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400 cm™ 43 ¥E% 6 cm™'; Bruker SMART APEX CCD
BT Perkin-Elmer 24 & Pyris-1 1 $4 73 Hr 4% .
WA NS4, Wik 20 mL - min™'; Parr /A 1] 6200 4
AL,
2.2 AREE

FREL DAT 0.41 g (5 mmol) T 20 mL £
FARPE IR, 12 75 CR i £, R AgNO,
0.34 g (2 mmol)i#F T 5 mlL 228 /K o I 22 18 i i
AR, SN 60 min J5 ¥ 4 2 50 , i i, 25 8 7oKk
VR, £ T VR TR OJF TR, R B B Ak R Y
0.64 g, % 86% , BFIRIEEIR TEEZEKR,4 KA
P3N AT T 25 0 D SE 1Y & W HOIR K. IR (KB,
v/cm™ ). 3324, 3153, 1657, 1383, 1110, 1077,
1003, 935, 699, 605, Anal. calcd for C,H,,Ag, N, O,
(740.17) . C 6.49,H 2.18,N 49.21; found C 6.47,
H2.15,N 49.26,
2.3 RiELEHSH

PEHELR 518 0.10 mmx0.15 mmx0.17 mm 1 5
{4, 5% F Bruker SMART APEX CCD 5y #7 5H1X, LA A
s AL Mo K T2k (A =0.071073 nm) S0l
WLl w-0 1407 A 90(2)K,2.07°<9<27.50°
T 11692 415 5F ai, Horp 2526 /> 7 43T 5 A
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WA TE o b AR 235 48 5 ) B 4k B SHELXS-97 fif By
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3.1 BRika

A BRI AW [ Ag, (DAT), 1 (NOy), J& T Hugl
Ai AR, P21 /n a3 [, JLEE A K MERR P 23 551 DL &1 1 ]
2, 2 .33 R4 530050 B G P b A S5 A8 1
AR AR DL R SRR RO

&L Ag,(DAT), J(NO, ), 5 FHITh &4 2
™ AgT,4 4 DAT 3 FH12 4~ NOS ., hiba)mAg(1) %R
BN =W, 5 osp* Aok, 43l 5 3 N5k [ R [H] DAT 4y
T N JE 8 kB A7, 8K 5o 2,259,
2.285,2. 231A; Ht M N (1)—Ag (1)—N(7),
N(1)—Ag(1)—N(8a)#1,N(7)—Ag(1)—N(8a) #1
4351 109.8°,135.6°,113.9° i i JE i T LA Ag™
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F1  [Ag,(DAT), J(NO,) , Yk A 45 K B F 45 F k58 2 51
Table 1 Crystal data and structure refinement details for
[Ag,(DAT),J(NO,),

[Ag,(DAT),](NO;),
CyHi6A8, Ny Oy

parameter

empirical formula

formula mass 740

temperature /K 90(2)

crystal system monoclinic

space group P21/n

V4 2

al/A 6.8109(9)

b/A 19.654(3)

c/A 8.4510(11)
B/(°) 102.590(3)

cell volume /A® 1104.1(3)
D./g+cm™ 2.190

w(Mo K ) /A 0.71073

6/(°) 2.07-27.50

h, k,and [ range -8-8, -25-25, -10-10
reflections collected 11692

reflections unique [ R, ] 2526[ R,,,=0.019]
data/restraint/parameter 2526/0/205

goodness-of-fit on F? 1.583

R,, wR,[I1>25(1)] R, =0.0339, wR, =0.1645
R,, wR,(all data) R, =0.0342, wR, =0.1649
Apras Apin(e + A7) 1.70, -2.19

Note: w=1/[g?(F2)+(0.1000P)%+0.0000P], where P=(F2+2F2) /3.

B 1 [Ag,(DAT),](NO,), 5141
Fig.1 Molecular structure of [ Ag,(DAT), ](NO,),
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A, I A~ DAT 43 1 o A 36 BC A, H D ik 3 |-
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A A DAT 53 FAF Jy 545 L A4, 43 500 B2 43k DU e 345 I 3
L N JEF N R N(Ta) 548 Ag IR e 8 .
2 2 7] M, DAT Bk 20 F /9 N—N S 8 K R
1.290 ~1.402 A,/ F N—N Mifg (1.454 A) FIN =N
XU (1,245 A) Z ], C—N g 8K b 1. 330 ~
1.347 A/ F C—N s (1.47 A) il C = N W5
(1.27 Ay 0l o UL TR e B oK B f A, (o
DU MR ER KR T 2, H DAT BEAR 4> 7 b 4% 5 1
PR B B — A R IA R, 5 2 A R DAT

F2 [Ag,(DAT),1(NO,), K
Table 2 Selected bond lengths for [ Ag,( DAT),](NO,),

THEHL W4t h DAT ﬁ%l%%%&({u[m,zy )

B2 [Ag,(DAT),J(NO,), FyHERL
Fig.2 Packing diagram of [ Ag,(DAT),](NO,),

bond length/A bond length/A bond length/A
Ag(1)—N(1) 2.259(3) N(8)—N(9) 1.294(4) N(3)—C(1) 1.336(5)
Ag(1)—N(7) 2.285(2) N(9)—N(10) 1.361(4) N(4)—N(5) 1.398(4)
Ag(1)—N(8a)#l 2.231(3) N(9)—N(10) 1.361(4) N(4)—N(6) 1.372(4)
N(10)—N(11) 1.402(4) N(1)—N(6) 1.290(4) N(4)—C(1) 1.347(4)
N(10)—C(2) 1.338(4) N(T)—N(2) 1.367(5) N(7)—C(2) 1.330(5)
N(12)—C(2) 1.346(4) N(2)—C(1) 1.341(5) N(7)—N(8) 1.370(4)
N(13)—O(1) 1.231(4) N(13)—0(2) 1.255 (4) N(13)—0(3) 1.284(4)
Note: #1: -x,-y,1-z

&3 [Ag,(DAT),J(NO,), Ky £

Table 3 Selected bond angles for [ Ag,(DAT), ] (NO,),

bond angle/(°) bond angle/(°)

N(1)—Ag(1)—N(7) 109.8(11) Ag(Ta)#1—N(8)—N(7) 123.5(2)

N(1)—Ag(1)—N(8a)#l 135.6(10) Ag(1a)#1—N(8)—N(9) 124.7(2)

N(7)—Ag(1)—N(8a)#I 113.9(11) N(8)—N(9)—N(10) 104.9(3)

Ag(1)—N(1)—N(2) 117.8(2) N(9)—N(10)—N(11) 124.6(3)

Ag(1)—N(1)—N(6) 129.0(2) N(9)—N(10)—C(2) 110.1(3)

N(2)—N(1)—N(6) 112.5(3) N(11)—N(10)—C(2) 124.8(3)

N(1)—N(2)—C(1) 105.4(3) O(1)—N(13)—0(3) 119.3(3)

N(5)—N(4)—N(6) 124.8(3) O(1)—N(13)—0(2) 121.8(3)

N(5)—N(4)—C(1) 125.8(3) 0(2)—N(13)—0(3) 118.9(3)

N(6)—N(4)—C(1) 109.4(3) N(2)—C(1)—N(4) 107.7(3)

N(1)—N(6)—N(4) 105.1(3) N(2)—C(1)—N(3) 127.7(3)

Ag(1)—N(7)—C(2) 131.7(2) N(3)—C(1)—N(4) 124.6(3)

N(8)—N(7)—C(2) 105.8(2) N(7)—C(2)—N(12) 128.5(3)

N(7)—N(8)—N(9) 111.8(3) N(7)—C(2)—N(10) 107.5(3)

Ag(1)—N(7)—N(8) 122.5(2) N(10)—C(2)—N(12) 123.8(3)

Note: #1: -x,-y,1-z

Foa¥or b & A — B i SR, Nk 4 PR
Hof HoA7 DAT B & 70 7 [ A7 16 19 = f, W
N(12)—H(12A)---N(2) 5 AP ZHOE IR NO;S
(5 O J& 7 F1 DAT Be ik b &k N T TE iy 43 711
BE,UIN(3)—H(3A) O (1) ,N(11)—H(11A) ---O(2),
N(3)—H(3B)---O(2) & , ixX 48 S f Y A7 78 X $12 5 il &
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YRR B AR E 1 B 0 454

®4 [Ag,(DAT), 1 (NO,), 5 i
Table 4 Selected hydrogen bonds for [ Ag,(DAT),](NO,),

length length  length  angle
D—H-A (D—H) (H--A) (D-+A) (D—H--A)

/A /A /A /(°)
N(3)—H(3A)---O(1)  0.93 2.12  3.005 158
N(3)—H(3B)--O(1) 1.23 2.55  3.462 129
N(3)—H(3B)---0(2) 1.23 1.71 2.933 169
N(5)—H(5A)--O(3)  0.80 2.41 3.020 134
N(5)—H(5B)-+-O(3) 0.78 2.28  3.017 158
N(11)—H(11A)---O(2) 0.85 2.29  2.941 134
N(12)—H(12A)N(2) 0.84 2,12 2.942 167
N(12)—H(12B)--O(1) 1.01 2.55  3.056 111
N(12)—H(12B)--O(3) 1.01 1.91  2.884 163

3.2 MATASH

10 °C « min™ & RERC & 9 [ Ag, (DAT), 1(NO, ), iy
DSC £l 3 fras. & 3 Al FHARES & 2 Y #4
I FRAT R AL — A W R R — A A R LR A
RS T 188 °C, HAR B AR IR O 196.2 °C,
Zid A [Ag,(DAT), 1 (NO,), yfh ikt 72 .
MJE 2 BE G W S BRI AR o) ik, AR U B AE 202 ~
256 “CZ[u], Hi g i i 228.6 °C,
15¢
1.0
05
0.0
05
-1.0
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2286
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temperature / °C

B3 [Ag,(DAT),](NO,), DSC £k (10 C - min™")
Fig.3 DSC curve of [ Ag,(DAT), ] (NO,), at heating rate of
10 °C - min™

M5E[ Ag,(DAT), ] (NO, ), 7 5.10,15.20 °C + min™
DU 2 T %R ) DSC 2k, 13 8 H AR AS R THiR
R A U 1 TR B B TR 5. MR IR Kissinger
¥ A Ozawa-Doyle ™ gt 5 H A3 fiff S 114 26
WLTE AL BE E R 1T R 7 A, PR 5 35 (9 1158 2 3040 X
(1) A= (2) FiR

|n(ﬁ.) =|n(AEKKR) -if;p (1)
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0.4567FE,
RT

Ko, T8 T80 R i i, °C , B DSC i &#5 35 R
SRHH,8.314 ) - mol™ - °C7'5 B oLk bk Tt i %
K C - min™' 5 C g B, B FH AR 5 31T 515 20 Y
ESF R 1 F S E RS T R S5,

logB+ =C (2)

£5 [Ag,(DAT), J(NO, ), W o i 1 il BE K AR 438 3 7y
Table 5 Peak temperatures and non-isothermal kinetic parame-

ters for the exothermic decomposition of [ Ag,(DAT),](NO,),

B Tp Ey | = Eo

. Ac/s R R,
/°C-min™ /°C /K - mol” 8lA/ST) R /K -mol” T °
5 222.3
10 228.6

204.9 19.54 -0.9993 202.8 -0.9993

15 233.1
20 235.8

Note: g is the heating rate; T is the peak temperatures; £ is the apparent activa-
tion energy. A is the pre-exponential factor. R is the linear correlation coef-
ficient. The subscript K and O represent Kissinger’s method and Ozawa’s

method, respectively.

M2 5 Al LUE Y, 38 ok w9 Fh o5 ik BT 1 54 B
[Ag,(DAT), J(NO,), % M 1% 1t 58 45 F A5 3, 47 51 4
204.9 k) - mol™ F1202.8 kJ - mol™, H A] )5 5] H#43
fitt i) Arrhenius 5% Ink=19.54-203.9x10° /RT , &
kARSI BN )5 SO R R
3.3 REERBRABERREETE

XPH AL RETC A 1, BAGE TARI AR UGS 2 AN 5 g
Ferk nY S8, 8 Parr 4 F) 1104 AU 3L, 75 4
Tomin, ff FFFA R E] 3.0 MPa A 5% 14k %25 °C,
AEXS 1 BE 30% , 25 & 500 mg, A7 Ik 5 Wk, W E
[Ag,(DAT),J(NO,), W & & ¥ B # (Q,) K
—4177.59 k) « mol™ 5@ a3 HARBE S Ry 5 3 (3) A5
2 (4) 158 HoE B BE I (AH) }-4149.08 k) - mol ™,
C,H,Ag,N, O, (s)+11/20,(g)=Ag,0(s)+4CO,(g)+

8H,O(1)+13N,(g) (3)
AH=Q,=Q,+AnRT (4)
it O K0 bR e AR R RE A Ha [Ag, O, s] =
-30.54 k) - mol™ ,A,Ho, [H,0,l] =-285.8 k] - mol ™',
AHSL(CO,,g)=-393.5 k] - mol™™ i i F =i
[Ag,(DAT), J(NO,), ISk ] A Ho, =258.14 K+ mol™
AHS (D) =AH® (Ag,0,s) +8AH® (H,0,0) +
4AH® (CO, ,8)-A H(s) (5)

3 H SR AR R I IR (T, ) SR ITAL 1 BE A R

N Xt
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(R SRR R ERIR K I S0 A 4 5T 2
Gk 25 B0 B, T X IO 1) 4 U6 {3k FE 0 3 3
GRLEN

T,=T,+aB+bg’ +c8’ (6)
Ko, T, 9 TR R B IR, °C s a b c 9w B,
3 1 A AR RO 77 SR A5 TR R B0 X Y
W T, =214.2 °C, RIGHRIE IR 7)™ kg
AR TE 2 90 9 R VR I SRS T, =224.4 °C.
. _E- E*-4ERT,, 7
bp 2R

I R R R 7 B AT AR AR ) 2 B8 AST  AHT Al
AG™ "

k,T ...
AzﬁTeAS /R (8)
AH™ =E-RT (9)
AG” =AH” -TAS” (10)

K, Bl Ozawa J5 1+ 545 209G g, ke b B IR
2SR B, 1.381 x1077) - KTy h SRy ) R B
6.626x107" ) - 7', ISR IS BB B
AS” = -86.54) - K" - mol™; AH” = 200.85 kJ - mol™;
AG” =243.02 k) - mol™,
3.4 RAEMEEMR

¥ B8 GJB5891. 22 —2006 , GJB5891. 24 —2006 .
GJB5891.25-2006, ik [ Ag,( DAT), ] (NO, ), iy i J&
JE BRI LA AL . SR T CGY-1 RUAL A o o B
MK S5 1 25 /& 0.02 g, K2 ik 39. 2 MPa,
7% 4E 800 g, F+ [% 2 M ik [ Ag, (DAT), ] (NO, ), 1y
T 7 R H, o 0, 36 W] L o Al >R T MGY -1
PR R A, W 45 F 25 & 0. 02 g, 12 B
1.5 kg, # 4/ 90°, F & 1. 96 MPa, il i 25 F 3£ M
[Ag,(DAT), ] (NO,), BRI & KRN 40% 5 R H]
HGY-1 7 kA IR A, M A5 245 0.02 g, [k 2y
JE5# 58.8 MPa, FiifE B 25 FE (WJ636) 55, T 45
K[ Ag,(DAT), ] (NO, ), B K MREEE Hyo 2l 0, 3R
X K hE Bl

o B3R G R w1, [ Ag, (DAT), ] (NO,), X4k 57
JEE 452 S0 8 A R, R BIL AR o R e B R e T
JEE RE AL B

4 & it
(1) PAT,5-Za L e ke AgNO, iy i iR J50RE 5
JRHT B v A BE T 5 4 [ Ag, (DAT), ] (NO, ), , i %
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86% , JFH AL TR /M7 LLAMETE R A5 1T 1 3RAE

(2) [Ag,(DAT), ] (NO,), iy 5 fh 7 BT 45 R £
WY XA Y8 T BS54, ot AgTRIE H =4~ DAT
A3 F 7S A N E A T ok e 722 D 18 44 45 44, ) B —
DS RIS AgT ALY AN N - JE 1 -F- 7S oo
G o ANy A — o RO B S, A B TR
T A R 1k o

(3) DSC 73 W[ Ag, (DAT), ] (NO, ), 7 fiftid 72
LG RN AR AR O 228.6 °C,
iz Kissinger :1 Ozawa-Doyle V11845 33 W iE 1L fE
435 204.9 k) - mol™ F1202.8 kJ - mol ™, Hibrdi A miiss
9 258.14 k) - mol™  BRKEIG AR T, =224.4 °C, Hik
SRS B AS” =-86.54 ) - K - mol™; AH™ =
200.85 k) - mol™ ; AG™ =243.02 k) - mol ™,

(4) IR 2 I 3 2R ] 32 TC - 0 %o JBE 458 ) 3R s Uk
X J o R kA B R R R T R R e R

EESe ¢
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Synthesis, Crystal Structure and Properties of Energetic Complex [ Ag,( DAT), ] (NO,),

ZHANG Zhi-bin, XU Cai-xia, ZHANG Jian-guo, YIN Xin, YIN Lei
( State Key Laboratory of Explosion Science and Technology , Betjing Institute of Technology, Beijing 100081, China)

Abstract: A novel energetic complex [ Ag,(DAT),](NO,),(DAT=1,5-diaminotetrazole) was synthesized by using 1,5-diamin-
otetrazole (DAT) and AgNO, as raw materials, and the yield was 86% . Its structure was characterized by elemental analysis and
Fourier transform infrared (FT-IR) spectroscopy. The single crystal of the target complex was cultured and its structure was determined by
X-ray single-crystal diffraction instrument. Its thermal decomposition behavior was investigated by differential scanning calorimetry
(DSC). Its kinetic parameters (activation energies E, and E,) of non-isothermal reaction were calculated by Kissinger method and Oza-
wa method. Its critical temperature of thermal explosion T, was calculated. Its constant-volume energy of combustion (Q,) was meas-
ured by using an oxygen bomb calorimeter. lIts standard heat of formation was calculated. The impact, friction and flame sensitivities of
the target complex were measured. Results show that the crystal of the target complex is monoclinic, space group P21/n with the cell
parameters of a=6.8109(9) A, b=19.654(3) A, c=8.4510(11) A, B=102.590(3)°, V=1104.1(3) A’, Z=2, D_=2.228 g - cm™,
F(000)=729. For the target complex, F,=204.9 k) - mol™ ,E,=202.8 kJ - mol™, T,=224.4 °C, Q,=-4177.59 kJ - mol™, A, Hp =
258.14 k) - mol™. The target complex is insensitive to impact and flame, but sensitive to friction.

Key words: 1,5-diaminotetrazole( DAT) ; energetic complex; crystal structure; thermal analysis; sensitivity
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