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六、發表論文

A Guiding Simulation Research on Developing Promising Energetic Materials
Min-Hsien Liu*, Ken-Fa Cheng, Jong-Lan Lee, Cheng Chen, Yaw-Sun Hong
Department of Applied Chemistry and Materials Science

Chung Cheng Institute of Technology

National Defense University
Ta Hsi, Taoyuan, 33509, Taiwan, R.O.C.
Email: mcliu@ccit.edu.tw
Abstract 

A set of systematic approaches were adopted to simulate TATB and FOX-7 molecular derivatives for obtaining their corresponding detonation performance. 1,3,5-triamino-2,4,6-trinitrobenzene (TATB) and 1,1-diamino-2,2dinitroethylene (FOX-7) were suggested to react with glyoxal to produce the target molecules (Eqns. 1 and 2) DFT B3LYP/6-31++G//B3LYP/6-31G(d) method was used to Firstly, calculate the thermodynamic thermal enthalpy (Hcal) then calibrate it using a 5-parametric equation1 to accurate enthalpy of formation (ΔHf) and apply to obtain heat of detonation (Q). The calculation of density of molecular derivatives was initially evaluate molecular volume using Tarver's atomic group additivity2, then the volume was divided by molecular weight to acquire molecular density. Finally, the heat of detonation and molecular density were incorporated into Kamlet-Jacobs equation3 (Eqns. 3 and 4) to assess correspondent detonation performance then compare with those of traditional RDX and HMX to find out the promising energetic materials.
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V RDX  = 3S = 3  × 41.6  =124.8 cm 3 /mol   ρ RDX   =  222.12 / 124.8  =   1. 780  g/cm 3   ρ RDX (exp.) = 1.810 g/cm 3   R.E.= - 1.66 %  
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Computation 

1.Geometric optimization－B3LYP/6-31G(d)

2.Thermodynamic thermal enthalpy－B3LYP/6-31++G//B3LYP/6-31G(d)

3.Laset-square calculation enthalpy of formation equations
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nC, nH, nN, nO : numbers of C, H, N and O atoms

A, B, C, D, E: modification parameters for a given constant and specified number of C, H, N and O atoms
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Fig. 1. The group adductivity approach estimated RDX molar volume
5.Molecular detonation performance－Kamlet-Jacobs equations
Results and discussion
1.Optimized molecular geometry
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2. Laset-square calculation 
Compare 33 CHON compounds with known experimental enthalpy of formation. The mean absolute error M·|A·E| reduced from 555.9 kJ/mol (forΔHf,cal ) to 9.9 kJ/mol (forΔHf,1s ). The calibration parameters were used to estimate ΔHf of molecular derivatives.

3.Molcular volume and density 

The estimated densities for TATB derivatives are ranged between 1.95 g/cm3 to 2.55 g/cm3 , and for FOX-7 derivatives are ranged between 1.5 g/cm3 to2.29 g/cm3.

4.Comparable methods for estimating detonation performance

The related approaches proposed herein were adopted to estimate detonation velocity and    detonation pressure of TNT, RDX and HMX. It was found the relative errors are small as compare with experimentals (Table 1). Corresponding detonation performance of TATB- and FOX-7- derivatives are collected in Table 2.
Table1. Comparison of calculated detonation properties of TNT, RDX and HMX

	Compound

Performance
	TNT(R.E.)
	RDX(R.E.)
	HMX(R.E.)
	M.│R.E.│

	Detonation velocity (m/sec)
	Ruby
	6446(-7.25%)
	8437(-3.62%)
	9238(1.52%)
	4.13%

	
	BKW
	6950(0.00%)
	8754(0.00%)
	9159(0.65%)
	0.22%

	
	EXPLO5
	6889(-0.88%)
	8774(0.23%)
	9210(1.21%)
	0.77%

	
	This worka
	7073(1.77%)a
	8815(0.70%)
	9091(-0.10%)
	0.86%

	
	Exptlb
	6950
	8754
	9100
	―

	Detonation pressure (kbar)
	Ruby
	161(-15.26%)
	306(-11.82%)
	391(-0.51%)
	9.20%

	
	BKW
	206(8.42%)
	324(-6.63%)
	395(0.51%)
	5.19%

	
	EXPLO5
	203(6.84%)
	346(-0.29%)
	389(-1.02%)
	2.72%

	
	This worka
	208(9.48%)
	346(-0.29%)
	380(-3.31%)
	4.36%

	
	Exptlb
	190
	347
	393
	―


a:Refer to B3LYP/6-31++G//B3LYP/6-31G(d) calculated formation enthalpy.

b:taken from reference 3.
Table2. Physical and chemical properties of energetic TATB and FOX molecular derivatives

	Property

Compound
	Oxygen balance

(%)
	Heat of explosiona 

(cal/g)
	Detonation velocity

(m/sec)
	Detonation pressure

(kbar)

	TATBD1
	-62
	1255
	8039
	300

	TATBD2
	-51
	1451
	8936
	386

	TATBD3
	-41
	1564
	9698
	472

	TATBD4
	-41
	1540
	9661
	468

	TATBD5
	-41
	1578
	9719
	474

	TATBD6
	-32
	1593
	10327
	553

	TATBD7
	-25
	1656
	11011
	646

	FOXD1
	-5
	1458
	7378
	215

	FOXD2
	7
	1620
	8362
	299

	FOXD3
	16
	1746
	9302
	396

	FOXD4
	16
	1760
	9320
	397

	FOXD5
	16
	1742
	9297
	395

	FOXD6
	23
	1857
	10223
	505

	FOXD7
	29
	1951
	11122
	626


a:Refer to B3LYP/6-31++G//B3LYP/6-31G(d) calculated formation enthalpy.
Conclusion 

 The findings show that ten of the fourteen TATB- and FOX-7- molecular derivatives have detonation velocity between 9302-11122 m/sec and have detonation pressure between 396-646 kbar, those are superior the traditional HMX explosive's performance.

Reference

1.Liu, M.H.; Chen, C.; Liu, C.W.; Hong, Y.S. Theoretical Chemistry Accounts 2005, 113, 35.
2.Tarver, C.M. J Chem and Engine.data 1979, 24, 136.
3.Kamlet, M.J.; Jacobs, S.J., J Chem Phys 1968, 48, 23.
(2)





(1)





� EMBED ChemDraw.Document.6.0  ���





� EMBED ChemDraw.Document.6.0  ���





(4)





N: number of moles of gaseous products per gram of explosive


M: average molecular weight of gas products


Q: heat of explosion


ρ: density of explosive
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Fig.2.Optimized geometry of energetic TATB molecular derivatives
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Fig.3.Optimized geometry of energetic FOX-7 molecular derivatives
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