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Computational Simulation of Crystal Morphology ,
Mechanical Properties and Sensitivity of 3 ,4-Dinitropyrazole
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[ABSTRACT]  Crystal surface parameters, growth habit and natural morphology of 3, 4-dinitropyrazole ( DNP) were
calculated by the methods of Growth Morphology (GM) , Bravais-Friedel Donnay-Harker ( BFDH) and Equilibrium Mor-
phology (EM) contained in the Morphology module of Material Studio (MS) software. Mechanical properties and sensitivi-
ty of DNP, 1,3 ,5-trinitrotoluene (TNT) and 2 ,4-dinitrobenzyme (DNAN) were calculated by molecular dynamics simula-
tion. Results show that the morphologies of DNP crystals calculated by the three methods are shuttle, short cylinder and el-
lipsoid, respectively, and the morphology of DNP crystal is more likely to be shuttle sphere by comprehensive analysis.
Tensile modulus E of DNP is greater than that of TNT and DNAN. Bulk modulus K of DNP is greater than that of TNT, but
less than that of DNAN. Shear modulus G of DNP is greater than that of TNT and DNAN. And its toughness is weaker than
that of TNT and DNAN. The maximum bond lengths of DNP and DNAN are the same, and they are lower than that of TNT.
Cohesive energy density of DNP is almost the same as that of DNAN and higher than that of TNT.
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Fig.2 Crystal shape of DNP calculated by GM method
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Fig.4 Crystal shape of DNP calculated by BFDH method

M & 4 RN, iz A ) DNP g i Bl ke
BIFEIE , KA2 b 1,713, 1 (10-1) (011) (110) .
(101) ,(11-1) A1 (002 ) & TT B2 X R &l 1D BB 65 17 A
ZEBR2 W(10-1) F L ZEE N 4 H7(011) &
I ZHE 4 1 (110) b, 2 H R 2 (19 (101)
i TR 430 7 BT FR Y 30. 76% .25.77% 23.29% Fil
16.91% ; HoAth fit 1w o5 B2 LAY 3. 27% ., BEHA (10-
1) .(011) ((110) ((101) 31X 4 A i 78 s AR AR K
R EE EEMEN, A EA SR
AR, P A 2] 0 S8 3 UE B AR

mnARA R AN S i, HIES AL EA
ANTr b F Sk R A s R R RG], R,
FH BFDH J7 ik 11545 2 0 5% 3k ol R AR
BFDH J7 VAR IR 25 ISR = A 52

k 4 ."I‘WL‘_ 2

&

5 BFDH Jrikit 5t DNP fhfAf E %
Fig.5 Crystal growth trend of DNP calculated
by BFDH method
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Fig.7 Crystal growth trend of DNP calculated
by EM method
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Tab.1 Mechanical properties of TNT,DNAN and DNP
G an om o e om om o £ K6 we UG
TNT 1.27 5.52 6.70 2.62 1.78 1.50 1.89 1.71 4.38 1.87 1.97  0.95 -0.73
DNAN 1.34 6.32 5.34  0.95 0.96 0.90 1.91 1.30  2.56 3.09  0.94 3.29 0.96
DNP 2.67 5.65 9.01 2.27  2.99 2.91 1.70  2.12  5.73 2.14 2.72 0.79 -0.57
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Tab.2 Initiation bond length of three explosives
nm
124 L, L, L,
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Tab.3 Cohesive energy density and its

components of three explosives

kJ/cm’
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DNP 0.76 0.32 0.44
TNT 0.59 0.56 0.03
DNAN 0.81 0.35 0.46
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