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1 SCIGE4sy

1.1 RFISE

A U R 2 TR KA TRAL R SRR A L =
SRERED R IREE , W, N, N-— 1 3 1 e , e £h 2 , 1
st 4R W 17 [ 245 4R A Ak 2= iR A BR A | L 43 B 4t

1S B R CS350M HL Ak 24 TAE 3, 2t IUR LAY
S %8 B3 A7 BR 23 7] ; ETZSCH DSC204 F1 Phoenix 2
7R Y, 8 NETZSCH 2\ 7 ; Bruker AVANCE
Il 500 MHz # # 3 4= 4% , Fi £ Bruker 28 7] ; Thermo-
Fisher NICOLETIS10 214} Y635 4Y , 7 [E Thermo Fisher

NH,

H 0
N >J( * NHHO SO N N

1

Scheme 1 Synthetic route of H,AzAOT and its metal salts

1.3 LWiIHE
1.3.1 TH-PIM-5- R (1) E K

e N T H-TIE-5- IR (7.1 g, 50 mmol)
7% 1 300 mL S BE, kR K A HE(8.8 g, 150 mmol)
A IR 12 he R 58 NS Fl g, JF FH & B
(3x20 mL) ¥ PEUEUF, T4 )5 15 2] 1 6 R 1
90%. IR(KBr,v/cm™):3339(w),3224(w),2986(w),
1723(s),1664(m),1598(m),1546(w), 1450(m),
1230(m), 1115(s), 1082(w),995(s), 753 (w);
'"H NMR(DMSO-d,)8:6.33(s,H,NH), 4.35(s,2H,
NH,) ; "C NMR (126 MHz, DMSO-d,, 25 °C ) &:
161.7(C=0),147.78 (CH,) ; Jt & 4 #1 : C,H,N,O
(128.04) ;3158 (H: C18.75,H 3.15,N 65.61% ; 521l
ff:C18.81,H 3.26,N 65.5%.
1.3.2 2-8E-5-(1H-MUM)-1,3,4-F B (AOT) Y

A

i TR A 1(1.28 g,10 mmoDiE T 150 mL
KRG I A IR A (1.3 g, 12 mmol) IEiE £ 8 h,
B0 58 T g, 3T K (3%20 mL) W sEIEUE, T 5
5 3 ¥k 8 {0 51K (1.32 g, 8.6 mmol) , L R K 80%.
'"H NMR(DMSO-d,)8:7.70(s,2H,NH,) ,6.33 (s, H,
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BHE 28 7 5 Bruker SMART APEX 11 X- 5 25 B J £ S,
5 [ Bruker 2~ H] ; Micromeritics AccuPyc 1340 < &
eI, 36 E 2 5e A A8 A 7 s Elemantar Vario EL 1M G
RHAL Elementar 8 E LR ST RFE A Al S
1.2 REEKE
1, 2-X0(5-(TH-PU g-5-55)-1, 3, 4-I8 — k-2 5 )
ZAUE (H,AZAOT - 2H,0) e H 4 Jm 6 1 & 10k 72 10
Scheme 1 ffix. LA 1H-TOME-5-H R 20 R ok}, 280t
5K A Wk B v A 2] 1 H-DY -5 R B A EER (1), 48
J5 38 3 5 VR AL RN A B 2-5 H-5-(TH-PY e ) -1, 3,
4-WE W (AOT) . K AOT 7E BH AR S 4k 75 3] H,AZAOT,
J 38 i e 1 Oy O B A R AR

H N—N
N—N
0)\NH Pt t “ N=N \\
NH,CI, MeOH N—- \(
1.7V,10h
H,0 | M(NG,),

M= Mn,Zn, Pb

" Ne N—N
N z’{O)\N:N o1 N\
N— \E‘/ N’

NH) ; "C NMR (126 MHz, DMSO-d,, 25 °C ) é:
169.3(C,N,OH,), 164.7(CN,), 148.0(C,N,OH,) ;
IR(KBr,p/cm™):3342(w),3233(w),2954(w),1820(s),
1782 (m),1598(m),1546(w),1450(m),1230(m),
1115(s) , 1082 (w) , 995 (s) ; 7t & 4 #r : C,H,N,O
(153.04) ;38 {8 : C 23.53, H 1.98, N 64.04%; 5
M{E: C23.57,H1.77,N 64.12%.
1.3.3 1, 2- (5-(1H-M #-5-5 )-1, 3, 4-IF = M.
2-E) ZR& & (H,AzZAOT) & K

i N ¥ AOT(0.152 g, 1 mmol) % T 30 mL
s, A G4 (0.106 g, 2 mmol) /5 b L g 5t . 40 H
a3 AR R AR H AR AT FL B, (RN TR AR A 2
W o FEA Sy FH A b b L BN 1.7V ovs. RHE [ E E 12
JE10 b, SN 58 B 45 FaL A T ek e 28 17 s 75 31 2 € [
A, I A A K VRS, T4 )5 15 8] H,AZAOT-2H,0
(0.1 g,0.3 mmol) , i34 60%. 'H NMR(DMSO-d,)
8:6.41(s,H,NH); "C(126 MHz, D,O-d,, 25 °C)é:
168.29(C,N,OH,),160.64(CN,),149.12(C,N,OH,) ;
IR (KBr, v/cm™): 3558(w),3189(w),2420(w),
1633(s),1503(m),1397(m),1220(m),1199(s),
1113(w),1086(w),1018(w),984(s),733(w) ;0

N XK 2025 % H 334K H 5 (440-447)
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ZERERL, 7k U R IVT,

% M CHN,,0, (338.25) ; i & i : C 21.31,
H 1.78, N 57.98%; 5L M {6 : C 21.17, H 1.77,
N 58.28%.
1.3.4 1,2-3 (5-(1H- #-5-5 )-1, 3, 4-1F — M-
2-BE) & EEE (Mn-AZAOT) & A&
% i F B H,AZAOT-2H,0(0.338 g, 1 mmol) i
F 20 mLKH L8R5 I A S K & 8 BR 4% (0.251 g,
T mmol) IFHEHE 1 he S 58 BUS U8, T4 A5 25
o [5 4 (0.44 g, 0.82 mmol) , YL F H 82%. IR(KBr,
v/cm™): 3587(w), 3082(w), 1715(w),1532(m),
1364(m), 1172(s), 1075(w), 975(s), 743(w),
713 (w) ; 7€ & 43 #F C,H,,N,,0,,Mn (535.31) ; i %&
fii: C13.45, H3.77, N 36.63%; Zillfi: C 13.28,
H 3.79, N 37.02%.
1.3.5 1,2-W (5-(1H-H M-5-5 )-1, 3, 4-F = K-
2-BE ) ZREHE (Zn-AzZAOT) & B
%= i F# H,AZAOT-2H,0(0.338 g, 1 mmol) i
F 20 mL K H SR JE N A S K A B R 4F (0.298 g,
1T mmol) IEHE 1 1 ho S5 & U8 B 45 B 21 [ R
(0.48 g,0.88 mmol) , % F 88%. IR(KBr, v/cm™):
3174(w),2157(w),2027(w),1603(w),1434(m),
1367(m), 1182(s), 1092(w), 1045(w), 970(s),
761 (w) , 733 (w) ; ot & 4 #r 8 C,H,,N,,0,,Zn
(545.75); % fH: C 13.23, H 3.50, N 35.89%; £
MAE: C13.21, H3.69, N 35.93%.
1.3.6 1, 2- (5-(1H-M M-5-5 )-1, 3, 4-FF = M.
2-E) ZRBEHEE (Pb-AZAOT) I A KX
i T K H,AZAOT-2H,0(0.68 g,2 mmol) & T
20 mL/KH I A RS R 4T (0.33 g, 1 mmol) F-8FE1 h,
BN Je 3o AT B R A [ K (0.5 g,0.86 mmol) , K
86%. IR(KBr,v/cm™):3415(w),3302(w),1600(s),
1540(m),1449(m),1367(m),1221(m), 1179(s),
1169(s),1082(w),1030(w),999(s),981(s),786(w),
763 (w) ; oG % 4 ¥r A C,H,N,,O.,Pb (579.35) ;
C 12.48, H 1.30, N 33.93%; S { . C 12.44,
H 1.39, N 33.857%.
1.4 T2k
AOT Hi b2 E AL I T2 R A R 76 T AEm
e, 1R RITARL T H SR Al (SCE) 43 1) FHAE X6 H A i 2
P HL B 5 DA NH,CAy 345 Ha i BT, HY I 950, 78 38 Ui
TRB R 1.7 Vo BT 28 AOT HL Ak 2 S Ak = )i
4 SR A% S I 2% A, X0 2 S I 3k R A L FL AR T S
W A HEAT AL o AL AE IR 23 (CV) | et AR
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B (LSV) K 0 1 i el 300 00 3 0 2 9% R N 1 e £
T2
1.5 Egelit

A 22 S Rl BT AL (DSCO I LA 4 A 34
FaE e, THRE AN 5 °C-min™', A< 50 mL-min™',
Fie [l BAM I 77 %, W 22 Ak & 0 i ML AR JER B, 24
(25+1) mg, % Ff i 2 2 kg, B E 20~30 °C, M X}
B EENF 70%,

2 ZHR5WiE

21 BUEIZMREL

WF 58 % PG B AR 22 2 (CV) B il 38 SR E A7 48 1k
PR 2212 (LSV) , i & AOT & Ak 2 I HL A7, 25 SR
BT FR . B 1anl LAE R H 4l Y T i) H
AR /N, AR Y AOT, BT — ANl 57 9 4R
fb it 72, B AOT Y AS o] 3l G846 2 7, U R 38 L Ry
0.95 V. W E 1b 1y LSV Hh 245 4, 5 10 T KL ¥ fb &
(TBAB) F1 U T % = S 2 i (TBAP) Mt , NH,CI/E
FL i 0 AN AN EL AT e KB FL O 8 T LG R s Sk
i/, R 1.05 Vo A UL, Y R 0 H i 5T o NH,CLI

1.2
——NHCI /
0.8/ ——AOT-NHCI
e MeOH
S
T 044
i _/
00 ﬁ
04 . - : - :
0.0 0.2 0.4 0.6 0.8 1.0 1.2
E/Vvs. SCE
a. CV curve
12
——NH,CI
101 1P
“g 84 ——TBAB
T 6
=
4 4
2 4
0 : : ,
0.0 0.5 1.0 1.5 2.0 25
ElVvs. SCE
b. LSV curve

B A S AOT I CV LA LSV i 28
Fig.1 CV and LSV curves of electrochemical oxidation of
AOT
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AOT Hi Ak 2 E A O By B s R ds i e o 1
20 0 0 2% B B A O FL T 38 i RS TR LA R
B S0 T B 3 D A B OA ] L TR | 7 R g IR A
B 23R, Mo RN 1.1 VI E 1.8 VIF,AOT 17
KRB . 7E1.7 VI 438 8] e K, i K & TG
Dok — B AR e g S . WL, AOT HE Ak 2= A Ak 2
Y Fe AR S HLAL R 1.7 Vo

100

80+

60+

yield / %

|
|
40 1
i

204

0 1.1V 13V 15V 1.7V 18V

ElVvs. SCE

B2 AKFEHJETFAOTH ™%
Fig.2 The yields of AOT under different voltages

W 58 6T HL A T 5 P B 2% R dE AT T IR AR ik . DU
NH,CI by v i 55, PUAE A BHAR , B AR FE |/ T
Jit 1.7 VAR S L BEE AOT B Ak 2 I e AE T
LR E . HEIWLUES, L NH,CI A L
BT, AOT 77 % K 60% . 4 25k NH,CII, &2 hi JL-F-
ANk A FRE TR , B A IS OHE R i 7§
B 0 BF %, (HL S 5 o % 5% AOT il JiE &0 18 Bk IR %
2, M43 %k B TBAP F1 TBAB X B NH,CI, {i F
TBAB I, AOT 7E HT I Hh i i 1t T B 77 AU R 12%
fdi FH K73 7 5 TBAP I, 72 385 43% . 0 B iAol iX 2
BT NH, BEE 2 i AOT fufb 2= Ak h s T R,
JEH NH,Cl 5 For 8 o ik B b, B A 1 o BH A
B, AOT = #° 40%. T H BRI W, Ni LR 25 )
Bl iy, PR N R A B E PR A 22 RIS R . T

F1  AOT ML= RN Ak
Table 1

ical reaction of AOT

Optimization of reaction conditions of electrochem -

No. electrolyte anode yield / %
1 NH,CI Pt 60%
2 no NH,CI Pt trace
3 C,H,y BN Pt 12%
4 C,H,N-Clo, Pt 43%
5 NH,CI cc 40%
6 NH,CI Ni None
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W, AOT i Ak 27 48 Ak 2 0 f A3 I 7 H, i ot o NHLC
HL B R Pt
2.2 BEEHWSH

H,AzAOT-2H,0 fil Zn-AzAOT - 10H,0 i i 1A &
1E 7K W & AR 15, Mn-AzAOT-6DMSO #Y & 1A 22 78
DMSO H 45 3545, T Pb-AZAOT By & A R K45 .
3 43 R 1 = A A ) LA 14 o R 45 g i R
K. 7EE 3a,H,AZAOT 4 F il Bl 0 4 & 2 K 5
T, VUMD 1, 3, 4-TE e 21 R A RO SR LR
WA A 3.296°, H,AZAOT-2H,0 J& T 20 & & &
P2,/c 75 [ BE , S AR 25 BEAE 170 KR 1,675 g-em ™,
I HE S 25 R R HLAZAOT - 2H,0 1 A 78 1k 32 X
etk 2R Rl 2.79 AL T % 8 5 & w-m e
F(3.65~4.00 A) . T o0 T A7 46 58 B m-m AR AR
FH L1546 S 9 HLAZAOT - 2H,0 HA & iy ke
PE AR AL 2 B .

Mn-AzAOT-6DMSO ¥ i 14 45 #4 & 3b i 7R .
Mn-AzAOT-6DMSO J& T =&t fh & P-1 25 [ i, th F
6 I E 74 F DMSO f£4E ,Mn-AzAOT-6DMSO #
% AR, 7E 296 K T2 1.472 g-cm™., DMSO %3
F5 Mn & F BT, X LA T e S R A T
B A E 42T . 5 H,AZAOT-2H,0 # 16, Mn-AzAOT -
6DMSO H (g Y ik A1 1, 3, 4-WE ik 2 J] il AT £f R
AN ALK 2.045° FE A RHER DS, T Mn B T AE
2 [ 5 DSMO it fii , Mn-AzAOT-6DMSO 1Y 43 T
R = HE 5 S50 o b A AH A8 S 47 HE 51 1 43 T 8]
f 2 18 B R 3.27 AL Bk K T TATB(3.20 A) |, iX Fh 45
My 5 1 i 15 Mn-AzAOT-6DMSO B4 B If 14 43 f#
T B

Kl 3c K Zn-AzAOT-10H,0 4 & 1K 45 # .
Zn-AzAOT-10H,O J& F = At & P-1 2S5 [HHE, £ 170 K
B2 8 1.68 g-cm™. Zn-AzAOT-10H,0 &4 10
A KR, o 6 N5 Zn B TR . A AR A7 Y
Ko F Z ) B A A T LI R A K RS R T
Z WA FEEEER . WA, Zn-AzZAOT-10H,0
Oy TR ME AT 1, 3, 4-RE k2 A MM 3.676°,
TE AR HERL I, 5 Mn-AZAOT-6DMSO i i 74 14 348
A3 FHERUE BUARAL , Zn B 178 )2 18] B 457 5 7K 43 B o2
i 153 Zn-AzAOT - 10H,0 11 & 14 Rl 5 80— 2 1 4%
SER, B H AR 1 22 ] B S (3.23 A) o
2.3 BIBETEMESH

fii H] DSC M3k T H,AzAOT-2H,0 & H 4 &
B R e MR A5 SR 4 FioR . HL,AZAOT:-2H,0 )

N XK 2025 % H 334K H 5 (440-447)
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a. H,AzAOT-2H,0

b. Mn-AzAOT-6DMSO

N(5)  N(6) .
N(2 $
)0(1) Cf}.N(T) s 08-50-t0-chres-eome
“ C(2)
N(U.\'_.: o(1) g e 000 s co e @ p—rgs
NE) M@ % 323 A
..”“d-:-u e 0o o oo wo

.
"/.J " 00l P ve-ve e

3.676°

c. Zn-AzAOT-10H,0
B3 H,AzAOT-2H,0 K H 4 B+ X S8 M ik L5
Fig.3 Crystal structure of H,AzAOT-2H,0 and its metal salts

T W PE 5 RDX(T,=204 °C) " HH 24, 2 4R 43 it I B8
Q ) RDX 2
2 2035 °C |\ j»j2081°C M & fig 5k i & o e A BT
2 2003 aatl Zn-AzAOT-10H,0 FLA fi f i R 5 1 i 1 43
= A Mn-AZAOT . . . s . .
HN 2102°C_~ Sidiiedl W BE N 212.6 °C |, fif 3kt A R 5 1 R B o0 R L O
£ ~
8 2126°C )l 210.2 °C. 7E Pb-AzAOT {4 DSC i £ i 75 3 76 43 it
| mme A ] I 200.3 2 1 5T 2 0 0 5 3
: : : : : : 64.3 CH1102.5 °C, X i BB J& 43 F N &% A 45 dh K 1Y
50 100 150 200 250 300 350 400 P
temperature / °C M, AL, 3 T HLAZAOT - 2H,0 M B4 @ £
4 H,AzZAOT-2H,0 J H: 4 J& 4h #1 RDX 1y DSC i1 £& TN RR 0 4R % R AL A W R L R
Fig.4 DSC curves of H,AzZAOT-2H,0 and its metal salts and RDX By P Ra o P
Chinese _Journal of Energetic Materials, Vol.33, No.5, 2025 (440—447) N R

www.energetic-materials.org.cn



U MEIRE 1, 3, 4-TE s L AL AR AL A W Y Ak 2 A oS R

445

A0 B AE A (NCI RE 18 B8 FLUL 1Y 8 B0 1 % ik
o FAR PR EAE T ), TR AZAOT 1Y NCI
TEAEAE B Multiwfn THE 152 NCIHE gE— 2 7]
W T m-n A EAEH . K 5a ) H,AZAOT-2H,0,
[ 5b 5 Mn-AzAOT-6DMSO, | 5¢ 4 Zn-AzAOT-10H,0.
R A S A AR e MERUE T X R ) A5 Y
AHELAE F BE A% A 2000 43 5 ATLBRRI A b A4 9 = AR
By #CR X L E ] HLAZAOT-2H,0 X H 4 R #h B A

a. H,AzAOT-2H,0

n-1t interaction

b. Mn-AzAOT-6DMSO

hydrogen bond interaction

n-7 interaction

c. Zn-AzAOT-10H,0

5 H,AzAOT-2H,0.Mn-AzAOT-6DMSO H1Zn-AzAOT-10H,0
B Al 25 4 A AR T 23 B (B TS B (RDG) 45 {H T
MBI s 6L R DA L ORRHK T P
W22 58 2 0 K I R w-m HE RS 19 m-m A0 B AE D)

Fig. 5 NCI plots of H,AzAOT-2H,0, Mn-AzAOT-6DMSO
and Zn-AzAOT:10H,0 (The isosurface of the reduced densi-
ty gradient (RDG) is filled with colors; blue indicates hydro-
gen bonding; red indicates ring strain; the wide green area
between the parallel rings suggests the w-m interaction caused

by m-m stacking)
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KA1 Fa s
2.4 BEEMEEST

HE (D) AR R (p) J2& 2 8 & BB b R 1 s
(T AR b, R AR B (A H) R B (p) 2315 D
MpW EZESH . b TMARYIIA L EE RS
Yy e R R REA B T . AR A Y
B2 B A I, 5 ORCER DY e B R e AOT
(AH=36.6 kJ-mol™) " ¥ It , H,AzZAOT i) AH.{H H
1512.2 kJ-mol™ o 76 % B Jy i, A% B2 3l &=
B AN 7 45 K T 7 AZAOT 5 gtk & W 1Y 25 1
W N 1.78~2.66 g-cm™. TG Y HAZAOT %
JE N 1.78 g-cm”, Pb-AzAOT I % J¥ & @ , N
2.66 g-cm™, ff i} EXPLOS5"™ %2 J5 + & H 48 % 1
AE o H1 T DU I ME ok f R R REE T A,
H,AzAOT J H 4 J& b #8 H A b 5 i 1 2 1 68 .
H,AzAOT (D=8511 m-s™, p=28.9 GPa) fil Pb-AzAOT
(D=8934 m-s',p=29.7 GPa) ¥ BE i 45 B Al 43 & i
i T AL G5 4 A RE R RE HNS o X T LA % 18 O 1
K FH BAM A o J5 15 % &R 90 Ak & 4 ik AT T IR R
FE, HofE o R E (1S) 78 14~32 ) 2Z 8], BE 8 I8 (FS)
£ 120~360 N Z 6] (£ 2) . H v H,AzAOT-2H,0
4 FRE o J R R EE 45 K R P AIN T HNS X R AR 5 T
Hooy 7 2P — R 22 XM HE B 38 LA K S T T A
FE R Y o AHEAE ARG R T A SRR
Al it % 88 . X LB SIS B UE S T i R AL G W R
HL & B0 0 FH RS0 R B R 2 A ) .

Fz2 H,AzAOT M I 4 )@ 3 5 1% 52 & re o4 BL 09 1 B X He
Table 2

H,AzAOT and its metal salts with traditional energetic

Comparison of physicochemical properties of

materials

T

d

/g-cm™ /C

AH, D p IS FS

compound _ -
/kJ-mol™ /m-s" /GPa /) /N

H,AzZAOT 1.78  208.1 1512.2 8511 289 32 360
Mn-AzAOT 1.96  210.2 2008.8 8731 292 18 180
Zn-AzAOT 2.05  212.6 2555.1 8842 29.5 14 120
Pb-AzZAOT 2.66  200.3 1950.3 8934 29.7 16 140
AOT ! 165 227 36.6 7175 17.8 >40 >360
HNS ') 1,75 318 78.2 7612 243 5 240

RDX ° 1.80 203.5 74.8 8762 33.6 7.4 120

Note: p is measure density at 298 K. T, is decomposition temperature. A H
is enthalpy of formation. D is detonation velocity. p is detonation
pressure. IS is impact sensitivity. FS is friction sensitivity. N is nitrogen

content.
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ZERERL, 7k U R IVT,

3 %t

(1) FE b 2 il A 1 D e I I — i L R0 5 B Ak
Y H,AzAOT, I & Wl 7 H & 8 (Zn,Mn,Pb) , 7EH
FE1.7VE 75K 60%-.

(2)DSC M NCI 43 #71 &7~ , 1 F H,AzAOT-2H,0
Ko H 4 J@ £R W 4y F WA AE -m AHELAE R, DA 26 B
R4 AR e M AL . ISYU BBl A2 14~32 ) Z 1],
F5E120~360 N Z [a]

(3)7Efig B PEBE I, EXPLOS F2 ¥ i3 n9 45 B &
B, BT NN B 51 A RIS — s SRR 3, % &R 51
G PR LA 5 i H s e de . b HLAZAOT (1
HEE K 8511 mes™ 4K 4 28.9 GPa;Pb-AzAOT (148
A 8934 m-s!, LK N 29.7 GPa, it i T 1% 4t fili J&
it 4 5 BEHF B HNS(D=7612 m-s™', p=24.3 GPa).
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Electrochemical Synthesis and Properties of Tetrazole-1,3,4-oxadiazole azo Energetic Compounds

QIN Ya-qi', ZHANG Guang-yuan’, LU Ming', WANG Peng-cheng'
(1. Chemical Engineering and Technology, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Gansu Yinguang Chemical Industry
Group. Co. Ltd, Baiyin 730900, China)

Abstract: To promote the green development of energetic materials and improve their thermal stability and energy performance,
the electrochemical synthesis of tetrazole-1, 3, 4-oxadiazole azo energetic compounds (H,AzAOT) and its metal salts
(Mn-AzAOT, Zn-AzAOT, Pb-AzAOT) were studied by inserting the azoxadiazole ring block into the molecule. The structures of
H,AzAOT and its metal salts were characterized by single crystal X-ray diffraction, infrared spectroscopy and nuclear magnetic
resonance. The thermal stability, impact sensitivity and friction sensitivity were studied by differential scanning calorimetry and
standard BAM method. The detonation performances were calculated by EXPLO5 program. The results indicate that H,AzAOT
and its metal salts have excellent physicochemical properties. Among them, the theoretical detonation velocity (D) and detona-
tion pressure (p) of H,AzAOT are 8511 m-s™' and 28.9 GPa, respectively. The D and p of Pb-AzAOT are 8934 m-s™' and
29.7 GPa, respectively. The detonation performances of both compounds are significantly better than that of the traditional
heat-resistant and insensitive energetic material hexanitrostibene (HNS) (D=7612 m+s™', p=24.7 GPa).

Key words: electrochemical synthesis;azo compounds;metal salts; performance
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