HREX

LT T T

HMX &R EHOBERRE & 5 FiE & OEBICET %
JEERE T FELERC L AP

FITFRER™, Wil W R

LR, BEREY, 4H

at‘t

FIRBREORL LSHMXERSHTNTIco0T, &RPOFFRMIZESEERNT T
Bl (STO-3G) & T~ 12, SO FHMHTBIL Tk, X BV HEORRMLIBSLH

XBRBAMYTLT -1,

ZORRIUBOI LIcRGIHT 5 BB RMLE LT0.032% 1072, #dhizit@Eh%T
DML P2,/ n, BTFERE@=6.5347 (4), b=11.0296 (6). c=7.3549 (5) A, 5=102.689

(5) °, Z=2, THH1I,

ChODERIZ RS 2HAXTOLE, 223X - LERBREOMIZ, &Bhk%y Xtrr b
VT, HRMENATEET O XML A T,

Table 1 Sensitivity to impact of HMX polymorphs
1. H.Koenen, K.H.Ide and K.H.Swart(1961) :<a, y<é
Polymorphic Sensitiveness to impact Energy of impact
forms mass in kg/height (cz) kg/co
B 5/15 0.75
« 1/20 0.20
r 1/20 0.20
é 1/10 0.10

2. H.H.Cady and C.C.Smith(1962) :3<a<7 <3

. & B

=+ 3¢ vy ROEERETHIHMXIL, LEEY
A2%e¥e-,3,57-F+5=+0-,3,57-7+ 3
Sov, PBREF 2 - ERERBRR=FF ¢
V{LEWT, a, B 1. SOHEORMBBLFESS

PRAF2A 6 ARHE
*PER{ERER LU MR
T737-01 KARKEERILELE— 7 )R
TEL 0823-44-1244
“ERAFERABLFER
T790 RERIMBWLATICHET 3
TEL 0893-24-7111
R RFEFBEER
T4 WESHRIW—TAZH—%
TEL 0824-212-7111
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Er@shTGS, hoHHAOEMSTHOFREE
(RBRE) offiz, ThE¥hRH—fz, <<
aSy<DHMIZBENBL LD ENHMEIhTE
h 1 2) (Tablel), —RICIZR{LRERSMANG X
htv-3, X, &#EMLSBIZIZ, a—é (193-201T),
f—3 (167-183T), y—3 (175-182TC), DBEHBH
Bohz?y, —oicsWMeERYFETIHMX &
#HhFBIcovTiz, BES Tic, BOBRY (DS
C), XEHERY (IR, 7=~8%), NM
R (BfF), BRILEHERS (-5 r57)
B IURMWIBREMOET (BEXBERFY, mEHX
BEH? » 9 0) L LOBBLBESLIATU S,

Wiz, BROER (o, B, 1. 3) DXBBARITIL,

1963F~1985F DMl 0 B+ X Tz The X
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n, Theosd FBErmosmicIhTvs, A,

BEREMIBO BRI ET L BT 5 LTEE Bbh
hH, GRS HBORTFILEIHBRERVCERAERIT
A. Delpuech & J. Cherville 'a, 5, siZoV-THEE
M5 T-eilitk (CNDO MOX) it WHHEXT
v (198742), P. C. Hariharan, W. S. Koski, J. J.
Kaufman, R. S. Miller, A. H. Lowrey#'a, 3, diZ>u»
TIHBERWT T8l (Ab initio MO ) 12Xk »TC
X T-TV52 (1982%), ChHEDHHIZHL
T2, VWFhETEHFE, H#av—v 5 VBIRRY,
14 L8272 v A SORBMEDHESETH D,
BRI B OBIRIEE & 5Tl ORFIZ V- ToFE
EROFFOLIEIC LS, BTENLEBITFX
EhTufev, HMX @430 X 5 1L ERBOMR
LT, FTORRNRALHMEILIE, BABLYE
BLiyEo HMX 4 F R BB Foliskic
IOERL, BHODREFCHITIONBETH
L5, REOUHTRRDO v ~LTCLHMXD X 5 e 5F
RoXz 5 T2, £hPicbsHMX | FFo0it
HHXRRTHS, Lo Lissh, HMXERSH TR
FREACHMX THHIZ L b LT, BBl
CTHRBIEN RIS » TV B Emb, SRR
HMX 1 FFicmie D BB S h T 57 fEIE S 7
Ezbhd, s T, XEBHERTCL ->THS
mé&le» TS5 HMX &dh SRz kT 5H
MX 1 3 FO GO BFRBRY, £=Fa¥—
ZEERHTTFRAZIZL DML, EHOYRHL R
hHEOHMX | FFORMBOTIZTBRI ATV HTHE
izt LI, E6ICHERRL Y, #hdo
HMX 7o sr kit & SRR ORI OV TER
FTHo iy, RFEFHBIZISHMXERS

B B RIEA D TR0 afEFEIZ OV TR L 72,

2. HMXEZEEQASHOBERNI A -5 LKk
HMX#&dh £ /a, 3. 1, 6O XBGRRITIL, 19855
FTIRLTITHLRATVA NI, Th0RL-2 7
4+ — 2 %Table2, HWERYFig.Liort, &&4%
OB TEEDOPROKKRT L 50N, HIREED
—F/EFBTHD, SO 7 2~ 312H. H.
Cady & D%, B nRDIEFERY XizhiETF
EMFICL DY 7,14 v LIffinBEShTv-54, H
MXEREHP A OO XBETIZE - THR
B TH Db DB RHROMELXIZEA L
fToT e, TORMR, MRS hIAHERE &0
MO GRFOHE oM SHOM LT,
1 i< ->Tv 5, HMX-Bi2$BOBARNEX
Behn, SRhPoFTOBEICLTHE L GHRT
24 B0 Mzt Ty, £ THEISHO I
SBrAWOHEIZL DR LY XBBERAKLYER
(23C) TV, HRBPROWIER TR LW 1,
oM SH LA CHHRFOSEEME, &amril
1:o £ORKERILTabled~43s L UFig.21c LT,
HMX & Fraif® (Figl) X b, HMX#&dh%
2 (CHy)N-NO . ¥K==, b & LT, Ha=z,
FOES L CRIBELYHBR LTS, CORBEDIL
g, B-HMXI2, WtH#, a, 7, -HMXIiZ
METHY, SHEIMBOBHEH L Ric DI REREY
TLTV3, —F, Bictd+ s = o KoREOM
hb, ROERFA%ZFE L0 (axial), RD
THEXE < LD HKilite (equatorial) & FEL 7212,
. X

JEBSYS FHNEITIZGAUSSIAN 827 = 7 5 416
EALT, STO-3GEEY 12X 5HBYIT-1,

Table 2 Crystal parameters of HMX Polymorphs

Valuesin ( )aree.s.d.’s

Polymorphic | space R cell parameters D D
from s | 50 o Tk | o |aae | 2 | O | ke | TR
a Fdd2 | 3.5 15-1(3? 23.?31)) 55('(1)? 8 nes | 1.839 l('ll.;iéaC)adyctal.
8 “pam | 3.2 6.5 | 110286 | 7.3%49 [102.689) 1.0 | 1.902 | This work
L Lo e e [ | e o | | e
N - R R R b O U IR B RN eyt
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Fig. 1 Molecular structures of HMX —a, 8.7,
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Table 3 Crystallographic data for 5-HMX

crystal dimensions (mm) 0.12x0.25%0.33

2 No. Refls. used for unit cell determination {20 range A(Cuka,)} {25 (117-120) ° 1.540598A)

Lattice parameters a= 6.547 4 A
b= 11.0296 (6) A
c= 7.3549 (5) A
8=102.689 (5) A

Crystal system and space group monoclinic P2,/n(#14)

z value 2

y (CuKa) 15.53cn !

Diffractometer Rigaku AFC5R

Radiation CuKa (graphite monochrometer)

Scan type and Scan rate ©0—=2016/min (inaw

20max 123.0°

No. of unique reflactions measured 856

Corrections Lp Absorption (azimuthal scans)Decay (0. 07%
declain)
Secondary extinction (Coefficient:0. 29092X10-3)

Refinement Full-matrix least-squares

weights 1/¢2 (Fy)for F-refinement
Non-H Atoms Refined Anisotropically

H Atoms Refined Isotropically

No. Observations( I >3. 004(1)) 734
Residuals:R:R, 0.032 ; 0.043
Software and computer TEXSAN®® VAX station 3200(DEC)
Atomic positional parameters and B(eq) /® with standard deviations

atom X y z B(eq)
0o —0.4629 (2) 0.0602 (1) 0.2389 (2) 3.76 (4)
0 (2) —-0.2704 (2) —0.0716 (1) 0.4218 (1) 3.94 (4)
0 (3) 0.1406 (2) 0.2468 (1) 0.1836 (1) 3.86 (5)
0 4) 0.2703 (2) 0.2198 (1) -0.0623 (1) 3.46 (4)
N (D —0.1421 (2) 0.0244 (1) 0.2051 (1) 2.47 (4)
N (2) —0.0181 (2) 0.1226 (1) -0.0379 (1) 2.17 (4)
N 3 —0.3010 (2) 0.0014 (1) 0.2931 (1) 2.73 (1)
N ) 0.1398 (2) 0.2026 (1) 0.0315 (2) 2.55 (4)
c M —0.1902 (2) 0.1145 (1) 0.0538 (2) 2.37 (5)
C —0.0221 (2) 0.0658 (1) -0.2177 (2) 2.35 (5)
H (1) —0.209 (2) 0.189 (1) 0.103 (2) 2.2 (3)
H (2) -0.307 (2) 0.090 (1) ~0.038 (2) 2.3 (3
H (3) -0.159 (2) 0.023 (1) -0.256 (2) 2.8 (3)
H (4) 0.001 (2) 0.123 (1) -0.306 (2) 2.4 (3)
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Table 4 Bond lengths in HMX Polymorphs and RDX(A)
Valuesin ( ) aree.s.d.’s

HMX N1-N2 N3-C3 N2-C6 N1-04 N1-05
axial 1.354 (10) | 1.445 (13 | 1.450 a4 | 1.215 13 | 1.238 a3
“ | equatorial 1.367 (12) | 1.447 (13) | 1471 (14 | 1.225 10) | 1.235 (10} o5
; axial 1.368 (2) | 1.436 (2) | 1.458 (2) | 1.224 (2) | 1.219 (2) \\\
equatorial 1.362 (2) | 1.450 (1) | 1.474 (2) | 1.225 (2) | 1.230 (2) N1
axial( 1) 1.395 (12) | 1.413 (D | 1448 (12 | 1.193 (b | 1.224 (p
axial( 2) 1.361 (i) | 1.430 b | 1.465 a5 | 1.215 a5 | 1.211 an
T | equatorialt 1)] 1.364 o) | 1.450 an | 1453 an | 1233 ae | 1.218 an 2
equatorial( 2)| 1.376 (D | 1.458 an | 1.460 A | 1.219 ap | 1224 an
axial( 1) 1.346 (25) | 1.442 (25) | 1.475 (12) | 1.240 U2 | 1.187 (23)
] axial( 2 ) 1.355 (23) | 1.470 23 | 1.472 a2 | 1230 09 [ 1.210 @ 6
equatorial( 1)| 1.392 (12) | 1.451 2 | 1.485 a9 | 1.223 21y | 1.201 @D
equaterial (2)] 1.363 (20) | 1.442 (25) | 1.500 20 | 1.245 220 | 1.212 23 1 unit
RDX N1-N2 N3-C3 N2-C6 N1-04 N1-05
axial( 1) 1.398 (3) | 1.440 (4) | 1.458 (4) | 1.205 (5) | 1.200 (5)
axial(2) 1.392 (3) | 1.443 (4) | 1.468 (4) | 1.207 (5) | 1.203 (5)
equatorial 1.350 (3) | 1.450 (4 | 1.464 (4) | 1.209 (5) | 1.233 (4)

Fig. 2 ORTEP drawing of s-HMX

¥, SEADLIHMXESSHOI RO BE FHEYRTLCHE L, XQBERIE TR
12, X8BamirciohfirzossEHL, & BHEFGALEME ) 12o0Ti2, FFRHT—#
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X

axial
1 unit

equatorial
1 unit

i

equatorial-gxial-equatorial
3 units(eae)

axial-equatorial-gxial
3 units (aeq)

Fig. 3 The process of calculation

Fig. 4 Molecular structure of RDX

e 7 = 7 5 2. MOLDAS™ 1= X nKEXfItaL,
Gaussian82 /= 775 L1 X O RAL LI-F FiE%Y
SHECEI L e, D C-HMBER Iz~ Tiz, X
BENT X 9 BETEOB - HETBEROKRY YitR
ICERL, a, 6O C-HMIFER, HEOEITHE
DEL-BFZ OV TiEGAUSSIANS2 V2 75 432X
h@BAFENZBAR L 2e HMX K2 EIi12 £ Taxial
5 LequatoriallBZ LA Y EbRIZEGLTV3
s a8 7 o Caxialfl 4 & equatorialii 3 ¥t h £h
2=, ¢ LTEZ, Ththa=, PELT,

_232 —

Rizfho==, + ¥HE&S¥, BRIz, HMX%
MR+ 288% %42, (Figd)x LT, T0ART,
k2=, tOBFRBROS=FAF -1, EORK
IWEET B0%, a, 8, 7, dGEHBEHOaxialifly
tequatorialf iz T, HE LA, T/,
» P CREYUBHLTCV-3RDX (Fig4) L HMX g
BoTFeLT, XBBERKOBERYEO X I A
LY, oFiEaE*REe L CitdLi, HMX, RDX
DEa=2, biZkITH, N-N, C-NHOEMY
TabledizR+. iz, RBAFBSNHLR €~
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Table 5 Total overlap populations between bonded atoms in HMX Polymorphs

unit a—axial 5—axial r—axial( 1) §—axial( 1)

No. N1-N2 N2-C3 N2-C6 | NI-N2 N1-C3 N2-C6 | NI-N2 N2-C3 N2-C6 | NI-N2 N2-C3 N2-C6
1 0.5888 0.6843 0.6784 0.5833 0.6814 0. 6760 0.5709 0.6725 0.6731 0.5907 0.6643 0.6777
3 0.5684 0.6950  0.6826 0.5634 0.6975 0.6670 0. 5580 0.6711 0.6678 0.5723  0.6686 0.6825
4(HMX)| 0.5665 0.6971 0.6842 0.5632 0.6980  0.6669 0.5569  0.6726 0.6697 0.5705 0.6702 0.6843
unit a —equatorial 3—equatorial r—equatorial( 1) d—equatorial( 1)

No. N1-N2 N2-C3 N2-C6 | NI-N2 N1-C3 N2-C6 [ NI-N2 N2-C3 N2-C6 | NI-N2 N2-C3 N2-Cé
1 0. 5887 0.6760 0. 6463 0.5765 0.6611 0. 6680 0. 5689 0. 6950 D.6828 0. 5663 0.6701 0.6724
3 0.5751 0.6742  0.6398 | 0.5678  0.6702  0.6446 | 0.5519  0.7015  0.6855 | 0.5520  0.6689  0.6686
4(HMX)| 0.5738 0. 6761 0.6409 0.5663 0.6729 0.6453 0.5511 0.7032 0.6882 0. 5506 0. 6698 0.6708

\Va

(6

N1

1 unit



Table 6 Total overlap populations between bonded atoms in RDX

axial(1) axial(2) equational
5N—-8N 0.5288 6N—-9N 0.5246 4N-7N 0. 5665
5N—1C 0.6767 6N-2C 0.6628 4N-1C 0.6588
SN-2C 0.6575 6N-3C 0.6789 4N-3C 0.6649

Total energy of RDX (STO—3G Level) —880.6789 a.u.

Table 7 Total energy of each unit in HMX Polymorphs

(STO~-3G Level) (a.u.)
Polymorphic . s . .
forms lunit (Basic unit) 3units 4units (HMX)
axial —333.2693 —-920.2167 (eae)® —1174.2137
“ equatorial -333.2742 -920.2030 (eae)
P axial —333.2870 —~920.2212 (eae) —1174.2453
equatorial -333.2921 —920.2329 (eae)
axial(1) —333.2885 —920.2342 (ela2e2)** —1174.2414
axial(2) —333.2880 —920.2284 (ela2Ze2)
4 equatorial (1) —333.2805 —920.2408 (elaZe2)
equatorial (2) —333.2815 —920.2316 (ela2e2)
axial(1) —333.2801 —920. 2054 -(ela2e2) -~1174.1919
i axial(2) —333.2483 -~920.2067 (elaZe2)
equatorial(1) —333.2670 —-920.1923 (ela2e2)
equatorial(2) —333.2764 —920. 1989 (ela2e2)

*eae (equatorial —axial — equatiorial)
**ela2e2{equatorial (1) —axial (2) —equatorial(2) }

s —DOHITAC-M68OHIZX »TiT» 1,

4. BREER

4.1 BEIZ Yy MHOHMXEERT 58188

138%X21= PORFREOZ(

B TFREoOMITL, Full Mulliken Populationff
B 2L W7ot HMX-a, 5, 7, dDaxial R
equatorialif D ¥Ex = = , ik ISR FHO
Total overlap populationsil +3—~+4=2=,}

(HMX) &= =, FEAUIM LR BT 512> T
ED XS5BT smkTableSicmLic, AT
o> Total overlap population®{fiiz —82 I & &M D

EHHBLTL-S, Table5X WY &HB VOV Tho=

=, Fiz\-T 4, Total overlap population®ffiix
N-Ng&<C-Nga L v sffimThs, Rl
14 2=, b (HMX) DM EHON-NKE O Total
overlap populationDffliz —FHBBIEDEL .,
HMX-SDN-N#4 Ti20.5632, 0. 5663, C-N& & Ci20.
6453~0.6980 T H B, MOHBEEOH M SHBO

N-N & & Tx0.5506~0.5705, C-N#&& Ti20.6409
~0.7032CH 0, HMX-oflib cohic&th 3,

ZOERSL, BFREL GIREEIZL To MMM
iR hiehotc, TITHREXELT,

HMXOASROMMIZ 35U -TiZN-NES & 2C-NES
royh B2 SFT-IRICE 2 RBER X v,

N-N§& & £ C-Nig& 4 o Total overlap population® e #2
L1 REOE TFRTDTotal overlap populationi i
BIZILFUBKEH RV 2, BETFHoORS0HED
DKL S, BEBHOR2 = FITBT,

Total overlap population/fifiiz, N-N&&& <C-N§§
&, El-TEH, TOMDHI0.0671~0.1348TH
%, =%, 3=2=, r TREBRLTV-5RDXi2,

HMX BN, L oBRIROHIZN-NEEOEREYE
Lz e, FT-IRRLHZRBRBRL VLN L
> T\ AW, Table6izcREH H5RDXDTotal
overlap population?ffiitHMX & Gz, N-N&4&
<C-NEs&ALik-THY, TOMHDHEIL0.0924~
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Fig. 5 Total energy of 1 unit
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Fig. 6 Total energy of 3 units and HMX — Polymophic forms
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Ab Initio calculations for a relationship between impact sensitivity
and molecular structure in HMX polymorphs

by Yuji KOHNO®*, Koji MAEKAWA***, Nagao AZUMA**, Toshiki TUCHIOKA*
Takatugu HASHIZUME®*, Akira IMAMURA***

Ab initio calculations (STO-3G level) have been carried out on the molecular structure of
HMX Polymorphs(a, 8, yr, &) in crystal. In order to perform ab initio calculations, the
structure of HMX-8 has been refined from single-crystal X-ray diffraction and refined R in-
dex for 735 independent refractions is 0.032. The compound crystallizes in the monoclinic
space group P2;/n, a=6.5347(4), b=11.0296(6), c¢=7.3549(5) A, 5=120.689(5)°, Z=2.

It is found that there is an intimate relationship between impact sensitivity (3<a =y <34)
and total energy (8 <r<a<d)except for 7 which have water of crystallization.

(*Chugoku Kayaku Co, Ltd., Etajima-cho, Aki-gun, Hiroshima-ken, 737—21,

Japan
**Ehime University, Faculty of General Education, Bunkyou-cho, 3,
Matuyama-shi, 790, Japan
***Hiroshima University, Department of Chemistry, Faculty of Science,
Kagamiyama, 1—3—1, Higashi-Hiroshima-shi, 724, Japan)
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