Tutton salt [Cu(NH,)2(SOy4)2-HoO, H44| Structure:
AB20C2D14E2 mP78 14 a 10e e 7e_e-001

This structure originally had the label AB20C2D14E2 mP78_14_a_10e_e_7e_e. Calls to that address will be redirected here.
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Prototype CuH5oN50O14S

AFLOW prototype label AB20C2D14E2_mP78_14_a_10e_e_Te_e-001
Strukturbericht designation H4,

Mineral name tutton salt

ICSD 23187

Pearson symbol mP78

Space group number 14

Space group symbol P2, /c

AFLOW prototype command aflow --proto=AB20C2D14E2_mP78_14_a_10e_e_7e_e-001
—~params=a, b/a? C/a’ B? XT2,Y2,22,X3,Y3,23,L4,Y4,24,T5,Y5,25,L6,Y6,26,L7,Y7,27, L8,
Ys, 28, L9, Y9, 29, L10, Y10, 10, L11, Y11, £11, L12, Y12, £12, L13, Y13, £13, L14; Y14, 214, L15, Y15, £15,
Z165 Y16, 2165 L17, Y17, 217, L18, Y18, 218, L19, Y19, 219, L20, Y20, 220

Other compounds with this structure

Cd(NH4>2(SO4)2'6HQO, CO(NH4)2(SO4)2'6HQO, FG(NH4)2(SO4)2-6HQO, Mg(NH4)2(SO4)2~6H20, MH(NH4)2(SO4)2~6HQO, Ni(NH4)2(E
V(NH4)2(SO4)2-6H207 ZH(NI‘I4)2(SO4)2'6H207 1\/Ig(1\IH4)2(8604)2'6H207 CO(I(SO4)2'6HQO7 Cu(KSeO4)2~6HQO, CU(KSO4)2'6H20,
Mg(KSO4)2~6HQO, 1\/Ig(TISO4)2'6HQO7 NI(KSO4)26HQO



http://dx.doi.org/10.1016/j.commatsci.2021.110450
https://aflow.org/p/KT73
https://aflow.org/p/AB20C2D14E2_mP78_14_a_10e_e_7e_e-001

e Tutton Salts have the form AB2(SO4)2-6H20, where A is a divalent ion and B is a monovalent ion. (Hermann, 1937)
formally lists Mg(NH4)2(SO4)2-6H20 as the prototype, but notes that one may have “other monovalent metals in place of
NH, and divalent [metals] in place of Mg.” We choose the Cu(NHy)2(SO4)2-H30 as the prototype because (Brown, 1969)
were able to locate all of the hydrogen ions in agreement with expectation, i.e., HoO molecules have properly bent H-O
bonds, and the hydrogen atoms in the ammonium ion form a tetrahedron around the nitrogen atom.

e The atomic positions were originally given in the P2 /a setting of space group #14. We used FINDSYM to convert this
to the standard P2;/c setting. This resulted in the a and ¢ axes being swapped.

Simple Monoclinic primitive vectors

a; = aX
az = by
ag = ccosfX+csinfz

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = 0 = 0 (2a) Cul
B, = %az—i—%ag = %ccosﬁ:‘(—i—%by—i—%csinﬁi (2a) Cul
Bs Toay + Yo as + 29 a3 = (axg + czacosB) X+ by2§ + czo8in 52 (4e) HI
B, = —zoa; + (yg + %) as — = — (ax2 +c (zg — %) cos B) X+ (4e) HI
22_%) as b(y2+%)y—C(Z2—%)sinﬁ2
B5 = —ZXoa) —Y2a2 — 22a3 = — (CLSCQ =+ cz9 COS ﬂ) X — byg y — CZ9 sinﬂﬁ (46) HI
B = z9a;— (yz - %) as+ (22 + %) ag = (axg +c (zz + %) cosﬁ) X — (4e) HI
b(y— %) §+c(z2+3)sinB2
B = T3a; + y3zas + 23 as = (axs + czzcos B) X+ bys§ + czzsin 5z (4e) HII
Bs = —r3a; + (y3 + %) as — = — (axg +c (2’3 - %) CcoSs 6) X+ (4@) HII
%= 3) a b(ys+1) 9 —c(zs—3)sinpa
By = —x3a; — ysas — 23 as = —(axs+czgcosf) X —bysy — czzsin Bz (4e) HII
Bio = 2z3a;— (y3 — %) as+ (23 + %) ag = (amg +ec (23 + %) cosﬁ) X — (4e) HII
b(ys—3) §+c(zs+3)sinB2z
By = Tyay +ysas + 24 ag = (axy + czqcosB) X+ bys§ + cz4sin 5z (4e) H III
B12 = —r4ay + (y4 + %) ag — = — (CLJC4 +c (2’4 — %) COS 6) X + (46) H III
(- 3) o b+ 2) 9 (21— 3)sing
Bis = —rga; —ysap — 2483 = —(axg+czqgcosf) X —bys§ — czasin Bz (4e) H III
B4 = x4a1— (y4 — %) as+ (z4 + %) az = (aa?4 +c (24 + %) cosﬁ) X — (4e) H III
b(y — %) y+c(z4+%)sinﬁi
Bis = Tsa + ysas + 25 as = (axs + cz5c08 B) X+ bys § + cz5sin S 2 (4e) HIV
B = —rsa; + (y5 + %) as — = — (aa:5 +c (25 — %) CoS 6) X+ (4e) HIV
(25— %) a3 b(ys+3) 9 —c(25—3)sinB2
By = —I5a; — Ysas — 25 as = —(axs+czscosf) X —bys§ — czssin Bz (4e) HIV
Bis = asa;—(ys— 1) ax+(z+3) a3 = (axs + ¢ (25 + 5) cos B) % — (4e) HIV

b(y —%) y—l—c(zg—l—%)sinﬁi



Big
B2o

Ba2

B23
B24

Bas

Bar
Bas

Bao
Bso

Bs:
Bs,

B34

Bss
Bss
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By2

Bys
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Tear + Ys a2 + 26 a3
—Zeai + (y6 + %) az —
(%6 —3) a3

—Tedl —YeaA2 — 26 A3

xsal—(yﬁ - %) az+(Z6 + %) ag

r7a; +yraz + z7ag
—zrar + (yr + 3) az —
27—%) as

—T7ap —Yraz — 2ras

13731—(317— %) 32+(Z7+ %) as

Tgar + Yysaz + zgas
—zga; + (ys + 3) az —
z5 — 3) as

—Xga] —Ysay — zgas

xgal—(yg - %) 32+(Zs+ %) ag

Tgai + Yo az + 29 ag

—xg9aj + (yg + %) az —
(20 = 3) s

—Tgal —Ygaz — Zgag

Cﬂgal*(yg - %) a2+(z9+ %) ag

T10a1 + Yo a2 + 210 a3
1
—ZTpar + (ylo + 5) az —
1
(210 — 3) a3

—Ti1p0aA1 — Yi0a2 — 210 A3

Tipar — (ylo - %) az +
(210 + %) ag
Ti1a1 +yiaz +zn1a3
—rjpa; + (yn =+ %) ag —
(211 = 3) as

—T11a1 —Yi1a2 — 21133

Tirag — (yu - %) az +
(211 + %) ag
Ti2a1 +Yi2@2 + 21243
—z12a1 + (y12+ 5) az —
(212 = 3) a3

—Ti12a1 —Yi12a2 — 21243

Tiza; — (y12 - %) az +
(212 + %) az

(axe + czgcos B) X+ bys ¥ + cz6sin 5 2
—(amﬁ—l—c(z(;—%)cosﬂ) X+
b(ys+3) ¥ —c(z—3)sinB2

—(azg + czgcosB) X —bygy — czsin Bz
(aa:6—|—c(z6+ %) cos,B) X —

b(y —%) y+c(z6+%)sinﬁ2
(ax7 + czrcos B) X+ byr § + czrsin Sz
—(cww—l—c(m—%)cosﬁ) X+
b(yr+3)y—c(zr—3)sinBz
—(ax7 + czrcosB) X —byr § — cz7sin B Z
(axr +c (27 + 3) cos B) X —
b(yr—3) §+c(zr+3)sinfz
(axg + czgcos B) X+ bys § + czgsin S 2
—(ax8+c(28—%)cosﬁ) X+
b(yg—i—%) &—c(zg—%)sinﬁi
— (axg + czgcos B) X —bys§ — czgsin B Z
(a:z:8+c(28+%) cosﬁ) X —
b(ygf%) y+c(zs+%)sinﬂ2
(axg + czgcos B) X+ byg § + czgsin 5z
—(axg—l—c(zQ—%)cosﬁ) X+
b(yg—i—%) y—c(zg—%)sinﬁi
— (axg + czgcos B) X —bygy — czgsin B Z
(ax9+c(29+%) cosﬁ) X —
b(yo—2) §+c(z0+3)sinB2

(ax10 + cz10c08 B) X+ by10§ + cz10sin 5 Z

- (axlo +c (z10 - %) cosﬁ) X+
b(y10+ %) S’—C(Zjo— %)SIDBZ
—(az19 +czi0cos B) X —by10y —

cz19sin Bz
(axlo +c (210 + %) cos B) X —
b(ylo— %) §f+c(210—|—%) sin Bz

(ax11 + cz11c088) X +by11 ¥+ cz118in 52

— (azn +c (2’11 — %) COSﬁ) 5(+
b(y11+%) yfc(zll — %)smﬁi
—(az11 +cz11c088) X —by11 § —

cz118in Bz
(axn +c (211 + %) cos 6) X —
b(y11 — %) y—l—c(zu —|—%)Sinﬁi

(a:clg + cz19 COS ﬂ) b'e + by12 y + cz12 sinﬂ Z

- (axu +c (212 - %) cosﬂ) X+
b(yiz+3) §—c(z212— 3)sinfz
— (axz12 + cz12cos B) X — by12§ —

CZ12 sinﬁi
(al’lg +c (2’12 + %) COS ﬂ) X —
b(ylgf %) erc(zngr%)sinBZ
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Bes

B66

Ber
Bes

Bro

Br
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T13a1 + Y132 + 213 a3
1
—ziz3a; + (y13 + 5) ag —
1
(213 - 5) asg

—T13a41 —Yi13a2 — 213a3

Tizar — (y13 - %) ag +
(213 +3) a3
T14a1 + Y1422 + 214 a3
—Ti4a; + (y14 + %) as —
(214 — 1) a3

—T14A1 —Y14A2 — 214 A3

Tigaar — (y14 - %) az +
(214 + %) ag
T15a1 + Y152 + 215 a3
—Tisai + (y15 + %) az —
(215 — 3) as

—Ti15aA1 — Yip a2 — 21543

Tisag — (y15 - %) az +
(215 + %) ag
T16 a1 + Y16 A2 + 216 A3
—Zie a1 + (y16 + %) as —
(216 = 3) as

—T16 A1 — Y16 A2 — 216 A3

Tie a1 — (y16 - %) ag +
(216 + 3) a3
Ti7ar +Yiraz + z17a3
—zi7a; + (y17 + %) az —
(17— 3) a3

—Zi17aA1 —Yi7az2 — Z17aA3

Ti7ar — (y17 - %) ag +
(217 +3) a3
T1ga1 + yisaz + 215 a3
—Tigai + (y18 + %) az —
(218 - %) asg

—T18aA1 — Yiga2 — 218 A3

1
rigap — <y18 - 5) az +
1
(218 + 5) ag
T19a1 + Y19z + 219 a3

—Zigap + (y19 + %) ag —
(210 = 3) a3

(CL{E13 + cz13 cos ﬂ) X+ by13 y + cz13 sinﬁi
— (axlg +c (213 — %) cosﬂ) X+
b(yis+3) §—c(zi3—3)sinpz

— (ax13 + cz13c088) X — by13§ —
CzZ13 sin 6 Z

(al‘lg +c (213 —+ %) COSs ﬂ) )A( —
b(ylgf %) erc(zngr%)sinBi
(ax14 + cz14c08 8) X+ by14§ + cz148in 5 2
— (aa:14 +c (214 - %) cosﬁ) X+
b(yiat+3) 9§ —c(z14 — 3)sinfz

— (ax14 + CZ14 COS 6) X — by14 5’ —
cz148in Bz

(ax14 +c (z14 + %) cos B) X —
b(yia—3) §+c(za+3)sinpz
(az15 + cz15c08 B) X+ by15 ¥ + cz158in S 2
- (aa:15 +c (2’15 — %) COSﬁ) X+
b(yis+3) §—c(z15 — 3)sin B2

—(az15 + cz15c088) X — by15 Y —
cz158in B2

(ax15 +c (215 + %) Cos 6) X —
b(yis —3) §+c(z15+3)sinfz
(ax16 + cz16 €08 B) X+ by16 ¥ + cz168in 5 2
— (axlﬁ +c (216 — %) Cosﬂ) X+
b(y16+%) yfc(zlg,f %)sinﬂi

— (az16 + cz16co8 B) X — by16 Y —
CZ16 sin B Z

(aw16 + ¢ (216 + 3) cos B) & —
b(yie—3) §+c(z16+ 3)sinBz
(ax17 + cz17c08 B) X+ by17§ + cz17sin 5 2
- (axn +c (217 - %) cosﬂ) X+
b(yir+3) §—c(zir—3)sinfz
—(az17 + czi7cos B) X —byir § —
cz178in Bz
(a:c17 +c (217 + %) cos ﬂ) X —
b(y17— %) y—i—c(zn—i—%)sinﬂi
(ax1g + cz18cos B) X+ by1s§ + cz18sin S
— (axlg +c (z18 — %) cosﬁ) X+
b(yis+3) ¥ —c(z18—3)sinf2

— (axls + Cz18 COS 6) )A{ — bylg y —
cz188in B2

((111718 +c (218 + %) cos 6) X —
b(yis—3) §+c(z1s+3)sinfz
(ax19 + cz19 €08 B) X+ by19§ + cz198in 5 2
— (a:l?lg +c (2’19 — %) COSﬂ) )A(+
b(yio+3) §—c(z1i9— 3)sinpz

(O
Ol

(O

01

01l
oIl

oIl

01l

O III
O III

O III

O III

O1v
(OAY

o1V

O1v

oV
ov

ov

oV

O VI
O VI

O VI

O VI

O VII
O VII



Bz = —Tigd1 —Yigaz — 2194a3 = - (axlg + cz19 €OS 5) X—byoy — (46) O VII
cz198in Bz

By = Ti9ay — (y19 — %) as + = ((133‘19 +c (219 + %) cos B) X — (4e) O VII
(z10+ 1) a3 b(yio—3) §+c(z19+3)sinfz

Brs = To0 @1 + Y20 A2 + 220 A3 = (awgg + czopcos B) X + bysp ¥ + czopsin B Z (4e) S1

Bre = —T20ai + (yzo + %) az — = - (amzo +c (220 - %) 0055) X+ (4e) S
(220 — 3) a3 b(y20+3) §—c(z20—3)sinpz

Bz = —X20a1 — Y20 @2 — 220 A3 = — (azap + czogcos B) X — byap § — (4e) S1I

czo0Sin Bz

Brg = za0ar — (y20 — ) az + = (awao + ¢ (220 + 3) cos B) X — (4e) S1

(220 + 1) a3 b(yo—3) §+c(z20+3)sinfz
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