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HEZRZ5 40 DL S AE S N =8 0 5 FAE I (- HERR LR
55 ) G F T R AROR R R B s AR e . 2013 4F
P B FIE T — B /04,4 -HE-1,2,4- =14
FLHY = 4E40 B E-MOF, { [ Cu(atrz), ]+ 2NO, |, , Firg 4
fH (1515 kJ-g™") (ER 0 fif il B (243 °C) S i I
(22.5 DT CL-20"; il 7 3 T ] — e 1 3% A A AR
T P =4k £ FL E-MOFs, {Zn(atrz),[ClO, ],-2H,01,
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o, o)A B R BB
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WA EUE . A B R
TR A A R 3-0Y e 5o = mk (Hotztr) fRIE T 2 6 A
] B 48 45 44 1Y 4 5 E-MOFs, [ Cu (Htztr), (H,0),], .
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PR R R E TR RE . AR, & BB L 1R 2 4 ) i) B 2
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S0 AT AR Ok — R T RE MR R S AT e T By £
ST TR SR AR R N T 5 5 0 B R
T S 0 M R T AL B ) A R 0 AR il
KA E Y C RN S E-MOFs i — 25t ik e i, —
LG 25 H6 B A L Mk AR AL S 09 eSS E-MOFs & B AR 4% di
T, BRI, E-MOFs 76 20 %6 3 % vh A7 78 A m] Sl 1 |
WAEA B F 2 5 u 0 ek P ALE S 5
SO RE RS E PR R e 1 5 R B AIR I K K I 5 L RE R
LS i G S 1 R g S S VA G oy NN W Ao £
FE 1 505 1Y) e e TG A 2 % 2 T 4% TS ) E-MOFs A
BT

BT L% &, AR S % CHk[20-21 ] 5T
3, 5- f§ FE-1-5-1, 2, 4-= ¥ (2-Hntz) Al 3, 4-X
(1-%-5-PY mge 5L ) -4 Ak vk FE (H,BTOF) PR i i i IiC 4%
HEG @A G A AT LA TR AL
[Fi] FF = e SR R WA A 5 AT A 5 0 R - N A R
T4 R R Y AT A R T EL R 85 1 A7 B AL, Sy 4
TR RHR FEVERRER AL T A T Ao TEKIRGRAE T 4
T 5 A BRI R R B A B AR AR T M T i
I E-MOFs, [Ag,(2-ntz),],(1), fl[Ag,(BTOF) ] (2),
FEXILHEAT T A B S5 A RAE . R 5 L 2R
T AEA W1 R 2 B s 0 RS E R HL XX o A
JEE A5 A R, OB S8 PR R 40 0k T HMXORT TN, 2 2
FEURY fe B B A R

2 LIGER S

2.1 KFEEHE

FERH :3,5- & H-1,2,4-= 1k (2-Hatz) 4fi JiF
>98% , 1l H L A E LR A R A W o A R A1 R
B R OTR B BAC AL R RRER Y Ry oy B
g, [ R EE R () A RAF . CE 2 Tk
ot el /R E T R 1A E AR A R A R . R
TR FhIR K Ao al g B At stk T .

FEALAR : Vario EL I 8 5T K 4 Hr AL (7 [ Ele-
mentar 2 H ) , Bruker Tensor 27 B 41 4p 56 3 1%,
AVANCE T 400 MHz BIA% @ S 3R, STA 449C B 2%
G BT BT A (A8 T e A 2% i 3 A B | ) , CDR-4P
R 2% 7R A i BT R APALAR T ) L IKA C5000 #Y
AT
2.2 LIgIE

OB SCHR [20-21] 4 WG T fE & EC AR 3, 5-Z 6
Fe1-5-1,2,4- = R ([2-ntz ] [INH ) A1 3, 4-30

Chinese Journal of Energetic Materials, Vol.26, No.11, 2018 (937-944)

(1-5-5-Pgmg 3 ) -S4k mk i (H,BTOF) , Fi 5 AgNO, 7¢
AR B R N 254 T A3 246 & 0 1 R 2, A Rl 2k L
Scheme 1,
el N  HSOu/NakO,
\g_Y 15 €. H7C 1h \{_?/
2-Hatz 2-Hntz

DeAr"
HO100C
NH4

[2-ntz] * [NH ] *

[Aga(2-ntz)a,
1

AN O
NG COOH CF3COOH /HNO, N\ /N NaN; / ZnCl,

B —————— —_——
N~ 40-50 °C >—< H0
NG CN

H,BCOF

/O\ /O

\_— AGNOy/NHy*HyO
N N ——— = [Ag(BTOF)},

N N RN
HoBTOF

Scheme 1 Synthetic procedure of compounds 1 and 2

2.2.1  3,5-ZREE-1
B & B

H AR g 8 ([2-ntz ]7- [NH, ") # Bl SCiik[17-18]
AR E#E, RN 85%. (([2-ntz]+ [NH,]")
(C,H,N,O,, M=176.09 g - mol™) i JC & 7 #r &5
(%) : FEIE{H C,13.64;H,2.29;N,47.73; 5214 : C,
13.57; H, 2.32; N, 47.69, "C NMR (DMSO-d,) 6:
162.07, 1 4b 5t i W 3k 25 S (KBr, v/cm™) : 3437,
3239, 2983, 2921, 2858, 2362, 2100, 1662, 1635,
1542, 1502, 1394, 1318, 1277, 1130, 1043, 993,
857,623,571,
2.2.2 [Ag,(2-ntz),],(1) K&

¥ 50.9 mg (0.30 mmol) AgNO, fil 17.6 mg
(0.10 mmol) ([2-ntz]™- [NH, )& # T 6 mL 21K
H L IR PE 30 min 5 R 25 mLAF R IU 2 0 N R
BB 28, THEZ 100 CR IR 3 K, 25 L

5 °C ™ 1 B T R H B =R, 2 08 K VR T,
ENRE CEIR BIA TS R A 36% (T Ag) . LEY

(Ag,C,N,,O,, M=531.88 g-mol™) [y JC & 4 #r 25 R
(%) : #iE{H C,9.03;N,26.34; M : C,9.11; N,
26.27, £L 4056 % Wik 25 B (KBr, v/cm™) : 3435,
2994, 2934, 2858, 2372, 2107, 1657, 1642, 1531,
1496, 1397, 1315, 1297, 1132, 1054, 996, 851,
624,576,

-§-1,2,4- =M% ([2-ntz] - [NH,]Y)

A A AL www.energetic—materials.org.cn
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2.2.3 3,4-X(1-5-5-MM ¥ E )-SR k8 (H,BTOF)
B & B

Z M SCHk [21] & 3, 4-— 3 A R ko
(H,BCOF), /"% 89% ., JTLERMHTE R (%) : BB {E C
35.29,N 41.18; 3£ {f : C 35.25,N 41.20, ZL4M6
T 4 25 SR (KBr,»/cm™) : 3438,2252,1644,1557,
1465,1343,1308,1105,1076,1048,834,737,687,
632, 585,493,488, "C NMR(DMSO-d,)8: 134.7,
106.7,105.0,99.5,

#1.36 g(10.0mmol)H,BCOF, 1.95 g(30.0 mmol)
NaN,,1.36 g(10.0mmol)ZnCl, #1 30 mL H,O & & il
AFN 100 mL BRI b i HE, Az 100 CllE 5 h,
B ZEFIR,H 2% B HCHEAY pH=1~2, 33 38, K%,
BT ESH DTS, S A AR K H,BTOF, 7 % 86%-
JTLE TG R (%) #IL{E C 21.62,H 091, N
63.07; SZM{H : C 21.56,H 1.08,N 62.78, £L4MGiE
M3 45 5 (KBr, v/cm™) : 3139, 2901, 2446, 1618,
1575, 1459, 1417, 1386, 1283, 1236, 1203, 1187,
1127,1091,1066,1025,1001, 965,933, 823,784,
733,707,542,483, "C NMR(DMSO-d,)8: 149.0,
146.2,144.5,106.0,

2.2.4 [Ag,(BTOF)], (2)MA R

# 0.1 mmol H,BTOF i f# T 3 mL L & 7Kkt
BEFE T A 3 mL AgNO, K% #(0.10 mol - L"), & i
PiFE 30 minJ5 , G Z0OK AR R pH £ 8 &£ 47, 4k 4k
PHE 30 min 5AF IR AW 2 25 mLaF RIUE M
A B AN 85 A I v 28, T 160 °CF i fk 3 d, SR )5 LU
3 °C-h [ B TR HE R A 2 = IR YOk Ak,
RN 1% (T A ) . TR IR (%) IR H
C 11.06,N 32.28; 5 {5 : C 11.03,N 32.29, T4}
S B ) 3 25 B (KBr, p/em™) 8: 3148, 2932, 2451,
1627, 1579, 1465, 1428, 1389, 1291, 1243, 1218,
1192,1132,1103,1069,1032,1007,969,941,829,
787.,736,711,549,486,

2.3 BEEHSH

i Bl Wb B 3 A 38 RUSE AR 3 B 0 £ kA
Y1 AA 1 1 2, % FH Bruker Smart-APEX 1| CCD X £k
PR AT BN, DA A R B0 38 B (5 4K Y MoK, S 4R (A=
0.071073 nm) NG TE ,7E 296(2) KIRFE T, i it o-¢
4 7 AT I 0, A R R AT L &
9 W WSS GE o b R 5 R 38 R 4% R SHELXS-97 fi
B A% 2020, Ol ok 4 R R R /D R RS B
SHELXL-97 R 7> 5 il . fL-& 90 1 F1 2 BT 40 fh 145
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i e SR 1 B B R AR B UL AR 2. SR CIF
S BB AT E B R S5 F B EE e [CCDC No.
1478867(1)F11475304(2) ],

R1 LS A28 SRR R

Table 1 Crystallorgraphic data for compounds
compound 1-[Ag,(2-ntz),], 2-[Ag,(BTOF)],
empirical formula Ag,C,N,,O, C,Ag,N,,0,
formula weight 531.88 435.88
crystal system orthorhombic monoclinic
space group Pbca P2,/c
a/A 10.7719(1) 8.9537(1)
b/A 11.1490(1) 9.719(2)
c/A 20.976(4) 10.764(2)
a/(°) 90 90
B/ 90 94.593(4)
y /() 90 90
v/A 2519.2(7) 933.7(3)

z 8 4
p/g-cm™ 2.805 3.101
T/K 296(2) 296(2)
w/mm™ 3.183 4.210
F(000) 2016.0 816
reflections collected/unique ~ 13928/3078 4929/1857
R, 0.0335 0.0406
data/restraints/parameters 3078/6/217 1857/6/163
final R indexes [I>=20 (1) ] R,=0.0297 R,=0.0752

WR,=0.0631 WR,=0.1937
final R indexes [all data] R,=0.0458 R,=0.0916
wR,=0.0684 wR,=0.2062

GOF on F? 1.018 1.085
Largest diff. peak 1.14/-0.85 2.85/-1.13

hole / e-A™3

Note: R=XIIF I-IF /S IF 1. wR,=[ X w(F 2-F2)2/ X w[(F?)?]".
GOF is goodness of fit.

3 #HRSWiE

3.1 HEHaREiR

SER AT R AL AW 18 IE S W &, Pbea 7S 1]
BE B — AN X FR R IC LB AS AgTES R A
J T 1 2-ntz  BC A HE A S5 AL rh AS L AT SR S 1
R or1 %N 2.805 g-cm™, WK 1afiin, H—14
A TS =4 2-ntz B AR B =4S N T RD
£, %F 7Y Ag—N B [2.223(3)~2.415(3) A] A
N—Ag—N & f [111.61 (1)°~133.23 (1)°] # 7 X
R TE B E L N (LR 1) o B 2-ntz TR

N XK 2018 % %264 % 114 (937-944)
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Table 2 The selected bond length and angle of compounds 1 and 2

compound 1

N(2)—Ag(1)#1 2.249(3) Ag(1)—N(1) 2.415(3) Ag(2)—N(5)#4 2.290(3)
Ag(1)—N(4)#2 2.223(3)  Ag(2)—N(3) 2.270(3) Ag(2)—N(8) 2.311(3)
N(3)—Ag(2)—N(8) 113.93(1) N(4)#2—Ag(1)—N(2)#3 133.23(1) N(2)#3—Ag(1)—N(1) 111.61(1)
N(5)#4—Ag(2)—N(8) 116.35(1) N(4)#2—Ag(1)—N(1) 114.88(1) N(3)—Ag(2)—N(5)#4 128.53(1)
compound 2

Ag(1)—N(1) 2.217(9) Ag(2)—NI(7)#7 2.222(1) Ag(2)—N(5)#7 2.377(1)
Ag(1)—N(10)#6 2.234(1) Ag(1)—N(6)#5 2.482(1) Ag(2)—N(2) 2.184(9)
N(1)—Ag(1)—N(1)#6 154.8(4) N(2)—Ag(2)—N(5)#7 115.3(3) N(10)#6—Ag(1)—N(6)#5 93.5(4)
N(1)—Ag(1)—N(6)#5 110.1(3)  N(7)#7—Ag(2)—N(5)#7 89.3(4) N(2)—Ag(2)—N(7)#7 155.3(4)

Note: #1: -1/2+x, 1+y,1/2-z. #2 :3/2-x,1-y,-1/2+z. #3 :1/2+x, 1+y,1/2-z. #4:1/2+x,3/2-y, 1-z. #5: X,-y+1/2,z+1/2. #6: x,y-1,z. #7: x,-y+1/2,z-1/2.

B-1,2, 4 B30I =4 Ag 8 7 (8 1), filf B ik [4] R
Z 5, R Ag(1)--Ag(2) B E 4 3.945(1) A,
FAAR I AgrHi 0 28 2-ntz Bie AR T AR B2, 78 45 i) By =
Y J7 1) JG £k SiE i B S A 3D HE SR 45 H (LR 2) .
HE S P = I B ) A7 76 550 58 B4 - S BLVE [0 i) B
BN 3.8002(1) AT A T 4 T RE I PR A2 TR IR I
{935

B Aeaw 1 Ag YL BR IR 2-ntz (Y LA PR A5G
Fig.1 The coordination environments of Ag" and 2-ntz” in

compound 1

- '. 5.,)'.‘
L S S'f;;m ST
[ ] L ] [ 4 A ]
PP i
Y f_;.,o- ; -, ._;
_- ' .\
e{; P2 f v TS

«:.x., L
i

[ 2 4&%%15@32’&1‘@%‘%@*@
Fig.2 The 3D framework of compound 1
&Y 2w R A, P2,/ c =S (AR, 454> A8 X B
Elijn'#'@a* ™58 4T 1 BTOF  BLARFIPI > Ag”
F LA ATHER ST WE 3R, Ag(1) 5 =
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A~ BTOF* it f& F A9 = A~ N JE 7B 47, Ag (2) F1 B A4~
BTOF L i I iy =4~ N Ji 7 UE 47 = BeA , 08 1 i
=TT X ) Ag—N B K R N—Ag—N #E £ 5
O 4238 (1 Ag—MOFs T AH S S B H23Y . BTOF”
K UM i -5 4 W o7 A =X ) I 5 AN Ag s e A,
TE28 (8] L be -1 JC FR ™ F i 32 08 il — 4 41 IR - il
25K (UL IE 4a) , B T 1 0 D e A R S Wk o 24 Tf & 2
FH 48 15 Wk nE A 5 208 3T A4 1% 10 e B SF- TR (1] A7 A 8
{6 - e BV [0 6] B 35 o 3.298(2) AL, I F
R AT b R JEREE 5 A A0 14— 4k J2 1) 0 — A 3 3 2 ) ofe
RO %% 52 B8 4> T 4544 (p=3.101 g-cm™) (Bl 4b) .

a. Ag(1) b. Ag(2)
B3 EW 2 Ag(1)H Ag(2) i By id 7 53
Fig.3 The coordination environments of Ag(1) and Ag(2)

centers in compound 2

]

(o)

a. fold plane structure  b. supramolecular framework
B4 AbaW 20 e B R OT 45 H S 2 1 B AR A5

Fig.4 The fold plane structureand the supramolecular frame-

=\ W

work of compound 2

Sttt
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3.2 HABTEMESH

RS E MR T RE MR Y E M A As . A
TG-DSCH AR ZEL T A IS FLLI10 C-min™ 2 F+
IR RS 1 A 2 7E 25.0~500.0 °CHE P 1 #4443
fEAT R o A S FRs i AR A1 M 2 08 TE s
E-MOFs, Z & ¥ R4 7 T — 2 43 fif 2 2 5 £ B 2R B 1Y)
AR R AR T RM RN EE. kAW T
301.8 CH MR/ iR, 2 349.4 CE5 0 % FE R4 T #%
R GEFy AP, X T DSC £k |- 302.9~347.2 °CHY
IH &, A fit R R 323.8 °C, AL &) 2 W9 4 R TR
FEFF IR T 242.6 °C, 458 F 335.6 °C, % 1 DSC ik I
— WY R BS R 268.1~311.6 CHY AT,
SR R 286.3 °Co AHEL TR ([2-ntz] ™+ [NH, ]
(T,=170 °C) Ff1 H,BTOF > (T,=228 °C) , L &4 1 f1
2 #i0 % BAL S A BRR E M, T RE R TR AR Y G IR
FAE T MHE ZE 454 B T 0 mom HERRSE B 4> FAE
TS a8 Y1306 Y 2 55 90T & i 3R o0 fifk 0
T, T RE I PR TG 1 b S [ Y AERE AR A5

100
1001 50 Texo

80 "o
323.8°C DSC - 0 E
= 60, E
= 50 =
= 16 z
g 401 --100
3
20 L 150 <

0 T T ; r r -200

0 100 200 300 400 500
temperature / °C
a. compound 1
100
100 50 1exo

80 =)
R 286.3°C r 0 £
= 601 TG =
= F-50 =
T 40- s
= - -100 2__.:;
DSC 2

20 - -150

0 -200

0 100 200 300 400 500
temperature / °C
b. compound 2

E5 fLaw1 M2 TG-DSCHiZk
Fig.5 TG-DSC curves of compounds 1 and 2
3.3 tREBRERRITE
A5 W AR I JEE JR AR RS R R R BE A ORI K
PERERY G 8 . BT IKA C5000 % % 4k 1, 5l 1
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55 3 v W R R (4l 299.999% , T B R BE Al
(=26434£3) J-g )IRA K H KM A W1 210
BEBEI (A U) (3 MPa & 4l /SR AT 17 S IR
W B S48 ), I MR 35 Hess & #1180 H 44 ) B9 b
WE R IR AR Rk (AHL) o SEE AR b &9 1 2
M TE 25 R BE R A U 73 59l B (—5643.85+2.38) J-g ' Fl
(=7493.09%3.36) J-g ", MRIEA (1) ~(2) a] 1544 KR
A TEBRBE P B 298.15 K, 100 kPa i (1) 4 o BE /R Bk B
% A H "(k)-mol™) , 55 k1 (-2980.78+1.27) k]-mol™
M(-3252.46+1.46) kj-mol™, T (3)F(4) %553
S Ab A 1R 2 BRAR R R I R B s I B X,
AH 2 SC R E A 207 R AR A R W R B U EE R A AR
55 AH, (Ag,0, s)==31.00 kJ-mol™,AH,(CO,, g)=
(-393.51%0.13) kJ-mol™", & h X (5) F(6) Al 5K
RS W R 2 1 bR BE R A KR 4 ik
(1375.74%1.27) kJ-mol ' F1(1647.42x1.46) k)-mol™',
A H, =AUXM+ AnRT (1)
An=n,, = n,, (2)
%, MOl W B R R g - mol s, R W)
H AR BB JR B mols n, 2 SO A R AR SRR R
mol; R SR %,8.314 J-mol™-K™'; T4 298.15 K.

1
Ag.CN,,O, + 20, = Ag,0 +4CO, + 5N, (3)

7
Ag.CN,,O, + 70, = Ag,0 +4CO, + 5N, (4)

0 _ 0 0 _ 0
Ame(] s) B Ame(AgZO ,s) + Al-AfIHlm(COZ g) A(Hm(W -s) (5)
[ _ [ 6 _ 6
Ame(z ) B Ame(AgzO .s) + “-Af’_lm(coZ ,g) ACHm(Z .s) (6)
3.4 IRERMEEE

&P A 2 E DT R LA S (7) R (8)™, T
w425 BE RN A G, BT Kamlet-Jacobs 72 (9)~(11),
G M2 B EERSEURR(Q. k-g7) SR H
(D,km-s")FURTE (p, GPa) {43 53153 8 5.55 k)- g
f13.78 kJ-g",8.97 km-s"' f17.69 km-s',44.87 GPa
F134.37 GPa, HAth Z % L K TNT .HMX Fl RDX #) 3C
BRME S T2 3 2 3 0] WL, M b T BB = 4 ST
2-Hntz 1 H,BTOF, fb.& % 1 Fll 2 Y 25 Ji 18 K g3k 25 Pk
AE 0 3o, H 24 0 T 45 KEZ5 HMX ORI TNT, i
F B ) T B B 4 B A AR A R Y A3 [
DA A 3] 2R A AR R I TE VS TR ARRAIE o

Ag,C,N,,O, = 2Ag + 4CO, + 5N, (7)
Ag,C,N,,O, = 2Ag + 3C + CO, + 5N, (8)
D=1.01(NM"Q")" (1 + 1.30p) (9)
4 fe A A 2018 4 % 26 & H 114 (937-944)
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p= 1.55p2NM1/2Q1/2

—[ A.H®_ (detonation pro ducts) - A,H" (explosive)]

Q=

M{(explosive)

A, AH," D J K SR 45 49 B0 o T JEE 7% A R

PNy

kJ-mol™; Q kI k) - g™'s D N HEEE  km - 575 p
Ji, GPa; Ny & v BE B BRI M i 7™ A 1 UM B BE R
s M1 mol BE 4R K5 7 2R Y AU Y F 3 B
IR s p AR R L, g-cm™

R3 G2 KA ERESDR Y ) BAL 2 T T2 R

Table 3 Physicochemical properties of compounds 1, 2, and some energetic materials

compounds p/lg-cm™ T,/ C N/ % Q4 /k)-g! p'®/ GPa D' /km-s' 1S /) FS/N
2-Hntz 1.83 170(salt) 44.03 3.537 30.56 8.26 - -
H,BTOF 1.62 229 63.06 3.491 23.9 7.78 <2 -

1 2.805 301.8 26.34 5.550 44.87 8.97 >40 >360
2 3.101 242.6 32.14 3.779 34.37 7.69 >40 >360
TNTI28) 1.654 244 18.50 3.754 20.50 7.178 15 353
HMXL29! 1.950 280 37.80 5.525 38.39 8.900 7.4 =
RDX[28) 1.806 210 37.80 5.843 33.92 8.600 7.5 120

Note: p is from X-ray diffraction. T, is decomposition temperature. N is nitrogen content; Q is heat of detonation. p is detonation pressure. D is Detonation.IS is im-

pact sensitivity. FS is friction sensitivity.

3.5 HEEREMEZREE

FIH CGY-1 RIBLARIE o7 B AL . MGY-1 42 gy JEE
PR SO A 0 1 0 2 4 0 HEAT T o R (1S) L JEE
BRTE (FS) M e , A5 - W 3, LR REH EY
1R 2 (48 o R RIS 452 U R {E 34 43 0l K T 40 ) il
360 N, KR & AEBIE, R RAFM R, £ 3 AL
F LA T HMX RDX  TNT A fig & B4R, fb &5 90 1
2 LA RN EEmEaR, X FEEHmeRE
T FHE B AR H A FE RE 19 E-MOFs 5 22 25 7 [z HE 22
FEN - BT, SR BEERME 2t
RE A& W1 A2 B AR S O R 08 2 s e Bl Rk g
L

5

4 Z5ie

(DS54 Fr 08,1 M2 AR B 7 3 DL = il {7 )7
3% £ fiE i BT 2-Hntz F1 H,BTOF fij & i JC 1 71 Y
ol 9 JE HE B 45 4 (p,=2.805 g-cm™,p,=3.101 g-cm™),
[Fi] B AE 4 Py 5 75 B () A7 7E 205 1Y) - HERRAE o

(2)TG-DSCMlL £ W, T F k&9 1 /2y
ROk A — 0 s o i, AR R i BB Pk, 3L i i
T E 4359 K 323.8 °CHI1 286.3 °C,,

()& e 2 MERe s B R W], A6 5 9 1 0 2 X 48
o IR 82 N BURK R B R BB A R o LR R AN
18 A 5y 518 5.55 kJ-g A13.78 kJ-g™',8.97 km 5™
f17.69 km-s',44.87 GPa fil 34.37 GPa, . T HMX
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FTNT,

T o TRC AN A 27 SR W RE B B T HEA T A RUR B2 R
# E-MOFs J& & J& 3 B i % B2 3 RE MR A 2R 72
| B, BE A7 A6 24T T E-MOFs 20 %5 J6 BR A9 1T g K A
B8 T, B ARAR L 5 1 BB 1Y E-MOFs AU T 42
J& S M e RE AR AN 2, T 5 A i TS o7 B = HE 2R Y
Ak g s [ HE AR O SRR A R AR I R 3 A OG . ik
Hh L4 BB T Y 51 A B MOFs #1 R £ 4L 28 6 B Ak A
—ERE FIFAF T MR R &, KRR
BB TN S E-MOFs, 80N & 4 8 5 T 1 k&
M- HUHESR (E-COFs) L K i1 = e A ML/ANAT - o 3
fLIA /25 1 E-MOFs & B MR 58 B i i . &
Z  E-MOFs 55 4b TR R B Be , N2 = 1 it 5
A B R T 52 B L E-MOFs B B A7 AR K 19 B%
2k
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Preparation, Detonation and Safety Performance of the Solvent-Free Energetic Ag( I )-MOFs

QU Xiao-ni'*, ZHAI Lian-jie’, XIA Zheng-qgiang'’*, WANG Bo-zhou’, YANG Qi'*, XIE Gang '*, CHEN San-ping'”’,
GAO Sheng-li'?

(1. College of Chemistry and Materials Science , Northwest University, Xi'an 710127, China; 2. Key Laboratory of Synthetic and Natural Functional Molecule
Chemistry of Ministry of Education, Xi'an 710127, China; 3. Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Based on energetic ligands 3, 5-dinitro-1-H-1,2, 4-triazole and 3,4-bis(1H-5-tetrazolyl)furoxan, two solvent-free ener-
getic Ag( I )-MOFs, [Ag,(2-ntz),] (1) and [Ag,(BTOF) ],(2) have been prepared under hydrothermal conditions. Single-crys-
tal X-ray analysis reveals that the Ag”centersin both Ag( T )-MOFs are three-coordinated. Compound 1 features a 3D framework
(p,=2.805 g-cm™) constructed by 2-ntz” ligands bridging metal ions with a u,-1,2,4 mode. Compound 2 presents a 2D folded
layer structure (p,=3.101 g-cm™) formed by BTOF*™ ligands linking metal ions with aquinquedentatechelating-bridging coordina-
tionmode. TG-DSC curves demonstrate that both compounds 1 and 2 keep stable until 240 °C, exhibiting high thermal stability.
The heats of combustion of 1 and 2 are determined by oxygen-bomb calorimeter, and the corresponding standard molar enthal-
pies of formationare determined to be (1375.74+1.27) kJ-mol™ and (1647.42+1.46) kJ-mol™, respectively. The detonation and
safety performance analyses show that the heat of detonation, detonation velocityand detonationpressureof compounds1 and 2
are, respectively calculated as 5.55 kJ-g™" and 3.78 kJ-g™', 8.97 km-s™" and 7.69 km-s™', as well as 44.87 GPa and 34.37 GPa.
Both compounds 1 and 2 are insensitive to impact and friction, and are good high energy yet low sensitivity materials.

Key words: energetic metal-organic frameworks (E-MOFs) ; 3, 5-dinitro-1-H-1, 2, 4-triazole; 3, 4-bis (1H-5-tetrazolyl) furoxan
(H,BTOF)
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