Monoclinic (Hittorf’s) Phosphorus Structure:
A mP84.13.21g-001

This structure previously used the label(s) A.mP84_13 21g. Calls to these addresses will be redirected here.
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Prototype P
AFLOW prototype label A _mP84.13_21g-001
Mineral name hittorf’s phosphorus
ICSD 29273
CCDC 1604280
Pearson symbol mP84
Space group number 13
Space group symbol P2/c

AFLOW prototype command aflow --proto=A_mP84_13_21g-001
——params=a, b/a’ C/a, 6, x1,Y1,%21,22,Y2,22,T3,Y3,23,T4,Y4,24,T5,Y5,25, L6, Y6, 26, L7,
Y7, 27,28, Y8, 28,19, Y9, 29, L10, Y10, 210, 11, Y11, Z11, L12, Y12, 212, 13, Y13, 213, L14, Y14, 214, L15,
Y15, 215, L165 Y16, £16, L17, Y17, 217, L18, Y18, 218, L19, Y19, 219, L20, Y20, 220, L21, Y21, 221

e Phosphorus is found in at least three forms:

— Black phosphorus, Strukturbericht A17,
— Monoclinic Hittorf’s phosphorus, (this structure) and

— |Low temperature triclinic “white” phosphorus, stable below 197K.
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Simple Monoclinic primitive vectors
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Lattice
coordinates

r1a) +yiaz+21as
1

—z1a; +y1a; — (21— 3) as
—riap —Yiaz —z1a3

$131—y132+(21+%) as

T2a) + Y22 + 22as3
1

—rza1+ Y282 — (22— 3) ag
—ZT2a1 —Y2az — 2243

x2a17y2a2+(22+%) as

rzai + ysag + z3asg
1

—zgay +ysaz — (23— 3) ag
—Z3a; —Ysaz — 2333

x3a17y3a2+(23+%) as

Tqa1 +Yysaz + 24 a3
1

—Tsay +Yysay — (24 - 5) ag
—T4a1 —Ysa2 —24a3

Tgaar — Ysag + (Z4+%) as

Tsai + Ysaz + 25 ag
1

—Tsa; +ysaz — (25 - 5) ag
—Tsa1 —YsaA2 —254a3

zsay —ysaz + (25 + 3) ag

Tear + Ye a2 + 26 a3

—Tsar +Ysaz — (26 - %) as

—ZTeaAl —YsA2 — 26A3

$6a1—y632+(26+%) asz

Cartesian
coordinates

(axy +cz1co8B8) X+ by1 § + ¢z 8in S 2
—(az1 4+ c (21— 3) cosB) X+ by1 § —
c(zl —%) sinfBz
—(ax1 +cz1co8B) X —by1 § —cz1sin Bz
(ax1 +c (214 3)cosB) K—byr1§ +
c(z1+3)sinf2
(axe + czocos B) X+ bya § + czos8in S 2
—(axg—&-c(zz—%)cosﬁ) X+bys y —
0(22 — %) sin Bz
—(axg 4+ czaco8B) X — by § — c2osin Bz
(ax2+c(22+%)cosﬁ) X—byy +
C(ZQ+%) sin 8 Z
(axs + czzcos B) X+ bys§ + cz3sin Sz
— (aw3+c (23 — 3) cos B) X+ byz § —
C(Zg— %) sin 8z
—(axs 4+ czzcosB) X —bysy — cz3sin Bz
(a$3+c(23+%)cosﬁ) X—bysy +
0(23+%) sin B Z
(axy + czqcosB) X+ bys§ + cz4sin 5z
— (awg+c (24 — 3) cos B) X+ bys § —
c(z —%) sin 8 Z
—(azg 4+ cz4co8PB) X —bys § — cz4sin Bz
(ax4+c(z4+%) cosﬁ) X—bysy+
c(z4+%) sinfBz
(axs + czscos B) X+ bys§ + cz5sin 5z
—(axg)—&—c(zt;—%)cosﬁ) X+bys y —
C(Z5 — %) sin 8 Z
—(azs 4+ cz5cosB) X —bys § — cz5sin Bz
(ax5+c(z5+%)cosﬂ) X—bysy +
c(z5+%) sin Bz
(axg + czgcos B) X+ bys ¥ + czgsin 5z
— (azg+c (26 — 1) cos B) X+ bys § —
c(zG— %) sin Bz
— (azg + czgcos B) X —bygy — czesin Bz
(a:cg—i—c(zg—&—%)cosﬁ) X—bysy +
C(Z@-f—%) sin 8 Z
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position
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Bag

Bas
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Bs2

Bss
Bsy

Bse

Bsr
Bss

B43

Bya

Bys
Bue
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Bus

B49
B50

Bs:

Tr7ay + yraz + zrag

—Trai +yraz — (Z7 - %) as

—Tr7a; —Yraz —zrag

Tray —yraz + (Z7+%) as

rga) + ysaz + zgas

—zgar +ysag — (28 — 3) a3

—Tgal —Ygaz — zgas

$sa1—y832+(28+%) as

Tgay + Ygaz + 29 ag

—zgal +yoas — (29— 3) as

—Xga; —Ygagy — Zgas

$931*y982+(29+%) as

T10a1 + Y10 a2 + 210 A3

1
—z10a1 + yroaz — (210 — 3) a3

—Z10a1 — Y102 — 210343
1
ZTipal — Yioaz + (210 + 5) az

ri1a1 +yi1az + 211 a3

1
—Zi1a1 +Yyaz — (2’11 - 5) as

—Tita1 — Y11 a2 — 21133
1
Ti1a1 —yi1az + (211 + 5) as

Ti2a1 + Y12a2 + 212 a3

1
—Zi2@1 + Yz a2 — (212 - 5) as

—ZTi2a1 —Yi12a2 — 2124a3
1
Tiza1 — Y22 + (212 + 5) ag

riza; +Yiz3az + z13a3

1
—z13a1 + y13as — (213 — 3) as

—Z13a41 —Yi13az — 213a3

(ax7 + czrcos B) X+ byr § + czrsin S 2
— (ax7+c(27— %)cosﬂ) X+by; y —
C(Z7— %) sin 8 Z
—(az7 4+ czrcosB) X —byr y — cz7sin Bz
(axr +c (27 + 3) cos B) X —byr § +
C(Z7+ %) sin 8z
(axg + czgcos B) X+ bys § + czgsin S 2
- (amg+c(28— %)cos/j) X+bysy —
c (Zs — %) sin Bz
— (axg + czgcos B) X —bys§ — czgsin B Z
(axs +c(zs+ %) cosB) X —bys§ +
c(z+3)sinfz
(axg + czgcos B) X+ byg § + czgsin S 2
- (ax9+c(zQ - %)COSﬂ) X+bygy —
c (zg - %) sin Bz
— (axg + czgcos B) X —byg§ — czgsin B Z
(ax9+c(29+%) cosﬁ) X—byyy +
0(29+ %) sin 8z
(az10 + cz1pcos B) X +by10 ¥ + cz108in S 2
— (axlo +c (2:10 — %) oS B) X+ byioy —
C (210 — %) sinﬁi
—(az19 + cz10c08B) X — by10y —
cz1p08in Bz
(a$10 +c (210 + %) 6055) X —byoy +
c (210 + %) sin 8 Z
(ax11 + cz11c088) X+ by11 ¥+ cz118in 82
— (az11 4+ (211 — ) cos B) X+ by § —
c(z11 — %) sin 8z
—(az11 + cz11c088) X —by11 y —
cz118in B2
(axll +c (z11 + %) cosﬁ) X—byny+
c (211 + %) sin 8z
(ax12 + cz12c08 8) X+ by12§ + cz128in 5 2
— ((ZCL’lg +c (212 — %) cos ﬁ) X+ byoy —
c (212 — %) sin 8 Z
— (az12 4+ cz12co8B) X — by12§ —
Cz12 sinﬁi
(az1z +c(z12 + 3) cos B) X — by § +
c (212 + %) sin 8z
(ax13 + cz13c08 B) X+ by13§ + cz13sin 5
— (aw13 + c (213 — 1) cos B) X+ by13y —
Cc (213 — %) sinﬂi

— (ax13 4 cz13c08 ) X — by13y —
cz138in Bz
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1
Tizar — Yizaz + (213 + 5) as

Ti4a1 + Y1422 + 21423

1
—z14a1 + y1aas — (214 — 3) a3
—T14Q1 —Y14a2 — 2Z14Qa3

1
Ti4a1 — Y14 a2 + (214 + 5) as

Tisa1 + Yi15a2 + 215 a3

1
—ZTisa1 + Y15 a2 — (2’15 - 5) as
—Z15a1 —Yi5a2 — 21533

1
Tisa1 — Yisaz + (215 + 5) as

T16 a1 + Y16 A2 + 216 A3

1
—Z16 A1 T Y16 a2 — (216 - 5) as
—Z1641 — Y162 — 216 A3

1
Ti6a1 — Y16 A2 + (216 + 5) as

ri7a; +yiraz + 217 a3

1
—z17a1 + yirag — (217 — 3) as
—Z17a1 —Yirad2 — 21733

1
Ti7ar — Yiraz + (217 + 5) as

r1ga1 + Yigaz + 218 a3

1
—Tiga +yigaz — (218 - 5) az
—Z18a1 — Yigad2 — 21843

1
Tigal — Yigaz + (218 + §) as

T19a1 + Y19z + 219 a3

1
—Zig&r + Yigaz — (219 - 5) as
—Z19a1 — Yi9a2 — 21943

1
Tigar — Yigaz + (219 + 5) ag

To0 a1 + Y20 a2 + 220 A3

(a1313 +c (2’13 + %) COSﬁ) X — bylg y +
c (213 + %) sin 8z
(ax14 + cz14c08 8) X+ by14§ + cz148in 5 Z
— (ax14 +c (214 — %) oS 6) X+bynay —
Cc (214 — %) sinﬁi
— (ax14 + €Z14 COS 6) X — by14 5’ —
cz148in B2
(awis +c(z14 + 3) cosB) X — by § +
c (214 + %) sin 8 Z
(az15 + cz15c08B) X+ by15 ¥ + cz158in S 2
- (axlg, +c (z15 — %) oS B) X+byi5y —
c (215 — %) sin 8z
—(az15 + cz15c088) X —by15 Y —
cz158in B2
(aaﬁ15 +c (z15 + %) cosﬁ) X—bysy+
c (215 + %) sin 8z
(ax16 + cz16 €08 B) X + by16 ¥ + cz168in 5 2
— (ax16 + ¢ (216 — 3) cos B) X+ byis § —
c (,216 — %) sin 8 Z
— (az16 + cz16co8 B) X — by16y —
CZ16 sinﬁi
(az16 + ¢ (216 + 3) cos B) X — by ¥ +
¢ (216 + %) sin B2
(ax17 + cz17c08 B) X+ by17§ + cz17sin 5 Z
- (awn +c (217 — %) oS ﬁ) X+byiry —
c (z17 - %) sin Bz
—(az17 + cz17cos B) X —by17y —
cz178in Bz
(az17 +c (217 + 3) cos B) X —by17§ +
c (217 + %) sin 8 Z
(ax1g + cz18cos B) X+ by1s§ + cz18sin S
— (aw1s + c (218 — §) cos B) X+ by1sy —
c (318 — %) sinﬁi
— (axls —+ Cz18 COS 6) )A{ — bylg y —
cz188in B2
(awis +c (218 + 5) cos B) X — by1s § +
c (218 + %) sin Bz
(ax19 + cz19 €08 B) X+ by19§ + cz198in 5 2
— (axlg +c (Zlg — %) COS [3) X+ by19 y —
c (219 - %) sin 8z
— (az19 + cz19c08B) X — by19y —
CzZ19 Sinﬁi
(aa:lg +c (219 + %) cosﬁ) X—byoy +
(210 + 3)sin B2

(awap + cz20 €08 B) X + by § + cz20sin 5 Z
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B7rs = —xg0a; +ypaz — (220 - %) a3 = - (a$20 tc (ZQO - %) cos 5) X+by2y — (4¢) P XX
c (220 - %) sin 8z

Bre = —Tg0 @1 — Y20 A2 — 220 A3 = — (awa0 + cza0cos f) X — by ¥ — (4g) P XX
czo0Sin Bz
Bgo = 081 —yz0az + (220 + 1) ag = (awao + ¢ (220 + 3) cos B) X — byao § + (4g) P XX
C (2,’20 —|— %) SIDBZ
Bg1 — T2181 + Yo1 Qs + 201 A3 = (azo1 + cz21 €08 B) X+ bya1 § + czo1sin B2 (4g) P XXI
Bsz = —zgai+ynaz—(221—3)as = — (a2 +c(z21—5)cosf) X+byn § — (4g) P XXI
c (2121 — %) sin 8 Z
Bgs = —To1 A1 — Ya1 A9 — 2971 A3 = —(az21 + czo1cos B) X —bya1 § — (4g) P XXI
CZ91 sin ﬁ Z
Bgs = Tora; — Yo21a2 + (221 + %) as = (a@l tc (221 + %) Cos 5) X—byny + (4g) P XXI

0(221 + %) sin 8z
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