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Fig. 1 Structures of metal complexes with NT ligands(a,b,c,
d and e are CP,MNCuP ,MNZnP ,BNCP,BNNP, respectively )
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Table 1 Comparison of physical properties,sensitivity and explosion performance of novel TEMCs with that of lead azide and lead
styphnate

compounds  p/g - cm T4/C D/km s S/em - Se/g S5/ OB/% C/% H/% N/% yield/%
1 1.98 224 / 5 15 0.0689 -16.40 7.69 2.82 53.81 91
2 2.08 228 / 10 2000 3.125 -23.27 8.73 2.91 65.16 94
3 2.03 194 / 5 <10 0.0375 -20.58 8.42 2.81 58.95 93
4 2.14 232 / 5 <10 0.0312 -20.40 8.35 2.78 58.43 94
5 2.10 261 / 15 4200 >0.36 0 7.67 2.13 47.67 95
6 2.04 270 6.74 22 800 >0.36 0 7.61 2.1 47.37 91
7 2.15 255 / 14 36 >0.36 5.05 7.58 1.26 44.22 94
8 / 264 / >0 < <500 >0.36 5.02 7.53 1.26 43.94 92
9 2.20 255 7.14 25 2800 >0.36 -2.74 8.22 2.06 52.75 96
10 2.44 270 7.02 18 1500 >0.36 -2.73 8.18 2.04 52.50 93
11 2.0 265 7.39 12 500 >0.36 -2.70 8.11 2.03 52.07 93
12 2.25 250 / 12 20 >0.36 5.39 8.08 0.67 47.15 92
13 / 265 / >0 < <500 >0.36 5.36 8.04 0.67 46.92 90
14 2.14 259 / 12 40 >0.36 5.32 7.98 0.66 46.55 94
15 2.34 253 / 10 1300 >0.36 —-4.58 8.60 2.01 56.17 92
16 2.38 252 / 8 17 >0.36 5.61 8.42 0.28 49.10 /
17 2.45 252 / 8 800 >0.36 -5.91 8.87 1.97 58.63 94
18 2.47 250 / 6 12 >0.36 5.77 8.66 0 50.49 /
Pb(N;), 4.8 315 5.5 10012} 6 0.0047 0 0 0 16.85 /
LS 3.0 282 5.2 14 40 0.0002 5.33 15.99 0.22 9.33 /

Note: T, is decomposition temperature from DSC (8 =5 °C); D is detonation velocity, S, is impact sensitivity, S is spark sensitivity, S, is friction sensitivity;

oxygen balance (OB)is an index of the deficiency or excess of oxygen in a compound required to convert all C to CO,all H to H,O,all alkaline metal

to A,O,and all transition metals to metal oxides; C is carbon; H is hydrogen; N is nitrogen. Compounds 1 ~4 are [ Cu' (DAT);H,0](ClO,),,

[Cu"(DAT);NO, INO,, [ Fe' ( DAT), ] (ClO,),, [ Cu" ( DAT), ] ( ClO, ),, respectively.

The formulas of compounds 5 ~ 8 are

(Cat) [M1"(NT), (H,0),],where Cat and M1 are NH, * and Fe , NH, * and Co",Na* and Fe Na* and Co", respectively. The formulas of

compounds 9 ~14 are (Cat)2[ M2"(NT), (H,0), ] ,where Cat and M2 are NH, * and Fe" ,NH, * and Ni" ,NH, * and Cu" ,Na* and Fe" ,Na* and Ni",

Na* and Cu",respectively; 15 ~18 are (NH,),[Fe' (NT) H,O],(Na),[Fe"(NT),H,0],(NH,),[Fe' (NT), ] and (Na),[Fe' (NT), ],respectively.
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Table 2 Properties of four nitrotetrazole complexes
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Fop,Cat=NH, "8{ Na"; x=3 ~6; x=3 8§ 4 i}, sol
B H,0; x=5 5% 6 i,sol y CH,CH,OH; M3 =Fe"
m Cu'; M4 =Cu"m Ni',

compounds p/g-cm™? Ty/°C Se /kg S,/cm OB/% C/% H/% N/%
BNCP 0.3 ~0.6 268 3 32 -3.52 5.28 2.64 44.13
BNNP 0.54 278 3 30 -3.52 5.28 2.64 44.15
MNCuP 0.65 260 4.8 30 -2.44 3.66 2.74 34.14
MNZnP 0.85 150 14 36 -2.43 3.64 2.73 33.95

Note: p is bulk density; BNNP and MNZnP were synthesized on the similar lines as BNCP and MNCuP (Fig.6) ,respectively.
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Table 3 Comparison of physical properties of NT derivatives with that of RDX

compounds p/g+cm™? T,/°C Q, /K - kg™ D/km s~ p/GPa Sp/kg S, /cm OB/% N/%
1 1.90 130 -5744 9.46 39.0 / <1 -7.0 60.9
2 1.63 155 -5588 8.08 25.7 8.36 2 -43.4 54.3
3 1.67 150 -5368 8.11 26.2 4.08 1 —-43.4 54.3
4 1.82 212053 -5041 8.80 29.9 12.0 18 -21.6 37.8

Note: Q, is heat of detonation; p is detonation pressure. Compounds 1 ~4 are NT,1-methyl-5-nitrotetrazole,2-methyl-5-nitrotetrazole and RDX,

respectively.
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Table 4 Physical properties and detonation performance of CDAT and CAT

M5 =Mn Ni#f Zn it ,n=6; M5 =Co 8 Pb i} ,n=3,5
- nH,O & L4

SR - A - (1,5- B ms-N*) 44 (1) (CDAT)
(E9c,E111) ,izfb Btk CAT Z2—4~ CIO, ™ ,{#i CDAT
AU REBRAHAI(E4).

DAT +[Co(NH3)5H,01(CIO4)3 —= CDAT
B 11 CDAT & R LK

compounds plg - cm ™ D/km + s S/cm Ty/°C(5°C - min™") OB/% C/% H/% N/%
CDAT 2.03 7.68 12 216 1.47 2.21 3.50 28.39
CAT 1.95 7.14 0 241 -9.36 2.81 3.98 32.79

K5OI AT GJE LAY 0 T IS MO IS R 0 R

Table 5 Important parameters and thermal decomposition peak temperatures for several AT metal complexes
compounds  crystal system  space p/g-cm™? T,/°C(10 °C - min~") S /% Ss/) §,/cm OB/ % yield/%
1 trigonal P3c 1.86 249.3 100 33.93 15.17 -19.31 88
2 trigonal P3cl 1.79 242.8 100 18.63 46 -20.61 72
3 trigonal P3 1.78 229.6 100 21.75 7.75 —-20.51 86
4 trigonal P3 1.80 237.5 70 misfire misfire -20.36 78
5 triclinic Pl 1.80 195.1 mf misfire misfire -25.61 93
6 triclinic Pl 1.87 195.15 mf misfire misfire -24.51 91
7 monoclinic Q/c 1.74 224.5 mf misfire misfire -13.50 82
8 triclinic = 1.85 216.2 40 misfire misfire -21.53 89
9 monoclinic Q/c 1.83 218 70 17.18 misfire -9.36 91

Note: The formula of compounds 1 ~4 is [ M8(DAT), ] (ClO,),,where M8 are Cd,Mn,Co and Zn,respectively. The formula of compounds 5 and 6 is
M9 (DAT), (PA), - 4H,0O,where M8 are Co and Cd, respectively. The formula of compounds 7 ~9 are [Zn(DAT),(H,0),](PA), - 2H,0,

Cd(DAT), (HTNR), - 4H,0O and [ Co(DAT), (H,0),]1( HTNR), - 2H, O,respectively.
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the similar TEMCs

Hr M6 = Cu'sl Fe'"; B =H,0 5 NO, ; C=ClO; &%
NO, ; D=Cl~ .ClIO; & NO,; r=5m{6; s=0 5 1;
t=18(2; X=038%-1; Y=-18-2; X+Y=-2; r+s=6,

Huynh!" 4238 T [ Cu" (DAT); (NO, ) INO, % it
WA IR (B 12) o MISE T R RS 1 PO R R
FESEVEIT (% 1 43T 1 ~4) [ Cu"(DAT),(NO,) INO,
(IR E U 4 R B ) S 5 U = L v SRR A
T RN TEMCs, T FHGRBE LS Y, G
=l TEMCs 94825 T B & S AR 25 A BF 5%, (A5 B T A
Hilk— R

SRS YLl DAT NI A R B AR S A0 5
FHT 33 FRECA Y (B 13) INRE T LR iR g5 h K 4y
AL (MR A 5) . diF 5 WTA1,9 Fl TEMCs
F) ot A 25 5 TRV L B A0 85 5 T = o B 4 SR
[ ot LA — A 0 o SR R M SRR B g B R 2 R A
Bl [Zn(DAT), J(ClO,), i di fl J s 1L &4
4 ~8 FLAT BT IR VE Rl A5 S AR Bl R 2

ZM7CO3 + 2H,A ——= M7,(A),+ zH,0 +zCO,
M72(A), + XDAT +(y+r)H,0 —— [M7,(DAT),(H,0),1(A): rH,0

B 13 [Cu(DAT),J(CIO,), %FC &I -& I 2k
Fig.13  Synthetic routes of [ Cu( DAT), ] (ClO,), and the
similar TEMCs

Hrf,z=182; M7 =Mn>" .Co®" .Cd*" . Zn*" & T,
A =CIO, | ¥ IR R L B (PA) B & 5 MR il 2 +
(HTNR) .
L5 SCHERIRE , DAT S LA (9 e A 90 1) 6 B 26
AR (B 14),
[M10"(8%),,, 1(C”), + rDAT — [M10"(DAT), (8, ](C"),

S+r r s

B 14 LI DAT Jy i A 9 i £ 90 1) £ i 2
Fig.14 Synthetic routes of TEMCs with DAT

CHINESE JOURNAL OF ENERGETIC MATERIALS

Hor, M10 = Mn**  Co’*  Cd*" . Zn*t  Cu*" 8] Fe'';
B=H,0.NO, AT.AT & NT™; C =ClO; .NO, %,
r=5m%6;s=081; t=182; x=08-1; y=-11f
-2, x+y=-2; s+r=6,

— Ry B RE TS FAE & BE RS ORL, b 2R JL R AT BE R
VA, A4 1) BT 2 L AR A R T 2 R UK A R
XA SR RE S AL, BT T 5 P R A
FIEMHE R, R E RO T H S R
[M72(DAT)X(HZO)y] (A), - rH,O %I TEMCs ) ¥
PR% e 285 A Al B T S SE IR AR A S T
it — 20 X0 AL B W 1 T 28 R R AR U HE AT IO
5N Hoas ] T 52 B i AT R

LA NT SRR TEMCs BT 58 5 22 102 I B 25
AU BNCP'™' 5 BLBH B 7% TEMCs 1k & 41 14 i
HA I B AT 4 v, AT S8 S 9 NT 50 H s s A B
BT R B A ERUE B S RER A s P NT
AT B H R IR A A AR G T X R BA P
PRI, LI AT Sy e & B9 TEMCs 16 [ B i K & R
FSIR A 12 0 1, LA DAT Sy 80— (K f) 25 BE i 4
Wy 1 45 BRI B T2 4 L R AR, L B R
M, PR A T B R R s A B
T (HANA BT ) Bh 0 AR B T 7 ik T A E
B f Ak 2 W B0 D7 i L A AS RHIE TAE B R AR

H A0 E M A A 8RB BF 58 /N 41 16 TEMCs
SRR T JE T WFSE A, B TR ) 4 15 A )y A, T
S A GE R AT AR — X A, X LR Bt PR RE VT
TBFFEAR A | e ) 2 %0 2 5% TEMCs [ 43 Kk BB AR S i
F14 5 5 — [ 245 B AR 2B B IR 5 R IE B SOk R
S, F W BRAL 2 VE RE RO R R 2 B, A v T A
YEVERE BL AT 19 TEMCs (1945 ¥ A5 5 1R M .

PRI B 5 0 14 465 1 52 % 20 TR0 25 S ), IR T 45 ) 1) T
S AR A 850 PR O 38 T A 3 A 3 I AR
& B T LA K 42 ol B E 4% 1 45 TR 2ok RGBT ST I A 0 1Y
ZER S YERE A A X

e e

[1] Huynh M H V. Explosive complexes: US 007592462 B2[P],
2009.

[2] Huynh M H V. Preparation of terazole derivatives: US 2008/
0200687 AT[P],2008.

[3] Huynh M H,Michael A H,Thomas J M, et al. Green primaries:
Environmentally friendly energetic complexes[ C] // Proceedings of
the National Academy of Sciences,USA,2006,14;: 5409 —5412.

A he A A 2011 4% #19% #54# (588-596)



594

i

PR, BAOSR, mREL B, RRIE, BEI

[4] Huynh M H,Michael D C,Thomas ] M,et al. Green primary ex-
plosives: 5-Nitrotetrazolato-N2-ferrate hierarchies[ C] // Proceed-
ings of the National Academy of Sciences, USA,2006,27 . 10322
-10327.
[5] Huynh M H. Simulant material for primary explosives: US 2009/
019993 A1[P],2009.
[6] Hiskey M A,Huynh M H. Primary explosives: US 007875725 B2
[P],2011.
[7] Hiskey M A, Huynh M H. Explosive complexes: US 2010/
0063295 A1[P],2010.
[8] Huynh M H. Lead-free primary explosives: US 2008/0091029
[P],2008.
AT XD e I < R S R W B S B S R SE [ D]
P YL Re,2007.
[10] BT, PRUR BN, 4F. SREB SRt )]. AT,
2006,26: 24 -26.
JIANG Qi-ying,SHEN Juan,ZHONG Guo-qing,et al. Progress of
study in energetic coordination complexes[J]. Modern Chemical
Industry, 2006 ,18 ; 24 -27.
BB, B EIH AT, 5. BRI A Y M(ATZ) - nH, O AR
BB IS Ty 2 WG )] S 2 R 24 (AR BLAZ AR , 2008,
27: 41 -47.
HOU Xiang-yang,JIAO Bao-juan, FAN Guang,et al. Thermody-
namic studies on liquid phase reaction of energetic complexes
M(ATZ) - nH,O[J]. Journal of Yan'an University,2008,27 .
41 -47.
(12] XUBEEE, 3 AP, 45 M 3 RE B8 1 1L & 1 19 & JUBF 52 2
JEL)]. KIEZy#4%,2010(1) : 6 =10.
LIU Xiao-jian,ZHANG Hui-juan, LIN Qiu-han, et al. Progress of
study on the synthesis of azole energetic ionic compounds| J].
Chinese Journal of Explosives & Propellants,2010(1): 6 —10.
[13] Frdion, skt kAR, 4. FHEML A [ Mn(DAT), 1(ClO,),
B B A RS R AT O BRI )] S R 2 2
2009,30: 1935 -=1939.
QI Shu-yuan,ZHANG Jian-guo,ZHANG Tong-lai, et al. Synthe-
sis, crystal structure,thermal behavior and sensitivity properties of
new energetic compound [ Mn(DAT), ](ClO,),[J]. Chemical
Journal of Chinese Universities,2009 ,30: 1935 —1939.
Sergei V V,Tatiyana V S,Alexander S L, et al. Copper( Il ),pal-

[9

[

[11

[

[14

[

ladium( II ) and platinum ( I ) chloride complexes with 5-ami-
no-2-tert-butyltetrazole: Synthesis, characterization and cytotox-
icity[J]. Polyhedron,2009,28 . 3614 —3620.

[15] Selma P, Dongmei L, Mary J H,et al. Synthesis and structural
characterization of heavier group 1 methyl tetrazolate comple-
xes: New bridging coordination modes of the tetrazolate ligand
[J]. Polyhedron,2008,27 . 3280 —3286.

[16] B, BRIk, iz BRI IM]. bt G AL,
2002: 216 -263 .

XIAO He-ming, CHEN Zhao-xu. Modern Theory of Tetrazole
Chemistry[ M ]. Beijing: Science and Technology Press, 2002 .
216 —263 .

[17] McGinley J,Fleming A. Synthesis of macrocycles containing tet-

[

razole units-potential ‘metal complexation sites [ ) ]. Chemistry
and Materials Science,2008,61: 1 —-10.

[18 ] Klapotke T M, Sabate C M, Stierstorfer J. Neutral 5-nitrote-
trazoles: Easy initiation with low pollution[J]. New Journal of
Chemistry,2009 ,33; 136 —147.

[19] Hartdegen V,Klapotke T M, Sproll S M. Tetrazole-5-carboxylic

acid based salts of earth alkali and transition metal cations[)].

Chinese Journal of Energetic Materials, Vol.19, No.5, 2011 (588 —596)

Inorganic Chemistry,2009,48: 9549 -9556.
Voitekhovich S V, Talapin D V, Klinke C. CdS nanoparticles

capped with 1-substituted 5-thiotetrazoles: Synthesis, character-

[20

[

ization,and thermolysis of the surfactant[J]. Chemistry Materi-
als,2008,20: 4545 —4547.

[21] Tappan B C,Huynh M H, Hiskey M A, et al. Ultralow-density
nanostructured metal foams. Combustion synthesis, morphology,
and composition[J]. Journal of the American Chemical Society,
2006,128;: 6589 —6594.

[22] Horike S,Dinca M, Tamaki K,et al. Size-selective lewis acid ca-

[

talysis in a microporous metal-organic framework with exposed
Mn?* coordination sites[)]. Journal of the American Chemical
Society,2008,130; 5854 —5855.
[23] Koldobskii G I, Ostrovskii V A. Tetrazoles[ J]. Russian Chemical
Reviews,1994 ,63 . 797 —814.
Zhilin A Y, llyushin M A, Tselinskii | V. Reaction of cobalt( Il )
diaquatetrammine cation with 5-( 3-nitrophenyl ) -tetrazole [ J ].
Russian Journal of General Chemistry,2001,71 . 664 —3667.
[25] Zhilin A Y, llyushin M A, Tselinskii | Vet al. Synthesis and prop-

erties of tetraamminebis ( 1-methyl-5-aminotetrazole-N3, N4 ) co-

[24

—

balt( Il ) perchlorate[)]. Russian Journal of Applied Chemistry,
2002,75: 1849 —1851.

[26] Zhilin A Y, llyushin M A, Tselinskii | Vet al. High-energy-capac-

[

ity cobalt( Il ) tetrazolates[ J]. Russian Journal of Applied Chem-
istry,2003,76; 572 —576.

[27 ] Ivashkevich O A, Matulis Vad E, Matulis V E, et al. Quantum
chemical study of electronic and steric structure of vinyltet-
razoles: 1. 2-Substituted 5-vinyltetrazoles[ J]. Russian Journal
of Applied Chemistry,2004,74: 134 -140.

[28] Ivashkevich O A, Matulis Vad E, Matulis Vit E, et al. Quantum-
chemical study of the electronic and Steric structure of vinyltet-
razoles: Il .1 2-Vinyltetrazoles[)]. Russian Journal of Applied
Chemistry, 2004 ,74 . 409 —413.

[29] Galvez-Ruiz J C,Holl G,Karaghiosoff K,et al. Derivatives of 1,5-dia-

—

mino-1H-tetrazole: A new family of energetic heterocyclic-nased salts
[J]. Inorganic Chemistry,2005 ,44. 4237 —4253.

[30] Klapotke T M, Sabaté C M. Bistetrazoles: nitrogen-rich, high-per-
forming , insensitive energetic compounds[ J]. Chemistry of Mate-
rials,2008 ,20;: 3629 —3637.

[31] Klapotke T M, Sabaté C M. Nitrogen-rich tetrazolium azotetrazo-
late salts: A new family of insensitive energetic materials [ ) ].
Chemistry Materials,2008,20; 1750 —=1763.

[32] Majano G,Mintova S,Bein T,et al. Confined detection of high-

energy-density materials[ J]. The Journal of Physical Chemistry,

2007,111: 6694 —6699.

Karaghiosoff K,Klapotke T M,Mayer P,et al. N-nitroso- and N-nitra-

minotetrazoles[)]. The Journal of Organic Chemistry,2006,71: 1295 —

1305.

[34] Klapotke T M, Mayer P,Schulz A et al. 1,5-Diamino-4-methyl-
tetrazolium dinitramide [ J ]. Journal of the American Chemical
Society,2005,127: 2032 —2033.

[35] Talawar M B,Chhabra J S,Agrawal A P, et al. Synthesis, charac-

terization , thermolysis and performance evaluation of mercuric-5-

nitrotetrazole (MNT) [J]. Journal of Hazardous Materials,2004 ,

A113. 27 -23.

Talawar M B, Sivabalana R, Senthilkumar N G, et al. Synthesis,

(33

[

(36

—

characterization and thermal studies on furazan- and tetrazine-
based high energy materials[)]. Journal of Hazardous Materials,
2004 ,A113. 11 -25.

At

WWwWw. energetic-materials. org. cn



— R REA R SR RE BB LS )

595

[37] Muthurajan H, Sivabalan R, Talawar M B, et al. Primary explo-
sives: Electrostatic discharge initiation,additive effect and its rela-
tion to thermal and explosive characteristics[)]. Journal of Haz-
ardous Materials,2006,113 . 30 —36.

[38] Talawar M B, Agrawal A P, Anniyappan M. Primary explosives:

[

Electrostatic discharge initiation,additive effect and its relation to
thermal and explosive characteristics[)]. Journal of Hazardous
Materials, 2006 ,B137 . 1074 -1078.

[39] Talawar M B,Agrawal A P Asthana S N. Energetic co-ordination
compounds: Synthesis, characterization and thermolysis studies
on bis-(5-nitro-2H-tetrazolato-N? ) tetraammine cobalt( Il ) per-
chlorate (BNCP) and its new transition metal (Ni/Cu/Zn) per-
chlorate analogues[)]. Journal of Hazardous Materials, 2005 ,
A120; 25 -35.

[40] Muthurajana H,Sivabalanb R, Saravananb N P, et al. Computer

[

code to predict the heat of explosion of high energy materials
[J1. Journal of Hazardous Materials,2009,161: 714 -717.

[41] Talawar M B, Sivabalan R, Mukundan T, et al. Environmentally

[

compatible next generation green energetic materials ( GEMs)
[J]. Journal of Hazardous Materials,2009,161: 589 —607.

[42] Talawar M B,Chhabra J S,Agrawal A P et al. Synthesis, charac-
terization ,thermolysis and performance evaluation of mercuric-5-
nitrotetrazole (MNT) [J]. Journal of Hazardous Materials,2004 ,
113,27 -33.

[43] 200, skt E ok Mok, 4. Ao me K Ko /@ ks ()], b2
EJE,2010,22 . 639 —647.
LI Zhi-min,ZHANG Jian-guo,ZHANG Tong-lai, et al. Nitro-tet-
razole and its high nitrogen-contented compounds[]]. Progress
in Chemistry,2010,22: 639 —647.

[44] Cui Y,Zhang ) G,Zhang T L,et al. Synthesis, structural investiga-

tion, thermal decomposition mechanism and sensitivity properties of
an energetic compound [ Cd(DAT), ] (ClO, ), (DAT =1,5-diamin-
otetrazole)[)]. Journal of Hazardous Materials, 2008 ,160: 45 —50.

[45] Cui Y,Zhang ) G,Zhang T L,et al. Synthesis,structural investigation
and thermal analyses of a novel coordination compound
[Cd(DAT), J(HTNR), + 3.5H,0 ( DAT = 1, 5-diaminotetrazole,
H2TNR =styphnic acid) [ J]. Journal of Molecular Structure,2008
889. 177 —185.

[46] Cui Y,Zhang ) G,Zhang T L,et al. Preparation, crystal structure

[

and thermal analyses of a nitrogen-rich coordination compound
[Co(DAT), J(PA), - 4H,0O[J]. Chinese Journal of Chemistry,
2008,26: 2029 —2034.
(477 i, skt [, 2, 5. S REBLA [ Zn(DAT) ] (ClO, ), (DAT =
1,5 HE U ) 5 R AR S B ()] qEaEaE 4, 2010,
68 233 -238.
SHANG Jing,ZHANG Jian-guo,CUI Yan,et al. Synthesis, crystal
structure ,and properties of an energetic compound [ Zn(1,5-dia-
minotetrazole), ] (ClO, ), [J]. Acta Chimica Sinica,2010,68:
233 -238.
(48] WFy skl G, % MARRECA Y[ Co(AZT), - (H,0),]
(HTNR), - 4H, O BIA B Al IR 45 H R MR [)]. fb 242441, 200,68
2493 -2499.
FENG Jin-ling, ZHANG Jian-guo, LI Zhi-min, et al. Synthesis,
crystal structure and properties of a novel high-nitrogen energetic
complex [ Co(AZT), - (H,0), ] (HTNR), - 4H,0O[]J]. Acta
Chimica Sinica,2010,68: 2493 —2499.
2RI RIFDR A, 2. BEAER &9 [ Cuy (nbdo), - ( H0), ] -
2(H,0) |, AR e Bt RE Ffi S REL) 1. (=25, 2010
(4): 10 -26.

[49

[

CHINESE JOURNAL OF ENERGETIC MATERIALS

[51

[52

[54

[56

[57

o Al

LI Zhi-min, ZHANG Tong-lai, YANG Li, et al. Thermal stability
plus luminescence property an hydrogen — storage capacity of co-
ordination polymer {[ Cu, (nbdo), -+ ( H,O),] -2(H,0)},
[J]. Chemical Research,2010(4): 10 -26.

[50] BRURAE, DM, R PE, 4F. BNCP AR 2519 5 pl B 2k fE

[J]. &figktHt,2000,8(3): 100 =103.

SHENG Di-lun,MA Feng-e,SUN Fei-hu, et al. Study on synthesis
and main properties of BNCP[)J]. Chinese Journal of Energetic
Materials( Hanneng Cailiao) ,2000,8(3): 100 —103.

BRVRAC , RV S 0, AF . KR - U - BL(S-TH AR Y ) £
B () (BNCP) 1y i A 45t [)]. & RER R, 2007 ,15(5) : 511 -
514.

SHENG Di-lun,MA Feng-e,ZHANG Yu-feng,et al. Crystal struc-
ture of initiating explosive BNCP[ J]. Chinese Journal of Energet-
ic Materials( Hanneng Cailiao) ,2007 ,15(5): 511 =514.
XA, 55 st RIBASLEIMI]L At JatB TR 2A R
1995: 101 -105.

LIU Zi-tang, LAO Yun-liang. Experiments of Primary Explosives

[

[

[M]. Beijing: Beijing Institute Technology Press,1995: 101 -
105.

(53] &Fam7s. wREmIkAE 25 M B i (M. de st [ By Toll  Aia:

2010: 99 =102 .

SHU Yuan-jie. Thermal Decomposition of Nitramine High Explo-
sives[ M]. Beijing: National Defense Industry Press,2010: 99 —
102 .

1 OAKER I, RAR 4. BEGERZS BNCP fy B k()] KIE

2223) 2003 ,26; 66 —69.

ZHANG Rui,FENG Chang-gen,YAO Pu,et al. The thermal safe-
ty of a new kind of initiating explosives BNCP[J]. Chinese Jour-
nal of Explosives & Propellants,2003,26: 66 —69.

[55] Jalsdtte  Reatife , 2=l 2. SR [ U - WU(S-A 2k Ui ) ]

i CID) B EAS AR YERE D). KAEZ 2441t ,2008 ,31: 64 - 66.
ZHOU Jian-hua, CHENG Bi-bo, LI Jin-shan, et al. Thermal de-
composition property of BNCP[J]. Chinese Journal of Explosives
& Propellants,2008,31; 64 —66.

SKARBU, B, LR 5 -4 DU e AT A W I SR L £ A
()] ¥ RIS 2 Be == 4 , 2006 (5) - 74 -78.

ZHANG Shu-hang,HAN Lin ,WANG Xin-de. Review of synthesis
and application of 5-aminotetrazole and 5-ATZ derivatives[]].
Luoyang Normal University,2006(5) : 74 —78.

Lund G K, Blau R J. Anhydrous 5-aminotetrazole gas generant

[

[

compositions and methods of preparation: US 5500059 [ P ],
1996.

[58] Gaponik P N, Voitekhovich S V, lvashkevich O A. For a recent

review of metal tetrazolate complexes[ )]. Russian Chemistry Re-
view,2006,75: 507 —=539.

[59] Lesnikovich A 1, lvashkevich O A, Levchik, et al. Thermal de-

composition of aminotetrazoles[)]. Thermochimica Acta,2002,
388. 233 -51.

[60] Gaponik P N, Voitekhovich S V,Lyakhov A S, et al. Crystal struc-

ture and physical properties of the new 2D polymeric compound
bis(1,5-diaminotetrazole ) dichlorocopper ( 11 ) [ J]. Inorganica
Chimica Acta,2005,358; 2549 —2557.

[61] Konkova T S,Matyushin Y N. Thermochemistry of transition met-

al complexes with 1,5-diaminotetrazole[ C] //31th Int Ann Conf
ICT, Germany, Karlsruhe ,2000.

[62] Smirnov A V, Ilyushin M A, Tselinskii | V. Synthesis of cobalt

(I) ammine complexes as explosives for safe priming charges
[J]. Russian Journal of Applied Chemistry,2004,77 . 794 -796.

Rk 2011 % %19 % %54 (588-596)



596 PR, BAOSR, mREL B, RRIE, BEI

An Important Energetic Material: 5-Substituted Tetrazole Energetic Metal Complexes

SHU Yuan-jie', LI Hua-rong' , GAO Xiao-min', YIN Ming', XIONG Ying', LI Yin-chuan®
(1. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China; 2. Institute of Material Science and Engineer,
Southwest University of Science and Technology, Mianyang 621010, China)

Abstract. The recent domestic and international studies on tetrazole energetic metal complexes ( TEMCs) were classified and
reviewed. Some synthesis and research trends of the TEMCs were introduced. 5-Cyanotetrazole (CT),5-nitrotetrazolium (NT)
and 5-aminotetrazole (AT) are the three most important ligands, which have attracted more and more attention due to their excel-
lent performance and distinctive structure characteristics. Our recommendations are as follows: (1) The synthesis processes of
TEMCs have such advantages as less separation steps, mild reaction condition, easy operation, fine controllability, high yield and
less pollution. However,the structure and properties studies are still difficult. And the inquiry into the solid - state molar enthalpy
of formation has not been reported in the literatures. (2) Altering the central metal ions or the outside cations, changing the
number of ligands and modifying preparation methods are all possible ways to search TEMCs that could meet our requirements.
(3) Systematic study on the structure and properties of these complexes should be carried out through designing and selecting
proper ligands and metal ions,and meanwhile,controlling all the factors such as reaction conditions,which might be of important
significance to the experimental study.
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