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Intermoleuclar Forces and Gas Geometries of TATB Dimers
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Abstract The coulomb, exchange-repulsion, induction and dispersion components between 1,3,5-triami-
no-2,4,6-trinitrobenzene (TATB) molecules were quantitatively derived utilizing symmetry adapted pertur-
bation theory (SAPT), and for the first time the nature of the intermolecular interaction of TATB was unrav-
eled. On this basis, the appropriateness of density functionals for investigation of TATB dimers was also
elucidated. The results are shown as follows: (1) In the hydrogen bonded TATB dimers, Coulomb force has
an enough ability to counteract exchange-repulsion force and plays a leading role. (2) A reasonable geome-
try of the gas hydrogen bonded TATB dimer takes on a planar structure whose existence has nothing to do
with the dispersion. Therefore, the density functionals, whether or not to include the dispersion, should have
a correct prediction of the strong polarization plane structure. (3) In the TATB dimers free of any intermo-
lecular hydrogen bonds, Coulomb force has an inability to resist the exchange-repulsion, but the dispersion
performs a key function. (4) In this case, it was impossible for the density functionals without a near
short-range dispersion to yield a reasonable geometry for TATB dimers of this kind. Just the opposite, the
functional PBEO with the near short-range dispersion was able to predict correctly a weakly polar
“parallel-eclipsed” structure, and the dispersion is responsible for the existence of such a structure, which is
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a classical dispersion dominated dimer. The dispersion taking up an absolutely leading position originated
most likely from the interaction between the © electrons on the two different TATB molecules. (5) For all
TATB dimers, dispersion either is remarkable or plays a leading role. However, density functionals either
exclude the near short-range dispersion or include partially the dispersion. In this way, it is unlikely that all
of current density functionals should derive the accurate interaction energies of the dimers. (6) The geome-
tries similar to those of the TATB dimer in the crystallite will not likely exist stably in gas.

Keywords intermolecular interaction; density functional theory; symmetry adapted perturbation theory;

1,3,5-triamino-2,4,6-trinitrobenzene
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£ 1 TATB2-A Rk MP2, DFT £ g1 SAPT 1EF i35 (kImol)
Tablel MP2, DFT interaction energies and SAPT interaction components for TATB2-A dimers (kJ/mol)
R/nm —0.05 —0.025 0(D1) 0.025 0.05 0.10 0.15 0.20
ESY —71207 —41539  —26.405 —18165 —13.315 —8.075 —5.289 —3573
E® —26.770  —11.705 —5.536 —2.879 —1.649 —0.669 —0.310 —0.154
G —35530 —22370  —14.413 —9548  —6519  —332  —1875  —1145
L 118.640 50.065 20.829 8.675 3.791 1.031 0.377 0.112
HF {EH6E 30.045 —1.893  —11.519 —12.802  —11.450 —7.666 —4.918 —3.250
MP2 #1K —17.863  —12.269 —8.739 —6.277 —4.487 —2.270 —1.201 —0.706
MP2 A H fE 12182  —14.162  —20.258 —19.079  —15.937 —9.936 —6.119 —3.956
PBEO 15.816 —8664  —14.633 —14153  —11.987 —7.484 —4.486 —2.913
BP86 26.048 —0.135 —7.758 —8.690 —7.765 —5.424 —3.802 —2.625
B3LYP 22.786 —4355  —11.857 —12188  —10.477 —6.641 —4.088 —2.680
BHandH —16942  —31.108 —28.985 —22692  —16.589 —8571 —4.812 —3.078
£ 2 TATB2-C IRk MP2, DFT 1 I AERI SAPT 15 H iE 5l (k/mol )
Table2 MP2, DFT interaction energies and SAPT interaction components for TATB2-C dimers (kJmol)
R/nm —0.05 —0.025 0(D2) 0.025 0.05 0.10 0.15 0.20
&9 —45281  —32.788  —24.043 —17.719  —12.939 —6.339 —2.544 —0.523
E2 —10190  —7.649 —5.957 —4.787 —3.942 —2.803 —2.047 —1.478
Efe —51773  —44541  —38.377 —33119 —28600 —21257 —15627 —11.360
€0 79.800 51.251 33.250 22.182 15.225 7.196 2.886 0.853
HF /£ H fE 32.240 19.352 11.461 6.983 4.543 2.255 1.118 0.756
MP2 #2% fE —59.489  —51.162  —44.053 —38.098 —33.099 —25079 —18818 —14.025
MP2 S fEH fg —27249  —3181 —32.592 —31115 —28556 —22.824  —17.7 —13.269
BP36 27.454 20.877 17.459 15.573 14.128 11.362 8.391 5.969
B3LYP 24.764 15.567 10.085 6.891 4.838 2.794 1.571 1.551
PBEO 9.108 2.203 —1.250 —2.655 —2.979 —2.948 —2.336 —1.287
BHandH —38361 —37.947 —34.812 —30.033 —24.820 —15.927 —9.382 —4.689
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Figure2 The optimized TATB dimer by BP86 and PBEO (D4)
which is of aplanar structure and with intermolecular HBs
The serial numbers of the atoms are also given
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Figure 3 The PBEO optimized “parallel-eclipsed” TATB dimer
(D8)
The serial numbers of the atoms are also given
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giqin SN, DA KA BB, T R
T T AT O 0.01672e. KT D8, 43 I8) [ H gy %
BAh 2X10 %, o] LAY AT R L% LT B K
.

Oy I LT e RS (I FE /2 DA I D8 22 [ A74E 1 i
R, ONTH—PHBX %, %EAREHE
(Natural bond orbital, NBO)F i1, HAIHE T 472
T¥1) 167 R~ (LA RS2 1) NBO LR 336 1 b 21U 328 1) F A L

R4 SMREHTRERE TATB AN MP2 £ 2 A SAPT 1 H g5 (kd/mol)
Table4 MP2 interaction energies and SAPT components for five TATB dimers without intermolecular HB (k¥mol)

T MP2 1 g Eder E S ESah
D10 —22.720 —27.529 —4.547 —14.315 16.973
D8 (R=0nm) —47.324 —4.205 —9.100 —58.101 29.964
D11 (R=—0.01 nm) —48.249 —10.874 —11.689 —66.594 46.075
D12 (R=—0.02 nm) —47.321 —20.368 —15.486 —76.472 69.470
D13 (R=—0.03 nm) —43.580 —33.767 —21.112 —87.967 102.899
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£S5 TATB LS F(M). —ZRAKD)RRACHI B LT ZE K nm, 24 (%)]
Table5 The optimization geometry parameters for the isolated TATB molecules (M) and dimers (D) [length in nm, anglein (°)]

M1(BP86), MZ2(PBEO) D4(PBEQ) D8(PBEQ) =ZHe{h*
K /nm
0.1444 [C(9)—C(4), C(10)#1
c—C 0.1455 0.1442  C(26)—C(25), C(27)] 0.1442  0.1442
0.1442(3:%)
- 0.1415 [C(9)—N(11)]
C—N(fi5#k) 0.1441 0.1427 0.1424(}0E) 0.1424 0.1419
o 0.1317 [C(26)—N(30)]
C—N(Jl3) 0.1337 0.1322 0.1320(14%) 0.1321 01314
0.1241 [N(11)—O(17), O(18)F1
N—O 0.1265 0.1237  N(29—0(37), N(31)—0(40)] 0.1238  0.1243
0.1237 (}E)
0.1014 [N(30)—H(43), H(44)#I
N—H 0.1031 01015  N(12)—H(23), N(8)—H(22)] 0.1016
0.1016(H:'&)
0.1667 [H(48)—O(37), H(45)—0(40)]
0.1712 [H(43)—O(38), H(44)—0(39)]
O--H 0.1673 [H(46)—0(41), H(47)—0(42)]
(TN HB) 0.1689 0.1692 0.1686 [H(22)—O(17), H(23)—0(18)] 0.1680
0.1670 [H(24)—O(13), H(21)—0(16)]
0.1674 [H(20)—O(15), H(19)—0(14)]
BAIC)
C—C(NH,)—C 119.7 119.1 119.0 118.9 117.9
C—C(NO,)—C 120.3 120.9 121.1 121.0 122.0
C—N—0 120.8 120.7 120.8 120.7 121.0
O—N—0 1184 118.5 118.5 118.6 117.9
C—C—N(I&3%) 120.2 120.4 120.5 120.5 121.1
C—C—N(fi§ %) 119.8 1195 1195 1195 119.0
122.9 [H(43)—N(30)—H(44)],
H—N—H 127.2 125.4  126.4[H(21)—N(8)—H(22), H(23)—N(12)—H(24)], 126.5
127.0 (Fi'E)
C—N—H 116.4 117.3 117.0 116.8

2 The experimental data are from the X-ray diffraction of TATB crystalline %9,

YERAEENRE Ega K 6 1XFIH T Eqa=05 kImol 1
M. N 6 K, g A 2 E 3R RS, FAiTn]
Fl: XFT D4, 2 5B o1 1 A B [O(L7) -+ H(44) Al
O(18)---H(43)] ) O(17) A1 O(18) I ALK i1~ LP (1) O(17)
FILP (1) O(17) &% LP (2) O(18)H1 LP (2) O(18)%3 5 I 7
—or (O T ) B HIE BD* (1) N(30)—H(44) /11 BD* (1)
N(30)—H(43) K A v e ¥ i, X UBANITE A BAE FH A e
TLHE Eqoa I T 4 kImol, iz K+ Heg S Ml BAF
MFERE. BT PEA AR RS et R TR R 1)
FasE, XU FIRIEE o D4 SRR R A e K
TEBFSEN. £ DA, EERAES T ST
(LT RS, ThT 11 ) | FR o1 R L RS L T 1S
Z. XFERE D4 T e AR . T AU

MIFEAESE DA 7= A B 5 WA A R I 4 1) 2 R % T
D8, /¥ | 41 Il MHFHBRE L 57 1 151 |
I RERS FEFEAIA], DIbAE D8 w8 Ly
T AR, SREAERIR T LP B (ks
FHUES T o B pBUE) S 5 — 2 I C—N R EELE
7] AR ELAE RS E AL BE Eg.a 00, R T 3kImol. X3
] D8 Mt 5 n B MAFAE—E R AR, XA D8
KT “CPAT-EER” MABGRT AT o ik
KEZRIEANFLE K. BT O D8 4> TIHfE
F e )2 = S AT, DRI B AT, X 1) Hp
FHEAR R A ] RE 2 (LB 1 i 1 ) BRIV

FRAE Mulliken & 50501, DA 1B 5 % 2.14 Debye,
JE b A &R, 1 D8 A% 0.01 Debye, JyFsbi A &,
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K 6 DA T D8 431 IH] (¥ L7 HEAAHI 2 4% NBO S HAH FLAE I AS € L i Ega (kI/mo)
Table6 The electron donor NBOs and acceptor NBOs and their interaction stabilization energies Eq , for D4 and D8 (kJ/mol)

Il -l
fitfk NBO ZA4k NBO Eda fittk NBO Ak NBO Ega
LP (1) O(17) BD*(1) N(30)—H(44)  7.99 LP (2) O(17) BD*(1) N(30)—H(44) 452
D4 LP(1)O(18) BD*(1) N(30)—H(43)  7.99 LP (2) O(18) BD*(1) N(30)—H(43) 452
BD (1) N(30)—H(43) RY*(2) O(18) 0.54 BD (1) N(30)—H(44) RY*(1) O(17) 0.54
LP (1) C(1) BD*(2) C(28)—N(32)  3.39 LP (1) C(27) BD*(2) C(10)—N(12)  3.39
LP (1) C(3) BD*(2) C(34)—N(36) 351 LP (1) C(25) BD*(2) C(4)—N(8) 351
- LP (1) C(9) BD*(2) C(26)—N(30)  5.06 LP (1) C(33) BD*(2) C(2—N(6) 5.06
BD (2) C(4)—N(8) LP (1) C(25) 0.67 BD (2) C(28)—N(32) LP (1) C(2) 0.63
BD (2) C(10)—N(12) LP (1) C(27) 0.59 BD (2) C(34)—N(36) LP (1) C(3) 0.63
BD (2) C(2)—N(6) LP (1) C(33) 0.50 BD (2) C(26)—N(30) LP (1) C(9) 0.50

#Inthistable, LPisfor 1-center lone pair, Bd for 2-center bond, BD* for 2-center antibond, RY* for 1-center Rydberg, |—I1 (I11—I) means the charge transfer from

moleculel (1) to 11 (1).

3 it

XA TATB Z25RAK, FE& I7E sy T IaEH]
ooty RS, SRS HRHE R AU, DI R
JE AT P A T PR (A OV P X RT I TR B Sy 1 )
(5AH TATB 2R AR PRG54, XAk 2= B
HUITEI, DRI FH 4K 22 503 FE 2 eR R0l 75 431 A4
I TATB AR LT AUE A& 1. NS T IRIA
B TATB 2R (AR R, DI AR S R € U/ H
(1) BP86 ANAELS H I 1) 73 [, {HJE HT PBEO
FA o T RE OOV, Wi LA b T A 5 41 ]
SUH TATB AUM 2RI “PATESR” 4509, 11X —45
P, ) ALt L. R R EOX g e
AERARAS TR K. 4k, PBEO 045 S48 FRAR IR 43 17 #h.
L5 b [H] i, PBEO 43 21 i 2 £ Lt BP86 B 451w T~ S 40 {1
ZE TR, i PBEOQ 72 bR P 7 21 (155 43 [ VB>
R RARFIO L “OPATES” B AR A
HA B TATB R4 LfTi4 2. PBEO 2 pRiid H
T TATB 2R LA A2 22 1 T

AR X 3 P AL B 1) J LA 43 B FT NBO 4341 mI 4143
TS AEm TATB 7> TR SE0R AR 3 2
EPIE(EP v e S QU i e T X (E I QT AR
oy VRSB AEAE, AT IR W] W, JF BRI K
PR CCPATES” MAVEMIEBIEAN S, R
D1 Ay P AN A S P FL T R ARG ), 3L R4 R 5
S9RE. 75 CPATES” RMAT, A TATB 41 L
n HLT IR EAE PR A AT BE A € S ) e T S PR
JE. TE XA A 45 D8 MY EL D4 K S hnfa e .
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