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Prototype AlO4P

AFLOW prototype label AB4C_aP240_1_40a_160a_40a-001
ICSD 280307

CCDC 1721023

Pearson symbol aP240

Space group number 1

Space group symbol P1

AFLOW prototype command aflow --proto=AB4C_aP240_1_40a_160a_40a-001

——params=a,b/a,c/a,a,ﬁ,'y,xl,yl,zl,xg,yg,zg,mg,y3,23,x4,y4,z4,x5,y57z5,x6,y6,
265 L7, Y7, 27, L8, Y8, 28, L9, Y9, 29, 105 Y10, 2105 L11, Y11, 211, L12, Y12, 212, 13, Y13, 213, L14, Y14, 214,
T15, Y15, 215, £16, Y16, 2165 L17, Y17, 217, L18, Y18, £18, 19, Y19, £19, 20, Y20, 220, 21, Y21, 221, L22,
Y22, 222, 23, Y23, 223, T24, Y24, 224, L25, Y25, 225, L26, Y26, 226, L27, Y27, 227, L28, Y28, 228, L29, Y29,
229,30, Y30, 230, T31, Y31, 231, L32, Y32, 232, L33, Y33, 233, L34, Y34, 234, L35, Y35, 235, L36, Y365 236,
X37,Y37, 237, L38, Y38, 238, L39, Y39, 239, L40, Y40, 2405 L41, Y41, 241, T42, Y42, 242, T43, Y43, 243, L44,
Yad, 244, T45, Y45, 245, T46, Y46 2465 TATy YAT, 247, T48, Y48, 248, L49, Y49, 249, T50, Y50, 250, T51, Y51,
251, T52, Y52, 252, 53, Y53, 253, L54, Y54, 254, T55, Y55, 255, L565 Y56, 2565 L57, Y57, 257, L58, Y585 258,
59, Y59, 259, L60, Y60, 2605 L61, Y61, 261, L62, Y62, 262, L63, Y63, 263, L64, Y64, 264, L65, Y65, 265, L66
Y66, 2665 L67, Y675 267, L685 Y685 2685 L695 Y69, 2695 L70, Y705, 270, L71, Y715 271, 72, Y72, 272, L73, Y73,
2735 L74, Y14, 274, T75, Y75, 275, L7765 Y76, 2765 L77, Y77, 277, L1785 Y785 2785 L79, Y79, 279, T80, Y805 280,
T81, Y81, 281,182, Y82, 282, L83, Y83, 283, L84, Y84, 284, L85, Y85, 285, L86, Y86, 286, L87, Y875 287, L88;
Yss, 2885 L89, Y89, 289, 90, Y90, 290, L91, Y91, 291, L92, Y92, 292, 93, Y93, 293, L94, Y94, 294, L95, Y95,
295, L96, Y96, 296, L97, Y97, 297, 98, Y98, 298, L99, Y99, 299, L1005 Y100, #1005 L1015 Y101, 21015 L1025 Y102
21025 2103, Y1035 21035 L104, Y104, 2104, L1055 Y1055 2105, L1065 Y106, 2106, L107, Y107, 2107, L1085 Y108,
2108, L1095 Y109, 2109, L1105 Y110, 21105 111, Y111, 2111, L1125 Y112, 21125 L113, Y113, 2113, L114, Y114,
21145 115, Y115, 2115, L1165 Y1165 21165 L1175 Y117, 2117, L1185 Y118, 21185 119, Y119, £119, 120, Y120,
21205 L1215 Y121, 2121, £122, Y122, 2122, 123, Y123, 2123, 124, Y124, 2124, L125, Y125, 2125, L126, Y126,
21265 X127, Y127, 2127, L128, Y128, 2128, 129, Y129, 2129, 130, Y130, 2130, L131, Y131, 2131, L132, Y132,
21325 2133, Y133, 2133, L134, Y134, 2134, L135, Y135, 2135, L1365 Y136, 2136, L137, Y137, 2137, L138, Y138,
2138, 139, Y139, 2139, L1405 Y140, 2140, L1415 Y141, 2141, 142, Y142, 2142, 143, Y143, 2143, L144, Y144,
2144, X145, Y145, 2145, L1465 Y1465 21465 L1475 Y147, 2147, 148 Y148, 21485 149, Y149, 2149, L1505 Y150,
21505 X151, Y1515 2151, L1525, Y152, 21525 L1535 Y153, 21535 L1545 Y1545 2154, L1555 Y1555 2155, L1565 Y156
21565, X157, Y157, 2157, L158, Y158, 21585 L1595 Y159, 2159, L1605 Y1605 2160, 161, Y1615 2161, L1625 Y162,
21625 L1635 Y1635 21635 L1645 Y164, 2164, L165, Y1655 2165, L1665 Y166, 2166, L167, Y167, 2167, L1685 Y168,
21685 L1695 Y169, 2169, L1705, Y170, 2170, L1715 Y171, 21715 L1725 Y1725 21725 L1735 Y1735 21735 L1745 Y174,
21745 L1755, Y175, 2175, L1765 Y1765 21765 L1775 Y177, 2177, L1785 Y178, 21785 L1795, Y179, 2179, L1805 Y180,
2180, 181, Y181, 2181, L1825 Y182, 2182, L183, Y183, 2183, L184 Y184, 21845 L185, Y185, 185, L186, Y186
2186, X187, Y187, 2187, 188, Y188, 21885 T189, Y189, £189, L1905 Y1905 2190, 191, Y191, 2191, L1925 Y192,
21925 193, Y1935 21935 L194, Y194, 2194, 195, Y195, 2195, L1965 Y196, 2196, L1975 Y197, 2197, L1985 Y198,
2198, £199, Y199, 2199, L2005 Y200, 22005 L2015 Y201, 22015 L2025 Y202, £202; 203, Y203, 2203, L204, Y204,
2204, L2055 Y205, 2205, L2065 Y2065 22065 L2075 Y207, 22075 L2085 Y208, 22085 209, Y209, 2209, L2105 Y210,
2210, 211, Y211, 2211, L2125 Y212, 2212, L213, Y213, 2213, L214, Y214, 2214, 215, Y215, 2215, L216, Y216
22165 X217, Y217, 2217, L2185 Y218, 2218, L219, Y219, 2219, 220, Y220, 2220, L221, Y221, 2221, L222, Y222,
2222, X223, Y223, 2223, L224, Y224, 2224, L225, Y225, 2225, 226, Y226, 2226, L227, Y227, 2227, L228, Y228,
22285 £229, Y229, 2229, L230, Y230, 2230, L231, Y231, 2231, L232, Y232, 2232, 233, Y233, 2233, L234, Y234,
2234, X235, Y235, 2235, L2365, Y236, 2236, L237, Y237, 2237, L2385 Y238, 2238, 239, Y239, 2239, 240, Y240,
2240

e The tridymite form of AIPQy is related to the tridymite forms of SiOy. Like SiOs it undergoes a series of temperature
driven phase transitions (Graetsch, 2002):

— The high temperature form is hexagonal, space group P63mc #186 at temperatures above ~ 590K

— The first intermediate form is monoclinic, space group P2; #4|at temperatures above ~ 460K
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The second intermediate form, P2;(«f0), is incommensurate but averages to a structure similar to the previous one
— This is followed by an orthorhombic form, space group P21212; #19, for which we have no data.
— Near room temperature we find another monoclinic structure, space group Pc #7

— The low temperature structure is triclinic, space group P1 #1| (this structure), also measured at room temperature.

e The astute reader will recognize that we are very vague about these phase transitions, as we have found no definitive
phase diagram.

e For more information on realted structures see our silica and aluminum phosphate page.

e Data for this structure was given in the F'1 setting of space group #1. This gives a conventional unit cell which is four
times larger than the primitive cell and is very close to an orthorhombic cell. We used AFLOW to convert this to the
standard P1 setting, which produces a cell equivalent to the primitive unit cell in the F'1 setting.

Triclinic primitive vectors

a; = aX 5

az = bcosyX + bsinvyy

ag = czX+cyy+ce.z

Cp = ccos 3

¢y = c(cosa—cosfcosy)/siny
c, = cZ—ct—c2

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type

B, = r1a; +y1as + 21 as = (azq + byy cosy + cp21) X+ (1a) AlT
(byrsiny +cyz1) §+c.21 2

B, = Toaj + ypas + 29 a3 = (axe + bya cosy + cp22) X+ (1la) Al Il
(byasiny +cy22) § +c.202

B; = T3a; +y3zas + 23 as = (axs + by cosy + cz23) X + (1a) Al IIT
(byzsiny +cy23) § +c.232

B, = Tga) + ygas + 24 a3 = (axg + byscosy + cpzq) X+ (1la) Al IV
(byasiny +cyz4) ¥+ c.24 2

Bs = Tsay + ysas + 25 as = (azs + bys cosy + c25) X + (1a) AlV
(byssiny +cyz5) § +c.252

Bg = Tgal + Yeas + 2¢ as = (axe + byg cosy + cp26) X + (1a) Al VI
(bys siny + cyz6) ¥ + ¢.26 Z

B, = Tray + yras + z7as = (ax7 + byrcosy + cp27) X+ (1la) Al VII
(byrsiny +cy27) § +c.272

Bs = Tgai + ysas + zgag = (axs + byg cosy + cp28) X + (1a) Al VIII
(byssiny + cyzg) § + c.28 Z

By = Tgaj + ygas + 29 as = (axg + byg cosy + cpz9) X + (1la) Al IX
(byosiny + cy29) § + 2202

B = ZTi0a1 + Yo A2 + 210 a3 = (ax10 4 byro cosy + cp210) X + (1a) AlX

(byrosiny + cyz10) § + €210 2
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Bll

B12

Bis

B14

Bis

B16

Bir

B18

B19

Bao

B21

Ba2

B23

Bay

B25

Bas

Bar

Bag

B3O

Bs;

B32

Bss

B34

r11a1 +Yi1a2 + 21183

Ti12@1 + Yi12a2 + 21243

Ti13a1 + Yiz3az2 + z13a3

Ti14a1 + Y1422 + 214 a3

T15a1 + Y15 a2 + 215 a3

T16 a1 + Y16 A2 + 216 A3

Ti7a1 +Yyiraz + 217 a3

riga1 + Yigaz + z18 a3

Tigai + Y19 a2 + 219 a3

To0 a1 + Y20 a2 + 220 A3

ZTo1 @1 + Y21 a2 + 221 A3

To2 @1 + Yoo a2 + 222 A3

ZToz a1 + Ya3 a2 + 223 a3

To4 A1 + Y24 A2 + 224 A3

Tos a1 + Y25 a2 + 225 A3

ZToe a1 + Y26 A2 + 226 A3

Tor a1 + Yoraz + 227 A3

ZTog A1 + Yog A2 + 2o A3

Tog a1 + Y29 a2 + 229 A3

T30 a1 + Ysp a2 + 230 a3

T31 a1 + Y31a2 + 231 a3

T3z a1 + Y3z a2 + 232 a3

T3z a1 + Yszas + 233 a3

T34 a1 + Ysq a2 + 234 A3

(azn —+ byll COS’Y —+ szll) 5( —+
byiisiny + cyz11) § + 2211 2

(
(az1a + by12 cOS7y + cr212) X+
(byr2siny + cyz12) ¥ + c.2122
(

aris + by13 Ccosy + szlg) X+
(byizsiny + cyz13) § + 2132
(ax14 + byra cosy + cp214) X +
(byrasiny + cyz14) § + c2214 2
(az15 + by1s cosy + ¢z 215) X+
(bys siny + cyz15) § + c2215 2
(az16 + byis cosy + cp216) X +
byiesiny + cyz16) ¥ + 2216 Z

(
(axy17 4 byr7 cosy + cpz17) X+
(byi7siny + cyz17) § + 2217 2
(

az1s + byi1g cosy + cpz18) X +
byigsiny + cyz18) ¥ + c2218 2

(
(az19 + by19 COS7Y + cz219) X +
(byrgsiny + cyz19) § + c2219 Z
(

axrao —+ by20 COS Y —+ CmZQO) 5{ —+
bysosiny + cy2z20) ¥ + 2220 2

(
(a1 + byay cOS7y + cr221) X+
(bya1 siny + cy291) § + C2221 Z
(

aZag + byos cOsy + Cp299) X +
(byaz siny + cyz92) § + Co222 2
(ax23 + byas cosy + cp223) X +
(byas siny + cyza3) § + c.2232
(awoq + bysg cosy + cp204) X +
(byoasiny + cyz24) § + C2224 2
(azxes + byas cosy + cp225) X +
byas siny + cyza5) ¥ + 2225 Z

(

(azag + byas COS7Y + Cr226) X +
(byas siny + cyz96) § + C2226 Z
(azxor + byar cosy + cpz27) X +
(by27 siny + cyza7) ¥ + c.227 2
(azag + byag COS7Y + Cr228) X +
(byas siny + cyz98) § + Co208 Z
(alfgg —+ by29 COS Y —+ CmZQQ) )A( —+
(by29 siny + cy2z29) ¥ + o220 2
(axsp + byso cosy + cxz30) X +
(byso siny + cy2z30) ¥ + c2230 Z
(al’gl + by31 COs 7y + Cg;Zgl) 5( +
(byz1siny + cy2z31) ¥ + c.231 2
(axsy + bysa cOS7y + cr232) X+
(bysasiny + cy2z32) ¥ + c.232 2
(aa:33 =+ by33 Ccosy + CxZ33) X+
(byszsiny + cy233) ¥ + c.233 2
(axsq + bysa cosy + cp234) X +
(bysasiny + cyz34) ¥+ C.234 2

Al XI

Al XII

Al XIII

Al XIV

Al XV

Al XVI

Al XVII

Al XVIII
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Al XX
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Bss

B36

Bsr

B38

B40

By

B42

Bys

B44

Bys

Bus

Byr

Bys

B49

Bso

B51

Bsa

Bss

B56

Bsr

B58

T35 a1 + Y35 A2 + 235 A3

T36 a1 + Y3 A2 + 236 A3

T3z a1 + Y37 a2 + z37 ag

T3g a1 + Ysg Az + 238 as

39 a1 + Y39 A2 + 239 A3

T40 a1 + Y40 A2 + 240 A3

Tq1 @1 + Y412 + 241 A3

T2 a1 + Y422 + 242 A3

T43@1 + Ya3 a2 + 243 A3

T4q 81 + Yqqa 22 + 244 A3

T45a1 + Ya5 A2 + 245 A3

T46 A1 + Y46 A2 + 246 A3

Tq7 A1 + Ya7 A2 + 247 a3

T48 a1 + Y48 A2 + 248 A3

T49 a1 + Yq9 A2 + 249 A3

Tso @1 + Yso a2 + 250 A3

Ts1a1 + Ys1a2 + 251 a3

Tsz @1 + Ys2 a2 + 252 a3

Ts3 a1 + Ys3 A2 + 253 A3

Ts4@1 + Ysq A2 + 254 A3

Ts5 a1 + Y55 A2 + 255 A3

ZTs6 A1 + Ys6 A2 + 256 A3

Ts7 a1 + Ys7 Az + 257 a3

Tsg a1 + Ysg Az + 258 A3

(az35 —+ by35 COS Y —+ Ca:Z35) 5( —+
byss siny + cy235) ¥ + 2235 Z

(
(axse + byse cOS7y + cr236) X +
(byse siny + cy2z36) ¥ + c.236 2
(

axsy + bysr cosy + cpz37) X +
(bys7 siny + cy2z37) ¥ + c.237 2
(azxsg + bysg cosy + cp238) X +
(bysgsin~y + cyz38) ¥ + c.238 %
(axsg + bysg cOS7y + cr239) X +
(bysgsiny + cyz39) § + c.239 Z
(azgo + byao cosy + cpz40) X +
(byao siny + cy2z40) ¥ + 2240 2

(azqy1 + byas cosy + cr241) X+
(byar siny + cyza1) § + c2a1 2
(

aZ4o + byso cosy + cpz42) X+
(byaz siny + cyz42) ¥ + C.242 2

(a3 + byas cosy + cr243) X+
(byazsiny + cyza3) § + C2243 2
(

a4 —+ by44 COS Y —+ CTZ44) X —+
bysasiny + cyzaa) § + C2244 2

(
(azys + byas cOs7y + cr245) X+
(byas siny + cyza5) § + C2245 2
(

a4 + byse cosy + cpz46) X +
(byas siny + cyza6) ¥ + 2246 2
(azq7 + byar cosy + cpza7) X+
(byazsiny + cyza7) § + 247 Z
(

az4s + bysg cosy + cpz48) X+
(byassiny + cyzag) § + C.248 Z
(azg9 + byag cosy + cpz49) X +
byso sSiny 4 cyz49) ¥ + 2240 Z

(
(azsp + byso cosy + cg;z50) X+
(byso siny + ¢y 250) § + C2250 Z
(azxs1 + bysy cosy + cpz51) X+
(bysysiny + cy2zs51) ¥ + c.251 2
(axsy + bysa cOS7y + Cr252) X+
(bysa siny + cyz52) § + C2250 2
(aa:53 —+ by53 COS Y —+ CTZ53) X —+
(byszsiny + cyz53) § + c.253 2
(axsy + bysa cOS7Y + Cr254) X+
(bysasiny + cyz54) § + C2254 Z
(azxss + byss cosy + cp255) X +
(byss siny + cy2z55) § + c.255 2
(axss + byse cosy + 01256) X+
(byse siny + cyz56) ¥ + C.256 Z
(axs7 + bysy cosy + cpz57) X+
bys7siny + cyzs7) ¥ + 2257 Z

(
(axsg + bysg cOSy + cp258) X +
(bysgsiny + cyzs8) ¥ + C.258 2
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O VI

O VII
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Bsg

BGO

Be1

B62

B64

Bes

B66

Ber

Bss

B69

Br;

B2

Brs

Brs

Brs

Brs

Brg

BSO

Bs:

B82

Tsg A1 + Y59 A2 + 259 A3

Zeo a1 + Yoo A2 + 260 A3

Te1 a1 + Ys1 A2 + 261 A3

Te2 a1 + Y2 A2 + 262 A3

ZTe3 a1 + Y63 A2 1 263 A3

Teq A1 + Ys4 A2 + 264 A3

Zes A1 + Yes A2 + 265 A3

Te A1 + Y6 A2 1 266 A3

ZTer a1 + Yo7 A2 + Zg7 A3

Teg A1 + Yos A2 + 268 A3

ZTeg &1 + Yeg A2 + Zg9 A3

T70 @1 + Y70 A2 + 270 A3

Tria1 +yriaz + 271 a3

T72 a1 + Yre2 Az + 272 a3

T73 a1 + Yrz Az + 273 a3

Traai + Yrqa A2 + 274 A3

Trsal + Yrsaz + zysas

ZTre a1 + Y76 A2 + 276 A3

Trray + Yrr Az + 277 as

Trgal + Yrg Az + 27g as

Trg &1 + Y79 A2 + 279 A3

Tgo a1 + Yso a2 + 2g0 A3

Tg1 a1 + Ys1 Az + 281 a3

Tgz &1 + Ys2 A2 + 2g2 A

(az59 —+ by59 COS Y —+ CxZ59) 5( —+
byso siny + cyzs9) ¥ + 2250 Z

(
(azgo + byso COS 7Y + Cx260) X +
(byeo siny + cy2z60) ¥ + c2260 2
(

azg1 + bye1 cosy + cp261) X +
(bye1 siny + cy2z61) ¥ + c.261 2
(aze2 + bysa cosy + crp262) X +
(bysz siny + cyz62) ¥ + C.262 2
(azgs + byss cOs7y + cr263) X +
(byss siny + cyze3) § + c2263 2
(axes + byss cosy + crz64) X +
(byea siny + cy264) ¥ + C. 264 2

(azgs + byss cOs7y + cr265) X +
(byes siny + cyze5) § + C2265 2
(

azge + byes cosy + cpz66) X +
(byss siny + cy2z66) ¥ + 2266 2

(azgr + bysr cOS7Y + crz67) X +
(bye7 siny + cyz67) § + C2267 Z
(

ares —+ by68 COS Y —+ C.’rz68) 5{ —+
byes siny + cyz68) ¥ + C.268 2

(
(azgg + bysg COS7Y + Cr269) X +
(byso siny + cy269) § + C2269 Z
(

ax7o + byro cosy + cpz70) X +
(byrosiny + cyz70) ¥ + c2270 2
(ax71 + byri cosy + cp2m1) X+
(byrysiny + cyzr1) § + c.2n1 Z
(

a7 + byre cosy + cpzm2) X+
(byrasiny + cyzr2) ¥ + c.272 2
(awr3 + byrs cosy + cp273) X +
byrssiny 4 cyzr3) ¥ + c 273 %

(
(azrq + byra cOS7Y + Cr274) X+
(byzasiny + cyz7a) § + C2274 2
(

az7s + byrs cosy + cpz75) X +
byrs siny + cyzr5) ¥ + 2275 Z

(
(azre + byre cOS7Y + cr276) X +
(byre siny + cyz76) § + c2276 Z
(

a7y + byrr cosy + cpz77) X+
byrrsiny 4 cyzrr) ¥ + co2m7 Z

(
(axrs + byrs cosy + cp278) X +
(byzssiny + cyz78) § + co278 Z
(

axrrg + by79 COos 7y + CxZ79) 5( +
byro siny + cyzr9) ¥ + 2279 Z

(
(azsp + byso cosy + cz280) X +
(byso siny + ¢y2z80) ¥ + c.280 2
(

axsy + bysy cosy + cp281) X +
(bysisiny + cy281) ¥ + c.281 2
(azxg2 + bysa cosy + cp282) X +
(bysasiny + cy2zs2) ¥ + C.282 %
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Bss

Bsa

Bss

B86

BSS

Bso

B90

B91

Bo2

B93

Boa

B95

Bos

Bor

Bos

B99

Bioo

B101

B102

Bios

B104

Bios

B106

Tg3 a1 + Ys3 A2 + 283 A3

Tg4 a1 + Ysq A2 + 284 A3

Tg5 a1 + Ys5 A2 + 285 A3

Tge a1 + Yse A2 1 256 A3

rg7 a1 + Ys7 A2 + 2g7 a3

Tgg A1 + Ysg Az + 238 A3

Tgg a1 + Ysg A2 + 289 A3

Tgo A1 + Yoo A2 + 290 A3

o1 @1 + Yo1 A2 + 291 A3

Tg2 a1 + Yo2 A2 + 292 A3

ZToz a1 + Yg3 a2 + 293 a3

Tgq A1 + Yoq A2 + 294 A3

ZTos a1 + Yg5 A2 + 295 A3

ZTge A1 + Yg6 A2 + 296 A3

Tg7 a1 + Yo7 A2 + 297 A3

ZTog a1 + Yos A2 + 2gs A3

Tgg a1 + Yog A2 + Zgg A3

2100 &1 + Y100 A2 + 2100 A3

101 @1 + Y101 A2 + 2101 A3

102 a1 + Y102 A2 + 2102 A3

T103 Q1 + Y103 &2 + 2103 A3

104 A1 + Y104 A2 + 2104 A3

T105 Q1 + Y105 A2 + 2105 A3

Z106 &1 + Y106 A2 + 2106 A3

(al‘83 —+ bysg COS Y —+ Ca:ZSB) 5( —+
(byss siny + cy283) ¥ + c.283 2
(axsgy + bysa COS7Y + Cr284) X+
(bysasiny + cy284) ¥ + o284 Z
(axgs 4 byss cosy + cp285) X +
(byss siny + cy285) ¥ + c.285 2
(azxge + byse cosy + cr286) X +
(byse siny + cy2zs6) ¥ + 2286 Z
(azsgy + bysy cosy + ¢ 287) X +
(bys7siny + cyzs7) § + c.287 2
(azxgg + byss cosy + crp288) X +
(byss siny + cy288) ¥ + . 288 Z
(axsg + bysg COS7y + cr289) X +
(bysg siny + cyzg9) § + c.289 Z
(azgo + bygo cosy + ¢z 290) X +
(bygo siny + ¢cyz90) ¥ + c2290 Z
(azg1 + byg1 COS7Y + cz291) X +
(byo1 siny + cy291) § + c2201 Z
(a:z:92 —+ by92 COS Y —+ CmZgg) 5{ —+
(byoz siny + cy292) ¥ + c.292 2
(a3 + bygs cOS7y + cx293) X +
(byos siny + cyz93) § + c2293 Z
(awoq + byos cosy + cp204) X +
(byoa siny + cyz94) ¥ + C.204 2
(azxgs + bygs cosy + ¢z 295) X +
(bygs siny + cy2z95) § + c.2952
(axgs 4 bygs cOs Y + Cp206) X +
(byoes siny + cy296) ¥ + 2296 2
(azxg7 + bygr cosy + cp297) X +
(bygr siny + cy297) ¥ + c.297 2
(azgs + bygs COS7y + c1208) X +
(bygs siny + ¢y z98) § + C.298 Z
(azxgg + bygg cosy + ¢z 299) X +
(bygo siny + cy299) ¥ + . 299 Z
(ax100 + by1oo cosy + cz2100) X +
(byroo siny + ¢y z100) § + C22100 2
(ax101 + by101 cosy + czz101) X +
(byro1 siny + ¢yz101) ¥ + c22101 2
(az102 + byro2 cosy + cz2102) X +
(byro2 8iny + ¢yz102) § + C22102 2
(aw103 + by1oz cosy + cz2103) X +
(byroz siny + ¢yz103) ¥ + c22103 2
(ax104 + by104 COSY + Cr2104) X +
(by10a Siny + cy2z104) § + 22104 Z
(aw105 + by1os cOS Y + ¢z 2105) X +
(byros siny + ¢yz105) § + c22105 2
(ax106 + by106 COSY + Cx2106) X +
(by106 siny + ¢yz106) ¥ + 22106 Z
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Bio7

B108

Bioo

B110

Bi11

B112

Biis

B114

B115

Biis

Bii7

Biis

B119

Bi2o

B121

Bi22

B123

Bi24

Bi2s

B126

Bi27

B128

Bi2g

B130

T107 Q1 + Y107 A2 + 2107 A3

108 a1 + Y108 A2 + 2108 A3

T109 @1 + Y109 A2 + 2109 A3

11021 + Y110 A2 + 2110 A3

T111 @1 + Y111 22 + 2111 A3

Ti12@1 + Y112 @2 + 2112 A3

ZT113a1 + Y113a2 + 2113 a3

T114@1 + Y114 22 + 2114 A3

Z115a1 + Y115 A2 + 2115 A3

T116 A1 + Y116 A2 + 2116 A3

Ti17a1 + Y117 a2 + 2117 A3

T118 Q1 + Y118 A2 + 2118 A3

119 @1 + Y119 A2 + 2119 A3

T120 @1 + Y120 A2 + 2120 A3

Ti121 @1 + Y121 A2 + 2121 A3

T122 A1 + Y122 A2 + 2122 A3

T123 @1 + Y123 A2 + 2123 A3

T124 A1 + Y124 A2 + 2124 A3

T125 A1 + Y125 A2 + 2125 A3

126 A1 + Y126 A2 + 2126 A3

Ti27 Q1 + Y127 A2 + 2127 A3

128 A1 + Y128 A2 + 2128 A3

T129 @1 + Y120 A2 + 2129 A3

Z130 &1 + Y130 @2 + 2130 A3

(aw107 + by1o7 cosy + czz107) X +
(byro7 siny + ¢yz107) § + c22107 2
(ax108 + by1os cosy + cz2108) X +
(by10s siny + ¢yz108) § + 22108 Z
(aw109 + by1o9 cOS 7Y + Cz2109) X +
(byrog siny + ¢yz109) ¥ + c22100 2
(ax110 + by110 cOS Y + cx2110) X +
(by1108iny + ¢yz110) § + 22110 Z
(ax111 + by111 cosy + ¢cpz111) X+
(byr11siny + cyz111) § + c22111 2
(ax112 + by112 cosy + cp2112) X+
(byri2siny + cyz112) ¥ + cz2112 2
(ax113 + by cosy + cz2113) X +
(byllg sin7 + Cy2113) 5’ +cC,2113 Z
(ax114 + by114 cOSY + Cp2114) X +
(by11asiny 4 cyz114) ¥ + 22114 %
(ax115 + by11s cosy + cz2115) X +
(byr1s siny + cyz115) § + c22115 2
(ax116 + by116 cOSY + Cr2116) X +
(byr1esiny + cyz116) ¥ + c22116 2
(ax117 + byii7 cosy + cpz117) X+
(byr17siny + cyz117) § + c2.21172
(CLZZJHS + by118 Ccosy + Cxan) X+
(byrissiny + ¢yz118) § + c.21182
(ax119 + by119 COSY + Cr2119) X +
(by1198iny + cyz119) § + 22110 Z
(aw120 + by120 cOS 7Y + cz2120) X +
Y
(by120 Siny + ¢yz120) ¥ + 22120 Z
(ax121 + by121 cosy + cp2121) X +
(byi21 siny + ¢cyz121) ¥ + 22121 2
(aw122 + by122 cOsy + cz2122) X +
(byr22siny + cyz122) § + C221222
(ax123 + by123 cOsy + cp2123) X +
(by123siny + cyz123) ¥ + 22123 %
(aw124 + by124 cOS7Y + Cp2124) X+
(byr2asiny + cyz124) § + C22124 2
(ax125 + by125 cOsy + Cp2125) X +
(byr2s siny + ¢yzi25) § + c22125 2
(ax126 + by126 cOS7Y + cz2126) X +
(byr26 Siny + cyz126) § + C22126 2
(aw127 + by127 cosy + cp2127) X +
(byro7siny + ¢yzi27) § + c221272
(w128 + by128 COSY + Cp2128) X +
(by128 siny + cyz128) § + 22128 Z
(aw129 + by129 cOS7Y + Cp2129) X +
(byr29 siny + ¢yz129) § + C22129 2
(ax130 + by130 cOsy + €z 2130) X +
(byizo siny + ¢cyz130) ¥ + 22130 Z
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0 XC



B131

B132

Biss

B134

Biss

B136

Bis7r

B138

B139

Bi4o

Bia:

Bi42

B143

Biaa

B145

Bise

Biar

Biss

Bi4g

B1.50

B151

B152

Biss

B154

13141 + Y1312 + 2131 a3

T132A1 + Y132 @2 + 2132 A3

T133 a1 + Y133 a2 + 2133 A3

134 A1 + Y134 A2 + 2134 A3

T135 Q1 + Y135 A2 + 2135 A3

Z136 A1 1 Y136 A2 + 2136 A3

137 a1 + Y137 A2 + 2137 A3

138 a1 + Y13g A2 + 2138 A3

139 a1 + Y139 A2 + 2139 A3

T140 Q1 + Y140 A2 + 2140 A3

141 A1 + Y141 A2 + 2141 A3

T142 Q1 + Y142 A2 + 2142 A3

143 a1 + Y143 A2 + 2143 A3

T144 Q1 + Y144 A2 + 2144 A3

T145 A1 + Y145 A2 + 2145 A3

146 A1 1 Y146 A2 + 2146 A3

T147 Q1 + Y147 A2 + 2147 A3

T148 A1 + Y148 A2 + 2148 A3

T149 Q1 + Y149 A2 + 2149 A3

2150 &1 + Y150 A2 + 2150 A3

151 a1 + Y151 22 + 2151 A3

15221 + Y152 A2 + 2152 A3

T153 Q1 + Y153 A2 + 2153 A3

154 @1 + Y154 A2 + 2154 A3

(awy31 + by1z1 cosy + cz2131) X +
(by1318iny 4 cyz131) § + 22131 Z
(ax132 + byi32 cosy + ¢z 2132) X +
(byiz2 siny + cyz132) ¥ + 22132 2
(aw133 + by13z cosy + ¢z 2133) X +
(byzzsiny + ¢yz133) § + c.2133 2
(ax134 + by134 cOS Y + Cp2134) X +
(by13a siny + cyz134) § + 22134 %
(aw135 + by1ss cosy + cz2135) X +
(by13s siny + cyz135) § + 22135 Z
(aw136 + by1se cosy + cz2136) X +
(byrse siny + ¢y 2136) § + c22136 2
(ax137 + byis7 cosy + ¢z 2137) X+
(byrs7siny + cyz137) § + c.21372
(aw13s + byiss cosy + cz2138) X +
(byizs siny + cyzi38) ¥ + c22138 2
(aw139 + by13g cosy + cz2139) X +
(byrsg siny + cyz139) § + C22130 2
(aw140 + by140 cOS 7y + cz2140) X +
(byra0siny + ¢y2140) ¥ + 22140 2
(ax141 + by1a1 cosy + cz2141) X+
(byra1 8iny + cyz141) § + C22141 2
(CLZZJ142 + by142 Ccosy + Cx2142) X+
(by1a2siny + cyz142) § + 22142 %
(az143 + by143 cosy + cz2143) X +
(byrazsiny + ¢yz143) § + c22143 2
(ax144 + by144 COSY + Cp2144) X+
(by1aa siny + cyz144) § + 22144 %
(ax145 + by145 cOSY + Cp2145) X +
(by1as siny + cyz145) § + 22145 2
(az146 + by146 COS 7Y + 012146) X+
(by146 51117 + CyZ146) y + C»2146 Z
(ax147 + by1a7 cOSY + Cp2147) X +
(by1a78iny + cyz147) § + C22147 %
(az14s + by14s cOs Y + szl48) X+
(byragsiny + cyz148) ¥ + 22148 2
(ax149 + by149 cOSY + Cr2149) X +
(byrag siny + ¢yz149) § + c22149 2
(aw150 + byis0 cO8 7y + cz2150) X +
(by1so siny + ¢yz150) § + c22150 2
(aw151 + by1s1 cosy + czp2151) X +
(byrs1siny + ¢yzi51) § + c22151 2
(aw152 + byisz cosy + CzZ152) X+
(byisesiny + ¢yz152) § + c22152 2
(aw153 + by1s3 cOS 7y + Cp2153) X +

byisz siny + ¢y z153) ¥ + 22153 2

(
(ax154 + by154 COSY + Cr2154) X +
(by1548iny + cy2z154) § + 22154 %

0O XCI

0O XCII

O XCIII

0 XCIV

0 XCV

0O XCVI

O XCVII
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XCVIII

0 XCIX

0C
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O CIII

O CIV

O Cv

O CVI
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O CVIII
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0 CX

O CXI

O CXII

O CXIII

O CXIV



Biss

B156

Bis7

B158

Biso

B160

Bie1

B162

B163

B164

B165

Biss

Bie7

Biss

B169

Bi7o

Bi71

Bi72

Bi7s

Bi7s

Bi7s

Bi7e

Bi77

Bi7s

T155 Q1 + Y155 A2 + 2155 A3

156 A1 + Y156 A2 + 2156 A3

T157 Q1 + Y157 A2 + 2157 A3

158 A1 + Y158 A2 + 2158 A3

T159 @1 + Y159 A2 + 2159 A3

Z160 A1 + Y160 A2 + 2160 A3

161 a1 + Y161 A2 + 2161 A3

T162 Q1 + Y162 A2 + 2162 A3

163 a1 + Y163 A2 + 2163 A3

T164 Q1 + Y164 A2 + 2164 A3

Z165 a1 + Y165 A2 + 2165 A3

T166 A1 1 Y166 A2 + 2166 A3

167 A1 + Y167 A2 + 2167 A3

T168 A1 + Y168 A2 + 2168 A3

169 A1 + Y169 A2 + 2169 A3

170 a1 + Y170 A2 + 2170 A3

Ti71@1 + Y171 @2 + 2171 A3

Ti7z2 @1 + Y172 @2 + 2172 @3

Ti7z a1 + Yir3 a2 + 2173 A3

T174 A1 + Y174 A2 + 2174 A3

Ti75Q1 + Y175 A2 + 2175 A3

176 1 + Y176 A2 + 2176 A3

Ti77 a1 + Y177 A2 + 2177 A3

T178 A1 + Y178 A2 + 2178 A3

(aw155 + by1ss cosy + ¢z 2155) X +
(byiss siny + ¢yz155) § + c22155 2
(

azr1s6 + by1s6 oSy + ¢z 2156) X +
(by1s6 siny + ¢yz156) § + 22156 Z
(

arys7 + byis7 cosy + cp2157) X+
(byis7siny + cyzi57) § + C221572
(

axsg + by1s8 cosy + cp2158) X +
(by1ss siny + ¢yz158) § + 22158 Z
(

arysg + byisg cosy + ¢z 2159) X +
(by1s9 siny + cyz159) § + 22150 Z
(

ari60 + byieo oSy + cz2160) X +
(byi6o siny + cyz160) ¥ + 22160 Z

(ax161 + byie1 cosy + cz2161) X +
(by161 sin7 + cyzlﬁl) 5’ + C,2161 Z
(

axi62 + byie2 cosy + cz2162) X +
(byre2 siny + cyzi62) ¥ + c22162 2

(ax163 + byies cosy + cz2163) X +
(byre3 siny + cyz163) § + C22163 2
(

ax164 + by16a cOSY + Cr2164) X +
(byreasiny + cyzipa) § + c22164 2

(az165 + byies cosy + cz2165) X +
(byres siny + cyz165) § + C22165 2
(

arige + by166 Ccosy + C;c2166) X+
(byres siny + ¢yz166) § + C22166 2
(

azi67 + by167 cOSY + cr2167) X +
(by167 siny + cyz167) § + 22167 Z
(

aries + byies cosy + ¢z 2168) X +
(by16s siny + cyz168) ¥ + 22168 Z
(

ariey + byieg COSY + Cz2169) X +
(byieg siny + cyz169) ¥ + 22169 Z
(

azxy7o + byi7o cosy + cz2170) X +
(by170 siny + cyz170) § + 22170 Z
(

axi71 + byiri cosy + cpz1im1) X+
(byrrisiny + cyzim1) ¥+ 22171 2
(

azryre + byir2 cosy + cp2172) X+
(byr7esiny + cyz172) § + c.21722
(

ax173 + byi7z cosy + cp2173) X +
(byirzsiny + cyzi73) ¥ + c.21732
(

azxy7a + byi7a cosy + cp2174) X+
(byr7asiny + cyz174) § + C22174 2
(

azry7s + byirs cosy + cp2175) X+
(byirs siny + ¢yzi75) § + c22175 2
(

azxi76 + by176 COSY + Cr2176) X +
(by176 siny + cyz176) § + 22176 Z
(

azxy77 + byirr cosy + cp2177) X+
(byrrrsiny + cyzi77) § + c.21772
(

ary7g + byirg cosy + czz178) X +
(byi7g siny + cyz178) ¥ + 22178 2
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Bi7g

B180

Bis:

B182

Biss

B184

Biss

B186

Bisgr

Biss

B189

Bigo

B191

Bio2

B193

Bigs

B195

Bige

Big7

B198

Bigg

B2OO

B2o1

B202

Ti79 A1 + Y179 A2 + 2179 A3

180 A1 + Y180 A2 + 2180 A3

181 a1 + Y181 a2 + 2181 a3

182 a1 + Y182 A2 + 2182 A3

T183 A1 + Y183 A2 + 2183 A3

T184 Q1 + Y184 A2 + 2184 A3

185 a1 + Y185 A2 + 2185 A3

186 a1 1 Y186 A2 + 2186 A3

187 a1 + Y187 A2 + 2187 A3

188 a1 + Y188 A2 + 2188 A3

189 a1 + Y189 A2 + 2189 A3

T190 @1 + Y190 A2 + 2190 A3

2191 A1 + Y191 A2 + 2191 A3

T192 a1 + Y192 A2 + 2192 A3

193 a1 + Y193 A2 + 2193 A3

194 A1 + Y194 A2 + 2194 A3

Z195 a1 + Y195 A2 + 2195 A3

196 A1 + Y196 A2 + 2196 A3

ZTig97 A1 + Y197 A2 + 2197 A3

198 a1 + Y198 A2 + 2198 A3

T199 A1 + Y199 A2 + 2199 A3

2200 a1 + Y200 A2 + 2200 A3

Z201 a1 + Y201 A2 + 2201 A3

ZT202 a1 + Y202 A2 + 2202 A3

(aw179 + byi79 COS7Y + Cp2179) X +
(byrrosiny + ¢yzi79) § + c22179 2
(

ar1go + byiso cosy + ¢z 2180) X +
(by1so siny + ¢yz180) § + 22180 Z
(

arigy + byis1 cosy + cp2181) X +
(byas1siny + ¢yz181) § + c.2181 2
(

axi1g2 + byise cosy + cp2182) X +
(by1s2 siny + ¢yz182) § + 22182 Z
(

arigs + byisz cosy + ¢z 2183) X +
(by1ss siny + cyz183) ¥ + 22183 Z
(

axi1g4 + by1sa cosy + cp2184) X +
(by1ga siny + cyz184) § + 22184 %

(ax185 + byiss cosy + ¢z 2185) X +
(by1ss siny + cyz185) § + 22185 Z
(

ax1g6 + by1se sy + cz2186) X +
(byrse siny + ¢yz186) ¥ + c22186 2

(ax187 + byisy cosy + ¢ 2187) X +
(byrs7siny + cyz187) § + c.21872
(

axi1gg + byiss cosy + cy2188) X +
(byiss siny + ¢y z188) ¥ + c.2188 2
(

arigy + byisg cosy + ¢z 2189) X +
(byrsg siny + cyz189) § + C22180 2
(

arigo + bylgo Cosy + szlgo) X+
(byrgo siny + ¢yz190) § + c22100 2
(

axig1 + byig1 cosy + cz2191) X +
(by191 8iny + ¢y2z191) § + 22101 Z
(

ax192 + by1g2 cosy + cz2192) X +
(by192 siny + cyz192) § + 22102 Z
(

aryg3 + byigz cosy + ¢z 2193) X +
(by193 siny + cyz193) ¥ + 22193 2
(

arigs + byga cosy + cz2194) X +
(by194 sinv + CyZ194) 5’ + C»2194 Z
(

arygs + byigs cOSy + Cz2195) X +
(by195 Siny + cyz195) ¥ + 22195 Z
(

ary96 + by1g6 cOSY + ¢z 2196) X +
(byr96 siny + ¢y z196) § + C22196 2
(

ax1g7 + by1g7 cosy + cp2197) X +
(byro7 siny + ¢yz197) ¥ + c221972
(

arygs + byigg cosy + ¢z 2198) X +
(byrgs siny + cyz198) § + C22108 2
(

arygg + by1gg cOS7Y + cz2199) X +
(byrgg siny + ¢yz199) ¥ + c22199 2
(

axa00 + by200 COSY + €z 2200) X +
(by200 Siny + ¢y2200) ¥ + 22200 Z
(

arag1 + byzo1 cosy + cz2201) X +
(byao1 siny + ¢y2201) § + c22201 2
(

awapz + byao2 COS7Y + Cz2202) X +
(by202 siny + ¢y 2202) ¥ + 22202 Z
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B2os

B2os

B2os

B206

Baor

B208

B2og

B210

B211

B212

B213

B214

B215

B21s

B2~

B2is

B219

B22o

B221

B222

Ba23

B224

Ba2s

B226

T203 A1 + Y203 A2 + 2203 A3

T204 A1 + Y204 A2 + 2204 A3

T205 A1 + Y205 A2 + 2205 A3

206 A1 + Y206 A2 + 2206 A3

Top7 A1 + Y207 A2 + 2207 A3

Z208 A1 + Y208 A2 + 2208 A3

209 a1 + Y200 A2 + 2200 A3

210 Q1 + Y210 A2 + 2210 A3

ZT211 a1 + Y211 A2 + 2211 A3

To12 Q1 + Y212 A2 + 2212 A3

ZT213 a1 + Y213 A2 + 2213 A3

T214 A1 + Y214 A2 + 2214 A3

T215 a1 + Y215 A2 + 2215 A3

To16 A1 + Y216 A2 + 2216 A3

To17 Q1 + Y217 A2 + 2217 A3

T218 a1 + Y218 A2 + 2218 A3

To19 Q1 + Y210 A2 + 2219 A3

T220 A1 + Y220 A2 + 2220 A3

To21 A1 + Y221 A2 + 2221 A3

To22 A1 + Y222 A2 + 2222 A3

To23 A1 + Y223 A2 + 2223 A3

To24 A1 + Y224 A2 + 2224 A3

To25 A1 + Y225 A2 + 2225 A3

T226 A1 + Y226 A2 + 2226 A3

(awa03 + by2o3 cOS 7y + Cz2203) X +
(by2o3 siny + ¢y2203) § + c22203 2
(

aro4 + byaoa cOS7Y + Cz2204) X +
(by204 SIny + ¢y2204) § + 22204 Z
(

araps + byaos COS7Y + Cz2205) X +
(byaos siny + ¢y 2205) § + C22205 2
(

ax206 + by206 COSY + Cx2206) X +
(by206 Siny + ¢y2206) § + 22206 Z
(

arag7 + byaor cOS7Y + Cz2207) X +
(byao7 siny + ¢yz207) § + C22207 2
(

awaps + byaos COS7Y + Cz2208) X +
(by20s siny + ¢y 2208) ¥ + 22208 Z

(aw209 + byzog cOS7Y + Cz2209) X +
(by209 Siny + ¢y 2209) ¥ + 22200 Z
(

axa10 + by210 cosy + cz2210) X +
(by2108iny + ¢y2210) ¥ + c22210 2

(awa11 + bya11 cosy + cp2011) X+
(bya11 8iny + ¢yz911) § + C22211 2
(

axa12 + byai2 cosy + cp2212) X +
(by2128iny 4 cy2212) § + 22212 %
(

araiz + byaiz cosy + ¢ 2013) X +
(bya13 8iny + cy2z913) § + C22213 2
(

aro14 + by214 Ccosy + Cx2214) X+
(by214 8iny 4 cy2214) § + 22214 %
(

axays + by215 cOS Y + Cp2215) X +
(by21s siny + ¢y2215) § + 22215 Z
(

axa16 + by216 cosy + cz2216) X +
(bya16 siny + ¢y2z216) § + C22216 2
(

awa17 + bya17 cosy + cpzo17) X+
(by217siny + cy2z217) ¥ + 22017 2
(

araig + byaig cosy + ¢z 2018) X +
(bya1s siny + ¢yz218) § + C.2218 2
(

ara1g + byaig cOS7Y + Cz2019) X +
(by219 Siny 4 cy2219) ¥ + 22210 Z
(

araz0 + byazo cosy + cz2220) X +
(byazo siny + ¢y z220) § + C22220 2
(

axao1 + byzz1 cosy + cp2201) X +
(by221 8iny 4 cy2221) § + 22201 Z
(

arage + byaze cosy + ¢z2202) X +
(byaoz siny + cyz992) § + C22222 2
(

araa3 + byazz cosy + ¢y 2003) X +
(byazz siny + ¢y2z923) § + c22223 2
(

ax24 + by224 COSY + Cp2224) X+
(by22a Siny + ¢y2224) § + 22224 %
(

arazs + byazs cOS7Y + Cp2205) X +
(byazs siny + ¢yz925) § + C22225 2
(

awa26 + byaze COS7Y + Cz2206) X +
(byaze siny + cy2226) ¥ + 22026 Z
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PIV

PV

P VI

P VII

P VIII

P IX

PX

P XI

P XII

P XIII

P XIV

P XV

P XVI

P XVII

P XVIII

P XIX

P XX

P XXI

P XXII

P XXIII

P XXIV
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P XXVI



Baar

B228

Ba2g

B230

B2z

B232

B33

B234

B235

B2se

Basr

Bass

B239

Ba4o
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(axo97 + byaer COS Y + Cy2927) X +
(by227 siny + cyz227) § + 22207 %
(awa2s + byazg cosy + ¢z 2008) X +
(by22s Siny + ¢y2z228) § + 2228 Z
(awa29 + byazg cOS7Y + Cp2029) X +
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(byasa siny + cy2232) ¥ + 22232 2
(awa33 + byasz cosy + ¢z 2233) X +
(byass siny + cy2233) § + 22233 %
(axa34 + byaza cosy + cp2234) X +
(byazasiny + cyzas4) § + C22234 2
(awa3s + byass cosy + ¢z 2235) X +
(byass siny + cy2z235) § + 2235 Z
(axase + byase cosy + cp2236) X +
(by23e siny 4 cy2236) ¥ + ¢z 2236 Z
(awa37 + byasy cosy + cp2037) X +
(byasy siny + ¢y2za37) § + 22237 Z
(al‘ggs + by238 Ccosy + Cx2238) X+
(byass siny + cyza38) § + c.2238 2
(awa3g + by2sg cosy + cp2239) X +
(byaso siny + ¢y2z239) § + 22239 Z
(az240 + byaao cOSY + Cp2240) X +
(byaao siny + ¢y 2240) § + C22240 2

Prototypes: Part 5. Submitted to Computational Materials Science (2026).

13

P XXVII

P
XXVIII

P XXIX

P XXX

P XXXI

P XXXII

P
XXXIII

P
XXXIV

P XXXV

P
XXXVI

P
XXXVII

P
XXXVIIT

P
XXXIX

P XL


https://doi.org/10.1107/S0108270199015164

