Low Temperature Bornite (CusFeSy) Structure:
A5BC4_0P160.29 _20a_4a_16a-001
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Prototype CusFeS,

AFLOW prototype label A5BC4_0P160-29_20a_4a_16a-001
Mineral name bornite

ICSD 130920

CCDC 2147010

Pearson symbol oP160

Space group number 29
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Space group symbol Pca2,

AFLOW prototype command aflow --proto=A5BC4_oP160_29_20a_4a_16a-001
--params=a, b/a,c/a, 1, Y1, 21, T2, Y2, 22, T3, Y3, 23, T4, Y4, 24, T5, Y5, 25, L6, Y6, 265 L7+
Y7, 27,28, Ys, 285 L9, Y9, 29, L10, Y105 210, T11, Y11, 211, L12, Y12, £12, 13, Y13, 213, L14, Y14, 214, T15,
Y15, 215, 165 Y165 2165 L17, Y17, 217, T18, Y18, 218, £19, Y19, 219, £20, Y20, 220, T21, Y21, 221, L22, Y22,
222,23, Y23, 223, L24, Y24, 224, L25, Y25, 225, L26, Y26, 226, L27, Y27, 227, L28, Y28, 228, L29, Y29, 229,
T30, Y30, 2305 L31, Y31, 231, L32, Y32, 232, L33, Y33, 233, L34, Y34, 234, L35, Y35, 235, L36, Y36, 236, L37,
Y37, 237, L38, Y38, 238, L39, 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 (C'1) structure.

— From 443K to 508K it becomes a ja supercell of an anti-fluorite structure.

— Below 443K it becomes orthorhombic, [in the Pbca #61 space group.

— 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
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a; = aX
as = by
ag = cz
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = r1a; + yias + 21 a3 = ar1X+byy+cz 2 (4a) Cul
B, = —ria; —yas + (zl + %) as = faxlfcfbylwac(zl + %) Z (4a) Cul
B; = (xl—i—%) a; —yjas + 21 as = a(xl—i—%)f(—byly—i—czli (4a) Cul
By, = —(;El—%)al—i—ylag—i— = —a(xl—%)f(—l—byly—l—c(zl—i—%)i (4a) Cul
(1 + 1) g
By = Toay + Yo as + 29 a3 = axs X + by ¥ + c20 Z (4a) Cu II
Bsg = —xoa; — Yo as + (22 + %) as = —axoX — by ¥ +c¢ (22 + %) Z (4a) Cu Il
B, = (xg—I—%) a; —ysas + zxas = a(xg—i—%) X—bysy +cz0z (4a) Cull
Bg = —(l‘g—%) a; +ygag + = —a(xg—%)fc—l—bygy—l—c(zg—i—%)i (4a) Cull
(224 3) a3
By = r3a; + yzas + 23 ag = ar3X +bysy + cz3 Z (4a) Cu III
Bio = —zza; —ysas + (23 + 1) a3 = —azsX —bysy +c(z+3) 2 (4a) Cu III
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Bll
B12

Bi4
Bis
Bis

Bis
Byg
Bao

Bs2
Bas
Bas

Bas
B2s
Bz
Bos

B2g
Bso
B3
Bs2

B3y
Bss
Bss

Bss
Bsg
Byo

Ba
B2
Bas
Baa

(z3+3) a1 —ysaz + z3 a3
—(x3—3) a1 +ysag +
(23 +3) as
Tiay +Ysaz + z4a3
—Tqa; —Yysag + (24-1-%) as
($4+%) a; —ysaz +24a3
— (w4 —3) a1 +ysaz +
(44 3) 2
Tsa + Ysaz + 25 ag
—Zsa; —Ysaz + (25+%) as
(ﬂfer%) a; —ysaz +z5as
— (w5 — 1) a1 +ysax +
(25 +3) as
ZTeal + Yo az + 26 a3
—Tsa1 — Ysaz + (26+%) as
($6+%) a; —Ysaz + ze a3

— (26 — 3) a1 +ysaz +
(o + 3) 2
r7a; +yraz + zyas
—Traip —Yrag + (Z7 + %) as
(967+ %) a; —yraz +zrag
— (27— 3) a1 +yraz +
(27 + 3) a3
rgap +Ysag + zgas
—zga; —ysas + (zs + 3) as
(28 + 3) a1 — ysaz + zg a3
— (28— 3) a1 +ysas +
(28 + 3) a3
Tg ay +y9a2—|—zga3
—zoa; —yoaz + (20 + 3) as
(2o + 3) a1 — yoaz + zg a3
— (29— %) a1 +yoas +
(0 + 3) 2
T1pa1 + Y10 a2 + 210 a3
—ZTipa1 —Yioaz + (210 + %) az
(z10+3) a1 —yi0az + zi0 a3
- ($1o - %) a; +yipoaz +
(210 +3) a3
Tirar + Y az + 211 a3
—Ti1a; — Yy az + (211 + %) az
($11 + %) a; —ynaz +z1a3

- ($11 - %) a; +ynag +
(211 +3) a3

a(z3+%) X—bysy + cz3 2

—a(z3— ) X+bysy+c(s+3) 2

axa X +bys ¥ +cz42
—azs X —bys g +c(za+3) 2
a(x4+%) X—bysy+cz42

—a(zg— ) X+byag+c(za+3) 2

axs X +bys ¥ + cz52
—aa:5§c—by5§7—|—c(z'5—|—%) 2
a(x5+%) X—bysy +cz52

—a(x —%) )‘(—i—byg,y—i-c(zs—l—%) Z

axg X + by ¥y + cz¢ Z
—axﬁfc—by@y—kc(zﬁ—i-%) Z
a(;vg—i—%) X—bysy +czz

—a(.%'(s—%) &+by65’+6(26+%) Z

ax7 X +by; ¥ + cz7 Z
faa:7>“cfby7§f+c(27+%) Z
a(zr+3) X—byr§ +czr 2
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arg X + bysy + cz8
—azsX —bysy +c(2s+3) 2
a(zs+3) X—bysy +cas i

~aa =) &+ by +olantd) 2

axrg X + by § + cz9 Z
—azgX —byg ¥ +c (20 + 3) 2
a(zo+3) X —byey +czo2

—a(.l?g—%) DA(—Fbyg}A’-FC(Zg—I—%) Z

ax10X +by10 ¥ + czi02
—az10X —by10y + ¢ (210 + 5) 2

a(zi0+3) R—byioy +cz102

—a(x10 = 3) X+byy +c (210 +3) 2

ar11X+bynn ¥ +cz112
—arn X —byny+c(z1+3) 2
a (mll + %) X—bynny+cznz

—a(a:n—%) ﬁ+by11y+6(211+%) Z

Cu III
Cu III

Culv
CulVv
CulV
Culv

CuV
CuV
CuV
CuV

Cu VI
Cu VI
Cu VI
Cu VI

Cu VII
Cu VII
Cu VII
Cu VII

Cu VIII
Cu VIII
Cu VIII
Cu VIII

Cu IX
Cu IX
Cu IX
Cu IX

Cu X
Cu X
Cu X
Cu X

Cu XI
Cu XI
Cu XI
Cu XI



Bys
Bae
Bur
Bas

Byo
Bso

Bs2

Bss
Bsa

Bss

Bsr
Bss

Beo

Be1
Be2

Bea

Bes
Bes

Bes

Beg
Bro
B71
B2

Brs
Br4
Brs
Bre

Brr
Brs
B

Ti12a1 + Y1282 + 212 a3
1
—T12a1 — Y12 as + (212 + 5) as
1
(5(112 + 5) a; —yizaz + z12a3
1
— (3312 - 5) a; +yizaz +
1
(2’12 + 5) ag
Tizal +Yi3a2 + z13a3
1
—zi3a; —yizas + (213 + 3) ag
1
(z13+3) a1 —yi3 a2 + 21323
1
—_ (.2313 — 5) a + Y13 ag +
1
(2’13 + 5) as
T14a1 + Y1422 + 214 a3
1
—214Q1 — Y14 a2 + (214 + 5) as
1
(14 + %) a1 — yraaz + 214 a3
1
— (x14 - 5) a; +yuaag +
1
(2’14 + 5) as
Tis5a1 +yi5as + 215 a3
1
—wi5a; —yisas + (215 + 3) ag
1
(z15+ %) a1 — Y15 a2 + 215 a3
1
— (I15 - 5) a; +yisag +
1
(215 + 5) ag
T16 a1 + Y16 a2 + 216 A3
1
—T16 A1 — Y16 A2 + (2516 + §) asg
1
(716 + 3) a1 — Y1682 + 216 a3
1
— (3516 — 5) a; +Yyisaz +
1
(216 + 5) as
Ti7a1 +yiras + 217 a3
1
—zira; —yiras + (217 + 3) ag
1
(17 +3) a1 — y1ras + 217 a3
1
— (3917 — 5) a; +yiraz +
1
(217 + 5) as
r18a1 + Y182 + 218 a3
1
—xi1ga1 — Yigag + (Zl8 + §) az
1
(18 +3) a1 — y1saz + z13a3
1
— (xlg - 5) a; +yisag +
1
(218 + 5) as
Tigay + Y9 az + 219 as
1
—T19a] — Y19 ag + (219 + 5) as
1
(xlg + §) a; —Yigaz + 219a3
1
— (xlg — 5) a1 +ygoaz +
1
(219 + 5) as
Top A1 + Y20 A2 + 220 A3
1
—ZTggal — Yoo as + (2’20 + 5) ag

1
(xzo + 5) a; — Y20a2 + 220 a3

aris X + by12 5’ +c212%
—ax1oX — by y +c¢ (212 + %) Z

a(zi2+3) X —byr2§ +cz122

—a (12— 3) K+ by2§ +c(z12+ 3) 2

ar13X +by13y + cz132
—ax13X —by13y +c¢ (2’13 + %) Z

a(zi3+3) X —byiay +cz13 2

—a(z13—5) X+byisy +c(z3+3) 2

ar14 X +by1a ¥ +cz14 2
—axia X — by14 S’ +c (Zl4 + %) v

a(zia+3) X— by § +czia 2

—a(x14—%) fc+by145’+0(214+%) z

aris X +by15 Yy + c2152
—azis R —byisy +c(z15+3) 2

a(zi5+5) X —byis ¥ + cz15 2

—a(x15f%) i+by155’+0(zl5+%) z

azr16 X + by16 ¥ + cz16 2
—azi6X —by1sy +c¢ (216 + %) z

a(zi6+ 5) X —byis ¥ + cz16 2

—a(:cwf%) >“<+by165’+0(216+%) z

ar17 X +by17 ¥ +czi7 2
—ar17 X —byiry +c¢ (Zl? + %) z

a(ri7+3) X—byir § +car 2

—a(zi7—3) R+byiry+c(ar+3) 2

ar1gX +by18 ¥ + cz182
—azis X —byisy+c(zs+3) 2

a (1718 + %) f(*bylsy‘i’CZlSi

—a(zs—3) K+byisy+c(ns+3) 2

ar19 X +by19 ¥y +cz1902
—azr19X —by19 ¥y + ¢ (Z19 + %) z

a (IL‘19 + %) X—by1oy + 2102

—a(xlg—%) ﬁ+by19§’+c(219+%) z

ax20 X+ by20 ¥ + cz20 2
—azTooX — by ¥ +c¢ (Z20 + %) z

a (1’20 + %) X —bya0 ¥ + 200 2

Cu XII
Cu XII
Cu XII
Cu XII

Cu XIII
Cu XIII
Cu XIII
Cu XIII

Cu XIV
Cu X1V
Cu XIV
Cu XIV

Cu XV
Cu XV
Cu XV
Cu XV

Cu XVI
Cu XVI
Cu XVI
Cu XVI

Cu XVII
Cu XVII
Cu XVII
Cu XVII

Cu XVIII
Cu XVIII
Cu XVIII
Cu XVIII

Cu XIX
Cu XIX
Cu XIX
Cu XIX

Cu XX
Cu XX
Cu XX



Bgo

B81

Bss
Bsy

B85

Bsr
Bss

B89

Bo:
By,

Bos
Bo4
Bos
Bos

Bor

B99

BlOO

Bio:

B102 =

B103

Bios

Bios

Bios =

Bio~r

B108

Bioo
Bi1o
Bii:

Bii2 =

Bii3

1
- ($20 - 5) a; +Yoaz +
1
(220 + 3) a3
To1 a1 + Y21 @2 + 221 a3
1
—T21 a1 — Y212 + (221 + §) az
1
($21 + 5) a; — Y21z + z21a3
1
- ($21 - 5) a; +y21az +
1
(221 + 5) az
Toz @1 + Y22 a2 + 222 a3
1
—Tg2a1 — Y22 a2 + (222 + §) as
1
($22 + 5) a; —Yazaz + 22283
1
- (3322 — 5) a; + Y22 az +
1
(222 + 5) az
To3 @y + Y23 a2 + 223 a3
1
—T23a1 — Y2z Az + (223 + §) as
1
($23 + §) a; — Yz3az + 223 a3
1
- (9623 - 5) a; + Y23 @z +
1
(223 +3) a3
Toq @1 + Y24 a2 + 224 A3
1
—T24@1 — Y24 a2 + (2’24 + §) az
1
(124 + 5) a; — Y4 a2 + 224 a3
1
- (5624 - 5) a1 +Y2aaz +
1
(224 + 3) @
Tos a1 + Y25 A2 + 225 A3
1
—ZT2s5 a1 — Y25 A2 + (2’25 + 5) ag
1
(9625 + 5) a; — Y5 a2 + 225 A3
1
— (w25 — 3) a1 +yas a2 +
1
(225 + 3) @
To6 A1 1 Y26 A2 + 226 A3
1
—ZT26 @1 — Y26 A2 + (226 + 5) as
1
(3026 + §) a; — Yz A2 + 226 A3
1
- (5626 - 5) aj; + yae az +
1
(226 + 5) ag
To7 a1 + Yo7 Az + 227 A3
1
—Zo7 a1 — Yoraz + (227 + 5) as
1
(£U27 + 5) a; —yoraz + 2273
1
- (1’27 - §) a; +yarag +
1
(227 + 5) ag
Tog a1 + Yog A2 + 228 A3
1
—ZTog a1 — Yag Az + (228 + 5) as
1
(9628 + 5) a; —yog Az + 228a3

— (w28 — 5) a1 + Y2z @z +
(328 + %) ag

Tog a1 + Yog9 A2 + 229 A3

7@(.%207%) )A(+by20y+0(2’20+%) Z

azx21 X +by21 ¥ + 221 2
—axn X —byn §+c(z21 +35) 2

a(za1+5) X —byn § + czo1 2

*G(Izlfé) 5<+by21$’+0(221+%) VA

ary X + byaa § + cz22 2
—axp X —byny+c(z222+35) 2

a (3322 + %) X —byso ¥ + czo0Z

*0(5822*%) )“c+by22y+c(222+%) z

axo3 X + byas ¥ + czo3Z
—aro3X — byaz ¥ + ¢ (z23 + %) Z

a (w23 +3) X —bysz§ + cas

—a(ros — 3) X+ byasy +c (223 +35) 2

ax24 X +by2s ¥ + c224 2
—awoy X — by ¥+ (224 + 1) 2

a (!1724 + %) X—byauy +cro42

—a(zos— %) R+bynuy+c(za+3) 2

axos X+ byos ¥ + czo52
—amas X —byss ¥ + ¢ (225 + 3) 2

a(zos +5) X —byas§ + c2a52

—a (95 — 3) R+ byas 9 + ¢ (225 + 5) 2

ax96 X + by2e ¥ + cz26 2
—awas X —by2e ¥ + ¢ (226 + 3) 2

a (o6 + 5) X — by ¥ + c226 2

—a (26 — 3) R+ byas ¥ + ¢ (226 + 3) 2

axor X+ byar § + czor 2
—axyr X — by ¥+ (227 + %) 2

a(zar+ 1) X —by2r § + c2o7 2

—a (ro7 — 3) R+ byar § + ¢ (227 + 3) 2

azog X + byog ¥ + czos 2
—awos X — byss ¥+ ¢ (228 + 5) 2

a(zos+3) R—byss§ + cas

—a (ros — 5) K+ byas§ + ¢ (228 + 3) 2

axo9 X + by29 5’ + CZ929 Z

Cu XX

Fel
Fel
Fel
Fel

Fe IT
Fe II
Fe II
Fe II

Fe III
Fe III
Fe III
Fe III

Fe IV
Fe IV
Fe IV
Fe IV

S1
S1
S1
S1

S 1II
S1II
S 1II
S1II

S 111
S IIT
S III
S II1

S IV
S IV
SIV
S IV

SV



B114 =

B115

B116 =

Bi17 =
Bii1s =

B119

Bi2o =

Bi21 =
Bi22 =

B123

Bi24 =

Bi2s =
Bi2s =

Biar

Bi2s

Bi2o =
Biso =

Bis:
Bis2

Biss
Bias4
Biss

Biss

Bis7
Biss

Bi3g =

Bi4o

B141

Big2 =

Bias

B144 =

B145

Bie =

Bia7

1
—ZTo9 a1 — Yo Az + (229 + 5) as
1
(£E29 + §) a; — Y9 @z + 229 A3
1
- (5629 - §) a; +yagag +
1
(229 + 5) asz
Z30 a1 + Yso a2 + 230 a3
1
—Z3pa1 — Yspaz + (230 + 5) as
1
(CU30 + 5) a; —yspaz +230a3
1
- (9630 - §) a; +ygoaz +
1
(230 + 5) asz
T31 a1 + Y1 az + 231 a3
1
—Z3rar — Yz az + (231 + 5) as
1
(9631 + 5) a; —ys1az +231a3
1
- (3031 - §) a; +ys1az +
1
(231 + 5) ag
T3z a1 + Y32 A2 + 23243
1
—ZTzzai — Yzz2az + (232 + 5) as
1
(5632 + §) a; —ys2az +232a3
1
— (32— 3) a1 +ys2 a2 +
1
(232 + 5) az
T3z al + Ysz Az + 233 a3
1
—x33a; — yssaz + (233 + 3) as
1
(5633 + §) a; —yszaz +z233a3
1
— (233 — 3) a1 +ysza +
1
(233 +3) a3
T34a1 + Y3a A2 + 234 A3
1
—T34a; —Yza A2 + (234 + 5) az
1
(3734 + 5) a; —yssap + 2343
1
- ($34 - 5) a; +yssag +
1
(234 + 5) az
T35 a1 + Y35 A2 + 235 a3
1
—T35a; — Y35 Az + (235 + 5) az
1
($35 + 5) a; —Yssag + 235 a3
1
- ($35 - 5) a; +yYssaz +
1
(235 + 5) az
T36 A1 + Y36 A2 1 236 A3
1
—T36 a1 — Y36 A2 + (Z36 + §) as
1
($36 + 5) a; — Ysgaz + 236 A3
1
- (5036 - 5) a1 +Ysg Az +
1
(236 + 5) az
Z37ay + Ysrag + z37as
1
—Tg7a; —Ysraz + (237 + §) as

1
(I37 + 5) a; —Yysrag + 23ras

—awag X — by ¥+ ¢ (220 + 1) 2

a(z29+3) X — by ¥ + cr02

—a (129 — 3) R+byzo 9 + ¢ (220 + 3) 2

ax3o X +byso ¥ + cz302
—axrso X — bygo y +c (2’30 + %) Z

a (xso + %) X —byso ¥ + 2302

—a (w30 — 3) X +bysoy + ¢ (230 + 3) 2

axz1 X +bys1 y + cz31 2
—axs1 X —bys1 ¥ +c (231 + 5) 2

a(zsi+ %) X —byn § + czs1 2

—a(x31 —3) X+byny+c(z+3) 2

axr32 X +bysa ¥ +cz322
—az3 R — by § +c (232 +3) 2

a(zse+3) X —bysa § + czs0 2

—a(z32— 5) X+ bysa§ +c(232+3) 2

arss X + by33 S’ + CZ33 Z
—axrs3s X — by33 S’ +c (2133 + %) Z

a (acgg + %) X —byssy +cz332

—a(r33 —5) X+byss§ +c(z3+3) 2

axr34 X +bysa ¥ +c2342
—aw3s X —byss ¥+ c (234 + 5) 2

a (x34 + %) X—bysa ¥ +cz342

—a(zsa—3) K+bynuy+c(emat+3)2

arss X + by35 5/ + cz35 Z
—azss X —byss§+c (235 +3) 2

a(zss +3) X —byss § + cz352

7@(58357%) )A(+by35y+6(2’35+%) Z

ax3e X + byse ¥ + cz36 2
—ax3s X — byse § + ¢ (236 + 5) 2

a (3336 + %) X —bys¢ ¥ + cz36 2

7(1(.%367%) >“<+by36§f+c(236+%) Z

azr3r X +bys7r ¥ + czar
—ax3r X —bysr § 4 ¢ (237 + 5) 2

a (3337+ %) X—bysr ¥ +cz37 2

SV
SV
SV

S VI
S VI
S VI
S VI

S VII
S VII
S VII
S VII

S VIII
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



Biss = — (w37 — 1) a1+ ysras + =  —a(zsr—3) X+byzry+c(esr+3) 2 (4a) S XIII
(237 +3) as

Bi14o = T3g a1 + Ysg Az + 238 a3 = azr3g X + bysg ¥ + cz3g Z (4a) S X1V
Biso = —a3sa; —yssas+ (238 +3) a3 = —azss X —byssy+c (s +3) 2 (4a) S XIV
Bisi =  (z3ss+3) a1 —yssay + z35a3 = a(zss+5) X —byss § + czas 2 (4a) S XIV
Bisz = — (235 — %) a1 +yssax + =  —a(wss—3) K+byssy+c(ems+3)2 (4a) S XIV
(235 + 3) as
Biss = T39 a1 + Y39 a2 + 239 A3 = arzgX +bysg ¥ + 2392 (4a) S XV
Bisa = —Zg0a1 —ygas+ (230 +3) a3 = —azgg X —byso ¥ +c(230+ 3) 2 (4a) S XV
Biss = (39 +3) a1 —ysgas + 23023 = a(wsg+3) X—byso ¥ +ca302 (4a) S XV
Bise = — (w30 — 3) a1 + ysoaz + = —a(zso—3) X+byso§ +c(z30+3) 2 (4a) S XV
(230 + 3) a3
Bis7 = T40 @1 + Ya0 A2 + 240 A3 = aryo X +byso ¥ + cza02 (4a) S XVI
Biss = —zg0a1 —ysaz+ (za0+3) a3 = —azgo X —byso ¥ +c(za0+3) 2 (4a) S XVI
Bisg = (x40 + %) a; — yq0az + 240 a3 = a (x40 + %) X —bys ¥y + czq0Z (4a) S XVI
Bigo = — (240 — %) a1 +yao a2 + = —a(zg0— 3) R+bysoy+c(za0+3) 2 (4a) S XVI

(710 +3) &
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