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Motivation: Perovskite compounds ABO;,  display a broad range of magnetic, electronic, ferro-
electric, and ionic conductivity behavior depending on the chemical composition and crystal structure.
To utilize these materials in applications, we have been systematically developing "design rules" for
controlling the properties by special synthesis techniques for extending chemical composition ranges,
establishing rules for predicting what compositions it should be possible to make, and developing
methods for selectively ordering or disordering mixtures of metal atoms on the A or B sites. Crystal Structure of ABO,

/ Dependence of the AFM interactions and Néel\ f Dependence of Néel temperature on cos(@),\
temperature on the B - O - B Bond Angle tolerance factor t, and variance of sizes s

8 J= J180 co0s20 + JQO sin20 Néel temperature vs <cos?6> for AMNO, 102 ‘ ‘ ‘
materials with s = 0 and the effect of s = 0 100
TN = To - a<c0$29> 0ssl w— = -7.2365 + 8.2395x R=0.99719
: : : T X
1200 e 1200 a . N Aosel  —cost(0)e -t
) \ RMnO 1000 M.L. Medarde, J. Phys.: Condens. Matter 9 (1997) 1679 250F [ pn 0w ™ (f'e’) st v 094t ©
10001 3 ] r RNiO 1 B 2 ) e S 092} 4
< 3 200L T, =Ty, C,(1-<005°0>) - C s °] .90 Sr,_Ca MnO,
< 800F Paramagnetic ] 800f 1 A Y 1,2 N
i . "Metal" 2 i z . ® 088l T=300K
5 3 1 =< Paramagnetic = 1s0f 34 Lag . 7 I L L
}_"z 600 '_z 600 Metal ] =z A= Rg C.a .A.— (Sr.Ca* 0880 0.985 0.990 0.995 1.00
F 400 g5 7101 - <cosits) ] 4007, =315 - 305(1 - <cos'6>) e ] b 570 s=0 1 Tolerance Factor
" ] py Gd EuSm Eu 7 P Maximum T\'s are found for straight
NgPr L2 200} jypErHo BY. 55 oo Ng Nd ] sf e Mn™(t) ] N
om0 oo Mn-O-Mn bonds (cos(©)~1) and

200+
Tb Eg Pra Tb
&65 0.70 0.75 0.80 2-85 0.90 095 1.00 %.4 0‘.5 0‘.6 07 08 0‘.9 1.0 055‘0‘70 or o om ess e e Minimal variance of sizes (S~0)
<cos 0> <cos 6> <cos’0>

Temperature dependence of structural paramete:A ﬂ)lerance factor and stability \
S e N 1 e of the perovskite structure 5 &
%2757 A ] O' x =0. 5°
8 onb caom ;  S0.996 T e ; How is it possible to synthesize AMnO, § 2as
2 . d 2V Pt R i ith t = [A- . J 816G, MO,
J et ﬁ%mzw perovskites with t = [A-OJ\2[B-0] > 1? E | Suoam
< 260 AOQ Q - Perovskite stable
S e e Q0 x=0.6 275 thermodynamically
S fecoeo . L Sr. CaMnO_ 1
&, gop 5 30988 AR [Mn3*-0] is larger than [Mn#+-O] )
S1eea; Sr Ca, MnO, = 2B o gaale X202 ] -- t(8) decreases with increasing oxygen- _ st ca MO,
£ 1.89 3 £ 1.020
i " s s s s s vacancy content T o
5 = 0 100 200 300 400 500 600 . : — s
e Temperature (K) -- remove oxygen while doing the initial g o
o 1692 Structural transitions O/T and T/C Synficslsathighiismperatiis ° A
0

! o
£ reoafeiet ] appear at specific values of t -- reinsert the oxygen at a lower temperature ., : J
8O og 500300 400500 & _ 2 where decomposition cannot occur 09s
Temperature (K) t(X,T) = to(x) + tz(x)T 0 200 400 600 800 1000 1200 1400

Temperature (C)

/ Increase of T for A-site layer-ordered \ / Properties of B-site randomly-mixed and layer-

La,..Ba,,Mn,0, perovskites ordered perovskites SrMn,,Ga,0; s
1500 400
. Random\y-Mlxefrr Layer-Ordered: A 3.0
Elswmﬁfg OPadmallé Ordered 350 T (Max) =345 Kr"‘" g To(Max) = 305 K )
erovs E ! 3
Mired Phiase | Petovsidle aB;N?rr\fO“ aBaNino, | . SrMn1_xGax03_°
—~ os 05 as .
[®) 300 29
;2,1 000 Z 2o Maximum Oxi’ger\
=1 Impurity (4L) 3-x/2 (Mn™) <
© 2 200 ; 128 ¢
Sl li z v
8_ lo 1coo ing Fast cooling ._» Perovskite’ g ) :%
K + :
QE, 500 . o 190 < Impurity @ 27 2
[ Disordered Perovskite ; [¢)
La_Ba MnO, 100 .
. u :
e Oxygen avnea\lﬂg ] gyayedo 50 Perovskite \6\0 26
LaBaMn,0, aBaln,O, Handomly Mixod . Layer-
& AF-G e

% 0z 04 06 08 1 85 0102 03 04 05 06 07 08 Sr,MnGaO, Sr,MnGaOs B P e S )
8 in LaBaMn,O, xinla Ba MnO_ / (lcmm) AF-G  (Cmmm) AF-(G+C) 00 01 02 0);3 04 05 y
Impact: Our design rules for the synthesis of perovskites enable the compositions and crystal structures of these

materials to be controlled in order to achieve the desired physical and chemical properties for applications.
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