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Scheme 1 Synthesis route of N, N’-bis(2-fluoro-2, 2’ -dini-
troethyl)-3,4-dinitraminefurazan (LLM-209)
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Table 1
details for LLM-209

Crystallography data and structure refinement

parameter LLM-209
empirical formula CH,FN, Oy
formula mass 462.19

T/K 296(2)

wave length / A 0.71073

crystal system monoclinic
space group P21/c

al/A 13.3354(4)
b/A 11.4129(4)
c/A 11.4005(3)
a/(°) 90

B/ (°) 114.4130(10)
y /() 90

v/A 1579.97(8)

z 4

D./g-m™ 1.943

w/ mm™! 0.201

F(000) 928

V/mm? 0.17%0.12%0.07
6/(°) 2.449 to 25.499

index ranges
reflections collected
independent reflections

(1/6) | %

-15<h<16, —12<k<13, —13<i<13
16974

2931 [R,,= 0.0347]

99.5
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Fig.1 Crystal structure of LLM-209

2 LLM-209 H i i S BT O 2R3 40 7 1] SUEFE AT
Fig.2 Molecular packing diagram of LLM-209 (Dashed lines

indicate intermolecular hydrogen-bond interaction)
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Table 2 Bond length for LLM-209

bond length / A bond length / A
F(1)—C(4)  1.314(3) N(8)—0(9) 1.205(3)
N(1)—C(1) 1.293(3) N(9)—O(10) 1.182(5)
N(1)—O(1)  1.372(3) N(9)—O(11) 1.190(5)
N(2)—C(2)  1.301(3) N(9)—C(6) 1.523(5)
N(2)—O(1)  1.373(3) F(2)—C(6) 1.507(8)
N(3)—N(4)  1.383(3) N(10)—0(13) 1.106(11)
N(3)—C(1)  1.397(3) N(10)—C(6) 1.394(10)
N(3)—C(3)  1.459(3) N(10)—0O(12) 1.396(9)
N(4)—O0(2) 1.211(3) N(10")—O(13")  1.249(12)
N(4)—O0(3)  1.215(3) N(10")—0(12") 1.316(12)
N(5)—O0(5)  1.200(3) N(10")—C(6) 1.323(9)
N(5)—O0(4)  1.201(3) F(2')—C(6) 1.728(8)
N(5)—C(4)  1.537(3) C(1)—C(2) 1.431(4)
N(6)—O(6)  1.194(3) C(3)—H(3A) 0.9700

N(6)—O(7)  1.209(3) C(3)—H(3B) 0.9700

N(6)—C(4)  1.541(3) C(5)—C(6) 1.465(5)
N(7)—C(2)  1.401(3) C(5)—H(5A) 0.9700

N(7)—N(8)  1.432(3) C(5)—H(5B) 0.9700

N(7)—C(5)  1.458(3) C(3)—H(3A) 0.9700

N(8)—O(8)  1.198(3) C(3)—H(3B) 0.9700

3.2 LLM-209 93 R

LLM-209 /) TG F1 DSC B £ &1 3 fir s o th & 3
TG AR £ AT 1, LLM-209 7E 115~200 °CH — /1 &
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350 CAH — > %1% 1 o it 12k By B, T i Rl
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T — AN 1 Al W B (94.27 °C) A 43 il 0 A I
(179.96 “CH1239.37 °C) , H b igs £k W 4 0 (1) e 44 5
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B — A PR T 5 2 B B 43 i AR 0 1 AR R
222.35 )-g ', WItR o> UL O 136.85 °C, X T 2218
T fE 0O B Be 1Y S A il i A 0 Y i A = R
185.53 J-g™' , Wl i i 2 203.58 °C.,
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FE) AR E R 4 58 S s . B 40 = 4E 7 AR
WO RE 8 B 10 OULGE H0 45 0 il 7 ) 1Y) 375 2ok 38 B ) ] 22
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Table 3 Bond angles for LLM-209

bond angle/ (°) |/bond angle/ (°)
C(H—N(1)—0O(1) 105.6(2) || NG)—C(1)—C(2) 131.6(2)
C(2—N(2)—0(1) 105.6(2) ||[N(2—C2—N7)  119.7(2)
N(4)—N(3)—C(1) 116.96(19) || N(2)—C(2)—C(1) 108.4(2)
N(4)—N(3)—C(3) 117.6(2) || N(Z7)—C(2—C(1) 131.7(2)
C(H)—NGB)—C(3) 122.7(2) || N(3—C(3—C(4) 111.3(2)
O(2—N(4)—0(3) 127.5(2) | NG)—C3)—HGA)  109.4
O(2)—N(#4)—N(3) 116.8(2) || C(4—C(3)—HBA)  109.4
O3)>—N(4)—N(3) 115.6(2) |[N(3)—C(3—H(3B) 109.4
O(5)—N(5)—0(4) 127.03) | C4)—C(3)—H(GBB)  109.4
O(5)—N(5)—C(4) 115.8(2) | HBA—C(3)—H(3B) 108.0
O(4)—N(5)—C(4) 117.2(2) || F(1)—C(4)—N(5) 106.7(2)
O(6)—N(6)—O(7) 127.103) || (H—C(4)—C(3) 114.7(2)
O(6)—N(6)—C(4) 116.22) | N(5)—C(4)—C(3) 111.4(2)
O(7)—N(6)—C(4) 116.6(2) || F(1)—C(4)—N(6) 106.9(2)
C2—N(7)—N(8) 114.71(19) || N(5)—C(4—N(6) 103.48(19)
C(2—N(7)—C(5) 120.42) || C3)»—C(4—N(6) 113.002)
N(8)—N(7)—C(5) 115.3(2) || N(7)—C(5—C(6) 110.8(3)
O(8)—N(8—0(9) 127.83) |[|[N(7)—C(5—H(5A)  109.5
O(8)—N(8)—N(7) 115.72) || C6)—C(5)—H(5A)  109.5
COH—N()—0O(1) 105.6(2) ||N(7)—C(5—H(5B)  109.5
O(9—N(8)—N(7) 116.5(2) | Cl6)}—C(5—H(5B)  109.5
O(10—NO9—0(11) 129.3(4) ||H(5A)—C(5—H(5B) 108.1
O(10—N(9)—C(6) 116.9(5) |[N(10)—C(6)—C(5) 129.6(5)
O(1 1)—N(9)—C(6) 113.5(4) || N(10O—Cl6)—C(5)  124.1(4)
N(1)—O(1)—N(2) 111.28(18) || N(10—C(6)—(2)  104.9(6)
O(13)—N(10)—C(6) 116.9(8) | C(5)—C(6)—F(2) 99.2(4)
O(13)—N(10—0(12) 127.4010) || N(T0)—C(6)—N(9)  114.9(4)
C6)—N(10—0(12) 115.709) | NOO—C(6)—N©)  111.9(4)
O(13)—N(10)—0(12")  149.9(11) || C(5)—C(6)—N(9) 112.203)
O(13" )—N(10)—C(6) 98.7(8) || F2—C(6)—N(9) 100.3(5)
012" )—N(10)—C6)  110.9(10) | N(10" —C(6)—F(2")  93.8(6)
N(1D—C(1)—N(3) 119.3(2) || C(5—C(6)—F(2") 98.2(4)
N(1)—C(1)—C(2) 109.1(2) || N(9—C(6)—F(2") 96.0(4)
B SR T AT 4 = 2 0 A K 51 5

B 4k AR R B AE 2911 em ™ il BE B0 T R Y 9%
G, PRI 5 5 AR G0 i W) 21 A b o R RO B

LLM-209 B9 5 it 7= 4 £ 2 A NO,(2911,1627 cm™) |

CO,(2352cm™).CO(1905 cm™) \N,O(1292 cm™),
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Fig.4 Three-dimensional absorption spectra for the decom-
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Fig. 5 Gaseous products of the thermal decomposition of
LLM-209 by TG-IR
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Table 3 The detonation and sensitivity properties of LLM-209

compound p/g-cm? Toen! C T/ °C IS/) FS/N D /km-s™ p/ GPa AH /kJ-mol™
LLM-209 1.94 94.27 179.96 4 48 8981 40.3 -290.7

RDX! 26! 1.81 205 210 7.5 120 8872 34.7 80.0
HMX[2¢] 1.90 275 279 7 120 9254 39.2 104.8
CL-2002%! 2.035 - 210 15-20 100 9500 43 -

Note: p is the density of crystals; T, T,

melt

is the initial melting temperature;

dec

is the inital decomposition temperature; IS is the impact sensitivity; FS is the friction

sensitivity; D is the detonation velocity; p is the detonation pressure; AH is the enthalpy of formation.

4 £t
(1) SR T N, N - (FAE i 3)-3,4-—
il Jie R IET CLLM-209) 1 6l Ak G 7 5, 78 Je K 1Y B v
B A5 3 A g SR T X G 2 B AT AN A O
45K, R B LLM-209 J& T % &L 5 &, &5 B BE P2, /n,
298 K M MR % R 1.94 g-cm™,

(2) TG-DSC 45 - & W, LLM-209 47 — 4~ & b W
AU TR AN W] 5 0 A3 A R R I G A 0 1 TR R
94.27 °C, 4y fift VTR 43 5 179.96 °CH1 233.86 °C; #
HLLAM R i W OG5 2R BT, LLM-209 19 53 i 7= ) &=
4 NO,.CO,.CO.N,O,

(3) EXPLO 5(V6.02) ¥ T fifi LLM-209 ) 5 J&
3 40.3 GPa, 434 N 8981 km s, $# i o 4 ), JiE
BEIRPE N 48 NLTERA LLM-209 & B A f B TRy
e AR
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Crystal Structure and Thermal Decomposition Properties of N, N’-Bis (2-fluoro-2, 2’-dinitroethyl)-
3, 4-dinitraminefurazan

LI Jie', MA Qing*, TANG Shui-hua', FAN Gui-juan’
(1. School of Materials Science and Engineering, Southwest Petroleum University, Chengdu 610500, China; 2. Institute of Chemical Materials, China
Academy of Engineering Physics, Mianyang 621999, China)

Abstract: N, N'-Bis(fluorodinitroethyl)-3, 4-diamino furazan (LLM-208) was nitrated using the nitration system of 98% fuming
nitric acid/acetic anhydride (10:8 in volume) at 0 °C. N, N’-bis(2-fluoro-2,2'-dinitroethyl)-3, 4-dinitraminefurazan (LLM-209)
was prepared from LLM-208. The single crystal of LLM-209 was obtained by volatilization culture in anhydrous methanol. The
single crystal structure was measured by X-ray single crystal diffractometer. The thermal decomposition of LLM-209 was studied
by thermogravimetry and differential scanning calorimeter (TG-DSC). The gaseous products of thermal decomposition of
LLM-209 were measured by TG-IR. The detonation velocity and detonation presure of LLM-209 were predicted by EXPLO5
(V6.02) program. Its impact and friction sensitivities were measured by sensitivity test.Results show that the crystal of LLM-209
belongs to the monoclinic system, space group P2,/n, and its density at 298 K is 1.94 g-cm™. LLM-209 has a melting endother-
mic peak at 94.27 °C and two distinct decomposition exothermic peaks at 179.96 °C and 233.86 °C. The gaseous products of
thermal decomposition of LLM-209 are mainly NO,, CO,, CO and N,O. The theoretical detonation velocity and detonation
presure of LLM-209 are 8981 km-s™ and 40.3 GPa, respectively, and the impact and friction sensitivities are 4 J and 48 N, re-
spectively.

Key words: energetic materials; N, N’-bis(2-fluoro-2, 2" -dinitroethyl)-3, 4-dinitraminefurazan (LLM-209) ; crystal structure; ther-
mal decomposition; TG-IR decomposition product

CLC number: T)55; 062 Document code: A DOI: 10.11943/CJEM2018072

Chinese Journal of Energetic Materials, Vol.27, No.1, 2019 (41-46) A A AL www.energetic-materials.org.cn



