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1.5l (1,3,5-triamino-2,4,6-trinitro benzene, TATB) JRFE[) %2

A, XA R 2 IS REAM R R A FE DL R

TREM B (EMD 22 —FhREER g Reds A RE, mTRATR RS ESER[21]. FrikiEm2,4,6- =2 Hk-5-1H
R K B A AR . EH 1863 4E 1 VURIE R4 H JEikeE-1,3- =40 (ICM-102) J& — iy i Blis s Re XE
MUK, EREM RIS NSCH A SUR P R e 2, Ha e 5K T R sE A AR R BEAS T Hgk—D
KoTHR(1,2]. R ERJLHER, T 2RMAMEEE,  BAH BKEREZE178 °C) [22]. E4K, FHEFH
ket MRt FER. TKIJ-ERIN. BRI WBOGEMM RS ReA R, NIRRT RGeS
W, DA RENSRMEIEL () I3 Em8[3-20]. MRS TFRENE, 02,9- —fHHE=M-[1,5-d:5',1'-f]
SR, R BE R B READRLE TR 2 A SR, g 9R1,2,3,4-UU% (DNDTT). 1,2,9,10- PUfiE X -[1,5-
iy BE¥E. B KIERBGIBE, A EREEER d:5,1-f1941,2,3,4-JUE (TNDPT) LA A% 3,6- At
IR, SR AR IEZG2,4,6- S REFEHZE (2,4,6-trinitro-  ME-[4,3-c] 3 ntk ME-1,4- — % 3L (DNPPDA) [E1 (a)]
toluene, TNT) EREfEIEL)1,3,5- =& HE-2,4,6- =fFEK  [23-31]. XRMAEMRZEBERI T R 47 AFEE PEFIL
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TR IERE, H IS AR T 52 A SO UABOR O i AR e
] AR AR BN e v, Bk, FREAEARIF24
PER = RE S BEA BHID AR e — I KBk AR .

Yt (2D) ORGSO R R “RE &
A 2R 7, RT DATEAS L 52 31 5 20 A SRR S0 AR
FTESARA R BN RE A A iR 2 5 = 2 18] (A
XPIE B T YEGH BIX MR IR I BE AR 1S VF 2 R AR A L
s, TERAREH . 8T RUAREN BSOS I RE DS R ) [ A
WA, IR R T OB AR AU [32-36].  ILAL,
PRI FTRY], 4RI A N B R S R T
T8 8 5 IR i Re e X A I FEXE 2500k LU RE e AL 9
ST IR A AR RE[37-41]. BAR, —4egifydrsE
BRIt SRR, PR REIEA TATB A2 — MR Y
1. {HjZ, TATBIRE RS EAHEAL, HEERE
ACRH 24T 732 A8 A ZE R s 6 A 24 34 DY MY R 5 DO i i
(cyclotetramethylene tetranitramine, HMX) [65% [42].
Frh, N7 SRBZEaR A s R B . RIFAEE
PE R AN S HUUER B2 1) v 1 R 2 Be A L, i S 3T
TREMIIML W, 4ESE R I e B AL 4 D) e AT A R0t
FoE Re B IR KR S REM BL. SR, HATEA 482
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(b)

El1l. (a) T ZREMEE A @ r & fhm tEse & Re M Bl (b) ALk
T — M B 4 ARG PR & Re A kL. PETN: 2% 5 U Y i
JRlE; RDX: 3= H 3 =%, HMX: PRPYE PR A% ; HNB:
INTHFETR; ONC: J\THFES7 5 be: CL-20: /N3 /N R 4R A0 24 5
DNT: 1,5- “HffgFLpgms,
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R G5 H) AR R 55 BEAA LG A WLARIE -

Rk, BATHRIE T ARG 4IRS R
Rt B 4-HhFE-7- B S - ik -[3,4-d]-1,2,3- —HE-2-44,
(NAPTO) KH i, AMERME[EL (b)]. X4T£E
FARATI RN, ARG R I e S S i S R
W - AR LR M T . 45 R, NAPTORULJE
B ERESRE (SHMXAY), 1 HAA B
HUMEE (5TNTH#GR) M3FaErE, MR 7 4k
BHER 25 K TEAG) 32 i PE e 2 BR AR THI I B R AR 35

2. E5R5i11e

2.1. NAPTO Hisit 56k

RS ReM B SO B B RLEEAT T BRI
Fi, &R 4 ERE M I TR T IR B
Kkl i, ATNHAIRIE T —FhieE SHMX 8 &
AH A WL R 24 6- fifg 2k - 7- B S k- b e [3,4-d]-1,2,3-
=Wz-2-% (6-nitro-7-azido-pyrazol[3,4-d]-1,2,3-triazine-2-
oxide, ICM-103) [43], XA B B i BBUBRAE ] 35
S EE TR A B n-n ERRAR . AP AR A ICM-103 1)
STEERE, RIICM-103 g3 (NO,) FE%E AL
Y Ny FE 43 50l 7 A 8 43 0 g AR 4 IR L fef, &5
JEIRE), N—OFIN-HZ: A5 7 ZIGERN A (HB) %
A AR, A RENO, FIIN-H 2 F 4% A e &, )
HFRR T2 “3 XA B B w4 41 e A B 7R
CEBE B AR - B AH FAE D, BRItk n] T @ 81
TATBALKE i 4k 2R G50 (2D, M ] B4 35 4 R
NAPTO B A R 4FFINLARIER . dhobh, 23 FIA B A #r
Ji, NAPTOH [FINO, MINHE AL T BEARFR ) 0], X4
BHEF a7 rfae k. BEIRHERE, Bt
NAPTOAFIEKWILICRIE R ) —4e4hitly, Bi)s, x—&
ERTEHEE ey 18 2IESE (L Appendix A ST .

NAPTO & RICM-103 5 4 (E3). B4k, R
P SCHR[44,4514RIE 10 J5 56 i 4- 2 6 -3 - U R e (|
3 AEID, S S E A — R R O\ T R
f& (DMF) ¥, UL W bR 3h VR i fesml, T
LL67% = RIF B A2, ARG, Kb &2 I\ KA
HEZ (HNO,) 598%file (H,SO,) JRE&MIEH+H, 7
0~5 ‘C FHEHE2 h, FINFAFIS0 C M4 h, HBERM
WO fea, MK G, i 28 218
REN, 4875 R TS NAPTO AR (45 &% (W, Appendix
AFIS2ERSN) .
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2.2, HLEn At
NAPTO) &5 #4938 i 21 48 e il (IRD. % W 3t 4R
(NMR) FIITE IR EI AR RAE (M Appendix A [T
S2#B 53D, NAPTO [ #E iy 45 74 18 1 X 5 42 5 it AT Sk
SEo VR di A 22 ARG 12 77 75 7] 7E Appendix A 1K
S3#sr#k %] . NAPTO & iAJE T IEAS R, TEPnma W]
B, SNERTEEANDT. NAPTOHATE JET (R
FHJE T 5NO0,. Ny MIN—OZEIE ) S AL T 7]
—ASFHN, RIGEAAFR AR, HeFmEtE T
Firf SRS Be T
fEm gy, A5 7IEdO01-HI-N9 (K
1.93 A) FIN4-H9-N9 (§#K2.57 A) WS HA
*Hﬂﬁ’]"% R G IR AE (1) —4E (1D) 8 (K
Do AHAR I —4EBE I — P IINO I H MO 5 T 5N,
%E’JNJE%‘ZI‘EHE‘ﬂ%*&-%*&*ﬁﬁfﬁﬁﬁ H 425k —
4k (2D) “Fifi, OJE-F 5 N5 2 8] AR BAE H BE SN
2.781 A (E4). AT F&, NO,HE B 5 58 1 W v
SRR TG A AT, AT AR SR B, N HE A

“Cross-shaped” Not “cross-shaped”

Negative \

N. »©O
charge © HB acceptor N’N | \’F’
ON 3 2N
Ny 7O >
Nl __N
(ALt © ® IcM-103
i -
H N, P;’)smve “Cross-shaped”
HB donor ® charge
NH2HB acceptor
NAPTO —F < NC2

H,N NH, TATB

Hydrogen bond (HB) HB donor NO,

E2. NAPTO Ry Beit S “ 2 X Bl

BB IE A [11], 3XA8 N, 3 ] R i 5y o 20 5] 5
BT RINO, 5= (A1, AT T2 s 458 56k 114 488 M - A A A EL A
o BJE, #YE[010]75 A1) 4 ~F1H 5 T r-n A BLAEH
BEHER, EREUTAHBRES TEH (H4d. &
2, NAPTO 2 LR Mn-n AR &5 0y, RIEE P10 — 4k
ARG . AN T R IE R S E REM R HMX A
H:37J5k% (octanitrocubane, ONC). 7SAEFEE S A I AL
2% (hexanitrohexaazaisowurtzitane, CL-20) Fl1/5fiH3E
(hexanitrobenzene, HNB) | Az i/t #AHR 8 i FHEE & G4 Bl
(DNDTT. TNDPT. DNPPDA), %Ak} B A5 W 7E 1 “Re
WL L. NAPTORZRIFE N2.855 A, FiinH
NEER-n ERER . F48, NAPTO BB K& f ik
W (1.852g-cm”), XS5HMAEE (>1.80g-cm”,
WL Appendix AHISTHE Gy ) AH—F, W2 S RENEZ7E
BT ESR (< 1.78 g-em™) [40,41].

23 fEE

Re B /KP &S Re M B B B ER, R E e
TR AMIE T IR . B e AR e R I I R
WA EEMNEES SRR, EE (D) AEE (P).
RIEEIC-ITTRE, EHADA S EBEIRTIELN
R A AR R AR [46-48] AE AT I IS {8 A Gaussian09
(D.O1JRA) F2FF AR T Sk BE I B OV 3R18 (A
Appendix A S4ER5 ). WK 1R, NAPTOR T
ARHAN3.47 kg, BEETAES SRR, WTNT
(0.24 kJ-g D, H =W H =M% (RDX, 0.34kJ-g D
AMHMX (0.35kJ-g"). It4h, NAPTO B A & & i &
R BE, 5 EE 296 KN ) %5 B H1.85 g-em™, X L
U A H MRDX (1.82 g-em ™) &, SHMXIK % &

H H H
N 1) socl N Triphosgene N
N —2.. N N
W/ \ =
2) NH,-H,0 Pyridine
HOOC NO, H.NOC NO, NG NO,
10% Pd/C l H,
oN
H
Ne O N
/4 | b Fumlng HNO, NaN /DMA-HCI  ~ )
N
N \
N =N 8% H.SO,  HN
H NC NO,
N, \
NAPTO 1

E 3. NAPTO & . DMA: —H fidhig s,



(1.89 g-em™) ik,

R A 25 B R0 A i A ﬁEﬁHEXPLos (6 ozﬁiﬂi) &
FFiFE TNAPTO R & . T8 45 T L —
., NAPTO & H e s i 25 PR R Hﬁﬁé’fwﬁ%‘%
AR 23 5 49.12 km-s™' Fl135.1 GPa (1), #it
THA R Z AN S REM R, BITNT (7.45 km-s™,
23.5 GPa) MIRDX (8.75 km's ', 34.7 GPa)., JuH &
NAPTOf) £ i 5HMX{) (9.10 km-s ') JL F 4 %%,
XK NAPTO B A 5HMXAH 4 1 = e & ?ﬁ%’jiﬁ‘ﬁ
NAPTO =& I mitE s & Be Mokl 0 R ik g, H
0] 5 S TER BRI & Re A L

2.4. FaE vk
H T AR E S5 1 4 2R 458, NAPTO A3 € 1t
CHLAE AT E TE RIS ) ) 32 9% . #R& s PE Xt
TREMRH e B OCE T, RN M T AEANI A
IREC T & e RE kAR B AN B BB I K HE 2 R .
W, SEhRRH RS T 180 C I #E[49]. HARTE
REZHIGHT, EESRKEREN SR EHEN 1% b2
ARER . B TNAPTOEH EHMXAH Y Re =% T,

interactions

bonding

n—n stacking

i_ 2..855 A

n—n stacking

(c)

El4. (a) NAPTO [ iR &5 Ky JtE~F 4> TR s (b) NAPTO g A2 i)
I EAER; (o) NAPTOZ: Fr-n Ml HAEF =4k (3D) 454,
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TMINAPTO [ A ICM-103 [ 4 iR B (160.3 'C) 4
XA, PR F O ENAPTO  # e s . ik, 8
I ZR P E#GE (DSC) FIFE M (TG) KiEfh
NAPTO i #Fa5E Y (L Appendix AFS6EE5 ). 1
Appendix AFIEISOFTR, NAPTO [ il 4h 16 5
H203.2 °C, WEHIREEN214.2 °C, EIH 5 iR =
BT RAAEICM-103 (160.3 °C), HJLF5WAtEE K
[4E%), EIRDX (204.5 °C) FICL-20 (195.0 C) #4
[30]. SXUEEH T NAPTOE SEPrAl Al v A R U i # e
P, H5ICM-1034HEH, NAPTO [ —4E 4578 H B I 1Y
PAGEETT T REARRAE RBEEH, X ATRH T fn ik =
PN AT-TE P 8 R SR A AR - (R AR AH FLAE

2.5, UMK EE

AU Clndied . BEEAIER KT TR
PRI EEX T SR MR Rt B G E B, A h
A5 FH s [ T A R 7 5 35 it 7T B (Bundesanstaltfiir
Materialforschung und-priifung, BAM) [ 5k T
NAPTO H ML B Z (WL Appendix A HISTHE 4y ), 45
RIWFET. NAPTOM fE oy JBE 45 A v K A6 IR 2 4 Jall
~18.0J. 325 NF0.32 T, n E5FT/~, 12 # KT
9.0 km-s™ TG, NAPTOM LR T Frf O kiE i
TREM B, AFERESNEZ[ICL-20. ONC. 4,4- —1ij
FEAH %I (4,4-dinitroazoxyfurazan, DNOAF) JFI3T
I YELZS[ANDNDTT. 1,3,4,6-PURS3E-1,4- — &ML me
JH[4,3-c]AkME (TNDPP). 6-% - PUMEI[1,5-5]1,2,4,5-
VY 1-4,7-N- — 4 4% (ATTDO) FITNDPT]. 4R,

&1 NAPTO [ J LR L5 REAT LI 10 2 0% 5 RE T ot

Items TNT RDX HMX NAPTO
M (g-mol™) 227.13 222.12 296.16 223.02
N (%) 18.50 37.84 37.84 56.50
Qco, (%) —73.97 -21.61 -21.61 —39.44
p (grem™) 1.65 1.82 1.89 1.85
AH,,, (kT-mol ") 0.24 0.34 0.35 3.47
D (km's™) 7.45 8.75 9.10 9.12
P(GPa) 23.5 347 39.0 35.1
IS (T) 15.0 75 7.0 18.0
FS (N) 353 120 112 325
EDS (ml]) 0.37 0.15 0.10 0.32
Ty (°C) 240.0 204.5 275.0 203.2

M: formula weight; N: nitrogen content; Qc023 oxygen balance; p: crystal
density; A/,,: heat of formation; D: calculated detonation velocities; P: calcu-
lated detonation pressure; IS: impact sensitivity; FS: friction sensitivity; EDS:
electrostatic discharge sensitivity; 7,..: decomposition temperature.
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NAPTO HI LI B HMX ) (7.0 J» 112 N, 0.10 1)
Hhr, JLIFSTNTBNUERE (15.0), 353N, 0.371)
2. BAACKUE, NAPTORUEA Al 5 HMX AR LK
R AEE, 1 HEA S TNT IR AU R
EME. FIENAPTO UfitEZ)) FICM-103 GEIEZ)D [
Ae i LA, (HETRPMRE A B 2R (S
=18.0 JFIFS =325 NAHAFIS =4.0 JFIFS = 60 N), FAl]
A I Ph YE R AR EE MRS v M 24 2 A T TR
HEEEM.

2.6. FaE PEMLA

R TIRNFMENAPTO MR E LI, FRATTR A 71
FEAU T VM TC 1 81 4 AR G5 A% 7 FEAT L o ) o
Mg ML (I, Appendix A H S8 #43) [39].

e n & OFERISNJIER R, NAPTO K di

IR R AW SIS, XA NESEEG6 (a)
~ (e)v (g) (W) JZ A A A AR R R B2 (A5

20 350
18 I Impact sensitivity (IS)
I Friction sensitivity (FS) 41300
16
14 L -250
12+
s —-1200 g
o 10F S
150 -

100

50

0
+ o
& o

5. NAPTO M8 Fil iy V1 BE & REA A} Ak o Sk BE M PR IR L P BB (O
i# < 9.0km-s™"),

Ecenaero (kJ-mol™") E awnapro (kJ-mol™") Erarnnero (kJ-mol-")
1.0 93.0 1.0p 1.0 7 117.5
o 75.0 o o I 98.1
5% sto  §°° g 08 786
8os 390  Fos S os o\ B EX
'-E’ . 21.0 "a ¥ o i 39.8
£ 04 3.0 £ 0 204 203
2 150 = B “ :
0 Q. = 02 @ ook 0.9
-33.0 R -18.6
1 M 519 o ' ‘ -| ™ _330
0 02 04 06 08 10 0 02 04 06 08 1.0 02 04 06 08 1.0
Sliding direction A Sliding direction A Sliding direction A
(a) (b) (c)
Epieraro (kJ-mol") Evanars (kJ-mol) Erarrare (kJ-mol™)
1.0 28.2 1.0 5.8 1.0 325
m 24.4 i} 5.1 @, 28.3
5 20.5 S 44 S 24.0
806 " 16.7 8 37 806 198
S 12.9 = 3.1 = = 15.5
g04 oo £ [24 204 13
® 02 52 2] 1.7 ® g2 7.1
/ 1.3 1.0 2.8
0 - 25 S 0.3 0 - 1.4
0 02 04 06 08 10 02 04 06 08 1.0 0 02 04 06 08 1.0
Sliding direction A Sliding direction A Sliding direction A
(d) (e) ®
ESb—NAPTO (MJ-m-3) ECompvessmn—NAPTO
40 766.0 20 —=—Total
e} 6783 ~ oL —— Electrostatic
.5 0.8 500.5 l_% 2 Van de Waals
8o Ms028 S
S 4150 T 40
> [
_% 327.3 § 60} ‘\\N‘H_‘
* 2395
o 151.8 Sy
64.0 ~100 | | I\-*T' =

0 .
0 02 04 06 08 1.0
Sliding direction A
(9)

-10 -5 0 5 10
Percentage of volume variation

(h)

E6. (a~c) 737 INAPTOREH A HAE RS (Epenarro)s TOHEHEAIEAERE (Ewnnrro) MBI EAEHRE (Erpunarno), ALK mol s (d~D
539 TATB [ AN FAE I BE (Epenvr)~ JOMEERTEAEHIBE (B BOSHIEAERBE (Ergaras ) A9k mol ™ (g) NAPTO IS HE £
(Egpnarro)s HAAMImM™; (h) NAPTOHIEAR A (Ecompressionnarto)s  SA7 kI -mol



AL, PEHINAPTO S A BE R UL — & & I ALK
Be, MIMTE— &2 LRI SRR . Hb, B3
& AT W i 155.5 kI -mol ' [ WL BE[ 6 (c) ], T JE
A E AT fs060.7 kJ-mol ' [El6 (h) ], iXEH, T
YR 2B R I B LB R DL 2 TR Bl AT 4 5] R R
EFEHCRMRE, Hri &R Z W s TR T R4 T72% 1 RE
EREMAE 1. OTEREZEHsI RS, JEMmAEM O
FH 119 728 40 18 B X 530.3 kI-mol ™", 37 /N T & v 4 T4
FHIASALIREE (144.0 kJ-mol ™), it BH & HAH HAFE F %
MAHEAER R E K, @mE6 (o). (O Fixw,
NAPTO )i JZ 18] AH A FH B —38.0~117.5 kJ-mol ' (7%
fElE B N155.5 kI-mol ), M2 K, TATB (fg&E1{L
NHMXBE &) 65% FIAUR ZIREZ)D A8 BAEH g8
N-1.4~32.5 kI mol ™" (AL }33.9 kI mol ™), FH
16 AR B HLIE 3 R, NAPTO HLTATB B8 W Ui 58 £ B AL
WRRE. WAL UL, BT ME T ORRME R 71, NI
555 Re A4 RLRE 8 7E R @ B RR B K AT IR R 41
MUK E, X H5RIGLER (KD &8, FHEdit
IS R [Esyr FE6 () 13— PiES TIX— 41, Bl
7E300 MI-m” LL R Eg, X35, NAPTOX} R (AN T
TATB, {HiZ KT HMX [39].

NAPTO (layer)
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N1 PR B PR EALEE, i H Hirschfeld %
A — 4 fr 20 s R A AZ R AR (7). @
W5 F Hirschfeld 2 [ F T8 PR F0 3 1 21 k0 0 A1 SRR AE —
YERA RV R0 e 4 . R e e U R THNL A 4
FERIRIZIR, B 9 e AT H ARG i L HE 73 1 454
AH X 458 5 1R J2 N 401 TB)AH ELAE FH RN 452 55 16 J2 8] 431 [
MEAEH. #ig b, B IXSRE 850 A T
BFESE

K7 (a) W, HARAREEREEN SN
BERAE ER RTEIR A 2L 55025 A R PE [N TATB. 3,3'-
T -4, 4B EWeIE (3,3'-diamino-4,4’-azofurazan,
DAAzZF), 1,1-— & }-22-— 4 # 2 % (1,1-diami-
no-2,2-dinitroethene, FOX-7) f13,5- 3L EE-2,6-
T HE-1-% (3,5-dinitropyrazine-2,6-diamine-1-oxide,
LLM-105) 1, T HoAth % A7 058 B 6 25 /b B B 1
REAM RIS B IX LR (AITNT. HMXFICL-20).
I, X FNAPTO EHL 5 TATB ALl Hirschfeld % i,
LNV, BoyEREH T A - EE T, B TR
SIS RESY o EDI2DIESE[ET (b) I LA
H, BARERIR/D, [HNAPTO MAE)ZE WA (E R 31
MEAEH, R ARSI =8 7T IR AH BAE . fEAH

il ed

1
1
1
1
[}
1
|
i TATB DAAzF FOX-7 LLM-105
1
1 — ~
1 $ .’ )\
! L)
. ) \
1
I
NAPTO (100) NAPTO (010) L
; TNT HMX CL-20 ONC
(@)
2.8
24 I \N--C
I o0
28 - N
w18 [ o-H
05 B O-C
' 10N
0.8 )
0% 53% 43% NN
0.4

|
06 1.0 1.4d1.8 22 26

()

(c)

E7. (a) NAPTO. 5P KA EIEZS (TATB. DAAZF. FOX-7. LLM-105F1TNT) FI3FhEtfedE24 (HMX, CL-20. ONC) [fJHirschfeld Z2fi;
(b) NAPTO [ —4EFRSUEl; (o) HANR 75 Hirschfeld Z 1 (1) o1k 5 4324
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AR N4 T A, O--H, N---H, N---O4& FZE 4118
MEAERE, EIEHBER 02 1.93 A, 2.57 A,
2.78 A, lLO+H (2.65A), N+H (2.70 A) FIN+0O
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