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Fig.1 Molecularframeworks of CWUDNABT)(NH,), (NH,NO,),
(x=0,1,2)
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DNABT ™ fiff 22 & |- N Z [8] B9 BiE A7 8 Cu—N(11) F
Cu—N(12) B4 B 5B 1 Cu—NH, /N, BEEH AT TS &
59, [FEREHL, A2 T Cu—NH,NO, 1Y 8985/, 8 B H 2
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TSR AR Y #R A AT e & AR TN & o i
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Fig.2 Atomic label and optimized structures of designed complexes
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Table 1 Bond length of designed complexes A
bond Al A2 A3

N(1)—C(2)/C(6)—N(7) 1.328/1.328 1.326/1.324 1.328/1.328
C(2)—N(3)/N(7)—C(8) 1.354/1.354 1.354/1.355 1.354/1.354
N(3)—C(4)/C(8)—N(9) 1.325/1.325 1.324/1.326 1.323/1.323
C(4)—N(5)/C(6)—N(10) 1.390/1.390 1.386/1.386 1.396/1.396
N(1)—N(5)/N(9)—N(10) 1.358/1.358 1.360/1.360 1.356/1.356
C(2)—NO,/C(8)—NO, 1.479/1.479 1.480/1.479 1.480/1.480
N(11)—NO,/N(12)—NO, 1.411/1.411 1.419/1.426 1.422/1.420

Cu(25)—N(11) 1.989 1.946 1.965

Cu(25)—N(12) 1.989 1.962 1.967

Cu(25)—NH, 1.982/1.982 2.010 /

Cu(25)—NH,NO, / 2.109 2.008/2.012

3.2 IREMERE CL-20""" ¢ PhRE . H1 38 3 W] 1 RDX 1Y% B A

PRSI E  FSEE AT, A AR B
A R R RE AL S o WS A 3OS B 2 02K
(CL-20) A H i A= AR g 2 2. R RS 271
AR T 5 T = A& W W) B B A A R
i BRI B SRR WK 3. N T 5 RDX,
HMX., CL-20 [ # , % 3 [F B 45 1 7 RDX. HMX F
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Table 2 Bond orders of designed complexes

bond Al A2 A3
Cu—N(11) 0.170 0.212 0.180
Cu—N(12) 0.170 0.219 0.179
Cu—NH, 0.226 0.203 /
Cu—NH,NO, / 0.136 0.191
C—NO, 0.898 0.892 0.897
N—NO, 1.040 1.038 1.041
NH,—NO, / 0.908 0.940

5 A1 JLTAH Y, U NH,NO, 58 & BRI A (1
NH, LR S AW p. = Fhld &9 0% (p=
2.07~2.13 g-cm™) ER ] i 5 T RDX AL HMX, 1 B =
FCL-20, X UL B A RAFm % T . SR )5 , = Fh
it & P 2wt B A2 A (440.7~582.8 kJ-mol ™),

3 PTBOTREC & Y 0 8L S RS O RE BB XT L

Table 3 Detonation performance of designed complexes

Hoh A3 ) HOF £ & e CL-20 & 1 26.3%. A2 1)
HOF 5 A1 A4, A3 W BH B 55 F A1 R A2, X 5 % B %
JO A T AH S, B B — 4~ NHL N O, B NH, TG 25 2
E AW HOF, T NH,NO, 58 2 2 BT A 19 NH,
DA DA S 25 45 5 HOF

P DNABT 19 & A it = , OB AR &7, H 451
o P AR NBCAR GE AT T B T B = RS A
H A i 8 (—14.5%~3.01%) , H.24 76 48
(OB=0) Wiz, ## RDX HMX 1, Hirh A2 5 A3 It
CL-20 M R o Rk, BV A 25 4 o 35 A7 25 B IR 552
W= R 4 R L R, =M S WK R BR800
M AH, fi (5.44~6.11 kJ-g™") , f£ T HMX, W& i F
RDX 5 CL-20, = #4919 OB Fl AH,, {H # & i
AT A2 FIA3 Y Y AR $ i, 33X 158 W AE 4544 g A
NH,NO,/INEL & A7 F 42 & OB Al AH, .

parameter Al A2 A3 RDX!'5! HMX! 1) CL-200"¢]
p/g-cm™ 2.07 2.13 2.08 1.82(1.79) 1.91 2.04
HOF / kJ-mol™ 4411 440.7 582.8 93(78) 105 460
OB/ % -14.5 -4.94 +3.01 -21.6 -21.6 -10.5
AHy / k)-g™! 5.44 5.86 6.11 6.03 5.53 6.49
D /km-s™! 8.44 8.86 9.12 8.75(8.78) 9.10 9.38
p/ GPa 34.2 38.3 40.0 34.5(34.1) 39.0 44.6
Note: The numbers in the parenthesis are the calculated values in this work.

MZ L TR A G B AW B AR JIF BT BB L 4 A R LA e
W RE A IR AT R B, BT R A RO R
MR . ALY T L A2 (03 1L AT 5 5.0% T A3 19 i
P S A2 5 2.9% , X UL 51 A NH,NO, /NI 4 fig
FT S R e o L L S e i v A i A A B B g
HI 55 o T DT T, A2 BB LE AT R 12.0%, T A3 Y
FRIE S A2 1 4.4% , X UL 51 A NH,NO, /INEC 74 fiE
03 B AR R, L R A8 B R R ) 5 e B A B
{55 X7 4% 1 5 i R IS AL B S 33K B 1 2500 o Bl A1 A2 A3 RDX  HMX  CL20

NH,NO, At /4 i) B 2t 38 I i 111 55 . NH,NO, /NS A& X
F2 R R 1 FEUR 2 ) 32 R R T X 4 B AR A, T
LR ) AU i AR R I T DTk . I 3 XL T ikt
BB A ) 5 RDX CHMX Bz CL-20 FY 453 3 IR . A&
3ATLLE I, A1 B SR R 5 RDX A XY, A2 1 5 o 1
JEBH 5 T RDX 1 43T F HMX, A3 4 45 3 3¢ 15 U] 4
T HMX FI CL-20 Z 8] . X T RDX.HMX #il CL-20
R B E e LS W R E 2 R BT A 5
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B 3 it i 4B it &% 5 RDX \HMX & CL-20 B9 Dl pXif L
Fig.3 A comparison of D and p of designed complexes with
RDX, HMX and CL-20

33 EERE

XT ARG S R IR, e, R
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o7 % 43 B0 R AR Ay FHUE Z A RE R 2 . &
EHMR, o F B R, RS STt E Y
R B RRAIC T 4 S BRI A MR E,, L HG,
fHo MR 4T LUK =FEC AW E, (HERE /N, BT H
TR RED K AR RE RS, XA EETES
JBE A WA, =R BCA Y A2 19 E, (A 5K, U
WIH AT FT A3 BB X 5HETSCTh e A2 A
/INBE AR 2Z 18] R 8 S B DT R IR, HL AT FLAS 1Y
ERR I o K7 s i e K| A NN 1P i R g
AR B8 — 4 NH,NO, BU® NH, A F T B IR,
1M NH,NO, 52 4 A BT A7 19 NH, W 25 1 B ) 52 )
T 4 35 4 B

R4 PRSP REBLE AN H,, (5

Table 4 The E,,, and H;,values of designed complexes

Al A2 A3 RDX HMX
E./eV 0617 1056 0436 / /
Hyy/cm 15 22 7 33(26-30)  26(26-30)

Note: The numbers in the parenthesis are the experimental values.

AN AT A2 FTA3 B Hyo (B 5350 S0 24 15,22 cm
7 cm, Hy, B8R i, 8 B AIG , P9k A2 1 I B B IS,
A3 YRS e X 5 E, (H AT — 3. %4 P
T RDX A HMX 1Y Hy, B T35 AE A2 50 {8, 7T LAk B
F R . AR E AT AR E 5 CL-20(14 cm) '
A4, A2 B CBE B2 58 T RDX . HMX (26~30 cm)' ',
A3 B AR &, J8 T AR H MU B A . ik

R5 Pt RO ECA WUTE R R RE S [IRE T B AN AE

L A2 B RE B = T HMX R RDX, J8E 35 3 T HMX Al
RDX, B MERER ML . AT AR 5 RDX A Y, &
FEAR AT 4232 o 3K WA 5T AT AR R AT R A U A i e o
FEAL AW e e . R, DNABT & — A& 4 71 K
BT A 2 5L & v R i 5 T 4 a2 B R A A TR G A
Yy i) s e BCAAR , AT 3 — 25 T 6 iR & e L At i 1
ey o = RE A HLA R B ARk A Y.
3.4 BREEWN

Dreiding J13" " e KA 578 T3 AR 8 14 i AR 45 44 i
TUBE T, A X AR Ay 43 A PR A A 2R 2 (AL 5 v S 1
) 7135 , Dreiding fig & B F00 A AR R 56 & A 8
TCEARRAIR R LB 8RS SR AR &
B HL Bk T2 ok TN 5 e R R 2 BB A 0
B bR g F o R IL, AR 58 3 T Dreiding 77372 1
10 Pl L AG 2 [BIRE, T T =Fiopr B 4 B Bl A 90 A1.A2
FIA3 AT REY SR SEFY , 26 5 8 T FEAS R 25 [ T 1Y) 5
R R 5 AT LR L, ST AT A2 FTA3 T L 4331
FEP-1.P2,2,2 M CC A [T HA BARA SB(E . —
M5 A A 25 0F T R 1wl AR 45 40 B AT B IR 1 g
R, AT HED AT A2 FI A3 B A S AR 5 T RE 23 )R
T P-1.P2,2,2, F1 CC %5 [AHf , X —Fh 25 [ FETE 5 Befb &
Yrb R LR WL . TEICAE LR, S S S0 AT
Z=2,a=13.43 A, b=14.71 A, c=9.0 A, «=132.9°,
B=47.9°,y=138.1°;A2: Z=4,a=8.16 A, b=11.62 A,
c=19.87 A, a=B=v=90.0°; A3: 7Z=4, a=11.07 A,
b=16.24 A,c=12.31 A,a=90.0°,8=66.9°,y=90.0°,

Table 5 Total energyof designed complexes in ten possible space groups kJ-mol™-cell™
space group C2 C2/c CcC P-1 P2, P2,/c P2,2,2, Pbca Pbcn Pna2,
Al -73.4 -69.3 -67.9 -85.9 -85.2 -84.7 -84.0 -85.8 -79.8 -81.3
A2 =55.0 -52.8 -59.6 -62.6 -60.4 -63.7 -64.7 -60.6 =59.0 -63.3
A3 -31.9 -26.5 -33.9 -31.8 =33.1 -33.7 -32.5 -33.3 -32.4 -29.9

4 4

(O BT = Fh 4 Ja 5 0 10 25 4 40 AT — 2 (%t
FRPE 107 Cu 5 /LR NH, FITNH,NO, 2 [1] fi6 T {37 5 J
GRSy . TR ENA S R MA S &, B
AL A AR = I A A R AT . ST A— A
NH,NO, BL A fig B 2 5 5 % 5, 51 A A SRR B
1M NH,NO, Bt 7465 Az B #4145 i W) 1F 45 A

(2) =P & &0 5 1 R0 B i M 0, A2 1Y
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AR RE BT 38 /N AR AT DA R0 s L2 A
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Theoretical Study on the Structure and Performance of High-energy Triazole-based Copper Complexes
Cu(DNABT) (NH,),.(NH,NO,),

WU Qiong'*, YAN Gao-jie'?, LI Qi-di'?, ZHANG Ze-wu'’*, ZHU Wei-hua’

(1. School of Materials Science and Engineering ; Nanjing Institute of Technology Nanjing 211167, China; 2. Jiangsu Key Laboratory of Advanced Structural
Matertals and Application Technology, Nanjing 211167, China; 3. School of Chemical Engineering of Nanjing University of Science and Technology » Nanjing
210094, China)

Abstract: Three new nitrogen-rich energetic complexes Cu(DNABT) (NH,), (NH,NO,) (x=0,1,2) were designed by incorpo-
rating N, N’'-dinitroamino-bi(1, 2, 4-triazole) (DNABT) with copper, ammonia and nitramine. Their molecular, electronic and
crystal structures, heat of formation, density, detonation performance and sensitivity were studied theoretically. The results show
that the Cu and DNABT linked coordination bond is weaker than other bonds which possibly trigger the decomposition. The
number of ammonia and nitramine ligands have a significant different effect on the structure and properties of the designed com-
plex. All designed complexes possess high density (2.07-2.13 g-cm™) , good energetic performance (detonation velocity:
8.44-9.12 km-s™', detonation pressure: 34.2-40.0 GPa) and acceptable sensitivity (7—22 cm), especially for the complex with
x=1, whose energy is higher than RDXand similar sensitivity to RDX, being a potential high energy density compound.

Key words: triazole;energetic compounds;density functional theory;copper;detonation performance
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