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Fig.1 Optimized structures and atomic numbering

of furoxan monomer and dimers
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Table 1 Optimized geometrical parameters of furoxan monomer and dimers at the B3LYP/6 -31 + + G " " level

parameters monomer dimer [ dimer I
C(1)—C(2) 1.414 C(2)—N(4) 1.327 C(2)—N(4) 1.327
C(1)—N(3) 1.310 C(2)—H(38) 1.080 C(2)—H(8) 1.081
C(1)—H(7) 1.081 N(4)—0(5) 1.451 N(4)—0(5) 1.448
C(2)—N(4) 1.329 N(4)—0(6) 1.231 N(4)—0(6) 1.233
bond length /A
C(2)—H(8) 1.077 0(6)---H(15) 2.364 0(6)---H(16) 2.230
N(3)—0(5) 1.366 H(8)---N(11) 2.410 H(8)---0(14) 2.231
N(4)—0(5) 1.463 C(9)—H(15) 1.082 C(10)—H(16) 1.081
N(4)—0(6) 1.222 N(11)—0(13) 1.369 N(12)—C(14) 1.233
N(3)—C(1)—H(7) 120.3 N(4)—C(2)—H(38) 120. 1 N(4)—C(2)—H(38) 120.2
N(4)—C(2)—H(8) 120.5 C(2)—N(4)—0(6) 135.4 C(2)—N(4)—0(6) 135.4
bond angle/(°)
C(1)—N(3)—0(5) 106.9 N(11)—C(9)—H(15) 119.7 N(12)—C(10)—H(16) 120.2
C(2)—N(4)—0(6) 135.7 C(9)—N(11)—0(13) 107.2 C(10)—N(12)—0(14)  135.4
C(1)—C(2)—N(4)—0(5) 0 N(3)—C(1)—C(2)—N(4) 0 N(3)—C(1)—C(2)—N(4) 0
dihedral/ (°) C(1)—N(3)—0(5)—N(4) 0.1 C(1)—N(3)—0(5)—N(4) 0 C(1)—N(3)—0(5)—N(4) 0
0(6)—N(4)—C(2)—H(8) 0 N(11)—C(9)—C(10)—N(12) 0 N(11)—C(9)—C(10)—N(12) 0
N(3)—O0(5)—N(4)—0(6) 180.0 C(9)—N(11)—0(13)—N(12) 0 H(16)—C(10)—N(12)—0(14) 0
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Table 2 Atomic charges of furoxan monomer and dimers( au)

atoms monomer dimer [ dimer I
C(1) 0.717 0.594 0.526
C(2) 0.925 1.257 1.331
N(3) -0.153 -0.151 -0.153
N(4) 0.625 0.549 0.551
0(5) -0.542 -0.555 -0.561
0(6) -0.705 -0.699 -0.707
H(7) -0.411 -0.434 -0.427
H(8) -0.456 -0.547 -0.561
C(9) (0.717) 1.046 0.526
C(10) (0.925) 0.663 1.332
N(11) (-0.153) -0.109 -0.153
N(12) (0.625) 0.644 0.550
0(13) (-0.542) -0.578 -0.561
0(14) (-0.705) -0.717 -0.707
H(15) (-0.411) -0.500 -0.427
H(16) (-0.456) -0.464 -0.562
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Table 3 Calculated frequencies and intensities of C—H

bonds in furoxan monomer and dimers

o s v Av Int.
assignments /em ! /em ™! ( KM/ mol)
C(1)—H(7)Str. 3273.99 - 0.01
monomer
C(2)—H(8)Str. 3315.52 - 12.17
C(9)—H(15)Str. 3265.86 -8.13 12.92
C(1)—H(7) and
C(2)—H(8) asym. Str. 3269.91 - 73.87
dimer [
C(1)—H(7) and
C(2)—H(8) sym. Str. 3280.37 - 47.05
C(10)—H(16) Str. 3315.00 -0.52 13.06
C(1)—H(7) and
C(2)—H(8) asym. Str. 3269.09 - 179. 64
dimer
C(1)—H(7) and
C(2)—H(8) sym. Str. 32801 B 7585
Note: v means frequency, Int. denotes intensity. Av =v| = ¥, omer
Sign “ - 7 denotes red-shifts. “Str.” denotes stretching; “sym”

denotes symmetric; “asym” denotes asymmetric.
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Table 4 Intermolecular natural bond orbital interaction and the

corresponding stable energy kJ - mol ™!

No. donor( i) accepter(j) stable energy E(2)
LP (1) 0(6) BD=* (1) C(9)—H(15) 4.48
dimer [ LP (2) 0(6) BD=(1) C(9)—H(15) 6.58
LP (1) N(11) BD=x* (1) C(2)—H(8) 14.23
LP (1) 0(6) BD=x (1) C(10)—H(16) 9.33
dimer WP (2 0(6) D (1) CAO)—H(6) 11 80
LP (1) O(14) BD=x (1) C(2)—H(8) 9.29
LP (2) 0(14) BD=x* (1) C(2)—H(8) 11.80

Note: LP means lone pair, LP(1) and LP(2) denote different lone pair;

BD * represents antibond and (1) means ¢ bond.
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Table 5 Electron density p,its Laplacian values V ’p
and local electronic potential energy density V(r)

at bond critical points

p ) V(r)/
No- bond (‘atomic unit) Vip kJ - mol ™!
C(1)—H(7) 0.286 -1.132 -913.02

monomer
C(2)—H(8) 0.285 -1.132 -920.47
0(6)---H(15) 0.011 0.035 -23.50
C(9)—H(15) 0.287 -1.170 -919.75

dimer [
N(11)---H(8) 0.011 0.032 -17.88
C(2)—H(8)  0.285 ~1.162 ~921.17
0(14)---H(8) 0.014 0.042 -25.04
C(2)—H(8) 0.285 -1.166 —-920.49

dimer I
0(6)---H(16) 0.014 0.042 -25.08
C(10)—H(16) 0.285 -1.166 -920.51
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Table 6 Intermolecular energies of the four theoretical models and interaction energy

components at SAPT (DFT) level for furoxan dimers kJ - mol ™’
Noo ENOT O pOm g gy o u o Buu
dimer [ -23.27 -19.87 -18.41 -25.90 -2.62 -30.10 -8.28 22.98 -10.50
dimer 1l -32.16 -27.49 -23.93 -29.36 -2.72 -37.36 -11.54 29.67 -10.12
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Theoretical Study on Intermolecular Interaction of Furoxan Dimers

CHEN Tian-na, TANG Ye-peng, SONG Hua-jie
(Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

~

Abstract: Geometrical structures of furoxan monomer and dimers were optimized at the B3LYP/6 -31 + + G level. It is found
that the planar structure of sub molecule is not changed in the process of forming a dimer. Based on the frequency vibration results,
it can be speculated that the m — 7 conjugation in the structure has influence on the C—H stretching. Consequently, the C—H
stretching exhibits some red shifts and its intensity is strengthened. The V ’p at bond critical points( BCP) of C—H bonds are nega-
tive,, contrary to those of O---H and N---H hydrogen bonds. It indicates that the O---H and N---H hydrogen bonds ( HB) are accord
with the common HB features. The capability of the dimers to concentrate electrons at BCP of C—H bonds enhanced. The recently
developed aymptotically corrected symmetry-adapted perturbation theory,combined with density functional theory, was used to study
the contributions of intermolecular interaction energy of furoxan as a simple model. The electrostatic energies of dimer | and dimer
Il are —30.10 kJ - mol ' and —37.36 kJ - mol ™" respectively,which are equal to the total energies. It directly reflects that the
HB interaction of furoxan is dominated by electrostatic energy.

Key words: physical chemistry; furoxan; natural bond orbital; atom in molecular; aymptotically corrected; symmetry-adapted

perturbation theory; density functional theory



