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AR5 R 5 BT R B AR IR 45 A vdW-DF2
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1 (a) TATB fff; (b) 70 T4H
Fig. 1. (a) Crystal structure of TATB; (b) molecule
structure of TATB.

2 WHTE

S s F VASP 8FRE 4T ), W14k g 4
4t ¥ 2 % Cady Al Larson [ [ X 5 28 117 5 (XRD)
SCESHHR, T OB EEI AL (GGA) 2 40m
V- 1HI % (projector augmented wave, PAW) Jiff 34,
51N vAW-DF2 3] A& 1F 70 8 50 o3 7). # 6r BE &%
EN600 eV, kSEUN2 x 2 x 2, Bk fE A kb s ik
PARAE AN 5 T i K2 AL 0.01 eV/A,
SERIEAL DL SRS T R 1 B st IR B AR v A
1x 1075 eV/atom, JiFHKZ /AL 1 meV/A.

K FRFS 77 FE P55 15 B TATB P17 5 A AR R 33
17U gk, Jyik— DR E EOR E, Wiosk
P4 B R TR K2 A 0.1 meV/A, H
Tl B ARME N1 x 1078 eV /atom. FH72 x 2 x 2
8 i M IR F 2 VR B iR TH L TATB db A4 77 H £
FRE, 3 3844 i1, J1 W BUE R kIR EF
2% 2x 2 A48 | Phonopy #H: B6] i) 78 Hikh [
BEAT 0T AL BRI 3RA5 75 11 i 2, T B SR
B % N 20 x 20 x 20, 3 #4EN GO 0 0) —
F(0 0.5 0) = Q(0 05 0.5) — Z(0 0 0.5) —
G(000) — B(0.5 0 0).
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3.1.1 TATB EJE shiR£EH#)
TATB F [ & A& 45 ¥ 18 i #) & = B Birch-
Murnaghan J5 2 P15 8], 5 AN

V)
_ 3Ko

SV = v v

x [1 + z (K — ) (V)2 - 1)} )

Hodr, P(V) 2 dib AR N VI AR 2 0 8 7,
Ko MK 5390 8% S iR AR RS & S — B i =,
Vo 91 or B it A AR, e 3 [l i A4 FR AR A AS []
V/Vo TS HS R A E, 446 (1) XEIAT
HHH Ko, K Vo, 16315765 & M AR F v, i, B
Al [ E AR R RS T R S A S R, B 2 2 AR
$& = B/ Birch-Murnaghan 77 #2 #L & t 1 TATB &
REERE TR, MR, A5 g5 R
5 Olinger #1 Candy %! LA J% Stevens £ 391 X 4§} £k
fT4 (XRD) SE50 8 HAF 6 5

FEAR A V- 17 & B AR R SR AT 1~ 1 s B 2 B 2
fih b, d3E— D5 T TATB & 1 % 5 K A% fg,
Hor A& BE oy FITHEL AN

1
Elat = Fmol — EEbulka (2)

ERH Eo WE I T EBE, Epux N b KBS 5
ML) ERE, n BRI TRCH. R 1A T AT
(vdW-DF2) i 5 TATB i) & i 2 % 5 44 % 5 L
Folikg e g R, o 8udls KB, AT S TATB
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Table 1. Computed and experimental lattice parameters, crystal density, lattice energy for TATB at zero-pressure.

a/A b/A c/A

B/(°) v/(°) p/gem™3 Elag/eV

Exp. 1] 9.010 9.028 6.812
This work 9.140 9.160 6.780
DFT-D2 3! 9.071 9.087 6.557

DFT-D3(BJ) [ 9.065 9.081 6.762
vdW-DF2 [3] 9.104 9.127 6.720
vdw-DF2-C09 [?] 9.039 9.057 6.591
MD [41] 9.160 9.210 6.660
ReaxFF-1g [42] 9.150 8.960 6.288
DFT-D2 [43] 8.976 9.075 6.381

108.590 91.820 119.970 1.938 1.740Y
107.180 94.040 119.990 1.935 1.890
109.400 91.780 119.950 2.000 1.510
108.720 91.920 119.980 1.932 1.530
107.820 93.260 119.960 1.925 1.910
109.300 91.630 119.950 2.000 1.370
106.290 95.920 120.140 1.923 1.7902)
108.900 91.900 119.900 2.070

FE: 1) Rosen % 101 Fha ol it 2) 4241055 1) FRA848 30 154

9
sk v Olinger and Cady
A Stevens et al.
e v —— This work
6 -
@ -
a5
@)
T af
3 -
2 -
1 -
0 L
0.75 0.80

v/vg

2 AR (vdW-DF2) it H TATB @ik R & K1 5
Olinger 1l Cady [38] LLJ Stevens 25 39) 5236 $4fi %t

Fig. 2. Comparison of Equation of state for TATB

determined by Olinger and Cady[®8], Stevens et

al. 391 and this work (vdW-DF2) fitted to the Birch-

Murnaghan equation of state.
3.1.2 TATB #htk & it

TATB b 78 75 73 10 545 1 B3,
RN, =475 %3 W4 A BLIK X At AR
BT A, B KN 0.71 THz. 245 H
() /&, KE AT B0 % [F] B 47 7 T Long 1 Chen [0 %
M REVE 25 B et & (HMX) 5 F i iH 45 3 (a-
HMX 41.59 THz, p-HMX J92.13 THz), Cui 2% (3]
% B-HMX 75 i 715 (3.00 THz), LA Velizhanin

26 1280 56 A 0 0 24 K BB (PETN) 75 1 i 5 45
(£10.6 THz) 1, K&A0AT 68 /) i 26 34 dp (1 J LA AR
0T 85 B0 YIS R A AT SR BE K AR L i — 2D R
e J 52 DG FE LA SR P S A # 12

MRV B SR ) TATB & R 44 5 g
S H AR T, BRI 144 PRI, B2
SANE AR, B T2 Fhh 2 G PR B A A 69 Al AT
SMETEIRZN B, R4 H AT B = TATB ik s 13
SCIGHAE, H AN S0 AR W52 5 TATB i 4
(IR Bl A AR /> 101 T i 8 1 S 6 R B 40 T 22
MHRBNIE. T H 2 ik SEIe A RE M2 3 G m (R
A LK X A0 £ BRI R 2 9 P R S A 1 R 3l A
R, RIA SCHRB T 75 1 G AR 2 S M IR 3 AT
I 5 IUE 86 s 1) 15 14k 3h I AT Liu
2t 47) 5 pig 97 bR PR B (DFT) 5045 21 (4R sh i %
BEAT XS EE (W3 2). 70#r K BI, £ 288—1549 cm ™
2 [8] (B[ 8.64—46.47 THz), A K DFT 3454
vAW-DF J7 vk o1 5 45 S 15 5250 3045 DL K Liu %5 147)
(1) 45 AT O BT, {HAE 33253439 cm~! 2 [A] (EP
99.75—103.17 THz), Bt 15 45 5 5250 s 5
KA ZIEF 136 ecm—! (4.08 THz), %A 2 A
HILAE Lin %5 WIDFT o 545 1 b, R D8 AT g 5 2
WItEINEAR GG K.
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Fig. 3. Phonon spectrum and total phonon density of
states of TATB crystal and the corresponding integra-
tion path.

ST E T A ®ERILES), TATB
fm A H R B X 32 ZE O B £ 0—50.1 THz f
96.6—106.7 THz i B, 50.1—96.6 THz 4 B i K
AR 9 0.002 unite cell - THz !, KRS
o 2QH B SR /s, AR A 18] R 26 0k i st
36 % B TATB 7£ 2.22 THz B3/ H B0 7 1R 58 i W i
U, B PRI TR TARBDGIE H IR K, ASCH
TR BRYILE 2.3 THz AL TATB 75 12485
R, UESE T 2.22 THz A K266 1E S0 g5 1. 5
A, WAE R TS T TATB §h R AS [F) 28 7 J 1
STRBNA % R oTmk, S5 R WK 4. R, 1R
PRENIAF L 47.8 THz &, B R 7 X RSN A% E
FI TR EIL % (KT 0.007 unite cell ™' THz™1), T
FAR 5 T 0 4R 2 25 2% FE B ST R AR X BE £ SREAAE
PRENIAE N 47.8—50.1 THz 2 [7], N T EE
RINEZR ) (C—C) MEZEIES) (NH) FHK. 7E
96.6—106.7 THz # %, SR FHRANMERECKR, R
T — & MR IR 3), R 7 AR R 7 I KR8,
FUHTE 96.6—106.7 THz EELIEK (NH,) FAJR
TR N E.

*2

TATB #7543 hr S iH VEIR BN S0 F 5 1 & S04

4 1461 L) Lin % 47) 3030 151 45 X L

Table 2. Part of Raman active vibrational frequencies

in TATB crystal compared with experiment 6] and
Liu et al. [47],

This work Liu et al. [47] Exp. [46]
1

Mode Symmetries
Jem ™1 Jem ™1 Jem™
Q27 288 292 296 E’
Q30 289 295 297 E’
Q32 331 312 332 E"
Q33 332 318 334 E"
Q36 359 370 369 E’
Q38 362 371 371 E’
Q42 382 391 391 Al
Q44 440 436 445 E'
Q46 441 438 449 E’
Q50 518 520 524 E'
Q64 680 704 704 E'
Q65 696 708 705 E'
Q88 846 870 871 E’
Q89 851 874 875 E'
Qo1 996 1026 1028 E’
Q94 1001 1032 1031 E’
Q105 1154 1215 1215 E’
Q107 1162 1219 1219 E’
Q109 1244 1320 1312 E’
Q111 1250 1327 1318 E'
Q119 1407 1446 1447 E'
Q127 1542 1575 1566 A}
Q129 1548 1586 1593 E’
Q130 1549 1596 1601 E'
Q134 3325 3313 3204 E’
Q138 3351 3334 3213 Al
Q142 3439 3436 3303 E’
4.5
L —H
E ‘IN 3.0F —
27 sl
;é) :8 2.0
holi=}
£ 1o0r
0.5
0 0 2IO 40 6IO SIO 100 120
Vibration frequency/THz
K4 TATB #4 ik & KT RSN B TTk
Fig. 4. Contributions of each kind of atoms to the

phonon density of states in TATB at 0 K.
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3.2 TATB @ikLb#E

R FEEETE T TATB &k Lk 25 b
IREAA 28, T TATB SR E 40 IE FE E 604 K
Feda, DR i R 9 A E O 0—600 K, 25
Kl 5. BT 2 HACA RS = SR TATB gk B3
i, X B1Y 5 1976 4F Olinger Ml Cady 8 7E 293 K
DB PRS2 36 A (495.7 J/(mol K) B # AT % Lb, 5
M5 A R EL 293 KB ) B #5115 J/(mol K)
e, M RZEN3.19%.
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Specific heat/J-mol~1.K~1!

200

100 -

0

1 1 1 1 1
0 100 200 300 400 500 600
T/K

B 5 AFEEE N TATB SR LA BS54
Fig. 5. Specific heat of TATB crystal at different tem-

peratures.

N TR FAR S T LI B TRk, B e AT
TARBR 5y, 1% A B A M AT R A
g [12,1418,49] 5 5] NI T, B8 50 F i
PRI IR Bl AR AT DL 43 A 4iR 3 (Hill A Dlott 191 DA
J Kraczek 1 Chung '] Fx A “lattice phonons”) il
WAREN, SMREN IR ZNAZAR T w., 1T ARSI EIHR
AT we. — B we—2w, Z [AIIRZNAL PR
RN, MBRAA T IR3N, H—E &4 Tl
2w Pem B fe  AE, BT 5l TR MRS
A 258 IR AE 30—60 THz HEL, PRt A H A
A 5E SUNFE we—30 THz Z [A ARSI, N A
HE R UAE we—2w Z AIPIRANELEEH, AH
B R b iR R R B L R E S
AMFLRE R B 30—60 THz B4 T W R B 24
HolEs T SAMET R RPN OB E
502G B E AR O D05 iy T b R AR B
R R T 25 R VL SR 5 By, BRATKAE )G
SETAER R — DA, AN Gt TN
HHASCHERABATYDX . w. F3EBUE
— DA T B A M X AR, BV oo KA

&, B F NIRENI Viw; #IETF, MAMRS)
1V gwr; A AT 2N B2 S85 7 ES, Fitw.
— PR B — AN BRI 7 - s BRAR R AR B AT
SEATE TR FARERN, B RN

AR IAE 6.1 THz &b, FIk# 0—6.1 THz
MNAMRESIX. ¥ 6.1—106.7 THz & X N AN IR
X, i, 6.1—12.2 THz(we—2w.) Z I8 4R 5 1
XANDOB, X B NN IRB AKX, Yo%k P
B 5E TATB [ we 200 cm~t (Bl 6.0 THz) AR5
fi & ML AMEE LI St 7 200700 cm— ! (E]
6.0—21.0 THz) Z A [ N B30 &, A SCAR A 75
T3 13 w. 6.1 THz, 5 Ye & B0 32in, /T
i, R FEEHESI T 6.0-21.0 THz
I OB R, R 3 gs T AR R AR St
S5 R, @I X R, AR SCIRTS 1 6.0—15 THz V4
N 1 % B B i 22 T Ye 25 501 il i B3LYP/6-
31G(d) 77 V& X TATB 7p 1 W i+ S 45 2R, HAK T
Ge %5 B F) l B3P86/6-31g(d,p) 77145 th N [
HE. 6.0—21.0 THz WU L& N D EE S Ye
26 [50) 4 BT 6.0—15.0 THz £ Ye 25 0] 9.3
Z N\ UBLECR (1 7 5 7T g & TATB & 4k 4 3l 52
B 7o IAA EAE SN, ¥ 12.2—27.5 THz &
SCNWIRESY BIX. TATB & ¥ £ 27.5 THz H 1
TR P2, I 27.5—50.1 THz & X
HNPHREN C X

%3 ETGHEFIN 6.0—21.0 THz HE 1 HH R

A B 45 AT He

Table 3. Number of doorway modes compared with

other calculated results in the frequency range of
6.0-21.0 THz.

Doorway region

6.0—15.0 THz 6.0—18.0 THz 6.0—21.0 THz

This work 25 29 42
Ye et al. [50] 11 23 41
Ge et al.[P1] a7 56 79

(] B % 300 KBy A [m] 451 B iR 30 A5 2onf Bl # 2
ITTHREEAT 708 (WL 6), RILAMIES) X 4k 3 15
TR B N 192.0 T/ (molK), PIREN A X IR
A TTER I HE AR 113.0 J/(mol K), WHiRZ) B
X B 1E oTRR I EE TS R 183.6 T/ (mol-K), Wk
3 C X RN TTHER BT L A 33.1 T/ (mol K),
50.1—106.7 THz ik 3 & X 57 Bk 19 bL /A B/ N
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0.002 J/(mol-K), AT 2B ATt SMRENIX . NIk
B AXMAIRS) B X RN L A TR E
129 93.7%, BN TATB &4k B 328 5Tk e K B
PRENE RN 0—27.5 THz, 1M 5 #4152
IR C XA EE A TTRREL /DS, PRI v o kT
PR AR R R FR R, BER RS T 2 Tk b
HOTRRA] 1“2 FIEk AR,

600

400

300 F

200

Specific heat/J-mol~1-K~1

100

Vibration frequency/THz

6 300 K AN A4 B A 4R S AR 20T EL 3 1 TTRR,
r i £k 2 18] X RE AR BE 73 3 9 0—6.1 THz (SMRBIIX),
6.1—12.2 THz (WEZN A [X), 12.2—27.5 THz (HIRE3)
BX), 27.5—50.1 THz (H#&3) C X), 50.1—96.6 THz
#196.6—106.7 THz

Fig. 6. Cumulative contributions of vibration modes
to the specific heat. The dotted line correspond-
ing frequency of 0-6.1 THz (external vibration),
6.1-12.2 THz (internal vibration A) 12.2-27.5 THz
(internal vibration B), 27.5-50.1 THz (internal vibra-
tion C'), 50.1-96.6 THz and 96.6-106.7 THz.

e T R A TR E 2 R A, R
SE TEIA B RF i FE I 7 7 2 ARk Hs A K
) (BP0 02, 1580 T i 3 A b 25 A B 11
PR AT LA Tk L) (LA R 23 3 AR A 4k
PR X LBl WIRED A X EL ] AHRSD B IX 5] A
MRS C X L), THRaE R 7. o] IR A iR
BN, AMRshIX LeB B B8N, PIRSE A X AT IR
3l B X LLB A4 FEAN 5, RSN C X L A7) B 2 3
K, WIREN C X 3R 2 3 B 5 #7311
FUMOC, DR Bl R i — DT, WERB C X T
Bt — i, SRR PSS 2 A 1A BRI
HFEMTERK, S Re TN IRS) C Xt —2 82
Hal Ko T s 2L

N T HE— R T TATB 4 Tk 22 7 X, it
H T 300—600 K Fhi i F2 1 7E 27.5—50.1 THz 4l
B R iR s AR U B s i sTmk Ee ), A
B S, B A A 300600 K iR i B I A L

BT I IR A O0S HE A B Tk b A7) v 2
IRARFPAR IO BR SR 1 RUR 7 SR T AU 7,
B S AR T P o e B R e T AU T, R
FEIR BETH i A rh A RE & BE 2 M e % Bk S A
AT L.

0.44
0.40
0.36 B
0.32
0.28
0.24
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0.08

—— External vibration

—— Internal vibration A
—— Internal vibration B
—— Internal vibration C

Percentage of specific heat

1 1 1 1 1
0-0460 350 400 450 500 550 600
T/K

7 TR R R BB LR I TR L A5
Fig. 7. Temperature-dependent percentage of specific
heat from designated ranges of the frequency spec-

trum.

0.5

0.4

0.3 -‘/\
0.2 /\

0.1 1 1 1 1 1
300 350 400 450 500 550 600

T/K
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Fig. 8. Temperature-dependent specific heat contribu-

Percentage of specific heat

tions from different atomic vibration in the range of
27.5—50.1 THz.
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DR] LM 30T 309 Wou 25 54 32 0 o s 3o 2 TATB 41 34
IR NEFER 7 AR T REAAAE .

# 4  TATB @k L2 5 B 4L
Table 4. Bond population in TATB crystal.

Bond C—N(NO2)

C—N(NHg)

c—C N—H N—O

Population 0.83

1.00

1.01 0.65 0.67

4 % @

AR HE T2 7 R AR IR 45 A vdW-DF2 Ji
T E R OE T B AL T TATB dib 4 75 1% &2
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B I HLAFFT 7 IRBN A R E IR I DTk, ot
ORI, HRE T 0—27.5 THz BRI x H 4
TR R LA 93.7%. BEE IR E TFE, AR
B X % 2 A5 2O0) b #4251 BT ik B 451 B R sk /s, T
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h B EREB R, C-N(NOy) & 5 T
BRI 2 B R TR AR IR I B, 456 TR T iR B A
U L I TTHR R B, TATB #4201 51 & B4R
AT BESE C—NO, 2L

SE

[1] Cady H H, Larson A C 1965 Acta Crystallogr. 18 485

[2] Ji G F 2002 Ph. D. Dissertation
University of Science and Technology) (in Chinese) [4

H 2002 WAL (R MR EE T R))

[3] Fedorov I A, Zhuravlev Y N 2014 Chem. Phys. 436 1

[4] Liu H 2006 Ph. D. Dissertation (Shichuan: Sounthwest
Jiaotong University) (in Chinese) [XI4[ 2006 f1-2%47 18
SC (U PEREAC IR )

(Nanjing: Nanjing

[5] Ojeda O U, Cagin T 2011 J. Phys. Chem. B 115 12085

[6] Gorshkov M, Grebenkin K, Zherebtsov A, Zaikin V, Slo-
bodenyukov V, Tkachev O 2007 Combust. Explo. Shock
43 78

[7] Bourasseau E, Maillet J B, Desbiens N, Stoltz G 2011
J. Phys. Chem. A 115 10729

[8] XiaoJJ, HuangY C, Hu'Y J, Xiao H M 2005 Sci. China
Ser. B Chem. 48 504

[9] Budzevich M M, Landerville A C, Conroy M W, Lin Y,

Oleynik I I, White C T 2010 J. Appl. Phys. 107 113524

Dove M T 1993 Introduction to Lattice Dynamics (Cam-

bridge: Cambridge University Press) ppl-2

Burnham A K, Weese R K, Wemhoff A P, Maienschein

J L 2007 J. Therm. Anal. Calorim. 89 407

Dlott D D 2011 Annu. Rev. Phys. Chem. 62 575

Tarver C 1997 J. Phys. Chem. A 101 4845

Dlott D D 2003 J. Theor. Comput. Chem. 13 125

Henson B F, Smilowitz L. B 2010 Shock Wave Sci-

ence and Technology Reference Library Berlin Heidel-

berg 2010 pp45-128

] Kraczek B, Chung P W 2013 J. Chem. Phys. 138 074505

] Coffey C, Toton E 1982 J. Chem. Phys. 76 949

8] Dlott D, Fayer M D 1990 J.Chem. Phys. 92 3798

] Tokmakoff A, Fayer M, Dlott D D 1993 J. Phys. Chem.

97 1901

Kohn W, Sham L J 1965 Phys. Rev. 140 A1133

1] Hohenberg P, Kohn W 1964 Phys. Rev. 136 B864

2] Baroni S, Gironcoli S D, Corso A D, Giannozzi P 2001

Rev. Mod. Phys. 73 515

Li X X, Tao X M, Chen H M, Ouyang Y F, Du Y 2013

Chin. Phys. B 22 366

Feng S K, Li S M, Fu H Z 2014 Chin. Phys. B 23 420

Yu Y, Chen C L, Zhao G D, Zhao X L, Zhu X H 2014

Chin. Phys. Lett. 31 100

Zhang X J, Chen C L, Feng F L 2013 Chin. Phys. B 22

520

PuCY, Ye X T, Jiang HL, Zhang F W, Lu Z W, He J

B, Zhou D W 2015 Chin. Phys. B 3 275

Velizhanin K A Kilina S, Sewell T D, Piryatinski A 2008

J. Phys. Chem. B 112 13252

Wu Z, Kalia R K, Nakano A, Vashishta P 2011 J. Chem.

Phys. 134 204509

Long Y, Chen J 2014 Philos. Mag. 94 2656

Cui HL, Ji G F, Chen X R, Zhu W H, Zhao F, Wen Y,

Wei D Q 2009 J. Phys. Chem. A 114 1082

126301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1107/S0365110X6500107X
http://dx.doi.org/10.1021/jp2007649
http://dx.doi.org/10.1007/s10573-007-0012-7
http://dx.doi.org/10.1007/s10573-007-0012-7
http://dx.doi.org/10.1021/jp2047739
http://dx.doi.org/10.1021/jp2047739
http://dx.doi.org/10.1360/042004-61
http://dx.doi.org/10.1360/042004-61
http://dx.doi.org/10.1063/1.3361407
http://dx.doi.org/10.1007/s10973-006-8161-6
http://dx.doi.org/10.1146/annurev.physchem.012809.103514
http://dx.doi.org/10.1016/S1380-7323(03)80027-4
http://dx.doi.org/10.1063/1.4790637
http://dx.doi.org/10.1063/1.443065
http://dx.doi.org/10.1063/1.457838
http://dx.doi.org/10.1021/j100111a031
http://dx.doi.org/10.1021/j100111a031
http://dx.doi.org/10.1103/PhysRev.140.A1133
http://dx.doi.org/10.1103/PhysRev.136.B864
http://dx.doi.org/10.1103/RevModPhys.73.515
http://dx.doi.org/10.1103/RevModPhys.73.515
http://dx.doi.org/10.1021/jp804980a
http://dx.doi.org/10.1021/jp804980a
http://dx.doi.org/10.1063/1.3587135
http://dx.doi.org/10.1063/1.3587135
http://dx.doi.org/10.1080/14786435.2014.927598
http://dx.doi.org/10.1021/jp9090969

¥ 12 Z R Acta Phys. Sin.

Vol. 65,

No. 12 (2016) 126301

[42]

[43]

Sorescu D C, Rice B M 2010 J. Phys. Chem. C 114 6734
Lee K, Murray E D, Kong L, Lundqvist B I, Langreth
D C 2010 Phys. Rev. B 82 081101

Jiang W C, Chen H, Zhang W B 2016 Chin. J. Energ.
Mater. (in Chinese) [# 30, R4, skfat 2016 & Aetf
%} (in press)

Kresse G, Furthmiller J 1996 Comput. Mater. Sci. 6 15
Togo A, Oba F, Tanaka I 2008 Phys. Rev. B 78 134106
Birch F 1947 Phys. Rev. 71 809

Olinger B W, Cady H H 1976 Conference: 6. Sym-
posium on Detonation San Diego, California, August
24-27, 1976 p224

Stevens L L, Velisavljevic N, Hooks D E, Dattelbaum D
M 2008 Propell. Ezxplos. Pyrot. 33 286

Rosen J M, Dickinson C 1969 J. Chem. Eng. Data 14
120

Jin Z, Liu J, Wang L L, Cao F L, Sun H 2014 Acta Phys.
-Chem. Sin. 30 654 (in Chinese) [&%!, X%, EUNF], &
W, FME 2014 YA 4R 30 654]

Liu L, Liu Y, Zybin S V, Sun H, Goddard IIT W A 2011
J. Phys. Chem. A 115 11016

Valenzano L, Slough W J, Perger W 2012 Shock Com-
pression of Condensed Matter-2011: Proceedings of the
Conference of the American Physical Society Topical
Group on Shock Compression of Condensed Matter
Chicago, IIlinois, June 26-July 1, 2011 pp1191-1194

[44]

126301-8

Xu W T 1999 Group Theory and Its Applications in
Solid State Physics (Beijing: Higher Education Press)
pp218-221 (in Chinese) [fRBi% 1999 Ff it & H 7R A
PR (Abn: @EHE B ES 218—221 1))
Pravica M, Yulga B, Liu Z, Tschauner O 2007 Phys. Rev.
B 76 64102

Mcgrane S, Shreve A 2003 J. Chem. Phys. 119 5834
Liu H, Zhao J, Ji G, Wei D, Gong Z 2006 Phys. Lett. A
358 63

Jia C Q, Song T, Liu X Y, Zhang Z W, Jiang G 2013
Chin. J. Energ. Mater. 21 434 (in Chinese) [Fif53#, K
W, XIS, FKIRME, #N 2013 SREMEL 21 434]

Hill J R, Dlott D D 1989 J. Chem. Phys. 89 830

Ye S, Tonokura K, Koshi M 2003 Combust. Flame 132
240

Ge S H, Cheng X L, Wu L S, Yang X D 2007 J. Mol.
Struct. 809 55

Huang K, Han R Q 1966 Solid States Physics (Beijing:
People’s Education Press) pp79-82 (in Chinese) [ B, #f
Wy 1966 A B (Aba: NREE ) 5 79—82
]

Xiao H M, Fan J F, Gu Z M, Dong H S 1998 Chem.
Phys. 226 15

Wu Q, Chen H, Xiong G, Zhu W, Xiao H 2015 J. Phys.
Chem. C 29 16500


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1021/jp100379a
http://dx.doi.org/10.1103/PhysRevB.82.081101
http://dx.doi.org/10.1016/0927-0256(96)00008-0
http://dx.doi.org/10.1103/PhysRevB.78.134106
http://dx.doi.org/10.1103/PhysRev.71.809
http://dx.doi.org/10.1002/prep.v33:4
http://dx.doi.org/10.1021/je60040a044
http://dx.doi.org/10.1021/je60040a044
http://dx.doi.org/10.1021/jp201599t
http://dx.doi.org/10.1021/jp201599t
http://dx.doi.org/10.1063/1.1601601
http://dx.doi.org/10.1016/j.physleta.2006.04.096
http://dx.doi.org/10.1016/j.physleta.2006.04.096
http://dx.doi.org/10.1016/S0010-2180(02)00461-3
http://dx.doi.org/10.1016/S0010-2180(02)00461-3
http://dx.doi.org/10.1016/j.theochem.2007.01.011
http://dx.doi.org/10.1016/j.theochem.2007.01.011
http://dx.doi.org/10.1016/S0301-0104(97)00288-7
http://dx.doi.org/10.1016/S0301-0104(97)00288-7

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 12 (2016) 126301

First-principles study of the phonon spectrum and heat
capacity of TATB crystal”

Jiang Wen-Can"? Chen Hua! Zhang Wei-Bin"'

1) (Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)
2) (Graduate School, China Academy of Engineering Physics, Mianyang 621900, China)

( Received 1 March 2016; revised manuscript received 5 April 2016 )

Abstract

The widely used energetic material 1, 3, 5-triamino-2, 4, 6-trinitrobenzene (TATB) is an extremely powerful explosive
and known for its extraordinary insensitivity to external stimuli (i.e., shock, friction, impact). TATB crystal exhibits
graphitic-like sheets with significant inter- and intra-molecular hydrogen bondings within each layer and weak van
der Waals (vdW) interactions between layers. Although TATB has been extensively studied both theoretically and
experimentally, a fully understanding of its unique detonation phenomenon at a microscopic level is still lacking. Before
establishing the exact pathway through which the initial energy is transferred, a fundamental knowledge of both the
lattice vibrations (phonons) and molecule internal vibrations must be gained at the first step. Recently, it has been
demonstrated that density functional theory (DFT) is inadequate in treating conventional energetic materials, within
which dispersion interactions appear to be major contributors to the binding forces. In the present work, phonon
spectrum and specific heat of TATB crystal are calculated in the framework of DFT with vdW-DF2 correction, which
has been validated in our previous studies of the equation of state, structure and vibration property of TATB crystal
under pressures in a range of 0-8.5 GPa. Structure optimization is preformed at zero-pressure, followed by calculating
the equation of state, crystal density and lattice energy. The computed results are found to fit well with the experimental
and other theoretical values. Frozen phonon method is used to calculate the phonon spectrum and phonon density of
states. We find that the phonon density of states reaches its maximum at a vibration frequency of 2.3 THz, which is in
good agreement with the strong absorption peak at 2.22 THz observed by THz spectroscopy. The assignment of several
Raman active vibrations of TATB above 7.5 THz is given, and a comparison with other published results is also made in
this study. Furthermore, the contributions of different phonon vibration modes to the specific heat are derived from the
phonon density of states. The number of “doorway” modes (i.e., the low frequency molecular vibrations that is critical
to detonation initiation) of TATB in a range of 6.0-21.0 THz is estimated based on the phonon density of states. It
is shown that the phonon modes in a range of 0-27.5 THz would contribute 93.7% of the total specific heat at room
temperature. By combining a Mulliken population analysis of TATB with the relative contribution of phonon vibration
modes to the specific heat at 300-600 K, we conclude that C—NO3 bond might be the trigger bond of TATB during

thermolysis.

Keywords: TATB, phonon spectrum, specific heat, van der Waals correction
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