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 !"#$%&'($

)'*'#)+,-+./0,12#3'4'#3056.7/0,2#89+:.#;1.2#4'<'#)+,-+./0,2#='3' >7.?7@/7:

A0557:5/7:#B7C7/0-6+B.0D0E7F+5/7:#G.7,+H576+6#7C'#!'<'#I+.?+D++,12#I05/,1

 !!"#$%&'( #) *%+#( ,) !%"#-) ./.0-'1%2#2+'1%"') !) '1%3
2 !245 )%!(%&'( ,5 

30DGF+.J#7#7?+.67K7@7H0,1.J#50D7#$2$L-1M06+6H1M0D1#50#5D+?GNO7C7#1M06756JC7#

05.0,1.7PC7Q#1CC71/2##R67D+.?71C7.2#E7?H1M7.2#E7?H0/57D1C7.2#EG1.7?7.2#1C7.0EG1.7?7.2#

6H71C7.0EG1.7?7.'#=# 7.6+H,1D+# ?1,D+.7:# S'T-US#I31# 755D+?0,1.J# M1/0.0C+H.0567# E0H+V

.7P#W0DGF+..JB#50D+:'#30/1M1.0#,D7P.7+#B7C7F+5/0:#WH7H0?J#05.0,1.7:#.1#6+HC7F+5/GN#

560:/0569#7#5/0H0569#E0H+.7P 50D+:'

Salts of 5,5’-azotetrazole with ammonia, ethylenediamine, hydrazine, hydroxylamine, guani-

dine, aminoguanidine, and triaminoguanidine have been synthesized and characterized. In the pressure 

interval of 0.1-20 MPa, the burning behavior of the synthesized salts has been studied. It has been 

shown that the chemical nature of the bases affects the thermal stability and burning rates of the salts. 

X.+HE+67F+5/7+#C16+H71DJ#5#,J50/7C#50?+HY1.7+C#1M061#WH7,D+/1N6#

,5+# Z0D9-++# ,.7C1.7+# 755D+?0,16+D+:# ,# /1F+56,+# .0,JB# 7# W+H5W+/67,.JB#

/0CW0.+.60,#,MHJ,F16JB#/0CW0M7@7:2#E1M0E+.+H7HGNO7B#50561,0,#7#H1/+6V

.JB#60WD7,'#>0D7#$2$L-1M06+6H1M0D1# [AzT\# 5#C+61DD1C7#7M,+56.J#Z0D++#TSS#

D+6#]T2U^2#0?.1/0#,#W05D+?.7+#E0?J#50D7#AzT 5#1M06756JC7#05.0,1.7PC72#50V

?+HY1O7+#,#5,0+C#50561,+#M.1F76+D9.0+#/0D7F+56,0#1M0612#-7H0/0#755D+?GV

N65P#/1/#W+H5W+/67,.J+#R.+HE+67F+5/7+#C16+H71DJ'#=#D76+H16GH+#7C+N65P#

5,+?+.7P# 0# 57.6+M+# 50D+:# AzT 5# -7H0/7C# HP?0C# # 1M06756JB# 05.0,1.7:#

]%2(2$^2# 5,0:56,1#.+/060HJB#7M# 57.6+M7H0,1..JB# 50+?7.+.7:2# ?1Y+#75WJ61V

.7P# /0CW0M7@7:# 50D+:#AzT 5# 0/75D76+D+C#– CuO ,#C0?+D9.JB# ?,7E16+DPB#

]&^'#_+C#.+#C+.++2#5756+C167F+5/7+#755D+?0,1.7P#5,0:56,#50D+:#7#7B#Z1DD7V

567F+5/7B#B1H1/6+H7567/#.+#WH0,0?7D059'#`+D9#?1..0:#H1Z06J#– 755D+?0,1V

.7+#E0H+.7P#50D+:#AzT.

>0D7#W0DGF1D7#W0#C+60?7/1C# ]a^2#7?+.67K7@7H0,1D7# 5# W0C0O9N#<"-

5W+/6H0K060C+6H772#RD+C+.6.0E0#1.1D7M12#WH0,+?+.##1.1D7M#!>"'#bJD7#W0V

DGF+.J#7#7?+.67K7@7H0,1.J#50D7#1M06+6H1M0D1#50#5D+?GNO7C7#1M06756JC7#

05.0,1.7PC7Q#1CC71/2##C+67D1C7.2#R67D+.?71C7.2#E7?H1M7.2#E7?H0/57D1C7.2#

EG1.7?7.2#1C7.0EG1.7?7.2#?71C7.0EG1.7?7.2#6H71C7.0EG1.7?7.'#

=# ?1..0:# H1Z06+# WH0,+?+.J# 755D+?0,1.7P# E0H+.7P# # W0DGF+..JB# 50V

D+:'#>/0H0569#E0H+.7P#0WH+?+DPD159#,#T'$-D76H0,0:#Z0CZ+#W0560P..0E0#?1,V

D+.7P#5#0/.1C7#,#7.6+H,1D+#?1,D+.7:#T-USS#16C'#A+MGD9616J#WH+?561,D+.J#,#

_1ZD'#T'#A15WH+?+D+.7+#6+CW+H16GH#,#,0D.+# E0H+.7P#755D+?0,1D059# 5# W0C0V

O9N# WH0/161..JB# .1# ,1D9@1B# ,0D9KH1C-H+.7+,JB# 6+HC0W1H# 60DO7.0:# a#

C/C'#c1H1/6+H.J+#6+CW+H16GHJ#WH7,+?+.J#,#_1ZD'#U'

30#B7C7F+5/0CG#50561,G#755D+?G+CJ+#50D7#C0Y.0#H1M?+D769#.1#6H7#

EHGWWJQ#

T\#50D7#1M06756JB#05.0,1.7:2#.+#50?+HY1O7B#R/5WD0M7K0H.JB#EHGWW#

[1CC71/2#C+67D1C7.2#R67D+.?71C7.2#EG1.7?7.\d#

U\#50D7#.+0HE1.7F+5/7B#1M06756JB#05.0,1.7:#[1CC71/2#E7?H1M7.2#E7?V

H0/57D1C7.\d#
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%\#50D7#EG1.7?7.0,JB#05.0,1.7:# [EG1.7?7.2#1C7.0EG1.7?7.2#?71C7V

.0EG1.7?7.2#6H71C7.0EG1.7?7.\'

e0H+.7+# ,5+B# 50D+:2# /H0C+# E7?H0/57D1CC0.7+,0:# 50D7# WH075B0?76#

Z+M#5,+6PO+E0#WD1C+.7#7#Z+M#WD1,D+.7P#.7BH0C0,0:#W0?Y7E1NO+:#5W7H1D72#

F60# G/1MJ,1+6#.1#.+W0D.GN#H+1D7M1@7N#B7C7F+5/7B#H+1/@7:#R.?06+HC7F+V

5/0E0# H15W1?1#AzT'# <MC+H+..J+# 6+CW+H16GHJ# E0H+.7P# 50D+:#AzT .1# (SS-

&SS"#C+.9-+#H15F+6.JB#[_1ZD'#U\'

>H1,.+.7+# M1,757C056+:# 5/0H0567# E0H+.7P# 06# ?1,D+.7P# ?DP# W+H,0:#

EHGWWJ# [A75'# T\# W0/1MJ,1+62# F60# ,,+?+.7+# fZ1DD156.0E0g# 0HE1.7F+5/0E0#

KH1EC+.61##[B06P#7#5D1Z0#,D7PNO+C#.1#H15F+6.GN#6+CW+H16GHG#E0H+.7P#50V

D7\#C0Y+6#0/1MJ,169#H1MD7F.0+#,D7P.7+#.1#5/0H0569#E0H+.7P#50D7'#>0D9#C+V

67D1C7.1#E0H76#5#C+.9-7C7#5/0H056PC72#F+C#50D9#1CC0.7P2#1#50D9#R67D+.V

?71C7.12#.1WH067,2#7C++6#Z0D++#,J50/GN#5/0H0569#E0H+.7P2#050Z+..0#,#0ZV

D1567#.7M/7B#?1,D+.7:2# .+5C06HP#.1#.+5/0D9/0#C+.9-GN#7MC+H+..GN#6+CV

W+H16GHG#E0H+.7P'#_1/0+#H1MD7F7+#,#5/0H056PB#E0H+.7P#W0-,7?7C0CG2#0ZhP5V

.P+65P#C+.9-+:#D+6GF+569N#R67D+.?71C7.12#ZD1E0?1HP#F+CG#,0MC0Y.0#Z0D++#

EDGZ0/0+#WH06+/1.7+#WH0@+550,#,#/0.?+.57H0,1..0:#K1M+'#

>H1,.+.7+# M1,757C056+:# 5/0H0567# E0H+.7P# 06# ?1,D+.7P# ?DP# ,60H0:#

EHGWWJ#[A75'#U\#W0/1MJ,1+62#F60#R/5WD0M7K0H.1P#E7?H1M7.0,1P#EHGWW1#,#50V

06,+656,GNO+:#50D7#W0,J-1+6#5/0H0569#E0H+.7P#W0#5H1,.+.7N#5#1CC0.7+V

,0:#50D9N#60D9/0#WH7#.7M/7B#?1,D+.7PB2#WH7#,J50/7B#?1,D+.7PB#M1,757C0V

567#5/0H0567#E0H+.7P#06#?1,D+.7P#WH1/67F+5/7#50,W1?1N6'##X60#WH075B0?76#

.+5C06HP#.1#G,+D7F+.7+#.+#60D9/0#H15F+6.0:2#.0#7#7MC+H+..0:#6+CW+H16GHJ#

E0H+.7P'#30-,7?7C0CG2#H15W1?#E7?H1M7.0,0E0#KH1EC+.61#WH075B0?76#W0MY+2#

F+C#H15W1?#AzT 72#.+5C06HP#.1#G,+D7F+.7+#6+CW+H16GHJ#E0H+.7P2#.+#,D7P+6#

.1#+E0#5/0H0569#,#0ZD1567#,J50/7B#?1,D+.7:2#1#G,+D7F+.7+#WH7#.7M/7B ?1,V

D+.7PB2# /1/# 7# ,# 5DGF1+# R67D+.?71C7.0,0:# 50D7# 5,PM1.0# 5#C+.9-+:#D+6GF+V

569N#E7?H1M7.1'#=,+?+.7+#0/75D76+DP#– 160C1#/75D0H0?1#,#1M067560+#05.0V

,1.7+# - M.1F76+D9.0# W0,J-1+6# 5/0H0569# E0H+.7P# ,# 5DGF1+# E7?H0/57D1CC0V

.7+,0:# 50D72# W0P,DP+65P# 5,+6PO++# WD1CP2# B1H1/6+H.0+# 60D9/0# ?DP# ?1..0:#

50D7#7M#,5+B#755D+?G+CJB#50D+:'

+678)98)!:;<=>=6>)7?@:@7A>B)C@:>=6D));E3
E@=6><@B/)E>A6F;E6=@<@B)6)GA6F>=H6;E63

=@<@B)7@F>B)AzT

+678)I8)!:;<=>=6>)7?@:@7A>B)C@:>=6D);E3
E@=6><@B/)C6H:;J6=@<@B)6)C6H:@?76F;E3

E@=6><@B)7@F>B)AzT
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3H7#5H1,.+.77#5/0H056+:#E0H+.7P#6H+69+:#EHGWWJ#- EG1.7?7.0,JB#50D+:#

[A75'#%\#- W0/1M1.02#F60#,,+?+.7+#,#1M067560+#05.0,1.7+#0?.0:#7#?,GB#1C7.0EV

HGWW#W0.7Y1+6#5/0H0569#E0H+.7P#5006,+656,GNO7B#50D+:#W0#5H1,.+.7N#5#EG1V

.7?7.0,0:#50D9N2#,,+?+.7+#Y+#6H+69+:#1C7.0EHGWWJ#W0,J-1+6#5/0H0569#E0H+V

.7P#,#%-(#H1M1'#3H7#R60C#.+#60D9/0#H15F+6.1P2#.0#7#7MC+H+..1P#6+CW+H16GHJ#E0V

H+.7P#1C7.0EG1.7?7.0,0:#50D7#,J-+2#F+C#EG1.7?7.0,0:'#30-,7?7C0CG2#,#?1.V

.0C#5DGF1+2#/1/#7#,#5DGF1+#E7?H1M7.0,0:#50D72#H15W1?#E7?H1M7.0,0E0#KH1EC+.61#

WH075B0?76#W0MY+#H15W1?1#AzT 7#.+#,D7P+6#.1#5/0H0569#E0H+.7P2#1#C+.9-1P#W0#

5H1,.+.7N# 5# EG1.7?7.0,0:# 50D9N# 6+HC0561Z7D9.0569# 1C7.0EG1.7?7.0,0:# 7#

?71C7.0EG1.7?7.0,0:#50D+:#WH7,0?P6#/# 60CG2# F60#H15W1?#AzT ,#/0.?+.57H0V

,1..0:#K1M+#7?+6#WH7#C+.9-+:#6+CW+H16GH+'

<MC+H+..J+# 6+CW+H16GHJ# E0H+.7P# 755D+?G+CJB# 50D+:# 5GO+56,+..0#

C+.9-+#H15F+6.JB#7#C1D0#M1,75P6#06#?1,D+.7P#[A75'#(\'#3H7#E0H+.77#EG1.7?7V

.0,JB#50D+:#0ZH1MG+65P#/0.?+.57H0,1..J:#056160/'#=5+#R60#G/1MJ,1+6#.1#.+V

W0D.06G#WH06+/1.7P#H15W1?1#/1/#AzT2#61/#7#05.0,1.7:2#0ZH1MGNO7B#50D7'#30#

D76+H16GH.JC#?1..JC#]i^2#WH7#E0H+.77#Z+5/75D0H0?.JB#5756+C#– 1M7?0,#1CV

C0.7P#7#E7?H1M7.12#.1#T#C0D9#50D7#,J?+DP+65P#W0F67#T#C0D9#1CC71/1'#<55D+V

?0,1.7+# H15W1?1# 6H71C7.0EG1.7?7.0,0:# 50D7# C+60?0C# _-Jump/FTIR-

5W+/6H05/0W77##]j^#W0/1M1D02#F60#,#WH0?G/61B#,#M.1F76+D9.JB#/0D7F+56,1B#50V

?+HY165P#NH3 7HCN2#1#61/Y+#NH2CN 7#WH0?G/6J#+E0#W0D7C+H7M1@77'#>D+?0V

,16+D9.02#C0Y.0#WH+?W0D0Y7692#F60#WH7#E0H+.77#50D+:#AzT 6+6H1M0D9.J:#GEV

D+H0?#,J?+DP+65P#,#,7?+#HCN2#1M06#05.0,1.7:#- ,#,7?+#NH32#GED+H0?#EG1.7?7V

.0,JB#05.0,1.7:#– ,#,7?+#WH0?G/60,#WH+,H1O+.7P#NH2CN – ?7@71.?71C7?12#

C+D1C7.12#C+D+C1#7#6'?'#A15F+6.J+#6+CW+H16GHJ#E0H+.7P#5#K7/51@7+:#WH0?G/V

60,#E0H+.7P#– U#C0D9#HCN 7#U#C0D9#NH3 .1#T#C0D9#50D7#W0/1MJ,1N6#B0H0-GN#

5B0?7C0569# 5# R/5W+H7C+.61D9.0# 0WH+?+D+..0:# 6+CW+H16GH0:# E0H+.7P# 1CC0V

.7+,0:2# E7?H1M7.0,0:#7# EG1.7?7.0,0:# 50D7'#"0.?+.57H0,1..J:#WH0?G/6# E0V

H+.7P# EG1.7?7.0,0:# 50D7#W0#?1..JC#<"-5W+/6H0K060C+6H77#7# RD+C+.6.0E0#

1.1D7M1#ZD7M0/#W0#50561,G#/#C+D1C7.G#7#C+D+CG#[A75'#$2#_1ZD'#%\'#8+/060H0+#

M1,J-+.7+#H15F+6.JB#6+CW+H16GH#?DP#?HGE7B#755D+?0,1..JB#50D+:#0ZhP5.PV

+65P2#W0-,7?7C0CG2#7D7#H15W1?0C# 1CC71/12#7D7#,J?+D+.7+C#Z0D9-+E0#/0D7V

F+56,1#,J50/0R.61D9W7:.JB#KH1EC+.60,'#

+678)K8)!:;<=>=6>)7?@:@7A>B)C@:>=6D)CL;=6H63
=@<@B/);E6=@CL;=6H6=@<@B/)H6;E6=@CL;=6H63
=@<@B)6)A:6;E6=@CL;=6H6=@<@B)7@F>B)AzT

+678)M8)N:@O6F6):;7P:>H>F>=6D)A>EP>:;3
AL:)<)<@F=>)C@:>=6D)C6H:;J6=@<@B)7@F6)

AzT
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2;QF8)98)2>:E6R>7?6>)6)A>:E@H6=;E6R>7?6>)S;:;?A>:67A6?6)
6)7?@:@7A6)C@:>=6D)7@F>B)))AzT

>0+?7.+.7+
_,5W2#

 >

3D06.05692#

Ek5C3

X.61D9W7P#

0ZH1M0,'2#

/!YkC0D9

T1?71Z
[TSS#16C\2

"

U

[TSS16C\2

CCk5

(NH4)2AzT 224 1.44 444 1600 51.2

(N2H5)2AzT 191 1.45 708 1940 45.7

Gu2AzT 261 1.27 452 1340 25.6

(AG)2AzT 224 1.43 670 1530 19.5

(DAG)2AzT 201 1.41 890 1705 13.1

(TAG)2AzT 212 1.49 1075 1810 68.8

(NH2OH2)2AzT 143 1.43 468 2060 110.0

(CH3NH3)2AzT 183 1.31 492 1500 28.5

EnAzT 203 1.23 547 1630 77.5

2;QF8)I8)2>EP>:;AL:T)P@<>:S=@7A6)6)E;?76E;FU=T>)A>EP>:;AL:T)
C@:>=6D)7@F>B)))AzT

>0D9 Tf 2#l> _6+0H, l> !T _K7/5., °>

(NH4)2AzT 900 1330 430 900

(N2H5)2AzT 1300 1670 370 1380

(Gu)2AzT 600 1070 470 750

(4G)2AzT 700 1260 560 1010

(_4G)2AzT 1130 1540 410 1360

EnAzT 780 1360 580 1020

2;QF8)K8)'=;F6J)?@=H>=76:@<;==@C@)P:@HL?A;)C@:>=6D)CL;=6H6=@<@B)7@F6)AzT

=+O+56,0

% C

81:?'

[=JF'\

% N

81:?'

[=JF'\

m#8

81:?'

[=JF'\

<"

3H0?G/6#5E0V

H1.7P#Gu2AzT
30.1 59.5 2.3
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