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ABSTRACT: A new energetic material, 2-azido-4,7-nitroamino- o o -

1 H-imidazo[4,5-d]pyridazine (ANIP) with a highly sensitive azido q \  Highly sensitive group PEANT.
group and its host—guest compounds (ANIP/H,0 and ANIP/ ot o o "
H,0,), and energetic salts were obtained. With the guest and Host-guestiechnigue n I s
protons in host molecules, an abundant hydrogen bond system can R

be formed. This results in high crystal density and good sensitivity, o N

@ High crystal density
% High detonationvelocity

which suggests that the host—guest strategy is a promising way to
balance the contradiction between energy and sensitivity and
provides a new path to obtain a new generation of high energetic

# High density
@ High detonation velocity

Downloaded +1a BEITING INST OF TECHNOLOGY on March 14, 2024 at 02:23:49 (UTC).
See https-fpubs.acs. org/sharmz guidelines for options on hew to legiimately share published articles.

materials,

T o obtain higher energy density materials (HEDMs), more
N and O were introduced to replace C and H, which also
resulted in decreased stability, Therefore, it is a challenge to
obtain compounds with high energy and low sensitivity,'
When designing energetic materials for practical use, such as
1,3,5,7-tetranitro-1,3,5,7-tetrazoctane (HMX) and
2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaiso wurtzitane
{CL-20), the presence of hydrogen was essential to stabilize
the molecules, which can form inter- and intramolecular
hydrogen bonds (HB) and reduce the sensitivity of energetic
compounds. High energy and low sensitivity compounds, such
as 1,3 5-tiamino-2,4,6-trinitrobenzene  (TATB) and 1,1-
diamino-2,2-dinitroethylene (FOX-7), have strong intra- and
intermolecular hydrogen bonds produced by the ortho-C-
amino/C-nitro structure, which are beneficial in maintaining
planarity and lead to high density (193 g cm™), outstanding
thermal stability (350 °C), and low sensitivity (IS = 50 ], FS =
353 N).?

Diverse backbones and energetic groups have been
investigated to obtain HEDMs in recent years. Due to the
planar structure and high heat of formation, fused rings have
proved to be excellent backbones, containing multiple
positions for introducing various energetic groups (—NO,,
—NHNO,, —N;, =C(NO,)y etc ) Amang these energetic
groups, the nitroamino group is the only one that contains an
H atom and has a high chance to form abundant hydrogen
bonds and can also be easily obtained by reacting amino group
with HNO; As an effective energetic group, the nitroamino
group increases the cxygen balance and density of energetic
compounds, resulting in superior detonation properties,
However, the introduction of an energetic group is always
accompanied by a decrease in stability and increased
sensitivity,
© XK American Chermacal Society

< ACS Publications

& Verysensitive & Enhanced safety

The traditional method to solve this problem is by reacting
the nitroamino group with different bases (NH, N,H,
NH,OH, etc.) to form energetic salts (Figure la). With the

introduction of more nitrogen or oxygen, energetic salts always

O & High density
| Het _:~EN' *] # High detanation velocity
e " 4 High sensitivity; Low thermal stsbility

ne1,2—

. Enargetic asity: Link nitrcamin anicn with catien

- L = = * ' & Decreasad crystal donsity
Het :_"Nn, + — = 4 High doetonation volocity
i - peacton : . # Enhanced safety

. Hinilust strategy: Form gues! HaDite Ha  Treswork

P ! 4 High crystal density

LNy -

| / & 2 ¢ = # High detonation velocity
R {1 Enbanced safety

Figure 1. Hlustration of the advantage of a host—guest inclusion
nitramine explosive compared with traditional salt formation strategy.
Blue dashed lines and red lines indicate hydrogen bond interactions
and ionic bonds, respectively.
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