C&gAlQ(OH)lg <J23) Structure:
A2B3C12D12_cI232_230_a_c_h_h-001

This structure previously used the label(s) A2B3C12D12_¢I232_230_a_c_h h. Calls to these addresses will be redirected here.
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Prototype Al;CasH12012

AFLOW prototype label A2B3C12D12_¢I1232_230_a_c_h_h-001
Strukturbericht designation J23

ICSD 62704

CCDC 1625911

Pearson symbol cl232

Space group number 230

Space group symbol Ia3d
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AFLOW prototype command aflow --proto=A2B3C12D12_cI232_230_a_c_h_h-001

—Tparams=a, T3, Y3, 23, T4, Y4, 24

e The original determination of this structure by (Brandenberger, 1933) did not locate the hydrogen atoms, and according
to (Gottfried, 1937) used the coordinates of garnet, S14. (Bartl, 1986) was able to locate the hydrogen atoms, and as
they do not change the space group we include them in the J23 structure.

Body-centered Cubic primitive vectors

a; = —i1aX+3ay+3az
as = %af{—%ay—i-%ai |
ag = %a}‘ch%ayf%aZ
Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = 0 = 0 (16a) AlT
B, = l1a;+1a; = 3a¥ (16a) AT
By = las+ 1aj = za% (16a) AlT
B, = la;+sa = 302 (16a) All
By = la, = —1ax+ tay+ taz (16a) Al
Be = laj+iay+1lag = 1ax+ tay + taz (16a) All
B, = lay = 10X+ tay — taz (16a) All
Bg = la, = X — tay + jaz (16a) AlT
By = laj+2ay+lag = sax+ a2 (24c) Cal
Bio = 3a;+gax+ 3 ag = —gaX+ 309+ taz (24c) Cal
B, = sait+iax+gas = jaX+gay (24c) Cal
B, = Saj+3ay+1iag = jaX— tay + a2 (24c) Ca I
B;s = 3ai+lay+1lag = 109+ gaz (24¢) Cal
By — la;+2ay+3ay = jaX+ a9 — a2 (24c) Cal
Bis = fart+gartga = HESE TS L (24c) Cal
Bis = ja1+ fax+ 2 as = gax+ja2 (24c) Cal
Bir = Taj+2ay+ 2ag = jaX+ 20y + Jaz (24c) Cal
Bis = fait+iax+gas = 1a%X+3gay (24¢) Cal
Big = Saj+Zlay+2ag = 30X+ 10§+ a2 (24c) Cal
By = Taj+2as+lag = 109+ gaz (24¢) Cal
Bar = (p3t+z)ar+(mzt+z)at = ar3X +ays ¥ + azs 2 (96h) HI

(3 +y3) a3
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B22

B23

Bas

B26

Bar

Bas

B29

Bso

B31

B32

B34

B35

Bsr

Bss

B39

Byo

B41

B2

Bys

(*y3+23+ %) a; —

(z3 — 23) ay — (23 +y3 — 3) a3

1

(ys — 23) a1 — (x5 + 23 — 3) az+

(-3 +ys + 3) as
(y3+z3—7) a; +

(x5 — 23+ 3) az + (x5 —y3) a

(3 +ys3) a1 + (y3 + 23) az +
(Ig + 2’3) as

—(zs+ys—3) a+

(—y3 + z3 + %) ag — (LC3 — 23) as

(—z3+ys+3) a1 +

(ys — 23) @ag — (3 + 23 — 3) a3

(x3 —y3) al—(y3 + 23 — %) az+

(1‘3 — 23+ %) as
(x3+23) a1 + (z3 +y3) az +
(ys + 23) &

—(333 —23) a; —
(z3+ys— %) as+
(~ys +23+3) as

(QC3+237*) a; +

(*963 + Y3+ ) ax+(ys — 23) as

(363—234-%) a; +

(r3 —y3) az — (y3+23 - %) az

(v3 =23+ 5) ai +
(ys —23) ax + (v3 +y3) &
(st b a-
(y3+z3—%) ag —
(x3+y3—%) as

— (w3 — 23) a1 + (y3 + 23) az +

(—.’133 + Ys + %) as
(3 + 23) ar +

(—y3s+23+ %) as+(x3 —y3) @

(—ys + 23 + %) a; +
(3 —y3) az + (w3 + 23) a3

(y3 + 23) a1 +

(*1’3 + Y3+ %) ax—(r3 — z3) ag

—(y3+23—7) a; —

(y3 — 23) a1 + (23 +y3) as +
(xg — 23+ %) as
(w3 +ys+3) ar —

(r3 —23) a2 + (y3 +23) a
(3 —ys) a1 + (w3 + 23) az +
(—ys+ 23+ 3) a3
(3 +ys) a1 +
(353 —z3+ %) as + (y3 — 23) a3

fazzzgfcfa(yg—f) V+azzz
—a(xg—%) X+aysy —azzz
amgfc—aygy—a(z;),—%) Z
az3X+axsy +ays z
azB)‘(—axgy—a(yg—%) Z
—GZ?,)A(—G/(.’BQ;—*) Y+aysz
—a(z3— %) X+az3y —ays 2
aysX +az3y +arsz

—a(yg—%) X+az3y —axsz

~

ayg)‘(fa23yfa(ng%) Z

—aygi—a( 3—7) y+arsz

afys —1) X+a(es+1) 9 -alzs-

—a (y

1 x-a(ea— 1) 9-a -

(y3+ )X—a(l'g—*)y—f—CL(Zg—

~a(n =) ha(ea— 1) 9a e+

a(xg—*)X‘i‘a(ZS‘f' ) a(ys—

—a(oa ) xba o= ) g+alua + ]

(96h)
(96h)
(96h)
(96h)
(96h)
(96h)
(96h)
(96h)

(96h)

(96h)
(96h)
(96h)

(96h)

(96h)
(96h)
(96h)
(96h)

(96h)

(96h)
(96h)
(96h)

(96h)

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI

HI



B44

B45

Bus

Byr

Bys

Byo

B50

Bs2

B53

Bss

B55

B56

Bsr

B58

B59

Beo

B61

Be2

B63

Bea

(- d) e
(a2 22— ) 2z -
(y3 + 23 — %) as
—(ys +23) a1 — (z3 + 23) a2 —
(z3 +y3) a3
(y3— 23+ 3) a1 +
(z3 — 2z3) a2 + (333 + Y3+ %) az
—(y3 —23) a1 +
(va+ 20+ ) aa +
(533 — Y3+ %) as
(ys + 23+ 5) a1 +
(—ws + 23+ %) ar—(r3 —y3) a3
—(r3+y3) a1 — (y3 + 23) az —
(73 + 23) a3
(zs+ys+3) a +
(yg — 23+ %) as + (z3 — 23) ag
($3—y3+%) a; —

(ys — 23) ag + (z3 + 23 + 3) a3
—(r3 —y3) a1 +
(y3+23+%) as +
ST
— (23 +23) a1 — (x3 + y3) a2 —
(y3 + 23) a3
(z3 — 23) a1+ (x3 + ys + 3) as+
(213 — 23+ %) ag
(1 20+ ) ar +
(563 — Y3+ %) ay — (y3 — 23) a3
(<o +20+3) i -
(z3—ys) ag+ (y3s + 23+ 3) a3
(—153 + 23 + %) a1 —

(ys — z3) ag — (3 +y3) a3
(1 20+ ) 0+
(y3+23+3) az+
(.’Eg +y3 + %) as
(r3 — 23) a1 — (y3 + 23) as +
(333 — Y3+ %) az
- (xg + 23) a; +
(y3 — 23+ %) az — (r3 —y3) a3
(y;;—z:;—&—%) a; —

(z3 —y3) a2 — (z3 + 23) a3
—(y3 +23) a1 +
(Z:s — Y3+ %) as + (73 — 23) ag
(y3+z3+%) a; +
($3+y3+%) az +
(a4 22+ 1) 2
—(y3 — 23) a1 — (z3 + y3) az +
(Coat o+ 4)

a1 %alyy - ) yoale - )

—arsX —aysy —az3z
A 1\ ~ ~
ax3x+a(y3+§) Yy —az3z

a(:z:ng%) X—aysy +az3z

—angc—l—aygy—i—a(zg—i—%) Z
—azz3X —axr3y —aysz

~ ~ 1 -~

—azX+arsy+a(ys+31) 2

~ 1\ ~ N

azgx+a(x3+§) Yy —aysz

a(z;),—i-%) X—ax3y +aysz

—aysX —az3 § — axs 2
a(ys+3) X —az§y+axs2
—aysX+azy+a(zs+3) 2
aysX+a(zs+3) § —axs2

—a(ys+3) X—a(zs—§) §+a(z+1) 2

a(ys+3) X+a(zs+1)y+a(sti)z

—a(ys — %) X+a(zs+ 1) y—a(z+1) 2
a(m+ ) K—a(ea+d) -alza—1)2

~aa ) &-a - §) raln+1) 2
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(96h)
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(96h)
(96h)
(96h)
(96h)
(96h)
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Bss

B66

Ber

B68

Beo

Bro

Br;

B2

Bre

Br7

Brs

Brg

BSO

Bs:

B82

Bss

BS4

B85

Bss

O
(z3 — z3) a2 — (y3 + z3) a3
— (73 —y3) a1 — (w3 + 23) a2 +
(93 — 23+ %) as
—(z3+ys) a1 +
(*1’3 + 23 + %) ax—(ys — 23) a3
($3+y3+%) a; +
($3+23+%) ap +
(y3 + 23+ %) ag
(y4 + 24) a; + (l‘4 + 2’4) as +
(T2 +y4) a3
(—pa+za+3) a—
(24— 24) 3y — (24 +ya — 3) a3
(Ya — za) a1—($4 + 24 — %) az+
(—964 tyat %) az
—(ya+za—3)a+
(1‘4 —Z4 + %) as + (r4 —y4) a3
(x4 +ya) a1 + (Ya + 24) az +
(4 + 24) a3
—(atya—3) A+
(—y4 + 21+ %) as— (x4 — 24) a3
(—374 +Ya+ %) a; +

(ya — 2z4) a2 — ($4+Z4 - %) az

(x4 — ya) 31*(y4 + 24 — %) az+
(04— 210+ 5) 2
(4 +24) @1 + (24 +ya) @2 +
(ya + 24) ag
- ($4 - 24) a; —
(ot v 1) at
(—ya+ 21+ 3) a3
—(2sa+24—3) a1+
(—$4 +Ys+ %) acr+(ys — 21) a3
(= bt
(T2 —ya) @2 — (ya+ 24 — 5) a3
(I4—Z4+%) a; +
(Ya — 24) @z + (24 + ya) a3
(et ) ane
(y4+z4—%) az —
(964 +Ys — %) as
— (x4 — 24) a1+ (ya + 21) a2 +
(—z4+ys+3) a3
(x4 + 24) a1 +
(—y4 + 24 + %) ax+ (x4 — y4) a3
(—ya+2a+3) a+
(14 — ya) az + (24 + 24) a3
(ya + 24) a1 +
(*364 +Ya+ %) as— (14 — z4) a3

—a (23 + %) X—a (y — %) Y+a (503 + %) Z
(e 2) (s 1) 5 1) 2
oos+ 1) %—aln+d) 9 —ales—

ot §) K a(nt}) 9 +alont ) 2

axsX+aysy +az4 2
faz4)“<fa(y4f%) V+azyz

—a(z4—3) X+ aysy —azs2
arsX—aysy —a(z—3) 2
azy X+ ars § + ays 2
azX—arsy —a(ys—3) 2
—azgX—a(zs— %) §+ay2
—a (24— 3) R+ azsy —ays 2

aysX+azy ¥ +aryz

—a (y — %) X+az4y —axyz

~

ay4§<—a24y—a(x4—%) Z
—ay45(—a(z4—%) V+aryz
a(ya—3) X+a(za+3)y—a(z—

~ain—3) x-a (o~ 3) 9-a (-

ot} x-alm-H grala-
~an—3) x+ale— 1) Srala+ ) 2
olor-3) xtalatd) g-an-

—a(va—3) X+a(z—3) y+a(y+3) 2
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Ol1I
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(O
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01l

(O
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01l
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OlI

(O

(O



Bg~

B88

Bso

B90

Bo;

B92

B93

Bos

B95

Bos

By~

B98

Bogg

B1oo

BlOl

B102

B103

Bios

Bios

B106

Bio~

~(yatza—3) a1 -
(Za+ya—3) az—
(442 — ) 2
(Ya — 2z4) a1 + (w4 +ys) az +
(421 1) 2
(—334 + Ya + %) a; —

($4 — 24) as + (y4 + 24) as
(x4 —ys) a1 + (4 + 24) a2 +
(—y4 + 24 + %) az
(4 +ya) a1 +
(x4 —24+3) as+ (ya — 24) a3

— (Ya+ 24) a1 — (4 + 24) Az —
(T4 +y4) a3
(ya— 22+ %) a1 +
(4 — 24) a2 + (334 + Y4+ %) ag
—(ya — 2z4) a1 +
($4+Z4+%) ap +
(564 — Y4+ %) as
(ya+ 20+ 5) & +
(—964 + 24+ %) az— (4 — y4) a3
—(za+ya) a1 — (ya + 24) a2 —
(4 + 24) a3
(za+ya+1)a+
(y4 — 24+ %) as + (z4 — z4) a3
(x4—y4+%) a; —
(ya—2a) ag + (za + 24 + 3) a3
— (24 —ya) a1 +
(ya+ 21+ 3) az+
(maa+ 2+ 3) 2
— (T4 +z1) a1 — (T4 +ya) a2 —
(Y4 + 24) a3
(4 — 24) al+(I4 +ya + %) az+
(ya—21+3) as
(va+ 20+ 3) ar +
(5E4 — Y4+ %) az — (ya — 24) a3
(cret2a+3) ai -
(Ta—ya) ag+ (ya+ 21+ 3) a3
(—$4 + 24 + %) a; —

(ys — 24) @z — (w4 +ya) a3
(st 20+ 3) 4
(y4—|—z4+%) az +

(964 T Y4+ %) as
(4 — 24) @1 — (Y4 + 24) @z +
(x4 —ya+3) a3

afei- ) sala- ) yoa(n 1)z

a(eat )& —alu-1)y a1z

a(z—3) Xtalyaty)y—alra—j)2

a(at ) k—alm-1)y+a(e-1)2
“a (e 3) R (s 3) §ra (st ) 2

—a(z— ) %—a(ya—3) J-a(ra—3) 2

—ara X —aysy —az4
A 1\ ~ A
aa:4x+a(y4+§) Y —az4Z

a(:v4+%) X—aysy +az4z

—ax4§c+ay4y+a(Z4+%) Z
—az4X —axyy —ays

A A~ 1\ A

—aZ4X—|—ax4y—|—a(y4+§) Z

A 1\ ~ ~

a24x+a(x4+§) Yy —aysz

a(Z4+%) XR—axsy+aysz

—ays X — azy ¥ — avq %
a(ys+3) X —azny +ava2
—ayaX+any+a(rs+3) 2
aysX+a(za+3) §—axs2

—a(ya+ i) %—a(es— 1) 9+a(za+7) 2

a(yr+3) X+a(za+d)y+a(aati)z

—a(ys— %) Xta(zg+3) y—a(za+3) 2
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~

Bios = —(za+24) a1 + = a(y4+i))A(fa(x4+i)yfa(Z4fi)z (96h) Ol
(y4724+%) ay — (z4 — ya) a3

Biog = (ya—24+3) a1 — = —a(za+3i)%—a(zu—31)9+a(pu+13)2 (96h) Ol
(T4 —ya) az — (x4 + 24) a3
Bi1o = —(ya+z1) a1 + = a(wa+3)%—a(u+d)y—a(ya—3)2  (96h) 01
(x4 —ya+3) az+ (4 — 21) a3
Bi11 = (ya+2a+3) a1+ = a(zs+3)%+a(zu+i)y+a(yati)z (96h) Ol

(x4+y4+%) az +
(4-+21+ 1) 2y

Biig = —(ya—z)ar—(zatya)as+ = —a(za—g)RXta(za+i)y—ayati)? (96h) 01l
(—x4 + 24 + %) as
Bi1s = (24 —ya+3) a1 + = —a(u+3i)g—a(yu—13)9+a(za+3)2z  (96h) 01
(24 — 24) a2 — (ya + 21) a3
Biia = —(za—ys)ar—(ea+z)az+ = —a(za—7)Xt+a(yu+i)y—a(eati)2 (96h) Ol
1
Ya — 24 + 5) az
Bi1s = — (T4 +ya) a1 + = a(u+i)x—ay+i)y—a(za—3%)2z  (96h) Ol
(*964 + 24 + %) ar—(ya — 24) a3
Bi1s = (za+ys+1)a+ = a(u+3)X+a(ya+d)y+a(za+i)2 (96h) OI1I

(334+Z4+%) as +
(Z/4+24+%) ag
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