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Fig.1 Three energetic isomers of C,H,O,N, (p is the crystal
density, and T, is the initial thermal decomposition tempera-

ture measured by experiments)
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Table 1 The cell parameters of 3 isomer models

models alA b/A c/A a/(°) B/(°) v/ (°) molecular number stacking modes
isomer a 11.42 15.84 16.83 90.00 101.14 90.00 16 wavelike

isomer b 18.70 15.81 16.49 90.00 110.65 90.00 24 mixing

isomer c 19.49 13.27 12.16 90.00 94.22 90.00 16 crossing
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Fig.2 Potential energy evolution of 3 isomer models under

programmed temperature heating

Chinese Journal of Energetic Materials, Vol.32, No.1, 2024 (38—48)

I3 h 24.2,22.5 psH13.1 ps, KR /> FHfka.b,
C M FAERE PRI T B o

3 [ 43 Sy A A AR A AN (]I 3T 1A O o A
By A Re Ak & 3 Br s o FE 1000 K A9 fE 3 #4
(K 3a), BT A [F] 53 S A6 A A5 Y (1% 32 R 70 A 40U (1] A 2
HeFEREE o HAE 1500 K A9 FE IR i #4 T~ (& 3b) L, [543
SHE cHBREC A W B T, ME S Sk a.b
1R IR dEH7 AR 2 L R W[ 43 S A AR ¢ i FVER 1k
B 5. 78 2000 K F1 2500 K A 15 5 m#4F (K 3c.
Kl 3d), A [ o0 S A AR B R Yy S Be A T [ . Hirp
7] 43 5 M A a ) 34 BB T B IR B die /D | [R) 40 S R A4 b 1)
ARG T B R W L T R A A R ¢ AR T R
Ko ERSHEB 7 1000,1500,2000 KF12500 KHY
FEIRNIT | [R] 43 S Aa R a i SRS e M et | [R] 43 S AR 1A
b f1 PR P I AL 1717 7] 43 S A R © PR AR v ) el 3
TR, S5 FHE IS B 1 258250

I FRE AL 1 40 7 T LU 7R AR OE 0 R
L 0TI i RS R R G R R A a X S R o
F SRR e M A 43 S5 4 1A b Al RS e MR =22l [ 4 S
F A ¢ i PRFR e M B 59, 3% 5 R A3 ik S 56 eh A5 19 [
oy SEA A a b o 1 R il I R R A — T
2.2 Y EEL
221 RNYIHEEWK

3 [ 43 S 4 AR AR P TR IR B 08 S ) B
HALIE 4 TR . NE 4 el LA Rk a b
T3 43 e 00 S 0D AHEE L 2976 16 ps BREE , 11 [R] 40 53 44 44
c ¥4 43 B B ) Sk 2 ps BRFAT , E 8 T ) 43 5 A 4R
a.b. ME 4L T LU H 3 F IR 43 5 40 AR L 7F 72 P
TEUR AR TR 1) SR8 B 28 T 45 T R %) B 1) 247 B S 9
T 05 4 A 00 B ], 33 156 B 3 B ) 43 S A 4R o 00 4
53 ik B R W I N B A G A ok R S B — o R S
TF UG & A AR, BB A T 16 TR

FE I AR B BN B E A LS TR o A
K5 A DLE H L 7E 1000 K BRI L AA [F 4y
SRR C R A T A T TR A3 S AR AR a A b YR K AR 4y
fi# . #£ 1500 KMEIRMIT , [ 5r SAK c 4 hgie 58
SO R A3 SRR a fn b RV NGB e F R A T
A3 . 782000 KA1 2500 K B IR IR, B A T 4 5
AR ASEADL T () P 35 93 M o6 4, v [) 3 S A 4K ¢ 1Y 43
il S S B, T [ 0 S A A a R b 1 4 e R AE AR o
222 FYHEEK

it 1 3 IR o3 R A R AR A 43 i A NO LCO Al
H,O B IH — 1k 43 1 % & bl s (] 4 3 A, W 1& 6 T o
N Lk

www.energetic-materials.org.cn



— 20 [) 3 S A B RE AL A W BARE E TR 2% S Y L LA Y

800 ;
——isomera
e ——isomer b
g 6001 isomer ¢
2
é 400+
()
B 200 e T e et
s
3 0
=3
-200+
0 5 10 15 0 25 30
time / ps
a. 1000 K
800 -
——isomera
e isomer b
2 600 —isomer ¢
2
é 400
()
5 2001
s
g 0
=3
-200
0 5 10 15 20 25 30
time / ps
c. 2000 K

3 3 a] 43 R AR L A AN ] I BT R IR N #A Y S e T A

41
800 .
—isomer a
e ——isomer b
g 600 isomer ¢
2
é 400
()
5 2001
s
3 0
=3
-200+
0 5 10 15 20 25 30
time / ps
b. 1500 K
800 -
isomer a
e isomer b
g 600 ——isomer ¢
2
é 4001
()
5 200-
s
s 0
=3
-2001
0 5 10 15 20 25 30
time / ps
d. 2500 K

Fig.3 Potential energy evolution of 3 isomer models under constant temperature heating at different temperatures

12

——isomer a
——isomer b

@ 1.0 ——isomer ¢

s

§ 0.8

S 061

$

é 0.4

2 0.2

0.0 T r v r T
0 9 10 15 20 25 30

time / ps
4 FRFF TR EAT T 3 Fh ) 3 S b A ) S 0 ) R
Ak
Fig.4 Number evolution of the reactants in 3 isomer models

under programmed temperature heating

ML 6 Al DU Y A 43 5 4 1 ¢ A AL RO i NO
CO M1 H,O By i} ] & & L F 4y 2 F [\ 2 53 44 1A A
R 3 i T R o S A A e IR E M B S R B .
17 1) 73 S ¥ 1 @ 01 [R] 3 53 440 14K b 7 S5 26 7= ) 11 0 i T
o2 B2l 78 R 2 S A 1R a i #4202 56 v, Yu
G 5 3o 2 A G R B T A I 3 [R] 4 S A 1A a ) R
I3RS AR ) EEALES CO,,NO,HCN,C,N, 1 H,0,
1M Xiao %622 38 5o — 4k A1 SC 20 4N % 42 ) 43 S+ 44
A a 78 # o3 il 19 5 — B BERE i HL,O Tl NH,, 5 B Bt

CHINESE JOURNAL OF ENERGETIC MATERIALS

HERCH,O M CO,, FfiJ5 77 4= & N UK, b i NO |
N,O .HCN NO, fl NH,, % = i Bz & 22 F it CO, fil
NH,, i HCN I NO, iy & it 2 W B AL . Bl g
[] 43 S K A2 a 75 43 00 3 B P2 A2 HLO 4y F L B I 7 4R
TRENOF, X ELRIMEIE—F . SR, AT
HE WL E) CO, LA B2 NH, 43 T 1Y 72 4, 53X 1] BE 5
PUBF A B AT 0 o FE ) 43 5 M AR 0 A o i S 5
L, Oyumi A NO, I BLUR BHEEE AR TR
i NO U, AT IR 25 AL A 51 W) & .

AT [] 43 5 Mg AR RS R AE 2500 K A4 8 I8 fn 44 F 7=
PINO.CO 1 H,0 1y 3 — 44> 7 % & i Ak an |8 7 o
TR FENO FF T8 i Ak b (& 7a) , W4y S A 1K ¢
B 1 ) NO 4 B i 35 K et 3XRT B 0K B [ 43
SA AR c B A o R A HE W R RN . #E CO 4 F B i
AL (L 7b) , 7] 43 5 44 44 a B8 v iy CO 43 14
RS T AR T b ] 43 S R A I O & A T BR
7 B S A e B o T AE HLO 4 T8 Y Ak B 70)
7] 53 S5 F R a BB 780 e (19 HL,O 43 B500E 14 o B I 25 PR
TH AT ABAL, X 7] BB W E [ 43 5 40 14 a 78 43 i
I & A T R S5 R I, HO [ 24l 3K H

Ji A N A T R H,0 4 F .
N XK 2024 % H 324 %14 (38-48)



ERE A IRE I, sk B L

42
1.0 A —————
0.8
——isomer a
0.61 ——isomer b
——isomer ¢

percentage of reactants

0 5 10 15 20 25 30
time / ps
a. 1000 K
1.0
£ 08 ,
g ——isomer a
3 ——isomer b
< 06 ——isomer ¢
2
< 0.4
3
[}
=2 O.Z-K
0 5 10 15 20 25 30
time / ps
c. 2000 K

5 AT 3 ] 23 S b AR 4 S o ) KCH T

1.0
£ 081 :; ; ;
s
= ——isomer a
2 061 ——isomer b
S —isomer ¢
2
< 041
3
& 0.2]
0 5 10 15 20 25 30
time / ps
b. 1500 K
1.0
£ 08 ,
g ——isomer a
3 ——isomer b
% 06 ——isomer ¢
2
< 04
S
[}
2 0.2
0 5 10 15 20 25 30
time / ps
d. 2500 K

Fig.5 Number evolution of the reactants in 3 isomer models under constant temperature heating

—isomer a
25 —isomer b
2.01—jsomer ¢
1.5
1.0
0.5
0 5 10 15 20 25 30
time / ps
2 a.NO
g as isomer a
2 041 _isomerb
S 0.37—isomerc
[}
2 02
2 0.1
T 0 5 10 15 20 25 30
£ time / ps
= b.CO
15 .
— isomer a
1.2)—isomer b
0.94—isomer ¢
0.6
0.3
0 5 10 15 20 25 30
time / ps
¢.H,0

Bl6 M7 IHEMAT 350 R 23 55 0 (488 0 v = i) 0 — Ak
TR AL
Fig.6 Normalized molecular number evolution of products

in 3 isomer models under programmed temperature heating

Chinese Journal of Energetic Materials, Vol.32, No.1, 2024 (38—48)

15
time / ps
a.NO

0 5 10 15 20 25 30

8

3 05

é 04 11 1] |““|H4imh“ﬁu‘\
5 03 Il [N

(5

£ 02 isomer a
2 01 —isomer b
E : . . . —isomer
©

£

2

b.CO

time / ps
c.H,0

7 2500 KE & AT 3 B[R] 3 57 b A4 B 78 o = 4 14 09 — Ak
Sy TR AL

Fig.7 Normalized molecular number evolution of products in

3 isomers models under constant temperature heating at 2500 K

Sttt

www.energetic-materials.org.cn



— 20 [) 3 S A B RE AL A W BARE E TR 2% S Y L LA Y

43

{EAS I B2 AE AR TR T2 (0 30 3 F S 0L 7 vp T
A 1 ) 43 S g AR 0 W N T 7 LB ) P AR
BUARRE B9 NO 431, 11 772 45 N, 43 F BB 2 i b R
% 5 Hamilton "2 () DFTB A 40145 B2 — B0 . flufi]
WA B RE I S SR (E  DFT 5 (E A
ReaxFF T3 fH Xt B, 2 F mio-1-1 [ #() DFTB 4
PR A NO T2 i BE f 1%, A itk 25 3 & Al 1 F NO i A2
SEME A5 AR I 1) B9 DFTB Ll B vh B = N, 7290 .
2.3 DR AE

A Al T IR A AEL T ) s B A, AT LTSRS
AN TR BE TR B I ) 4 e 1 3 Bk, DA T 3R A AN [
[7] 73 S A4 A R 0 it B9 1000/ T-Ink i 28, i & 8 T /i .
M8 7T LUE i, [6] 43 5 #4044 ¢ 76 A R B2 T (8 53 i
ST =N (1] B SR N YO BT S i
STk a5 ie — 2 ARSI e 1 R ARSI
TR T AN [R5 43 5 4 A B i 1) 4 i IR ARG A g
E, g2/, NE20LIFE W, [F 5514 a5 it
B AL BE fe i L I8 ) T 223.5 kJemol ™, 5 Z R H Al &
P2 o I A5 0 T AL BEAE 222.2 kJ-mol THEEY L B
W22 A0 TR 3 S A A o 43 A 9 0 Ak BB A 11K, 17 ) 43 S5 4
o s ALRE R AR . X LE B )= SRR S T
T A5 119 40 B A4 foe 1R B8 85 SR IR T A 1 — B

30 = isomera
e isomerb

297 - isomerc
28

—'(D

= 271

<
26
251
24 T T T T T T T
03 04 05 06 07 08 09 10 11

1000/T /K"
8 3FNE S AR 1000/ T-Ink it £
Fig.8 1000/T-Ink curves of 3 isomers

R2 3FED AR B 1A SR

Table 2 Decomposition kinetic parameters of 3 isomers

isomer a isomer b isomer c
Als™ 7.6x10'° 1.4x10'° 2.6x10"
Ea/kj-mol’1 223.5 196.8 71.3

Note: A is pre-exponential factor. E_ is activation energy.
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Mechanism Study on the Thermal Stability Difference of a Group of Isomeric Energetic Compounds

WANG Rong', LINGHU Yao-yao'’, ZHANG Chao-yang', ZHONG Kai'
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China; 2. School of Materials Science and Engineering ,
North University of China , Taiyuan 030051, China)

Abstract: Isomerism is common in energetic compounds. Isomers may have differences in energy and safety performance. Inves-
tigating the mechanisms in these differences contributes to a deeper understanding of the structure-performance relationship of
energetic compounds. The thermal decomposition mechanisms of three isomeric energetic compounds, 2, 6-diamino-3, 5-dini-
tro-1-oxide pyrimidine (LLM-105) , 3, 5-diamino-4, 6-dinitro-1-oxide diazine, and 1, 4-dinitrofurazan [3,4-b] pyrazine (DN-
FP), were studied using the self-consistent-charge density-functional tight-binding method (SCC-DFTB) under program heating
and isothermal heating conditions. The results show that there is a strong hydrogen bond network in the LLM-105 crystal, en-
abling a molecular hydrogen transfer reaction accounting for 68.75% in the early stage of decomposition, which plays an impor-
tant role in its high thermal stability; The skeleton structure of 3, 5-diamino-4, 6-dinitro-1-oxide diazine was prone to
ring-opening through N—N bond cleavage under heating, resulting in lower thermal stability compared to LLM-105; The bond
dissociation energy of DNFP for nitro group cleavage is 172.3 kJ-mol™, which is significantly lower than the other two isomers.
Additionally, its fused-ring skeleton was also susceptible to ring-opening through C—C and N—O bond cleavage, resulting in
the lowest thermal stability. In summary, the bond dissociation energy of the weakest bond in the molecule, the stability of the
ring skeleton structure, and the hydrogen bond network of the crystal are important structural factors that determine the thermal
stability of energetic compounds.

Key words: energetic compounds;isomers;thermal decomposition ;thermostability
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