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Table 1 The MORS6-SCFF parameters for a-RDX solid explosive
bond by ki ki ks

n_3r c 4 1.5076 248.3205 -496.6410 579.4062

n_3r n_3o 1.3631 386.3585 -772.7170 901.4903

c_4 h_1 1.0911 390.3359 -780.6718 910.7708

n_3o o_1 1.1960 902.0208 -1804.0416 2104.6851
angle 0o kaw koz km

c 4 n3r c4 108.5036 106.5020 =-19.4047 -22.5358

c_ 4 n_3r n_3o0 107.1560 89.5678 -15.0384 -18.8361

n_3r c_4 n_3r 106.6923 78.2531 -=12.7553 -16.4253

n_3r c_4 h_1 112.5948 56.2974 -5.3201 -11.5466

h_1 c 4 h_1 85.0614  42.5307 -4.9378 -8.7783

n3r n30 ol 110.7340  55.3670 -37.2343 -16.1229

o_1 n_3o0 o_l 127.8850 63.9425 -57.6825 -21.6957
dihedral Ky kys Ky

c 4 n.3r c 4 n_3r -21.5857 12.8933 —4.4413

c4 n_3r c_ 4 h_1 2.5752 0.1788 -0.0799

n_3o0 n_3r c 4 n_3r -0.2161 -=2.5393 -0.5524

n_3o0 n_3r c_4 h_1 3.9512 -0.2037 0.1890

c 4 n.3r n3o ol -2.0588  2.4886 —0.4548

out-of-plane ky

c_4 n_3r c_ 4 n_3o 4.2692

n_3r n_3o o_1 o_1 12.1161

bond-bond Kpp

c_4 n_3r c_4 13.4114

c_ 4 n_3r n_3o 77.4514

n_3r c_4 n_3r 128.7421

n_3r c 4 h_1 30.4116

h_1 c 4 h_1 26.3729

n_3r n_3o o_1 157.0423

o_1 n_3o o_1 198.0820
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Table 1 Continued

bond-angle K g1 K9

c_4 n_3r c_4 32.5499 32.5499

c 4 n_3r n_3o 35.9065 55.3877
n_3r c 4 n_3r 54.1464 54.1464
n_3r c_4 h_1 38.4215 12.8169

h 1 c 4 h 1 0.2212 0.2212
n_3r n_3o0 o 1 61.9764 76.5652

o_1 n_3o o_1 87.0330 87.0330
bond increment )

h_1 c_4 0.0829

n_3r c_4 -0.1999

n_3o0 n_3r 0.0097

o_1 n_3o0 -0.3698

vdw Iy D, y Co re

c4 c_ 4 2.7096 0.2727 17.4991 933.7581 15.3000
c_ 4 h1 2.7069 0.2176 11.8884 157.6024  12.9500
c_4 n_3r 3.0445 0.1120 16.3665 345.3495 14.9500
c_4 n_3o0 3.0445 0.1120 16.3665 345.3495 14.9500
c4 ol 3.0164 0.3163 14.5966 730.5270 14.7500
h_1 h_1 2.7041 0.1737 6.2778 26.6006 10.6000
h_1 n_3r 3.0417 0.0894 10.7559 58.2891 12.6000
h_1 n_3o0 3.0417 0.0894 10.7559 58.2891 12.6000
h_1 o_1 3.0136 0.2524 8.9859 123.3005 12.4000
n_3r n_3r 3.3793 0.0460 15.2339 127.7272 14.6000
n_3r n_3o0 3.3793 0.0460 15.2339 127.7272 14.6000
n_3r o_1l 3.3512 0.1299 13.4640 270.1847 14.4000
n_3o0 n_30 3.3793 0.0460 15.2339 127.7272 14.6000
n_3o0 o_l 3.3512 0.1299 13.4640 270.1847  14.4000
o_1 o_1 3.3231 0.3669 11.6940 571.5288 14.2000

Note: c_4, h_1, n_3r, n_30 and o_1 are atom types for C, H, N on ring,

and N of nitro group, respectively.

3 HifN13%-5F (SCFF-phonon) JEi& B H ¢
EATE

T AT RS ff 1 [ R BT 2% 0 T, 7 AT R I R
BN VP AR SR DL B 7R AR RIS M R, AR
W58 R T8 9 B4 715 -75 F (SCFF-phonon ) i
F i g1t 5 J7 %7 (SCFF-phonon J7 %) , R 2R AT LA
MORS6-SCFF #: ] QHA J7 %, M A BR 5 MORS6-
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k, T Z In{1-exp[ ~hw, (V) /k,T] } (2)
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% FE MD R0 2 R 1) AR A T Y L, R
AR T 45 45 (a-RDX 7E 1.013 x107" GPa [ # &5 K
462 K 1) i HL IR R (O T o-RDX 5 4 i
# T i 4% Debye i ¥, 29 200 K7 o ke, A g 4
MD H5 0 6 B — A AR X, PR R FEAZ Bk sh Ak T &
L Z

FH NpT-MD 4l T 298,343,400,443 K U/~ if
JETN 05 IR R 484 (5 J1 8 0~55 GPa) , I ¥ B iTH]
N A7 Ak kT DU AE PR AT IR R I A8 IE i
0~55 GParf (i ff: — H Jy $2 it T 5 P R B . s
FRYE T 45 5, e 4 400 K Al 25 R 28 ok B 445 1F 19 45
(?;—1) VE=eVi+iV,p +Vigp? (6)
Ao, VB RIET, p=1/V, S8 p, WEE T 1 EEIR
FRE(mol -+ em ™) B UL (e, f, 71 g) HIRER)
P pRg . 2% 2 5 T SRR ESE TR (6) S EE .

% 2 JEF MORS6-SCFF-NpT-MD 48 153 B (1 5 1 & 4% 7 12
(6) 4L

Table 2
obtained based on the MORS6-SCFF-NpT-MD simulations

The parameters of isothermal compression equation (6)

T Vo

/K /em® + mol™ ¢ f g
298.15 123.263 -301.933 -28.771 323.153
343.15 124.577 —262.435 -14.989 269.813
400.15 126.348 -230.777 3.208 220.493
443.15 127.655 -203.916 6.365 190.818

4 HEERERSH

J T B MORS6-SCFF J1 37 59 #% 2% /5 ¥k sh AT E
W K S RT3 T buckingham SCFF Ji 35144 7 3
SR A S L R S RE T I 1.013%107" GPa
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MR- (BT B
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+ exp
184r 6 ¢ 5 QHA
e 180F SCFF MD
o
o 176
g 172
S 168F turning point
164} at460.2K
160k . L \ . . .
100 200 300 400 500 600
temperature / K
B 1 1.013x107" GPa T % - i th £
Fig. 1 Comparison of densities-temperature curves at

1.013x107* GPa

B 1 &R, 78 90 ~ 443 K i {5 B N, SCFF-
phonon i % i #ILIE {8 5 L S (8 = BE W&, 78 423 K iR
PR KE, AR 0.1%, 5 MORS6-SCFF 43 1
2R L, SCFF-phonon f4 % J3 70 RS 13 L - 48 5
T 10 A% BER 22 N 1% FEF] 0.1%,, 3 ks B2 £ 5 Y
W& 22 7 T SCFF-phonon 7E T A il & T %5 1§ T % &
PRBNBON o RN AEAR AT BT, e B 28 i R Bl 0 &
143 2 , SCFF-phonon J5 i 38 W th 73+ 30 J1 ¢ Fr G
B LA OB IR Ry 23 3l ) 2 Dok IR E R B
AU T A ARG TR I 2 5 IR R I 8 25 . ikt 130 WY 7 448
Big s R, R {0 A B2 19 07 3 , MDD %5 B2 i
B A e ROKG B2 gl 2 1%, 4T3 J0 12 3K B S 56K B2 . T
SCFF-phonon J5 7 WU AT 5 fi i 25 L R i, 7 25 2 ) 38
WA I B LI KG 2K B 1 8 o, B R 2
35 600 K, 4l QHA Jy vkt oA H BUAT Ao A A2 950 5 AH
J2 ,SCFF-phonon 772 | £ 460 K B %% B 5 8 i — 4>
P P A EIJLF S «-RDX [ R B K A
462 K"V —3, XA UG E T T A T
AE I PE R IE

A PR A G ) SCFF-phonon 75 ¥k iF 88 1 np i
a-RDXE K Hugoniot **' | #7157 — 1k u-u, KR
u,=2.656+2.124u,-0.102u, (8)

Kl 2 WAL T BT MORS6-SCFF Ji I8 AL 1) u,-u,
SRR . A 2 AT Y v, <1.8 km - s
B, R MR T 29 20 GPa, 525 M 45 R JE — 2,
PRz RN 0.5%, | KiIRZEMNA R 1%, Kl
20 GPafF ,— ¥ O 5 1 52 55 H 48 wh AS 68 15 31 1E 0 1 4
SR, X (8) PR 2.656 km - s {H L
P-4 [l b ST B 7 SE B (2,65 km - 7)Y ]

Gk A A www.energetic-materials.org.cn



HTF AR N E o M RDX K24 % 05 1 45 n 2 2k

57

S, S50 — YOG 28 HP B P AL 55 0 57 Y 7 S S 6 (L AR
T A N 2250 (2 5%) . BRI AE TS 8 B
20 GPallJm i % d i Y o 7E u,-u, KA, 7 HAH
JE AU R, R Bl 22 50 A0 AR SR 3 e il s T Ak
HEX A e R AR, (8) AA ZIRKR,
HCRE A LR I R M R A A R R ug-u, SRR DL R
J1

2 i ; 5 ]

2 u-u, RRPELEER[Eq.(8) TRISEIEAR (u,=278+19u,)"™
PO Nid

Fig.2 Comparison of theoretical data [ Eq.(8) ] and experi-

mental ones (u,=2.78+1.9u,) ‘*"in the u,-u, relation

82 ,MORS6-SCFF Jj & fig i i o-RDX [ 4 MK
AR R 2 v R R A N S ) R A A RS

J T AR A «-RDX & A K 25 0 25 4 3k £k, H
SCFF-phonon 5 i}, Jiti it T % & % & T 09 28 9 (4
(5=259.448 ) - mol™" ) My BR#l., % 3 5 T R TF
MORS6-SCFF J & #5 B 1+ 53 5k 45 1) 0~ 55 GPaJk Ji 3w

%3 LT MORS6-SCFF 8 (i) %5 i i Bk 45 F 09 4 J) 25
i (5=259.448 ) - mol™")

Table 3 Thermodynamic properties under isentropic loading
state (5=259.448 ] - mol™') based on MORS6-SCFF model

p/GPa  V/cm® - mol™'  T/K % c,/) - mol™ « K™
0.0 123.631 298.150  1.22495 215.316
5.0 102.558 370.209  1.10081 = 247.739
10.0 94.386 405.177 1.08462  260.457
15.0 89.517 429.203  1.07927  268.000
20.0 85.912 448.573  1.07244  273.416
25.0 83.072 465.354  1.06534  277.369
30.0 80.773 478.333  1.05112  280.573
35.0 78.781 491.150  1.02965  283.077
40.0 77.040 501.790  1.00124  285.306
45.0 75.459 513.892  0.98094  286.703
50.0 74.079 528.603  0.97214  292.208
55.0 73.112 527.980 1.00772  289.655

Note: p stands for the pressures, V for the volume, T for the temperature, y
for the griineisen coefficient, c, for the constant volume heat capacity

and S for the entropy.
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Fig.3 Theoretical isentrope loading locus of RDX

LA 2T #2213 2 a-RDX [ER 1Y
SN 2R
2 3, il gk — 075 3] RDX ME25 250 n 2% & 14 F
) p(GPa) ~V (cm’ - mol™) X &=
p=66.59633+4.52375 exp(—V/0.68117) +
16.56087exp( —V/4.31486) +
35.94539exp( —V/32.26906) (9)
AR IE T(K) A V(em® - mol™ ) i R
InT=5.06548+0.74774 InV-0.13886 (InV)>  (10)
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RETHEE i o BT AR AT B 3 2 Bl B8 A 2 & A7 [ 1A
KE 25 075 1 AR IS RO DL B A% 9 i IR sl s o 3 o B
W F 5 9256 HodE Xt H & B, SCFF-phonon 153 J5
RERS 754 T Y il J3E R 7 90 [ 9 i RCRIORS il Ak B
a-RDX [EVAKE 25 19 Z i 4R 8l b 1 AR T ALV, 3R 4%
TR TRE] 55GPa Ji [l N b ol T TR A AR A 4k e I
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S5 1A R K 2R T R A o R AR 2 S W P R
R RMITZ AN TR,

AN, BG 7137 v i1 T SCRF Jr i HURG i — 1y
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LRIy o Aoy oR 0 T Y K 245 1) 1A 25 4 m] i o
PRESH TN J5 155K A%, W AT i SCFF-phonon J5 v K
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Isentropic Compression Loading Locus of a-RDX Based on Its Self-consistent Force Field

SONG Huas-jie', LI Hua', ZHANG Ping', YANG Yan-giang®, HUANG Feng-lei’
(1. Beijing Institute of Applied Physics and Computational Mathematics, Beijing 100088, China; 2. Institute of Fluid Physics, Chinese Academy of Engineering
and Physics, Mianyang 621999, China; 3. National Key Lab of Explosive Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract . Starting with the molecular structure of @-RDX, the non-empirical full atom self-consistent force field (SCFF) for the ex-
plosive was derived via the first principles including electronic structure theory, intermolecular perturbation theory, and based on
the SCFF-phonon approach to calculating the anharmonic free energy, the isentropic locus for a-RDX was obtained, covering a
pressure range from the ambient pressure to 55 GPa. The relationships between p( GPa)and V(cm’ - mol™ ), and between T(K)
and V(cm® - mol™) of the isentropic locus are: p=66.59633+4.52375exp (- V/0.68117) +16.56087exp ( —V/4.31486) +
35.94539exp(—V/32.26906) and InT=5.06548+0.74774InV-0.13886(InV)?, respectively. The SCFF and SCFF-phonon methods
can be generalized toward other high energetic materials and thus provides an effective theoretical tool for constructing their precise
EOSs and computing thermodynamic properties.
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