Monoclinic 2-4-6 Trinitrotoluene (C;H5N3Og4) Structure:
ATB5C3D6.mP168_14 14e_10e_6e_12e-001
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Prototype Cr7H5N304
AFLOW prototype label A7TB5C3D6_mP168_14_14e_10e_6e_12e-001
Mineral name 2-4-6 trinitrotoluene
CCDC 227799
Pearson symbol mP168
Space group number 14
Space group symbol P2, /c

AFLOW prototype command  aflow --proto=A7B5C3D6_mP168_14_14e_10e_6e_12e-001
—~params=a, b/a7 C/a7 ﬁ7 x1,Y1,%1,22,Y2,22,T3,Y3,23,T4,Y4,24,T5,Y5,25, L6, Y6, 26, LT,
Y7, 27,28, Y8, 28,29, Y9, 29, L10, Y10, 2105 L11, Y11, 211, L12, Y12, Z12, 13, Y13, 213, L14, Y14, 214, T15,
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Y15, 215, X165 Y16, 216, L17, Y17, 217, L18, Y18, 218, L19, Y19, 219, 20, Y20, 220, L21, Y21, 221, L22, Y22,
222,23, Y23, 223, L24, Y24, 224, L25, Y25, 225, L26, Y26, 226, L27, Y27, 227, L28, Y28, 228, L29, Y29, 229,
T30, Y30, 2305 L31, Y31, 231, L32, Y32, 232, L33, Y33, 233, L34, Y34, 234, L35, Y35, 235, 36, Y36, 2365 L37,

Y37, 237, 38, Y38, 238, L39, Y39, 239, L40, Y40, 240, T41, Y41, 241, T42, Y42, 242

The solid form of 2-4-6 Trinitrotoluene (TNT) has two polymorphs (Vrcelj, 2003):

— This low temperature monoclinic structure, and

— the somewhat higher temperature orthorhombic structure.

e Data for the monoclinic phase was taken at 100K.

to translate this to the standard P2, /c setting.

Both can be prepared at room temperature, from ethyl acetate and ethanol solutions, respectively.

(Vreelj, 2003) gave the structure for the monoclinic phase in the P2;/a setting of space group #14. We used FINDSYM

Simple Monoclinic primitive vectors

k—al
a3
ay; = aX
az = by
ag = ccosfBX+csinfz

Basis vectors

Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B, = T1 a1 + 1y as + 21 as = (a1 +cz1cos8B8) X+ by1 § + ¢z sin B Z (4e) Cl
B, = —zia; + (y1 + %) as — = — (axl +c (21 — %) cos 6) X+ (4e) CI
(1~ 3) o b+ 2) 9 (21 - 3)sing
B; = —ri1a; — Y as — z1 as = —(ax1+czrcosf) X—by1§ —czisinfBz (4e) CI
By = mar—(y1—3) a+(a1+3) a3 (az1 + ¢ (21 + 3) cos B) % — (4e) CI
b(y1 — %) Sf—l—c(zl —i—%)sin,@i
By = Toaj +Yysas + z2as3 = (azg 4+ cz9 Ccos B) X+ byz ¥+ czosin 5z (46‘) CII
Bg = —zoa; + (yg + %) ag — = — (axg +c (22 — %) cos ﬂ) X+ (4e) CII
(2 3) o o+ 2) 9 (22 - 3)sing
B = —Iga; — Yz as — 22 as = —(axa+czacosf) X —bys § — czasin 2z (4e) CII
Bs = xza;— (yg — %) as+ (22 + %) as (axg +c (22 + %) COS,B) X — (4e) cII
b(y — %) y—l—c(zg—l—%)sinﬁi
Bg = I3 ay —+ Y3 az —+ Z3 as = (alL'g —+ Cz3 COS B) f( —+ byg S’ + CzZ3 Sinﬂ 2 (46) C III
Bio = —z3a; + (yd + %) ag — = — (axg +c (23 — %) cos ﬁ) X+ (4e) CIII
(23— 3) a3 b(ys+3) ¥ —c(zs—3)sinB2
B = —Z3za; —Yysaz — 2383 = —(axs+czgcosfB) X —bys§ —czzsin B2 (4e) C 11
B = z3a;— (y3 — %) as + (2’3 + %) as (Cll‘g +c (23 + %) COSﬁ) X — (4@) C III
b(yg— %) S’+c(z3+%)sinﬁi
Bz = Tga) + ygas + 24 a3 = (axg + czgcos8B8) X+ bys ¥ + czasin Sz (4e) CIv
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—T4a1 —Yqga2 —24a3

37431—(114 - %) a2+(z4+ %) as

Tsar + ysaz + 25 as
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$531—(y5 - %) a2+(z5 + %) as

Tear + Ye a2 + 26 a3
—z6ar + (Yo + 3) az —
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—Tedl —YeaA2 — 26 A3

xsal—(y —%) aQ-I-(ZG-i-%) as

Tr7ay + yraz + zrag
—z7a; + (yr + 3) az —
27— 3) ag

—T7a; —Yraz —2ras

1‘731—(117— %) 32+(Z7+ %) as

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

—xgay —Ysay — zgas

138?11*(@/8 - %) 32+(Zs+ %) ag

Tgai + Yo az + 29 ag
—zoar + (yo + 3) az —
Z9 — 3) ag

—Tgal —Ygaz — 2Zgag

Cﬂgal*(yg - %) a2+(z9+ %) ag

T10a1 + Yo @2 + 210 a3
1
—ZTpar + (ylo + 5) az —
1
(210 — 3) a3

—T10aA1 — Yi0a2 — 210 A3

1
Tipar — (ylo - 5) az +
1
(210 + 5) ag
T11a1 + Y1182 + 21183

—z11a; + (y11 + 3) az —
(211 - %) az

*(CLCC4+C(Z4*%)COS[3) X+
b(y4+%) yfc(zzlf%)sinﬁﬁ
—(azg + cz4co8B) X —bys § — czqsin Bz
(aa:4+c(z4—|— %) cosﬁ) X —
b(ya—3) ¥+c(aatz)sinfz
(axs + cz5c08 8) X+ bys § + cz5sin S Z
f(aa:5+c(z5f%)cosﬂ) X+
b(ys+3) 9 —c(25—3)sinBz
—(azs + czscosB) X —bys § — czssin Bz
(ax5+c(z5 + %) cosﬁ) X —
b(y5—%) Sf—l—c(zg—l—%)sinﬁi
(axe + czgcos B) X+ bys § + czgsin 5 Z
—(axﬁ—l—c(zg—%)cosﬂ) X+
b(ys+3) ¥ —c(z—3)sinB2
—(azg + czgcos B) X —bygy — czesin Bz
(aa:6—|—c(z6+ %) COS,B) X —
b(ye —3) ¥ +c(z+3)sinf2
(ax7 + czrcos B) X+ byr § + czrsin Sz
—(aw7+c(z7—%)cosﬁ) X+
b(yr+3) 9 —c(zr—3)sinBz
—(ax7 4+ czrcos B) X —byz § — cz7sin Bz
(azr +c (27 + 3) cos B) X —
b(yﬂ—%) S’+c(z7+%)sinﬁi
(axg + czgcos B) X+ bys § + czgsin Sz
—(axg—l—c(za;—%)cosﬁ) X+
b(ys+3) 9 —c(zs—3)sinB2
— (axg + czgcos B) X —bys§ — czgsin Bz
(a:z:8+c(28+%) cosﬁ) X —
b(ygf%) erc(szr%)sinﬂﬁ
(axg + czgcos B) X+ byg § + czgsin Sz
—(axg—l—c(zQ—%)cosﬁ) X+
b(yg—i—%) y—c(zg—%)sinﬁi
— (axg 4 czgcos B) X —bygy — czgsin B Z
(ax9+c(29+%) cosﬂ) X —
b(yo—2) 9 +c(z0+3)sinBz

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

- (amlo +c (z10 - %) cosﬁ) X+
b(yio+3) ¥ —c(z10—3)sinfz
— (axlo —+ CZz10 COS 5) )A( — ble y —

cz198in Bz
(axlo +c (zm + %) Cos B) X —
b(yio—3) §+c(zi0+3)sinfz

(ax11 + cz11c088) X+ by11 ¥+ cz118in 82

— (azn +C(2’11 — %) COSﬁ) 5{+
b(ynJr%) yfc(znf%)sinﬂi
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—T11a1 —Yi1a2 —211a3

Tnap — (yu - %) az +
(z11+3) a3
Tiza1 + Yz a2 + z12a3
—z12a1 + (y12+ 3) az —
(212 - 3) a3

—T12a1 —Yi2a2 — 21243

Tizay — (y12 - %) az +
(Z12 + %) ag
Ti13a1 + Y13 a2 + 213 a3
—z13a1 + (13 + 5) az —
(213 - %) asg

—T13a41 —Yi1z3a2 — 21343

Tizar — (y13 - %) ag +
(213 + %) ag
Ti4a1 + Y1422 + 21423
—Tisa; + (914 + %) az —
(214 - 3) as

—T14A1 —Y14A2 — 214 A3

Ty — (y14 - %) az +
(s14+3) a3
Ti5 a1 + Y15 a2 + 215 a3
—Ti5a + (y15 + %) az —
(215 — 3) a3

—Ti15aA1 —Yis a2 — 215aA3

Tisay — (y15 - %) az +
(215 +3) as

T16 a1 + Y16 A2 + 216 A3

—Ziear + (y16 + %) ag —
(216 = 3) as

—T16A1 — Y16 A2 — 216 A3

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

—Ti7aA1 —Yi7az2 — Z17aA3

Ti7ay — (y17 - %) az +
(217 + %) as

— (axn + CzZ11 COS 5) )A( — byll y —
cz118in Bz

(amu +c (211 + %) cos B) X —

b (y11 — %) v+ c(z11 + %) sin 8 Z
(ax12 + cz12 €08 B) X+ by12§ + cz128in 82
— (azlz +c (212 — %) cosﬁ) X+
b(y12+%) yfc(zlg— %)sinﬂi

—(az12 + cz12c08B) X — by12y —
cz128in Bz

(axlz +c (212 + %) Cos 6) X —
b(yiz—3) §+c(zi2+3)sinfz
(ax13 + cz13c08 8) X+ by13§ + cz13sin 5 2
— (axlg +c (213 — %) cosﬂ) X+
b (913 + %) V- 0(213 - %) sin 3 2
— (ax13+ cz13c088) X —by13§ —
cz138in Bz
(axlg +c (213 + %) cos ﬂ) X —
b(yis—3) §+c(z13+ 3)sinfz
(ax14 + cz14c08 8) X+ by14§ + cz148in 5 Z
- (aa?14 +c (314 - %) cos,é’) X+
b(y14—|— %) y—c(zM— %)Sinﬁi
—(az14 + cz14c08B) X —by1a y —
cz148in B2
(am14 +c (214 + %) cos B) X —
b(yia—3) §+c(zia+3)sinfz
(ax1s + cz15c08 B) X+ by15§ + cz158in 82
— (az15 + ¢ (215 — ) cos B) %X+
b(yis+3) §—c(z15 — 3)sin B2
—(az15 + cz15c088) X —by15y —
cz158in B2
(ax15 +c (215 + %) Cos B) X —
b(y15— %) y+c(215+%)sinﬁi
(ax16 + cz16 €08 B) X + by16 ¥ + cz168in 5 2
— (axlﬁ +c (216 — %) COSB) X+
b(yie+3) §—c(z16 — 3)sinf2
— (az16 + cz16co8 B) X — by16y —
cz168in Bz
(az16 + ¢ (216 + 3) cos B) % —
b(yle %) erc(zlGJr%)sinﬂi
(ax17 + cz17c08 B8) X+ by17§ + cz17sin 5 2
- (amn +c (z17 - %) cosﬂ) X+
b(yir+3) §—c(zir—3)sinfz
—(aw17 + cz17cos B) X —by17 y —
cz178in Bz
(ax17 +c (217 + %) cos B) X —
b(yir—3) §+c(zir+3)sinpz
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Tig a1 + Yig a2 + 218 a3
1
—ZTigar + (y18 + 5) ag —
1
(218 - 5) asg

—T18A1 —Yig a2 — 218aA3

Tigar — (yls - %) ag +
(215 + 3) as
Tig9 a1 + Y9 A2 + 219 a3
—ZTga + (y19 + %) as —
(210 — 3) a3

—T19a1 —Yi9az2 — Z19aA3

Tigar — (y19 - %) ag +
(219 + %) ag
ZT20 a1 + Y20 A2 + 220 A3
—T20 a1 + (y20 + %) az —
(220 —3) a3

—T20a1 — Y20a2 — 22043

Topay — <y20 - %) az +
(220 + %) ag
To1 @1 + Y21 a2 + 221 a3
—xg1a; + (y21 + %) az —
(221 = 3) a3

—T21A1 — Y21a2 — 221A3

Toray — (y21 - %) az +
(221 +3) a3
To2 a1 + Y22 a2 + 222 a3
—T2a; + (y22 + %) az —
(222 — 1) a3

—T22a1 — Yz2a2 — Z22a3

Toz2 Ay — (y22 - %) az +
(222 +3) a3
Toz a1 + Y23 @2 + 223 a3
—T2zai + (y23 + %) az —
(223 - %) asg

—T23 a1 — Y23 a2 — 223 a3

1
Tozayg — <y23 - 5) az +
1
(223 + 5) ag
To4 A1 + Y24 A2 + 224 A3

—xgsay + (y24 + %) ag —
(224 = 3) a3

(CLZElS + cz18 COS ﬂ) X+ by18 y + cz18 sinﬁ Z
— (axlg +c (218 — %) cosﬂ) X+
b(yis+3) §—c(zis—3)sinpz

— (axz18 + cz15cos B) X — by1s § —
CzZ18 sin 6 Z

(axlg +c (le + %) cos [3) X —
b(yis—3) §+c(z1s+ 3)sinfz
(ax19 + cz19c08 B) X+ by19§ + cz198in 5 Z
— (aa:lg +c (219 - %) cosﬁ) X+
b(yio+3) §—c(z19—3)sinfz
— (aw19 + cz19cos B) X —by19 ¥ —
cz198in Bz
(axlg +c (z19 + %) cos B) X —
b(yio—3) §+c(z1i9+3)sinpz
(azag + cz20 cos ) X + byag ¥ + 290 8in S Z
— (awz0 + ¢ (220 — §) cos B) X +
b(y20+3) §—c (220 — 3)sin B2

— (azag + czogcos B) X — byap y —
czopsin Bz

(axgo +c (220 + %) Cos 6) X —
b(yo—3) §+c(z20+3)sinfz
(awa1 + 291 €08 B) X+ bya1 § + 221 sin 5 2
- (axm +c (221 - %) Cosﬂ) X+
b(y21+%) yfc(zm — %)sinﬂi

—(azo1 + czo1co8fB) X — bya1 § —
CzZ21 sin B Z

(awa1 + ¢ (221 + 3) cos B) & —
b(yar — 3) §+c(zo1 +3)sinpz
(aas + cz92 €08 B) X + by2o § + czo0sin 5 2
- (axgg +c (222 - %) cosﬂ) X+
b(yso+3) §—c(z22— 3)sinfz
— (azas + czoacos B) X — byoo § —
Cz928in Bz
(axgg +c (222 + %) cos ﬂ) X —
b(ygg— %) y—i—c(zQQ—i—%)sinﬂi
(aweg + cz23 €08 B) X + byas § + czo3sin S Z
— (axgg +c (2223 — %) cosﬁ) X+
b(y23—|—%) y—c(z'gg— %)Sinﬁi

— (CLLE23 + CZz93 COS 6) )A{ — by23 y —
czo3sin B2

<a$23 +c (223 + %) cos 6) X —
b(yss —3) §+c(ze3+3)sinpz
(awoq + c294 €08 B) X + by § + cz248in 52
— (a:z:24 +c (224 — %) cosﬂ) X+
b(y24+%) yfc(sz %)Sinﬁi
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1
(224 + 5) ag
ZTos a1 + Yo5 A2 + 295 A3

—2g5a1 + (Y25 + 5) Az —
(225 — 3)

—T25aA1 — Y25 A2 — 22543

Tosay — (y25 - %) az +
(Z25 + %) as
Tog A1 + Y26 A2 + 226 A3
—a6a1 + (Y26 + 3) a2 —
(226 - %) as

—T26 A1 — Y26 A2 — 226 A3

Toe a1 — (y26 - %) ag +
(226 + %) ag
Tor @1 + Yo7 A2 + 227 a3
—zg7a; + (y27 + %) az —
(227 — 3) @3

—X27a1 — Yg7aA2 — Z27A3

Torar — (y27 - %) az +
(227 + %) ag
Tog a1 + Yog Az + 228 A3
—T2gai + (yzg + %) az —
(228 — 3) a3

—T28 A1 — Yzg A2 — 228 A3

Togay — (y28 - %) az +
(328 + %) ag
Tog a1 + Y29 A2 + 229 A3
—ZTga + (y29 + %) ag —
(220 = 3) a3

—T29 A1 — Y29 A2 — 229 A3

Tagar — (y29 - %) ag +
(229 + %) as
T30 a1 + Y30 A2 + 230 A3
—T3pa; + (yso + %) as —
(230 — 3) as

—T30aA1 — Y30a2 — 230 a3

T3par — (y30 - %) az +
(230 + 3) a3

— (CLI24 + CZ24 COS 5) )A( — by24 y —
czo48in Bz

((133'24 +c (224 + %) cos B) X —
b(ysa —3) §+c(z24+ 3)sinfz
(awos + 295 €08 B) X + byas § + czo5sin 52
— (az25 +c (225 — %) cosﬁ) X+
b(y25+%) yfc(z%— %)sinﬂi

— (azas + czo5 cos B) X — byas § —
czo58in Bz

(ax25 +c (225 + %) Cos 6) X —
b(yss —3) §+c (225 +3)sinfz2
(CLSC26 + Cz9g COS ﬂ) X+ byQGy + Cczo6 sinﬂi
— (ax% +c (226 — %) cosﬂ) X+
by +3) §—c(z26— 3)sinfz
— (ax96 + czag cos B) X — byas § —
CZ26 sinﬁi
(ax% +c (2’26 —+ %) COSs ﬂ) )A( —
b(y267 %) erc(z%Jr%)sinﬁZ
(axa7 + czo7c08 B) X + byar § + czo7sin 5 Z
- (aat27 +c (227 - %) cos,é’) X+
b(yar+3) § —c (227 — 3)sin B2
— (azo7 4 czorcos B) X — byar § —
czo78in Bz
(am27 +c (227 + %) cos B) X —
b(ysr —3) §+c(zer+ 3)sinpz
(awog + 298 o8 B) X + byag ¥ + cz2g sin B2
— (awos + (228 — ) cos B) X+
b(yas+3) §—c(z28 — 3)sin B2
— (azas + czog cos B) X — byag § —
czogsin B2
(G,.’L‘gg +c (zgg + %) Cos B) X —
b(yas —3) §+c (2284 3)sinf2
(awag + cz99 €08 B) X + byag § + 229 sin 5 Z
— (axgg +c (229 — %) COSB) X+
b(y29+%) y—C(ZQQ— %)Sinﬂi
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CZ29 sinﬁi
(al‘29 +c (229 + %) COs [3) X —
b(yggf %) 5’+C(2’29+%)Sin52
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- (aa:30 +c (z30 - %) cosﬂ) X+
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1
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1
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T3rap — (3131 - %) az +
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—T3za; + (y32 + %) as —
(232 — 1) a3

—x32a1 — Ysz2az — Z324a3

T3z a; — (y32 - %) az +
(232 + %) ag
T3z ay + Yszaz + 233 a3
—x3zar + (ys3 +5) az —
(233 —3) a3

—ZT33a1 —Y33az — 23343

rzzap — (y33 - %) az +
(233 + %) ag
T34a1 + Yza A2 + 234 A3
—Zz4ay + (y34 + %) az —
(23— 3) as

—T34A1 —Y34aA2 — 23433

T3gar — (y34 - %) az +
(234 + %) as

T35 a1 + Y35 a2 + 235 a3

—35a1 + (yss + 3) az —
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—¥35a1 — Y35az — 2354a3

T3sar — (y35 - %) az +
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T36 a1 + Y36 A2 + 236 A3
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