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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 |a supercell of an anti-fluorite structure| (this structure).

— 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.

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

e Data for this structure was taken at 458 K. There is considerable disorder here. The site we labeled Cu-II is occupied 33%
of the time with a mixture of copper and iron atoms. The Cu-I and Cu-III sites are occupied 31% and 7% of the time,
respectively, and are purely copper. The sulfur atoms form a nearly cubic fcc lattice, with one of the tetrahedral sites is
occupied by a copper or iron atom, and the other site is either filled by a copper atom or remains vacant. (Kanazawa,
1978)

Face-centered Cubic primitive vectors

a; = iay+iaz
az =— %afc + %a Z
ag = %a X+ %ay
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = ial—k%ag—k%ag = %ai—i—%ay—i—iai (8c) S1I
B, = %al—l—%ag—i—%ag = %ak—i—%ay—i—%ai (8c) S1I
By = —Tga; + rgay + xoas = are X (24e) S1I
B, = Toa; — Topas — T as = —are X (24e) S1II
B; = Tpa) — Toas + T as = axey (24e) S1II
Bg = —T9a] + rgay — xo as = —axey (24e) S1II
B, = Toay + Tpay — xoas = ars Z (24e) S1I
Bg = —Zoa) — Toag + T as = —are Z (24e) S1II
By = r3a; + r3as + r3as = ax3X +axrsy + axrsz (32f) Cul
Bio = Tsa] + T3as — 3x3as = —ar3X —axr3y + axr3z (32f) Cul
Bi1 = T3a; — 3r3as + T3 as = —ax3X+aryy —ax3z (32f) Cul
B = —3rza; +r3as + r3as = ax3X —ar3y —axrsz (32f) Cul
Bz = —rza; — r3as + 3r3as = ax3X +axrsy —axrsz (32f) Cul
B4y = —x3a] — T3a9 — T3 a3 = —ar3X —ar3y — axr3z (32f) Cul
Bis = —z3za; +3r3az — T3 a = ar3X — ar3y + ars 2 (326) Cul
Big = 3rza; —rzas — r3as = —ax3X+arsy +ax3z (32f) Cul
By = zgay +z4as + (204 — 24) ag = axsX+arsy +azs 2 (96k) Cu Il
Bis = zgay +z4a3 — (2x4 + 24) a3 = —aryX —axsy +azy 7 (96k) Cull
Big = (2z4—2z)a—(2za+z)at+ = —arsX+arsy —aza (96k) Cull
24 a3
By = — (24 + 24) a1 + = arysX —aryy — azy (96k) Cu Il

(2.’134 — 24) as + 24 a3
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B21
B22
B23

B24

B25

Bar

B28

Bao
Bso
Bs;

Bs2

B33

Bss
Bse
Bsr

B38

Byo
Baui
Ba2

B44

Bys
Bus
Byr

Bys

Byo
Bso

(2504 — Z4) ap + Z4 Qg —+ Z4 A3
— (224 + 24) a1 + 24822 + 24 a3

zqa1 + (2!E4 — Z4) as —
(21‘4 + 2’4) as

ZqA1 — (2%4 + 24) az +
(224 — 24) ag

zqa1 + (2{1,‘4 — Z4) as + z4 a3
zaay — (24 + 24) a2 + 24 a3

—(2x4 + 24) a1 + 2405 +
(224 — 24) ag

(2.’1,'4 — 24) a] +z24a2 —
(2.’1)4 + Z4) as

—z4a1 — 2482 + (2.134 + Z4) as
—ZqA] — Z4Q — (2%4 — 2’4) as

—(2x4 — 24) a1 +
(2.%‘4 + 24) as — z4 a3

(21‘4 + 2’4) a; — (2$4 — Z4) as —

Z4 A3

—(2x4 — 24) a1 — z4 a9 +
(2!1)4 + 2’4) as

(2%4 + 24) a; — z4as —
(21‘4 — 2’4) as

—z4a; — (224 — 24) g — z4 a3
—z4a] + (21‘4 + 24) as — 24 a3

—Z4A1 — (2.%‘4 — 2:4) as +
(21‘4 + 2’4) as

—z4a1 + (23]4 -+ 24) ag —
(224 — 24) ag

(256’4 =+ Z4> a; —z489 — 24Aa3
— (2$4 — 2’4) a] — 2442 — zZ4 QA3
zZsal + zsag + (2395 — 2’5) as

zsa; + zsas — (2x5 + 25) ag

(2.1‘5 — Z5) a; — (2.1’5 + 25) as +

25 as

— (21‘5 —+ 25) aj —+
(21’5 — 25) ao —+ Z5 as

(225 — 2z5) a1 + z5 a2 + 25 a3
— (2$5 + Z5) a; + z5az + 25 as

Z5 a1 —+ (2175 — 25) as —
(21’5 + 25) as

zsay — (2z5 + 25) as +
(2$5 — 2’5) as

zsal + (21‘5 — Z5) as + z5as

Zadl — (21’5 + 25) ag —+ Z5 as

azgX +axsy +aryz
azy4X —axryy —ars z

—az4X —ax Y+ axy z

—azyX+axrsy —ars

arsX+az4y +aryz
—arsX+az4y —aryz

arsX —azy§y —arxs z

—arsX —azy ¥y +axryz

arsX+aryy —azs z
—arsX —arsy —az4 Z

arsX —arsy + az4 z

—aryX+arsy +azqz

arsX+azyy —aryz

—aryX+azyy+aryz

—arsX —azyy —axyz
arsX —azy ¥y +aryz

az4X +axsy —arsz

azyX —axrsy +aryz

—az4 X+ ax,y +axryz
—azyX —aryy — axy z
a:c55<+a:z:5y+az52
—arsX —arsy + azs z

—arsX+arsy —azsz

arsX —arsy —azsz

azsX + axsy +arsz
azsX —axrsy —arsZ

—azsX —arsy + axs z

—azs X+ axsy —axsz

arsX +azsy +arsz

—arsX+azsy —axsz

Cull
Cu II
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Cu II

Cu II
Cull
Cull

Cu Il

Cu II
Cull
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Cu II

Cull
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Cu Il
Cu II
Cull
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B51 = — (21‘5 —+ 2’5) ap —+ Z5 A + = als }A( — azs 5’ — axy 2 (961{) Cu III
(21’5 — 25) as

Bs: = (275 — 25) a1 + z5 a2 — = —arsX —azsy + axs (96k) Cu III
(2.%‘5 + Z5) as

Bss = —z5a; —z25ay+ (225 +25) a3 = ars X+ arsy — azs Z (96k) Cu IIT

Bsy = —25a; —25a2 — (225 —25) a3 = —arsX —arsy —azsZ (96k) Cu III

Bss = — (2w5 — 25) a1 + = arsX — arsy + azs Z (96k) Cu III

(225 + z5) ag — z5 a3
Bsg = (2$5 + 2’5) a; — (2.135 — 2’5) ags — = —Aals X+ axs y + azs Z (961{) Cu III
Z5 a3

Bs; = — (225 — z5) a1 — z5 a2 + = arsX+azsy — axs z (96k) Cu III
(2z5 + 2’5) ag

Bss = (2w5 + 25) a1 — 25 a2 — = —arsX+azs§ +axsZ (96k) Cu III
(21‘5 — Z5) as

Bsg = —zsa; — (225 — 25) ag — z5 a3 = —arsX —azsy —arsz (96k) Cu III

Beo = —zsa; + (23;‘5 + 25) as — 25 as = arsX —azsy +arsz (96]&) Cu III

Be1 = —z5a; — (2x5 — 25) ag + = azs X+ arsy —axs (96k) Cu III
(21‘5 + 25) as

Bg2z = —z5a; + (225 + 25) ag — = azsX —axrsy + axs z (96k) Cu III
(2{1}5 — 25) as

Bes = (225 4 25) a1 — 2542 — 25 a3 = —azs X+ arsy + axs (96k) Cu III

Bes = —(2o5—25)a; —25a3 — 2583 = —azsX —arsy — ars (96k) Cu IIT
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