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Fig.1 Structural formula of some nitrogen-rich ligands and their nitrogen content'*’
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Table 1 Part of ECC and its physical and chemical properties
Formula ligands T,/°C 1S/) FS /N EDS /)
CHP™ hydrazine(N,H,) 220 - - -
NHP' hydrazine(N,H,) 194 0.5 - -
[[Cu(ATZ)](ClO, 1 I 4-amino-1,2,4-triazole(ATZ) >250 1 8.8 -
[Cu(atrz),(NO,),] [ 4,4’-azo-1,2,4-triazole(atrz) 243 22.5 - -
[Ag(atrz), (NO,)] [T 4,4’-azo-1,2,4-triazole(atrz) 257 30 - -
[Mn,(HATAr),(NO,),-2H,0] "®" 3-hydrazino-4-amino-1,2, 4-triazole(HAT) 260 - - -
[Cd,(HATP),(NO,),-H,0], 3-hydrazino-4-amino-1, 2, 4-triazole(HATr) 295 - - -
[Cu(ntz)] 7 3-nitro-1H-1, 2, 4-triazole(Hntz) 315 >40 >360 -
Ni-DNBTH® 5, 5'-dinitro-2H, 2H'-3, 3'-bi-1, 2, 4-triazole(DNBT) 185 - - -
Cu-DNBT!® 5, 5'-dinitro-2H, 2H'-3, 3'-bi-1, 2, 4-triazole(DNBT) 310 - - -
{[Zny(T2),]1(NO,)-6H,01} 1H-tetrazole(Tz) 292 >40 >360 -
[zn(T2),]," 1H-tetrazole(Tz) 351.4 >40  >360 -
{[Cd,(T2),](NO,)-6H,01 1H-tetrazole(Tz) 279.41 >40  >360 -
{[Mn,(T2),](NO,)-6H,0} ) 1H-tetrazole(Tz) 332.75 >40 >360 -
Cu(MHT),?" 5-methylhydrazinotetrazole(MHT) 212 >40 - -
Ag(MHT) - 2H,0"" 5-methylhydrazinotetrazole(MHT) 200 >40 - -
[Cd(tzeg)(H,0)] N-[2-(1H-tetrazol-5-yl)ethyl]glycine(H,tzeg) 275 - - -
[Cu(tzeg)(H,0)] N-[2-(1 H-tetrazol-5-yl)ethyl]glycine(H,tzeg) 350 - - -
[Zn(tzeg) ], N-[2-(1 H-tetrazol-5-yl)ethyl]glycine(H,tzeg) 425 - - -
[Cu(Htztr),(H,0),],*" tetrazolium bitriazole(H,tztr) 345 >40 >360 -
{[Cultztr)]-H,01 tetrazolium bitriazole(H,tztr) 325 >40 >360 -
[Cu(Htztr) ] [+ tetrazolium bitriazole(H,tztr) 355 >40 >360 -
[Ag, (BTFOF),] -[2(NH,)] ¥ 4,4"-oxybis[3,3’-(1H-5-tetrazol) Jfurazan (H,BTFOF) 255 >40 >360 -
CHHP! hydrazine carboxylate(N,H,CO,)+hydrazine(N,H,) 231 0.8 - -
ZnHHP0! Hydrazine carboxylate(N,H,CO,)+hydrazine(N,H,) 293 - - -
[Zn,(ATZ),(TZ),] " 4-amino-1,2,4-triazole(HATZ)+1H-tetrazole(HTZ) 332 >40 >360 -
[Zn(N,H,),(N,),] 2 hydrazine(N,H,)+azide(N,) 200.85 28.5 - -
[M,(AMTz),(N,),] [M=Cu, Co, ) ) . i 229.1,277.5,
Ni. Zn. Mn F1Cd]l! 4-amino-3,5-dimethyl-1,2,4-triazole+azide(N,) 304.6,336.8, - - -
327.1,346.2
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Formula ligands T,/C 1S/) FS /N EDS /)
[Coy(3-atrz),(N,), 17 4,4’-azo-1,2,4-triazole(atrz) +azide(N,) 285 >40 >360 -
[Cu,(MA),(N,), 177 MA+azide(N,) 178,242 - - -

[Culntz) (N,)(DMF)] [
[Culntz)(N,)(H,0)] "

3-nitro-1H-1, 2, 4-triazole(Hntz)+azide(N,)
3-nitro-1H-1, 2, 4-triazole(Hntz)+azide(N,)

199.2,279.5 >40 >360 -

108.8,287.3 >40 >360 -

[Cd,(N,),(datz),] ¥ 3,5-diamino-1,2,4-triazole(Hdatz) +azide(N,) 401 >40 >360 -
[Cd(N,),(brt),] ¥ 4,4'-bi-1,2,4-triazole(brt) +azide(N,) 255 8 360 -
[Cd(N,),(btzp)] 1,3-di(tetrazol-1-yl) propane(btzp)+azide(N,) 181 2.5 288 -
[Cd,(N,),(btzb)] ¥ 1,4-bis(tetrazol-1-yl)butane(btzb)+azide(N,) 230 2 240 -
[Cd(en)(N,),], " ethylenediamine(en)+azide(N,) 201.8 7.84 - -
[Cu(pn)(N,),] M 1,2 - diaminopropane(pn)+azide(N,) 215.7 2.55 - -
Cu(3.5-DNBA)(N,)," " 3,5-dinitrobenzoic+azide(N,) 268 23.5 >360 -

Note: 1) T, is thermal decomposition temperature; 2) IS.FS.EDS are impact sensitivity, friction sensitivity and electrostatic discharge sensitivity respectively.
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Research Progress and Applications of Energetic Coordination Compounds

Ql Xuan, HAN Xiao-li, WAN Zao-yan, ZHANG Lin, Yl Zhen-xin, ZHU Shun-guan
(School of Chemical Engineering » Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Energy Coordination Compound (ECC) has become one of the research hotspots in recent years because of its diverse
Coordination modes between different metal elements and ligands, and it is expected to obtain energetic materials with highly
adjustable properties. In this paper, the ways and types of assembling ECC with different ligands are reviewed, and the applica-
tions of ECC and its functional materials as initiators, propellant catalysts, flammable agents and oxidants of thermite, pyrotech-
nics colorants are reviewed. Studies have shown that the energetic complexes formed after the coordination of different metal
ions and nitrogen-rich ligands show great potential in the field of new energetic materials, and can meet the requirements of en-
ergy, sensitivity and other properties through the change of the type and number of ligands. The law of ECC synthesis is summa-
rized and how to improve the energy characteristics and expand the application in the future is prospected.

Key words: energetic coordination compounds;energetic coordination polymers;energetic metal-organic framework;
nitrogen-rich ligands
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