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Scheme 1 Typical ligands used in energetic MOFs pyrotech-
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triazol-5-yl)) diacetic acid (H,DTDA)"*
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Fig.1 the infrared spectrum of [Sr,(DTDA)(H,0),],(1)
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a. coordination environment of Sr(1l) ion in compound 1
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Fig.2 Single crystal structure of [Sr,(DTDA)(H,0),], (1)
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Table 1 Crystal data and structure parameters for
[Sr,(DTDA)(H,0),.]1,(1)

compound 1

empirical formula SrC,HgN,O;

formula mass 561.31

crystal system triclinic

space group P-1

a/A 7.0090(6)

b/A 8.3035(6)

c/ A 9.4622(5)

a/ (°) 65.033(6)

B/ () 86.727(5)

v/ () 70.546(7)

F(000) 276

w/ mm™! 5.760

V/AS 468.48(6)

z 2

D./g-cm™ 1.983

R,(all data) 0.0550

wR,(all data) 0.0612
experimental
simulated

intensity / a.u.

—}_JLA.A_A_IAJJW{\AMMIM‘
10 20 30 40
20

B3 [Sr,(DTDA)(H,0),], (1) PXRD ik
Fig.3 The PXRD curves of [Sr,(DTDA)(H,0),],(1)
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Fig.4 TG-DSC curves of [Sr,(DTDA)(H,0),],(1) at a heat-

1

ing rate of 10 K-min~
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R B K T 40 ), BRI KT 360 N, H]
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Fz2 [Sr,(DTDA)(H,0), ], (1)1 o B i EE 45 ek
Table 2 The impact sensitivity and friction sensitivity of
[Sr,(DTDA)(H,0) ], (1)

impact sensitivity  friction sensitivity
compound p/g-cm™?

/) /N
1 1.983 80 > 360
TATBLS! 1.938 > 40 > 360

33 EHBEALR

J T RFEALE Y TEW JGR R R R R
2 3 1 2 A s S 56 1 O ORI R N MOF s g 1 4
KN HGE, 2 IR EOT- A, 18 BE -0 1 6 AR kR
YR 225, %0 TALa W 1 RER I (10% 1 30%)
B0 KRN C T, IF 00 28 7 R 8 I % T i B [ 19 722 £k it
gL,ME S~ mE S, AN E Y1,
TR FOG AR KR A R AR DAk ) T U (E, B B[R] Y
AR A AR A AR A W 1 BRI R 10% B 0 R Y
P35 R B FE JS T 0.03 ms, [F) I 4 15 04 1 14 hn 1
0.7 MPa; i fb A 91 1 78 I i 35 2] 30% B, K 5] 1 A
JE 35 3] (B F) I [ 4 /5 45 22, MR PR e BRI . it IA]
JEAL A Y1 R BE T R IE AN TR PR R JE A& IR S AT,
Bl ot A BN, UG TR BR B B L PRIt SR K
FIEC 7 v s A& 9 1A 3 R 3+ T 10% 1Y

I

——without compound 1
——with 10% compound 1
——with 30% compound 1

0.05 0.10 0.15 0.20 0.25 0.30 0.35
time / ms
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o o —_ N w E= o (o)) ~

o
S

B 5 % T[S, (DTDA) (H,0) ], (1) 4 J #) I J5 i 18
T - (1] it £k

Fig.5 Detonation Pressure-Time curves of pyrotechnics for-
mulation composed of [ Sr,(DTDA)(H,0),],(1)
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Table 3 Blank control group pyrotechnic agent formula |

and experimental group formula I %
formulation 1 AI(10 mesh)  nitrocellulose epoxy binder
1 - 20 76 4
1 10 18 68.4 3.6

HRAE LB FR A G 90 1, ALK RS A 2T 48, 23 51
100,180 mg il 684 mg; il 15 BF &K /N BF I T 5
B 36 mg ERSEURG A 70) (B I IR ) % % 72 10 mL T4 i
TR E SR A RS R T . BAHREE A E K
(S RE [P/ R 45 I 17 a1 g 4
ks LRIk amE . Sk, (100£3) mg Y
FEME T HAR T em (IR o o K e B Al
F4 g JEE (o P TEDRS W T B8 0 KRR AR R o (AR AL
iC R K B B

Be 75 T AR vT LA™ AR W52 59 DG, I ea FA
6b Tz o SEH NGB TT I AL & 8 1 B0 =

a. initial burning flame of b.

mid-burning flame of

formulation 1 formulation 1

c. initial burning flame of d.

mid-burning flame of

formulation I formulation I

Be6 ST 1 S5 r I HRBR A6 (I A

Fig.6  Burning flame pictures of formulation T and Il
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AW E RN 10%.

(5) BT T F 4Tl 19 23 1 0 BE S 56 41 A ok 5] i
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Preparation and Properties of Red Pyrotechnic Colorant MOF [Sr,(DTDA) (H,0),],

ZHOU Jin-yang', HE Liu*, WANG Ting-wei'*’, ZHU Shun-guan’, ZHANG Qi'

(1. Institute of Chemical Materials, China Academy of Engineering Physics , Mianyang 621999, China; 2. Southwest University of Science and Technology
Mianyang 621010, China: 3. School of Chemical Engineering ; Nanjing University of Science and Technology , Nanjing 210094 , China)

Abstract: A novel red pyrotechnics colorant MOF [Sr,(DTDA)(H,0),], (1) was synthesized from one high-nitrogen content li-
gand with carboxylic acid, 2,2'-(3,3"-azo-bis(1H-1, 2, 4-triazol-5-yl) ) diacetic acid (H,DTDA) and strontium hydroxide octa-
hydrate under hydrothermal condition. The structure of compound 1 was characterized by Fourier transform infrared (FT-IR),
single crystal X-ray diffraction (XRD), powder X-ray diffraction (PXRD) and elemental analysis. Its thermal decomposition tem-
peratures were measured by thermogravimetry (TG) and differential scanning calorimetry (DSC), and the sensitivities were test-
ed by BAM standard methods. A pyrotechnic formulation was designed, and the feasibility of applying compound 1 to a red py-
rotechnic colorant was analyzed. It is showed that the structure of compound 1 is two-dimensional (2D) structure and there are
hydrogen bonds between layers. Compound 1 can also be obtained by a large-scale hydrothermal experiment. The low impact
sensitivity (IS =80 )) and friction sensitivity (FS > 360 N) indicate that compound 1 is an insensitive energetic material and can
be used as a red colorant in pyrotechnic formulation.

Key words: pyrotechnic;metal organic frameworks;nitrogen-rich carboxylic compound;strontium ion
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