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Three optimized geometries of nitromethane dimer have been
obtained at the HF/6-31G" level. Dimer binding energies
have been corrected for the basis set superposition error
(BSSE) and the zero point energy. Computed results indicate
that the cyclic structure of (CH;NO;); is the most stable of
three optimized geometries, whose corrected binding energyis
17.29 kJ-mol™* at the MP4SDTQ/6-31G//HF/6-31G™ level.
In the optimized structures of nitromethane dimer, the inter-
molecular hydrogen bond has not been found; and the charge-
transfer interaction between CH;NO, subsystems is weak; and
the correlation interaction energy makes a little contribution to
the intermolecular interaction energy of the dimer.
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Introduction

Intermolecular forces are in general much weaker
than intramolecular chemical bonds , and yet they are
ubiquitous and play significant roles in a wide range of
important fields in chemistry and biology. 13 In the past
several decades, great advances in molecular beam elec-
tric resonance, Fourier transform microwave spec-
troscopy, and other experimental techniques have led to
an explosive growth in our knowledge of the accurate
structures of van der Waals molecules;*% and enormous
progresses have been made in the investigation on inter-
molecular interaction with quantum-chemical meth-
ods. 18

The study of intermolecular interaction of energetic
materials has attracted wide attention.'®?! Cumming et
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al. has calculated the interaction of HMX ( cyclotetram-
ethylene tetranitramine) with PNMMO ( homopolymer of
3-nitrate-3-methyl oxetane) by the molecular dynamical
method .2 Recently we have applied the quantum chemi-
cal calculations of intermolecular interaction to energetic
systems, and have obtained some meaningful results that
will be useful for the development of energetic materi-
815_23-?5

Nitromethane, a prototypical energetic compound,
is an important liquid explosive and a chemical agent.
There are many theoretical studies on its properties and
structures. 3! On the basis of the experiment results,
Trevino et al. has suggested that the rotation motion of
the methyl group be dominated by the interaction be-
tween nitromethane molecules in condensed phase.®
However, no theoretical reports on the interaction be-
tween nitromethane molecules from survey. In order to
assist in understanding the properties (such as inter-
molecular force) of nitromethane, ab initio calculations
have been performed on the nitromethane dimer in this

paper.

Computational method and details

Geometrical optimizations and electronic structural calcu-
lations

The full geometrical optimization of single ni-
tromethane molecule was performed at the HF/6-31G*
level with the Bemy method.® Then at the same level,
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the three optimized dimer geometries were obtained by
the full geometrical optimization of possible stable ge-
ometries of nitromethane dimer created with the Chem3D
software. The natural population analysis* and the vi-
brational frequency calculation on the optimized struc-
tures were carried out at the level of HF/6-31G* . Elec-
tronic cormrelation corrections were carried out at the

MP4SDTQ/6-31G//HF/6-31G™ level. The vibrational

analysis shows that I, II and III are stable structures
and that IV is one saddle point of potential surface of ni-
tromethane dimer ( structures I, II and HI have no
imaginary vibrational frequency, but IV has one sole
imaginary vibrational frequency, see Table 1). Further
calculations demonstrate that IV is practically one of
saddle points of the conversion between II and III (see
Fig.1).

Table 1 Total energies (kI*mol”), zero point energy correction (ZPEC, kJ*mol!),
number of imaginary frequencies (N;) and interaction energies (kJ-mol!)

Basis set I 14 m v
6-31G* EMP - 641473.34 - 1282967.01 - 1282979.05 - 1282966.89
EMPSDTO - 641580.71 - 1283182.30 - 1283194.11 - 1283182.14
ZPEC 2.00 3.77 2.18
N; 0 0 0 1
A EFF -16.28 -24.70 -15.80
AE(MP2) ~20.33 -32.37 -20.21
A E(MP4SDTQ) -20.88 -32.69 -20.72
AESM -11.32 -17.98 -11.12
AE(MP2) -11.02 -20.99 -11.53
A EMMSD 0.06 -3.08 -0.59
A Ec(MP4SDTQ) ~11.26 -21.06 -11.71
A E P (MP4SDTQ) -9.26 -17.29 -9.53
6-311G** EM®2 - 641828.88 - 1283677.78 - 1283690.01 - 1283677.83
AE(MP2) -20.02 ~32.25 ~20.07
AE(MP2) -10.26 -19.80 -10.52
6311 + +G** M - 641865.64 - 1283746.74 - 1283762.52 - 1283746.56
A E(MP2) ~15.46 -31.24 -15.28
AE(MP2) -11.50 -21.81 -11.26
1279455 level, if the correlation interaction energy is calculated
_ by the Moller-Plesset (MP) perturbation method,® the
?6 -1279460 intermolecular interaction energy & E (MP) of dimer is
S 1279465 | determined as®
Elq -1279470 AE(MP) = AEY 4 AEW (1)
-1279475 . L L L
78.63 98.63 12533 12863 138.63 156.55 where A E™ is the HF interaction energy, 2 EMP is the

64.1.2 (degree)

Fig. 1 Potential curve of (CH;NO,), along 8.1 coordinate cal-
culated at the HF/6-31G" level.

Interaction energy calculations

For the ab initio calculation at the Hartree-Fock

correlation interaction energy calculated by the MP
method. When the basis set superposition error
(BSSE)? is corrected by the Boys-Bemadi “counter-
poise” method,” Eq. (1) can be written as

AE(MP) = AESM + AEM (2)

where AEc(MP), AECT and AEM are the total
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intermolecular interaction energy, the HF interaction en-
ergy and the MP correlation interaction energy corrected
for BSSE, respectively.

All calculations have been caried out with the
Gauss94®® program implemented on a Pentium personal
microcomputer using the default Gaussian convergence
criteria.

Results and discussions
Optimized geometries and natural atomic charges

Fig. 2 presents the optimized structures of CH;NO,
and of (CH;NO,),, whose geometrical parameters are
listed in Table 2. As compared to the isolated molecule,
for the linear structure I the re; decreases by 0.2 pm,
other geometrical parameters have smaller changes, bond
angles and dihedral angles also change very slightly; for
the cyclic structure III the r; 3 and the ry49 increase by
0.6 pm and 0.3 pm, respectively, but the r7; decreas-
es by 0.4 pm, dihedral angles 041.23> 051235 Os123
and 6,54 increase by 16.74°, 17.30°, 18.51° and
17.83°, respectively; for the structure IV all of changes
of bond lengths are within 0.1 pm, while dihedral an-
gles 0,103, 05123, 06123 and 6754 increase by
7.76°, 8.13°, 8.75° and 8.00°, respectively. So it
can be known that the intemal rotation of - CHj group
occurs in structures ITI and IV. For I, III and IV, the
shortest intermolecular distances, displayed in Fig. 2,
are 0.2677 nm, 0.2504 nm and 0.2574 nm, respec-
tively, which demonstrates that there exists no inter-
molecular hydrogen bond (C—H-+- O) in these opti-
mized dimers.

The computed natural atomic charges are displayed
in Table 3. As compared to the isolated CH;NO, (see I
in Table 3), for structures II, I and IV, the natural
atomic charges change slightly. With respect to the cor-
responding atomic charges of isolated CH;NO,, for struc-
ture X, H(6) loses 0.0lle, while O(14) acquires
0.012e, other atomic charges have smaller changes; for
structure I, O(3) and O(14) acquire 0.045e
and 0.022e, respectively, where as H(6), 0(7) and H
(13) lose 0.017e, 0.021e and 0.019, respectively.
From Table 3, it can be gotten that the quantities of
charge transfer between nitromethane subsystemsfor
structures Il , I and IV are 0.006e, 0.003e and

0.008¢, respectively, which are the same as the NBO®
analysis’ s results, and show that the charge-transfer in-
teraction between CH3NO, subsystems is very weak.

Table 2 Optimized geometrical parameters of CH3;NO, and of
(CH;NO,), at the HF/6-31G™ level (Data in paren-
theses are also the geometrical parameters of CH;NO,,
bond length in nm, bond angle and dihedral angle in

degree)
1 i m v
ro1 0.1478 0.1478 0.1479 0.1478
32 0.1192  0.1193 0.1198 0.1193
raa 0.1076 0.1076 0.1075 0.1076
rs.1 0.1076 0.1076 0.1078 0.1077
re1 0.1080  0.1078 0.1079 0.1079
a2 0.1192 0.1193 0.1188 0.1192
rosg (0.1478)  0.1479 0.1477 0.1479
ros (0.1192)  0.1191 0.1191 0.1192
rius (0.1076)  0.1077 0.1077 0.1076
s (0.1076)  0.1076 0.1076 0.1076
rias (0.1080) 0.1080  0.1079  0.1080
rie9 (0.1192)  0.1193 0.1195 0.1192
21 117.10 117.31 116.81 116.97
Oy12 107.97 108.00 107.96 107.95
bs12 107.97 108.02 107.26 107.67
0512 106.55 107.12 106.64 107.08
.21 117.10 117.28 118.07 117.59
6512 156.55 78.63 125.33
Oy123 152.04 151.55 168.78 159.80
65123 29.73 29.47 47.03 37.86
06123 -89.12 -89.52 -70.61 -80.37
214 -29.77  -30.24  -11.94 -21.77
Table 3 Calculated natural atomic charges (e) at the HF/6-
31G" level (Data in parentheses are also the natural
atomic charges of CH;NO,)
Atom I I m v
(1) -0.465 -0.464 -0.468 -0.467
N(2) 0.650 0.650 0.660 0.652
0(3) ~0.460 -0.467 -0.505 -0.471
H(4) 0.243 0.242 0.238 0.237
H(5) 0.243 0.242 0.246 0.241
H(6) 0.248 0.259 0.265 0.263
o(n -0.460 -0.468 -0.439 —0.463
C(8) (-0.465) -0.464 -0.465 -0.464
N(9) (0.650) 0.654 0.661 0.655
0(10) (-0.460) -0.458 -0.460 -0.464
H(11) (0.243) 0.248 0.242 0.247
H(12) (0.243) 0.247 0.240 0.246
H(13) (0.248) 0.251 0.267 0.252
0(14) (-0.460) -0.472 -0.482 -0.464
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Fig. 2 Atomic numberings and optimized structures of CH;NO, and of (CH;NO,),.
Energetics Considering that the correlation interaction energy is ap-

Table 1 shows total energies ( EMF2, EMMSDTQ) gnd
intermolecular interaction energies calculated at the
MP4SDTQ/6-31G"//HF/6-31G* , where the & E ZEC
(MP4SDTQ) is the &AE c(MP4SDTQ) corrected for the
zero point energy. From EMPSPTQ in Table 1, it can be
known that the total energy of structure III is 11.81 kJ+
mol ™ lower than that of IT and 11.97 kJ*mol™ lower than
that of IV. So the structure III is the most stable of
three optimized structures. Though EMSPTQ js lower
than EM?, for I, IN and IV A Ec(MP2) is nearly e-
qual to & Ec(MP4SDTQ), A E(MP2) is also close to
A E(MP4SDTQ) . This indicates that the MP2 interac-
tion energy is very close to the MP4SDTQ for ni-
tromethane dimer, which can also be concluded from
previous computed results.?* % These substantiate the
reference’ s proposal . Data in Table 1 show that the
greatest comrected binding energy [ - & EZEC
(MP4SDTQ) ] of the nitromethane dimer is 17.29 kJ -
mol™. For structures I, HI and IV, A EMMSDTQ e
very small (see Table 1), and the quantities of
AEMSIR/AEM are - 0.5%, 17% and 5.3%,
respectively. Therefore, the correlation interaction ener-
gy makes a little contribution to the interaction energy.

proximately equivalent to the dispersion energy, !® we can
conclude that the dispersion interaction in these opti-
mized dimers is very weak.

In order to check the quality of the 6-31G* basis
set, we have carried out the calculations at MP2/6-
311G**//HF/6-31G" and MP2/6-311 + +G**//HF/
6-31G* levels. The calculated results are listed in Table
1. It can be known that for structures II, IIT and IV the
intermolecular interaction energies & E¢(MP2) calcu-
lated at the MP2/6-31G"//HF/6-31G™ level are very
close to those at MP2/6-311G**//HF/6-31G* and
MP2/6-311 + +G**//HF/6-31G" levels, respectively,
which shows that the 6-31G* basis set may be a good
basis set for the calculation of binding energy of ni-

tromethane dimer. 1°

Conclusions

We summarize the following conclusions from our
investigations: (1) The — CH; group rotates internally
while two nitromethane molecules interact, and there ex-
ists no intermolecular hydrogen bond in optimized ni-
tromethane dimers. (2) The cyclic structure I is the
most stable of the three optimized structures, whose cor-
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rected binding energy is 17. 29 kJ - mol’ at the
MP4SDTQ/6-31G*//HF/6-31G” level. (3) In opti-
mized nitromethane dimers, both the charge-transfer in-

teraction and the dispersion interaction are very weak.

References

\& oo

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

21.

Kaplan, 1.G., Theory of Molecular Interactions, Elsevier,
Amsterdam, 1986.

Maitland, G.C.; Rigby, M.; Smith, E.B.; Wakeham,
W.A., Intermolecular Force, Clarendon press, Oxford,
1981.

Burley, S.K.; Petsko, G.A., Science, 229, 23(1985).
Dyke, T.R.; Klemperer, B.J., J. Chem. Phys., 56,
2442(1972) .

Ewing, G.E., Can. J. Phys., 54, 487(1976).

Ngari, M.S.; Juger, W., J. Chem. Phys., 111, 3919
(1999) .

Boys, S.F.; Bernadi, F., Mol. Phys., 19, 553(1970).
Mayer, 1., Inter. J. Quantum Chem., 23, 341(1983).
Reed, A.E.; Curtiss, L. A.; Weinhold, F., Chem.
Rev., 88, 899(1988).

Szalewicz, K.; Cole, S.; Kolos, W., J. Chem. Phys.,
89, 3662(1988).

Kutzelnigg, W.; Klopper, W., J. Chem. Phys., 94,
1985(1991) .

Rybak, S.; Jeziorski, B.; Szalewicz, K., J. Chem.
Phys., 95, 6576(1991).

Noga, J.; Kutzelnigg, W.; Klopper, W., Chem. Phys.
Let., 199, 497(1992).

Mayer, I.; Vibok, A.; Valiron, P., Chem. Phys. Let,
224, 166(1994) .

Paiz, B.; Suhai, S., J. Comp. Chem., 18, 694
(1997).

Hobza, P., Phys. Chem., 93, 257(1997).

Paiz, B.; Suhai, S., J. Comp. Chem., 19, 575
(1998) .

Engkvist, O.; Hobza, P.; Schlag, H. L., J. Chem.
Phys ., 110, 5758(1999).

Sun, Y.; Hui, J.; Cao, X., Military Mixed Explosives ,
Ordnance Industry Press, Beijing, 1995 (in Chinese) .
Dong, R.; Xiao, L.; Jian, D., Explosion and Shock
Waves (in Chinese), 15, 116(1995).

Balley, A.; Bellerby, J. M.; Kinloch, S. A., Phil.

26.

27.

29.

30.
31.

32.

33.

3s.

36.

37.
38.

Trans. R. Soc. Lond. A, 339, 321(1992).

Cumming, A.S.; Leiper, G.A.; Robson, E., 24% Iner-
national Annual Conference of ICT, Karlsruhe, Germany,
(1993) [ Chem. Absir., 121, 13211m(1994)].
Li, J.; Xiao, H.; Dong, H., Inter. J.
Chem.. , 78, 94(2000) .

Li, J.; Xiao, H., Acta Phys. Chim. Sin.
(2000) .

Li, J.; Xiao, H.; Dong, H., Propellants, Explosives,
Pyrotechnics , 25, 26(2000) .

Dewar, M. J.; Ritchie, J. P.; Alster, J., J. Org.
Chem ., 50, 1031(1985) .

Kaufman, J.J.; Hariharan, P.C.; Chabalowski, C., In-
ter. J. Quantum Chem. Quantum Chem. Symp., 19, 221
(1985).

Xiao, H.; Jiang, M., Aca Chim. Sin., 47, 1164
(1989).

Seminario, J. M.; Concha, M. C.; Politzer, P., J.
Chem. Phys., 102, 8281(1995).

Politzer, P.; Lane, P., THEOCHEM, 388, 51(1996).
Xiao, H.; Fan, J.; Gong, X., Propellants, Explosives,
Pyrotechnics , 22, 360(1997) .

Trevino, S.F.; Rymes, W.H., J. Chem. Phys., 73,
3001(1980).

Baker, J., J. Comp. Chem., 8,563 (1987).

Reed, A. E.; Weinstock, R. B.; Weinhold, F., J.
Chem. Phys., 83, 735(1985) .
Moller, C.; Plesset, M. S., Phys.
(1934).

Hobza, P.; Selde, H.L.; Schlag, E.W., Chem. Rev.,
94, 1767(1994) .

Ransil, B.J., J. Chem. Phys., 34, 2109(1961).
Frisch, M.J.; Trucks, G. W.; Schlegel, H.B.; Gill,
P.M.W.; Johnson, B.G.; Robb, M.A.; Cheeseman, J.
R.; Keith, T.; Petersson, G. A.; Montgomery, J. A.;
Raghavachari, K.; Al-Laham, M. A.; Zakrzewski, V.
G.; Ortiz, J.V.; Foresman, V.; Cioslowski, J.; Ste-
fanov, B. B.; Nanayakkara, A.; Challacombe, M.;
Peng, C.Y.; Ayala, P.Y.; Chen, W.; Wong, M.W.;
Andres, J.L.; Replogle, E.S.; Gomperts, R.; Martin,
R.L.; Fox, D.J.; Binkley, J.S.; Defrees, D.J.; Bak-
er, J.; Stewart, J.P.; Head-Gordon, M. ; Gonzalez, C.;
Pople, J. A., Gaussian 94, Gaussian, Inc., Pittsburgh
PA, Gaussian 94 Revision E. 1, (1995).

Quantum

, 16, 36

Rev., 46, 618

(E200002038 SONG, J.P.; DONG, L.J.)



