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Prediction of Crystal Density of CHONF High Energetic Explosophoric

Materials Based on Molecular Volume Method
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(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China;
2. Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: Most of the existing studies on crystal density prediction focus on CHON energetic materials. Due to the different
application ranges of the formulas, large prediction errors appear in predicting the crystal density of CHONF highly energetic
explosophoric materials. In order to improve the performance evaluation accuracy, at the BSPW91/6-31g(d,p) level, the
performances of the Rice and Politzer formulas in predicting the crystal density of 56 such materials screened from the Cam-
bridge Crystal Data Center were first systematically studied. In addition, on the basis of the typical parameters related to the
molecular surface electrostatic potential, the density prediction formula suitable for this system was constructed by using sym-
bolic regression method and four operators of “addition. subtraction, multiplication, and division”. The results showed that the
root-mearnrsquare error of the symbolic regression formula was reduced from 0. 106 g/cm® of the Rice formula to 0. 045 g/
em’, and the predicted error of over 50% of materials were less than 0. 030 g/cm’. The symbolic regression method greatly
improved the crystal density prediction accuracy of fluorine-containing highly energetic explosophoric materials.
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Table 1 Hectrostatic potential parameters and experimental crystal densities for 56 fluorine-containing high energetic explosophoric materials

refeode (M/V.)/ M/ O/ o’/ V6 o/ 1/ /ig/ o/
(g+cm™?) (gemol™) (K +mol™?) (K +mol 2) (K +mol?) (k *mol') (A%) (g+cem ?)

KUPYUT 1. 816 220,131 1886. 2 898.9 470. 5 262.4 192. 249 1. 667
CIFRER 1.748 235.134 5037.5 3264.5 1149.0 332.3 222.299 1. 680
YORYIN 1.727 195.106 3235.5 2062.5 747.7 262.9 189. 445 1.691
YITJIIW 1. 783 285. 144 2198.8 1477. 4 484.7 243.8 265.218 1.722
JIVXUK 1. 836 249.114 4556.0 3259.2 927.6 284.8 226. 262 1.726
GIHVUO 1. 886 390. 166 1609.3 1096. 7 349. 3 208. 8 310. 831 1.736
HEGSIV 1. 833 464. 246 1456.0 1023.5 304.1 201.0 402.925 1.742
YAZXI] 1.774 235.127 2255.9 1476. 2 510. 2 281.7 217.303 1. 744
FADNAN 1. 862 219.103 2124.7 1404.0 476. 2 252.3 197. 352 1. 757
JIVYAR 1. 838 249.114 3957.5 3098.6 672.5 256. 2 225.755 1.783
YEQNEQ 1.764 220.119 7156.9 4568. 3 1652.3 316.3 206.912 1.785
TUQNIU 1.970 332.130 2528.9 2169.5 308. 3 231.9 258. 249 1.786
HIHSID 1.901 352. 206 1908.5 1512.7 313.8 219.8 259. 758 1. 787
XOKXED 2.016 647.275 3378.2 3138.4 222.8 237.2 450. 896 1.798
NABNAF 1.992 334.103 2433.2 2192.2 217.1 206. 8 280. 284 1. 805
CIFRIV 1. 861 280. 131 3238.8 2433.2 605. 2 284.6 239. 788 1. 809
TAXTEUO1 1.963 426.162 2971.3 2592.1 330. 8 231.4 352. 352 1. 832
GEXDAO 1. 897 384. 171 2514.3 2184.0 286.9 226.1 326. 045 1. 839
ZIZFEV 2.019 624.195 2431.7 2269.4 151. 4 208. 3 475.070 1. 842
JIVY1Z 1. 841 249,114 6157.2 3982.2 1406.7 309.4 225. 140 1. 852
JIVYEV 1. 847 206. 092 5195.2 3620.9 1097.2 281.0 188. 852 1. 861
WOZIUU 1. 835 280.131 2900. 1 2354.3 443.1 265. 8 253.122 1. 870
ACUPAS 1.925 393.153 2513.2 2181.3 288.0 236. 2 325,157 1. 871
HNOAM 1.993 425,147 5115.1 4606. 1 458. 4 268.0 307. 600 1.871
TICKAU 1.923 303. 125 4968.8 3465.6 1048.4 282.9 257. 547 1.872
CHEFI 2.014 362.113 2577.7 2237.7 295.2 214.6 274.203 1.873
WIKEO 1.970 348.129 1707.9 1413.6 243.6 196. 0 275.983 1. 876
KIVL.OS 1.953 420. 152 3449.9 2416.4 723.9 245. 4 355.007 1. 884
CUVXUM 2.034 405,122 3910. 2 3685.6 211.7 207.1 295. 296 1. 884
EDEHAZ 1.912 372.157 3623.5 3224.6 355.0 248.3 312. 645 1. 894
XAJYOX 2.100 243.088 2505. 3 1651.4 562.9 195.4 196. 420 1. 897
HLILGAQ 1. 888 154. 054 4034.8 3619.3 372.7 256. 8 147. 287 1. 899
FANTBZ 1.958 264. 100 2599.0 2193.6 342. 2 251.1 221.310 1. 902
PALDOW 2.101 243.088 2104.2 1371.5 477.6 183.8 196. 256 1. 902
CUVFAA 2.037 351.108 4080. 5 3853.8 214.1 226.9 274.148 1. 906
IVUGEN 1.959 386. 141 2839.9 2540. 3 268.0 223.2 324.606 1.914
VAYVIA 2.029 632.221 3607. 2 3262.5 311.8 237.8 452.032 1.914
AWEMAS 2. 050 410. 122 1902.1 1721.8 163.2 175.1 316. 466 1.920
[HXOP 2.048 780. 262 4443.9 4111.6 307.4 238.9 522.429 1.921
FNETAM10 2.012 334.106 4049.5 3737.0 288.3 242.1 263. 383 1.922
CHFOO 2.108 332.087 2975.4 2519.2 386. 2 190. 4 247.969 1.925
KENGES 2.094 470. 135 3069.8 2700.7 324.7 214.9 351. 382 1.926
ACUNUK 1. 981 362.113 2647.7 2370.5 248. 2 219.0 304. 983 1. 930
UEZOC 1.998 408. 145 3058.0 2761.9 267.4 235.6 312.765 1.938
YUERIC 1.952 242.076 3725.2 3071.4 539.0 258.5 215. 448 1.939
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refeode (M/V.)/ M/ ot/ o’/ Vo / 1/ A:/ o/ |
(g+cm ?) (gemol™) (K »mol™?) (K *mol™?) (kJ’+mol?) (k *mol ') (A" (g+cem ?)
DFINBD 2.047 306. 092 3593.4 3349.4 227.5 214.2 238. 781 1. 946
XOKXIH 2.030 529. 227 3566.9 3296.6 249. 8 255.8 377.182 1. 947
BIZKIG 2.054 382.109 2214.8 1983.7 207.0 179.6 307. 687 1. 960
CUVDUS 2.040 378. 115 3066.5 2848. 8 202. 2 199. 2 284. 254 1. 965
IVUGIR 2.001 418.139 3694.4 3134.2 475.3 253.8 343.420 2.007
SABMOA 2.021 280. 085 2811.5 2439.7 322.6 224.6 228.472 2.011
HEGRUG 2.095 314. 075 2274.2 2064. 8 190. 1 179.5 252.070 2.024
YOQWUY 2.099 169. 026 1782.4 1650.0 122.6 155.5 146. 986 2.033
BIZNI 2.054 382.109 2215.9 1984.9 206.9 179.6 307. 687 2.040
BIWREE 2.122 396. 088 1763.1 1646. 4 108.9 152.1 285.722 2.048
KUPYUP 2.101 154. 029 2996. 1 2676.6 285.4 233.3 138. 236 2.053
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o ,g/cm’ s M ,g/mol; Politzer (2),
V. 0.00la. u ,cm’ /mol; Tl 14
VO By . kJ? /mol” ; I1
,kJ/mol, ., M/V, °
Qs Vo B
2
(1,
1 o
2 Politer-vs?,
Fig. 2 The relationship between predicted density and
experimental crystal density under Politer-vsZ, formula
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Fig. 1 The relationship between predicted density and a=1,
experimental crystal density under Rice formula , 2

o (1,



45 6 . . . CHONF 811
(2) 0. 05g/cem’ 0.03g/cm’
R 0.106 g/cm’ 0.075g/cm’, (5), (4)
56 . . 4 ,
26.8%, 3 ,
44.6%, . . 5% , 0.055g/cm’,
. 33.9%,
. . 21.4% 60.7%., ,
0.100g/cm’, C.H.O.N 0.100g/cm’ 1.8%,
, Politer
. VG
II, (3
) 3
4

3 Politer-II
Fig. 3 The relationship between predicted density and

experimental crystal density under Politer-IT formula

3 ,
VO 0. 075 g/ et 0. 060 g/ e’
39.3%,
51. 8%, ,
8.9% 0.100g/cem’,
Politer
. (M/
V) (1).(2).(3) , (2),
(3)
. ). (5):
_ M 2
p—o.80924<V—>+o.0115(m,m)+0.27207
€Y
M
p =0. 84699<V )+o. 0296(I)+0.12002 (5)
4 (5
0.65 0.055g/cm’; (1)
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crystal density in the improved density prediction formula
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Fig. 5 Density prediction formula of fluorine-containing high
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Fig. 6 The relationship between the predicted density and the
experimental crystal density in the density prediction formula
after the improvement of the symbolic regression method

2

Table 2 Comparison of the prediction accuracy of different formulas

error distribution/ %

formula <0.03 <0. 05 <0. 100 )
) ) ) (g+em ?)
(g/cm*) (g/cm?) (g/cm®)
(D 17.9 25.0 58.9 0.106
(2) 26.8 44. 6 78.6 0.075
(3) 39.3 51.8 91.1 0. 060
(4) 33.9 60.7 98.2 0. 055
(5) 32.1 57.1 96. 4 0. 055
7) 51.8 71.4 98.2 0. 045
3
(@) ,  DPolitzer CHON
0.055g/cm’ R
2)
0} 045 g/cmg ’ ’
50% 0.03g/cm’,

(3
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