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1.1 XA S

K« FH B F 32 e 4 s Amberlite IR-120(H) : 43
Brali, b 2424 IR Al 3R : 36%~38% , P B
Bl 2 B0y A BR S w5 &K 25%~28% , T5 B Bl 2 Iy
A RS T 5 B R R A LR (IML) (S AR o B4l |
BT R T AR A B EE R A PR A A A R R
(ADN) 4-% 51,2, 4-=k-5-fi] (ATO) - [ il ; I 2&
o AR B Tk g, K& A TABR A A
FLQTT, BN Sk i 4 R i A PR A w5 T e . 1 Y, 22
HI AL TR 98 BT BE s 3 98 500 Tk — %%, Kool pf O
FO R B A R B BRIV 2 SR e T
i 2, AT R AR 2 H AR B ST

%% : Bruker A 5 EQUINOX 55 % {df B i 75 J 21
S SEREAY , Elementar 23 & Vario EL T %Y 50 & 70 B4,
Varian & @ VISTA-MPX 28 & 1 5 7 & S 6% , TA
7y | SDT Q600 2 # -4 & Bk ) {X , Rigaku 2 ]
AFC-10/Saturn 724*CCD #4 | iy X-JF 26 717 4L, -1
JE2F AL XRAA U s 2 4
1.2 BRE%

¥ ADNIEfgAE K T B 7 e R IR e =R T
il &3 2 HDN . HDN 5 5 =X ik 52 4 s iz A5 3] — il 1
i 5 (Cu(DN),) , F i A 3 Ff & & e M4 (NH, L IMI,
ATO) HEAT B A, LB il #5173 Fh LA 25 7 Sk il A
DLV BRI S PR SEREEEREAY
[Cu(NH,),(DN),](CNDN) [ Cu(IMI),(DN),](CIDN) ,
[ Cu(ATO),J(DN),(CADN) , BR 5 i #%4% I Scheme 1.

e 1GuNHy)4(DN), ] (CNDN)

LML [Cu(iMI,(DN),] (CIDN)
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RA20(H) L 5 [Cu(ATO),](DN), (CADN)

CUQ(OH )2CO3

Scheme 1 Syntheses of dinitramide metal complexes
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1.3 HIERE
1.3.1 ZHEBEEN &

ADN R HISCHR[16] 771 %, X 3.00 g(24.2 mmol)
ADN H] 25 mL % 8 F oK 5 i o BC & T & 50 20 5%
18 6 TR 7K W VR, FH i TR /K I VN 25 B K 38 B b vk
BTG 3T K ADN K I W N B B TR
e R R Dl S TR R B4 L IO G S SR DN
F|%4 0.55 g(2.5 mmol)Cu,(OH),CO B, i /1
Pt S [ AR AR A, £330 20 20 mL Cu(DN), K i
(5.0 mmol).

132 &EESYHNH &

Be 459 CNDN B A5 A0 B8 k- % R, 1) 20 mL
Cu(DN), /K EER 43I A 1.36 g(20.0 mmol) ¥ %
KN oE B BV RS A f R BT . BEJIBEFE T h
Jo L UE L, A S EE VRV A S T 48 h R R
85.0% . & HCA IE KT A Ak I 5 A 454 . Anal.
calcd for CuH,N,;O4:H 3.5,N 40.8,Cu 18.5;found
H 3.1,N 40.5,Cu 18.5,

BL &%) CIDN & 1AL SR IRIBE A ) CNDN AR
M A B8 1.36 g(20.0 mmol) B IMI, Il %
86.6%. Anal. calcd for CuC,,H,,N,,0,:C 26.5,H 2.2,
N 36.1, Cu 11.7; found C 25.9, H 1.9, N 36.0,
Cull.4,

i & 4 CADN [ & A0 B TR il A %) CNDN g il
KRB AN 2.00 g(20.0 mmol) i ATO, ATO %
FSCHR (17 ] 97 2 il 2, W% 4 90.3%. Anal. calcd
for CuCyH,N,,0,,: C 14.2, H 2.4, N 45.6, Cu 9.4;
found C 14.1,H 2.0,N 44.8,Cu 9.3,

1.4 WX &G

2 PR B A (TG-DSC) : 25 1 mg, A
AL, TE 30 mL-min™, THEE 10 K-min™',

o s - 25 5 1 mg, THEGE R 0.5 Kemin™ iR
5% 20,

T R o R IR : $ Q) 20019.7-2018 B
PAT, K 255 20 mg, V& 4EH 10 kg.

12 3 R B AR - 4% Q) 20019.6-2018 b
PAT, MK 25 5 20 mg, #41 66°, % JE 2.5 MPa.

L IR IR EE L - 4% Q) 20019.5-2018 A 1>
AT, MK 2 & 20 mg, HL4¥ 10000 pF, £ # 0.5 mm,

W J% Ak 52 5 - #i2 GJB 770B—2005 (1) 404.1 T 1 4%
S A7 AT, IR 25 B 5.000 g, R 30 °C, 1 E
75% , B 24 hid e Y By it S A 168 he

WV BC 7 1 25 41 43 o3 i 0 B Ny < e S R g (T
At
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IVEYH)66%, 58 (AD18%, T K (HTPB) 9%, 4%
HARALT IR 5 7% B T, R 4% CIDN
WA 4% 1 T 26 o e iR o, oAl 7 ¥ S ey 1 AR ]

ARSI HESE R 258 10.0 g, &R EL A WA
T B2 4% , R AR IR 70 °C, L5 A 72 he

HE 79 B8 740042 - #2 GJB 770B—2005 (1) 706.2 7K
A &SR IR 20 °C, R — R R iE AT
A YRR I I 21

2 GRS’

2.1 LIS RIE SR
S I T U T e AR 4 JE S Ay T A5 AL X 3
FIEC & W) HEAT 2L AN 65 43 B, n B 1 s B[R]
5 T ADN IS 2T AP

LT Ha] LUE 4 Fh A G P 2 5 A B 50 6
Tk e KR AP AR 0 o 5% L 21 A0 35 P v A I e AR AR 0 7Y
A, W] AR R BE AR AR S T i g A . B
— N, AN X FR Ao 45 B 2l 0 S 5], ADN Y — N A 0 B
i PR B IETE 1035 cm™, CADN [ —N, A X #5445 P
BN B 5 HIEARMIFE (1032 cm™) , BB CADN
TR BEREAR 4 A 7 5 ADN A TE , LA T X AF
TE. CNDN . CIDN 1% ZfiFf P i #2119 — N, AN 0 Bk A 4 4l
S L ADN A R 208, BB 2518 15 cm™
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IR spectra of ADN and dinitramide metal complexes
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2.2 BRGNS

Shy Y I 2 3 A T B AR 4 S TC A 1 A A
¥y, XA CNDN L CIDN . CADN #4171 X HF k2
i AT S S IS B L R R B R 2,
T4 5 R an s 2.

B & 2a 7] LA, CNDN B A7 23 1] s 42 8
BT AN BCIRE Y T 5 2 W IR e MR AL,
T 5 420 TR NJEFNCT) NCDH#1T N(2) |
NC2)#1) 124> Z A BERE AR A 5L 1A O I+ (O(3) |
O3)#1) H 4% K T X FR A/ TH AR S5 K, H X B A7
() J 7 5 bt A B T A B A 8 R 180°(N(1) —

R B AR G R AW Y RO E RO

Table 1 Crystallographic parameters of dinitramide metal complexes

parameters CNDN CIDN CADN
empirical formula CuH,,N,,O, CuC,,H,,N,,O, CuC;H(N,,0,,
formula weight 343.74 543.90 675.97
T/K 296(2) 296(2) 296(2)
crystal system triclinic monoclinic monoclinic
a/A 6.587(9) 35.390(7) 9.022(5)
b/A 7.423(9) 7.944(3) 15.418(9)
c/A 7.467(9) 16.732(6) 9.101(5)
a/(°) 97.597(4) 90.000(1) 90.000(1)
B/ (°) 110.912(4) 104.412(10) 108.959(2)
y/(°) 114.252(4) 90.000(1) 90.000(1)
volume / A’ 293.8(7) 4555.4(3) 1197.5(2)
density (calculated) / g-cm™ 1.942 1.586 1.875

V4 1 8 2

F(000) 175 2200 686

space group P-1 C2/c P2./c

Index ranges
Final R indices [1>2sigma(1)]
R indices (all data)

-8=h=8, -9=5k=9,-9=s[=9
R,=0.0212, wR,=0.0585
R,=0.0213, wR,=0.0586

-45=h=40, -10=ks10, -21=I=20
R,=0.0519, wR,=0.1318
R,=0.0889, wR,=0.1499

-11=h=10, —-16=k=20, -11=I211
R,=0.0375, wR,=0.0948
R,=0.0501, wR,=0.1012
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Table 2 Selected bond lengths of dinitramide metal complexes

CNDN CIDN CADN

bond length / A bond length / A bond length / A
Cu(1)—N(1) 2.016(10) Cu(1)—N(1) 1.993(3) Cu(1)—N(1) 1.980(7)
Cu(1)—N(D#1" 2.016(10) Cu(1)—N(3) 1.995(3) Cu(1)—N(1)#1? 1.980(7)
Cu(1)—N(2) 2.010(9) Cu(1)—N(5) 1.984(2) Cu(1)—0(2) 2.043(5)
Cu(1)—N(2)#1" 2.010(9) Cu(1)—N(7) 1.989(3) Cu(1)—0(2)#1% 2.043(5)
Cu(1)—0(3) 2.592(5) Cu(1)—0(1) 2.652(8) Cu(1)—N(8) 2.392(2)
Cu(1)—0(3)#1" 2.592(5) Cu(1)—0(5) 2.750(4) Cu(1)—N(8)#1% 2.392(2)
O(3)—N(5) 1.226(5) O(1)—N(10) 1.205(5) O(3)—N(10) 1.259(5)
O(4)—N(5) 1.222(7) 0(2)—N(10) 1.224(3) O(4)—N(10) 1.226(3)
O(1)—N(4) 1.246(10) O(3)—N(11) 1.223(7) O(5)—N(11) 1.222(10)
O(2)—N(4) 1.225(5) O(4)—N(11) 1.229(6) O(6)—N(11) 1.235(7)
Note: 1) is-x, -y+1, -z+2.2) is -x+1, -y+1, -z+1.

B2 TAEEOR R A Y R T A S AR

€. molecular structure of CADN

f. packing diagram of CADN

Fig. 2 Molecular structures and packing diagrams of dinitramide metal complexes
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Cul(1)—N(1)#1 . N(2)—Cu(1)—N(2)#1.0(3)—
Cu(1)—O3)#1), 45 & FEEXFR . K 2cH, CIDN [y
B (57 75 8] F o0 4 T B 4 A e AR DR e o 5 24>
R TR AR AL A, S 4 S 4 A BRI Sy F BN
JEF(NCT) UN(3) (N(5) NC7) ) F 2 A i I e A il
HEMOIRTF(O().005))#EH:. MWK 2e 4145
943 Bt , CADN By Bt A3 45 8] iy o0 4 T8 25 -4 .4 > id
K ATO 4r FHI AL, 5 Bk 2 R L& W0 A [A) A9 J2 |, i D
YR AR 2FECA )T X, 2 ATO 0 F 3 ERIN
JEF(NCT) ONCO)#1) 5 8 8 7 X FRECA, 55 4 2 4>
ATO4r FHIFRIE B O IR T (O(2) .O(2)#1) (& &
FRN B (N(8) N(8)#1) 43 51 5 5 8 1 B 47,
20> T T M AR 9 B 7R S5 AL M . CADN Y b i 25 44
5 CNDN Z& L, 25 84 % Bk, X6 47 e 457 19 J5F (N(1)
NCT#1,N(8) N(8)#1,0(2) .O(2)#1) 5 H .4 &
% R B A1 25 R 180°,

SCHER T ADN B A T e A ) N— O BB K 4 91l
J91.236(1),1.227(1),1.252(1),1.223(1) Al? | 5
2 2 v BB X L, BE AL JE B 6 AR 4n CNDN 1
N—O SR 3 ADN AETEA [ 2 2 19 4 42 (1.226(5)
1.222(7),1.246(10),1.225(5) A) , 45 B FaiE ; R
{7 B9 A BEREAR I CADN H N—O i K 5 ADN 2R
A (1.235(7),1.222(10),1.259(5),1.226(3) A),
DL TR 2 A .

2.3 HABEEESH

VT 3 R U I AR 4 R A R
XF B A % CNDN, CIDN, CADN 3 17 T TG-DSC 43
Br, TG-DSC il e UL Il 3. 53 R b 458 #4366 CI-
DN A mi AT 2 , 45 At 72 WL IKT 4

M 3a i al LLFE Y, B4 % CNDN ) 46 43 ik I
J# 9 155.0 °C, 7 173.7 °CRE T A5 22 B i B g | 18
241.3 CHIEA K 53 fift i, B BT 5 418 76.72% . LA
% B W o A (CuO) AT BEIS TH AT, B 2k K
76.83%, 5 LI 45 BN — B MR B Y R E O A
fE 4l (CuO) . I 3b Hh it & %) CIDN £E 143.6 °CH
Pl 183.6 °C B A 42 Bl B9 A 06 | B T B K
64.68% . i i I W BE MR L I E CIDN & A&k
141 °C( 4), a] I 5E CIDN 7E 143.6 °C Y W Hiés g 475
e g o AR5 I 3¢ n] 43 BT L B A ) CADN #1146 4
il U B 168.3 °C, 7 185.4 °C [T A5 2 456 4 e P
SRR 65.76% 0 3 FF U fiE Mk AL AR 4 R B A )
U6 ff IR 2 T T 140 °C, $Fa 7 M T LG AL ] 1A 9
HEFA N FHZE R
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Fig.3 TG-DSC curves of dinitramide metal complexes
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Fig.4 Melting process of CIDN
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2.4 WRMESH

S PEA 3 B A I AR 4 JE A i TR M (LA
B A A AR RIFN 8 4R ), XTEC G % CNDN . CIDN .
CADN Az ADN HEAT 14 s Wi 1R 5256, S8 36 i i 4 A+
Yy 5 AN H AN & 5 TR

before test

after 168 h

after 168 h
c. CIDN d. CADN

B 5 A I M AR e T 0 R A S A LR L T
Fig. 5 Appearance comparison of dinitramide metal com-

plexes during the hygroscopicity test

PREJE T8 AT AT, 4 R W) BT R 324350 : ADN
4 52.15%,CNDN 4 1.05%,CIDN 4 2.60% , CADN
N 2.54%, 454 S5 AN UL, ADN Y W 8 1 ™ AE S0
g ot B Rl L R TR B W (B 5a) T I A AR Y
SIEECA Y, LR M KR 2, R % ADN
2% ~ 5% , 1% 7 s N i P ADN [R] 38 0% 95 4 1 3 L T
AR R FH B4 T 0 AR 1 — o 1) i e JEL J
2.5 BEMRSH

R VTH 0 T P M 4 S TE B 0 1 R, X ADN A
Bt & ¥ CNDN ., CIDN . CADN #E47 T 7% 4 $f o7 Ji
(1) A2 (FS) (i K 4B 84 (ESD) T, 28
PR 3. SIBE G Y RYEE S 2% UIAHE . &5
T4y FURBUBUN SR HE R % (p=1.942 g-cm™) ,
JE BRI LG9 CNDN fi 5 8% B2 5 ADN A . ATO 1Y
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Table 3  Sensitivities of the dinitramide metal complexes

name IS/) FS/ % ESD / mJ
ADN 13.4 36 >320
CNDN 14.9 48 148
CIDN 28.6 0 185
CADN 9.1 84 38

Note: IS is impact sensitivity. FS is friction sensitivity. ESD is electrostatic di-

sacharge sensitivity.

BeE Y BB 5 4 )8 5 IF R A % BB Ui B 7
o M AN FE S 0 40 i B O T AR B R T 22
K1t CADN I 8% B2 #F — & e i o CIDN A i (R HE R
ML (p=1.586 g-cm™) ,JE WA T & W 2% 2 A%, o
i B 5 EE AR R L R A R ADNIE A7 B A S IR
P4 AR A A b 0 I P T v A8 3 1 A 3 55 o
2.6 CIDN 7£ 5 4 13 ¥ i3t 37 fp B9 Rz A

RVEA RS WE AR & JE LA S T R SRR 41 5
F14) A 25 M B AR R A A 2 SR | 3 L A AP R B Yy T
G W) CIDN im0 [ 444 1 590 o gk A7 g 5%

HHETT R T 4 W CIDN 5 #E 353 4 41 43 59 AH 25
PESCG . FEfEE 70 CCA&M Tk & 3 d, ik F FE fb R
I, RS A B E R FH 0.166% , BLH] CIDN
55 E R A AL A AR R4 AT 2 B A R AE
6.86 MPa FREH 4 Ak B 5 1 (33.35 mm-s™) (AL
J7 W (42.59 mm-s™") . By T AYRAEAH L EC 7 T $8 7
27.7%  BREHE THROCHR 35, U] CIDN FE & R 1 4
HR) o B 0 0L

3 4

(1) LA 1 Tk e B ok Dok 30 5 B85 28 8 W A 9
il A& T 3 A W AR 4 B TS L R ] 2 R T Bk
157 S5 FAE, IFMER I 22 T PR T 50

(2) BT 8 Vo B 25 R R W1, — 1 Tk e A 4 )i T
G W B G 43 R I EE 408 T 140 °C, AR E P 2 [
AR 4 700 g 1 HH K

(3) % T e AR 4 J& T 45 ) 1 W 3% M AH Lk ADN
15 3 12 2 ok 3, 3 M C S W 0 IR P S ADN Y 2%~
5% , i [Cu(NH,),(DN), ] &%

(4)3 B AW P [ Cu(IMI),(DN), 8% 3 8 A% (15
o B 28.6 ) EEHE R E 0% FHHL K AE K E 185 m)),
TIN5 B 4% B9 [ Cu(IMI),(DN), 1 R]E; T 52 4 gk
FIRR RS Tt 27.7 % , A AR Ry A0 % 2 49K 3 A Ak 700 07
TE e AR [ A A 5 v
N Lk
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Syntheses and Characterizations of New Energetic Dinitramide Nitrogen-rich Copper Complexes

MU Guo-zhu'?, LI Xin'?, LI Shuang'*, LEl Qing'*, YUE Si-jia'*, GAO Yang'’
(1. Hubei Institute of Aerospace Chemical Technology, Xiangyang 441003, China; 2. Science and Technology on Aerospace Chemical Power Laboratory,
Xiangyang 441003, China)

Abstract: To explore low sensitivity and environmental-friendly energetic combustion catalysts, three new energetic copper com-
plexes, [Cu(NH,),(DN),], [Cu(IM),(DN),], [Cu(ATO),] (DN), were synthesized. Ammonium dinitramide (ADN) was
used as a precursor to prepare dinitramide acid (HDN) by ion exchange reaction, and the resultant solution reacted with basic
copper( II ) carbonate continually to produce copper( Il ) dinitramide, which reacted further with nitrogen-rich ligands (ammo-
nia, imidazole, 4-amino-1,2,4-triazole-5-one). The structures of the three complexes were characterized accurately by X-ray sin-
gle crystal diffraction, infrared spectroscopy and elemental analysis. Their thermal stability, hygroscopicity, sensitivities toward
impact (IS), friction (FS) and electrostatic discharge (ESD) were investigated. Furthermore, the effect of [Cu(IMI),(DN),] to-
wards the burning rate of propellants were performed. Results show that the thermal stability of three complexes can meet the ap-
plication requirement of solid propellants, and the initial decomposition temperatures are all higher than 140 °C. The hygroscop-
icity of the complexes were improved obviously, which could be as low as 2%=5% of the precursor ADN. [Cu(IMI),(DN),]
has the lowest sensitivity (IS 28.6 ), FS 0%, ESD 185 mJ) of the three complexes. With 4% of [Cu(IM1),(DN),], the burning
rate of the basic formula propellants was increased by 27.7% , which was expected to be used as low sensitivity burning rate cata-
lyst in high burning rate solid propellants.
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