Monoclinic (Hittorf’s) Phosphorus Structure:
A mP84 13 21-001

This structure originally had the label A mP84_13_21g. Calls to that address will be redirected here.

Cite this page as: M. J. Mehl, D. Hicks, C. Toher, O. Levy, R. M. Hanson, G. Hart, and S. Curtarolo, The AFLOW Library of Crystallo-
graphic Prototypes: Part 1, Comput. Mater. Sci. 136, S1-828 (2017). doi: 10.1016/j.commatsci.2017.01.017
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Prototype P
AFLOW prototype label A _mP84.13_21g-001
Mineral name hittorf’s phosphorus
ICSD 29273
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, B, T1,Y1,21,L2,Y2,22,T3,Y3,23,L4,Yd4,24,T5,Y5,25,T6,Y6, 26y L7,
Y7, 27, T8, Y8, 28, L9, Y9, 29, 10, Y10, £10, 11, Y11, £11, L12, Y12, 12, 13, Y13, 213, 14, Y14, 214, T15,
Y15, 215, L16, Y16, 216, L17, Y17, 217, L18, Y18, 218, L19, Y19, 219, 20, Y20, 220, L21, Y21, 221

e Phosphorus is found in at least three forms:


http://dx.doi.org/10.1016/j.commatsci.2017.01.017
https://aflow.org/p/SEQF
https://aflow.org/p/A_mP84_13_21g-001

— Black phosphorus, Strukturbericht A17,

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

— Low temperature triclinic “white” phosphorus, stable below 197K.

Simple Monoclinic primitive vectors

a; = aX
= by e S 4
ag = ccosfX+csinfz .
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = r1a; + yias + 21 ag = (axy +cz1cos8B8) X+ by1 § + ¢z sin S 2 (4g) PI
B, = —x1a; +yay — (zl— %) as = —(ax1+c(zl—%) cosﬂ) X+by1y— (4g) PI
c (zl — %) sin 8 Z
By = —x1a] —yyay — 2 a3 = —(ax1+czrcosf) X—by1§ —czisinfBz (4g) PI
B, = z1a; —yraz+ (214 3) ag = (az1 +c (214 5)cosB) K—by1 § + (4g) PI
c (21 + %) sin Bz
B5 = Troaj + Y2 A2 + 29 a3 = (al'g + cz9 Ccos B) b'e + byg S’ + czo Sinﬂ Z (4g) PII
Bg = —xoay + Yo ag — (22 — %) as = — (am2+c(22— %) cosﬁ) X+byy — (4g) PII
c (22 — %) sinfBz
B = —Toay — Yz as — 22 a3 = —(axg+czocosf) X —bys§ — czosin Bz (4g) PII
Bs = zoa; —yoas + (22 4+ 1) as = (azs+c(22+3)cosB) X — by § + (4g) PII
¢(z+3)sinfz
By = r3a; + yzas + 23 a3 = (axs + czzcos B) X+ bys§ + cz3sin Sz (4g) P III
Bio = —r3a; + ysas — (23 — %) as = — ((1373 +c (Z3 — %) cos 5) X+bysy — (4g) P III
c (Zg — %) sin Bz
By = —Zza; —Ysaz —zzag = — (ax3 + czzcos f) X — by3 § — czzsin B 2 (4g) P III
B12 = r3a; —Yysas + (23 + %) as = (axg +c (2’3 + %) COSs B) X — byg '5’ + (4g) P III
c (2'3 + %) sin 8z
Bz = Tqa) + ygas + 24 a3 = (axqg + czgcosB) X+ bys§ + cz4sin Sz (4g) PIV
B4y = —z4a; +ysas — (24— %) as = — (ax4+c(z4 — %) COSB) X+bysy — (4g) PIV
c (z4 — %) sin 5 Z
Bis = —rga; —ygap — 2483 = —(axg+czqgcosf) X —bys§ — czqsin Bz (4g) PIV
Big = T4a; — Ygas + (z4+ %) as = (ax4+c(z4+ %) Cosﬁ) X—bysy + (4g) PIV
c (z4 + %) sin 8 Z
By = Tsay + ysas + 25 as = (axs + czscos B) X+ bys§ + cz5sin 52 (4g) PV
Big =  —asa1+ysas— (23— 3)a3 = = (a5 + ¢ (25 — 3) cos B) X+ bys § — (4g) PV
c (25 - %) sin 8z
Bis = —Tsa; — ysas — zs5as = —(axs+czscosf) X—bys§ — czssin Bz (4g) PV
By = z5a; —ysas + (25 + 3) as = (aws 4 c (25 4+ 3) cos ) X — bys § + (4g) PV
c(z5 + %) sin 8 Z
By, = Tgay + yg as + 2 as = (axg + czgcos B) X+ bys ¥ + czgsin 5z (4g) P VI
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Bss
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Bss
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Bss
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B40

By
Byo

Bys

Bya

Bys
Bus

By~

Bys

B49

—Tear + Ysaz — (26 - %) ag

—Teadl —YsA2 — 26A3

$6a1—y632+(26+%) asz

T7a) + yraz + zrag

—Trai +yraz — (27 - %) as

—Tr7a; —Yragz —z7ag

T7a; —yraz + (Z7+%) as

rga) + ysaz + zgag

—Tgai +Yygaz — (Z8 - %) as

—Tga; —Ysaz —zgas

33831—?/8324—(284—%) as

Tgay + Ygaz + zg ag

—zgar +yoas — (29— 3) as

—Tgay —Ygaz — Zgas

x9a1—y9a2+(29+%) as

Ti0a1 + Yioa2 + 210 a3

1
—z10a1 + yroaz — (210 — 3) as
—Z10a1 — Y102 — 210343

1
Tipa1 — Yo A2 + (210 + 5) as

r11a1 + Y11 a2 + 211 a3

1
—Ti1 a1 + Yy az — (2’11 - 5) az
—Z1141 —Yi1d2 — 21133

1
Ti1a1 —yi1ag + (Zu + §) as

T12a1 + Y1282 + 21283

1
—Zi2@1 + Yz a2 — (212 - 5) as
—Z1281 — Yi2a2 — 21283
1
Tiza1 — Yz @2 + (212 + 5) ag

ri3a1 + Yiz3az + z13a3

— (a,l'6+c(2’67 %)Cosﬂ) X+bysy —
c (26 — %) sin 8z
—(azg + czgcos B) X —bygy — czesin Bz
(awg 4 ¢ (26 + 3) cos ) X — bys § +
c(z6—|— %) sin 8 Z
(ax7 + czrcos B) X+ byr § + czrsin B2
— (ax7+c(27f %)cosﬂ) X+by: y —
c (Z7 — %) sin 8 Z
—(az7 + czrcosB) X —byr § — cz7sin Bz
(aa:7—|—c(z7+%) COSB) X—by;y+
C(Z7+ %) sin 8 Z
(axg + czgcos B) X+ bys § + czgsin S Z
— (a:rg+c(28— %)cosﬂ) X+bysy —
c (28 — %) sin 8 Z
— (azg 4+ czgcos B) X —bysy — czgsin Bz
(axs + c (28 + 3) cos B) X —bys§ +
c(zs—i— %) sin Bz
(axg + czgcos B) X+ byg § + czg sin S 2
— (azg+c (20 — 3) cos B) X+ byg § —
c (Zg — %) sinfBz
—(axg + czgcos B) X —byg§ — cz9sin B Z
(axg + ¢ (29 + 5) cos B) X —bye § +
¢(z20+3)sinf2
(ax10 + cz10c08 B) X+ by10 ¥ + cz108in 5 Z
- (awlo +c (210 — %) oS ﬁ) X+byoy —
c (zm - %) sin Bz
—(az10 + cziocos B) X —byio ¥ —
cz1p8in Bz
(az10 + ¢ (210 + 3) cos B) X — by Y +
c (210 + %) sin 8 Z
(ax11 + cz11c088) X+ by11§ + cz11sin 52
- (a$11 +c (211 - %) cos ﬁ) X+byny —
C(Z11 — %) sinﬁi
— (axn + CzZ11 COS 6) )A{ — byll y —
cz118in B2
(aw11 +c (211 + 5) cosB) X — by § +
c (211 + %) sin Bz
(ax12 + cz12 €08 B) X+ by12§ + cz128in 5 2
- (aﬂflz +c (212 - %) oS 5) X+byny —

0(212 — %) sin Bz

— (az12 + cz12c0o8B) X — by12§ —
CZ12 Sinﬁi
(aa:lg +c (212 + %) cosﬁ) X—by1oy +
c(z12+ 3)sin B2

(ax13 + cz13c08 8) X+ by13§ + cz13sin 5 Z
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Bso

B51

Bs2

B54

B55

Bse

Bsr
Bss

B63

Bea

Bss
Bss

Ber

Beo
Bro

Br

B

Brs
Bra

Brs

1
—Zizar + Yizaz — (213 - 5) as
—Z13a1 —Yiz3a2 — 21343

1
r13a1 —Yi13az + (2’13 + 5) as

T1481 + Y1422 + 214 a3

1
—z14a1 + y1aaz — (214 — 3) a3
—Z1481 — Y1482 — 21483

1
Ti4a1 — Y14 a2 + (214 + §) as

T15a1 + Y15 a2 + 215 A3

1
—z15a1 + Y15 a2 — (215 — 3) as
—Z15a1 — Y152 — 21533

1
Ti5a1 — Y15 a2 + (215 + 5) az

ZTie a1 + Y16 A2 + 216 A3

1
—ZTie a1 + Y16 a2 — (2’16 - 5) as
—Z16a1 — Y162 — 21643

1
Tiea1 — Yieaz + (216 + 5) as

ri7a1 + Yyiraz + 217 a3

1
—Zi7ar + Yiraz — (217 - 5) as
—Zi1ra1 —Yiraz — 21743

1
Ti7ar — Yirag + (217 + 5) as

riga; + Yigaz + z18 a3

1
—z18a1 + y1saz — (218 — 3) as
—Z18a1 — Y182 — 21833

1
Tigar — Yig Az + (218 + 5) as

Tiga1 + Y19 a2 + 219 a3

1
—Tiga +Yyigaz — (219 - 5) az

—Ti9aA1 — Yi9az2 — 2194aA3

— (az13 + ¢ (213 — 5) cos B) K+ byrs§ —
c (213 — %) sin 8z
— (az13 + cz13co8B) X — by13y —
cz138in Bz
(az13 + ¢ (213 + 35) cos B) X — by1s § +
c (z13 + %) sin 8z
(CLSC14 —+ CZ14 COS ﬂ) )A( + by14 y + CZ14 sinﬂ 2
— (am14 +c (214 — %) cos ﬁ) X+bynay —
c (214 — %) sin 8 Z
—(ax14+ cz14co8 B) X —by14§ —
CZ14 sinﬁi
(a:z:14 +c (2’14 =+ %) COSB) X — by14y =+
c (214 + %) sin 8z
(ax15 + cz15c08 B) X+ by15§ + cz15sin 5 Z
— (ax15 +c (2:15 — %) oS 6) X+byisy —
c (215 — %) sinﬁi
—(az15 + czi5c08 B) X —by15 ¥ —
cz158in Bz
(a$15 +c (215 + %) 6055) X—by159 +
c (215 + %) sin 8 Z
(ax16 + cz16 €08 B) X+ by16 ¥ + cz168in B 2
— (az16 4 ¢ (216 — &) cos B) X+ by16 ¥ —
c (z16 — %) sin 8z
— (az16 + cz16c0o8B) X — by16y —
cz168in B2
(aw16 +c (216 + 3) cos B) X — by § +
c (216 + %) sin 8z
(ax17 + cz17c08 B) X+ by17§ + cz17sin 5 2
— (axn +c (217 — %) cos ﬁ) X+by7y —
c (217 — %) sin 8 Z
— (az17 + cz17cos B) X —by17y —
CzZ17 sinﬁi
(az17 +c (217 + 3) cos B) X —by17 § +
c (217 + %) sin 8z
(ax1g + cz18co8 B) X+ by1s ¥ + cz18sin 5 2
— (aw1s + ¢ (218 — 3) cos B) X+ by1sy —
& (218 — %) sinﬂi
— (az1s + cz1gcos B) X — by1s y —
cz188in Bz
(aw1s +c (218 + 3) cos B) X — by1s § +
c (2118 + %) sin 8 Z
(ax19 + cz19c08 B) X+ by19§ + cz19sin S
— (aw1g + c (210 — §) cos B) X+ by1gy —
c (z19 — %) sin 8z
— (az19 + cz19cos B) X —by19 ¥ —
cz198in Bz
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Bre = Tigay —Yigaz + (219 + %) as = (a$19 +c (219 + %) cos 5) X—byioy + (4g) P XIX
c (219 + %) sin 8z

B = T20 @1 + Y20 A2 + 220 A3 = (awao + czo0cos B) X+ byo ¥ + czoosin 2 (4g) P XX
Brs = —xg0ar+ynaz— (20— 3) a3 = — (awa0+c (220 — 5)cosf) X+ byaoy — (48) P XX
C (220 — %) sinﬁi
Bry = —T90 a1 — Yoo Az — 220 A3 = — (a2 + czopcos B) X — by § — (4g) P XX
czo08in Bz
Bgo = Topar — Y202 + (220 + %) as = (amzo +c (220 + %) cos 5) X —byo¥ + (4g) P XX
c (2120 + %) sin 8 Z
Bg1 = To1 a1 + Y21 A2 + 291 A3 = (al'gl + cz91 COS 6) X+ by y + czo18in B 7Z (4g) P XXI
Bs; = —aomartyma—(m—3)as = —(azz+c(z1—3)cosf) X+byny - (4g) P XX1
(221 — 1)sinpBz
Bgs — —To1 @1 — Yo1 Ao — o1 A3 = — (axay + czo1cos ) X — byo1 § — (4g) P XXI
czo18in B2
Bgs = o141 —ynas+ (221+3) a3 = (aza1 + ¢ (221 + 3) cos B) X — bymy § + (4g) P XXI

6(221 + %) sin 8z
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