Low Temperature (NH3CH3)AI(SOy)s - 12H50 Structure:
ABC30DE20EF2_0P220.29 a_a_30a_a_20a_2a-001

This structure previously used the label(s) ABC30DE20F2_0P220_29_a_a _30a_a_20a_2a. Calls to these addresses will be redirected here.
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Prototype AICH3,NO9S,

AFLOW prototype label ABC30DE20F2_0P220_29_a_a_30a_a_20a_2a-001
ICSD 108970

CCDC 1209252

Pearson symbol oP220

Space group number 29

Space group symbol Pca2,
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AFLOW prototype command aflow --proto=ABC30DE20F2_oP220_29_a_a_30a_a_20a_2a-001
--params=a, b/a, c/a,x1, Y1, 21, T2, Y2, 22, T3, Y3, 23, Td, Yd, 24, L5, Y5, 25, L6 Y6, 26, 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, T165 Y165 2165 L17, Y17, 217, T18, Y18, 2185 £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, 230, T31, 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, L41, Y41, 241, T42, Y42, 242, T43, Y43, 243, L44, Y44,
244, 45, Y45, 245, T46, Y465 246, LAT, Y47, 247, T48, Y48, 248, 49, Y49, 249, L50, Y50, 250, T51, Y515 251,
T52, Y52, 252, T53, Y53, 253, L54, Y54, 254, T55, Y55, 255

e The alums have the general formula AB(XQy4)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 XO4 complex can be quite different.

e (Lipson, 1935abc) 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)s - 12H50, H443,
— |G-alum, with large ions, prototype (NH3CHs3)Al(SOy4)s - 12H50, H444, and
— y-alum, with small ions, prototype NaAl(SOy4)s - 12HoO, H445.

e This classification scheme is not compete, e.g., (Ledsham, 1968) points out that NaCr(SOy4)s - 12H50| 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)A1(SOy4)2 - 12H50
transforms into this orthorhombic structure| with fully ordered NH3CHg ions.

e The data presented here was taken at 113K.

Simple Orthorhombic primitive vectors

a; = ax

ap, = by

ag = cZ

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = r1a; + Yy as + 21 ag = aryX+by y +cz1 Z (4a) All
B, = —x1a; —yyas + (zl—i—%) as = —amlﬁ—byly—f—c(zl—i—%) A (4a) All
B; = (wl—i—%) a; —yjas + 21 as = a(a:l—i—%)fc—byly—i—czli (4a) All
B, = —(m —%)al—i—ylag—i— = —a(xl—%)fc—kbyly—l—c(zl—l—%)i (4a) All

(=1 +3) as
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($36 + 5) a; — Ysg Az + 236 A3
1
- (5036 - 5) a1 +Ysg Az +
1
(236 + 3) a3
Z37ay + Ysrag + z37as
1
—Tg7a; —Ysraz + (237 + §) as
1
($37 + 5) a; —Ysrag + 23ras
1
- (3937 - 5) a; +ysraz +
1
(237 +3) a3
T3gay + Ysgaz + 23z as
1
—T3ga; —Ysgaz + (238 + §) as
1
($38 + §) a; —Ysgaz + 23z a3
1
- (9638 - 5) a; +ysgaz +
1
(235 + 3) as
T39 @1 + Ysg az + 239 a3
1
—T39a; — Y39 az + (239 + 5) as
1
(I39 + §) a; —Yzgaz + 239 A3
1
- (9539 - 5) a; +Yysgag +
1
(230 + 3) a3
T40 @1 + Y40 A2 + 240 A3
1
—ZT40 @1 — Ya0 A2 + (2’40 + 5) ag
1
($40 + 5) a; — Yap a2 + 240 A3
1
- (5640 - 5) a; +ysoaz +
1
(240 + 5) ag
T41 @1 + Y41 22 + 241 A3
1
—T4121 —Yq1 A2 + (241 + 5) as
1
(3041 + 5) a; — Ya1 @z + z41 A3
1
- (5641 - 5) a; +ya1 ag +
1
(241 + 5) ag
T42 @1 + Ya2 @2 + 24223
1
—T42@1 — Ys2 @2 + (242 + 5) az
1
(£U42 + 5) a; —yaz Az + 24233
1
- (9642 - §) a; + yspaz +
1
(242 + 5) ag
T43 @1 + Y43 a2 + 243 A3
1
—ZT4z3 @1 — Yaz a2 + (243 + 5) as
1
(9643 + 5) a; —yazaz + 24383

—(xa3 — 5) a1 +yszas +
(243 +3)

T4q 81 + Ygqa 22 + 244 A3

—a(rss —3) X+byss§+c (235 +5) 2

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

a (a:36 + %) X —bys¢ ¥ + cz36 2

—a(zss—3) X+bysey +c (236 +3) 2

azx3r X +bys7r ¥ + cazr
—ax3r X —bysr § 4 ¢ (237 + 5) 2

a ($37+ %) X—bys7r ¥ +cz3rZ

—a(zsr—3) X+bysry +c(23r+3) 2

azr3g X + bysg ¥ + cz3s 2
—axss X —byss § + ¢ (238 + 5) 2

a (Igg + %) &—by38y+62382

—a(r3s — 3) X+byssy +c (238 +5) 2

azr3gX + byse ¥ + cz39 2
—ax3g X — byse ¥ + ¢ (230 + 3) 2

a (11739 + %) )A(*byggyﬁ’CZggz

—a(z39— %) R+bysey +c(z30+3) 2

arsoX +byso ¥ + cza02
—azgo X —byso ¥ + ¢ (210 + 3) 2

a(zgo+3) X—byso ¥ + cza0 2

—a(r40 — 3) K+ byao ¥ + ¢ (200 + 3) 2

ary X +byn §+czq1 2
—arg X —byny +c (241 + %) Z

a(za+3) X —byn § + cza 2

—a(z41 —3) R+byn § +c (a1 + 3) 2

aTs2 X +byso § + c2a2 2
—argaX —bysa ¥ +c (2’42 + %) Z

a(ra2+3) R—bysay +czan

—a (r42 — 3) R+ byaz§ +c (242 + 3) 2

ax43 X +bys3y + cz432
—azgsX —byss ¥ +c (23 + 3) 2

a(ra3+3) R —byszy + czuz

—a (r43 — 3) K+ byas§ +c (a3 + 3) 2

aT4a X +bYsa § + c244 2

OlII

O III
O III
O III
O III

o1V
o1V
O1v
o1V

ov
oV
oV
oV

O VI
O VI
O VI
O VI

O VII
O VII
O VII
O VII

O VIII
O VIII
O VIII
O VIII

0 IX
0 IX
0 IX
0 IX

00X
0X
00X
0X

O XI



B174 =

Bi7s

Bi7e =

Birr =

Bi7s =

Bi7g

Bigo =

Big1 =

B182
B183

Bigs =

Biss =

B186

Bisgr

Biss

Bigo =
Bigo =

Bio:
Bio2

Bigs
Bio4
Bigs

Bios

Bio7
Bigs

Bigo =

B2go

B201

B202 -

B2os

B204 =

B205

Bags =

Baor

—T44@1 — Yag Az + (244 + %) as
(3044 + %) a; — Yag @z + Zga A3
- (5644 - %) a; +yaqag +
(244 + %) ag
Tgs5 A1 + Y45 A2 + 245 A3
—T45 @1 — Ya5 A2 + (245 + %) as
(9045 + %) a; —yas Az + 245 a3

— (245 — 5) a1 + yas @z +
(245 + %) az
T46 A1 1 Ya6 A2 + 246 A3
—Z46 A1 — Yap A2 + (246 + %) as
(9646 + %) a; — Ya6 A2 + 246 A3

1
- (3046 - §) aj; + yss az +
1
(346 + 5) ag
Ta7 A1 + Ya7 A2 + 24723
1
—ZT47 @1 — Ya7 a2 + (247 + 5) az
1
(5647 + §) a; —yaraz + 2473
1
- (3347 - 5) a1 +yarag +
1
(247 + 5) asz
T4g A1 + Yag A2 + 248 A3
1
—a48a1 — Yasaz + (245 + 3) ag
1
(5648 + §) a; —ysg Az + 248 a3
1
- (1348 - 5) a; +Yyagag +
1
(218 +3) a3
T49 A1 + Ya9 A2 + 249 A3
1
—T49 a1 — Yag A2 + (249 + 5) az
1
(3649 + 5) a; —Yag Az + 249 a3
1
- ($49 - 5) a; +Yagaz +
1
(249 + 5) az
Ts0 a1 + Ys0 A2 + 250 A3
1
—ZT50a1 — Y50 A2 + (Zso + 5) az
1
($50 + 5) a; — Yspaz + 250 A3
1
- (xso - 5) a1 +Ysoaz +
1
(250 + 5) az
Ts1 a1 + Ys1 A2 + 251 A3
1
—T51 a1 — Ys1 Az + (Z51 + §) as
1
($51 + 5) a; —Ys1az + zs1 a3
1
- (5051 - 5) a1 +yYs1az +
1
(251 + 5) az
Ts2 @1 + Ys2 a2 + 252 a3
1
—Ts2a1 — Ys2 A2 + (252 + §) as

1
($52 + 5) a; —Yszaz + zs2 a3

7(11‘445( — by44y + C (2’44 + %) 2

a ({E44 + %) X—bypuy+czaqaz

—a (T44 — 3) R+ byas§ +c(2aa + 3) 2

aras X+ byss § + cza5 2
—azas X —byss § + ¢ (245 + 3) 2

a(r45+3) R—byss 9 + czas 2

—a(x45 — 3) X+ byasy + ¢ (245 + 5) 2

ax4 X + bysg ¥ + cz46 2
—azas X — byse ¥ + ¢ (246 + 5) 2

a (2646 + %) X—bysg ¥ +cza62

—a (x46 — 3) X+ byacy + ¢ (216 + 5) 2

azx47 X+ bysr § + caur
—aryr R — by §+c(zur+3) 2

a(zar+ %) X —byar § + czar 2

—a(za7 — 5) R+ byar§ +c(zar + 5) 2

axig X +bysg ¥ + czag 2
—axss X —byss ¥+ (28 + 5) 2

a (x4g + %) X—byss ¥ +czas 2

—a($4g—%) i+by48y+c(24g+%) Z

axr4qg X+ by49 5’ + Cz49 Z
—ax4oX —bysg ¥+ (200 + 5) 2

a (x49 + %) X—bysy + cza9Z

—a($4g—%) )2+by49§’+c(249+%) Z

axrso X + by50 5/ + cz50 Z
—axr50X —bys0 ¥ + ¢ (250 + %) Z

a(zs0+3) X—byso ¥ + czs02

7@(58507%) )A(+by50y+6(2’50+%) Z

arsy X+ bys1 ¥ + cz51 2
—axs1 X —bys1 9+ ¢ (251 + 5) 2

a(]}51 + %) X—bys1¥ +cz512

—a(zs1— %) R+bysny+c(z1+3) 2

arsy X +bys2 ¥ + cz52 2
—axsaX —bys2§ 4 ¢ (252 + 5) 2

a (3352 + %) X—byso ¥ + cz502

O XI
O XI
O XI

O XII
O XII
O XII
O XII

O XIII
O XIII
O XIII
O XIII

O XIV
O X1V
O XIV
O XIV

O XV
O XV
O XV
O XV

O XVI
O XVI
O XVI
O XVI

O XVII
O XVII
O XVII
O XVII

O XVIII
O XVIII
O XVIII
O XVIII

O XIX
O XIX
O XIX



B2os = — (w52 — 3) a1 +ysaaz + =  —a(wsa—3) K+bysay+c(esati)z (4a) O XIX
(52 +3) a3

Baoo = Tp3 a1 + Ys3 A2 + 253 a3 = ars3 X+ byss ¥ + cz53 2 (4a) 0 XX
B2io = —@sza; —yssas+ (253 +3) a3 = —awssX —byss§ + ¢ (253 + 5) 2 (4a) 0 XX
Boix =  (zs3+3) a1 —yssax+ zs3a3 = a(zss+3) X —byss§ + czs3 (4a) 0 XX
Boio = — (253 — %) a1 +ysz @ + = —a (w53 —3) R+byssy+c(ess+3) 2 (4a) 0 XX
(253 + 3) as
Bais = T5481 + Y5482 + 25483 = arss X +bysa ¥ + 2542 (4a) S1
Boia = —zsiar —ysaas+ (24 +3) a3 = —azsa X —bysay +c(za+3) 2 (4a) SI
Bois = (@54 +3) a1 —ysaaz + 25483 = a(zsa+35) X —bysa§ + cz542 (4a) S1
B2 = — (w50 — %) a1 +ysaax + =  —a(wsa—3) K+bysay+c(esati)z (4a) S1
(254 + %) ag
Bai7 = T55a1 + Ys5 a2 + 255 a3 = arss X + byss § + cz55 2 (4a) S
Bo1s = —assa; —yssas+ (255 +3) a3 = —azss X —byss ¥+ (255 + 3) 2 (4a) S1I
B2io = (z55+ 1) a1 —yssas + 25525 = a(zss +3) X — byss § + czs5 2 (4a) SII
Baso = — (w55 — %) a1 +yss a2 + = —a (w55 —3) R+byssy+c(ess+3) 2 (4a) SII

(755 +3) &
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