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2.1 KA 5L

ANPYO S S2 B 5 & i, o # 40  ACIR /N 0k
RN 1.888 g - cm I il 4y R 5 K T 340 °C,
N, N-ZHJ& B i Jiie (DMF ) (CrCl, - 3H,0, Jo /K & i
Zn(CH,COO0), - 2H,O, % ik A Al sl s Hr 47 i o
RDX HMX 1 AP, 1 5t AR i Tolk M 24 m R A FRA H] o

DSC823e # /8 H # & Y ( H# + METTLER-
TOLED 2w, il #HE & 29 1.0 mg, JHil # K N
20 K« min ™" 7R B X 6] 50 ~500 °C, N, #ifth
30 mL - min~"; #TE ST (Fi 4 METTLER TOLEDO
TGA/SDTA851e #AHrAL) ,ikFER 29K 1.0 mg, FH ik
M 20 K - min ™ 5 i X ] 50 ~ 800 °C, N,
WSy 30 mL - minT'; MAGNA-760 % {# H 45 #
ZLAM IS 3 AT ( KBr [ ) (36 N ICOLET 24 +]) ;
18 [E Vario EL M CHNOS JTZE 753 #11¥ .
2.2 ZLigntie
2.2.1 Cr(Il) BEYWHIERH

B2 0.215 g(1.0 mmol) =5 LR T4 & 1) ANPyO
JILA 25 mL DMF  fig b, TR 2 90 °C 15 31% i
A0 ; B 0.09 g(0.33 mmol)CrCl, - 3H,0 %
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F 20 mL oK & B, R 5 2 Wi A ANPYO 1y
DMF #H, Beht, I, 1 h J5 i W A8 hy B8 0 8 T 7
Wo VRHFeRe BBt b 1k, — FA 5 B AR IS A7 4
o AR T 28 IRK B 8 =k 61,7581 0.102 ¢
iy 0, IR A SRRy 44.16%
2.2.2 ZIn( 1) BEWHER

#0.215 g (1.0 mmol ) =% L FRE 45 4 1) ANPYO
[ K3 AR 43 HEAE 30 mL DMF o 2 P2 1A 52 O 5 1) o
@, BHE T, ¥ 011 g (0.5 mmol) [ {k & R %
Zn(CH,COO0), - 2H,0 Jm A H v, F1iiL & 80 °C, [nl i
1.5 h 152 B @B EE R KrHmA 100 mL koK,
BHREAFOH RN G, 18, 28K vk =0, Mt
T,15%) 0.252 g L e Ak KA W Ny 78.87%
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Fig.1 FT-IR spectra of ANPyO and its complexes
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Table 1 Elemental analysis of ANPyO and its complexes %
C H N
sample
cal. exp. cal.  exp. cal. exp.
ANPYyO 28.13 28.22 2.43 2.37 31.78 32.16

Cr(Il) complex  25.35 25.83 1.91
Zn(ll) complex  30.37 30.22  3.62

1.86 29.73 30.01
3.58 25.52  26.09

HY &L TR, A 0 A 21 AR ST A X ANPYO
W e D n R ORI W AR R kAR T R A, b
(—NH,) Y E TR 2 L R IR0 B 2%, B
J 5 ANPYO v ik 1) BUa8 W | A48 Ky e & 4 v 1 B
M=, XUl ], AR &S 5 TR, A
WS A N R B R AN kA T E
B TE R TR A

R AL BRI G P oC R o i A S
SEMME M)A o B SCHER LS ] A BRL o b PR 285 4 ] 1 A R AL
WL, ANPYO DLy B AR O J5i 5 FI 4R AL 1Y
—MEENFEF 5 & B PR, Xh S 5N E
FRET —A H T, A BB A 0 % S 3
o Mg E B )y =, Cr (D) A1 Zn (1D KR#R S S
B, FH TR BT f TG SE3e 25 3L, HE W s 1e & 4 19 43
T O (D) B &5+ Cr(CoN;OH, ) 55
Zn(ID AW 518 Zn(C;N; O H, ), (DMF), .
3.2 RHBAW

ANPYyO K Cr (M) A1 Zn ( 11 ) ¥ Fh fid & 9 #£
20 K - min "2 ¥ FFE & 4 F i DSC fil TG-DTG i
LA 2 FioR

2a K], A ANPYO A —A> G218 1y W Ao 7
F— AN B0 B A A i 2o B, WA R 4R F 200 °C
K F 345°C 14 H N 338.32 °C, 2 ANPyO [ 44 filt 1%
PR 5 AR I IR 356. 46 °C, 4T 500 C, £
H TG-DTG £k (& 2d) WAL &R R — 280 i T &
PRI, 4 7200 °C, 4 T 360 °C, i KK & # A
PRAE 338.14 °C, I J5 Jouk it 4% o

B 2b KB, Cr( Il ) BL & P #E 50 ~500 C E Ay
— AN, I T 200 °C, £ F 400 °C, iR
326.93 °C, 1 H TG-DTG fi4k (& 2e) w41, Cr( 1)
BC A 1 1) B i 2R T 3k R 3 S A B B, B — T B
I ZLA BB B, TR IR T 150 “CAE4 , 45K T 390 °C, i
HIRIE57.69% , e KR F AR AELE 321.02 °C, #E
I3k — By B BC A W0 2R W 2 AR ANPYO 2 453
fi# CEBUHT R R SR B B — g R EH N
Bt Hy 390 CCH-4G , 455 F750 °C, R EHH K 31.52% ,
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Fig.2 DSC and TG-DTG curves of ANPyO and its complexes at 20 K + min ™'
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Fig.3 DSC curves of RDX and RDX/complexes with mass ratio of 3 : 1
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M & 3 R DL, 26 RDX A0 fif E 846 1 Ik
PO FEFN T ARG R o MR BRI A A2 AR 195 ~215 °C,
W36l 204.66 °C  JEALIRAKE H 143.73 ) - g7'; BEA
T EE ) T e, B — A TR B A i 0 R A A
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Pl 1362.67 ) - g7, RDX 5 AWIRA G, Lk
R TR TR A U 1Y) D T A U S A B 8 A, P Cr (D
BG4 5 RDX R A W) W $A 0 04 THUR 3 (200. 46 °C) L
afi RDX (%) W B e 42 Jip 4. 20 °C, Jif 44 U 0 Tol it 32
(246.48 °C) 4l iy RDX Bt g 1T 1. 32 °C, 4 it
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AN 1362.67 ) - g ' WFE1771.81 ) - g~ ', HILA]
W, FFP LG 6k RDX [ i i 4 fife 06 ek 5% il 258/, A
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Synthesis and Catalytic Properties of ANPyO Cr(1I) and Zn( Il ) Energetic Complexes

LIV Jin<jian' , LIU Zu-liang' , CHENG Jian' , FANG Dong’
(1. School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Yancheng Teachers College, Yancheng
224002, China)

Abstract. Two transition metal complexes as 2, 6-diamino-3, 5-dinitropyridine-1-oxides (ANPyO) with Cr( Il ) and Zn( I ) were
synthesized and characterized by FT-IR spectroscopy and elemental analysis. The effects of Cr( Il ) and Zn( Il ) complexes on the
thermal decomposition of RDX , HMX and AP was studied by DSC and TG-DTG. Results show that thermal decomposition of the
Cr(II') complex only consists of one violent exothermic process with 10.79% residues and the Zn( Il ) complex consists of two
consecutive exothermic processes with 12.68% residues. Two complexes have little catalytic effect on the thermal decomposition
of RDX and HMX. However, two complexes make the peak temperature of the higher thermal decomposition of AP decrease by
42.40 °C and 122.32 °C, and the exothermic quantity of decomposition reaction increase by 849.5 J - g~' and 971.35 J - g~',
respectively.

Key words: inorganic chemistry; pyridine N-oxide; energetic complex; thermal analysis; catalytic property

CLC number: T)55; O61 Document code: A DOI: 10.3969/j.issn.1006-9941.2013.06.004

;4%\5&&&&!&&&!&3{5

RRE - MEE - mE K

[a) B A5 A B

2013 4 FE A JTUT 1 2O R AL R AT B AR BT, AR FIAG UBURI H RR & 47, 0 Bk, 4 48 50 6% 140 £E 2012 4E 12 A
6 H ~2013 4F 11 J 12 H Jy A< P67 Be A 440 (025 00 3 Fi N (LA DUE DE & 0 %) 8O
Za M s B4R EFHA FAUE K % K O Mmz HRaA HRAE FEL A 2 ALY
BEE B2PF AR B4k BF O TEER OBMLH BRRHE IR H OF OMEAR WEkHA HFRE
w3k W W REH HEF TEKR oz Fa4 #o ma E¥E F3% FkEk Fa0
Y FHAE FEMHE NIKX N2HF FFE EFAN B W F £ FiEE LPx ETH KRR
B RExR O REF R%ER BAL ARIH ARHW wmE kX RHEE R OH W & &%
wEA ERE B % IR I HEE I OB E OFE ExL I IHE IF4 EIEE EXE
IEARE MAHE RFE AEFF BAFE BELS X HA E2XE OERHE ARF HER R B Fio#
HRRE K OEFE & oM A B OB BES Y HIK AT FRE YR Kk#m kaE
korok  kARAH R & R O& KRR KRALE RER K B RAH KkmE KREFE KRIR KES
RRAM RA® REH XA A #H AR AET £ M RAWE RIZ%

[a) 1 & it

UAE I RERT R AR B 177 RAR R AR ) 308, 9 I FRATIR A R, 1] 2012 ~ 2013 PIARSR K R Wi LA 38 3¢
BIFEE (3 —1E&) ik 2014 SE 2 CEREMRL) o A P BTEH ) — S REMR ST BT RMEFE E L M0 1 WD WA !

A TR 2 A7 RN K F &G 1% 5T 4% WA ¥ R AR ZEDY= H LR
LAY WG L =T h pUES 3 x| 3 4 X A AR x| By B Vo g
|| Jo ity % % o ER D F & i % e ) A Al HoooR
R W MR Wk A 4B 5, 3 Ak S 3K A A, JA AEEF

(R RERRL) 2hi 45
ZO—=%1+=A

Chinese Journal of Energetic Materials, Vol.21, No.6, 2013 (711 =716) A fE AT At WWwWw. energetic-materials. org. cn



