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Prototype CusFeSy

AFLOW prototype label A5BC4_0P160_29_20a_4a_16a-001
Mineral name bornite

ICSD 130920

Pearson symbol oP160

Space group number 29

Space group symbol Pca2,

AFLOW prototype command aflow —-proto=A5BC4_oP160_29_20a_4a_16a-001
——-params=a, b/a, c/a, T1,Y1,21,L2,Y2,22,T3,Y3,23,T4,Y4,24,T5,Y5,25,T6,Y6, 26y L7,
Y7, 27,28,Y8, 28, L9, Y9, 29, 10, Y10, 2105 L11, Y11, 11, L12, Y12, 212, L13, Y13, 213, T14, Y14, Z14, L15,
Y15, 215, 16, Y16, 216, L17, Y17, 217, 18, Y18, 218, L19, Y19, 219, 20, Y20, 220, L21, Y21, 221, T22, Y22,
222,23, Y23, 223, T24, Y24, 224, L25, Y25, 225, L26, Y26, 226, L27, Y27, 227, L28, Y28, 228, T29, Y29, 229,
Z305 Y30, 230, 31, Y31, 231, L32, Y32, 232, L33, Y33, 233, L34, Y34, 34, L35, Y35, 235, L365 Y365 2365 L37,
Y37, 237, L38, Y38, 238, 39, Y39, 239, L40, Y40, 240

e Bornite can take on several forms at different temperatures (Martinelli, 2018):

— At temperatures above 508K it is cubic with an “anti”-fluorite (C1) structure.
— From 443K to 508K it becomes a ja supercell of an anti-fluorite structurel

— Below 443K it becomes orthorhombic, in the Pbca #61 space groupl
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— As temperatures drop into the 50-70K range it transforms in to the non-centrosymmetric |[Pca2; #29 space group
(this structure).

e In all of these cases the sulfur atoms form a face-centered or nearly face-centered cubic lattice.

e Data for this low-temperature structure was taken at 10K.

Simple Orthorhombic primitive vectors

a; = aX
az = by
ag = CZ
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = r1a; + yas + 21 a3 = ax1 X+ by ¥+ cz1 (4a) Cul
B, = —r1a; —yjas + (zl + %) as = —axli—byly—i—c(zl + %) Z (4a) Cul
B; = (a:l—i—%) a; —yyas + 21 a3 = a(ml—k%)i—byly—i—czli (4a) Cul
B, = —(z1—-3)ar+yras+ = —a(z1— ) X+bypy+c(a+3)2 (4a) Cul
(21 +3) as
By = Toai + Yo as + 2o asg = axs X+ by ¥ + cz0 Z (4a) Cu II
Bg = —Toa; —ysas + (22 + %) as = —aro X —bya y +c (22 + %) 2 (4a) Cull
B, = (z2+3) a1 —y2a2 + 2283 = a(za+3) X—bya§ +c2ai (4a) Cull
Bg = — (22— 3)ar+yoar + = —a(ze— ) X+byy+c(o+3)2 (4a) Cull
(22 +3) a3
By = r3ai + ysas + z3as = axsX +bysy +cz32 (4a) Cu III
B = —r3za; —ysas + (23 + %) as = —ar3X —bysy +c (23 + %) A (4a) Cu III
By = (x3—|—%) a; —yszas + z3as = a(z3—|—%) X—bysy +cz32 (4a) Cu III
B = — (23— 1) ar +ysas + = —a(z3— ) X+bysy+c(z+3) 2 (4a) Cu III
(2 +3) a3
Bis = rqa) +ygas + 24 a3 = ars X +bysy + c24 7 (4a) CulV
By = —zqa; —ysaz+ (24 + 1) ag = —azs X —bysy+c(za+3) 2 (4a) CulVv
Bis = (za+3) a1 —ysas+ 2123 = a(za+3) K—byady +cui (4a) Cu IV
Big = —(za— 1) a1 +ysar + = —a(zg— ) X+byag+c(za+3) 2 (4a) CulV
(,24 + %) as
By = Tsa; + ysas + 25 as = arsX +bysy + cz5 2 (4a) CuV
Bis = —r5a; — ysas + (z5 + %) as = —azrsX —bysy +c (z5 + %) VA (4a) CuV
Big = (z5+3) a1 —ysas + 25 a3 = a(zs+3) X—bys§ +cz 2 (4a) CuV
Boy = — (25— 1) a1 +ysas + = —a(zs— 1) X+bysy+c(25+3) 2 (4a) CuV
(2 +3) as
By = Tea + yYe as + 2¢ as = argX +bysy + cz6 2 (4a) Cu VI
By, = —zga; —ysas + (26 + 1) a3 = —azg X —bys ¥ +c (26 + 3) 2 (4a) Cu VI
Bos = (z6+3) a1 —ysas + 26 a3 = a(ze+3) X—bysy +cz 2 (4a) Cu VI
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(2 +3) as
Toay + Ygaz + 29 as
—Tga; — Ygas + (29 + %) as
($9+ %) a; —Yoaz + zgas
- (559 - %) a; +ygas +
(20 +3) a3
Zi0 a1 + Y10 a2 + 210 a3
—Tipa1 — Yioaz + (2’10 + %) az
(Ilo + %) a; —Yipaz + zip a3
- (5610 - %) a1 +yoaz +
(210 + %) as
Ti1 a1 +Yi1az + 211 a3
—Ti1a1 — Y az + (2’11 + %) ag
($11 + %) a; — Y az + 2z as
—(z11—3) a1 +ynnas+
(211 + %) asz
Ti2a1 +Yi2az + z12a3
—Ti2a1 —Yi2az + (212 + %) as
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(216 + %) az
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(217 + %) ag
Tigal + Yig Az + 218 a3
—ZTigar — Yigaz + (218 + %) as
(5618 + %) a; —y1gaz +218a3
- (3318 - %) a; +yigas +
(218 + %) asz
Tigal + Y9 A2 + 219 a3
—Tiga; —Yigaz + (219 + %) as
(5619 + %) a; —yigaz +z19a3
- (1319 - %) a1 +Yigag +
(210 +3) a3
To0 a1 + Y20 A2 + 220 A3
—ZTg0a1 — Y202 + (220 + %) az
(3720 + %) a; — Yo a2 + 2203
- (IQO - %) a; + Y20z +
(220 + %) az
To1 a1 + Y21 @2 + 221 a3
—T21a; — Y212 + (221 + %) az
($21 + %) a; —Y21az + z21a3
—(z21— %) a1 +ymax +
(221 + 3) a3
Toz A1 + Y22 @2 + 222 A3
—Tg2a1 — Y222 + (Z22 + %) as
($22 + %) a; —Yz2az + z22a3
—(z22 — §) a1 +ymay +
(222 + %) az
To3 a1 + Y23 a2 + 223 a3
—T23a; — Y2z Az + (223 + %) as

1
($23 + 5) a; —Yz3az + 223 a3

—az15X —by1s§ +c (215 + 3) 2

a(z1s+3) X—byis§ +c2152

—a($15—%) 5(+by15§7+c(z15+%

ax1gX + by16y + cz16 2
—az16X —by16 ¥ + ¢ (216 + 5) 2

a ($16 + %) X—byie ¥y + cz162

—a(x16 — 3) X+ by Y + ¢ (216 + 3) 2

ax17 X+ by17y + cz172
—az17 X —byir§+c (27 + 3) 2

a(zir+3) X—byir§ +cz1r 2

—a(r17 — 3) K+ byir§ +c(z17 + 3) 2

ar1gX + by18 ¥ + cz182
—az1sX —by1sy +c (218 + 5) 2

a(zis+3) X —byis ¥ + cz1s 2

—a(r18— 5) X+ byigy +c(z18+3) 2

arigX +by19y + cz192
—axr19X — by ¥ + ¢ (2’19 + %) Z

a (x19 + %) X—byigy +czi92

—a(r19—5) X+byio§ +c (210 + 5) 2

arao X + bya0 ¥ + 220 2
—awa X — by § + ¢ (220 + 5) 2

a (xgo + %) X —bysy + czo02Z

—a($20—%) ﬁ+byzoy+c(220+%) Z

azx21 X +byo1 ¥ + cz21 2
—axn X —byn §+c(z21 +3) 2

a(l‘m + %) X—byn ¥ +czo1 2

7@(.%217%) )A(+by21y+6(2’21+%) 2

ax22 X + byao ¥ + 2222
—axp X — by +c(z22+35) 2

a (3322 + %) X —byso ¥ + czo0Z
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ax3o X +byso ¥ + cz302
—axrso X — bygo 5’ +c (2’30 + %) Z

a (5530 + %) i—by30y+02302

—a (30— 3) K+ byso ¥ + ¢ (230 + 3) 2

ar3 X +bys1 ¥ + c2312
—axz1 X —bys1 ¥ +c (231 + 5) 2

a(zs1+3) R—bys1 9 +cza 2

—a (31— 3) K+bys1 § +c (231 + 3) 2

ax32 X+ byso ¥ + cz32 2

Fe III

Fe IV
Fe IV
Fe IV
Fe IV

S1
S1
S1
S1

S1II
S1II
S1II
S 1II

S IIT
S II1
S IIT
S III

S IV
S IV
S IV
SIV

SV
SV
SV
SV

S VI
S VI
S VI
S VI

S VII
S VII
S VII
S VII

S VIII



Bi26¢ =
Bi27 =
Bi2s =

Bi2g =

Bizo =

B131

Bi3z =

Bisz =

B134
B135

Bi3e =

Bisr =

B138

B139 =

Bi4o

B141 -

Bia2
Biss

Biaa

B145

B146

Bisyr =

Biass

B149
B150

Bis1 =

B152

B153

Biss =

Biss

Bise =

Bis7

Biss =

Biso

—T32a1 — Yszaz + (232 + %) as
(232 + 3) a1 — ys2 a2 + 232 a3
— (w32 — 5) a1 +ysp @z +
(232 + %) ag
Z33 a1 + Yszag + z33 a3
—Z3zar — Yszaz + (233 + %) as
(233 + 3) a1 — ysz az + 233 a3

— (w33 — 5) a1 +yszaz +
(233 + %) az
T34a1 + Yza A2 + 234 a3
—T3s@1 — Yzqaz + (234 + %) as
(234 +3) a1 — yss @z + 234 a3
— (w34 — 5) a1 +yzaaz +
(Z34 + %) ag
T35 a1 + Y35 a2 + 235 A3
—ZT3s a1 — Y35 a2 + (235 + %) az
(5635 + %) a; —yssaz +235a3
— (235 — 3) a1 +yss a2 +
(235 + %) az
T36 A1 + Y36 A2 1+ 236 A3
—236a1 — Y3 Az + (236 + 3) a3
(236 + ) a1 — Y36 a2 + 236 a3
— (w36 — 3) a1 +yss a2 +
(236 + 3) a3
T37 a1 + Ysraz + 237 as
—ZTg7a; —Ysraz + (237 + %) az
(3737 + %) a; —ysraz + z3ras
- ($37 - %) a; +ysrag +
(237 + 3) as
T3g a1 + Ysg Az + 23z a3
—Z3ga; — Ysgaz + (238 + %) az
($38 + %) a; —ysgay + 2333
- ($38 - %) a; +ysgaz +
(235 + 3) as
T39 A1 + Y39 A2 + 239 A3
—ZTgg9a; — Yzg Az + (Z39 + %) as
($39 + %) a; — Ysgaz + z39 A3
- (5039 - %) a; +ysgaz +
(230 + 3) a3
Z40 A1 + Y40 A2 + 240 A3
—T40a1 — Y40 A2 + (240 + %) as

1
(I40 + 5) a; — Yap a2 + z40 A3

—awz X —bys2 ¥+ ¢ (232 + 1) 2

a(zsa+3) X —bys§ + c2322

—a (32— 3) R+ bys2§ + ¢ (232 + 3) 2

ar33 X +bys3 ¥ +cz332
—axrss X — by33 y +c (2’33 + %) Z

a (%3 + %) X —byss ¥ + 2332

—a (w33 —3) X+byssy +c(23+3) 2

ax34 X + by, § + c234 2
—aw3a X —bysa ¥ +c (234 + 3) 2

a(zss+3) R —bysa§ + cz342

—a (r34 — 5) K+ bysa§ +c (234 + 3) 2

arss X + by35 5’ + CZ35 Z
—axss X — by35 y +c (2’35 + %) Z

a(zss +5) X —byss § + czs5 2

—a (w35 — 3) X+byss§ + ¢ (235 + 5) 2

axrse X + by36 S’ + CZ36 Z
—axs3e X — by36 S’ +c (2136 + %) Z

a ($36 + %) X —bysg ¥ + cz362

—a(r36 — 5) X+byse ¥ + ¢ (236 + 5) 2

axrsy X+ by37 5’ + cz37 Z
—ax3r X —bysr § + ¢ (237 + 5) 2

a (x37+ %) X—bysry +cz37Z

—a (x37 — %) i+by37y+c(z37+ %) Z

arssg X+ bygg 5/ + Ccz38 Z
—awss X — byss § + ¢ (238 + 5) 2

a(zss+3) X —byss § + czas 2

—a(zss—3) X+byssy +c(23s+3) 2

ax3g X + byse ¥ + cz39 2
—ax3gX — bysg § + ¢ (230 + 5) 2

a (3339 + %) X —byso¥ + cz392

—a(z39—3) X+ bysey +c (230 + 3) 2

az40 X +byso ¥ + cza02
—azgX —byso ¥ + ¢ (200 + 5) 2

a (3340 + %) X—bys ¥ +cza0 2

S VIII
S VIII
S VIII

S IX
S IX
S IX
S IX

S X
S X
S X
S X

S XI
S XI
S XI
S XI

S XII
S XII
S XII
S XII

S XIII
S XIII
S XIII
S XIII

S XIV
S XIV
S XIV
S XIV

S XV
S XV
S XV
S XV

S XVI
S XVI
S XVI



Bigo = — (240 —3) a1 +ysoaz + = —a(zap— 1) K+bywd +c(zao+i)2 (4a) S XVI
(210 + 3) a3
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