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Table 1. Bond lengths [A] and angles [°] for compound (1)

Agl -N2 2.265(3) N2 - Agl - Ol 144.80(9)

Agl - 01 2.277(2) N2-Agl-NI  75.22(9)

Agl -N1 2.577(3) N2-Agl-N4  128.62(9)

Agl - N4 2.404(3) Ol - Agl - N1 100.59(9)

03 - N3 1.246(4) Ol-Agl-N4  86.10(9)

N3 -N2 1.349(4) N4 - Agl - N1 109.64(10)

N3 -02 1.246(4) 03 -N3-N2 122.0(3)

N2-Cl 1.371(4) 03 -N3-02 122.9(3)

04 - N5 1.367(4) 02 - N3 -N2 115.1(3)

04 - N4 1.408(3) N3 -N2- Agl 109.16(18)

N006 - C4 1.314(5) N3-N2-Cl 117.5(3)

N006 - C5 1.450(5) Cl1-N2-Agl 128.9(2)

N006 - C6 1.457(5) N5 - 04 - N4 110.8(2)

01 - C4 1.255(4) C4-N006-C5  121.93)

Cl-C2 1.440(4) C4-N006-C6  121.0(3)

Cl - N4 1.317(4) C5-N006-C6  117.1(3)

C2-N5 1.291(4) C4 -0l - Agl 124.3(2)

C2-C3 1.465(5) N2-Cl-C2 122.3(3)

C3-NI 1.272(4) N4 -CI1-N2 130.1(3)

C3-05 1.337(4) N4-Cl1-C2 107.5(3)

N1-05 1.425(4) Cl-C2-C3 130.6(3)

N4 - Agl 2.404(3) N5-C2-Cl 110.3(3)

05 - N1 1.425(4) N5-C2-C3 119.1(3)

C4 - H4 0.95 C2-N5-04 106.0(3)

C5 - H5A 0.98 N1-C3-C2 121.1(3)

C5 - H5B 0.98 N1-C3-05 126.8(3)

C5 - H5C 0.98 05-C3-C2 112.0(3)

C6 - H6A 0.98 C3-NI - Agl 125.0(2)

C6 - H6B 0.98 C3-NI1-05 115.3(3)

C6 - H6C 0.98 05 -N1 - Agl 114.58(19)
04 - N4 - Agl 115.39(18)
Cl-N4 - Agl 126.3(2)
Cl-N4-04 105.4(3)
C3-05-NI 117.9(3)
NO006 - C4 - H4 118.1
O1-C4-N006  123.7(3)
O1-C4-H4 118.1
NO006 - C5 - H5A 109.5
N006 - C5 - H5B 109.5
N006 - C5 - H5C 109.5




HS5A - C5 - H5B 109.5

HS5A - C5-HS5C 109.5
H5B - C5 - H5C 109.5
NO006 - C6 - H6A 109.5
NO006 - C6 - H6B 109.5
NO006 - C6 - H6C 109.5
H6A - C6 - H6B 109.5
H6A - C6 - H6C 109.5
H6B - C6 - H6C 109.5

Table 2. Bond lengths [A] and angles [°] for compound (1a)

Agl - N4 2.251(5) N4-Agl-N2  167.15(17)
Agl -N2 2.253(5) N4-Agl-03  112.70(16)
Agl - 03 2.582(5) N2-Agl-03  64.12(16)
Agl -N1 2.618(5) N4-Agl-NI  76.36(16)
Cl-N1 1.256(7) N2-Agl-NI  90.95(17)
Cl-or' 1.378(15)  03-Agl-NI  88.01(15)
Cl-01 1.397(14)  N1-C1-Ol'  125.6(8)
Cl-C3 1.479(8) N1-Cl1-01 126.5(7)
C2-N2 1.309(7) N1-C1-C3 121.2(6)
C2 - N4 1.377(7) Ol'-C1-C3  111.3(7)
C2-C3 1.441(8) 01-Cl-C3 110.1(7)
C3-N3 1.297(7) N2-C2-N4  130.2(6)
N1-01 1453(12) N2-C2-C3 107.7(5)
N1-Or' 1.466(15)  N4-C2-C3 122.1(6)
N1 - Agl 2.618(5) N3-C3-C2  109.8(5)
N2 -02 1.393(6) N3-C3-Cl 118.1(6)
N3-02 1.363(6) C2-C3-Cl 132.1(6)
N4 - N5 1.361(7) Cl-N1-0l 115.0(6)
N4 - Agl 2.251(5) Cl-N1-Ol'  113.6(7)
N5 - 03 1.238(6) Cl-N1-Agl 127.3(4)
N5 - 04 1.241(6) O1-N1-Agl 111.1(6)
01-Cl 1.397(14)  OI'-N1-Agl  119.1(6)
01'-Cl 1.378(15)  C2-N2-02  105.5(5)

C2-N2-Agl  132.3(4)
02-N2-Agl  115.5(3)
C3-N3-02  105.6(5)
N5-N4-C2  117.7(5)
N5-N4-Agl  108.1(4)
C2-N4-Agl  133.0(4)
03-N5-04  123.1(5)
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03 - N5 - N4
04 - N5 - N4
N3 -02-N2
N5 - 03 - Agl
C1-01-NI
C1-01'-NI

122.0(5)
114.8(5)
111.5(4)
127.4(4)
112.1(10)
112.4(11)

Table 3. Bond lengths [A] and angles [°] for compound (2)

Cul - 05 1.9780(14)  O5 - Cul - O5 180.00(9)
Cul - 05 1.9780(14) 05 - Cul - Ol 95.01(6)
Cul - 06 1.9266(14) 05 - Cul - Ol 84.99(6)
Cul - 06 1.9265(14) 05 - Cul - Ol 95.01(6)
Cul - Ol 2.3893(15)  0O5-Cul - Ol 84.99(6)
Cul - Ol 2.3893(15) 06 - Cul - O5 88.11(6)
05 - H5A 0.8586 06 - Cul - 05 91.89(6)
05 - H5B 0.88(2) 06 - Cul - 05 91.89(6)
06 - H6A 0.8666 06 - Cul - 05 88.11(6)
06 - H6B 0.8662 06 - Cul - 06 180
01-Nl1 1.263(2) 06 - Cul - 01 90.36(6)
02 -N1 1.229(2) 06 - Cul - 01 89.64(6)
07-H7A 0.835(16)  06-Cul - Ol 90.36(6)
07-H7B 0.830(17)  06-Cul - Ol 89.64(6)
03 -N4 1.358(2) 01 - Cul - Ol 180.00(6)
03 -N3 1.398(2) Cul - 05 - H5A 109.9
04 -N5 1.422(2) Cul - 05 - H5B 125(2)
04-C00G  1.336(2) HS5A - 05 - H5B 110.7
N1-N2 1.318(2) Cul - 06 - H6A 110.7
N5 - 04 1.422(2) Cul - 06 - H6B 110.3
N5-C00G  1.266(2) H6A - 06 - H6B 108.2
N2-COOF  1.374(2) N1-01-Cul 125.12(12)
N4-CO0E  1.302(3) H7A - O7 - H7B 120(3)
N3-COOF  1.310(3) N4 - 03 -N3 111.39(15)
COOE - COOF  1.438(2) C00G - 04 - N5 117.74(15)
COOE - CO0G  1.450(3) O1-N1-N2 115.56(16)
02-N1-01 119.95(16)
02 -N1-N2 124.43(17)
C00G - N5 - 04 115.09(16)
N1 - N2 - COOF 116.21(16)
COOE - N4 - 03 105.68(16)
COOF - N3 - 03 105.45(16)

N4 - COOE - COOF

109.75(17)
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N4 - COOE - C00G
COOF - COOE - C00G
N2 - COOF - COOE
N3 - COOF - N2

N3 - COOF - COOE
04 - CO0G - COOE
N5 - C00G - O4

N5 - C00G - COOE

120.22(17)
130.03(17)
120.59(17)
131.67(18)
107.73(17)
112.34(16)
127.17(18)
120.48(17)

Table 4. Bond lengths [A] and angles [°] for compound (3)

Col - OIW 2.158(6) O1W - Col - N1 92.7(3)
Col - 02W 2.055(6) O1W - Col -N2 85.6(3)
Col - O3W 2.091(6) 02W - Col - O1W 93.8(3)
Col - 04W 2.147(6) 02W - Col - O3W 83.5(3)
Col - N1 2.171(6) 02W - Col - 04W 92.2(3)
Col - N2 2.185(7) 02W - Col - N1 101.2(3)
Co2 - O5W 2.095(6) 02W - Col - N2 176.4(3)
Co2 - O6W 2.070(6) 03W - Col - O1W 89.3(3)
Co2 - OTW 2.091(6) O3W - Col - 04W 88.7(3)
Co2 - 09W 2.071(5) O3W - Col - N1 174.7(3)
Co2 -N11 2.147(6) O3W - Col - N2 92.9(3)
Co2 -N12 2.151(7) 04W - Col - OIW 173.5(3)
01-N3 1.238(8) O4W - Col - N1 88.7(3)
OIW-HIWA  0.8798 04W - Col - N2 88.3(3)
OIW-HIWB  0.8796 N1-Col -N2 82.4(3)
02W -H2WA 09177 O5W - Co2 - N11 87.9(2)
02W -H2WB  0.9217 O5W - Co2 - N12 87.5(2)
02-N3 1.230(8) O6W - Co2 - O5SW 90.6(2)
O3W-H3WA 09172 O6W - Co2 - OTW 91.4(2)
O3W-H3WB 0915 O6W - Co2 - O9W 86.1(2)
03 -N4 1.414(9) O6W - Co2 - N11 99.7(2)
03 -N5 1.355(8) O6W - Co2 - N12 175.5(3)
O4W -HAWA  0.872 O7W - Co2 - O5W 176.6(2)
O4W -H4WB  0.8717 O7W - Co2 - N11 94.5(2)
04 -N6 1.442(8) O7W - Co2 - N12 90.3(2)
04 - COIF 1.340(10)  O9W - Co2 - O5SW 92.1(2)
05-N2 1.429(8) O9W - Co2 - OTW 85.4(3)
05 - C01G 1.358(10)  O9W - Co2 - N11 174.2(3)
O5W -H5WA  0.8745 O9W - Co2 - N12 89.9(2)
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O5W - H5WB
O6W - HOWA
O6W - H6WB
06 - N7
06 - N8
O7-N10
O7W - HTWA
O7W - HTWB
08 -N10
09 - N20
O9W - HOWA
O9W - HOWB
010 -N20
Ol11W - HI1A
Ol11W -HI11B
Ol11-N17
O11-NI18
012 -N12
012 -CO1P
O13-N16
013 -CO01L
014 -N14
014 -N15
O15-N13
016 -N13
N1-N3

N1 -CO01K
N2 - CO1F

N4 - CO1K
N5 - CO01IM
N6 - C01G
N7-CO1E
N8 -C01J

N9 -N10
N9 - C01J
NI11-N13
N11 - CO1I
N12 - COIL
N14 - CO1I
N15- COIN
N16 - COIP
N17-C010
N18 - C01Q
N19 - N20

0.8739
0.8976
0.8976
1.366(8)
1.413(9)
1.229(9)
0.912
0.9117
1.286(9)
1.259(10)
0.9033
0.9028
1.244(10)
0.8699
0.8701
1.372(9)
1.393(10)
1.448(8)
1.370(11)
1.464(9)
1.337(9)
1.417(8)
1.357(8)
1.224(8)
1.240(8)
1.349(9)
1.380(10)
1.271(10)
1.325(10)
1.306(10)
1.277(10)
1.294(10)
1.295(9)
1.315(9)
1.387(10)
1.346(9)
1.372(10)
1.277(10)
1.307(10)
1.307(10)
1.252(10)
1.330(11)
1.334(11)
1.329(10)

N11-Co2-N12

Col - O1IW - HIWA
Col - O1W - HIWB
HIWA -O1W - HIWB
Col - O2W - H2WA
Col - O2W - H2WB
H2WA - O2W - H2WB
Col - O3W - H3WA
Col - O3W - H3WB
H3WA - O3W - H3WB
N5-03-N4

Col - O4W - H4WA
Col - O4W - H4WB
H4WA - O4W - H4WB
CO1F - O4 - N6
C01G-05-N2

Co2 - O5W - HSWA
Co2 - O5W - HSWB
H5WA - O5W - H5SWB
Co2 - O6W - HOWA
Co2 - O6W - Ho6WB
H6WA - O6W - HOWB
N7 -06 - N8

Co2 - O7W - HTWA
Co2 - O7W - HTWB
H7WA - O7W - HTWB
Co2 - O9W - HOWA
Co2 - O9W - HOWB
HOWA - O9W - HO9WB
HI11A-Ol11W-HI11B
N17-011-NI18

CO1P - 012 -NI12
CO1L -O13-N16
N15-014-N14

N3 -N1 - Col

N3 -N1-C0IK

CO01K - NI - Col
05-N2-Col

CO1F - N2 - Col

CO1F -N2-05

Ol -N3-NI
02-N3-01
02-N3-NI

CO01K - N4 - O3

84.3(2)
110
109.8
108.9
111.5
113
105.8
112.6
111.3
106.2
112.1(5)
109.5
109.1
109.3
114.3(6)
112.9(6)
109.7
109.3
109.2
110.9
111
107.7
110.8(5)
112.2
111.8
106.8
111.7
111.4
107.3
109.5
112.2(6)
111.9(6)
112.8(6)
110.8(5)
120.0(5)
116.3(6)
119.8(5)
118.1(4)
127.7(6)
113.3(7)
115.4(6)
121.8(7)
122.8(6)
103.8(6)
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N19 - C01Q

C01Q - C010
COIN - COIL
COIN - COII

CO1E - CO01G
CO1E - CO1J

CO1P - CO10

CO1F - COIM
COIM - COIK
O10W - HI0A
O10W - H10B
O12W - HI2A
O12W - H12B
O8W - HEWA
O8W - HEWB

1.365(11)
1.419(12)
1.458(10)
1.445(11)
1.452(11)
1.435(11)
1.470(11)
1.455(11)
1.414(11)
0.8701
0.87

0.87
0.8698
0.87

0.87

COIM - N5 - 03
C01G - N6 - 04
COIE - N7 - 06
CO01J - N8 - 06
N10-N9 - C01J
07-N10-08

07 -N10-N9

08 -N10-N9
N13-NI11 - Co2
N13-NI11 - COlI
COI1-N11 - Co2
012 -NI12-Co2
COIL - N12 - Co2
COIL -N12-012
015-N13-016
015-N13-N11
016 -N13 -N11
COIT-N14-014
COIN-N15-014
COIP -N16-013
C010-N17-011
C01Q-NI8-011
N20-N19-C01Q
09 -N20-N19
010 - N20 - 09
010 -N20-N19
N18-C01Q - NI9
N18-C01Q - C010
N19 - C01Q - C010
N15 - COIN - COIL
N15 - COIN - CO1I
CO11- COIN - COIL
013 - COIL - COIN
N12-COIL - 013
N12 - COIL - COIN
N7 - CO1E - CO1G
N7 - CO1E - CO1J
CO1J - COLE - CO1G
012 - COIP - CO10
N16 - CO1P - 012
N16 - COIP - CO10
04 - COIF - COIM
N2 - COIF - 04
N2 - COIF - COIM

104.8(6)
111.8(7)
105.8(6)
104.9(6)
115.5(7)
120.6(7)
125.0(7)
114.2(7)
121.0(5)
116.2(6)
120.5(5)
119.2(4)
128.9(5)
111.8(6)
122.6(7)
122.1(6)
115.3(6)
105.7(6)
106.1(6)
111.5(7)
104.2(7)
105.2(7)
115.2(7)
115.9(7)
119.1(8)
124.9(7)
132.2(8)
107.7(7)
120.1(8)
120.7(7)
109.7(7)
129.2(7)
114.5(6)
126.7(7)
118.6(7)
119.6(7)
109.6(7)
130.7(7)
112.6(7)
127.0(8)
120.4(8)
116.1(7)
124.2(7)
119.7(8)
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N5 -CO1IM - COLF
N5-CO0IM - CO1IK
CO01K - CO1IM - COLF
05-C01G - CO1E

N6 - C01G - O5

N6 -C01G - CO1E
N17-C010 - C01Q
N17-CO010 - CO1P
C01Q - C010 - CO1P
N11 - CO1I - COIN
N14 - COII- N11

N14 - CO1I - COIN
N1-CO01K - COIM
N4 - CO01K - NI

N4 - CO01K - COIM
N8 -C01J- N9

N8 -C01J- CO1E

N9 -C01J - CO1E
HIOA - O10W - H10B
HI12A - O12W - H12B
H8WA - O8W - HSWB

119.7(7)
110.9(7)
129.3(7)
114.7(7)
124.9(7)
120.4(7)
110.7(7)
117.7(8)
131.6(8)
121.7(7)
130.6(8)
107.7(7)
121.9(7)
129.7(7)
108.4(6)
131.0(7)
108.9(7)
120.1(7)
109.5

109.5

109.5
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Table 5. Detonation property values comparison with methods in this work, EXPLO5 V6.01, and

literature values.

Compound Density Q (kcal/g) P (GPa) D (m/s)

(g/cm?)
2 1.937 1.21¢/1.21° 28.99%/31.30P 79132/8006°
TNT! 1.654 1.442/1.300/1.22¢ 21.95%/22.755/20.50°  7220%/74655/7178¢
HMX! 1.910 1.622/1.49/1.32¢ 40.36%/41.25%/38.39°  93742/9310b/8900¢
RDX! 1.806 1.59%/1.46V/1.44¢ 35.77%/36.6b/33.92¢  89712/8937b/8600°
[Cu(tztr)],2 2.216 2.78%/3.40b< 31.15%/40.02b,° 79093/8429b,°
{[Cu(tztr)] H,O }3 2.316 1.32%/1.79%/1.32¢ 26.80%/39.15%/31.99°  72542/8406/7920¢
[Pb(Htztr),(H,O)],* 2.519 1.73%/0.47°/1.36° 20.11%/17.15%/31.57°  64322/5755b/7715¢
[Cu(ntz)],5 2.428 1.82%/1.47b¢ 31.07%/33.10b° 77212/79700°
[Cu(ntz)(N3)(AMF)],,5 1.801 1.99%/1.81b< 23.29/16.04b¢ 72452/60800-°
[Cu(ntz)(N;3)(H,0)],5 2.218 0.092/0.02b- 7.75%/4.46P° 39432/222(b-°

2 calculation method in this work. ® calculated with EXPLO5 V6.01°. ¢ literature values.
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