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IS
Prototype S
AFLOW prototype label A _mP64_14_16e-002
ICSD 870
Pearson symbol mP64
Space group number 14
Space group symbol P2y /c

AFLOW prototype command  aflow --proto=A_mP64_14_16e-002
“Params:a,b/a,C/ayﬁyﬂﬁl,yl,Zl,Iz,QQ,Zz,SC:a,ys,2’37254,3/4724,355,3/5,25,966,2/6726@77
Y7, 27,18, Y8, 28, L9, Y9, 29, 10, Y10, £10, T11, Y11, £11, L12, Y12, 12, 13, Y13, 213, 14, Y14, 214, T15,
Y15, 215, T16, Y16, 216

e We take the name of this structure from (Donohue, 1976). This is the high temperature phase of sulfur, stable from 95°C
to the melting point at 115°C, although it can be kept at room temperatures for some time. (Templeton, 1976)

e This is a refinement of the original structure found by (Sands, 1965). There are two types of sulfur atoms in this sample:
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— atoms S-I through S-VIII form stable sulfur rings with all the sites fully occupied, just as in the ground state a-S
(A16).

— Atoms S-IX through S-XVI form a ring with one of two orientations, randomly chosen.

e The S-IX through S-XVI sites are thus half occupied, so there are only 48 atoms and six sulfur rings in any unit cell.
Contrast this with [A; selenium), which has eight complete rings in the unit cell.

e Both A selenium| and S-monoclinic sulfur have the same AFLOW prototype label, A_-mP64_14_16e. They are generated
by the same symmetry operations with different sets of parameters (--params) specified in their corresponding CIF files.

Simple Monoclinic primitive vectors

a; = aX
az = by
ag = ccosfBX+csinfz
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = r1a1 +yiaz + 21 as = (ax1 +czrcosf) X+by1 § +cz1sinfz (4e) ST
B, = —ziar+ (y1+3) a2 — = —(az1 4+ ¢ (21 — 3) cos B) X+ (4e) S1
(z21-3) a3 b(yi+3)y—c(z—3)sinfz
B; = —ri1a; — Yy as — z1 as = —(ax1+czrcosf) X—by1§ —czisinfBz (4e) SI
By = mma—(yn—3) at+(zn+3)a; = (az1 +c (21 + 3) cos B) % — (4e) SI
b(yr—3) ¥ +c(a+3)sinfz
B5 = Troaj + Y2 a2 + 29 a3 = (CLIQ + czg COS B) X + byg 5’ + czo Sinﬂ Z (46) S1II
Bg = —zoa; + (yg + %) ag — = — (axg +c (z — %) cos ﬁ) X+ (4e) S1II
(zz—%) as b(yg—i—%)y—c(zg—%)sinﬁi
B = —Tpay — ygas — 22 a3 = —(axa+czacosf) X —bys§ — czasin 2z (4e) S1I
Bs = ma —(2—1)a+(+i)ay = (axg + ¢ (22 + 3) cos B) % — (4e) S 1II
b(y2—3) y+c(z2+3)sinf2z
By = T3a; + yzas + 23 as = (axs + czzcos B) X+ bys§ + cz3sin S 2 (4e) S III
Bio = —z3a; + (y3 + %) ag — = — (a:rg +c (23 — %) cos ﬁ) X+ (4e) S III
(23— %) a3 b(ys+3) ¥ —c(zs—3)sinBz
By, = —r3a; —y3as — 23 as = —(ax3+czzcosf) X —bysy — czz3sin Bz (4e) S III
Bz = zza;—(ys—3) as+(zs+3)ag = (axs +c (23 + 3) cos B) X — (4e) S III
b(ys —3) ¥ +c(zs+1)sinpz
Bz = Tga) + ygas + 24 a3 = (axg + czgcos8B) X+ bys§ + cz4sin Sz (4e) SIV
B4 = —x4a; + (y4 + %) as — = — (aw4 +c (24 — %) cos 6) X+ (4e) SIV
(24— 3) a3 b(ya+3) 9 —c(za—3)sinBz
Bis = —T4a] —Ysa2 — 2483 = —(awg+czacosB) X —bysy — czysin 2 (4e) S IV
B16 = T4 al—(y4 — %) a2+(24+ %) as = (a:z:4+c(z'4+ %) COSﬂ) X — (46) SIV

b(y4f%) y+c(24+%)sinﬂ2
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B17 = I5 ay +y5 as + z5as = (CLI5 + cz5 COSB) i+by5$’+025 sinﬂi (46) SV

Bis = —rsa; + (y5 + %) as — = — (axg, +c (z — %) cos ﬁ) X+ (4e) SV
(,25—%) as b(y5+%)y—c(z5—%)sin52
By = —X5a; — Y5 as — 25 Az = —(axs+czscosf) X —bys§ — czssin B2 (4e) SV
By = w5a;-— (y5 — %) ar+ (z5 + %) as = (ax5 +c (25 + ) cos,@) X — (4e) SV
b(y5— f) y—|—c(z5+ )sinﬁi
By, = Tgai + Ygas + 26 as = (axe + czgcos B) X+ bys ¥ + czgsin 5 Z (4e) S VI
By = —zga; + (yG + %) as — = (cwc6 + c( — %) cos ﬁ) X+ (4e) S VI
(ZG_%) as b(y6—|— ) —c(zG—l)smﬁz
Bos = —Tgal — Y6 A2 — 26 A3 = —(awg +czecos B) X — by ¥ — czesinf2 (de) S VI
Bas = wgar—(ys—3) as+(z+3) a3 = (aze +c (26 + 3) cosﬁ) % — (4e) S VI
b(ys — 3) y+c(z6+ 3)sin B2
Bos = T7a; + yras + 27 as = (ax7 + czrcos B) X+ byr § + czrsin Sz (4e) S VII
Bos = —x7a; + (y7 + %) as — = — (ax7 +c (27 — %) cos 6) X+ (4e) S VII
(27 — 1) a b(yr+3)y—c(zr—3)sinBz
By = —x7a; —yras — z7as = —(axy+czrcosf) X —by; § — czrsin Bz (4e) S VII
Bogs = z7a;— (y7 - %) as+ (27 + %) ag = (a:z:7 +ec (27 + 1) cosﬁ) X — (4e) S VII
b(y7f 7) y+c(27+ 1)smﬂz
Boy = Tgaj + ysas + 2gas = (axg + czgcos B) X+ bys § + czgsin Sz (4e) S VIII
B3y = —xga; + (yg + %) ar — = - (axg +c (Zg - %) coS B) X+ (4e) S VIII
(28—%) as b(yg+ ) —C(Zg—%)SlnﬁZ
B3, = —rga; — ygas — 2gas = —(axg+czscosf) X —bysy — czgsin Bz (4e) S VIII
Bsx = aga;— (yg - f) ar+ (zs + ) = (axg +c (Zs + ) cos B) X — (4e) S VIII
b(ygf 7) y+c(zs+ )sinﬁi
Bss = Tgaj + yg as + 29 ag = (axg + czgcos B) X+ byg ¥ + czosin 5 2 (4e) S IX
B3y = —xg9aj + (yg + %) ap — = - (axg +c (zQ - %) cos B) X+ (4e) S IX
(Zg—%) as b(yg—|— ) —C(Zg—%)SlnﬂZ
B35 = —ZXgal —Ygay — Zgas = - (axg + czg coS 5) X — byg Y — CZg Slnﬂi (46) S IX
B3 = xg9a;— (yg - f) ar+ (Zg + ) = (axg +c (z9 + ) cosﬁ) X — (4e) S IX
b(yg— 7) y+c(zg+ )sinﬁi
B3r = T1pa1 + Y10 @z + 210 a3 = (ax10+ cz1pcosB) X+ by10 ¥ + cz108in Bz (4e) S X
B3s = —Tijpa + (y1o + %) as — = (aa:lo +c (2’10 — %) COSﬂ) X+ (4e) S X
(210 — %) a3 b(yio+3) §—c(z10— 3)sinBz
B3y = —T10@1 — Y10 A2 — 210 A3 = — (az10 + cz10cos B) X —by10 § — (4e) SX
cz19sin Bz
By = Tripay — <y10 - l) az + = (axlo +c (210 + ) cos 6) X — (46) SX
(210 + 3) a3 b(ylo—*)y—i—c(zlo—l— 3)sinfB2
B4 = r11a; + Y11 a2 + 211 a3 = (CLZCH + cz11 COSﬁ) X+by11y+cz11 sin Bz (46) S XI
By = —zna; + (yll + %) ag — = - (afﬂn +c (211 - %) COSﬂ) X+ (4e) S XI
(211*%) ag b(y11+%) y*C(Zu*%) sin 3 2
Bys = —x11a; — Y11 a2 — 211 A3 = —(ax11 +cz11co88) X —by11 § — (4e) S XI
CZ11 sinﬁi
B44 = 11 a1 — (yll — *) as + = (a$11 +c (211 + )COS B) X — (4@) S XI
(211 + 3) a3 b(y11—7)y+c(z11+ 1) sinfz
By = ZT12@1 + Y1282 + 212 a3 = (axi2 +cz12c083) X+ by12 ¥ + cz12sin 2 (4e) S XII



B46 = —T12 A1 —+ (y12 —+ %) ags — = — (az12 +c (212 — %) COS/B) }A( —+ (46) S XII
(212*%) ag b(y12+%) yfc(zlgf%)sinﬂi
B4z = —Ti12a1 — Y122 — 21243 = —(am12 + cz12c08 B) R —by12 ¥ — (de) S XII
cz128in Bz
_ 1 _ 1 5
Bss = Tiga) — (y12 — 5) as + = (axlz +c (212 + 5) cos 6) X — (4e) S XII
(z12+ %) a3 b(yiz—3) §+c(z12+3)sinfz
By = r13a1 + Y132 + 213 a3 = (ax13+cz13co8 ) X+ by13 ¥ + czi3sin B2 (4e) S XII
Bso = —Tiza; + (y13 + %) ag — = - (axls +c (213 - %) 0055) X+ (de) S XII
(13— 1) a3 b(yis+3) §—c(zi3—3)sinpz
Bs; = —T13a; — Y1382 — 213 a3 = — (ar13 + cz13c08 ) X — by13§ — (4e) S XIII
Cz13 sin ﬁ Z
B52 = rizar — (y13 - %) as + = (al’lg +c (2’13 + %) COs ﬂ) X — (46) S XIII
(2134’%) as b(ylgf%) y+6(213+%)8in52
Bss = ZTiaa1 + Y14 az + 214 a3 = (ax1s +cz14c08B) X+ by1a ¥ + cz1asin B2 (4e) S XIV
Bsy, = —wgar + (yia + 3) az — = — (aw14 + ¢ (214 — §) cos B) X+ (4e) S XIV
(214 — 1) a3 b(yia+3) §—c(z14—3)sinpz
Bss = —T1481 — Y1482 — 21423 = —(az14 + cz1ac08B) X —by1a y — (4e) S X1V
cz148in Bz
Bsg = Tiaag — (y14 — %) as + = (am14 +c (214 + %) cos B) X — (4e) S XIV
(z1a+ 1) a3 b(yia—3) §+c(zia+3)sinpz
Bsr = T15a1 + Y15 a2 + 215 A3 = (ax15 + cz15 COSB) X+ byi5y + cz158in Bz (46) S XV
Bss = —zi5a1 + (Y15 + 1) az — = — (az15 + ¢ (215 — 3) cos B) %X+ (4e) S XV
(215 — 3) a3 b(yis+3) §—c(z15 — 3)sin B2
Bso = —T1581 — Y1582 — 2153 = —(ax15 + cz15c08 B) X — by15 ¥ — (4e) S XV
cz158in B2
Beo = T15a; — (y15 — %) as + = (ax15 +c (215 + %) cos B) X — (4e) S XV
(215 + 1) a3 b(yis —3) §+c(z15+3)sinfz
Be1 = T16 a1 + Y16 A2 + 216 A3 = (aw16 + cz16c08B) X+ by16y + cz16sin Bz (4e) S XVI
Bgx = —Tiga; + (y16 + %) as — = - (a$16 +c (Zl6 - %) 0055) X+ (4e) S XVI
(216 — 3) a3 b(yie+3) §—c(zi6— 3)sinfz
Bes = —T16a1 — Y16 A2 — 216 A3 = — (az16 + cz16cos B) X — by16 Y — (4e) S XVI
CZ16 sin 6 Z
Bss = zigar — (yi6 — 1) as + = (az16 + ¢ (216 + 3) cos B) % — (4e) S XVI
(2164’%) asg b(l/w*%) 5’+C(216+%)Sin52
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