a-Alum [KAI(SOy)s - 12H50, H443] Structure:
AB24CD28E2 ¢P224 205 a 4d b 2c¢4d ¢-001

This structure previously used the label(s) AB24CD28E2_cP224_205_a_4d_b_2c4d_c. Calls to these addresses will be redirected here.
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Prototype AlH54,KO50S2

AFLOW prototype label AB24CD28E2_cP224_205_a_4d_b_2c¢4d_c-001
Strukturbericht designation H4q5

Mineral name a-alum

ICSD 280547

CCDC 1721235

Pearson symbol cP224

Space group number 205
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Space group symbol Pa3

AFLOW prototype command aflow --proto=AB24CD28E2_cP224_205_a_4d_b_2c4d_c-001

—Tparams=a, T3, T4,Ts5,T6, Y6, 26, L7, Y7, 27, L8, Y8, 28, L9, Y9, 29, L10, Y10, 210, L11, Y11, 211,
T12, Y12, 212, 13, Y13, 213

Other compounds with this structure
NH4A1(SO4)2 . 12H2()7 KCI‘(SO4)2 . 12H20, RbAl(SO4)2 . 12H20, KAI(SQO4)2 . 12H20

e The alums have the general formula AB(XOy)s - 12H50, where A is a monovalent ion, B is a trivalent ion, and X is a
chalcogen. In most cases atom B is aluminum and atom X is sulfur, leading to the name alum.

e All alums have their room-temperature form in space group Pa3 #205, but the bonding between the A and B ions and
the XOy4 complex can be quite different.

e (Lipson, 1935ab) described three general forms of alum based on the sizes of the monovalent ions. Each of these forms
was given a Strukturbericht designation by (Gottfried, 1937):

— |o-alum, with intermediate sized ions, prototype KAI(SOy4)o - 12H50, H4,5 (this structure),
— |B-alum, with large ions, prototype (NH3CH3)AL(SOy4)s - 12H50, H44, and
— y-alum, with small ions, prototype NaAl(SOy4)s - 12HO, H445.

e This classification scheme is not compete, e.g., (Ledsham, 1968) points out that NaCr(SO4)s - 12H20| does not fit into
any of these categories, and that the actual structure depends on the combination of monovalent and trivalent ions.

e As noted above, the Pa3 structures of alum are the room temperature form. As the temperature decreases the alum
structure may transform. For example, in the temperature range 150-170K the S-alum (NH3CH3)Al(SOy4)s - 12H,0O
transforms into an orthorhombic structure with fully ordered NH3CHjs ions.

e (Ewald, 1931) designated the a-alum structure determined by (Cook, 1927) as H4s, but when the superior structural
determination of (Beevers, 1934) appeared this type was abandoned, and the new structure was given the designation
H4,5. (Nyburg, 2000) were able to determine the positions of the hydrogen atoms, so we use their improved structure as
our prototype.

e The oxygen atoms around the sulfur are statistically distributed in two ways: the probability of the O-I and O-III sites
being occupied is 78.7%, while the probability of the O-II/O-IV combination being occupied is 21.3%.

Simple Cubic primitive vectors

a; = ax

az = ay

az = az

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = 0 = 0 (4a) All
B, = Fa+ 3 ag = aX+ taz (4a) All
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B; = las+3ag = 309+ 3a2 (4a) AT
B, = la;+1a = lax+ iay (4a) All
Bs = la;+iay+1a; = laX+ tay+ a2 (4b) K1
Bg = 1ay = say (4b) K1
By = 1a = lax (4b) K1
Bs = 1aj = laz (4b) KI
By = T3a; + r3as + r3as = arsX +arsy + arsz (8c) 01
Bio = — (23— 3) a1 —xza + = —a(r3— %) X—arsy+a(zs+3)2 (8c) 01
(333 + %) az
B = —z3a; + (23 +5) ay — = —argX+a(rs+3)y—a(es—3) 2 (8¢c) 01
z3— 1) ag
Bz = (m—l—%) al—(xg—%) as—x3az = a(xg—&—%) X—a(xg—%) Y —axsz (8c) OlI
Biz = —r3a; — xT3as — T3as = —ar3X —ar3y — axr3Z (8c) (0!
Bia = (v3+3)aitzsas—(z3—3%) a3 = a(rs+3) K+arsy —a(zs—3) 2 (8¢) OI
By = xgal—(ng%) a2+(13+%) ag = angcfa(:cgf%)era(ngr%)Z (8¢) (OB
Bio = —(m-Yat@rdmt - —afn-dxtalmd) yran: (9 Ol
Z3as
Bz = Tqa1 +T4a0 + 2433 = axsX+arsy +axy (8¢) O1I1
Bis = —(za—3) a1 —zgar + = —a(zs— ) x—aray+a(za+3)2 (8c) 011
(wa+3) a3
By = —zga; + (za+ 1) ap — = —arsX+a(zs+3)y—a(za—3) 2 (8¢) ol
(0 1) 2
By = (a:4—|—%) al—(a:4— %) ar—1r4a3 = a(m—&—%) i—a(m— %) Y —axsZ (8¢) OlII
Bz, = —Tga; —Tgay — T4 a3 = —ar X —axsy —axs Z (8¢) on
B = (zs4+3) aitaziar—(za—3) a3 = a(za+3) X+tavay—a(za—1) 2 (8¢) O1I
By = a?4al—(x4—%) a2+(:1c4+%) ag = ami—a(m—%)y—i—a(m—i—%) Z (8c) OII
Bas = —(ma—3)ar+(za+3)at+ = —a(zs—3) X+a(za+3) §+an,2 (8c) on
T4a3
Bos = Tsa; + Tsas + T5as = axs X+ axrsy + axsz (8c) S1I
By = — (x5 — 3) a1 —wsa2 + = —a(ws— %)X —arsy+a(zs+3)2 (8c) ST
(o0 + 1) 2
By; = —zsay + (x5 + 1) ap — = —azsX+a(zs+3)y—a(zs—3) 2 (8¢) ST
v 1) ag
B2s = ($5+%) al*(ﬂfsfé) az—Tsaz = a(x5+%) fi*a(%*%) y—azsz (8¢c) S
Bay = —I5a; — T5ag — Ty ag = —arsX —ar5y — axsZ (8c) ST
Bsgo = (z5+3) aitasas—(25—3) a3 = a(zs+3) Xtavsy—a(wvs— 1) 2 (8¢) ST
Bs1 = wzsa;—(25—3) axt+(zs+3) a3 = arsk—a(wvs—3)y+a(vs+3) 2 (8c) ST
Bsz = —(w5—%)ai+(5+3)a+ = —a(zs —3) XR+a(zs+3) §+ars2 (8¢c) S1
Ts5ag
Bis = ZTeal + Y az + 26 a3 = ar¢X+aysy + azg (24d) HI
B3y = — (w6 —3) a1 —ysaz + = —a(ze—3)X—aysy+a(z+3)2 (24d) HI
(26 + %) az
Bss = —zgay + (y6+%) as — = fax6>‘(+a(y6+%) yfa(z(;f %) Z (24d) HI
(26 — 3) as
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Bss
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— (26— 3) a1l —zgas +
(v6 + 3) a3
—Z¢ a1 + ($6+%) ag —
(s = ) s
Yo a1 + 26 Az + T a3
—Year + (2’64-%) az —
(10— ) 2
(v6-+4) a1 (25 — ) au o
—(ys— 3) a1 — z6 a2 +
(w6 +3) a3
—Teal — Ye A2 — 26 a3
(z6 +3) a1 t+ysaz— (2 — 3) as
roar—(yo = 3) @zt (2 + 3) &

(oo —F) (o +F)
Zg as
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(o= B+ (oot}
Ys A3
(Z(s + %) a;+2¢ a2—(y6 - %) as
2631—(96‘6 — %) a2+(y6 + %) as
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—(ys—3) a1+ (2 +3) a2 +
Te as
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(27 +3) a1— (27 — 3) a2z —yrag
—(Z7— %) a; —rryas +
(v7+3) a3
—z7a; + (337+ %) as —
(2/7* %) as
yray + zraz +z7ag
—yrai + (Z7+ %) az —
(7= 3) as

(Z/? + %) al—(z7 - %) az—x7as

a(x6+%) )A(fa(yﬁf%) ¥y —azz
azgX + axgy + aye 2
a(zG—l—%) fc—a(:lcg—%) Y —aye Z

—a(z—3)%—avgy+a(ys+3) 2

—azﬁchra(xﬁJr%) yfa(y —%) Z

aye X+ azg ¥ + axe 2

—aysX+a(z+3)y—a(ve—31)2
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—a(ys— 1) X—azy+a(ve+1i)2
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>N

angcfa(y f%) era(z@Jr%) Z
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—Q(ZG—%) ﬁ+a(x6+%) ¥V + aye z

a(zs+3) X+arey—a(ys—3) 2
azﬁfc—a(mg—%) y+a(y6+%) Z
—aygX —azgy — axeZ
ayﬁfc—a(ze,—%) y—i-a(acg—i-%) Z

—a(ys—3) X+a(z+3)§+azes
a(y6—|—%) i—i—azgy—a(x(;—%) z

arx7X+ay: ¥ +azrz

—a(zr—3)X—ayry+a(er+1i)2
Sk alp 1) a1

a(x7+%) )A{fa(y7f%) y—azrz
azr X+ ax7y + ayr 2
a(z7+%) fc—a(aw—%) Y —ayrz
—a(zz—3)X—av;y+a(yr+3)2
—azX+a(zr+3)y—alyr—1)2

ayrX+az; ¥y +ax7z

—ay7fc+a(27—|—%) y—a(x7—%) Z

a(y7+%)i—a(27—%)y—ax7z
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B At o+ F)
X7 as
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—(908—%) a; —ygaz +
(Zg + %) as
—rga; + (yg + %) az —

(s —3) as
(6 3) o~ (s — 3) 220y
zga] + rgaz +ysas
(28 +3) a1 —(zs — ) a2—ys as
—(28—%) a; —rgas +
(ys + 3) as
—zga + ($8+ %) ag —
(ys — 3) 2
Ysa; + zgag + rgas
—Ysai + (Zs-i- %) az —
xrg — %) as
(Z/8+ %) 31—(28 - %) az—rsgag
—(ys—5) a1 — zzaz +
(l‘8+ %) as
—ZIgar —Ysaz —zgas
(l‘s + %) ai;+ys 32—(28 - %) as
stal—(ys - %) a2+(28 + %) as

(o= 3) m+ (3t
zZg as

—Zga; — Tgaz —Ysas
(= d) ot (a5 4 ) st
Ys as

1

(28 + %) a;+rgag— (ys - 5) as

—a(yr—3) X—axyg+a(zr+1i)2

—ar7X —ayry —azr z
a(or+4) %ty —a(e-4) 2
avrX—a(yr—3) ¥ +a(er+3) 2

fa(az7f%) i+a(y7+%) V+aziz

—azrX —ar7y — ayr z

oo 3) taertd)§+an

0o +3) ka3 —aln - })
wsrk=afor—3) 9+aln+})

N> N>

—ayrX —azry —axr Z
ay75<fa(27f%) y+a(x7+%) Z
—a(yr—3)X+a(zr+3)§+azri

a(y7—|—%) i+a27y—a(x7—%) Z
argX +aysy +azg

—a(zs—3) X —aysy+a(xs+1i)2

cansgta (st L) y-a(n-b) 2
G,(J?g—‘r%) )“(—a(y —%) Yy —azi
azgX +axsy + ays z
a(28—|—%) f(—a(xg—%) Y —aysz
—a(zs—5) X—axsy+a(ys+3) 2

1\ -

—azsfc—l—a(xg—i-%) y—a(y —5) Z

aysX + azs ¥ +argz

—aysk+a(zs+3)y—a(zs—1)2

a(yg—k%)i—a(zs;—%)y—axgi

fa(ysf%) )“cfazsera(ngr%) Z

—argX —aysy —azs z

a(xg—&—%) f(—l—aygy—a(z —%) Z
axg)‘(—a(ys—%) }7—|—a(zg—|—%) Z
—a(zs—3)X+a(ys+3) 9 +axni

—azgX —axrsy —ays z

caes - 1) ktaestd)§ 4o

a(zs+3) X+arsy—a(ys—3) 2
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Bioo =
Bio1 =
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Biso
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2831*(138 - %) 32+(ys + %) as
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ysa;— (28 — 1) az+ (zs + 3) as
=)+ (ot ) mat
Irg as
(yg + %) a;+ 28 ag—(lﬂg — %) as
Tgay + ygaz + Zg ag
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—Tgai + (y9+ %) az —
(20— 3) as
($9+ %) a1—(yg - %) ag — 29 ag
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(0-+4) 2
—ZXgay —Ygaz — Zgasz
(339 + %) a1 +Yo 32*(29 - %) as
zoar— (yo — 3) az+ (20 + 3) as
—(Ig—%) a1+(yg+%) as +
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—ary X+a(yn+3)y—a(z1—3) 2
a(zn+3)X—a(yn—3)§y—aznz

az1X+arn ¥ +ayi 2
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Biss

Bisg
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Bie7

Bies
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Bivo

Bi71

Bi72

Bi7s =

Bi74 =
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Bi7e

Bi77

Bi7s

Bivo
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(z11+5) a1 — (211 — 3) a9 —
Y11 a3
— (211 — %) a; —xjpaz +
(yu + %) as
—znar + (z1 + 5) as —
(y11 = 3) as
Yyiiar +2zi1az + T as
—yi1a; + (211 + %) az —
(1’11 — %) as
(y11+3) a1 — (211 — 3) a2 —
T11 a3
_ (yll — %) a; — zj1as +
(3311 + %) as
—T11a1 —Yi11az — 211 a3
(3311 + %) a; +yi1as —
(211 = 3) a3
zi1a; — (Y11 — 5) az +
(Z11 + %) ag
—(r1—3)ar+ (yi1+3) a2+
211 a3
—Z11Q1 —%11A2 —Y11a3
— (1 — %) ar+ (11 +3) a +
Y as
(211 + %) a;+znpag —
(yu - %) a3
zinar — (211 — 3) az +
(911 + %) as
—Y11a1 —2z11a2 — 1183
yuar — (211 — 3) ag +
(z11+ 1) a3

—(y1—3) ar+ (211 +3) as +
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Bigg

B2go
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B2o2

B3

B2os

Baos

B2os

Ba2or

Baos

Ba2gg

—zipa1 + (z12+ 1) ap —
(1112 - %) a3
Yiza1 +z12a2 +ri12a3
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(y12 + %) a; — (2’12 - %) az —
Ti2Q3
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(1’12 + %) as
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(3312 + %) a; +yi2as —
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B2io = —y1sar + (213 + 3) az — = —ayisX+a(z3+3)y—a(ziz—3) 2 (24d) O VI
(I13 - %) a3

B211 = (y13 + %) a; — (213 — %) ag — = a (y13 + %) X—a (213 — %) 5’ — axris Z (24d) O VI
T13 a3
Bsio = — (y13 — %) a; — 21z3az + = —a (ylg — %) X—az13y +a (1‘13 + %) Z (24(1) O VI
(3713 + %) as
B2is = —ZT13a; — Y13 a2 — 213 a3 = —ar13X —ayi13y —az132 (24d) O VI
B214 = (xlg + %) a; + Y13 ag — = a (1'13 + %) X + aylgy —a (213 - %) Z (24d) O VI
(213 - %) asg
B21s = ziza; — (Y13 — 3) ag + = arisX—a(yizs—3) y+a(zz+3) 2 (24d) O VI
<Z13 + %) ag
Baie = —(zis—2)ar+(yis+3)as+ = —a(ziz—3%) %+a(ys+3)y+anss (24d) O VI
213 a3
Bai7r = —Zz13a1 — 1382 — Y1383 = —az13X —ar13§ — ayi13 2 (24d) O VI
Bais = —(ss—3)ai+ (zs+3)ac+ = —a(zs—3) X+a(zs+3)§+ayizz (24d) O VI
Y13 as
leg = (2’13 + %) a; +xrizaz — = a (2’13 + %) X + azlgfr —a (y13 — %) Z (24(1) O VI
(Z/ls - %) as
B220 = Zigap — (£E13 — %) as + = CLZlg}A( —a (.’E13 - %) 5’ +a (y13 + %) Z (24d) O VI
(y13+ 3) as
Ba21 = —Y13a1 — z1382 — T13a3 = —ay13X —azi3y —ari3z (24d) 0O VI
Ba22 = yiza; — (213 — 3) as + = ayisk—a(zns—3) §+a(ziz+3) 2 (24d) O VI
(213 + 3) a3
B223 = — (y13 — %) ap —+ (213 —+ %) ao —+ = —a (y13 — %) 5( +a (213 + %) S’ + axris 2 (24d) O VI
Ti3 a3
Ba24 = (y13+ 3) a1 + z13a — = a(ys+3) X+azzy —a(z13—3) 2 (24d) O VI

(9613 - %) as
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