Ferroelectric NaNbOg P222; Lueshite Perovskite Structure:
ABC3_0P40_17_abcd_2e_abed4e-001
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Prototype NaNbO3

AFLOW prototype label ABC3_0P40_17_abcd _2e_abed4e-001
ICSD 76432

CCDC 1637027

Pearson symbol oP40

Space group number 17

Space group symbol P222,
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AFLOW prototype command aflow --proto=ABC3_oP40_17_abcd_2e_abcd4e-001
“Params=a7b/a70/a,$1,1‘2756375547ysny,yhys,iﬁgyyg,29,5610,2/10,Z1o,$11,y11,211,$127
Y12, 212, %13, Y13, 213, L14, Y14, 214

Other compounds with this structure
BaCu02+5 (HP)

e As with most perovskites, NaNbOj3 (Lueshite) exists in a variety of forms depending on temperature and composition.
Many of these phases are identified in (Mitchell, 2014). There is no consistent naming scheme that we are aware of, so we
list the structures by space group. All the structure are identified in (Mitchell, 2014) unless otherwise noted. The paper
does not give phase boundaries, so we will only indicate the temperatures at which the measurements were made.

— Synthetic Lueshite in orthorhombic [space group Pbem #57.

— (Mitchell, 2014) find naturally occurring Lueshite in the Pnma CaTiO3 phase.

— (Vousden, 1951) found a ferroelectric Lueshite in space group P222;. (this structure) #17.

— At 575 and 600°C Lueshite is in the base-centered orthorhombic [space group Cmem #63.

— At 625°C, Lueshite is in the orthorhombic space group P4/mbm #127.

— At 650 and 675°C, and presumably at higher temperatures, NaNbQOs is in the cubic perovskite (E£2) structurel

e (Downs, 2003) identifies this as a “possible polymorph of lueshite.”

e If the aflow parameters are set to
-—params= a,1,/8,1/2,0,0,1/2,1/2,0,0,1/2,0,0,3/8,1/2,1/2,3/8,1/4,1/4,3/8,3/4,1/4,3/8,1/4,3/4,3/8,3/4,3/4,3/8
then this structure is equivalent to cubic perovskite F£2;.

Simple Orthorhombic primitive vectors

Lo
a; = aX
az = by
ag = cz
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = T a = ari X (2a) Na I
B, = —z1a; + % as = —ar1 X+ %ci (2a) Na I
B; = T ay = axo X (2a) (0N
By, = —T9ay + % as = —axo X + %ci (2a) Ol1I
By = r3a; + % a = axsX + %by (2b) Na II
Bg = —z3a; + %ag—i— %ag = —axgi—i—%by—i— %ci (2b) Na II
B, = T4a1 + 5 a = arg X+ 5by (2b) oIl
Bs = —z4a; + 3a,+ 3 a3 = —ar X+ 10y + ek (2b) 011
By = ys ag + i as = bys ¥ + ici (2¢) Na III
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Bio = —ysaz + § ag = —bys 9 + §c2 (2¢) Na III
B = Yo az + § as = by ¥ + jc (2c) O I
Bi2 = —ysaz + § a = —bye§ + Jcz (2¢) O II
Biz = sa1+yraz+ a3 = 3aX+byr § + jc2 (2d) Na IV
Bis = a1 —yras + §ag = 30X —by; §+ 3¢z (2d) Na IV
Bis = sa;+ysax+ a3 = saX+bysy + jcz (2d) OV
Bis = sa1 —ysag + 5 ag = 3aX —bysy + 5c2 (2d) o
Bir = ZTga + Yo ag + 29 ag = aroX +byo ¥ + czo Z (4e) Nb 1
Bis = —wga; —Yoas + (29 + 3) as = —azg R —byo§ +c (20 + 3) 2 (de) Nb I
By = —Zgajy + ygas — (29 — %) as = —argX +bygy — ¢ (Zg — %) Z (4e) Nb I
By = Tgay — Yg Ay — Zg A3 = argX —byoy — cz9 Z (4e) Nb 1
Ba; = T1081 + Y10 a2 + 210 a3 = arioX +byi1oy + cz102 (4e) Nb II
Bz = —zippar —yoas+ (210+3) a3 = —azioX —by1oy +c (20 +3) 2 (de) Nb II
B2s = —zpait+yoar— (210—3) a3 = —az10X +by10y — ¢ (210 — 5) 2 (4e) Nb II
Boy = T1081 — Y10 A2 — 210 A3 = aripX —by10y — cz10Z (4e) Nb II
Bos = T11 a1 + Y11 a2 + 211 a3 = ar;1 X+by;1 §+cz11 Z (4e) oV
Bes = —znai—ynas+ (21+3)as = —arn X —byny+c(zn+3) 2 (de) oV
Byr = —znaitynas—(21—3) a3 = —ary X+byny —c(z1—3) 2 (de) oV
Bas = T1181 — Y1182 — 21183 = arnn X —byn § —czn 2 (de) oV
Boy = T12 81 + Y12 a2 + 212 a3 = aria X+ by12§ + cz12 Z (4e) O VI
Bso = -—7i2a1 —ypaz+ (212 + %) azg = —ar12X —by12y +c (Zl? + %) z (4e) OVl
Bsy = —zi2a1+yipay— (212 —3) a3 = —az12X +by12y —c(z12 — 5) 2 (4e) O VI
B3 = Ti2a1 —Yi2@ — 21283 = ar12X —by12§ — cz122 (de) O VI
Bs; = Tz a1 + Y13 a2 + 213 a3 = ar13X +byi13§ + cz132 (4e) O vil
Bss = —mizai—yizaz+(z13+3) a3 = —az13 X —byiz§ +c (213 + 3) 2 (4e) o vl
Bss = —zi3ai+yisay— (z13—35)as = —azi3R+by1sy —c(z13—3) 2 (de) O Vil
Bss = 1381 — Y1389 — 213 A3 = ar13X —by13y — cz13 2 (4e) O VIl
Bsr = T1481 + Y1482 + 214 a3 = ar1a X +by14y + cz14 2 (de) O VIII
Bss = —zuai—yuax+ (zu+3)as = —aru X —byuy+c(za+3) 2 (4e) O VIII
Bsg = —zuai+yuay—(zu—3)as = —ar X +byay —c(z4—3) 2 (de) O VIII
By = T14@1 — Y14 A — 214 A3 = ar14X —by14y — 214 Z (4e) O VIII
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