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Table 1 Cell parameters and relative error before and after
simulation

cell parameters alA b/A c/A B/(°)

exp. 5.716 15.850 8.414 101.041
calc. 6.097 14.629 8.384 105.863
E/% 6.7 7.7 0.33 0.05
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Table 2 Property parameters at each crystal face of LLM-105

in vacuum

crystal total facet S E,. S e
face mult"” area” / % / A2 /kJ-mol™" /A2
(020) 2 28.60 49.17 —43.45 57.71
(011) 4 35.72 101.85 —-53.34 135.48
(101) 2 10.21 130.45 -64.71 171.12
(110) 4 20.07 132.14 -65.58 244.38
(111) 4 5.01 139.41 -69.35 224.32
(101) 2 0.39 170.23 -78.12 267.88

Note: 1) Multiplicity of crystal faces; 2) The exposed area of each crystal
face as a percentage of the total exposed area; 3)Area of crystal faces

in a unit cell; 4) Solvent accessible area of crystal faces in a unit cell.
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Fig.3 Crystal morphology of LLM-105 in vacuum

RYAR R S CCERVZANVZAN
R, R\
S R YAYA

(011) (5x2)

(101) (2x4)

_F__v
WAy

(101) (4x2)

(110) (4x2)

(111) (4x2)
B4 LLM-105 45 A~ i i A9 32 016 2 A0 A 254 (35 55 4 207
o T AR KO
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() 3 41 —COONH—FI—COO—, A {H ] $ it S
SR, A A R SR A7 1A, AR I G OR 5 LLM-105
TSR o X = A RIVTRY Fluyy Fops FLF 0,
B U SZ IR F AL CLAN SRR 2 R 2 HE 7 55 19 C—H..
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Table 3 Binding energies between six polymers and LLM-105 at different crystal faces kJ-mol™
interfacial model binding energy (01 1) (1o1) (110) (020) (111 (1o01)
Eun 108.133 203.063 150.294 54.154 168.265 142.207
LLM-105/Estane 5703 [ 74.477 145.970 106.379 44.861 112.859 94.068
Eqpe 33.655 57.093 43.915 9.293 55.406 48.139
Eioral 83.025 150.629 116.806 36.431 136.974 100.112
LLM-105/F,;,, E.. 69.010 115.433 108.279 31.738 109.238 84.373
Eere 14.014 35.192 8.523 4.693 27.736 15.744
Eo 75.921 160.550 116.584 44.430 136.464 97.312
LLM-105/F,.,,, E.. 66.524 134.111 102.126 39.855 111.230 80.480
Eufe 9.398 26.435 14.463 4.575 25.233 16.832
Eioral 76.641 151.383 136.514 44.506 128.740 107.099
LLM-105/F,,, E.. 53.083 100.983 95.947 33.681 92.594 75.428
Eue 23.559 50.399 40.566 10.829 36.142 31.675
[ 82.527 135.551 112.637 47.808 132.479 116.496
LLM-105/F,,, E... 66.670 113.993 103.440 38.306 109.765 88.609
Eue 15.857 21.558 9.197 9.502 22.713 27.887
[ 107.848 187.750 150.156 61.806 156.565 135.513
LLM-105/NBC Eon 78.701 122.507 109.435 47.360 110.703 98.739
E, 29.147 65.247 40.726 14.446 45.858 36.774

ele

Note: E, isthe van der Waals interaction E_ is the electrostatic interaction, £, is the total interaction.
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Table 4 Binding energy order of polymers with LLM-105 at

different crystal faces

Polymers Compatibility order of polymers and crystal faces

Estane 5703 (10 1)>(111)>(110)>(101)>(011)>(020)
Fasni (101)>(111)>(101)>(110)>(011)>(020)
Frns (101H>(111)>(110)>(101)>(011)>(020)
Fora (To1)>(111)>(110)>(101)>(011)>(020)
Fraer (1T01)>(110)>(111)>(101)>(011)>(020)
NBC (1o1)>(111)>(110)>(101)>(011)>(020)
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LLM-105 at different crystal faces
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Table 5 Mechanical properties of pure LLM-105 and interface models of LLM-105 with six polymers

(011) (111) (020) (101) (110) (101)
E 1.6426 3.9900 5.3021 18.2988 2.7621 20.7599
G 0.7833 1.7975 3.0562 8.5974 1.1761 11.736
K 0.6064 1.7046 1.397 6.9982 1.4132 5.621
LLM-105
v 0.0485 0.1099 -0.1325 0.0642 0.1743 -0.1155
K/G 0.7742 0.9483 0.4571 0.8139 1.2016 0.4789
Cp,-Cis -0.1506 -1.4176 0.3381 -15.3646 -1.5058 4.4155
E 4.1519 0.3803 -3.0674 1.9994 -6.255 10.0238
G 1.6887 0.1398 -0.6826 0.694 -1.2186 3.7014
K 2.5563 0.4544 0.6845 5.6017 0.9775 11.4471
LLM-105/Estane 5703
v 0.2293 0.3605 1.2469 0.4405 1.5665 0.3541
K/G 1.5138 3.2504 -1.003 8.0716 -0.8022 3.0926
Cp,-Cys 3.7933 0.7928 1.5052 12.7914 -0.3591 1.0655
E 5.4415 2.9072 0.3853 1.0741 0.6260 4.6395
G 3.4434 2.7073 0.2118 0.3876 0.2301 1.9590
K 1.2776 0.5031 0.1088 1.5645 0.7461 2.4481
LLM-105/F,;,,
v -0.2098 -0.4631 -0.0903 0.3856 0.3602 0.1841
K/G 0.3710 0.1858 0.5137 4.0364 3.2425 1.2497
Cpr-Cys -8.4966 -5.2206 -0.037 1.2837 0.0366 -6.0153
E 2.8294 4.5258 -3.2737 0.0587 2.4076 1.3772
G 1.1096 2.2604 -1.2895 0.3631 -3.0718 0.5168
K 2.0957 1.5119 -2.3659 0.0069 0.2121 1.3698
LLM-105/F,;,,
v 0.2749 0.0011 0.2694 -0.9191 -1.3919 0.3324
K/G 1.8887 0.6689 1.8347 0.0190 -0.0690 2.6505
C,,-Cy, 4.0412 -0.9216 0.5807 -0.4997 -0.5039 -4.7798
E 1.3254 3.8665 3.2185 0.9777 0.7294 0.1716
G 0.7858 -5.9324 0.9507 0.3909 -3.4812 -0.1594
K 0.5437 1.2018 1.7197 0.4513 0.2376 0.0511
LLM-105/F,,,,
v 0.2189 0.6086 -0.0642 0.0831 0.5349 0.6795
K/G 0.6919 -0.2025 1.8089 1.1545 -0.0683 -0.3205
C,,-Cy, 1.672 14.6924 -0.0598 -0.5865 2.0157 0.0625
E -2.4549 -0.6748 4.9536 -1.6991 2.9049 -0.2891
G -0.8708 -0.2178 3.0349 -0.3706 1.2093 -0.0881
K -4.523 2.283 1.2072 0.3574 1.6195 0.3423
LLM-105/F,,,,
v 0.4095 0.5493 -0.1838 1.2923 0.2011 0.6408
K/G 5.1941 -10.4821 0.3978 -0.9644 1.3392 -3.8853
Cp,-Cis -8.556 4.7386 -5.5421 1.3973 -0.7066 0.4742
E 1.2586 1.3569 3.2069 9.0644 13.7938 2.1912
G 0.4648 0.4896 1.5019 3.6201 5.2712 0.7833
K 1.4356 1.9802 1.2361 6.0906 11.9997 3.6051
LLM-105/NBC
v 0.3539 0.3858 0.0676 0.2519 0.3084 0.3987
K/G 3.0886 4.0445 0.8230 1.6824 2.2765 4.6025
Cp,-Cis -3.1136 1.5207 -0.1996 -3.5461 -2.7349 1.7746

Note: Eis tensile modulus. G is shear modulus.K is bulk modulus.C,,-C

of bulk modulus to shear modulus.
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is Cauchy. The units of E, G, Kand C,,-C,, are GPa. v is Poissom’s ratio. K/G is the ratio
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Molecular Dynamics Simulations for Interfacial Interactions and Mechanical Properties of LLM-105 with
Polymers

GUO Rong', YANG Zhi-jian’, DUAN Xiao-hui', PEI Chong-hua'
(1. State Key Laboratory of Environment-friendly Energy Materials, Southwest University of Science and Technology , Mianyang 621010, China; 2. Institute of

Chemical Materials, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: Interfacial interactions of polymers with 2, 6-diamino-3, 5-dinitropyrazine-1-oxide (LLM-105) directly influence the
surface boating effects of LLM-105. The analyses of interactional models and strength at the atomic and molecular level will help
to reveal the micro-mechanism of the interfacial interactions. In this work, molecular dynamics (MD) method was used to simu-
late the interfacial interactions of fluoropolymers (F,,,,, F,;15, Fou1us Fuue,) and polyurethane (Estane 5703) with LLM-105 at differ-
ent crystal faces. Interactional mode and strength between the polymers and LLM-105 at different crystal faces were analyzed,
and the screening principle of the polymer binders was preliminarily proposed. According to the principle, nitrifying bacterial
cellulose (NBC, a new polymer) was selected and the interactions between NBC and LLM-105 were simulated. The effect of six
polymers on the mechanical properties of LLM-105 was discussed using static elastic constant analysis. The simulation results
show that the bonding energies of all polymers with LLM-105 at various crystal faces are positive and the increasing order of
bonding strength is LLM-105/NBC~LLM-105/Estane 5703>LLM-105/F,, ,~LLM-105/F,, ,~LLM-105/F,,,,>LLM-105/F,,.,. The
(1 0 1) crystal face with the largest binding energy has the smallest exposed surface in the crystal(0.39%), while the(0 2 0) and
(0 1 1) crystal faces with smaller binding energies have the larger exposed surface (>60% in total). The Van der Waals force is
dominant in the interfacial interactions and is much higher than the electrostatic interactions. The polymers possessing strong in-
teractions with LLM-105 simultaneously have good hydrogen-bonding donors and acceptors. The effective isotropic modulus and
the Cauchy pressure values show that NBC, Estane 5703, and F,,, can slightly improve, F,,,, and F,,,, has no influence, and
F,,., reduce the mechanical properties of LLM-105.

Key words: 2,6-diamino-3,5-dinitropyrazine-1-oxide (LLM-105) ;polymers;interfacial interactions;mechanical properties

CLC number: TJ55; 0631.2"1 Document code: A DOI: 10.11943/CJEM2018349

(B : £3.%)

e
o

CHINESE JOURNAL OF ENERGETIC MATERIALS A A A R 2019 % %27 % %848 (644-651)



