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[ ABSTRACT]
stability and density. Three density functional theory methods ( B3LYP, M06-2X and B3PW91 ) and five basis sets (6-
31G, 631G, 6-31G™ ", 6-311G" and 6-31 +G" ") were used to study 15 adamantine compounds which have experi-

Adamantine compounds are good targets for high energy density compounds ( HEDC) due to their high

mental densities p_, in order to find a suitable method to predict the crystal density of new adamantine compounds. Monte-
Carlo statistical method was used to obtain the molecular molar volumes V and theoretical densities p, are obtained. Com-
pared with p_, it is found that the average absolute deviations of the three methods with five basis sets are small (0. 04-0.07
g/em’). Good linear relationships between p, and p, were found with the correlation coefficients being all larger than 0. 98
and the standard deviations being all less than 0. 05. M06-2X/6-31G ", a fast and accurate method, is recommended for

predicting the crystal densities of adamantine compounds.
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Fig.1 Molecular structures of 15 adamantine derivatives
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Tab.1 Theoretical density and experimental density obtained by B3LYP method combined
with different base groups
g/cm’
aw  p pLD)

6-31G 6-31G" 6-31G"" 6-311G" 6-31+G""
1 1.48 1.49(0.01) 1.50(0.02) 1.50(0.02) 1.47( -0.01) 1.48(0.00)
2% 1.65 1.73(0.08) 1.73(0.02) 1.73(0.02) 1.71(0.06) 1.69(0.04)
3t 1.78 1.87(0.09) 1.90(0.12) 1.91(0.13) 1.86(0.08) 1.84(0.06)
4* 1.85 1.89(0.04) 1.91(0.06) 1.90(0.05) 1.87(0.02) 1.84(0.01)
5 1.84 1.83( =0.01) 1.86(0.02) 1.84(0.00) 1.83( =0.01) 1.79(0.05)
6" 1.81 1.82(0.01) 1.85(0.04) 1.84(0.03) 1.82(0.01) 1.77( =0.04)
7 1.96 1.92( =0.04)  1.94( -0.02)  1.94( =0.02)  1.91( —0.05) 1.88(0.08)
8" 1.55 1.61(0.06) 1.62(0.07) 1.61(0.06) 1.59(0.04) 1.56(0.01)
9* 1.61 1.70(0.09) 1.71(0.10) 1.71(0.10) 1.69(0.08) 1.67(0.06)
10" 2.10 2.02( -0.08) 2.06( -0.04) 2.06( -0.04) 2.03( -0.07) 2.01( -0.09)
1 1.67 1.72(0.05) 1.73(0.06) 1.71(0.04) 1.70(0.03) 1.68(0.01)
12* 1.25 1.29(0.04) 1.29(0.04) 1.28(0.03) 1.27(0.02) 1.27(0.02)
13" 1.32 1.40(0.08) 1.42(0.10) 1.41(0.09) 1.38(0.06) 1.39(0.07)
14° 1.40 1.52(0.12) 1.52(0.12) 1.52(0.12) 1.47(0.07) 1.49(0.09)
15* 1.24 1.27(0.03) 1.27(0.03) 1.26(0.02) 1.25(0.01) 1.25(0.01)
D, 0.06 0.06 0.06 0.04 0.04
D 0.07 0.07 0.07 0.05 0.05

£2 RRFERAGELTEL RREEAGER(p, —a+lp,)
Tab.2 Relationship between theoretical density and experimental density obtained by different methods

(p.=a+bp,)
B3LYP MO06-2X B3PW9I1
HH
R D, a b R D, a b R D, a b
6-31G 0.9826 0.0451 0.2348 0.8796 0.9843 0.0454 0.1667 0.9355 0.9849 0.0420 0.2451 0.968 9
6-31G™ 0.9847 0.0440 0.1871 0.9181 0.9859 0.0437 0.1495 0.9501 0.9835 0.0453 0.2128 0.9106

6-31G™" 0.9827 0.0471 0.1735 0.922 8
6-311G™ 0.9869 0.0405 0.1627 0.914 3
6-31 +

0.9851
G

0.0407 0.2374 0.858 8

0.9878 0.0411
0.9854 0.0438 0.1525 0.9332

0.9853 0.0422 0.1997 0.899 4

0.1235 0.9644 0.984 1

0.984 1

0.0453 0.1822 0.9256
0.0446 0.1892 0.9124

0.9834 0.0440 0.2290 0.8806
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Tab.3 Detonation performance predicted by

theoretical density

/ D/ /
fea?) (g -pcm’3) (km-s™") é)Pa

3* 1.92 8.67(8.70™"1)  34.64(34.607")

4* 1.93 8.75 35.42

5* 1.86 8.52 32.81

6" 1.87 8.35 31.67

7* 1.98 9.14 39.20

10* 2.09 9.74 45.81
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