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Abstract:

The aim of the proposal is to determine the crystal structures of the A-site and oxygen deficient Sr1-xLa0.67xTil-
yNbyO3-d perovskites (0 < x <1, 0 <y < 0.2). We have shown that these materials are promising thermoelectric materials.
In particular because they show reduced thermal conductivities compared to SrTiO3. Knowledge of the the site

occupancies, Glazer tilt systems and oxygen defect structures is needed to fully understand these materials, and enable
further improvements in thermoelectric performance.




Crystal structures of the A-site deficient Sy..Lag g7xI11-,NbyO3.4 perovskite
thermoelectrics (0 <x<1;0<y<0.2). (5-23-6h7

Aim: The aim of the proposal was to determine theait@ipancies, Glazer tilt systems and oxygen
defect structures of the St-ag 67xI11-yNbyOsz.4 (0 < x < 1; 0 <y < 0.2) thermoelectric materidlaese
materials have A-site vacancies, which can be égoldo reduce the thermal conductivity, while the
Nb doping is used to introduce charge carriers.

Results

We successfully collected data on all two seriesmaferials: StyLag e7xTi0.8Nbo 203.g and Sg.glag 13Ti1-
yNbyOs.4 (7 samples in total), and undertook a variablep@nature study on the x = 0.2, y = 0.1 sample.
The results from Rietveld fits are given in the [Esbat the end of this document. All samples cliys¢a
with the 14/mcm structure at room temperature. Eoisesponds to thé&c Glazer tilt system.

Increasing the concentration of A-site vacancieSrnLag e7xl10.dNby 20s.g. The Rietveld fits confirmed
the nominal A-site occupancies and that all samebesept for Sygo)-a0.13(1)10.99ND0.0502 976 are

oxygen stoichiometric. This also revealed a maxinNlrcontent of 15% @perimenta< 0.15). The

thermal displacement parameter for the A-site slibavenaximum for equal amounts of Sr and La (x =
0.4,y = 0.2), suggesting this reflects static diso (La/Sr size mismatch) which is maximum fas th
composition. In contrast, the displacement paranietehe oxygen sites increases up to the mostéi-s
deficient composition (x = 0.8, y = 0.2), which leglass-like thermal conductivityTo fully

understand the glass-like composition variable tnapre studies (4-1100 K) are needed. The Ti/Nb-O
bond distances and tilt angles are comparabld saaiples, while somewhat more pronounced changes
are evident in the Sr/La-O distances. Increasiegd\th concentration in $g.ao.1aTi1.,\Nb,Os 4 revealed
gradual changes in lattice parameter, bond distaacd thermal displacement factors.

Variable temperature on the The &¥1)80.13(130.07T10.901NDo.101O3 Sample (x = 0.2)evealed a
transition to cubic between RT and 1@ No anomalies were observed in the temperatyperdience
of the lattice parameters or thermal displacemardrpeters as expected given the regular 1/T
temperature dependence of the thermal conducfivitthis compositiort.
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Fig. 1. Room temperature Rietveld fit to D2B data o

. Fig. 2. Temperature dependence of the
collected on Ti
S's0(1)-80.13(170.07T 10.901NDPo.101 3 displacement parameters for

Sfo.80(1}-80.13(1570.07T10.901NPo.101 3
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like thermal conductivity in SrTigthermoelectrics induced by A-site vacanci€¥3C Adv., 20144, 33720-33723



Sl’olso(li_ao_lg(ﬂjo,oﬂ—i 1-yN byo3.§ Sr1-x|—aZXI3Dx/3Ti 0.80N b0.2C£)3-6

y=0 y=0.10 y=0.20 x=0 x=0.20 x=0.4 x=0.6 x=0.8
S.G 14/mcm 14/mcm l14/mcm l4/mcm 14/mcm 14/mcm |4/mc 14/mcm
a (A) 5.5202(3) 5.5317(9) 5.5397(3) 5.5415(4) 5.5397(3) 5.5297(1) 5.5298(1) 5.5206(1)
c (A) 7.808(1) 7.824(3) 7.838(1) 7.840(1) 7.838(1) 7.825(1) 7.8277(2) 7.8129(4)
Srlla Occ. 0.80/ 0.80/ 0.80/ 10 0.80/ 0.60/ 0.40/ 0.20/
(42) 0.13 0.13 0.13 0.13 0.26 0.40 0.53
100%Uss, 0.49(2) 0.75(4) 0.89(4) 0.77(4) 0.89(4) 0.91(4) 6503) 0.56(4)
. 0.90(2)/ 0.85(2)/ 0.83(2)/ 0.85(1)/ 0.85(2)/ 0.85(1)/ 0.85(1)/
T('QNC? Oce. 1.0(1) 0.10(1) 0.15(2) 0.171)  0.15(1)  0.15(1)  0.15(1)  0.15(1)
100*Us, 0.32(3) 0.39(1) 0.91(2) 0.14(1) 0.91(2) 0.87(1) 9007) 0.84(1)
01 Occ. 0.98(1) 1.00(1) 1.00(1) 1.00(1) 1.00(1) 1.00(1 1.00(1) 1.00(1)
(4a) 100*Ujsq 0.71(2) 0.83(2) 1.05(1) 0.61(2) 1.05(1) 1.09(2) 1812) 1.34(2)
02 Occ. 1 1 1 1 1 1 1 1
(8h) 100%Uss, 0.71(2) 0.83(2) 1.05(2) 0.61(2) 1.05(2) 1.09(2) 1812) 1.34(2)
) 0.02(1) 0 0 0 0 0 0 0
X 0.2458(2) 0.2468(3) 0.2450(3) 0.2447(3) 0.2450(3)0.2402(2) 0.2346(1) 0.2366(2)
R, (%) 4.4 4.3 4.0 4.7 4.0 4.4 3.4 45
wWR, (%) 6.3 6.0 6.3 6.9 6.3 6.3 4.9 6.3
Ti/Nb-O1(x2) 1.9520(3) 1.9559(6) 1.9342(2) 1.9343(5 1.934(2) 1.9343(5) 1.9343(5) 1.9533(9)
Ti/Nb-O2(x4) 1.9520(1) 1.9559(3) 1.9546(2) 1.9555(9 1.955(1) 1.9556(9) 1.9556(9) 1.9547(9)
Ti/Nb-O1/02- 180/ 180/ 180/ 180/ 180/ 180/ 180/ 180/
Ti/Nb 179.1(1) 178.6(1) 178.9(1) 178.8(1) 178.9(1) 178.8(1) 178.8(1) 176.9(1)
Sr/La-01 (x4) 2.760(1) 2.766(1) 2.764(2) 2.765(1) .764(2) 2.765(1) 2.765(1) 2.760(1)
Sr/La-02 (x4) 2.738(1) 2.749(2) 2.722(2) 2.721(1) .722(2) 2.721(1) 2.721(1) 2.688(1)
Sr/La-02 (x4) 2.783(1) 2.783(2) 2.778(2) 2.780(1) .773(2) 2.780(1) 2.780(1) 2.836(1)

Atomic Coordinates: Sr/La (0, 1/2, 1/4), Ti/Nb (00, 0), O1 (0O, 0, 1/4) and O2 (x, x+1/2, 0).




Sro.so@)-a0.13170.07T10.90aNP0.101 3

T (K) 300 373 473 573 673 773 873 1023
S.G 14/mcm Pm-3m Pm-3m Pm-3m Pm-3m Pm-3mPm-3m Pm-3m
a (A 5.5317(9) 3.9137(1) 3.9177(1) 3.9220(1) 3.9263(1).9336(1) 3.9351(1) 3.9419(1)
c (A 7.824(3) - - - - - - -
Oce 0.80/ 0.80/ 0.80/ 0.80/ 0.80/ 0.80/ 0.80/ 0.80/

' 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

100*Uig, 0.75(4) 0.83(4) 1.05(3) 1.29(3) 1.46(3) 1.70(3) a3 2.23(4)

Oce 0.90(1)/ 0.90/ 0.90/ 0.90/ 0.90/ 0.90/ 0.90/ 0.90/
' 0.10(1) 0.10 0.10 0.10 0.10 0.10 0.10) 0.10

100*Uisq 0.39(1) 0.52(9) 0.75(5) 0.85(6) 0.94(6) 1.05(6) 4182 1.44(6)

Occu 1.0(1) 1.0(1) 1.0(1) 1.0(1) 1.0(1) 1.0(1) 1.0(1) 0(1)

100*Uis, 0.83(2) 0.90(2) 1.07(2) 1.27(2) 1.47(2) 1.69(2) 5128 2.17(2)

Occ. 1 - - - - - - -
100*U;s, 0.83(2) - - - - - - -
X 0.2468(3)
R, (%) 4.3 4.1 4.0 4.0 3.8 3.7 3.6 35
WR,, (%) 6.0 5.9 5.8 5.8 5.6 5.4 5.3 5.2
Ti/Nb-O1 (x2)/  1.9559(6)/
Ti/Nb-02 (x4) 1.9559(3) 1.9569(1) 1.9589(1) 1.9610(1) 1.9632(1) 1.9653(1) .9615(1) 1.9709(1)
Ti/Nb-O1/02- 180/

Ti/Nb 178.56(17) 180/180 180/180 180/180 180/180 180/180 180/180 /1880
Sr/La-O1 (x4) 2.766(1) 2.7674(1) 2.7702(1) 2.7732(1) 2.7763(1) 7794(1) 2.7825(1) 2.7873(1)
Sr/La-02 (x4) 2.749(2) - - - - - - -
Sr/La-02 (x4) 2.783(2) - - - - - -

Atomic Coordinates: 14/mcm; Sr/La (4a) (0, 1/2, 1/4 Ti/Nb (4c) (O, 0, 0), O1 (4a) (0, 0, 1/4) and d8h
Atomic Coordinates: P m-3m; Sr/La (0, 0, 0), Ti/Nh(1/2, 1/2, 1/2) and O (0, 1/2, 1/2)

; (x, x+1/2, 0)




