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Prototype AlsMn

AFLOW prototype label A9B4_0P156_62_5¢11d_6¢3d-001
ICSD 105512

Pearson symbol oP156

Space group number 62

Space group symbol Pnma

AFLOW prototype command aflow —-proto=A9B4_oP156_62_5c11d_6c3d-001
——params=a, b/a, C/CL, T1,21,X2,22,L3,23,L4y24,L5,25,L6,26,L7,27, L8y 28, L9, 29, L10,
210, T11, 211, 12, Y125 212, 13, Y13, 213, 14, Y14, 214, 15, Y15, 215, L165 Y165 216, L17, Y17, 217, T18;
Y18, 218, 19, Y19, 219, 20, Y20, 220, L21, Y21, 221, L22, Y22, 222, 23, Y23, 223, L24, Y24, 224, L25, Y25,
225

e While all sites are fully occupied, there is some mixing of aluminum and manganese atoms:

— The Mn-V site is 70% Mn and 30% Al,
— The Mn-VT site is 80% Mn and 20% Al,


https://aflow.org/p/WUDY
https://aflow.org/p/A9B4_oP156_62_5c11d_6c3d-001

— The Al-VI site is 10% Mn and 90% Al,
— The Mn-VIII site is 50% Mn and 50% Al, and
— The Mn-IX site is 60% Mn and 40% Al.

e This gives a final composition of Aly g4Mn.

Simple Orthorhombic primitive vectors

ay; = aX

ag = by

ag = cz

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = mlal—l—iag—i—zlag axlfc—i—%by—f—czli (4c) All
B, = —(xl—%) al+%ag+ —a(xl—%)fc—k%by—kc(zl—i-%)i (4¢) All

(21+3) a3
B = —zia; + %ag — 21 a3 —ar1 X+ %byfczli (4¢) All
B, = (acl—i—%)al—i—iag—(zl—%)a;; a(xl—l—%))‘(—i—%by—c(zl—%)i (4¢) All
Bs = Troaj + iaQ—I—Zgag a$25C+iby+CZgi (40) Al Il
B = — (w2 —3) ar+3ar+ —a(z— ) %+ 3by+c(zn+3)2 (4c) Al TI

(2 + 1) 2
B, = —T9a; + % ar — zp a3 —azre X+ %by — 292 (4¢) Al Tl
Bg = (1‘2-’-%) a1—|—ia2—(22—%) as a(gcg—l—%)i—i—%by—c(zg—%)i (4c) Al Tl
By = r3a + %32+Z3 as arz X + %by+CZ3i (40) AlTII
BlO = 7(1‘37%) a1+%a2+ —a (Ig*%) 5{+%by+c(23+%) 2 (4C) Al III

(2’3 + %) as
B.1 = —z3a; + % ar — z3 a3 —ax3 X+ %by —cz37Z (4¢) Al IIT
B2 (373—‘1-%) a1—|—iag—(z3—%) as a(xg—l—%)f(—i—%by—c(zg—%)i (4c) Al TII
B13 = Tr4a + i as + 24 as ar4 X + iby + czq Z (4(}) Al IV
B14 = 7(1’47%) a1+%a2+ 7@(5847%)5(4’%()5}4*6(2’44*%) Z (4(?) Al IV

(21 +3) as
By = —z4a; + % ap — z4 as —azra X+ %by —C24 2 (4¢) Al IV
Big (3’544—%) a1+i32—(24—%> as CL(.Z‘4+%)5(+%I)S’—C(Z4—%)2 (40) AlTIV
By = x5a1+ia2+z5a3 ax55<+ib§f+c,7;52 (4¢) AlV
Bis = 7(%7%) a1+%a2+ fa(x5f%)5<+%by+c(z5+%)2 (4¢) AlV

1

(5 +3) as
By = —x5a; + % as — 25 a3 —axs X + %by —cz5 2 (4c) AlV
By = (Z‘5+%) al—l—iag—(zg—%) as a(xs—l—%)fc—kiby—c(%—%)i (40) AlV
B21 = z6a1—|—ia2—|—26a3 CLIG)A(—F%I)S’—FCZ@Q (4(3) Mn I



B22 = 7(1‘67%) a1+%a2+ = 7@(.%67%)5(4*%()5}4*6(264*%)2 (4C) Mn I

(26 +3) as
Bos = —zgal + % ar — zg a3 = —axeX + %by —cz6 7 (4¢) Mn I
Boy = (mg—i—%) a1+iag—(z6—%) az = a(gcg—l—%)fc—i—iby—c(zg—%)i (4c) Mn I
B25 = xrr7ay + i as + z7as = CL.I‘7)A( + iby + czy Z (4(}) Mmn II
B26 = 7(1’77%) a1+%a2+ = 7@(5877%))24’%()5}4*6(2’74*%)2 (4C) MHII
(27 +3) as
By = —z7a; + % ap — z7 as = —azr7 X+ %by —cz72 (4¢) Mn II
Bas = (3’574—%) al—l—iag—(w—%) as = a(aw—l—%)fc—l—%by—c(zﬁ—%)i (40) Mn II
Boy = rga + i as + zg ag = axg X + iby + c28 Z (4¢) Mn III
By = f(ng%) a1+%a2+ = fa(ng%)chr%berc(zngr%) Z (4c) Mn III
(Zg -+ %) as
B = —xga) + % as — zg a3 = —axg X + %by —czs % (4c) Mn III
B3, = (Z‘S—F%) al—l-iag—(Zg—%) az = a(xg—l—%)&—!—%by—c(zg—%) v/ (40) Mn III
B33 = Tgap + %a2—|—29 as = angc—|— %by—FCZgZ (4(3) Mn IV
B3y = —(zg—3) ar+3a,+ = —a(wg— )X+ 3b9+c(x+1)2 (4c) Mn IV
(Zg + %) as
Bs; = —z9a; + %ag — zgas = —arg X + %by — 292 (4c) Mn IV
B36 = (3}‘94—%) a1—|—ia2—(zg—%) as = a($9+%))’\(+%by—c(29—%)i (4(}) Mn IV
B37 = 1’10314*%&24*210&3 = axlochriberczlgﬁ (4C) Mn V
Bss = —(z10—3) a1+ 2ax + = —a(zio—3) X+ 3209y +c(z10+3) 2 (4c) Mn V
1
(210 + 3) as
B3y = —x1pa; + %3«2 — Z1p a3 = —axigX + %by —cCz102 (40) Mn 'V
B40 = (33104—%) a1—|—ia2— = a(m10+%) &—Fiby—c(zlo—%) Z (4(3) Mn V
(210 - %) as
B41 = r11a + iag+2’11 as = ax11)2+ iby+02’112 (4(3) Mn VI
By = —(z1—3) a1+ 3ax + = —a(zyn—3) X+ 309 +c(en+3) 2 (4c) Mn VI
1
(211 + 5) az
By = —x11a; + %az — 211 a3 = —ax11 X+ %by—czlli (40) Mn VI
B44 = (I11+%) a1+ia2— = CL(IZ?11+%) 5(+%by76(2117%) Z (4C) Mn VI
(11— 3) as
Bss = Tiz a1 +Yi2az2 + z12a3 = ar12X +by12§ +cz122 (8d) Al VI
By = — (.%'12 — %) a; —Yyioag + = —a (.Tlg — %) X—byoy+c (2’12 + %) Z (Sd) Al VI
1
<Z12 + 5) az
Byr = —zppai+ (yi2+3) a2 — 2283 = —az12X+ b (y12 + %) y —cz12% (8d) Al VI
Bss = (112 + %) a; — (y12 - %) as — = a (112 + %) X—b (y12 - % v- (8d) Al VI
(212 = 3) a3 c(z12 - 3) 2
By = —ZT12a1 — Y12 22 — 212 A3 = —azr12X —by12y — cz122 (8d) Al'VI
Bso = (z12+3) a1 + Y1222 — = a(ri2+3) K+byi2y —c(z12—3) 2 (8d) AL VI
(312 - %) as
B51 = 12 A1 — (ylg — %) as + z12a3 = axri2 x—0b (y12 - %) y + cz19 Z (Sd) Al VI
Bs, = -— (mu - %) ai +1(y12 + %) az+ = —a (SC12 - %) X+ b1(y12 + %) v+ (8d) Al'VI
212+§) as 6(2124—5) Z
Bss = T13ai + Y13 as + z13 as = ar13X + by13y + c213Z (8d) Al VII



B54 = — (,’,Elg — %) a; —Yyizag + = —a (Ilg - %) X — bylgy +c (2’13 + %) Z (Sd) Al VII
(213 + 3) a3

Bss = —zi3a;+ (yi3+35) ap — 21343 = —ax13X+b (13 +3) § — 2132 (8d) Al VII

Bss = (ri3+3)ar—(yz—3)a—- = a(riz+3)X—b(yzs—3) 9 - (8d) AlLVII
(215 — 3) as c(z13 = 3) 2

B57 = —Z13a1 —Yi3az2 — 213a3 = —ari3 X - by13 5’ — Cz13 Z (Sd) Al VII

Bss = (:Elg + %) a; +yizaz — = a (3313 + %) X+byi3y —c (213 — %) Z (8d) Al VII
(213 - %) as

Bsg = aisa;— (y13—3) az+ 21383 = arizX —b(yiz — 1) ¥+ 2z (8d) Al VII

Beo = —(v13—3)ar+ (y13 +3)ax+ = —a(r3—3) X+b(yis+3) 9+ (8d) Al VII
(213 + %) a3 c(zi3+3) 2

Be1 = T14@1 + Y1482 + 21483 = ar14X +by14y + cz142 (8d) Al VIII

B2 = — (LC14 — %) a; —Yia a2 + = —a (£E14 — %) X—byuy+c (214 + %) Z (8(21) Al VIII
(z14+3) a3

Bes = —zuar+ (yu+3)ar—ziuag = —azaR+b(ya+35) 9y —czu (8d) Al VIII

Bes = (ruu+tz)ari—(yu—3) aa— = a(riu+3z)X=b(yu—13) 9 - (8d) Al VI
(11— ) g (- 1) 2

B65 = —T14A1 —Y14A2 — 214 A3 = —aT14 X — by14 y — CZ14 Z (Sd) Al VIII

Bgs = (z14+2) a1 +yra a0 — = a(zia+3) X+byuy —c(aa— 1) 2 (8d) Al VIII
(214 = 3) a3

Ber = zuuar— (yuu—3) az+zuua3 = aria X —b (y14 —3) Y +czuz (8d) Al VIII

Bgs = —(viu—3)ai+(yutsz)at = —a(za—1) % +h(m+3) 3 (8d) Al VIIT
(2144 3) a3 c(z1a+3) 2

By = T15a1 + Y15 a2 + 215 a3 = aris X +by15 ¥ + cz152 (8d) Al IX

By = — (w15 — %) a; —Yisaz + = —a (9615 - %) X—byisy +c (215 + %) VA (8d) AlIX
215+ 3) as

Bri = —zpai+ (yis+3) a2—z5a3 = —az15X+b (y15 +35) § — cz152 (8d) Al IX

Br2s = (21315 + %) a; — (y15 - %) az — = (9315 + 2) Xx-b (y15 - *) v (8d) AlIX
(215 - 5) as (215 - l) z

B7zz = —T15 a1 — Y15 A2 — 215 A3 = —az15X — by15y — cz15 2 (8d) AlIX

B7s = (215 + 5) a1 + Y1522 — = a(ri5+3) K+byis 9y —c (215 — 3) 2 (8d) AlTX
(215 — 3) a3

B75 = 15 a1 — (y15 — l) as + Z15 Qs = aris X—b (y15 — %) % + CzZ15 Z (8d) Al IX

Brg = — (15— 3)ai+ (s + 3) a2t = —a(z15 — 3) % +b (s +1)y (8d) ALTX
(215 + ) (Zl5 + )

By = Z1g a1 + Y16 Az + 216 A3 = arig X + byie ¥ + cz16 Z (8d) Al X

B7g = — (216 — 3) a1 — Y1 a2 + = —a(ze—3) X—byey+c(ze+3) 2 (8d) Al X
(Zl6 + %) az

Brg = —ziga1+ (yi6+3) az — 21683 = —az16X+ b (y16 + 3) ¥ — cz162 (8d) Al X

Bso = ($16+%) a; — (y16— %) az — = a($16+ %) X—b(yle‘—*) v - (8d) Al X
Z16 — 5) as C<216 — l) Z

Bgl = —T16 A1 — Y16 A2 — 216 A3 = —arie X — by16 5’ — CZ16 Z (Sd) Al X

Bsg: = (216 + 5) a1 + Y16 a2 — = a(ris+3) X+byisy —c (216 — 5) 2 (8d) Al X
(216 — 3) a3

Bss = Ti6 a1 — (ylﬁ - %) az + 216 a3 = arigX —b (y16 - *) y+cziez (8d) Al X



Bsy

B85

Bsr
Bss

B89

Bo:
Bgo

Bgs
Bos

Bgs
Bge

Bor

B99

BlOO

Bio1

B102

B103

Bios

Bios

B106 =

Bior =

Bios

— (216 —3) a1+ (Y16 + 5) a2 +
o+ 1) 20
ZTi7a1 + Y17 a2 + 21743
— (17— 5) a1 —yiras +
(17 +3) a3
—z17a1 + (Y17 + ) a2 — z17 a3
(In + %) a; — (y17 - %) az —
217 — 3) a3
—Z17a1 —Yiraz2 — 217343
($17 + %) a; +yirag —
(217 - %) as
Ti7ay — (y17 - %) ag + zi7 as
— (w7 —3) a+ (yr+3) a +
z17 + %) ag
Tigal + Yigaz + z1gas
- (3318 - %) a; —yigag +
(218 +3) as
—ZTigar + (y18 + %) az — zi1g ag
(3018 + %) a; — (y18 - %) az —
218 — 3) as
—ZT18a1 —Yi18ad2 — 218a3
(218 + 3) a1+ y1sas —
(215 = 3) a3
Tigar — (yls - %) az + zi1g as
—(r1s—3) a1+ (s + 3) az +
218+ 3) as
ZTigar +Yigaz + 219 a3
—(z19— 3) a1 —yroaz +
(210 + %) az
—z19a1 + (Y19 + ) a2 — 219 a3
(3719 + %) a; — (y19 - %) ag —
Z19 — 3) a3
—Z19a1 —Yi9a2 — 21933
(5519 + %) a; +yigag —
(210 — 3) a3
Tiga; — (y19 - %) ag + z19 as
—(r19—3) a1+ (y1o+ 3) a2+
(210 +3) a3
T20 a1 + Y20 A2 + 220 A3
- (9620 - %) a; — Yoz +
(220 + %) az
—a30a1 + (Y20 + ) a2 — 220 a3
(220 +5) a1 — (y20 — 3) a2 —
(220 - %) as

—T20a1 — Y20a2 — 22043

~a(mio—3) K+ (o +3) ¥+
6(2’16+%) 2

ar17 X +by17 ¥ +czi7 2

—a(r17— %) R—byrr§+c(z7+3) 2

—aﬂc175<+b(y17+ %) Y —czi17Z
a(rir+3) X—b(pr—3) 9 -
0(2177 %) Z

—ar17 X —by1ry — cz17 2

a(zir+ %) X+byiry —c (27— 3) 2

ar17X—b(yir — 1) § +car

—a(rir—3) X+b0(yr+35) §+

—~

o
™
=
3
_|_
N|—=
SN—
N>

ar1g X +by18 ¥ + cz182

—a(r1s — 3) X —byisy +c (218 + 3) 2

—azigX+b(yis+3) §—czis2
a(ris+3)X—b(s—3) § —
0(218—%) Z

—ar18 X — by1sy — cz18Z

a(x18—|—%) )2+by18§’—c(218—%) Z

ar1sX—b(y1s — 3) § + s 2

—a(zs—3) X+b(yis+3) §+

o
—~
™D

fh
oo
_|_
N[ =
S—
N>

ax19X +by19y + cz192

—a(z19—3) X—byroy+c(ao+3) 2

—a$19f€+b(y19+%) ¥ —czi02
a(z+3)%x—byw—13) 9 -
C(Zlg—%) Z

—azr19X — by1o ¥ — cz192

a(z1o+3) X+byiey —c(z10— 1) 2

az20 X + byoo ¥ + cz20 2

—a (20— 5) R—by20 ¥ + ¢ (220 + 3) 2

—azo0 X +b(y20+3) §— 2202
a(z20+3) X—b(y20—3) ¥ -

C(ZQO — %) VA

—aT20X — by20§ — c2z20 2

Al X

Al XI
Al XI

Al XI
Al XI

Al XI
Al XI

Al XI
Al XI

Al XII
Al XII

Al XII
Al XII

Al XII
Al XII

Al XII
Al XII

Al XIII
Al XIII

Al XIII
Al XIIT

Al XIII
Al XIII

Al XIII
Al XIIT

Al XIV
Al XIV

Al XIV
Al XIV

Al XIV



Bi27r =

Bi2s =

B129
B130

Biz1 =

B132

B133

Biss

Biss
Bise

Bisr =

Biss

Bi3o =

B140 =

Biga =

Bia2

B143 =

(220 + %) a1 + y20 a2 —

(o0 )
za0a1 — (Y20 — 3) a2 + 220 a3
— (w20 — 5) a1+ (Y20 + 3) a2 +

(o ) 2

To1 a1 + Y21 a2 + 221 A3

—(z21— %) a1 —ymaz +

e+ )

—zg1a1 + (y21 + 5) a2 — 221 a3
(T21 +3) a1 — (ya1 — 3) a2 —
(221 = 3) s
—Z21a1 — Y212 — 22143
($21 + %) a; + Y21 az —
(e ) 2
zo1a; — (ya1 — 3) a2 + 221 a3
- ($21 - %) a; + (y21 + %) ag +
(2214 3) as
T2 a1 + Y22 @2 + 222 a3
— (w22 — §) a1 — YAz +
(e ) a
—wp9a1 + (y22 + 5) a2 — 22283
(3522 + %) a; — (yzz - %) az —
(222 — 3) a3
—ZT22a1 — Y22a2 — 22233
(3022 + %) a; +yz2az —
(- 4) 2
Tapar — (Y22 — 3) Az + 22223
—(z22— %) a1+ (Y22 + 3) @z +
(22 )

Tazay + Y23 a2 + 223 a3
— (w23 — 5) a1 —yaz @z +
(e ) 2
—xo3ar + (y23 + ) a2 — z23 23
($23 + %) a; — (y23 - %) az —
(223 = 5) a3
—Z23a1 — Y23 a2 — 22343
($23 + %) aj; +yazaz —
(223 - %) as
Toza — (y23 - %) agz + z23 a3
— (w23 —3) ar + (Y23 + 3) a2 +
Z23 + %) as
T24@1 + Y24 22 + 224 A3
- (1324 - %) a; —Yyagag +
(224 + %) az

1
—Zoq a1 + (y24 + 5) ag — g4 a3

a (w204 3) K+by20y — ¢ (220 — 3)

a2 X +byo1 ¥ + c201 2
1

—axn X +b(y21 +3) § — czn 2
arar+3) X=b(ya1 —3) § -

6(2’21 — %) VA

—azxy X — bys1 § — 201 Z

a($21+%) &+b9215’—0(221—%)

aT22 X + byoo § + c292 2
1

—azoe X+ b (Y +3) §— 2202
a(r22+5) X=b(y22—3) ¥ -
6(2’22—%) Z

—aT22X — byoo ¥ — 2222

a(zo2+3) X+byey —c(z22 — 3)

CLCU225<—b(y22— %) V+crnz
—a(r22 —3) X+0(y2+3) ¥+
Ko+ )

ax23 X + byas ¥ + c203 2

N>

—awas X+ b (y23s + 3) ¥ — c2a32
a(r3+3) X—b(ys—3) § —
6(2237%) Z

—aT23X — by23 ¥ — cz23 %

a(z2s+35) X+ by y —c (223 — 3)

aT24 X +byos ¥ + 204 2

—awos X+ b (y2u + 3) § — 2242

Z

*0(5021*5) i*by215’+0(z21+%) Z

zZ

—a(ﬂﬁzz—g) ﬁ—by22§’+0(222+%) Z

zZ

—a (93— 3) R —byas§ +c (223 + 3) 2

Z

—a(x24—3) XR—bynuy +c(za+3) 2

Al XIV

Al XIV
Al XIV

Al XV
Al XV

Al XV
Al XV

Al XV
Al XV

Al XV
Al XV

Al XVI
Al XVI

Al XVI
Al XVI

Al XVI
Al XVI

Al XVI
Al XVI

Mn VII
Mn VII

Mn VII
Mn VII

Mn VII
Mn VII

Mn VII
Mn VII

Mn VIII
Mn VIII

Mn VIII



B144 = (£E24 + %) a; — (y24 — %) as — = a (9324 =+ %) f( — b (y24 — l) 5’ — (Sd) Mn VIII

3]

(20— }) 20 c (ear - ) 2

Bi4s = —Z24 Q1 — Y24 A2 — 224 A3 = —aZ24X — by2a ¥ — 2242 (8d) Mn VIII

Bigs = (T24 + 5) a1 + y2a 29 — = a(vaa+i) X+byuy—clza—3) 2 (8d) Mn VIII
(224 — 3) a3

Biar =  @asa; — (you — 3) a2 + 224 a3 = awos X — b (y24 — %) V+czoaz (8d) Mn VIII

Bus = —(raa—3)ai+ (yoat+3)ax+ = —a(zos—3) R+b(yau+3) 9+ (8d) Mn VIII
ot ) 2 leat ) 2

B14g = Ta5 a1 + Y25 a2 + 225 A3 = azos X+ byas § + c225 2 (8d) Mn IX

Biso = — (w25 — 3) a1 —yas a2 + =  —a(wp—3) X—bysy+c(as+3)2 (8d) Mn IX
(225 + 3) as

Bis1 = —ZTosa] + (y25 + %) az — zo5 as = —aros X+ b (y25 + %) ¥ —czo57Z (8d) Mn IX

Bisz2 = (zs+3)ai—(y5—3) aa— = a(zos+3)X—b(ys—3) ¥ — (8d) Mn IX
225—5 as 6(225—%)2

Biss = —Z95 a1 — Y25 A2 — 225 A3 = —ax25 X — by2s ¥ — cz25 2 (8d) Mn IX

Bissa = (z25 + %) a1 + yz5 a2 — = a(zos+ %) X+ byss§ —c (225 — 3) 2 (8d) Mn IX
(225 - %) as

Biss = @sa;— (ya5 — 3) az + 2543 = awys X —b (Y25 — 3) ¥+ c2a52 (8d) Mn IX

Bise = — (w25 —3)ar+ (yos+3) a2+ = —a(wes —3) XK+b(yas +3) §+ (8d) Mn IX
225—|—%) as c 225—1—%)2
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