HEBER IR 5 TATB 20 7 i) A AR A B AT 52 135

NEHS: 1006-9941(2015)02-0135-05
EEEEKT S TATB s FEEEERIERTR

=1,2 > 223 1,2
KeEW o, HESE,E 2
(1. RABIRFIEFLRFR, W KL 6140005 2. TV FAHEHEHF T, I KA 610041; 3. F E TR& 49 %85 5% ik
RGBT R DESBREZWEEIFELELHE, W) %M 621999)

W E IS EZ RIS LDA/PW Jr ik X) y-Z AL TN 45 = W ik g (KH5501 ) IR A 1,3 ,5- =2 462 ,4,6- =i S 54 (TATB) 4»
T AR AR R CHAB R LR HEAT T BRI AT 9T o 45 5R R W R G (5650 5 TATB 20 T MM AR EAE T, 8 T TATB 207 9P T 4544 , 1%
BT TATB 5 TRy C—NO, 8 KRR T TATB 43 FHOEIRAUE M. 5380, THET 45 R0k 3 U ik be B 1560 2 58 1 i &5 TATB fif 4

B 2 L Y S A PR TRE A 08I0 15 TAT 2 28 (0 A1 P 1 = B0 03— S50 5 56 0 O 45— L
S J) TR BICHLEL; LDA/PW 773k 5 1,3,5- =032 4, 6- = RIFEH (TATB) 5 Btk (B35

HEZES: T)55; 0641.1271 MR ERG: A

DOI: 10.11943/j.issn.1006-9941.2015.02.006

1 51 &

1,3,5-= % Fk-2,4,6-= {3 K (TATB) & HAl™
120 FH B e e Al R B T K 2, DAL R PBX (5 R
YIRS EEKE20) N B A 22 Y REAr, J1“# PR RE At 5% A %)
I TR A A A, A% A2 AT oG . PBX WF 4l Ay G
Z PR IR 2R A SR R o AR R
K25 X L HE 2500 78 AN 58 S BR85S R JE
2R, 52 M PBX [ g 2 M AR A o RO B2 T
TATB H AR JIRR (1) 43 T 25400, di AL Ol IR 454, 78 4
TN R (B R S, 5 SO 3R M AR AN G Tk, M
LR 3 5 2> A DS Bk 5 700

B I 7R 2 — P B AT R0 AN AH 25 A R (R AH AR
R, BLC A WE I M IR BRI T 2 R ke 24
Sy L 1 3 A A A TR T s e 4 AR o T 6 6 ) i
BORRR B I okt B 0 2 1 B T T, R R e A R 2
T B A 28, 05t i AR I ) MR . Sk [ 6 ] IE K
RELE B y-2 5N 3 = & S ik ke (KH550) 2 3
YEZ5 TATB (9 —Fh 0 B A9 (5 550, X TATB J& PBX (1)
F1FERE R RO A W A ek . SCHR[ 7 T FESE R

R EEA: 2014-01-06; f&E HHA: 2014-03-31

E&WA : FPAEAFHFS EH (B1520110002) 5 A 6 T 72 ) BEAF 5 Be
Bl AR K R34 (2013B0101002)

YEE R SKHEIE (1978-) L, W+, 32 %8 N SR A #F 25 () e 5 803 Y
AP . e-mail: piao-xue2005@ 163. com

BIEBRRAN: W5 (1965-), 5 #5551, 2N FH 2 O HE ST Ik
W BEIRAS Y AR % SRS 7R . e-mail: cyfjkf@ caep. cn

CHINESE JOURNAL OF ENERGETIC MATERIALS

W T R B EE ] KH550 JK 7 A i $R 5L 5 TATB
gy LAY B S, B T TATB i 3K T PR .

{2 30 S 5 30 AF 50 R 8 R DL FR IR 5
Ik, NATTZ 3 D53 —F S5 46 B 43— ol A AR FH Y 28
WSTHIAAA B2 SR A B PBX rh k2 5 w8 SR W) =2 8] (4 A0 HLAE
F7 o NS A R WLAT S Sk 25 15 8 5 0 K AR
FOAHEAE LB 0 BS T R ATAT HGE . H AT, BRI
PR I8 J7 ¥ © B UE B 7 L] fE Ak A5 1 5 b 2 AT R
(g0 O T BEIAE A AR T LDA/PW 5
M GGA/BLYP Jr e 7E FINE /K Fit i kg s 1
TATB 43 F By JUT 4544, 45 5K K 3 LDA/PW J5 5 1H5 (1)
R 50 K 22 7E 0. 008 nm UL N, i GGA/BLYP
TP AR B S S K 22 (H7E0.02 nm AN, A I
LDA/PW J5ikit B4 B . 52T Uk, RA 7%
PRFRIE LDA/PW J7 ik 7515 40 7 RUE I X 5
KH550 [ 7K fif 7= 1 KH5501 (45 ¥4 =X an 1/ 1 fr 7 ) Fil
TATB 43 [ AR AR AT 1 BRI AIESE , AT A i 4 it 7Y
Fy RS IR R 2
CH, CH,

HN/ \CH/ \Si/OH
2 2 | \OH
OH
Scheme 1  Structural formula of y-aminopropyltrianolsilane
(KH5501)
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Scheme 2 Optimized geometries of TATB, KH5501 and their mixture KH5501+TATB as well as their atomic numbering and inter-

molecular distances
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Table 1  Optimized geometrical parameters of isolated TATB and the mixture KH550+TATB
geomtrical parameters atom 1 | v \
R(7-17), R(7-18), 0.1215, 0.1228, 0.1324,0.1248, 0.1248,0.1248,
N—O R(9-21), R(9-22), 0.1229 0.1220, 0.1221, 0.1284, 0.1325, 0.1246, 0.1247,
R(11-14), R(11-13) 0.2210, 0.1221  0.1284, 0.1326  0.1247, 0.1247
R(8-19), R(8-20), 0.0975, 0.0974, 0.1039, 0.1042, 0.1042, 0.1044,
N—H R(10-23), R(10-24), 0.0978 0.0971, 0.0976, 0.1039, 0.1042, 0.0961, 0.0996,
R(12-15), R(12-16), 0.0975, 0.0975  0.1039, 0.1042  0.0143, 0.0142
bond length/nm R(1-2), R(2-3), 0.1350, 0.1349, 0.1423, 0.1424, 0.1435, 0.1334,
c—C R(34), R(4-5), 0.1368 0.1348, 0.1350, 0.1423, 0.1423, 0.1432, 0.1434,
R(5-6), R(6-1), 0.1351, 0.1351  0.1422, 0.1423  0.1431, 0.1434
R(1-7), R(39), 0.1405, 0.1405, 0.1398, 0.1397, 0.1049, 0.1406,
C—NO, 0.1425
R(5-11) 0.1405 0.1399 0.1410
R(2-8), R(4-10), 0.1269, 0.1270, 0.1354, 0.1343, 0.1317, 0.1315,
C—NH, 0.1278
R(6-12) 0.1267 0.1342 0.1318
A(187-17), A(219-22) , 119.172, 118.489,118.811, 118.868, 118.492, 118.524,
O—N—O 118.431
A(13-11-14) 118.472 118.897 118.310
bond angle/(°)
A(19-8-20), A(23-10-24), 119.166, 118.398, 120.598, 120.371,129.809, 129.625,
H—N—H 124.216
A(15-12-16), 120.793 120.393 129.837
dinedral angle O—N—C—C D(17-7-1-6) 0 30.736 23.473 0.113
/(°) H—N—C— D(20-8-2-1) 0 11.221 38.278 1.392
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Table 2 Atomic net charge of isolated TATB and the mixture

TATB 5 KH5501 43 F- i) i 4 B /E Fl 32 %2 J& KH5501
BRI LA TATB filf 3% 1 0 & 22 [ k) &0k 1
o B, 25 B, ik be IR 2l 1 KH5501 $53E
MRS TATB i 5 i & 2 % B SRR A FH s
T TATB [k 45 P e Al TATB fi JL 1 P . 35X 5 52 86
f6 T 45 R A —

atom 1 I
0(14,15,17,18,21,22) -0.621 -0.444, -0.498, -0.465,
~0.458, —0.531, —0.439,
H(15,16,19,20,24,23) 0.470 0.501, 0.495, 0.498,
0.503, 0.497, 0.498
N(9,11,7) 0.929 0.736, 0.738, 0.746
N(8,10,12) ~1.059 ~0.973, -0.973, -0.983
C(1.3.,5) 0.043 ~0.024, —-0.009, —0.009
C(2,4,6) 0.388 0.186, 0.177, 0.188

-0.432, -0.340, -0.339,
-0.432, -0.337, -0.427

-0.398, -0.393, -0.399,
-0.399,-0.392, -0.395

0.418, 0.402, 0.419, 0.449, 0.451, 0.449,
0.402, 0.405, 0.418 0.449, 0.450, 0.449
0.257, 0.259, 0.251 0.371, 0.371, 0.369

-0.731, -0.731, -0.732 —0.747, -0.743,-0.744
0.023, 0.022, 0.022 —0.066, -0.033,-0.013
0.229, 0.231, 0.234 0.287, 0.311, 0.273

%3 I TATB 43 F 5 KH5501 +TATB iR & & & 1Y T £ HLiE
fig it b 22 fH
Table 3 The frontier orbital energies and their differences of

isolatedTATB molecule and the KH5501+TATB mixed systems

a. u.
configuration Fromo Elomo?’ AEY
1 -0.3201 -0.1816 0.1385
m -0.3481 -0.2208 0.1273
v -0.2182 -0.1469 0.0713
\% —-0.2381 -0.1518 0.0863

Note: 1) HOME, highest occupied molecular orbital; 2) LUMO,

lowest unoccupied molecular orbital; 3) AE=E 0 —-Enomo -

x4 FJUHEZ E IS LDA/PW 45 3 19 4> 7 [A) 40 E.AE
fiE

Table 4
LDA/PW method

Calculated intermolecular interactions by ab initio

configuration Ela/a. u. AEY /K] - mol™
TATB -1004.518970

KH5501 -686.847031

m -1691.383911 -47.023

v -1691.389604 -61.970

\% -1691.380936 -39.212

Note: 1) Total energy of calculated system;

2 ) AE= Esyslem(TATB+KH5501 ) _Eisola\e TATB _E\sola(e KH5501 *

(1) @i TATB 20 7L 2 80r BE EH 5 S R {H

Chinese Journal of Energetic Materials, Vol.23, No.2, 2015 (135-139)

AL, DA B R e (B EE R 5 TATB A LA FH AL 3 1 3
VTR S R 5 S0 TR 45 SR — B, U R R % B
PR EEIE LDA/PW J B A0 5% ik ot (R 6 57 5 TATB 1)
REERR BN,

(2) TATB 5 KH5501 437 [a] (9 4 B AE FH oA T
TATB 43 1 V- I 2454 , A F T U85 TATB 43 F NI &
VR, M9 TATB 1 & 18 5K J15 [ BF, TATB &5
KH5501 43 [8) /4 #H B 4E (13 TATB+KH5501 &
TR R M ETZBUIE g it 22 B K, BNEAS TATB 275 5
SR T RAEVER; LR AR BT B3 TATB X Rl 45
7 FRORG 45 1 R

(3) TATB 5 KH5501 43+ [a] i #H B 4E H {f 15
TATB 7371 C—NO, 8K 4 4, LI 7E TATB 5] A
KH5501 I, A A T35 TATB KEZ 1 np b fase 1k o

(4) 43 [a] (9 AH T4 FH 32 2202 KH5501 #3231
A5 TATB fiff 5 I (9 S8 =2 1818 B9 3¢ 5 1) 054 o
XA R 50 b T 25 S — 2, B RE b A Bk
5 TATB [a] 94 B /E HHLEE & KH5501 #23E i A
I TATB fil§ 56 b i) & 2 (BB B S0 BEFE FH 2% T
TATB 1 & 1 14 ik .

B % 30K :

[1] Sharma J, Garrett W L, Owens F J, et al. X-ray photoelectron
study of electronic structure, ultraviolet, and isothermal decom-
position of 1, 3, 5-triamino-2, 4, 6-trinitrobenzene[)]. J Phys
Chem,1982, 86(9) : 1657-1661.

[2] Allen H C. Bonding agent for nitramines in rocket propellants

g HA

www. energetic-materials. org. cn



HEBER IR 5 TATB 20 7 i) A AR A B AT 52 139

[R].4389263: 1983. [8] LI Jin-shan, XIAO He-ming, DONG Hai-shan. Intermolecular in-
[3] Kincaid J F, Reed R. Bonding agent for HMX[ R]. 4350542 teractions of TATB with difluoromethane and polyvinylidene flu-
1982. oride[ ) ]. Acta Chim Sinica, 2001, 59(5) : 653-658.
[4] W &. TATB 2 m R 25 B 06 5] 78 kG 45 TATB v i1y i JH BF 5% [9] XIAO He-ming, LI Jin-shan, DONG Hai-shan. A quantum-
[D]. J#S: pk2#, 1996. chemical study of PBX: intermolecular interactions of TATB with
JI Guang-fu. The surface state of TATB and application study of CH,F, and with linear fluorine-containing polymers[ }]. J Phys
using of coupling agents in adhesive of TATB[ D ]. Chengdu: Si- Org Chem Phys, 2001 ,14(9) : 644-469.
chuan university, 1996. [10] W50, PRIKE. DO me B AR 544 [N (4 % 5 12 oA B 38 ( DFT) BIF 5%
[5] Martin E C, Yee R Y. Effect of surface interactions and mechani- )] Ak2e2Ed, 1999,57(11) : 1206-1212.
cal properties of PBXs on explosive sensitivity [ R]. NWC-TP- XIAO He-ming, CHEN Zhao-xu. Theoretical study on tautomer-
6560 1984. ization with density functional theory (DFT)[J]. Acta Chim Sin-
(6] XU7i, WE, Fi. BBRxT TATB i B8y 2 1 o4 Bt & ) 2 ¥ ica, 1999,57(11): 1206-1212.
ferysEm[)]. & ifba:, 2003,11(5): 413-416. [11] Delley B. Analytic energy derivatives in the numerical local-den-
LIU Xue-yong, CHANG Kun, WANG Lin. Influence of coupling sity-functional approach[)]. J Chem Phys, 1991, 94(11) . 7245
agents on surface properties and mechanical properties of TATB -7250.
molding powder [ J]. Chinese Journal of Synthetic Chemistry, [12] Sk¥IfH, FFREAS, Foprie, &, wom R X [ fh 38 45 4 Aok o o B
2003, 11(5): 413-416. WHFSEL)]. S hedt R, 2004, 12(4): 222-226.
(7] x4k, skocHe, W) s, 45, BEEN 5 TATB AH B /E ALY ZHANG Cao-yang, SHU Yuan-jie, WANG Xin-feng, et al. The-
BroE)]. ma AR RS TR, 2001, 17(4); 131-133. oretical study on structures and properties of furazan and its radi-
LIU Gui-lin, ZHANG Wen-chuan, JI Guang-fu, et al. Study on cals[ J]. Chinese Journal of Energetic Materials ( Hanneng Cail-
coupling mechanism between coupling agent and TATB[J]. Poly- iao) , 2004 ,12(4) . 222-226.

mer Materials Science and Engineering, 2001,17(4): 131-133.

Theoretical Study on Intermolecular Interactions and Coupling Mechanism between Coupling Agent and TATB

ZHANG Yan-li '? | JI Guang-fu’, CHANG Lan'~’
(1. Engineering and Technical College of Chengdu University of Technology, Leshan 614000, China; 2. Southwestern Institute of Physics, Chengdu 610041,
China; 3. Laboratory for Shock Wave & Detonation Physics Research , Institute of Fluid Physics, Mianyang 621999, China)

Abstract; The intermolecular interactions between y-aminopropyltrianolsilane ( KH5501) and TATB were theoretically studied
using the density functional theory LDA/PW method and the three optimized geometries of the mixture of KH5501and TATB were
obtained. By analyses of bond length and bond angles of TATB before and after mixing with KH5501, It is found that the coupling
agent KH5501 changes the structure of TATB in two was: the bond length of C—NO, bond is shortened, and accordingly, the
impact sensitivty decreases. In another side the planar structure of TATB is destroyed and accordingly, the molecular polarity of
TATB is enhanced. The analyses of the frontier orbits of TATB show that, the interaction between KH5501 and TATB, make the
gaps of frontier orbits become narrower, thereby the thermostability as well as the photostability of TATB is debased, and the reac-
tion activity of TATB is enhanced. Through the comparation of the calculation results between three optimized geometries, the
results indicate that the bond length of N—O bond of TATB all get longer, particularly, the IV geometry gets longest. Although the
electron transfer between TATB and KH5501 occur, the IV geometry transfers largest. Meanwhile, compared with other geome-
tries, there is the largest energy of the molecular interaction in [V geometry. For mentioned above reasons, it is concluded that the
IV geometry is of the largest stability among the three geometries, and the main bonding between TATB and KH5501 in IV geome-
try is the hydrogen bond interactions formed between the hydrogen atom in the hydroxide of KH5501 and the oxygen atom in the
nitric of TATB. It is the hydrogen bond interactions, formed between the hydrogen atom in the hydroxide of KH5501 and the oxy-
gen atom in the nitric of TATB, that improve the binding and the interfacial properties of TATB, which is consistent with the exper-
imental results.

Key words: intermolecular interaction; coupling mechanism; LAD/PW mothod; TATB; silane coupling agent
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