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Fig.1 Crystal and molecule structure for TATB
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Fig.2 Comparison of the equation of state and cell parame-
ters for TATB determined by Olinger and Cady'*’, Stevens et

al™ and calculated by this work
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Fig.3 Dihedral angle of TATB molecular as a function of

pressure
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Table 1 Bulk modulus( K,) and its pressure-derivative ( K} )

determined from various fitted equation of states

pressure Birch-Murnaghan Vinet
method

range/GPa K K Ko K
DFT-D2!%' 0-8 18.7 7.9 - -
DFT-D2!22] 0-20 13.6 11.7 15.1 9.2
DFT-D3 (BJ) 2% 0-20 13.8 8.7 14.3 7.9
MD!32] 0-10 1.1 17.2 - -
SAPT(DFT) [23 0-10 12.4 11.0 - -
Olinger and Cady'**! 0-7.0 16.7 5.7 16.6 5.9
Stevens et al. (4! 0-13.2 17.1 8.1 17.5 7.6
Stevens et al. 4! 0-5.0 13.6  12.4 14.7 10.0
this work 0-8.5 17.7 8.1 17.9 7.8
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FARIAH G, C—NO, i 47 Pk 2l , C—NH, i 47 I 5 5
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Table 2 Part of Raman active vibration frequencies and their assignment in TATB crystal

mode vibration frequency/cm™ Liu, et all'®! this work

Q30 291 ring twist ring twist

Q36 362 ring defromation ring defromation

Q39 381 NO, rock C—NO, stretch

Q42 384 C—NO, stretch NO, rock

Q50 522 NH, rock NH, rock+NO, rock

Q65 700 C—NO, stetch ring twist

Q70 711 C—NO, torsion ring distortion

Q72 729 C—NO, torsion NH, wag

Q74 753 ring distortion+NH, wag NH, wag

Q76 758 C—NH, torsion ring distortion+NH, wag

Q78 791 NH, wag NH, wag

Q80 794 NH, twist NH, twist+NO, scissor

Q81 797 C—NH, stretch NH, twist+NO, scissor

Q84 805 NH, twist NH, twist+NO, scissor

Q86 817 NH, twist NH, twist

Q88 849 NH, rock + NO, scissor NH, rock + NO, scissor+C—NO, stretch
Q89 852 NH, rock + NO, scissor NH, rock + NO, scissor+C—NO, stretch
Q91 1000 NH, rock + C—NO, stretch NH, rock + C—NO, stretch+ NO, scissor
Q94 1003 NH, rock + C—NO, stretch NH, rock+ C—NO, stretch+ NO, scissor
Q95 1087 C—NO, stretch NH, rock+ C—NO, stretch+ NO, scissor
Q100 1120 ring stretch+ C—NH, stretch ring stretch+ C—NH, stretch+NH, scissor
Q107 1164 ring stretch ring stretch+ C—NO, stretch+ NH, rock+ C—NH, stretch

3.2.2 Jn/E TATB RE#IRZN &R
Y T 18 s L S 45 ) 100 ~900 cm ™' 4R 3 4
RBEE F1 728 k45 5, K 5 1000 ~2000 cm™ 431K
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Fig.4 Comparison of the calculated values (the red dot) and
the experimental ones'®!(the blue line) for the vibrational fre-

quencies under pressure process of TATB crystal

CHINESE JOURNAL OF ENERGETIC MATERIALS

b. 8.5 GPa

5 TATB #{A£0 GPa f18.5 GPa it 791 cm ™ 4bfR S 45 A
HR(BEPOLaRRAR T, EORRARET, HEARFEDR
T R ORI T)

Fig.5 The identification results of the vibration mode of TATB

a. 0 GPa

crystal at 0 GPa and 8.5 GPa at 791 cm™'. The red ball in
picture represents oxygen atom. The blue ball represents nitro-
gen atom. The white ball represents hydrogen atom. The

black ball represents carbon atom
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Density Functional Theory Study on Equation of State and Vibration Properties of TATB Crystal

JIANG Wen-can'?, CHEN Hua', ZHANG Wei-bin'
(1. Institute of Chemical Materials, CAEP, Mianyang 621999, China; 2. Graduate School, CAEP, Mianyang 621999, China)

Abstract: The equation of state and vibration properties of TATB crystal were investigated by using the density functional theory
(DFT) and combining with van der Walls force correction (vdW-DF2). The partial vibration modes of TATB crystal were reas-
signed. Vibration mode coupling and the intermolecular interaction process were studied under pressure process up 8.5 GPa. Re-
sults show that the NO, and NH, vibrations were strongly coupled in TATB crystal. The vibration in the wave number range of
1100 cm™ to 1500 cm™' is particularly complex because of the coupling of NH, with NO, and benzene ring vibrations. With in-
creasing pressure, TATB molecules from neighboring layers bend and close to each other, causing a coupling of NH, plane twist
vibration or wag with NO, shear vibration, indicating a strengthening of intermolecular hydrogen bonding.

Key words: TATB; equation of state; vibration properties; density functional theory (DFT)
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HPEIENERRRCIMBARAAREA, CTHB RSB EERFHE PO ASN A MR ER
HEZRFAHL"T22016 55 A0 BAELZAF, RAFTEASD FHE FEZREARD LXETAF FEHETLA
FoRAAY FEHSEAF FERARELED MAHNTEE REHNFH R PO EAE AR AP 4Bk &
PEARFTFAE RO IHBTARIN =T AR E EX TR -2, A BER AT NE NIRRT B 2 %
MBPHEERZERAE AP EERAS HS BEERREMBRAANA#TTRATR, 545 FF7, B UK
RFF2HEN,EAK ST FKEHX BEERRAAERAMERRRT AL FAE, AR SRR ERAZE
FE AR
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