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Chemistry and Rietveld Structure Refinement of Nb-rich
Perovskite, Ca,NbFe ' Og
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Q0F: Attt AW F AR el A AEEHE U vl HE ATt E(YY ghERtRolE, CaNbFe' Oy
ol thate] shetaA By XM 54 dolEE o8¢ UEME FxiE A dEeE
= CaliOs-NaNbO3-Ca:NbFe 0s2] A& Ald mgAo ARS 7HxAn, 3824 Fd3 H7(CaisNags)
(Nb o Tigslen)Oe2 937 T} BEME F2EA 723 HEHe|ES Fre #§27 0l E(Calins)d]
AR T2 SASA T, Ti o] o] Nbe} Fe''of o) Aghewin 493 FlEela, Tios #dA7F #%
270 B BlE] M2 71&014 E EES HdEt AEA 249 stEdtelre $41E Phum,
TO = g=5.4474(4), h=5.5264(4), =7.7519(5) A, V=233.4(3)A 0|}

ZF0 : HE~YE, gdEgdolE, B X4 Y, gEHEFLIIY

ABSTRACT : Chemical analyses and Rictveld structural refinement with powder X-ray diffraction data
were done for Nb-rich perovskite, named latrappite (Ca:NbFe’'0y) from the Oka, Quebec, Canada.
Latrappitc is shown to be a member of a continuous solid solution of CaTi0;-NaNbO;-CasNbFe' 0., and
approximately (CassNag)(Nb ¢Ti0.sFeos)Os in composition. The crystal structure of latrappite, determined
by Rietveld refinement, is similar to that of perovskite (CaTiOs). It differs in that replacement of Ti by
Nb and Fe™ results in greater distortion and tilting of the TiOp framework octahedra relative to CaTiOs.
Revised unit-cell parameters of latrappite are a=5.4474(4), b=5.5264(4), ¢=7.7519(5) A, V:233.4(3)A;,
space group Pham.

Key words : pervoskite, latrappite, powder X-ray diffraction, Rieveld structure refinement
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Fig. 1. Crystal structure of perovskite projected
down to [001]. (A) CaTiO; (perovskite), (B)
Ca;NaFe' Qs (Latrappite).
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Table 1. Chemical compositions of Nb-rich perovskites by electronprobe microanalysis

Wt% 1 2 3 4 5 6 7 8 9
Nb-O; 47.60 46.44 47.61 40.53 39.12 47.91 497 479 43.90
TaxOs 0.24 0.32 n.d. n.d. n.d. n.d. nd. n.d. n.d.
TiO, 9.73 8.94 10.39 11.71 13.96 8.89 9.8 9.3 10.05
ThO- n.d. n.d. 0.04 n.d. n.d. 0.07 n.d. 0.1 n.d.
Fe,0; 6.16 8.39 6.26 9.91 9.77 6.89 5.8 5.9 9.71
La:0s 0.52 0.53 0.49 0.70 0.77 0.45 0.3 1.1 -
Cex0s 1.04 1.25 1.10 1.66 1.75 0.98 0.7 1.5 2.03
Pr-O; 0.06 0.11 0.08 0.10 0.22 0.05 0.5 0.8 -
Nd-Os 0.27 0.29 0.26 0.36 0.48 0.26 0.6 0.4 -
MnO 0.41 0.32 0.30 0.27 0.24 0.34 03 0.5 0.77
MgO 2.16 1.67 1.80 1.54 1.15 1.89 2.1 2.2 2.20
Ca0 26.65 27.06 25.24 29.82 28.25 26.97 243 242 25.90
SrO 0.17 0.11 0.18 0.19 0.19 0.22 02 0.3 n.d.
Na,.O 3.94 3.85 4.79 2.33 3.09 3.96 49 43 4.03
Total 98.95 99.28 98.54 99.12 99.00 98.88 100.1 99.3 98.64

Structural formulae based on 3 oxygens
Nb 0.573 0.560 0.575 0.486 0.468 0.574 0.597 0.588 0.529
Ta 0.003 0.002 - - - - - - -
Ti 0.195 0.179 0.209 0.234 0278 0.177 0.194 0.190 0.202
Fe'* 0.123 0.169 0.126 0.198 0.195 0.153 0.116 0.114 0.194
Mn 0.009 0.007 0.007 0.006 0.005 0.008 0.007 0.011 0.017
Mg 0.086 0.066 0.072 0.061 0.045 0.075 0.083 0.089 0.088
>.B 0.989 0.983 0.989 0.985 0.991 0.987 0.997 0.992 1.030
La 0.005 0.005 0.005 0.007 0.007 0.004 0.003 0.011 -
Ce 0.010 0.012 0.011 0.016 0.018 0.009 0.007 0.015 0.020
Pr 0.001 0.001 0.001 0.001 0.002 0.001 0.004 0.008 -
Nd 0.003 0.003 0.003 0.003 0.005 0.003 0.006 0.004 -
Ca 0.760 0.774 0.722 0.848 0.801 0.766 0.693 0.704 0.742
Sr 0.003 0.002 0.003 0.003 0.003 0.003 0.003 0.005 -
Na 0.203 0.199 0.248 0.120 0.159 0.204 0.253 0.226 0.208
A 0.985 0.996 0.993 0.998 0.995 0.990 0.969 0.973 0.970
Mol% end-member
LUE 20.82 20.24 25.04 11.31 15.06 20.90 25.68 22.38 21.84
LAT 14.74 20.14 14.70 23.48 22.76 18.21 13.61 13.78 23.57
PER 21.55 19.07 22.79 24.67 29.43 38.31 21.22 16.54 23.90

Total Fe calculated as Fe:Qs;; LUE(lueshite)=NaNbQ;, LAT(latrappite)=Ca:NbFeQs, PER (perovskite)=CaTiOs; Compositions:
i-5 (this work), 6 (Mitchell, 1996), 7 & 8 (Chakhmouradian, 1996), 9 (Nickel & McAdam, 1963); Totals of compositions 7
& 8 include 1.0 and 0.8 wt.% ZrO,, respectively; n.d.=not detected
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Table 2. Structure refinement details with powder X-ray diffraction for latrappite

Radiation/Monochromator
Starting model

CuKay/graphite (40 kV/35 mA)
Buttner & Maslen (1992)

Data collection 28 scan range 20°~135°
Step size/Step time 0.05°/20s
Max. intensity (counts) 11,983
Total steps 2.301
Scale Factor (x107) 20.5(3)
Least-square parameters Structural parameters 20
Experimental parameters 10
N-P 2,271
Number of unique reflections 455
Refinement index (R-index) Ry (%) 7.54
Rup (%0) 11.36
Rexp (%0) 6.16
S (Goodness of Fitness) 1.84
R (%0) 4.41
Durbin-Watson d stat. 0.94
Esd. to be multiplied by* 2.367
Full-width half-maximum (FWHM) U 0.2673(1)
v 0.00187(5)
W 0.0558(2)

*Correction for local correlations (Bérar and Lelann, 1991)

5: this study, 6: Mitchell (1996), 7~8&:
Chakhmouradian (1996)]+= E5 HAEu]E N
o 98 FAxjolt}t. #AM A9 Fexs EF FexOs
2 7bEated AAbE ], o] Mitchell (1996)
o] gtEgolE HWrA g}tz Al A
oz AANF AolAuk HFo] F|upgof FF
BA A (Milchell ef al., 1998)°] o3t ¥
BEgl}ol E Ulo) Fe 4 BF Fe' o]0
2 ZAQse Aol A ofF SiiAHs] Fu
A

w2bA Ca, Nb, Fe' ¥ Ti o]&50] FA4E
A4 nHste] Yovlg dlF27elE Ee
Egtgo)lEx dxtA oz CaTiO; (perovskite),
NaNbO; (lueshite), CaNbFe' 0,9 A A 5< ¢
Fo7 3l 3ARAY nEAZ 1dT 5 3
S Zojth(Fig. 2). 3k 13 1% 27} RojF o],
97 M AEH = ZE UoHE HES
Fho| E= CapNbFe 0,8 AE& 433 43t
' ARG Fglo] & 4 vk Nickel (1964)2 o}
EgtolEgte FEWES WHstUA o] A%
S AAFH dF Aoy 1HEA Fsdkth
dlm of Tikhonenkov$} Kazakova (1957) V|

AR =9 Flo)HAE BFANA AEHE
thoAdefolE9] FAR O F CaNbFe 'O 43+
. o] AJEo tjsl] 573
S RodtAlE @tk g, Mitchell
(1996)& Ca:NbFe' 0, A ¥l tisl] etEe}s}e]
Efte U39S FASE Ag AU ol
a8y o] A, ojabdlolEof o3
Ca:NbFe 'O %S FAF o2 9A 1339
7] 2o, AEAHQ FEFS Wyste 7)ol
918} CaaNbFe "0y T& A 5o TholAbdetol
Eds FEHo| ¢ elddithe HEo] A7E
= Ut

o], sho]AaBAl TolabdeleEe] &
A(Mitchell er al., 1998)& o) Ao §
A ArE 34 B A(CaTiOs-NaNbOs-Ca;NbFe’
002 WL WSk 3 §27to) E 4R (Fig. 2)E
A VERRE, tholAbdelol EE CaaNbFe' 069
AEo] 12 mol% olstzE vieh}, X CaTiO;
o] JRol AE A & & AUtk oF A
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olEfjE BEH HA2 Atan, tholald
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Fig. 2. Compositions (mol%) of Nb-rich perovskite
(Oka, cirle) and “dysanalyte” (Kaiserstuhl, triangle)
plotted in the ternary system NaNbO;-CaTiO;-
Ca:NbFe’ O
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) T Z(superstructure)’} A8 4= o} 1Y
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t} o]lgd FTRZE S, LaTiOs0s Al S (Bo-
wden er al., 1995), KoLa;TiyOmes A B(F£3)
9], 200D HFLFF|E Azl divlE
T Rom, CaNbOr: F48 7F2E& RodF
tH(Scheunemann and Miiller-Buschbaum, 1974).
SriaLaxTiOs05c AIES A%, x7F 0.5 o]
 F7e] 3|ddEe] JEhg o H(Bowden er
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Table 3. Indexed X-ray powder diffraction pattern
for latrappite (Pbnm)

1(obs) d(obs) d(cal) h k |
60 3.885 3.884 1 1 0
6 3.465 3.473 1 1 1
100 2.744 2.744 1 1 2
4 2.335 2.336 1 0 3
<1 2.151 2.152 1 1 3
<1 2.082 2.081 1 2 2
<1 2.069 2.069 2 1 2
55 1.940 1.939 0 0 4
<1 1.885 1.884 2 2 1
4 1.746 1.747 1 3 0
10 1.735 1.735 1 1 4
2 1.703 1.704 1 3 1
14 1.589 1.588 0 2 4
25 1.578 1.578 3 1 2
10 1.371 1.372 2 2 4
<1 1.362 1.361 0 4 1
8 1.227 1.227 1 1 6
<1 1.114 1.113 2 4 3
<1 1.033 1.032 0 4 5
<1 0.970 0.970 0 0 8

al., 1995), KzLazTin02n+4 74]‘501] 9}101/\1}5 Kz
La,Ti:00 }‘]Eoﬂj‘i‘ﬂ’ %‘}2}‘?5—0" 9’]5} fﬂ;f-;]}\‘j
so] A ITHEE3 9, 2001).

Aol AHEE vHlE HF2Tto|EY 3
SR AR CaNbO; FAI(27~40 mol%)S
A et 28y 2y 3d4 HXEel,
CaNby0,9] F/4-72e 93 Aoz A=
gzl AP0l #AHR P Ao B
of XA 34 "] dehteld Hox 50
mol%E& ZF3fefolnt e ALE FAHT F

e

AM

BEYE Tx 24

Al

HEYE T A2t 2945 YeEllE R-AF
£ A ¥R H(Table 2), A4k & o2 o2 o4}

© A9(expected R, Rep)dl e A4 7p=
2] A 4=(weighted pattern R, Ryp) 748 11.36%/
6.16%°]1, S (goodness of fitness) Zt-e 1.84,
22]3 Bragg R (Rs) #e 441%E HoEto
ol AFEL YEWE AP Aito]
olFF AL AAIGT. Oyt Rg ¢ g
B Fx= EZo|EY FREAe & o]
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Fig. 3. Observed and calculated powder diffraction patterns and residuals for latrappite (Ca:NbFe' Q).
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Table 4. Refined crystal structure data for latrappite

Atom X Y Z n B
Ca(Na) -0.0092(1) 0.0382(1) 1/4 0.96 0.61
Nb(Fe, Ti) 0 172 1 0.77 0.39
Ol 0.0820(7) 0.4783(2) 1/4 1.0 0.53
02 0.7052(3) 0.2894(1) 0.0342(2) 1.0 0.50
Cell Parameters: a = 5.4474(4), b = 5.5264(4), ¢ = 7.7519(5) A, V = 233.37(3) A’

Space group = Pbnm, Z = 4
Table 5. Selected interatomic distances (A) and angles (°) for latrappite and perovskite
Latrappite Perovskite™
Ca - O 2.496 Ca - (1) 2.488
- O(s 2.369 - O(1)s 2.363
- 02 x 2 2.698 -0(2)a x 2 2.672
-02) x 2 2.657 -02) x 2 2.671
-0@20p x 2 2416 -02)p x 2 2.380
Nb -0O() x 2 1.987 Ti - O(1) x 2 1.953
- 02 x 2 1.996 -02)a x 2 1.959
-02) x 2 1.972 -0(2)c x 2 1.958
Nb-O(1)-Nb = 155.0 Ti-O(1)-Ti = 156.9
Nb-O(2)a-Nb = 155.8 Ti-O(2)a-Ti = 155.8
0O(2)4-Nb-O(2)c = 89.7 O(2)a-Ti-O(2)c = 89.4
O(1)-Nb-0(2)c = 88.5 O(1)-Ti-0Q2)c = 89.3
O(1)-Nb-O(2)4 = 89.8 O(1)-Ti-O(2)a 89.6
Tilt Angles
[o01} = 6.7° [o01] = 5.4°
[010] = 9.6° f010] = 8.4°
[111] = 11.7° [111] = 10.0°
*CaTiO;s, perovskite (Buttner & Maslen, 1992)
Estimated standard deviations of bond angles are ! 0.002.
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