.5, and 1. No significant change in grain shape is observed
except for x = 1, where the grain shape is more spherical.
The average size was determined by a statistical study. The
average size and dispersion are 0.70� 0.15, 0.20�0.10,
0.40 �0.10, and 0.50� 0.15 μm for x = 0, 0.1, 0.5, and 1,
respectively. The La/Sm ratio was verified in all samples by
energy dispersive spectroscopy. Moreover, no heterogeneity
in the chemical analysis was evidenced.

Figure 5. Typical SEM images of (La1–xSmx)2Ti2O7 powders:
(a) La2Ti2O7, (b) La1.8Sm0.2Ti2O7, (c) LaSmTi2O7, (d) Sm2Ti2O7.
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Raman Spectroscopy

Raman spectra were initially recorded in the 40–
1000 cm–1 range (Figure 6a). Firstly, we can observe that
the spectrum of Sm2Ti2O7 (x = 1) is different to the other
spectra, but can be assigned by the Raman bands of the
pyrochlore Sm2Ti2O7.[30] Secondly, we noticed that the
other Raman spectra have similar characteristics with some
band shifts. The Raman spectrum of pure La2Ti2O7 was
compared to that in the literature and we found good agree-
ment with the spectrum of the layered perovskite La2Ti2O7

obtained by Krishnankutty et al (Table 2).[31] The La2Ti2O7

signature is observed for all samples of the solid solutions
(x = 0–0.95), although the presence of the pyrochlore phase
(starred in Figure 6a) is observed in the Raman spectrum
of the sample with x = 0.95, with the A1g and Eg + F2g

bands of Sm2Ti2O7 at 513 and 307 cm–1, respectively. These
results confirm the behavior observed by XRD. Moreover,
we noticed the splitting of the large twin band situated at
around 808 cm–1. This splitting appears above x = 0.4 and
indicates the introduction of Sm atoms and, consequently,
the change in lattice parameters.

Figure 6. (a) Raman spectra of (La1–xSmx)2Ti2O7 powders for dif-
ferent atomic percentages of Sm (stars represent the pyrochlore
phase); (b) Raman spectra of (La0.9Sm0.1)2Ti2O7 powders obtained
with two excitation laser lines: 488 and 514.5 nm. Inset is shown a
closer look at the Raman spectrum obtained in the range 200–
1000 cm–1 with the 488 nm line.
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Table 2. Possible assignment for Raman bands of La2Ti2O7 layered
perovskite.

Raman Band (cm–1) Assignment

820, m B2g (TiO2) 826 cm–1

790, m
605, w A1g (TiO2) 612 cm–1

554, w La–O
445, vw Eg (TiO2) 447 cm–1

343, m La–O
240, m La–O
153 La–O
130 B1g (TiO2) 143 cm–1

110
97
78
63
49

We also performed the acquisition of a large Raman
spectrum of (La0.9Sm0.1)2Ti2O7 using 514.5 nm excitation,
and we found unexpected bands in the 1500–5000 cm–1 re-
gion (Figure 6b). These bands cannot be assigned to Ra-
man lines and are attributed to photoluminescent emission
lines. To verify this hypothesis we measured a second Ra-
man spectrum of this sample using another excitation line
(λ = 488 nm). We noticed the presence of the previous

Figure 7. Total DOS, La, Sm, Ti, and O contributions (projected inside their atomic spheres) to the DOS using GGA+U. Lower lying
states below –5 eV (not shown) originate from O 2s, La 5p, and Sm 5p orbitals. The Fermi energy is set at zero.
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bands but with a global shift corresponding exactly to the
difference of the two excitation wavelengths, leading to the
conclusion that these bands are due to photoluminescent
phenomena.

Electronic Structure of La1.9Sm0.1Ti2O7

The total density of states (DOS) and the La, Sm, Ti,
and O contributions (projected within their atomic spheres)
for La1.9Sm0.1Ti2O7 are depicted in Figure 7 using the
GGA+U approach. It is found that the spin-majority DOS
in the valence band region from –4.42 to 0 are predomi-
nated by O 2p orbitals, which are hybridized with the Ti 3d
orbitals from –3.60 to –1.40 eV and with the Sm 4f orbitals
from –4.20 to –3.10 eV. This indicates the presence of a co-
valent contribution to the Ti–O and Sm–O bonding. The
spin-minority DOS in the valence band region from –4.17
to 0 eV are predominated by O 2p orbitals, which are hy-
bridized with the Ti 3d orbitals from –3.98 to –1.42 eV.
Conversely, the states in the conduction band region from
2.77 to 4.46 eV have a dominant contribution from the Ti
3d orbitals, which are hybridized with the O 2p orbitals and
Sm 4f orbitals to a small extent (for the spin-majority
DOS). Above 4.78 eV, the conduction band states are com-
posed of Ti 3d, La 4f, La 5d, Sm 4f, and Sm 5d orbitals
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which are hybridized to a small extent with the O 2p orbit-
als. The presence of sharp peaks around 5.60 eV indicates
the localized character of the La 4f states.

The conduction bands are separated from the valence
bands by a band gap of 2.77 eV. It should be pointed out
that DFT calculated band gaps are smaller than the experi-
mental values. This discrepancy is due to the discontinuity
of the exchange–correlation potential, which cannot be
taken into account within the Kohn–Sham scheme.[32] For
instance, the DFT calculated band gap of La2Ti2O7 is about
2.84 eV,[33] whereas experimental band gaps vary from 3.29
to 3.82 eV.[1,34,35]

Luminescent Properties

The La2Ti2O7 sample (Figure 8a), presents emission
peaks at 608 and 468 nm at room temperature (λex =
292 nm), and the broad peak at 760 nm is due to the sample
holder. La2Ti2O7 is reported to have a direct band gap indi-
cating its potential as a photocatalyst.[34] Logically, La3+

does not exhibit luminescence because it has no 4f electrons
and there are no energy levels permitting it to induce a lu-
minescent process in the visible region (the La3+ ion has a
[Xe]4f0 inert gas configuration leading to a 1S0 ground
state). Excited states can arise from a p–d transition corre-
sponding to the electronic configuration 5s25p55d1 which
gives rise to the singlet 1P1, 1D2, and 1F3 and triplet 3P1,
3D2, and 3F3 states.[36] Joseph et al.[37] also observed an
emission peak near 611 nm, which was explained by the
stimulated emission (SE) of transition metal activator Ti3+

ions. Electronic transitions of La3+ ions enhance this SE
(sharp due to the presence of the 4f orbital). In Figure 8b,
we can observe the La2Ti2O7 white powder under natural
light has a reddish color under UV light (254 nm).

For the room temperature emission spectra of the
(La1–xSmx)2Ti2O7 powders obtained with an excitation at
292 nm, we observe an emission peak for (La1–xSmx)2Ti2O7

with 0.00 � x �0.20 (see the spectrum obtained for
La1.9Sm0.1Ti2O7 in Figure 8c) in the red spectral area (550
to 710 nm). For the higher x values, these intense peaks
vanish. According to the Dieke diagram,[38] Sm3+ can pres-
ent several excitation bands in this wavelength range. Sev-
eral excitation bands are identified and assigned to the elec-
tronic transitions of 6H5/2�4L17/2 at 363, 6H5/2 � 6P5/2 at
376, 6H5/2 � 4F7/2 at 403, 6H5/2 � 4P5/2 at 420, 6H5/2�
4G9/2 at 440, and 6H5/2 � 4I13/2, 4I11/2, 4I9/2 at 463, 472, and
482 nm, respectively.[39] The excitation spectrum (by moni-
toring the emission peak at 608 nm) exhibited an intense
broad peak at ca. 292 nm due to the La2Ti2O7 (or
La1,9Sm0,1Ti2O7) host lattice adsorption. We also observe a
less intense peak at 340 nm (3.65 eV), which can be attrib-
uted to the charge transfer transition between O2– �
Sm3+.[39,40] There is a good correlation between these exper-
imental values and the DOS calculations presented above.

The emission spectrum exhibited a bright orange–red
emission under a UV source, which corresponds to transi-
tions from the excited 4G5/2 to the lower levels 6HJ (J =
5/2, 7/2, 9/2, 11/2) levels of the 4f5 configuration of Sm3+[41]
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Figure 8. (a) Emission spectrum of pure La2Ti2O7 for λex = 292 nm
(the dotted line represents the emission spectrum of the sample
holder and the starred peak due to sample holder); (b) photographs
of La2Ti2O7 compound under natural light and UV light; (c) exci-
tation and emission spectra of the La1.9Sm0.1Ti2O7; (d) photo-
graphs of La1.9Sm0.1Ti2O7 compound under natural light and UV
light; (e) dependences of the luminescence intensity of (La1–xSmx)2-
Ti2O7 solid solutions according to x atomic fraction for the emis-
sion peak centred at 565 nm.
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located at 565, 605, 647, and 710 nm, respectively. Under
UV excitation, a nonradiative transition occurs between the
higher energy states to 4G5/2 state.[42] The peak located at
710 nm, assigned to the 4G5/2 � 6H11/2 transition, has an
asymmetric shape, which could consist of two overlapping
bands: one at 710 nm due to the transition described above
and the other, near 735 nm, could be due to the presence
of Sm2+.[43,44] Finally, Figure 8d shows a photograph of
La1.9Sm0.1Ti2O7 under natural and UV light. We clearly ob-
serve the effect of luminescence with an emission in the
orange region.

We also observe a dependence of the emission intensity
on the Sm3+ ion concentration (Figure 8e). The emission is
maximized at x = 0.05 and decreases quickly when the Sm3+

concentration exceeds x = 0.05 due to concentration
quenching. However, the intensity could be even more im-
portant for lower substitution rates (less than 0.05 at. %). A
study of the luminescent properties vs. x (x = 0–0.5) is
therefore essential and will be the subject of our next inves-
tigation. Concentration quenching is frequently observed in
lanthanide-based phosphors when the substitution level in-
creases.[45,46] It is often ascribed to a nonradiative energy
transfer from one activator to another, the probability of
which increases with increasing activator concentration.[47]

Blasse[48,49] indicated that the nonradiative energy transfer
can be expressed by the critical transfer distance (Rc), which
represents the distance between the activators to the
quenching concentration noted xc. Rc is calculated by the
following equation:

where V is the unit cell volume (from Table 1) and N is the
number of ions whose sites are partially occupied by the
activator in the unit cell (in this case N = 4). For xc = 0.5,
the critical transfer distance is about 8.1 Å. This value
should be taken with caution and might be underestimated.
To determine a more accurate value, a study in concentra-
tion between 0 and 0.5 must be carried out.

La2Ti2O7 contains four crystallographic sites available
for the activator (substitutes for La3+). Two are among the
octahedra and the other two in the planes between the slabs.
Generally, 4G5/2 � 6H7/2 is a symmetry-sensitive transition
emission and 4G5/2 � 6H9/2 is an electric-dipole transition.
The latter should be forbidden for Sm3+ in a symmetric
site.[50] We observe the presence of these two emission bands
and can therefore conclude that the Sm3+ ions are posi-
tioned randomly on the crystallographic sites in the
La2Ti2O7 host lattice.

Conclusions

(La1–xSmx)2Ti2O7 solid solutions with layered-perovskite
structure have been successfully synthesized by a sol–gel
method until x �0.8 as studied by XRD. The compounds
are isomorphous to La2Ti2O7 with monoclinic symmetry
(P21 space group). This isomorphism suggests that these
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compounds have ferroelectric properties like the family of
layered perovskites such as La2Ti2O7, Ce2Ti2O7, Pr2Ti2O7,
and Nd2Ti2O7. Above x = 0.80, a biphasic mixture is ob-
tained between the substituted (La1–xSmx)2Ti2O7 phase and
the pyrochlore Sm2Ti2O7 phase (Fd-3m space group). SEM
analysis shows that the powders are homogeneous in shape.
Raman spectroscopy shows, for low substitutions, lumines-
cent properties induced by Sm3+ ions. The analysis per-
formed by spectrofluorometry allowed us to assign the vari-
ous transitions observed. Emission spectra indicated that
La1.9Sm0.1Ti2O7 materials could be useful for developing
new colored light sources, photoluminescent display de-
vices, UV sensors, and conversion phosphors for white-light
LEDs.

Experimental Section
(La1–xSmx)2Ti2O7 powders with various x values were synthesized
using a sol–gel method. This method of synthesis has been de-
scribed in detail for the elaboration of (La1–xNdx)2Ti2O7 solid solu-
tion in previous work.[27] Lanthanum nitrate [La(NO3)3,6H2O,
99.99%, Sigma Aldrich], samarium nitrate [Sm(NO3)3,6H2O,
99.9%, Alfa Aesar], and titanium isopropoxide [Ti{OCH(CH3)2}4,
98.0%, Acros Organics] were used as starting materials. First, a
solution of 2,4-pentadione (CH3COCH2COCH3, 99+%, Sigma Al-
drich) was mixed in a 2-methoxyethanol [HO(CH2)2OCH3, 99.0%,
Sigma Aldrich] at ambient temperature with stirring for two hours.
Then, the titanium isopropoxide [Ti(OiPr)4] was added and the
mixture was stirred for two hours. Separately, the stoichiometric
lanthanum nitrate and/or samarium nitrate were dissolved in a 2-
methoxyethanol solution at approximately 40 °C. The molar ratio
[La and/or Sm precursors/Ti(OiPr)4/2,4-pentadione/2-methoxy-
ethanol] was 1:1:1.5:25.5. Finally, the solution containing titanium
was added to the lanthanum–samarium solution with continuous
stirring at approximately 40 °C over three hours. The gels obtained
were dried at 100 to 300 °C for three hours, and then calcined at
700 °C for six hours. The powders were ground and heated from
700 to 1100 °C for twelve hours.

Structural characterizations were carried out by XRD. The XRD
patterns for the powders were recorded from 2θ = 10–90° with a
Bruker D8 diffractometer in a Bragg–Brentano Setup, equipped
with copper X-ray source (λK̄α = 1.5418 Å). Lattice parameters
were refined using the Unit Cell program based on refining 2θ ob-
served with the (hkl) theoretical values of La2Ti2O7 (JCPDS No.
81–1066). Grain morphologies and average grain sizes were ob-
served by SEM (SEM FEG Hitachi 5–4700). Luminescent proper-
ties were studied by the Raman spectroscopy and by photolumines-
cence spectroscopy. Raman spectra were recorded in back scat-
tering geometry using a Dilor XY800 triple monochromator spec-
trometer coupled with a microscope which focused the 514.5 nm
Ar+Kr+ laser beam to a 2 μm spot. The spectra were recorded in
the range of 40–1000 cm–1. Luminescence measurements on the
spectral range 200–900 nm were performed using a SAFAS Xenius
XOF spectrometer.

The electronic structures for La1.9Sm0.1Ti2O7 were calculated using
the WIEN2K package.[51] This DFT-based software implements
the augmented plane wave plus local orbitals (APW)+lo method.
The plane-wave cutoff, defined by the product of the smallest
atomic sphere radius times the magnitude of the largest reciprocal-
lattice vector (RMTmin. Kmax), was set to 7.0 and a Gmax (mag-
nitude of the largest vector in the charge-density Fourier expan-
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sion) of 12 was used for all calculations. The muffin-tin radius
(RMT) of the different atoms are: RMT(La) = 2.30, RMT(Sm) =
2.35, RMT(Ti) = 1.80, and RMT(O) = 1.60 a.u. As it is well known
that GGA fails to predict the correct electronic ground states of
systems with strongly correlated electrons, we have calculated the
electronic structure within the GGA+U method.[52] In this frame-
work, the strong Coulomb repulsion between localized f states is
treated by adding a Hubbard-like term to the effective potential,
leading to an improved description of correlation effects. As there
is no unique way of including a Hubbard term within the DFT
framework, several different approaches exist, which all give similar
results. In this work we used the approach described by Dudarev
et al.[53] where only an effective Hubbard parameter Ueff = U – J

enters the Hamiltonian. The Ueff value is taken to be 6.5 eV. The
La1.9Sm0.1Ti2O7 solid solution is defined by a 2 �2�1 La2Ti2O7

supercell where one La atom is substituted by a Sm atom. The
numerical integration of the Brillouin zone was performed using a
discrete 1�1�4 Monkhorst–Pack k point sampling.
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