
Communication

1701513  (1 of 8) © 2017 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

www.advmat.de

Abnormal Pressure-Induced Photoluminescence 
Enhancement and Phase Decomposition in Pyrochlore 
La2Sn2O7

Yongsheng Zhao, Nana Li, Cong Xu, Yan Li, Hongyu Zhu, Pinwen Zhu, Xin Wang,* 
and Wenge Yang*

Dr. Y. S. Zhao, Dr. Y. Li, Dr. H. Y. Zhu, Prof. P. W. Zhu, Prof. X. Wang
State Key Laboratory of Superhard Materials
Department of Physics
Jilin University
Changchun 130012, China
E-mail: xin_wang@jlu.edu.cn
Dr. Y. S. Zhao, Dr. N. N. Li, C. Xu, Prof. W. G. Yang
Center for High Pressure Science and Technology Advanced Research 
(HPSTAR)
Shanghai 201203, China
E-mail: yangwg@hpstar.ac.cn, wyang@carnegiescience.edu
Prof. W. G. Yang
High Pressure Synergetic Consortium (HPSynC)
Geophysical Laboratory
Carnegie Institution of Washington
Argonne, IL 60439, USA

DOI: 10.1002/adma.201701513

with good structural stability, chemical 
durability, and radiation tolerance under 
extreme conditions is necessary for devel-
oping new pressure sensors.[1] Pyrochlore 
A2B2O7 is a potential candidate for perma-
nently disposing of high-level radioactive 
waste in safe geologic repositories due to 
its chemical stability, low swelling, and 
excellent radiation tolerance.[2,3] Also, pyro-
chlore is an attractive material because 
of its complex magnetic properties.[4] A 
pressure-induced spin transition, bandgap 
change, and lattice distortion have been 
reported in some pyrochlores before, but 
no study has solely focused on the effect 
of photoluminescence (PL) in the pyro-
chlore system.[5–7] However, we previously 
reported a PL change with pressure in a 
pyrochlore, Eu2Sn2O7, which exhibited an 
interesting pressure-dependent evolution 

of the Eu3+ 4f electronic structure.[8] Even though the lumi-
nescence properties of ns2 ions have been extensively studied, 
near-infrared (NIR) region PL is rarely observed in BaSnO3.[9] 
To improve the PL efficiency, the d transition metal, and p 
block elements can be utilized as primary activators in doped 
pyrophosphates.[10] In fact, the Mn2+ ion itself is an efficient PL 
center and PL can emerge or be quenched by pressure-induced 
structural transitions.[11] Therefore, a change in the lattice sym-
metry and local coordination environment are important for 
modifying PL by pressure and the reduction of excited charge 
migration through the Mn–F–Mn exchange pathway provides 
the possibility of pressure-induced PL. At ambient conditions, 
two emission peaks related to the oxygen vacancies and defects 
were observed in nanostructured SnO2, while pressure-induced 
PL emergence and quench were observed in MnF2 and SnBr4 
due to phase transitions.[11–13]

La2Sn2O7 is a transparent conducting oxide (TCO) material 
with a 4d105s0 electron configuration in the Sn4+ ion and has 
potential applications as thin film devices like light-emitting 
diodes and electroluminescent flat panel displays.[14] In the 
La2Sn2O7 system, La3+ does not have a 4f electron, so PL origi-
nating from the f electron transition is unexpected at ambient 
pressure and room temperature (RT). Since the majority of 
PL emissions in rare earth ions originate from their f electron 

La2Sn2O7 is a transparent conducting oxide (TCO) material and shows a 
strong near-infrared fluorescent at ambient pressure and room temperature. 
By in situ high-pressure research, pressure-induced visible photolumines-
cence (PL) above 2 GPa near 2 eV is observed. The emergence of unusual 
visible PL behavior is associated with the seriously trigonal lattice distortion 
of the SnO6 octehedra, under which the Sn–O1–Sn exchange angle θ is  
decreased below 22.1 GPa, thus enhancing the PL quantum yield leading 
to Sn 3P1 → 1S0 photons transition. Besides, bandgap closing followed 
by bandgap opening and the visible PL appearing at the point of the gap 
reversal, which is consistent with high-pressure phase decomposition, are 
discovered. The high-pressure PL results demonstrate a well-defined pressure 
window (7–17 GPa) with flat maximum PL yielding and sharp edges at both 
ends, which may provide a great calibration tool for pressure sensors for 
operation in the deep sea or at extreme conditions.

Photoluminescence

Optical pressure sensors have gained great interest due to their 
low electronic noise and demonstrable potential for a wide 
range of applications. Although poly(dimethylsiloxane) film is 
an ideal material for fabricating flexible optical pressure sensors 
that can be deposited on a flexible substrate for both electronic-
skin and physiological measurement applications, these devices 
have limited availability. Therefore, investigating a material 
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transition,[15] the strong room-temperature NIR luminescence 
at 804 nm may be associated with the Sn2+ ions in La2Sn2O7. 
When subjected to high pressure, a novel pressure-induced 
PL was observed in TCO material La2Sn2O7 at RT. An anoma-
lous bandgap closure followed by bandgap opening occurred 
upon compression, while visible multiband PL near 676 nm  
appeared at the turning point of the gap reversal above 2 GPa. 
To elucidate the pressure effect on PL, we conducted a sys-
tematic investigation of the high-pressure crystal and elec-
tronic structure using in situ angle-dispersive X-ray diffraction 
(ADXRD), Raman and fluorescence spectrum, impedance, 
and density functional theory (DFT) calculations. Photolumi-
nescence is invaluable for the development of new, chemically 
durable, radiation-tolerant hosts for safe and reliable optical 
pressure sensors to work in deep sea or extreme environments.

The room-temperature PL of La2Sn2O7 at 804 nm (1.54 eV) 
was recorded at ambient pressure as shown in Figure 1a. With 
increasing pressure, the NIR luminescence signal showed a 
blue shift to 760 nm (1.63 eV) (inset) and quenched when pres-
sure exceeded 7.3 GPa. The NIR PL originated from the recom-
bination of a photogenerated valence-band hole and an occu-
pied donor level like BaSnO3, where the NIR PL was associated 
with Sn2+ ion defect levels located between the bandgap.[9] This 
explanation was verified by X-ray photoelectron spectroscopy 
(XPS) performed on La2Sn2O7 (Figure S1, Supporting Informa-
tion). The Sn2+ ion derives from high-temperature annealing, 
along with the generation of oxygen vacancies, which can be 
presented by the defect formula: La2(Sn4+Sn2+)2O7−xx. The 
pressure-induced visible PL observed at RT above 2 GPa is 

shown in Figure 1b. The PL spectrum consisted of two narrow 
bands between 660 and 700 nm with several other small 
peaks (we believe the visible PL is associated with a change 
of the crystal environment of the Sn2+ ions) and another peak 
near 635 nm. The variation of the visible PL spectrum inten-
sity with pressure plateaued between 6.6 and 16.6 GPa, which 
illustrates a well-defined pressure window that yielded flat 
maximum PL (Figure 1c). Note that the visible PL showed red-
shift with pressure and finally disappeared above 23.7 GPa, as 
shown in the Figure 1c inset. After releasing pressure, the vis-
ible PL recovered near 21 GPa and the PL intensity enhanced 
with decreasing pressure until 7.1 GPa before we lost the PL 
signal as pressure decreased to 4.8 GPa. The NIR PL did not 
revert to its original intensity until it had relaxed for at least 
1 d. Although the visible PL quenched with higher pressure, 
our observation of pressure-induced narrow-band visible PL 
above 2 GPa and the room-temperature NIR PL in La2Sn2O7 is 
noteworthy. To find the source of this PL, we investigated the 
structural evolution of La2Sn2O7 at high pressure using in situ 
angle-dispersive X-ray diffraction.

La2Sn2O7 crystallizes in space group Fd-3m and its crystal 
structure is shown in Figure S2 (Supporting Information).[4,16] 
The tungsten bronze-like Sn2O6 component consists of corner-
sharing SnO6 octahedra that form a 3D network of six-mem-
bered rings. As shown in Figure S2 (Supporting Information), 
the Sn4O tetrahedron connect with each other by Sn4+ ions and 
the SnO1Sn rings form a hexagram, while the La2O′(O2) 
network has linear O2LaO2 bonds. The pressure-dependent 
X-ray diffraction patterns shown in Figure 2a did not reveal any 
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Figure 1.  a) Strong room-temperature NIR PL at ambient pressure (red line). After decompression for 1 d, it fully reverted (black line). The inset shows 
the NIR PL blueshifts with pressure. b) Pressure-induced novel visible PL. The variation of the La2Sn2O7 emission spectrum with pressure illustrates 
PL appearance and quenching. The multiband peaks corresponding to the A band 681 nm (1S0 → 3P1), B band (1S0 → 3P2) at 659 nm, and C band 
(1S0 → 1P1) at 635 nm in La2Sn2O7 are classified as an s2-sp transition. c) PL-normalized amplitude depends on pressure; the intensity of the PL reaches 
an obvious maximum at 9.5 GPa, then drops quickly above 16.6 GPa. In the inset, we draw pressure effect of the strongest peak in A band, note that 
the visible PL redshifts with increasing pressure and is quenched at 25 GPa.
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crystallographic symmetry change up to 32 GPa. Nevertheless, 
there were small amounts of metallic Sn phase decomposition 
at 2 GPa. Two low-intensity peaks appeared at 2 GPa, marked 
by dark spots near (133) and (800); the diffraction peaks of 
La2Sn2O7, respectively. These two new peaks could be indexed 
with the pyrochlore structure and they persisted to the highest 
pressure of 32 GPa. Comparing these peaks with the diffrac-
tion maximum of pyrochlore, the d value changed significantly 
with pressure and the strongest peak was slightly lower than 
the maximum diffraction of metallic Sn (d110 = 2.324 Å). We 
refined the ADXRD patterns with GSAS Software[17] based on 
mixed phases of La2Sn2O7 and Sn, yielding a composition of 
≈10% metallic Sn at 2.5 GPa. The particle size of metallic Sn 
was 6 nm derived by the Scherrer formula. The refined lattice 
parameter of the bcc Sn was 3.346 Å at 2 GPa, which is slightly 
compressed from the reference value of 3.354 Å at ambient 
conditions.[18] The V–P plots of La2Sn2O7 and Sn were fitted 
with a third-order Birch–Murnaghan equation of state (EOS), 
as shown in Figure 2b and Figure S3a (Supporting Informa-
tion), which yielded a bulk modulus of B0 180(6) GPa with B′ 
= 8.5 for La2Sn2O7 up to the highest pressure 32 GPa. In pyro-
chlore, the only flexible structure parameter x of the oxygen 
O1 position jumped from 0.329 to 0.341 at 2 GPa (inset in 
Figure 2b), which indicated pressure-enhanced SnO6 octahe-
dral distortion. As x deviated from the perfect value of 0.3125, 
trigonal lattice distortion subsequently enhanced through the 
compression or elongation of the SnO6 octahedra along the 
C3 symmetry axis (Figure 2c). The change of x was due to 

phase decomposition where a small amount of Sn atoms devi-
ated from their symmetry position and consequently formed 
metallic Sn nanoparticles; thus, the site 16c formation vacan-
cies lead the SnO6 octahedra to adjust the lattice symmetry. 
The pressure-enhanced trigonal lattice distortion can induce a 
full gap opening at the Fermi energy that leads to an insulating 
phase.[19] With further compression, the position parameter x 
slightly decreased then remained stable until 23.7 GPa, as did 
the Sn content between this pressure range (Figure 2d). The 
abrupt change of the oxygen atomic position x above 23.7 GPa 
indicated SnO6 octahedral rearrangement, which has also been 
observed in Gd2Ti2O7 and Tb2Ti2O7.[20,21] Furthermore, our 
detailed structural analysis verified the rearrangement of the 
SnO6 octahedron, which is reflected in the observed discon-
tinuities of the SnO1Sn bond angle (Figure 2d). The dis-
torted SnO6 octahedron compressed more easily than the unit 
cell between 2 and 23.7 GPa, as demonstrated by the obvious 
jump at 2 GPa and sudden drop at 23.7 GPa of the normalized 
volumes of SnO6, but the opposite was true below 2 GPa and 
above 23.7 GPa (Figure S3, Supporting Information). There-
fore, these results suggest a subtle structural deformation above 
23.7 GPa. This may be caused by increased vacancies at the 16c 
site due to the Sn content increase above this pressure. Two 
Rietveld refinements of La2Sn2O7 and Sn phases are shown in 
Figure S4 (Supporting Information), yielding a composition of 
13% metallic Sn at 14.1 GPa. With further pressure increase, 
the metallic Sn content remained stable and then increased 
above 19.2 GPa. La2Sn2O7 remained in a pyrochlore structure 
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Figure 2.  Structural evolution of La2Sn2O7 probed by synchrotron XRD at RT and high pressure. a) Angle-dispersive XRD patterns of La2Sn2O7 at 
selected pressures. The black spot peaks are contributed by metallic Sn due to phase decomposition. b) Unit cell volume obtained from Rietveld refine-
ment of powder XRD patterns as a function of pressure. The inset shows the fitting parameter x versus pressure, where the x value is discontinuous at 
2 GPa and suddenly drops at 23.7 GPa corresponding to the phase decomposition and phase transition pressure. c) Trigonal crystal field around Sn4+ 
ion and local geometry of a SnO6 octahedron. A trigonal distortion is induced by compression or elongation of the surrounding oxygen octahedron 
along the C3 symmetry axis. d) Top panel: the SnOSn bond angle θ at varied pressure; note that θ value discontinues at 2 and 23.7 GPa. Bottom 
panel: metal Sn content in pyrochlore La2Sn2O7.
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despite small amounts of Sn loss.[22,23] Therefore, our X-ray dif-
fraction results reveal that a small amount of metallic tin forms 
by chemical decomposition at 2.0 GPa like Cd2Nb2O7. Here, we 
deduce that the pressure-induced visible multinarrow PL at this 
pressure may be related to the lattice distortion caused by phase 
decomposition.

We investigated the evolution of the electronic states with 
structural changes using typical Nyquist plots of La2Sn2O7 at 
different pressures up to 35.6 GPa, as shown in Figure 3a. Two 
semicircles can be seen clearly, which represent the grain and 
grain boundary contribution to the total resistance. We mod-
eled the impedance spectroscopy with an equivalent circuit 
consisting of a resistor and constant phase element (CPE),[24] 
expressed by Z = 1/[T(jω)P] and defined by two values T and 
P, where T is the capacitance component units and j and ω are 
the imaginary unit and frequency, respectively. We placed a 
CPE in parallel to the resistance to produce a Cole element. By 
fitting the data of the circuit parameters using ZView imped-
ance analysis software,[25] we obtained the grain resistance (R) 
values as a function of pressure in Figure 3b. Near 2.6 GPa, 
R obviously drops by one order of magnitude, possibly due to 
crystal lattice shrinkage reducing the La–O2 distance with pres-
sure, which implies overlapping between the La t2g and O2 2p 
orbital that broadens the conduction band (CB) and lowers the 
resistance.[26] However, here, the main reason for this was due 
to phase decomposition-produced vacancies that allow hole 
conduction; the system resistance decreased at 2.6 GPa and 
then R increased with increasing pressure due to pressure-
enhanced trigonal distortion. Consequently, this opened a full 
gap at the Fermi energy above 2.6 GPa. The electronic structure 
of La2Sn2O7 can be explained by the electronic structure of the 
Sn2O6

4− octahedral corner-sharing network and the conduction 

band of La2Sn2O7 is formed from the antibonding Sn 5s–O 
2p caused by the distortion of the SnOSn bonds. There-
fore, the reduction of the SnO1Sn angle from 133° to 126° 
below 23.7 GPa strongly affected the electrical properties of 
La2Sn2O7, leading to a relatively narrow conduction band and a 
wide bandgap that caused R to increase by four orders of mag-
nitude from 2.6 to 22.1 GPa, which is also associated with PL 
enhancement. Above this pressure, the PL quenched and was  
accompanied by a sudden increase in the SnO1Sn angle and  
an almost stable R value. La2Sn2O7 is a semiconductor at RT 
and it becomes an oxygen ion conductor at high temperatures 
with a conductivity of 1.7 × 10−5 Ω−1 cm−1 at 800 °C.[27] Thus, 
the increase of R indicated a pressure-induced semiconductor–
insulator transition and this transition was associated with the 
novel PL.

We also used first-principles calculations to investigate the 
electronic structure of pyrochlore La2Sn2O7 with pressure. At 
ambient pressure, the calculated bandgap of La2Sn2O7 was 
3.38 eV, which is consistent with the reported 3.3 eV in the 
literature.[14] We calculated the partial density of states and 
the bandgap is shown in Figure S5 (Supporting Information). 
From this, we discovered bandgap closure followed by bandgap 
opening above 2 GPa, where PL appeared at the gap-reversal 
turning point. The pressure-induced semiconductor–insulator 
transition can be explained by the 1D E versus k diagram. The 
bottom of the La2Sn2O7 CB was predominantly contributed by 
the Sn 5s orbital and the top of the valence band (VB) was domi
nated by the O 2p orbital. Thus, a larger bandgap originated  
from the distortion of the SnO1Sn angle. These results are  
consistent with our AC impedance spectroscopy measurement.

Raman is sensitive to local symmetry distortion and can 
thus give some insight into novel PL with crystal symmetry. 
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Figure 3.  High-pressure AC impedance measurement of La2Sn2O7 up to 35.6 GPa. a) The Nyquist plots of impedance spectroscopy at various pres-
sures. b) The pressure dependence of the grain resistance R shows a four order of magnitude increase in R from 2.6 to 22.6 GPa.
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We conducted a systematic high-pressure Raman study 
between 100 and 1300 cm−1 at RT. Representative Raman 
spectra of La2Sn2O7 at high pressure and the frequency shifts 
are shown in Figure 4a,b. Factor group analysis gave six 
Raman active modes A1g + Eg + 4F2g of the pyrochlore struc-
ture. However, 12 Raman modes appeared in the Raman 
spectra at ambient pressure and only six of them could be 
assigned to the pyrochlore structure according to factor group 
analysis. The other Raman modes have not been observed in 
previous works. The assignment of these Raman modes in 
La2Sn2O7 is listed in Table S1 (Supporting Information),[16] 
along with a summary of the frequencies w0, pressure coef-
ficient A, and Grüneisen parameter γ of the different modes. 
Here, the origin of these other unidentified Raman modes 
may be related to phonon–phonon anharmonic interactions 
in the SnO6 octahedra through the SnOSn exchange 
effect.[21] The ambient-pressure frequencies are denoted 
as follows: M1(298 cm−1), M2(330 cm−1), M3(401 cm−1), 
M4(491 cm−1), M5(527 cm−1), M6(618 cm−1), M7(695 cm−1), 
M8(999 cm−1), M9(1031 cm−1), M10(1125 cm−1), M11(1157 cm−1),  
and M12(1179 cm−1). The Raman peaks M2, M3, and M5 are 
F2g modes representing LaO bond stretching and SnO bond 
stretching. The M7 mode can be assigned to a distortion of the  
SnO6 octahedron.[28] Here, we assigned the peak at 299 cm−1 
to an Eg mode and the peak at 493 cm−1 corresponded to an 
A1g mode. Eg symmetry was related to Sn4O tetragonal lattice 
distortion and A1g originated from the bending vibrations of 
the SnO6 octahedron.[19] Under high pressure, one new peak 
appeared near 550 cm−1 named M* at 2.2 GPa and then com-
pletely disappeared at 16.6 GPa (Figure S6, Supporting Infor-
mation). Between 2.2 and 23.7 GPa, the Raman M10 and 
M11 modes combined into one peak at 7.3 GPa and all the 
Raman peaks above 999 cm−1 disappeared one by one, which is  

consistent with the pressure regions of the PL emergence and 
disappearance. Above 23.7 GPa, only four of the pyrochlore 
Raman peaks existed where we observed SnO6 octahedral rear-
rangement. Therefore, we believe that Raman modes M6 and 
M8–M12 are related to the vibration of the SnO6 octahedra and 
depended on the changes of the SnOSn bond angle. All 
the Raman modes shifted to higher frequencies linearly upon 
further compression. Upon decompression, the spectroscopic 
changes were partially reversible immediately and the high-
pressure mixed phase fully reverted to the original structure. 
Therefore, a structural transition can occur by pressure and 
lattice distortion, resulting in a change of the point group sym-
metry that leaves the cubic lattice unchanged.

Three kinds of PL were distinct in different pressure gra-
dients (Figure 5). Our high-pressure visible narrow-band 
PL results demonstrate a well-defined pressure window 
(6.6–16.6 GPa) that yielded flat maximum PL and sharp edges 
at both ends, which may provide a great calibration tool for 
pressure sensors at extreme conditions. This unexpected 
appearance of visible PL in La2Sn2O7 was attributed to lattice 
distortion induced by phase decomposition above 2 GPa, where 
we observed a new Raman peak M*. These unusual behaviors 
imply a large overlap between the Sn 5s2 ground state and the 
5s5p excited state, originating from the decreasing SnO1Sn 
exchanging angle θ upon passing from 133° to 126° and thus 
enhancing the Sn 5s5p to 5s2 transfer rate at high pressure. 
Therefore, pressure-induced visible PL in La2Sn2O7 mainly 
originates from a reduction of the SnO1Sn exchange inter
action that enhances the 3P1, 3P2, 1P1 → 1S0 photon transitions 
at high pressure, where 1S0 is expressed as the Sn 5s2 ground 
state and 3P1, 3P2, and 1P1 are the 5s5p first excited states.[29] 
Here, we give the energy level scheme for the s2 ions from the 
ligand field model in La2Sn2O7, as shown in the Figure 5 inset. 

Adv. Mater. 2017, 1701513

Figure 4.  a) Representative Raman spectra at different pressures in La2Sn2O7. b) Pressure dependence of Raman frequency shifts.
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The Sn s2 ground-state configuration is 1A1g, while the first 
excited configuration is t1u, which leads to the states 3A1u, 3T1u, 
3Eu, 3T2u, and 1T1u. The transition of A1g → 3A1u is forbidden. 
The next four energy levels corresponding to A1g → 3T1u, 
A1g → 3Eu + 3T2u, A1g → 1T1u are the A band (1S0 → 3P1) at 
681 nm (1.82 eV), B band (1S0 → 3P2) at 659 nm (1.88 eV), 
and C band (1S0 → 1P1) at 635 nm (1.95 eV), respectively.[30,31] 
The multiband PL peaks in La2Sn2O7 were classified as an 
s2-sp transition, while the energy levels of the valence s and p 
orbitals were sensitive to ligand field effects. Above 16.6 GPa, 
another broad PL emerged near 661 nm (1.87 eV) and existed 
to the highest pressure of 30.7 GPa. This PL originates from 
the oxygen vacancies and the O-related defects.[32] Upon decom-
pression and relaxation at ambient pressure for 1 h, this peak 
remained, but the NIR PL recovered.

Our main conclusions of the present work are as follows: 
first, an unusual near-infrared PL was observed in La2Sn2O7 

at ambient pressure that was associated with the defect level 
of Sn2+ ions. Second, pressure-induced visible narrow-band 
PL was found in La2Sn2O7 at RT and 2 GPa. The emergence 
of this anomalous PL behavior was associated with lattice sym-
metry distortion by phase decomposition, where a decrease of  
the SnO1Sn exchanging angle θ below 130° enhanced the PL  
quantum yield leading to the Sn 3P1 → 1S0, 3P2 → 1S0, 1P1 → 1S0 
photon transitions and strengthening below 23.7 GPa. How-
ever, the sudden increase of the SnO1Sn angle beyond 130°  
at 25 GPa by the rearrangement of the SnO6 octahedron caused 
a reduction of the PL quantum yield and quenched PL. There-
fore, the SnO1Sn bond angle was severely bent between 2 
and 23.7 GPa, which is crucial for pressure-induced PL. Third, a 
pressure-induced semiconductor–insulator transition occurred 
above 2 GPa and this transition was associated with the novel 
visible PL. We discovered bandgap closure followed by bandgap 
opening, while at the turning point of the gap reversal, novel 

Figure 5.  Emission spectra of La2Sn2O7 under high pressure. The inset is the energy level scheme for the Sn2+ ions with the s2 ground-state configura-
tion in La2Sn2O7, which is classified as an s2–sp transition.
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visible PL appeared. Our findings highlight the role of pressure 
in obtaining PL in concentrated materials at room temperature 
and provide new insight into improving photoluminescent 
materials.

Experimental Section
Samples of La2Sn2O7 were synthesized with a solid-state reaction 
(SSR). The SnO2 (99.9% in purity) and La2O3 (99.9%) powders were 
weighed according to the stoichiometric ratio. The in situ high-pressure 
X-ray diffraction (λ = 0.3100 Å) measurement was performed with an 
ADXRD mode at beamline 16BM-D of the Advanced Photon Source, 
Argonne National Laboratory. The as-prepared samples were loaded 
into a gasketed diamond anvil cell (DAC) with a 16:3:1 methanol/
ethanol/water mixture as a pressure-transmitting medium. The high-
pressure Raman spectroscopy was measured with a 532 nm laser 
at the Center for High Pressure Science and Technology Advanced 
Research (HPSTAR). The PL spectral measurement of La2Sn2O7 used 
an Nd-YAG 532 nm laser and an optical grating of 1200 g mm−1. In 
all high-pressure experiments, pressure was calibrated by the ruby 
luminescence method.[33] Van der Pauw electrodes were integrated on 
one facet of the DAC for the electrical property measurement under 
high pressure. The fabrication process of the detecting microcircuit was 
described in previous publications.[34] The AC impedance spectroscopy 
measurements in the frequency range of 1 Hz to 10 MHz at pressures 
up to 35.6 GPa were carried out using a Solartron 1260 impedance 
analyzer equipped with a Solartron 1296 dielectric interface. The applied 
AC voltage was 0.1 V.

The first-principles calculations under high pressure were based 
on the spin-polarized DFT implemented in the CASTEP code.[35] The 
exchange-correlation potentials were treated with the local density 
approximation (LDA) parameterized by the Ceperley–Alder–Perdew–
Zunger (CAPZ) function.[36,37] The plane-wave kinetic energy cutoff 
used was 1000 eV. The electronic interactions were described using 
ultrasoft pseudopotentials.[38] The neighboring planes were separated 
by at least 15 Å in the hexagonal supercells. The XPS spectra were 
recorded on powders with Axis Ultra DLD spectrometer using an Al Kα 
monochromatized source.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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