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Abstract. The geometries of a series of nine 4-substituted nitrophenols and 4-substituted nitrophenolates
(X = H, CONH,, CHO, COOH, COCHj3, COCI, CN, NO,, NO) and of their conformers, where the nitro
group rotates by 10° from ¢ = 0° to ¢ = 90°, were optimized at the B3LYP/6-311+G** DFT level. These
data were used to analyse the effect of rotating of the nitro group on n-electron delocalization in the ring.
It has been shown that the substituent effect stabilization energy (SESE) estimated for p-substituted phe-
nolates correlates very well with ¢;, constants. Based on this dependence the o}, constants for the nitro
group as a function of the out-of-plane dihedral angle ¢ were obtained. Application of the model simulat-
ing varying strength of H-bond by approaching F (HF) group to OH (O") group of the 4-nitrophenol (4-
nitrophenolate) with the rotating nitro group allowed to show interrelation between changes in aromaticity
of the ring due to both rotation of the nitro group and changes in the strength of H-bonding. Two indices
of aromaticity: Nucleus-Independent Chemical Shifts (NICS), and the Harmonic Oscillator Model of

Aromaticity (HOMA) were used to quantify the aromatic character of the benzene fragment.
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INTRODUCTION

The nitro group is both one of the most typical and most
important substituents in organic chemistry.' Its sub-
stituent effect in a classical Hammett scale’ is mostly
inductive in nature. Consequently, the o substituent
constant equals to 0.70,> whereas the constants for meta
and para positions, o, and o, are 0.71 and 0.78, re-
spectively.* Thus for the reference reaction, i.e. benzoic
acid dissociation, the resonance component is very
small. Indeed, the reported resonance and field substitu-
ent constants,’ R and F for nitro group are 0.13 and
0.65, respectively. However for reactions with an elec-
tron-donating reaction site, the resonance power of the
nitro group increases dramatically: o, = 1.27,” whereas
the pure resonance constant R = 0.62.* The Domeni-
cano group electronegativity® for the coplanar and per-
pendicular nitro group estimated for monosubstituted
benzene derivatives are fairly similar: 4.00 and 4.19,
respectively. This indicates that the oc-electron with-
drawing power is not changed appreciably by twist of
the group.

The nitro group is not very rigid. Since the barrier
of rotation is rather small (ca. 6 kcal mol™") the weak
intermolecular interactions in the crystal lattice may
efficiently distort it from planarity. In nitrobenzene
derivatives without steric interactions in ortho position
the nitro group is rotated by up to ca. 39°, which is ob-
served in P"-tetrakis(bis(ethylenedithio)tetrathiafulva-
lene)hydroxoniumtris(oxalato-O,0")-gallium(III) nitro-
benzene clathrate.” The mean value of twist is about 7.2°
with a standard deviation of 5.6° (Based on 5376 mo-
lecular fragments of nitrobenzene derivatives, Cam-
bridge Structural Database).® As might be expected,
steric interactions in ortho position to the nitro group
lead to much higher values of distortion. For instance in
bis(2,4,6-tris(4-bromophenoxy)-1,3,5-triazine)trinitro-
mesitylene clathrate’ the group is perpendicular to the
ring. An ortho substitution is an extreme factor to en-
force nonplanarity; however, it is worth noting that even
in the crystal structure of nitrobenzene the nitro group is
twisted by ca. 2° from the plane of the benzene ring.'
Contrary to general expectations based on reaction
mechanisms in organic chemistry'' (e.g. electrophilic
substitution) the above observations strongly support the

*  Dedicated to Professor Zvonimir Maksié on the occasion of his 70™ birthday.
**  Author to whom correspondence should be addressed. (E-mail: chamis@chem.uw.edu.pl)
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point that the nitro group does not conjugate effectively
with the benzene ring.'> It was shown that rotation of
the —NO, group relative to the plane of the benzene ring
in N,N'-dimethyl derivatives of p-nitroaniline affected
significantly geometry of the ring, indicating a decrease
of the weight of the quinoid-type canonical structure."

Substituent effects on w-electron delocalization in
monosubstituted benzene derivatives are considered to
be very weak.'*'> Much stronger is the substituent effect
in disubstituted systems, particularly for the para posi-
tion in benzene'® or related systems.'” Obviously, the
substituent effect of nitro group depends on the electron
donating power of the group in para position.>'®
Among the most effective electron-donating counter
substituents for the nitro group are hydroxy and (in
particular) the oxo group. Their substituent constants
o, are —0.92 and —2.3, respectively.

As previously mentioned, the substituent effect on
n-electron delocalization of the substituted ring is rather
weak, except for cases when the counter substituent in
the para position has an opposing property. In other
words, the substituent should be strongly electron-
donating from one side of the ring and strongly elec-
tron-accepting from the other side.'” Obviously, the
character of a substituent can be modified by intermo-
lecular interactions.”*' Recently, substantial (and sys-
tematic) changes in cyclic m-electron delocalization
pattern of the ring were observed for p-substituted phe-
nol, and particularly for p-substituted phenolate in-
volved in H-bonding of the type: OH...base or
O"...H(acid).*** In these cases the substituents were
fixed, and the strength of H-bonding was modified
within the model®* in which a HF molecule approached
the oxygen fragment in p-substituted phenolate or al-
ternatively, F~ anion approached the hydroxyl group in
p-substituted phenol. This idea is summarized in
Scheme 1.

The changes in m-electron delocalization of the
ring of p-nitrophenol and p-nitrophenolate involved in
hydrogen bond formation were quantified using a ge-
ometry-based index of aromaticity HOMA,” which

o E e
T e
O (0]
X=NO,, H
X X
() (b)

Scheme 1. (a) Fluoride approaches the oxygen atom in hy-
droxyl group; (b) Hydrofluoric acid approaches the oxygen
atom in phenolate anion.
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registered changes ~0.1 and ~0.3 for case (a) in Scheme
1 (fluoride approaching to hydroxyl group) and case (b)
in Scheme 1 (hydrofluoric acid approaching the O
fragment), respectively. To put these numbers in per-
spective: HOMA changes by 1 unit going from a model
non-aromatic system (the Kekulé structure: 1,3,5-
cyclohexatriene) to fully aromatic (benzene). Changes
in the  magnetism-based  aromaticity  index
NICS(I)ZZ,26’27’28 due to the H-bond formation, particu-
larly for O ...HF interactions, were also found to be
very substantial: for NICS(1)., the range was equal to
~10 ppm.” For formal definitions of HOMA and NICS
see below. There is no doubt that H-bond formation
may affect significantly n-electron delocalization in the
ring.

This paper is focused on two main problems:

(i) Estimation of the values of substituent constant o,
of the NO, group as a function of the -NO, group dihe-
dral angle. Many quantitative structure activity relation-
ships (QSAR)***' used in modeling of various biologi-
cally-based phenomena rely on substituent constant
values, so a proper description of the behaviour of group
is very important.

(i) A systematic study of the extent to which nitro
group rotation in p-nitrophenols and p-nitrophenolates
affects m-electron delocalization in the ring. As the OH
and O groups are classical donors or acceptors of hy-
drogen bond, respectively, the analysis is extended to
the influence of a rotated nitro group on the strength of
the H-bond formed by F~ or HF approaching the OH or
O fragment.

METHODOLOGY

p-Nitrophenol-fluoride complexes and p-nitrophenolate-
hydrofluoric acid complexes were optimized at the
B3LYP/6-311+G** DFT level of theory. The fluoride
anion or hydrofluoric acid was approaching the mole-
cule of p-nitrophenol or p-nitrophenolate, respectively,
both along the line of a prolongation of O—H or H-F
bond direction and in plane of the ring, as shown in
Scheme 1. The O...F distance in both cases was frozen
and gradually changed by 0.2 A starting from 4.0 A
down to the distance where hydrogen transfer took place
(2.580-2.523 A for p-nitrophenol complexes with pla-
nar and perpendicular nitro group, respectively). The p-
nitrophenolate complexes were optimized down to a
O...H-F distance of 2.5 A, but no proton transfer oc-
curred. In both cases (complexes of p-nitrophenol and
p-nitrophenolate) 10 frozen conformers with rotated
—NO, groups were obtained. The optimized (dihedral)
rotation angles with respect to the plane of the phenyl
ring ranged from 0° to 90°. For comparison, phenol-
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fluoride and phenolate-hydrofluoric acid complexes
were also optimized using the same constraints as the
nitro derivatives. Additional species which were fully
geometry-optimized at the same level to determine the
relationship between SESE™ (Substituent Effect Stabili-
zation Energy, see below) and the substituent constant
o, * were “O—Ph—X, where X = CONH,, CHO, COOH,
COCHj;, COCI, CN, NO,, NO. The reference com-
pounds p-nitrophenol, p-nitrophenolate anion, phenol
and phenolate anion have also been fully optimized at
the same (B3LYP/6-311+G**) level of theory. To esti-
mate the extent of n-electron delocalization,*® two indi-
ces of aromaticity were used: the geometry-based
HOMA?*** and the magnetism-based NICS.***73

The Harmonic Oscillator Model of Aromaticity
(HOMA) is defined as follows:

HOMA = 1—%ZZ(ROPt -R )2 (N is the number of bonds

taken into the summation; o is an empirical constant
fixed to give HOMA = 0 for a model non-aromatic
system™ and HOMA = 1 for a system with all bonds
equal to an optimal value R, assumed to be realised for
fully aromatic systems. R; stands for a running bond
length. For CC bonds a =257.7, Ry = 1.388 A).

NICS is defined as the negative value of absolute
magnetic shieldings calculated at centre of a ring sys-
tem.”® It may also be calculated at other interesting
points inside or around molecules.’’ Rings with negative
NICS values are qualified as aromatic: more negative
values of NICS correspond to more aromatic rings.
NICS calculated at 1 A above molecular plane is de-
noted as NICS(1). This value has been considered as a
better descriptor of the m-electron effects, because the
local, o-electron, contributions diminish relative to the
ring current effects. NICS(1),, denotes the component of
NICS(1) corresponding to the principal axis perpendicu-
lar to the ring plane.®® The GIAO/B3LYP/6-311+G**
method was used for the NICS calculations. All calcula-
tions were performed using the Gaussian03 program.*

RESULTS AND DISCUSSION

The substituent effect of the nitro group in different
conformations with respect to the phenyl ring can be
explained using of the idea of SESE (the Substituent
Effect Stabilization Energy)’* presented in Eq. (1). The
enthalpy change associated with this homodesmotic
reaction’” measures an increase in the stability of a
system due to X. . .Y interactions both with the ring and
through the ring.

For phenols it has been shown that gas-phase
SESE values calculated using quantum chemical me-

-or+

Lo -bo

+or-

thods correlate with experimentally estimated substitu-
ent constants ap.16 In the case of electron-accepting
substituents, a good dependence should be observed for
the relationship between the SESE values estimated for
p-substituted phenolates (Y = O in reaction (1)) and the
o, substituent constant. As mentioned, this type of
constants is usually used to describe the "resonance
power" of a substituent interacting with an electron-
donating reaction site in a para position. Table 1
presents the estimated SESE values and the o, substitu-
ents constants for a few model systems, and Figure 1
shows the dependence between these two quantities.
The correlation coefficient is R = 0.994 and the linear
regression for this dependence reads as follows:

o~ = 0.0507-SESE — 0.0277 2)

This closely linear relationship can be used now to
estimate the o, values for an —NO, group which is
rotated with respect to the plane of the benzene ring.
The SESE values estimated for p-nitrophenolates via
reaction (1) (where the —NO, group rotates to the same
degree on both sides of the reaction) and the resulting
o, , obtained from equation (2) are given in Table 2.
The o, value for a planar -NO, group is 1.32, which is
very close to the experimentally-obtained value (1.27,
see Table 1). While rotating the group a progressive
decrease of the resonance character is observed. For a
perpendicular nitro group the o, is equal to 0.72, which
is slightly smaller value than the original Hammett sub-
stituent constant (o, = 0.78).* In this geometrical ar-
rangement the resonance effect should be completely
absent, while the inductive effect should remain. Indeed

0 5 10 15 20 25 3(

SESE/kcal mol

Figure 1. Dependence between o, and SESE values esti-
mated for p-substituted phenolates with use of the reaction (1).
Correlation coefficient R = 0.994, 8 points.
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Table 1. The SESE values (expressed in kcal/mol) estimated
with use of the Eq. (2) and experimental o}, values™*

SESE oy

H 0.00 0.00
CONH, 12.9 0.61
CHO 19.8 0.94
COOH 16.9 0.78
COCH; 16.6 0.84
CN 19.9 1.00
NO, 26.6 1.27
NO 27.6 1.46

the estimated substituent value is consistent with o; for
the nitro group (o1 = 0.70).* It is worth noting that small
deviations from planarity (within ca. 10°) practically do
not reduce the resonance power of the group. Therefore
small deviations from planarity are well-tolerated and
therefore most nitrobenzene derivatives have non-planar
—NO, groups while adapting to the intermolecular inter-
actions in the solid state. Support for the presented val-
ues of o, comes from the dependences of the parame-
ters describing cyclic n-electron delocalization: HOMA
or NICS and o, . If the parameters are calculated for
benzene fragment in nitrophenolates with rotated —NO,
groups and their values for ¢ = 0° and ¢ = 90° are used
to calculate two-point linear equations using o, (1.27)
and oy (0.70), respectively, then based on these regres-
sions (see Supplement for details) we may estimate
values of o, for other ¢ angles. The resulting data are
presented in Table 2. It is clear that they are in very

good agreement with the values of o, estimated from
the Eq. (2). Hence a very good linear dependence be-
tween SESE and o, for p-substituted phenolates sup-
ports the idea that SESE values may serve as a source of
information on ¢, for molecules with variously rotated
—NO, substituents. We would argue that o, values
calculated in this way would be better for applications
(e.g. in QSARs) since they should more accurately re-
flect the behaviour of the -NO, group as it responds to
different geometries.

Changes in electron-accepting power of "rotated"
nitro groups due to the decrease of the resonance effect
lead to substantial changes in m-electron delocalization
in the ring of both p-nitrophenol and p-nitrophenolate.
Figure 2 presents the aromaticity indices HOMA, NICS
and NICS(1) as a function of —NO, group dihedral angle
(@) for the systems involved in the hydrogen bonds, as
well as for the parent compounds. We note that the
dependences for NICS(1),. are fairly similar to NICS
and NICS(1), so for brevity they are not shown here.

As expected the changes in n-electron delocaliza-
tion are significantly smaller for p-nitrophenols as com-
pared with p-nitrophenolates, because the hydroxy
group is a much weaker n-donating system than the oxo
group (o, for OH is —0.92 and for O is -2.3).* This
may be exemplified by the values of HOMA for sys-
tems involved in strong hydrogen bond (at O...F dis-
tance of 2.6 A), which change by 0.06 in the former
case and by 0.12 in the latter. Importantly for p-
nitrophenol the differences, A, of NICS’s and HOMA
values between ¢ = 0° and = 90° are the greatest for
cases where O...F interatomic distance is the smallest,
since then the H-bond strength for OH...F is the
strongest and the mobility of the electrons at the oxygen

Table 2. SESE values (expressed in kcal/mol) calculated for nitrophenolate with rotating —-NO, group (from ¢ = 0°to = 90°). o,
from Eq. (2) are denoted as o, (1), they are recommended values, given in bold; o, from the dependence o, = —0.2828-HOMA
+0.8715 are denoted as o, (2) Supplement;® and o, from the dependence o, = 6.15-NICS — 10.234 are denoted as o, 3)®

¢ SESE o, (1) HOMA o (2) NICS o, (3)
0 26.6 132 0.51 1.27 2.4 1.27
10 26.4 131 0.51 1.27 2.5 1.26
20 25.7 1.28 0.52 1.23 2.7 1.22
30 24.6 1.22 0.55 1.15 -3.1 1.15
40 23 1.14 0.56 1.09 -3.6 1.08
50 21.1 1.04 0.59 1.00 4.1 0.99
60 19.1 0.94 0.62 0.89 -4.7 0.91
70 17 0.84 0.64 0.81 -5.2 0.82
80 15.4 0.76 0.66 0.75 -5.7 0.74
90 14.8 0.72 0.67 0.70 -5.9 0.70

@ See Supplement for details.
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Figure 2. Dependences of HOMA, NICS and NICS(1) on bend angle ¢ for four interatomic O...F distances: infinity (i.e. systems
not involved in H-bond — points denoted by x), 4 A (points denoted as ), 3 A (points denoted by =), and 2.6 A (points denoted by

4) for p-nitrophenol (a), (c), (¢) and p-nitrophenolate (b), (d), (f).

atom susceptible for intramolecular charge transfer to
nitro group is the largest. Consequently, the differences
A(HOMA) and A(NICS) are the greatest for O...F dis-
tance do_ = 2.6 A and smallest for the case where this
distance is infinite, i.e. for p-nitrophenol itself. Hence
the changes of m-electron delocalization due to the rota-
tion of the —NO, group are most effectively seen for the
former case and then gradually decrease. A reverse
situation is observed for p-nitrophenolate. The

A(HOMA), A(NICS) values are the greatest for p-nitro-
phenolate, and gradually decrease with a decrease of the
O...F interatomic H-bond distance. The shorter the
O...F distance, the stronger the H-bond with HF, so the
electrons are more efficiently immobilized for in-
tramolecular charge transfer to the nitro group. Thus the
values of A(HOMA), A(NICS) are smaller. The most
aromatic ring is for ¢ = 90° as documented by HOMA =
0.67, NICS = —5.93 ppm and NICS(1) = —6.30 ppm.

Croat. Chem. Acta 82 (2009) 139.
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Figure 3. The dependence between d(H...F) on d(O...F) for
p-nitrophenol (upper line) and p-nitrophenolate (bottom line).
Data for different angles are represented by the symbols
shown on the right of the Figure.

Obviously this is due to the weakest resonance effect in
this case. For phenolate, where there is no counter sub-
stituent, the aromaticity of the ring is: HOMA = 0.68,
NICS and NICS(1) are —4.17 and —5.91 ppm, respec-
tively. Thus, the ring aromaticity estimated by HOMA
and NICS(1) is in both cases almost the same, but NICS
in phenolate shows a lower aromatic character of the
ring than in the case of the perpendicular rotamer of
para nitrophenolate.

SESE values, which are reliable measures of these
substituent effects, can be used to show how the rotation
of the nitro group depends on the H-bond strength. The
strength is usually approximated by the distance be-
tween the hydrogen of the proton donating group (OH
in our case) and the acceptor atom (F in our case), i.e.
du.. r. In our model the O...F interatomic distance was
fixed in computation but gradually changed from one
model to the next leading to a decrease of the dy. p
distance. These changes are described by a linear rela-
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tion with H...F optimized distance, and therefore repre-
sent the “strength” of the H...F interaction. Figure 3
presents dependence of d.. r) on do.. ), Which supports
the use of d(o.. r) as a quantitative estimate of H-bonding
strength. Note that for all values of ¢ the dependence is
practically the same — the data points form one curve.

Figure 4(a) presents the dependences between the
SESE values (see Eq. 1) for p-nitrophenols involved in
hydrogen bond with fluoride and the nitro group dihe-
dral angle, ¢. For clarity three arbitrary interatomic
distances d(O...F): 4 A, 3 A and 2.6 A have been cho-
sen. Figure 4(b) presents complementary dependences
for three ¢ values: 0°, 50° and 90°.

It is apparent that the most steep dependence is
observed for the case with d(O...F) = 2.6 A and changes
from 15 kcal/mol to 10 kcal/mol for ¢ = 0° and ¢ = 90°,
respectively (see Figure 4a). At this distance the system
is very close to proton transfer from hydroxy group to
fluoride. The oxygen atom in OH group has a highly
negative partial charge because of the longer distance to
the parent proton, which leads to effective through-
resonance interaction with the nitro group. The scale of
the effect obviously depends on the dihedral angle ¢.
Simultaneously with an increase of H-bonding strength,
as estimated by the H...F distance d(H...F), the OH
bond length becomes weaker, (i.e. longer). Figure 5
presents this dependence.

It is shown in Figure 5 that upon decreasing the
O...F distance a lengthening of the OH bond is ob-
served. At some d(o. ) distance proton is transferring to
fluoride, what is accompanied with another H-bond
formation, where hydrofluoric acid interacts with an oxo
group of the nitrophenolate system. Note that the trans-
fer depends clearly on —NO, group dihedral angle ¢ (see
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Figure 4. (a) Dependence of SESE (in kcal/mol) on bend angle ¢ for d(O...F) = 4 A (points denoted as #), 3 A (points denoted by
m), and 2.6 A (points denoted by a) for p-nitrophenol interacting with F~. (b) Dependence of SESE (in kcal/mol) on the distance
between O...F for three selected bend angles ¢: 0° (denoted as x), 50° (denoted as @) and 90° (denoted as +).
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Figure 5. Dependence of d(OH) on d(O...F), simulating H-
bond strength. The upper line is for p-nitrophenolates, the
bottom line for p-nitrophenols. Data for different angles are
represented by various symbols shown on the right of the
Figure.

Figure 4b). The values of d(o_ ) at which proton does
transfer show the strength of the interaction of OH
group with the nitro group, which depends on the ¢
angle. For ¢ = 90° the transfer is at the lowest O...F
distance do_r = 2.523 A — it means that for this case
the electron attracting power of NO, group is the weak-
est and OH bond the strongest. The smaller is the ¢
value, the more negative charge is withdrawn from OH
group, and a weaker interaction from F is needed to
attract proton — the longer is the O...F distance for
proton transfer. For planar p-nitrophenol (¢ = 0°) the
O...F distance is equal d(o_r)= 2.580 A.

CONCLUSION

The substituent effect of the nitro group depends strong-
ly on its conformation. It has been shown that the subs-
tituent effect stabilization energy (SESE) estimated for
p-substituted phenolates correlates very well with o,
constants. Based on this dependence the o, constants
for the nitro group as a function of the —NO, group
dihedral angle ¢ were obtained. They change from 1.32
for ¢ = 0° to 0.72 for ¢ = 90° in good agreement with
experimental values of o, and oj, respectively. Rota-
tion of the nitro group with respect to the aromatic
fragment always reduces the efficiency of the through-
resonance interaction with an electron-donating counter
substituent. The changes in n-electron delocalization are
smaller for p-nitrophenols as compared with p-
nitrophenolates, because the hydroxy group is a much
weaker electron donating system than the oxo group.
For the systems involved in hydrogen bonding, the
values of SESE and descriptors of m-electron delocaliza-
tion such as HOMA, NICS and NICS(1) strongly de-
pend on the strength of the H-bond. For p-nitrophenol
the difference in values corresponding to the twist of the
nitro group from ¢ = 0° to 90° is the greatest for cases

where the hydrogen bond is strongest (the O...F intera-
tomic distance is the smallest, i.e. 2.6 A). At this dis-
tance the p-nitrophenol approaches the point when pro-
ton transfer from hydroxyl group to fluoride occurs.
Consequently, the oxygen atom in the OH group has a
high negative partial charge, and this leads to more
effective through-resonance interaction with the nitro
group. For p-nitrophenolates the tendency is reversed,
which can be explained in an analogous way.

Supplementary Materials. — Supporting informations to the
paper are enclosed to the electronic version of the article.
Total energies and the Cartesian coordinates at B3LYP/6-
311+G** for all analysed systems are given. These data can be
found on the website of Croatica Chemica Acta.
(http://public.carnet.hr/ccacaa)
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SAZETAK

Supstituentske konstante (g, ) rotirajuce nitro skupine.
Medudjelovanje supstitucijskog efekta rotirajuce —NO, skupine i
H-veze koje utjece na n-elektronsku delokalizaciju 4-nitrofenolnih

i 4-nitrofenolatnih kompleksa: B3LYP/6-311+G** studija

Michat A. Dobrowolski, Tadeusz M. Krygowski i Michal K. Cyranski

Department of Chemistry, University of Warsaw, Pasteura 1, 02-093 Warsaw, Poland

Primjenom B3LYP/6-311+G** razine teorije optimirane su geometrije serije od devet 4-supstituiranih nitrofenola
i 4-supstituiranih nitrofenolata (X = H, CONH,, CHO, COOH, COCHj3;, COCIl, CN, NO,, NO) i njihovih konfor-
mera, u kojima nitro skupina rotira za 10° od ¢ = 0° do ¢ = 90°. Podaci su koriSteni u analizi efekata rotacije nitro
skupine na m-elektronsku delokalizaciju prema prstenu. Pokazano je kako stabilizacijska energija supstituentskog
efekta (engl. substituent effect stabilization energy, SESE) odredena za p-supstituirane fenolate dobro korelira sa
o, konstantama. Na osnovu ove ovisnosti dobivene su o, konstante za nitro skupinu kao funkcija dihedralnog
kuta ¢. Koristenje modela u kojem se mijenja jakost H-veze nadolazece F~ (HF) skupine prema OH (O") skupini 4-
nitrofenola (4-nitrofenolata) s rotiraju¢om nitro skupinom pokazuje ovisnost izmedu promjene aromati¢nosti
prstena zbog rotacije nitro skupine i promjene jakosti H-veze. Dva indeksa aromati¢nosti NICS i HOMA koristeni
su za kvantificiranje aromatskog karaktera benzenskog fragmenta.

Croat. Chem. Acta 82 (2009) 139.




M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group S-1

Substituent Constants (o;, ) of the Rotated Nitro Group. The Interplay
Between the Substituent Effect of a Rotated -NO;, Group and H-Bonds
Affecting m-Electron Delocalization in 4-Nitrophenol and 4-
Nitrophenolate Complexes: a B3LYP/6-311+G** Study

Michal A. Dobrowolski, Tadeusz M. Krygowski, and Michal K. Cyranski

SUPPLEMENT
Content Page
Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for 2
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Nitrobenzene with Rotated NO, Group (from ¢= 0° to ¢ =90°)
Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for 16
Nitrophenolate with Rotated NO, Group (from ¢= 0° to ¢ = 90°)
Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for 20
Nitrophenol with Rotated NO, Group (from ¢= 0° to ¢ = 90°)
Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for 25

Nitrophenol/ Nitrophenolate with Rotated NO, Group (from ¢ = 0° to

#=90°) and F /HF Complexes

Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for 128
Phenol and F Complexes

Two-point Linear Regressions between HOMA and NICS and Substituent 134

Constant o},
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Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Systems Used in

Reaction (1)

Total energy / hartree —232.3112459
C —1.394692 0.000000 0.000000
C 1.394692 0.000000 0.000000
H —2.479240 0.000000 0.000000
H 2.479240 0.000000 0.000000
C —0.697287 -1.207776 0.000000
C 0.697287 —1.207776 0.000000
C —0.697287 1.207776 0.000000
C 0.697287 1.207776 0.000000
H -1.239717 —2.146790 0.000000
H 1.239717 —2.146790 0.000000
H -1.239717 2.146790 0.000000
H 1.239717 2.146790 0.000000
@)

Total energy / hartree —306.9939823
(0] 0.000000 0.000000 0.000000
C 0.000000 0.000000 1.269338
C 1.211982 0.000000 2.059544
C -1.211626 0.000000 2.059742
C 1.200420 0.000000 3.447089
C —1.199623 0.000000 3.447435
C 0.000392 0.000000 4.174944
H 2.153403 0.000000 1.515346
H 2.148917 0.000000 3.984030
H 0.000681 0.000000 5.260434
H —2.148094 0.000000 3.984435
H —2.153367 0.000000 1.516108
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Total energy / hartree

TOQXDITITZTOOOO0OO00

0.403463
0.285714
1.426859
—1.010249
1.276445
—1.136516
0.000000
2.411967
2.158652
—2.117857
—1.886038
—0.108062
—1.135154
0.881665

Total energy / hartree

O

—3.141007
—1.890335
—0.990319
—1.223838
0.374231
0.140632
0.994872
—1.447655
1.013951
0.606711
—1.866762
2.425234
3.111901
2.943742

—420.3833637

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

—399.2921471

S-3
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

Total energy / hartree

OCEOOIXTIZOITIITITZITOOOOOONO
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—1.144520
0.000000
1.264695
1.384911
0.231620

—1.047011
2.363093
2.148536

—1.938052

—2.135161
0.918958

—1.313061

—2.040180

—1.457197

—0.074286

—2.040180
0.331760

0.000000
0.000000
1.218876

—1.218876

1.212515

—1.212515

0.000000
2.157342
2.152138

—2.152138
—2.157342

0.000000
0.000000

—0.208308
0.634149
—0.016684
—1.382875
—2.267898
—1.579363
—1.855868
0.613734
—2.200800
0.238410
2.823241
3.827697
2.462233
2.746814
2.080631
2.462233
—3.521546

3.108966
1.850765
1.061774
1.061774
—0.313445
—0.313445
—1.048714
1.608259
—0.859523
—0.859523
1.608259
—2.462050
—3.627021

—459.7108231

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.881648
0.000000
0.000000
—0.881648
0.000000
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@)
C
"l
Total energy / hartree —880.0337706

C —1.425961 0.501328 0.000000
C 0.000000 0.390121 0.000000
C 0.549942 -0.922229 0.000000
C —0.248857 —2.033366 0.000000
C —1.702066 -1.956974 0.000000
C —2.233912 —0.600612 0.000000
H 0.188026 —3.027287 0.000000
H 1.627108 —1.032418 0.000000
H —3.314874 —0.497299 0.000000
H —1.858712 1.496674 0.000000
C 0.737661 1.604634 0.000000
o 0.404538 2.752803 0.000000
Cl 2.679409 1.347477 0.000000
o —2.436080 -2.970826 0.000000

o

7, C\

0" 'NH,
Total energy / hartree —475.7735985

C 1.176957 —0.149676 0.000000
C 0.000000 0.639914 0.000000
C —1.229670 —0.063777 0.000000
C —1.290791 —1.437511 0.000000
C —0.104581 —2.272274 0.000000
C 1.140170 —1.525842 0.000000
H —2.249645 —1.948553 0.000000
H —2.140858 0.526021 0.000000
H 2.059978 —2.103946 0.000000
H 2.157745 0.323624 0.000000
C —0.019841 2.100534 0.000000
o —1.048662 2.789477 0.000000

S-5
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1.204059

1.177764

2.088656
—0.145778

Total energy / hartree

ool oi-loNoNoNoNoNoNe)

—0.186896
—0.130568
1.124445
—1.315287
1.178295
—1.243685
0.000000
2.035913
2.141001
—2.150521
—2.276218
0.018550
—0.941271
1.294390
1.129536

Total energy / hartree

@)
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0.443259
0.317248
1.453957

2.762010
3.766817
2.288106
—3.531271

—3.514977
—2.259101
—1.526123
—1.416446
—0.154116
—0.046430
0.638478
—2.117201
0.346518
0.550870
—1.923123
2.075836
2.843933
2.631885
3.583622

—3.087593
—1.841840
—0.932576

0.000000
0.000000
0.000000
0.000000

—495.6577857

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

—436.365919

0.000000
0.000000
0.000000
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CzZzZDIZITITOOOO

—0.993242
1.290081
—1.138790
0.000000
2.441677
2.145095
—2.118294
—1.856520
—0.045319
—1.177040

Total energy / hartree

esiesiiasiiasBoNONONONONONO NN AN

0.000000

0.000000

1.067128
—1.232005
—2.453638
—1.258450
—3.650396
—2.450781
—3.736621
—4.829364
—4.588624
—2.414436
—-0.313816
—2.473019

Ho

Total energy / hartree

C

1.530133

NO

(@)

—1.192062
0.425991
0.165220
1.024372

—1.383244
1.097231
0.631763

—1.851773
2.396246
2.942303

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1.334385

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

—511.5997216

0.000000
1.251076
1.904171
1.942129
1.228140
3.356783
1.895138
4.031527
3.348588
3.962263
1.349249
0.145919
3.886390
5.116765

—345.6690896

0.000000

S-7
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C 2.226134 0.126499 0.000000
C 1.533382 —1.088001 0.000000
C 0.144817 —1.096089 0.000000
C —0.560638 0.115196 0.000000
C 0.137585 1.327367 0.000000
C —2.041317 0.128874 0.000000
O —2.745352 —0.856322 0.000000
H 3.311043 0.128450 0.000000
H —2.492701 1.144000 0.000000
H —0.414030 —2.024600 0.000000
H 2.081737 —2.023129 0.000000
H —0.414185 2.262498 0.000000
H 2.070376 2.273967 0.000000

N

I

C

Total energy / hartree —324.5777613
C —0.689466 0.000000 —1.004632
C —1.887804 0.000000 —0.299396
C —1.880910 0.000000 1.095349
C —0.671278 0.000000 1.789647
C 0.533541 0.000000 1.095468
C 0.527375 0.000000 —0.307058
H —2.817595 0.000000 1.640825
H —0.665927 0.000000 2.873292
H 1.477394 0.000000 1.626512
C 1.764613 0.000000 —1.027689
H —0.685438 0.000000 —2.087613
H —2.827660 0.000000 —0.838823
N 2.763258 0.000000 —1.609190
O\\C/CH3
Total energy / hartree —385.0016931

C —2.229988 —0.000282 —1.323558
C —2.223010 0.000024 0.069867
C —1.012952 0.000132 0.760545
C 0.202602 —0.000061 0.063717
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C 0.182977 —0.000359 —1.338296
C —1.023536 —0.000474 —2.026808
H —1.023870 0.000375 1.843666
C 1.533322 0.000055 0.759871
H 1.129156 —0.000499 —1.865384
H —1.028026 —0.000711 —3.110976
H —3.171795 —0.000370 —1.860950
H —3.158028 0.000179 0.618424
O 2.568056 0.000205 0.119612
C 1.567298 0.000527 2.277248
H 1.060931 0.882760 2.679671
H 1.060722 —0.881292 2.680296
H 2.606181 0.000538 2.602846
O\\C/CI
Total energy / hartree —805.3076655
C —0.040378 0.000000 —1.643167
C —0.036637 0.000000 —0.238675
C 1.180340 0.000000 0.452586
C 2.378667 0.000000 —0.254516
C 2.370910 0.000000 —1.648435
C 1.159531 0.000000 —2.341915
C —1.363196 0.000000 0.425426
H 3.307417 0.000000 —2.194689
H —0.988222 0.000000 —2.166276
H 1.152055 0.000000 —3.425582
H 1.187301 0.000000 1.533614
H 3.318915 0.000000 0.284104
O —2.420501 0.000000 —0.114334
Cl —1.324052 0.000000 2.257393
O\\C/NH2
Total energy / hartree —401.0702583
C —2.230002 —0.090424 —1.289721
C —2.222948 0.027179 0.099019

Croat. Chem. Acta 82 (2009) S1-S134
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C —1.013531 0.081774 0.788473
C 0.199922 0.023560 0.092735
C 0.184058 —0.075986 —1.302627
C —1.023851 —0.140627 —1.989118
H —1.024734 0.205598 1.865575
C 1.540021 0.088512 0.771091
H 1.130218 —0.098698 —1.829066
H —1.026236 —0.226135 —3.069830
H —3.171591 —0.135266 —1.825399
H —3.157793 0.085344 0.644845
O 2.548345 0.435846 0.178405
N 1.565358 —0.245169 2.102635
H 2.476838 —0.295895 2.532011
H 0.827022 —0.789457 2.517062
O~ __OH
~C
Total energy / hartree —420.9481333
C 1.842271 1.229248 0.000000
C 2.567958 0.038271 0.000000
C 1.901813 —1.188008 0.000000
C 0.512031 —1.223720 0.000000
C —0.219236 —0.030208 0.000000
C 0.450718 1.198981 0.000000
C —1.703762 —0.120312 0.000000
O —2.310361 1.094675 0.000000
H 3.651748 0.065490 0.000000
O —2.337434 —1.149966 0.000000
H —3.264306 0.928541 0.000000
H —0.024651 —2.164352 0.000000
H 2.466287 —2.113285 0.000000
H —0.118279 2.119321 0.000000
H 2.360802 2.181102 0.000000
Total energy / hartree —361.6392457
C —0.077061 1.102613 0.000000

Croat. Chem. Acta 82 (2009) S1-S134
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C 0.580846 —0.133866 0.000000
C —0.133763 —1.333324 0.000000
C —1.525425 —1.301924 0.000000
C —2.186464 —0.074300 0.000000
C —1.463609 1.125551 0.000000
N 2.014535 —0.276966 0.000000
O 2.644573 0.760540 0.000000
H —2.092281 —2.225420 0.000000
H 0.417563 —2.266674 0.000000
H —1.991395 2.072435 0.000000
H 0.511061 2.012240 0.000000
H —3.270423 —0.046632 0.000000
NO,
Total energy / hartree —436.8746191
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.224571
O 1.007374 0.000000 1.920926
C —1.311468 0.000000 1.912179
C —2.472159 0.000000 1.144783
C —1.339879 0.000000 3.303312
C —3.700372 0.000000 1.798846
C —2.576106 0.000000 3.941966
C —3.753016 0.000000 3.193007
H —4.713093 0.000000 3.696073
H —4.615370 0.000000 1.218756
H —2.399821 0.000000 0.066063
H —0.411299 0.000000 3.856978
H —2.618808 0.000000 5.024559

Croat. Chem. Acta 82 (2009) S1-S134





S-12

Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Nitrobenzene

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

with Rotated NO; Group (from ¢= 0° to ¢=90°)

@=0°

@=10°
0
N
0
C
C
C
C
C
C
H
H
H
H
H

@=20°

esijasiasiiasiiar o NONONONONO NN A®
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Total energy / hartree

0.000000

0.000000

1.006784
—-1.311184
—2.462014
—1.349597
—3.690826
—2.587176
—3.754207
—4.714928
—4.597943
—2.381774
—0.427831
—2.638628

Total energy / hartree

0.000000

0.000000

1.004599
—1.310700
—2.434147
—1.375208
—3.663011
—2.614222
—3.754102
—4.715318
—4.548955
—2.334692
—0.472407
—2.688365

NO,

¢

0.000000
0.000000
0.000000
0.000000
0.211682
—0.211607
0.214607
—0.215365
—0.000644
—0.000800
0.383612
0.367230
—0.367513
—0.384779

0.000000
0.000000
0.000000
0.000000
0.416981
—0.416820
0.421601
—0.421790
—0.000265
—0.000487
0.752611
0.725095
—0.724702
—0.752963

See page 11

—436.8744807

0.000000
1.224647
1.921917
1.910937
1.158284
3.285575
1.811144
3.921695
3.188170
3.689920
1.243516
0.091333
3.828735
4.990568

—436.8740047

0.000000
1.224642
1.924934
1.908482
1.202427
3.233840
1.855091
3.867180
3.181954
3.682799
1.326582
0.170601
3.743467
4.896085
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@ =30°

®=40°

@=50°

Total energy / hartree

T I T T DO oZo

0.000000

0.000000

1.002203
—1.310231
—2.389909
—1.416992
—3.618819
—2.658309
—3.754511
—4.716605
—4.470482
—2.259568
—0.544941
—2.767783

Total energy / hartree

T I T T TZ OO0 Zo0o

0.000000

0.000000

0.999697
—1.310400
—2.332287
—1.473063
—3.561132
—2.716307
—3.754967
—4.717554
—4.367640
—2.161684
—0.642990
—2.871327

Total energy / hartree

oNoNoNoNoNoNel /o)

0.000000

0.000000

0.997599
—1.311735
—2.262466
—1.544893
—3.491970
—2.790290
—3.758031

—436.873132
0.000000 0.000000
0.000000 1.224589
0.000000 1.928216
0.000000 1.905319
0.609625 1.276356
—0.609449 3.150351
0.615009 1.929258
—0.615835 3.779476
—0.000718 3.173977
—0.001099 3.673052
1.096841 1.464126
1.061045 0.301996
—1.060716 3.604293
—1.098041 4.743492
—436.8718436
0.000000 0.000000
0.000000 1.224294
0.000000 1.931031
0.000000 1.902809
0.783528 1.380411
—0.783693 3.038781
0.787660 2.034127
—0.789585 3.664627
—0.001436 3.168257
—0.001975 3.666271
1.403524 1.654516
1.366913 0.485193
—1.366416 3.415975
—1.405899 4.542104
—436.8702576
0.000000 0.000000
0.000000 1.223832
0.000000 1.932835
0.000000 1.900091
0.933905 1.508587
—0.933666 2.901721
0.937027 2.161734
—0.936052 3.524064
0.000487 3.160681
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S-14

@=60°

@=170°

@=80°

Croat. Chem. Acta 82 (2009) S1-S134

esjijasfanianfian

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.721327
—4.243029
—2.040492
—0.767999
—3.001277

Total energy / hartree

esijasiasiiasiiar o NONONONONO NN AN

0.000000

0.000000

0.995422
—1.314194
—2.184481
—1.626932
—3.415520
—2.873182
—3.762043
—4.725991
—4.104957
—1.904087
—0.911735
—3.145452

Total energy / hartree

esijasiiasiiasiiar O NONONONONO NN A

0.000000

0.000000

0.993788
—1.316596
—2.098971
—1.716037
—3.331460
—2.961030
—3.764005
—4.727697
—3.954213
—1.753073
—1.069602
—3.299062

Total energy / hartree

O
N
O

0.000000
0.000000
0.992552

0.001041

1.667272

1.632257
—1.632899
—1.665925

0.000000
0.000000
0.000000
0.000000
1.055345
—1.055496
1.053869
—1.054964
—0.000951
—0.001110
1.874447
1.850682
—1.850951
—1.875952

0.000000
0.000000
0.000000
0.000000
1.144393
—1.145601
1.138019
—1.142043
—0.002741
—0.003347
2.024160
2.013330
—2.013615
—2.029276

0.000000
0.000000
0.000000

3.657090
1.885458
0.711944
3.182966
4.296482

—436.868566

0.000000
1.223149
1.933996
1.898803
1.661122
2.744799
2.312204
3.366167
3.156271
3.651267
2.153816
0.982170
2.911939
4.018685

—436.866989

0.000000
1.222458
1.934451
1.898874
1.832548
2.572867
2.481665
3.197448
3.157041
3.652461
2.453758
1.286758
2.608170
3.719487

—436.8658854

0.000000
1.221975
1.934811
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@=90°

esiiasiiasiiasiiaiio O NONONONS!

—1.318842
—2.007148
—1.812238
—3.242898
—3.055237
—3.767109
—4.731032
—3.795392
—1.588908
—1.240319
—3.463312

Total energy / hartree

esijasiiasiiasiics O NONONONONO NNV A®

0.000000

0.000000

0.991748
—1.320514
—1.911685
—-1.911830
—3.153019
—3.153141
—3.772383
—4.737992
—3.633669
—1.416345
—1.416703
—3.633880

0.000000
1.199243
—1.200288
1.189730
—1.193389
—0.002409
—0.002829
2.115504
2.113609
—2.113758
—2.120255

0.000000
0.000000
0.000000
0.000000
1.218237
—1.218146
1.208879
—1.208532
0.000169
0.000512
2.148407
2.147597
—2.147642
—2.148043

1.898652
2.014142
2.389681
2.657561
3.018838
3.155625
3.650560
2.765286
1.611845
2.283364
3.404077

—436.8654336

0.000000
1.221844
1.935348
1.897178
2.199514
2.199588
2.832278
2.832350
3.147408
3.639073
3.077693
1.946845
1.947025
3.077781
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S-16 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Nitrophenolate

with Rotated NO; Group (from ¢= 0° to ¢=90°)

@)

NO

D=0°

@=10° Total energy / hartree
0.000000
0.000000
1.066234

—1.232574

—2.443735

—1.268875

—3.640843

—2.462804

—3.738104

—4.831844

—4.570402

—2.395877

—0.331445

—2.494486

esijesiieriiasBloNoNoNoNoNoNo NI A

@=20° Total energy / hartree
0.000000
0.000000
1.064007

—1.234779

—2.416118

—1.298614

-3.613014

—2.495885

—3.741455

—4.836929

—4.517653

—2.346145

cloNoNoNoNoNoNoNORV e

Croat. Chem. Acta 82 (2009) S1-S134

0.000000
0.000000
0.000000
0.000000
0.211963
—0.211949
0.218916
—0.219896
—0.001594
—0.003278
0.394275
0.373534
—0.373157
—0.396098

0.000000
0.000000
0.000000
0.000000
0.417372
—0.417333
0.431382
—0.432383
—0.002318
—0.005221
0.775655
0.735098

See page 7

—511.5992427

0.000000
1.250927
1.905030
1.941426
1.242047
3.339552
1.908696
4.011875
3.344579
3.956856
1.376333
0.172183
3.857610
5.082470

—511.5977157

0.000000
1.250192
1.906621
1.939399
1.285525
3.288162
1.953718
3.955619
3.337437
3.947566
1.462434
0.252058
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@=30°

@ =40°

@=50°

H
H

—0.381849
—2.552954

Total energy / hartree

esijesiiasiias o NONONONONONO NNV AN®)

0.000000

0.000000

1.059554
—1.239059
—2.372174
—1.347699
—3.569290
—2.550343
—3.747885
—4.845894
—4.434742
—2.266710
—0.464509
—2.647400

Total energy / hartree

esiesiiasiias o NONONONONONO NN AN®)

0.000000

0.000000

1.054969
—1.245285
—2.315110
—1.412648
—3.511918
—2.620821
—3.755151
—4.855176
—4.326238
—2.165103
—0.574823
—2.768253

Total energy / hartree

OO0 ozo

0.000000

0.000000

1.050013
—1.254167
—2.247203
—1.493383

—0.733525
—0.777557

0.000000
0.000000
0.000000
0.000000
0.609909
—0.609872
0.627778
—0.630130
—0.002829
—0.005153
1.125483
1.072727
—1.071095
—1.129264

0.000000
0.000000
0.000000
0.000000
0.783459
—0.783525
0.803667
—0.805341
—0.001935
—0.003325
1.436440
1.377598
—1.376476
—1.438577

0.000000
0.000000
0.000000
0.000000
0.932829
—0.932952

3.771408
4.983137

—511.5950624

0.000000
1.249026
1.910397
1.936069
1.356445
3.204157
2.026183
3.863979
3.325633
3.932903
1.600230
0.381868
3.631235
4.822929

—511.5913079

0.000000
1.247026
1.911974
1.934194
1.458127
3.093049
2.131593
3.745902
3.318051
3.923938
1.793024
0.563198
3.443580
4.615055

—511.5866917

0.000000
1.244243
1.911795
1.932981
1.585318
2.957463

S-17

Croat. Chem. Acta 82 (2009) S1-S134





S-18

C
C
C
O
H
H
H
H
@=60°
O
N
O
C
C
C
C
C
C
O
H
H
H
H
@=170°
O
N
O
C
C
C
C
C
C
O
H
H
H
H
@=80°
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—3.444402
—2.707197
—3.765353
—4.867661
—4.198498
—2.043256
—0.711931
—2.914134

Total energy / hartree

0.000000

0.000000

1.045424
—1.264889
—2.170970
—1.585532
—3.369323
—2.803713
—3.777210
—4.882047
—4.056266
—1.906141
—0.869120
—3.075127

Total energy / hartree

0.000000

0.000000

1.039970
—1.277556
—2.087986
—1.688016
—3.289496
—2.908836
—3.790778
—4.897891
—3.905574
—1.754145
—1.044690
—3.248673

Total energy / hartree

0.952295
—0.953383
—0.001165
—0.001920

1.697025

1.641525
—1.641398
—1.698877

0.000000
0.000000
0.000000
0.000000
1.053087
—1.053803
1.068297
—1.071246
—0.002617
—0.004620
1.900757
1.857624
—1.857037
—1.904504

0.000000
0.000000
0.000000
0.000000
1.141283
—1.142363
1.150674
—1.154468
—0.002991
—0.004762
2.044509
2.017701
—2.017354
—2.049382

2.262250
3.604108
3.311413
3.916040
2.027843
0.789216
3.212533
4.365454

—511.5816807

0.000000
1.240713
1.908940
1.933523
1.736579
2.802846
2.416513
3.446220
3.308580
3.911786
2.300246
1.057380
2.945475
4.086844

—511.5768724

0.000000
1.236609
1.905757
1.934278
1.903555
2.632174
2.583097
3.276195
3.306298
3.908848
2.592634
1.355735
2.646773
3.788216

—511.5732313
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@=90°

esijesiioriiasBloNoNoNoNoNoNoNoOM A

0.000000

0.000000

1.035542
—1.289903
—1.999069
—1.796457
—3.206856
—3.016720
—3.804098
—4.912335
—3.751904
—1.590966
—1.231095
—3.425216

Total energy / hartree

esijesiioriiasBloNoNoNoNoNoNoNoOM A

0.000000

0.000000

1.032683
—1.296511
—1.903505
—1.903192
—3.120151
—3.119645
—3.813367
—4.923287
—3.596601
—1.417401
—1.416476
—3.596086

0.000000
0.000000
0.000000
0.000000
1.195240
—1.195785
1.199437
—1.201599
—0.001491
—0.002013
2.128598
2.115668
—2.115472
—2.131448

0.000000
0.000000
0.000000
0.000000
1.213340
—1.213746
1.215535
—1.216376
—0.000499
—0.000942
2.156270
2.148655
—2.148676
—2.157082

0.000000
1.232407
1.900643
1.935272
2.081685
2.451411
2.754829
3.101697
3.305165
3.908829
2.890105
1.673507
2.329380
3.485376

—511.5717495

0.000000
1.230318
1.898994
1.934582
2.264301
2.264131
2.923726
2.923520
3.299405
3.901104
3.182261
2.000655
2.000160
3.182134

S-19

Croat. Chem. Acta 82 (2009) S1-S134
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Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Nitrophenol with

Rotated NO; Group (from ¢=0° to ¢ =90°)

OH

NO,
Total energy / hartree

0.000000

0.000000

1.011734
—1.299568
—2.467219
—1.337125
—3.693729
—2.562258
—3.744080
—4.914071
—5.662532
—4.611704
—2.403714
—0.410547
—2.625336

esiieriiasiiasilasoNoNoNoNoNoNoNOR - Ae)

@=10° Total energy / hartree
0.000000
0.000000
1.011074

—1.299548

—2.457330

—1.346923

—3.684362

—2.573470

—3.745388

—4.916804

—5.658122

—4.594434

—2.386065

esiieriooNoNoNoNoNONONORV O]
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211000
—0.211078
0.214403
—0.217182
—0.001609
—0.014318
0.141265
0.384840
0.368142

—512.1240023

0.000000
1.226870
1.920142
1.912084
1.154485
3.306332
1.803436
3.952007
3.202248
3.892522
3.285651
1.224503
0.075145
3.863535
5.032740

—512.1238163

0.000000
1.226905
1.921157
1.910985
1.168132
3.288733
1.816112
3.931891
3.197764
3.885637
3.290143
1.250021
0.100722
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@=20°

@=30°

@ =40°

H
H

—0.427263
—2.645095

Total energy / hartree

TTZT T T TZTOoOOOO0OO0000ZO

0.000000

0.000000

1.008748
—1.299850
—2.429799
—1.373668
—3.657313
—2.602472
—3.746801
—4.921276
—5.643163
—4.545615
—2.338656
—0.473299
—2.696893

Total energy / hartree

esiesiieniiariia:HoNoNoNoNoNoNoNORV A

0.000000

0.000000

1.006146
—1.300549
—2.386262
—1.416742
—3.613629
—2.648381
—3.748122
—4.926279
—5.614962
—4.466923
—2.264129
—0.547837
—2.777963

Total energy / hartree

0o ZO

0.000000

0.000000

1.003489
—1.301989

—0.368153
—0.385405

0.000000
0.000000
0.000000
0.000000
0.415597
—0.415767
0.421857
—0.424989
—0.001921
—0.026178
0.276824
0.754785
0.725709
—0.725561
—0.753618

0.000000
0.000000
0.000000
0.000000
0.607576
—0.607798
0.617133
—0.618542
0.000053
—0.032225
0.416580
1.101857
1.061121
—1.062265
—1.095883

0.000000
0.000000
0.000000
0.000000

3.835304
4.998917

—512.1231662

0.000000
1.226823
1.924279
1.908363
1.211540
3.236873
1.859083
3.875942
3.190034
3.873085
3.311397
1.331914
0.179504
3.749819
4.903103

—512.1220107

0.000000
1.226570
1.927418
1.905526
1.285201
3.153744
1.933937
3.788194
3.182781
3.860363
3.357752
1.470503
0.310746
3.610714
4.751177

—512.1203657

0.000000
1.226021
1.929898
1.903610

S-21
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C
C
C
C
C
O
H
H
H
H
H
@=50°
O
N
O
C
C
C
C
C
C
O
H
H
H
H
H
@=60°
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.329648
—1.473735
—3.556615
—2.707847
—3.749356
—4.931430
—5.577620
—4.364106
—2.167468
—0.647430
—2.882253

Total energy / hartree

0.000000

0.000000

1.000780
—1.305150
—2.261491
—1.546461
—3.489490
—2.783451
—3.754125
—4.941990
—5.537953
—4.241755
—2.048252
—0.773884
—3.012930

Total energy / hartree

0.000000

0.000000

0.998842
—1.308822
—2.184559
—1.629587
—3.413515
—2.868447
—3.759139
—4.952527
—5.488875
—4.103074
—1.912996

0.780731
—0.781504
0.790381
—0.792643
—0.000317
—0.041785
0.534611
1.409544
1.366669
—1.368094
—1.402183

0.000000
0.000000
0.000000
0.000000
0.930256
—0.931191
0.937899
—0.940589
—0.000796
—0.051597
0.630905
1.670413
1.632683
—1.634432
—1.662280

0.000000
0.000000
0.000000
0.000000
1.050961
—1.052514
1.054866
—1.059962
—0.002244
—0.060438
0.710630
1.878259
1.850688

1.389533
3.042931
2.040582
3.673734
3.178544
3.850417
3.428053
1.663232
0.494420
3.422587
4.551244

—512.1183735

0.000000
1.225223
1.931621
1.901666
1.518138
2.906808
2.168984
3.533431
3.171317
3.834194
3.506998
1.894582
0.722780
3.190013
4.307058

—512.1162731

0.000000
1.224267
1.931907
1.900923
1.670608
2.750833
2.321372
3.375443
3.168411
3.822495
3.609233
2.165611
0.993334





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=170°

@=80°

@=90°

H
H

—0.919534
—3.158431

Total energy / hartree

T T T T Do 00Z0O

0.000000

0.000000

0.997127
—1.312402
—2.099961
—1.719777
—3.330033
—2.957981
—3.761944
—4.960304
—5.432344
—3.952618
—1.762601
—1.079226
—3.312816

Total energy / hartree

T T T T TZTOoOOOOO0O000ZO0

0.000000

0.000000

0.995749
-1.315717
—2.009279
—1.817012
—3.242991
—3.054365
—3.767297
—4.972350
—5.378833
—3.795454
—1.599051
—1.251100
—3.478411

Total energy / hartree

0o zo

0.000000

0.000000

0.994875
—1.317765

—1.852200
—1.871770

0.000000
0.000000
0.000000
0.000000
1.139444
—1.142245
1.138864
—1.146848
—0.004066
—0.067460
0.767278
2.027419
2.012909
—2.014558
—2.023663

0.000000
0.000000
0.000000
0.000000
1.193783
—1.196797
1.189760
—1.198599
—0.004824
—0.071761
0.800545
2.117430
2.112864
—2.114205
—2.114452

0.000000
0.000000
0.000000
0.000000

2.919701
4.030370

—512.1143601

0.000000
1.223314
1.931906
1.901425
1.841540
2.579874
2.491778
3.207157
3.170100
3.816390
3.727222
2.466493
1.297788
2.616478
3.733811

—512.1130195

0.000000
1.222647
1.932049
1.901045
2.021823
2.396945
2.666274
3.026946
3.166170
3.800758
3.837869
2.775909
1.622227
2.292354
3.418729

—512.1124815

0.000000
1.222421
1.932566
1.899554

S-23
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S-24 M. A. Dobrowolski et al., Substituent Constants (c, ) of the Rotated Nitro Group

C —1.914376 1.212594 2.206123
C —1.916870 —1.214674 2.207405
C —3.153325 1.208687 2.840820
C —3.152863 —1.213829 2.840442
C —3.773045 —0.002530 3.157473
O —4.985784 —0.069823 3.777834
H —5.321920 0.816030 3.950574
H —3.633986 2.149883 3.087596
H —1.426534 2.146561 1.956154
H —1.427718 —2.147860 1.956753
H —3.648672 —2.142070 3.094692

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group S-25

Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Nitrophenol/Ni-
trophenolate with Rotated NO, Group (from ¢ = 0° to ¢ =90°) and F /HF Complexes

¢

NO,

O...F distance=4.0 A

D=0° Total energy / hartree —612.0511053
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.230940
O 1.030292 0.000000 1.909407
C —1.281585 0.000000 1.923154
C —2.468550 0.000000 1.182447
C —1.301029 0.000000 3.320431
C —3.685332 0.000000 1.841027
C —2.515330 0.000000 3.983037
C —3.711338 0.000000 3.248549
O —4.869258 0.000000 3.923091
F —7.744908 0.000000 1.142689
H —5.633435 0.000000 3.311031
H —4.628099 0.000000 1.295334
H —2.423154 0.000000 0.102136
H —0.366122 0.000000 3.863431
H —2.564410 0.000000 5.064897
@=10° Total energy / hartree —612.0508925
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.230936
O 1.029520 0.000000 1.910403
C —1.281765 0.000000 1.922187
C —2.458691 0.211160 1.196303
C —1.310864 —0.211853 3.302942
C —3.676010 0.214150 1.854028
C —2.526607 —0.219219 3.963131
C —3.712823 —0.005006 3.244157

Croat. Chem. Acta 82 (2009) S1-S134
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.871930
—7.716838
—5.629418
—4.610866
—2.405188

—0.382826
—2.584318

Total energy / hartree

0.000000

0.000000

1.027163
—1.282206
—2.431017
—1.337834
—3.647642
—2.555825
—3.713246
—4.874045
—7.627679
—5.609529
—4.560473
—2.357196

—0.429346
—2.636420

Total energy / hartree

0.000000

0.000000

1.023723
—1.284464
—2.387509
—1.383102
—3.604044
—2.604979
—3.716416
—4.881121
—7.488095
—5.580732
—4.481728
—2.280804

—0.506175
—2.721971

—0.015134
0.659063
0.137104
0.382661
0.371392

—0.369416
—0.388735

0.000000
0.000000
0.000000
0.000000
0.415855
—0.417273
0.426012
—0.428616
—0.001089
—0.013783
1.326697
0.300243
0.756630
0.728857

—0.728113
—0.760841

0.000000
0.000000
0.000000
0.000000
0.607902
—0.610034
0.619808
—0.625394
—0.003969
—0.021847
1.927805
0.439676
1.100041
1.065467

—1.063809
—1.107413

3.916839
1.187012
3.315566
1.321009
0.128233

3.834947
5.031201

—612.0501184

0.000000
1.230825
1.913430
1.919967
1.240292
3.251408
1.899645
3.908084
3.239381
3.909664
1.336608
3.345011
1.405654
0.207582

3.749197
4.935692

—612.0487842

0.000000
1.230381
1.916905
1.916981
1.312698
3.167799
1.973274
3.818898
3.229966
3.895038
1.570701
3.389553
1.542177
0.338073

3.610130
4.781603





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

@=60°

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.020697
—1.287384
—2.330819
—1.442111
—3.546988
—2.667360
—3.719512
—4.888470
—7.309417
—5.544416
—4.378229
—2.182080

—0.608336
—2.830179

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.016985
—1.292800
—2.262323
—1.519235
—3.480650
—2.749250
—3.729072
—4.904344
—7.097458
—5.506199
—4.255653
—2.059744

—0.739954
—2.969234

Total energy / hartree

O
N
O

0.000000
0.000000
1.014075

0.000000
0.000000
0.000000
0.000000
0.781020
—0.784316
0.791935
—0.801483
—0.008070
—0.034862
2.458799
0.553783
1.405108
1.372487

—1.370013
—1.415892

0.000000
0.000000
0.000000
0.000000
0.930693
—0.934169
0.938699
—0.950204
—0.010938
—0.044388
2.910719
0.653760
1.663421
1.638422

—1.635368
—1.676524

0.000000
0.000000
0.000000

—612.0468236

0.000000
1.229575
1.918697
1.915676
1.417050
3.057305
2.080197
3.704102
3.224693
3.884385
1.904316
3.459237
1.734056
0.522897

3.422267
4.580940

—612.0444212

0.000000
1.228494
1.920437
1.913464
1.543363
2.920525
2.204610
3.560878
3.211758
3.862578
2.294905
3.534816
1.958227
0.749456

3.191264
4.333507

—612.041865

0.000000
1.227211
1.920552

S-27
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—1.298209
—2.185121
—1.604470
—3.403784
—2.836238
—3.734146
—4.912754
—6.847718
—5.452502
—4.116364
—1.923401

—0.888231
—3.117066

Total energy / hartree

0.000000

0.000000

1.011673
—1.303714
—2.099248
—1.698952
—3.318887
—2.931111
—3.738783
—4.920746
—6.568499
—5.392405
—3.963466
—1.769787

—1.053931
—3.278672

Total energy / hartree

0.000000

0.000000

1.009665
—1.309017
—2.008076
—1.800470
—3.233205
—3.033635
—3.749482
—4.937896

0.000000
1.051317
—1.055857
1.055764
—1.069447
—0.012094
—0.048165
3.281116
0.739128
1.869442
1.855368

—1.853051
—1.884872

0.000000
0.000000
0.000000
0.000000
1.140398
—1.145103
1.141216
—1.154990
—0.012035
—0.048110
3.554377
0.803666
2.019488
2.016804

—2.015047
—2.034727

0.000000
0.000000
0.000000
0.000000
1.194938
—1.199385
1.191728
—1.206422
—0.013447
—0.052072

1.913931
1.696417
2.765569
2.359233
3.405217
3.211567
3.858861
2.776362
3.646024
2.229559
1.019775

2.922048
4.060334

—612.0395557

0.000000
1.226010
1.920125
1.915012
1.865973
2.595300
2.528760
3.236948
3.212825
3.856396
3.302322
3.767534
2.526926
1.321294

2.621037
3.764448

—612.0379834

0.000000
1.225239
1.920087
1.914195
2.044021
2.411842
2.698106
3.053427
3.201836
3.835047





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=90°

—6.294004
—5.340637
—3.807249
—1.603692

—1.230867
—3.452050

T T T T ™

Total energy / hartree

0.000000

0.000000

1.008573
—1.311834
—1.912486
—1.902587
—3.143979
—3.134874
—3.757726
—4.951910
—6.013441
—5.283621
—3.646922
—1.429818

—1.410413
—3.625446

esiiaaiiasiianianiissHoNoNoNoNoNoNoNON e

3.711028
0.837819
2.108559
2.116547

—2.114129
—2.124779

0.000000
0.000000
0.000000
0.000000
1.213522
—1.217389
1.209814
—1.222134
—0.012101
—0.050935
3.766160
0.852077
2.139846
2.150107

—2.147818
—2.152946

O...F distance=3.8 A

Total energy / hartree

0.000000

0.000000

1.031660
—1.280048
—2.468657
—1.298163
—3.684436
—2.511484
—3.708796
—4.866351
—7.592672
—5.631520
—4.631082
—2.423888

esiiasiicsiis HoNoNoNoNoNoNoNORV e

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S-29

3.828226
3.874278
2.827137
1.643117

2.299290
3.446598

—612.037317

0.000000
1.225121
1.920439
1.912634
2.227427
2.222239
2.870088
2.866179
3.190012
3.812927
4.363325
3.986221
3.132404
1.975292

1.965192
3.123052

—612.0556812

0.000000
1.231425
1.908670
1.924152
1.184735
3.321702
1.844208
3.985925
3.252701
3.923782
1.276675
3.307062
1.303971
0.104360
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S-30

@=10°

@=20°

@=30°
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—0.362507
—2.559115

Total energy / hartree

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.030846
—1.280304
—2.458750
—1.308242
—3.675082
—2.523109
—3.710401
—4.869399
—7.565130
—5.627496
—4.613868
—2.405699

—0.379532
—2.579528

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

0.000000

0.000000

1.028503
—1.280853
—2.430906
—1.336050
—3.646998
—2.553320
—3.711775
—4.873054
—7.481009
—5.608623
—4.563742
—2.356830

—0.427229
—2.632834

Total energy / hartree

O
N

0.000000
0.000000

0.000000
0.000000

—612.0554368

0.000000
0.000000
0.000000
0.000000
0.211206
—0.211905
0.214645
—0.219546
—0.004732
—0.014072
0.628822
0.139588
0.383015
0.371393

—0.369637
—0.389382

0.000000
0.000000
0.000000
0.000000
0.416008
—0.417299
0.425077
—0.427735
—0.002202
—0.013987
1.255456
0.302133
0.754125
0.729691

—0.728512
—0.759386

0.000000
0.000000

3.863455
5.067900

0.000000
1.231413
1.909717
1.923071
1.198281
3.304093
1.856836
3.965761
3.247933
3.916704
1.316758
3.310620
1.329287
0.130140

3.834918
5.033900

—612.0546711

0.000000
1.231318
1.912756
1.920547
1.241449
3.252219
1.900653
3.910284
3.241418
3.906865
1.451852
3.337175
1.411338
0.208917

3.749231
4.938214

—612.0532965

0.000000
1.230845





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

esfasiianiasiiasiissHONONONONONONON®)

1.025053
—1.283153
—2.387171
—1.381731
—3.602773
—2.603077
—3.714596
—4.879448
—7.344837
—5.579024
—4.483966
—2.279933

—0.504900
—2.719383

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.021421
—1.286852
—2.330577
—1.442324
—3.547093
—2.667959
—3.720803
—4.890697
—7.179484
—5.545826
—4.381976
—2.180436

—0.608473
—2.830904

Total energy / hartree

oNoNoNoNoNoNeV e

0.000000

0.000000

1.017789
—1.292213
—2.262186
—1.518583
—3.479825
—2.748642
—3.728428

0.000000
0.000000
0.608212
—0.609966
0.621498
—0.624533
—0.001704
—0.016022
1.841611
0.447652
1.101008
1.065918

—1.064972
—1.106446

0.000000
0.000000
0.000000
0.000000
0.781473
—0.784188
0.791597
—0.801636
—0.009639
—0.033355
2.334464
0.557897
1.402914
1.373032

—1.369438
—1.416268

0.000000
0.000000
0.000000
0.000000
0.931182
—0.934096
0.939840
—0.950434
—0.010569

1.916162
1.917610
1.313649
3.168667
1.974719
3.820922
3.232840
3.893658
1.677567
3.383223
1.548313
0.339093

3.610019
4.783821

—612.0513049

0.000000
1.230002
1.918647
1.915450
1.416193
3.057132
2.077469
3.703480
3.222177
3.875963
1.979943
3.445021
1.734639
0.522269

3.422780
4.580202

—612.0488425

0.000000
1.228830
1.920064
1.913871
1.543723
2.921004
2.205134
3.561683
3.212932
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S-32

O
F
H
H
H
H
H
@=60°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=170°

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.903573
—6.973717
—5.504575
—4.258643
—2.059001

—0.739205
—2.968348

Total energy / hartree

0.000000

0.000000

1.015047
—1.297333
—2.184885
—1.603105
—3.402548
—2.834598
—3.732448
—4.910160
—6.735632
—5.448261
—4.119195
—1.922864

—0.886631
—3.114903

Total energy / hartree

0.000000

0.000000

1.012607
—1.302996
—2.099403
—1.697251
—3.318273
—2.929083
—3.737492
—4.918105
—6.475006
—5.388388
—3.967188
—1.770018

—1.051607
—3.275764

—0.038960
2.773262
0.662149
1.663075
1.638442

—1.635338
—1.677199

0.000000
0.000000
0.000000
0.000000
1.051720
—1.055892
1.056625
—1.069938
—0.012027
—0.042816
3.125182
0.749067
1.868447
1.855487

—1.853113
—1.885827

0.000000
0.000000
0.000000
0.000000
1.140485
—1.145403
1.140884
—1.156304
—0.013530
—0.045870
3.379566
0.810513
2.016786
2.016915

—2.014978
—2.036617

3.859897
2.361262
3.526639
1.962950
0.749471

3.191524
4.334040

—612.0462415

0.000000
1.227508
1.919939
1.914687
1.697678
2.766509
2.361358
3.407037
3.214479
3.859473
2.824371
3.643653
2.235995
1.020685

2.922138
4.061879

—612.0439024

0.000000
1.226233
1.919376
1.915884
1.867746
2.596241
2.531217
3.238787
3.215551
3.857779
3.326322
3.767292
2.533248
1.322884

2.621167
3.766008





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.010514
—1.308543
—2.007281
—1.800277
—3.231578
—3.033312
—3.748400
—4.935097
—6.207774
—5.334763
—3.809386
—1.602047

—1.231071
—3.451719

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.009421
—1.311340
—1.911381
—1.902451
—3.141754
—3.134673
—3.756293
—4.948390
—5.939179
—5.276922
—3.648299
—1.427809

—1.410900
—3.625393

0.000000
0.000000
0.000000
0.000000
1.195751
—1.198983
1.193620
—1.205502
—0.011889
—0.043898
3.536618
0.851027
2.108505
2.116719

—2.114007
—2.123832

0.000000
0.000000
0.000000
0.000000
1.214392
—1.216931
1.211794
—1.221098
—0.010467
—0.042534
3.589330
0.865653
2.139890
2.150326

—2.147654
—2.151841

O...F distance=3.6 A

Total energy / hartree

O

0.000000

0.000000

—612.042276

0.000000
1.225397
1.919287
1.914974
2.044868
2.413081
2.699572
3.055574
3.204467
3.837134
3.823180
3.874989
2.831355
1.643105

2.300256
3.448954

—612.0416209

0.000000
1.225250
1.919583
1.913564
2.228522
2.223835
2.872380
2.868600
3.193424
3.816543
4.334132
3.988041
3.137456
1.975309

1.966418
3.125655

—612.061002

0.000000

S-33

Croat. Chem. Acta 82 (2009) S1-S134





S-34
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@=10°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e

@=20°

oNoNoNoNo el o)
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

0.000000
1.033007
—1.278653
—2.468496
—1.296526
—3.683600
—2.509343
—3.707585
—4.865517
—7.439203
—5.631427
—4.634245
—2.423491

—0.360491
—2.556177

Total energy / hartree

0.000000

0.000000

1.032231
—1.278830
—2.458632
—1.306252
—3.674094
—2.520422
—3.708668
—4.867817
—7.412503
—5.626528
—4.617128
—2.405536

—0.377082
—2.575824

Total energy / hartree

0.000000

0.000000

1.029982
—1.279427
—2.430748
—1.334348
—3.646171
—2.551057

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211285
—0.211928
0.215387
—0.218943
—0.003282
—0.010113
0.600941
0.145686
0.383163
0.371139

—0.370057
—0.388651

0.000000
0.000000
0.000000
0.000000
0.416193
—0.417310
0.424878
—0.427614

1.231988
1.908111
1.924675
1.185720
3.322523
1.845204
3.987575
3.254780
3.920461
1.403293
3.297177
1.310636
0.105316

3.863691
5.069644

—612.0607666

0.000000
1.231972
1.909099
1.923752
1.199623
3.305073
1.858544
3.967939
3.250871
3.914627
1.442545
3.302081
1.336901
0.131391

3.835048
5.036211

—612.0599813

0.000000
1.231876
1.912001
1.921175
1.242582
3.253124
1.901740
3.912266





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=30°

@ =40°

esfjasiiesianiiasiic HON@

—3.710483
—4.872339
—7.333280
—5.608444
—4.567184
—2.356243

—0.425210
—2.629617

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe

0.000000

0.000000

1.026745
—1.281468
—2.387102
—1.379252
—3.601743
—2.599674
—3.712748
—4.877309
—7.205644
—5.578079
—4.487549
—2.279748

—0.501931
—2.714525

Total energy / hartree

esiiasiianiianiicssHoNoNoNONONONONO A

0.000000

0.000000

1.022917
—1.285355
—2.330258
—1.440306
—3.545545
—2.665233
—3.718476
—4.887559
—7.045297
—5.542500
—4.384746
—2.179899
—0.606233

—0.002940
—0.013746
1.188532
0.303409
0.752924
0.730515

—0.728942
—0.759238

0.000000
0.000000
0.000000
0.000000
0.608425
—0.610003
0.621146
—0.624542
—0.002828
—0.015403
1.743738
0.449506
1.099062
1.066610

—1.065250
—1.106770

0.000000
0.000000
0.000000
0.000000
0.781809
—0.784183
0.792957
—0.801541
—0.008323
—0.027402
2.220899
0.568462
1.402753
1.373120
—1.370003

3.243561
3.903267
1.566967
3.326824
1.418077
0.210221

3.749373
4.940337

—612.0585681

0.000000
1.231415
1.915119
1.918624
1.315748
3.169954
1.977201
3.823926
3.236413
3.892757
1.784611
3.375906
1.556622
0.341357

3.610184
4.786919

—612.0565359

0.000000
1.230494
1.917760
1.916438
1.417965
3.058433
2.080280
3.706224
3.226480
3.877095
2.074513
3.441587
1.742907
0.523820
3.422804

S-35
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S-36

@=50°

@=60°

@=90°

Croat. Chem. Acta 82 (2009) S1-S134
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Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNONV e

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.827256

0.000000

0.000000

1.019221
—1.290830
—2.261849
—1.516543
—3.478139
—2.745860
—3.725898
—4.899863
—6.849235
—5.499594
—4.261695
—2.058519

—0.736886
—2.964610

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.016137
—1.296753
—2.184849
—1.602227
—3.401899
—2.833811
—3.732226
—4.909496
—6.626467
—5.446513
—4.123265
—1.922254

—0.885418
—3.113553

Total energy / hartree

O
N
O

0.000000
0.000000
1.010352

—1.416551

—612.0540307

0.000000
0.000000
0.000000
0.000000
0.931564
—0.934118
0.940958
—0.950580
—0.009768
—0.032651
2.636763
0.674340
1.662079
1.638473

—1.635643
—1.677763

0.000000
0.000000
0.000000
0.000000
1.052194
—1.055862
1.057151
—1.070602
—0.012661
—0.038214
2.967055
0.758518
1.866615
1.855744

—1.852892
—1.886995

0.000000
0.000000
0.000000

4.582925

0.000000
1.229260
1.919130
1.914966
1.545665
2.922415
2.208376
3.564734
3.217649
3.862127
2.435881
3.525287
1.971584
0.751015

3.191614
4.337052

—612.0513859

0.000000
1.227825
1.919098
1.915383
1.698673
2.767340
2.362420
3.408161
3.215706
3.856976
2.866838
3.635479
2.241845
1.021511

2.922771
4.062714

—612.0466569

0.000000
1.225377
1.918674





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

asianiasiiasiiasiis HONoNONONONONQ!

—1.310728
—1.911054
—1.901389
—3.140399
—3.133171
—3.754960
—4.944553
—5.870933
—5.271038
—3.651925
—1.427227

—1.409853
—3.623108

0.000000
1.214656
—1.217053
1.212075
—1.221809
—0.011201
—0.038264
3.406330
0.875736
2.137319
2.150449

—2.147674
—2.153035

O...F distance=3.4 A

Total energy / hartree

=siianiiasiiasiicniic s HoNoNoNoNoNoNoNON-Ne

0.000000

0.000000

1.034571
—1.276971
—2.468340
—1.294402
—3.682570
—2.506502
—3.706191
—4.863963
—7.286764
—5.631756
—4.637734
—2.423246

—0.357860
—2.552219

Total energy / hartree

oNoNeoNoNoNelV o)

0.000000

0.000000

1.033962
—1.276701
—2.458284
—1.303948
—3.672726
—2.517307

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211376
—0.211923
0.216238
-0.217727

1.914580
2.230241
2.225159
2.875409
2.871162
3.197327
3.820673
4.307081
3.990705
3.143822
1.976288

1.966765
3.128244

—612.0672184

0.000000
1.232633
1.907444
1.925381
1.187222
3.323603
1.846981
3.989719
3.257796
3.918283
1.532903
3.286748
1.319108
0.106764

3.863971
5.071907

—612.0669819

0.000000
1.232730
1.908499
1.924460
1.201232
3.306171
1.860473
3.970300

S-37
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C
O
F
H
H
H
H
H
@=20°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=30°

esiiasiianiianiicssHoNoNoNONONONONO A
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—3.706935
—4.865776
—7.261148
—5.626074
—4.620181
—2.405010

—0.374434
—2.571378

Total energy / hartree

0.000000

0.000000

1.031617
—1.277765
—2.430565
—1.332325
—3.645221
—2.548361
—3.709325
—4.870888
—7.187869
—5.608847
—4.570616
—2.355813

—0.422787
—2.625846

Total energy / hartree

0.000000

0.000000

1.028309
—1.279881
—2.387008
—1.376900
—3.601042
—2.596509
—3.711451
—4.875608
—7.068885
—5.577987
—4.491409
—2.279529
—0.499078

—0.001544
—0.006540
0.571940
0.153966
0.383373
0.371097

—0.370769
—0.387027

0.000000
0.000000
0.000000
0.000000
0.416343
—0.417330
0.424740
—0.427622
—0.003580
—0.013449
1.121855
0.305752
0.751710
0.731163

—0.729299
—0.759345

0.000000
0.000000
0.000000
0.000000
0.608547
—-0.610124
0.620440
—0.624900
—0.004448
—0.016372
1.644038
0.453067
1.096478
1.067691
—1.065777

3.254280
3.913100
1.570547
3.293202
1.345285
0.132917

3.835435
5.038786

—612.0661733

0.000000
1.232509
1.911188
1.921978
1.244221
3.254294
1.903509
3.914486
3.246451
3.901336
1.687137
3.317128
1.426112
0.211960

3.749693
4.942684

—612.0647294

0.000000
1.231986
1.914333
1.919534
1.317784
3.171247
1.979362
3.826505
3.239463
3.891408
1.893266
3.368426
1.564724
0.343763
3.610168





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

@=60°

H

—2.710188

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.024561
—1.283586
—2.330022
—1.437615
—3.543805
—2.661569
—3.715862
—4.883368
—6.913395
—5.539379
—4.387654
—2.179814

—0.603128
—2.822331

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.020736
—1.289332
—2.261580
—1.514445
—3.476754
—2.743144
—3.724334
—4.896868
—6.730098
—5.496939
—4.264992
—2.058035

—0.734407
—2.960959

Total energy / hartree

O
N
O

0.000000
0.000000
1.017129

—1.107330

0.000000
0.000000
0.000000
0.000000
0.782012
—0.784282
0.794148
—0.801803
—0.007306
—0.022536
2.105535
0.578822
1.402284
1.373162

—1.370643
—1.417378

0.000000
0.000000
0.000000
0.000000
0.931807
—0.934187
0.941543
—0.951122
—0.009909
—0.029241
2.495073
0.684226
1.660378
1.638670

—1.635842
—1.678926

0.000000
0.000000
0.000000

4.789609

—612.0626481

0.000000
1.231051
1.916832
1.917692
1.420539
3.060090
2.084442
3.709566
3.232133
3.880317
2.174355
3.439227
1.753564
0.526144

3.422806
4.586191

—612.0600875

0.000000
1.229760
1.918238
1.916037
1.547799
2.923861
2.211452
3.567308
3.221720
3.863550
2.511844
3.522148
1.980423
0.753016

3.191878
4.339409

—612.0573765

0.000000
1.228265
1.918797

S-39

Croat. Chem. Acta 82 (2009) S1-S134





S-40
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C
C
C
C
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—1.295828
—2.184618
—1.601251
—3.400789
—2.832504
—3.731746
—4.907337
—6.519262
—5.443959
—4.126950
—1.921499

—0.884345
—3.111600

Total energy / hartree

0.000000

0.000000

1.014580
—1.301886
—2.099230
—1.695759
—3.316808
—2.927518
—3.737229
—4.914868
—6.286008
—5.382559
—3.975471
—1.768764

—1.049717
—3.273033

Total energy / hartree

0.000000

0.000000

1.012461
—1.307585
—2.007401
—1.798330
—3.230218
—3.030926
—3.747509
—4.929735

0.000000
1.052552
—1.055828
1.057951
—1.070673
—0.012346
—0.032956
2.808613
0.770600
1.864747
1.855718

—1.852979
—1.887318

0.000000
0.000000
0.000000
0.000000
1.141329
—1.145299
1.142075
—1.156983
—0.013915
—0.035305
3.036986
0.833906
2.012499
2.017177

—2.014755
—2.038014

0.000000
0.000000
0.000000
0.000000
1.196231
—1.199159
1.193910
—1.206897
—0.013263
—0.035427

1.915958
1.699672
2.768151
2.363907
3.409765
3.218122
3.857209
2.915305
3.630630
2.248289
1.022083

2.922957
4.064398

—612.0549159

0.000000
1.226829
1.918005
1.917271
1.869920
2.598007
2.533825
3.241533
3.219051
3.857211
3.366293
3.758357
2.544462
1.324362

2.622276
3.768594

—612.053196

0.000000
1.225849
1.917631
1.916763
2.047975
2.415213
2.703827
3.059372
3.209947
3.841489





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=90°

—6.048675
—5.326186
—3.818280
—1.601764

—1.228615
—3.447666

T T T T ™

Total energy / hartree

0.000000

0.000000

1.011293
—1.310583
—1.910992
-1.901316
—3.140060
—3.133318
—3.755988
—4.943096
—5.807727
—5.267353
—3.656740
—1.426450

—1.409794
—3.622870

esiiaaiiasiianianiissHoNoNoNoNoNoNoNON e

3.175087
0.872979
2.102830
2.116861

—2.113887
—2.126125

0.000000
0.000000
0.000000
0.000000
1.215136
—1.216810
1.212965
—1.221567
—0.010669
—0.032422
3.224658
0.889644
2.135283
2.150553

—2.147492
—2.153035

O...F distance=3.2 A

Total energy / hartree

0.000000

0.000000

1.036317
—1.275018
—2.468069
—1.292302
—3.681454
—2.503711
—3.705623
—4.862013
—7.137858
—5.634100
—4.640692
—2.422877

esiiasiicsiis HoNoNoNoNoNoNoNORV e

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S-41

3.817533
3.873689
2.843203
1.645246

2.301244
3.452800

—612.0525231

0.000000
1.225625
1.917847
1.915312
2.231273
2.226182
2.875992
2.872345
3.198282
3.821303
4.272794
3.988322
3.147269
1.977044

1.967988
3.129580

—612.0744139

0.000000
1.233387
1.906737
1.926184
1.189051
3.324864
1.848945
3.991728
3.261127
3.917801
1.668239
3.276575
1.327790
0.108530
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S-42

@=10°

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

@=20°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

@=30°
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—0.355338
—2.548282

Total energy / hartree

0.000000

0.000000

1.035666
—1.274903
—2.458051
—1.301947
—3.671706
—2.514662
—3.706526
—4.863840
—7.114234
—5.628546
—4.623177
—2.404654

—0.371984
—2.567739

Total energy / hartree

0.000000

0.000000

1.033359
—1.275830
—2.430267
—1.330190
—3.644108
—2.545536
—3.708719
—4.868741
—7.045343
—5.610706
—4.573510
—2.355367

—0.420259
—2.621958

Total energy / hartree

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211433
—0.211934
0.216339
—0.218272
—0.001878
—0.006325
0.538910
0.155213
0.383087
0.371167

—0.370751
—0.388005

0.000000
0.000000
0.000000
0.000000
0.416451
—0.417341
0.424954
—0.427776
—0.003760
—0.012759
1.056384
0.310190
0.750957
0.731561

—0.729570
—0.759856

3.864607
5.074055

—612.07417

0.000000
1.233446
1.907753
1.925290
1.203064
3.307473
1.862450
3.972234
3.257552
3.912838
1.704118
3.283320
1.353847
0.134682

3.836052
5.040796

—612.073335

0.000000
1.233250
1.910477
1.922853
1.246206
3.255649
1.905690
3.916589
3.249902
3.901370
1.813467
3.308276
1.434699
0.213952

3.750289
4.944849

—612.0718465





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNONV e

0.000000

0.000000

1.030047
—1.278012
—2.386650
—1.374929
—3.599864
—2.593794
—3.710902
—4.873523
—6.933271
—5.579505
—4.494354
—2.278822

—0.496891
—2.706478

Total energy / hartree

esfasiiasiianiiasiicsHoNoNoNoNoNONoNORV e

0.000000

0.000000

1.026223
—1.281835
—2.329670
—1.435629
—3.542536
—2.658939
—3.715210
—4.880790
—6.787001
—5.539744
—4.390526
—2.179185

—0.600869
—2.818824

Total energy / hartree

OO0 ozo

0.000000

0.000000

1.022365
—1.287649
—2.261151
—1.512531

0.000000
0.000000
0.000000
0.000000
0.608722
—0.610109
0.620851
—0.624567
—0.004267
—0.014761
1.548581
0.459556
1.095351
1.068214

—1.066411
—1.107265

0.000000
0.000000
0.000000
0.000000
0.782187
—0.784291
0.794763
—0.801957
—0.007125
—0.020257
1.984344
0.588110
1.400993
1.373401

—1.371023
—1.418089

0.000000
0.000000
0.000000
0.000000
0.932013
—0.934158

0.000000
1.232694
1.913561
1.920437
1.319728
3.172627
1.981504
3.828821
3.242941
3.891460
2.006413
3.359912
1.573079
0.345799

3.610604
4.792013

—612.0697075

0.000000
1.231689
1.916036
1.918683
1.422653
3.061566
2.087087
3.711831
3.235948
3.881592
2.272885
3.433570
1.762213
0.528210

3.423268
4.588337

—612.0670753

0.000000
1.230338
1.917369
1.917163
1.550076
2.925502

S-43
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S-44

C
C
C
O
F
H
H
H
H
H
@=60°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=170°

ol HoNoNoNoNoNoNoNoRV-Ae)
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—3.475172
—2.740535
—3.723375
—4.893540
—6.613830
—5.495686
—4.267591
—2.057332

—0.732331
—2.957538

Total energy / hartree

0.000000

0.000000

1.018647
—1.294308
—2.184077
—1.599766
—3.399147
—2.830423
—3.731022
—4.904274
—6.415260
—5.441953
—4.129510
—1.920429

—0.882835
—3.108955

Total energy / hartree

0.000000

0.000000

1.016291
—1.300613
—2.098580
—1.694588
—3.315309
—2.926153
—3.737218
—4.913017
—6.197047
—5.380665
—3.978234

0.942527
—0.951076
—0.009185
—0.025669

2.352741

0.696225

1.659115

1.638715

—1.636197
—1.679421

0.000000
0.000000
0.000000
0.000000
1.052821
—1.055718
1.059049
—1.070363
—0.011444
—0.028921
2.648189
0.784043
1.863237
1.855702

—1.853182
—1.887393

0.000000
0.000000
0.000000
0.000000
1.141722
—1.145046
1.143142
—1.156709
—0.013409
—0.032049
2.862002
0.847023
2.010686

2.214746
3.569946
3.226375
3.866530
2.592257
3.519819
1.989455
0.755046

3.192367
4.341895

—612.0642892

0.000000
1.228780
1.917962
1.917005
1.701689
2.769757
2.366932
3.412293
3.222471
3.859979
2.971160
3.629761
2.256459
1.023741

2.923504
4.066837

—612.0617576

0.000000
1.227209
1.916497
1.918590
1.872157
2.600008
2.536692
3.243935
3.222778
3.858464
3.393989
3.758297
2.551846





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

H

H
H

—1.767252

—1.048498
—3.271446

Total energy / hartree

esiianiiasiianiicniissHoNoNoNoNoNoNo NN

0.000000

0.000000

1.013715
—1.306822
—2.006927
—1.798036
—3.229205
—3.030604
—3.748452
—4.928691
—5.973964
—5.323994
—3.821995
—1.600294

—1.228424
—3.447187

Total energy / hartree

=siianiasiiasiicniic s HoNoNoNoNoNoNoNON N

0.000000

0.000000

1.012561
—1.309807
—1.910208
—1.901068
—3.138542
—3.132798
—3.756368
—4.940864
—5.745500
—5.262890
—3.660193
—1.424691

—1.409843
—3.622124

2.017271

—2.014609
—2.038306

0.000000
0.000000
0.000000
0.000000
1.196682
—1.198810
1.195103
—1.206159
—0.012231
—0.030519
2.993828
0.888039
2.100845
2.116838

—2.113711
—2.125624

0.000000
0.000000
0.000000
0.000000
1.215645
—1.216403
1.214353
—1.220612
—0.009315
—0.026648
3.041824
0.905589
2.133473
2.150505

—2.147317
—2.152238

O...F distance = 3.0 A

1.326326

2.623750
3.770402

—612.059979

0.000000
1.226173
1.916679
1.917586
2.049276
2.416622
2.705224
3.061005
3.212175
3.841542
3.814509
3.872609
2.848117
1.646054

2.302534
3.454304

—612.0592844

0.000000
1.225903
1.916803
1.916340
2.232829
2.228011
2.878029
2.874933
3.201690
3.823729
4.244488
3.990980
3.152228
1.977738

1.969644
3.132430

S-45
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S-46 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

D=0° Total energy / hartree —612.0826308
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.234317
O 1.038391 0.000000 1.905955
C —1.272511 0.000000 1.927218
C —2.467598 0.000000 1.191714
C —1.289956 0.000000 3.326497
C —3.680149 0.000000 1.851611
C —2.500610 0.000000 3.993671
C —3.706244 0.000000 3.265456
O —4.858785 0.000000 3.921453
F —6.994474 0.000000 1.814598
H —5.639888 0.000000 3.268514
H —4.642102 0.000000 1.336147
H —2.422495 0.000000 0.111103
H —0.352660 0.000000 3.865805
H —2.543869 0.000000 5.076172

@=10° Total energy / hartree —612.0823807
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.234375
O 1.037628 0.000000 1.907141
C —1.272442 0.000000 1.926261
C —2.457526 0.211455 1.205611
C —1.299728 -0.211910 3.309070
C —3.670442 0.216561 1.864965
C —2.511729 —0.218186 3.974034
C —3.707256 —0.001673 3.261676
O —4.860683 —0.005991 3.916520
F —6.972784 0.505156 1.848246
H —5.634377 0.159158 3.275653
H —4.624381 0.382920 1.361648
H —2.404168 0.371195 0.137128
H —0.369487 —0.370912 3.837258
H —2.563655 —0.388145 5.042739

@=20° Total energy / hartree —612.0815123
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.234158
O 1.035247 0.000000 1.909944
C —1.273429 0.000000 1.923837
C —2.429756 0.416471 1.248812
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=30°

@ =40°

T T T T TTmOoOOOOO0n

—1.327974
—3.642792
—2.542653
—3.709407
—4.865427
—6.908304
—5.616216
—4.574506
—2.354920

—0.417782
—2.618063

Total energy / hartree

esiiaaiiasiianiicniissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.031694
—1.275791
—2.386095
—1.373107
—3.598679
—2.591456
—3.712054
—4.870916
—6.804101
—5.585151
—4.495392
—2.278017

—0.494955
—2.703380

Total energy / hartree

s NoNoNoNoNoNoNoNOIV e

0.000000

0.000000

1.028086
—1.279746
—2.329195
—1.433662
—3.541146
—2.656383
—3.715895
—4.877634
—6.666672
—5.543399

—0.417305
0.425656
—0.427993
—0.003183
—0.011947
0.991629
0.315331
0.751274
0.731570

—0.729896
—0.760669

0.000000
0.000000
0.000000
0.000000
0.608743
—0.610050
0.621290
—0.624634
—0.004128
—0.015057
1.450599
0.465392
1.094869
1.068467

—1.066809
—1.107941

0.000000
0.000000
0.000000
0.000000
0.782205
—0.784203
0.795577
—0.801927
—0.006535
—0.019955
1.860030
0.598626

3.257270
1.908452
3.918277
3.254181
3.905463
1.951112
3.301053
1.442708
0.216437

3.751389
4.946545

—612.0799676

0.000000
1.233568
1.913325
1.921229
1.321907
3.174039
1.983572
3.830054
3.246373
3.894355
2.129519
3.351884
1.580051
0.347977

3.611552
4.793164

—612.0777545

0.000000
1.232447
1.915212
1.919844
1.425379
3.063381
2.090380
3.713813
3.240600
3.886058
2.381066
3.430579

S-47
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enjjasfanian

@=50°

esfasiiasiianiiasiiss HoNoNoNoNoNoNoNORV e

@=60°

asfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

@="10°

Croat. Chem. Acta 82 (2009) S1-S134

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.391610
—2.178646

—0.598750
—2.815462

Total energy / hartree

0.000000

0.000000

1.024152
—1.285756
—2.260638
—1.510881
—3.473657
—2.738328
—3.724096
—4.890473
—6.504443
—5.498185
—4.268603
—2.056622

—0.730681
—2.954708

Total energy / hartree

0.000000

0.000000

1.020723
—1.292533
—2.183456
—1.598209
—3.397523
—2.828598
—3.731918
—4.901920
—6.319040
—5.443740
—4.130366
—1.919380

—0.881292
—3.106828

Total energy / hartree

1.400439
1.373376

—1.371328
—1.418887

0.000000
0.000000
0.000000
0.000000
0.932046
—0.934001
0.943552
—0.950694
—0.008182
—0.024746
2.205757
0.708848
1.658340
1.638576

—1.636480
—1.679785

0.000000
0.000000
0.000000
0.000000
1.052924
—1.055421
1.060087
—1.070066
—0.010762
—0.028958
2.481637
0.796840
1.862202
1.855732

—1.853158
—1.888150

1.770601
0.530756

3.424372
4.590027

—612.0750331

0.000000
1.231015
1.916478
1.918354
1.552691
2.927378
2.218169
3.572074
3.231251
3.871235
2.679616
3.518819
1.997665
0.757357

3.193505
4.343659

—612.0721505

0.000000
1.229319
1.916285
1.918587
1.704748
2.772170
2.370915
3.414634
3.227610
3.864074
3.034205
3.630892
2.265072
1.026611

2.925378
4.068197

—612.069526





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

esiiaaiiasiianiicniissHoNoNoNoNoNoNoNON N

0.000000

0.000000

1.017846
—1.299361
—2.098206
—1.693754
—3.314085
—2.924973
—3.738713
—4.911255
—6.115380
—5.382067
—3.979866
—1.766399

—1.047839
—3.269899

Total energy / hartree

=siianiasiiaciicniic s HoNoNoNoNoNoNo NN

0.000000

0.000000

1.015430
—1.305744
—2.006293
—1.797445
—3.227625
—3.029623
—3.749743
—4.927018
—5.906339
—5.323950
—3.823286
—1.598935

—1.228233
—3.445996

Total energy / hartree

oNoNoNoNelNV N

0.000000

0.000000

1.013989
—1.308929
—1.909664
—1.900852
—3.137217

0.000000
0.000000
0.000000
0.000000
1.141742
—1.144769
1.143955
—1.155986
—0.012502
—0.031414
2.681898
0.860804
2.008876
2.017054

—2.014621
—2.038124

0.000000
0.000000
0.000000
0.000000
1.196846
—1.198375
1.196225
—1.204971
—0.010890
—0.029284
2.806274
0.902718
2.099245
2.116613

—2.113637
—2.124855

0.000000
0.000000
0.000000
0.000000
1.215745
—1.215980
1.215367

0.000000
1.227667
1.915409
1.919751
1.874411
2.601897
2.539723
3.246022
3.227124
3.861881
3.428264
3.759244
2.558729
1.328150

2.625235
3.772072

—612.0676825

0.000000
1.226496
1.915005
1.919149
2.051875
2.419174
2.708873
3.064096
3.217523
3.845574
3.822270
3.876924
2.854954
1.647996

2.304829
3.457002

—612.0669597

0.000000
1.226205
1.915586
1.917570
2.234873
2.230219
2.880874

S-49
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S-50

esiiasiiasiianiiasiis HONONQ!

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—3.131956
—3.757818
—4.939057
—5.692438
—5.261487
—3.662334
—1.423472

—1.410126
—3.620872

—1.219314

—0.007864

—0.024839
2.852056
0.920896
2.131524
2.150226

—2.147246
—2.151207

O...F distance =2.8 A

D=0° Total energy / hartree

=siianiiasiiasiicniic s HoNoNoNoNoNoNo NN

@=10°

HoNoNeoNoNoNoNoNeoRV o)

Croat. Chem. Acta 82 (2009) S1-S134

0.000000

0.000000

1.041179
—1.268626
—2.466476
—1.287219
—3.678340
—2.497005
—3.708804
—4.853842
—6.857305
—5.653374
—4.639533
—2.421855

—0.349870
—2.538917

Total energy / hartree

0.000000

0.000000

1.040088
—1.268951
—2.456540
—1.297118
—3.668685
—2.508258
—3.709891
—4.855840
—6.836928

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211426
—0.211840
0.216910
—0.218135
—0.001269
—0.006111
0.470866

2.878118
3.206691
3.827944
4.222779
3.996833
3.157311
1.978905

1.971629
3.135931

—612.0918269

0.000000
1.235707
1.905235
1.928543
1.195732
3.328838
1.855292
3.995463
3.271376
3.930974
1.974921
3.260724
1.341502
0.114961

3.868284
5.078187

—612.0915663

0.000000
1.235642
1.906607
1.927514
1.209322
3.311247
1.868432
3.975741
3.267434
3.925644
2.005284





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

@ =40°

—5.647335
—4.622417
—2.403534

—0.366742
—2.558817

esjjanfiasianfian

Total energy / hartree

0.000000

0.000000

1.037714
—1.270156
—2.428873
—1.325349
—3.640878
—2.539401
—3.711904
—4.860345
—6.776531
—5.628312
—4.572382
—2.354591

—0.414930
—2.613621

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe)

Total energy / hartree

0.000000

0.000000

1.034005
—1.272837
—2.385259
—1.370964
—3.596985
—2.588814
—3.714895
—4.866569
—6.680139
—5.596497
—4.492896
—2.277591

—0.492746
—2.699994

esiianiiasiiasiicnii s HoNoNoNoNoNoNoNONV e

Total energy / hartree

0.164912
0.383311
0.371003

—0.371085
—0.388513

0.000000
0.000000
0.000000
0.000000
0.416403
—0.417186
0.426926
—0.429457
—0.002462
—0.011946
0.927565
0.325147
0.753345
0.730696

—0.729787
—0.763959

0.000000
0.000000
0.000000
0.000000
0.608597
—0.609873
0.622540
—0.625080
—0.003051
—0.016115
1.352930
0.478332
1.096600
1.068035

—1.066982
—1.109862

—612.0867173

3.268227
1.367620
0.140663

3.839359
5.044615

—612.0906532

0.000000
1.235311
1.909119
1.925264
1.252732
3.259644
1.912769
3.919819
3.260473
3.915515
2.102906
3.295962
1.450181
0.219925

3.753578
4.947762

—612.0890332

0.000000
1.234651
1.912601
1.922564
1.325559
3.176333
1.987565
3.831305
3.252234
3.903562
2.267506
3.348232
1.586589
0.351289

3.613656
4.793932

S-51

Croat. Chem. Acta 82 (2009) S1-S134





S-52

O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=50°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=60°

oNoNoNoNelNV N
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

0.000000

0.000000

1.030442
—1.276909
—2.328267
—1.431891
—3.539108
—2.653929
—3.718494
—4.873364
—6.551306
—5.552857
—4.388976
—2.177868

—0.597197
—2.812193

Total energy / hartree

0.000000

0.000000

1.026341
—1.283372
—2.259811
—1.509667
—3.471787
—2.736508
—3.727144
—4.887366
—6.401501
—5.506875
—4.266177
—2.055738

—0.729867
—2.952275

Total energy / hartree

0.000000

0.000000

1.022716
—1.290643
—2.182776
—1.597470
—3.395753

0.000000
0.000000
0.000000
0.000000
0.782110
—0.783848
0.797346
—0.800852
—0.004100
—0.019846
1.735060
0.615582
1.402181
1.372681

—1.371655
—1.418661

0.000000
0.000000
0.000000
0.000000
0.931935
—0.933530
0.945170
—0.949201
—0.005884
—0.025840
2.055108
0.726347
1.659435
1.637939

—1.636713
—1.679068

0.000000
0.000000
0.000000
0.000000
1.052792
—1.054852
1.061669

0.000000
1.233466
1.914251
1.921255
1.428859
3.065781
2.094565
3.715781
3.247146
3.895400
2.500833
3.429956
1.777574
0.533617

3.426577
4.591744

—612.0838728

0.000000
1.231893
1.915411
1.919746
1.555866
2.929777
2.222083
3.574129
3.237494
3.879175
2.775975
3.519313
2.004151
0.759840

3.195797
4.345378

—612.080857

0.000000
1.230026
1.915090
1.920038
1.707752
2.774668
2.374944





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@="10°

@=80°

esiiasiiasiianiiasiis HONONQ!

—2.827192
—3.735069
—4.899359
—6.229250
—5.450862
—4.128172
—1.918576

—0.881113
—3.104830

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNONoNORV e

0.000000

0.000000

1.019600
—1.298087
—2.097705
—1.693825
—3.312661
—2.924589
—3.742582
—4.910206
—6.040567
—5.388757
—3.977992
—1.765497

—1.048753
—3.269231

Total energy / hartree

esiiaiioniiss HoNoNoNoNoNoNoNOR /N

0.000000

0.000000

1.017011
—1.304954
—2.006078
—1.797924
—3.226769
—3.029551
—3.754169
—4.927117
—5.848365
—5.330051
—3.822279
—1.598224

—1.068113

—0.008231

—0.030079
2.311713
0.815574
1.862808
1.855093

—1.853296
—1.886769

0.000000
0.000000
0.000000
0.000000
1.141647
—1.144046
1.145600
—1.153607
—0.009758
—0.032556
2.498075
0.880149
2.009313
2.016485

—2.014708
—2.036222

0.000000
0.000000
0.000000
0.000000
1.196680
—1.197630
1.197542
—1.202457
—0.008367
—0.030929
2.613126
0.921816
2.099037
2.116114

3.417174
3.234233
3.871841
3.105420
3.633911
2.271493
1.028765

2.927858
4.070541

—612.0781094

0.000000
1.228199
1.914131
1.921102
1.876911
2.604350
2.543148
3.248388
3.233148
3.867827
3.470098
3.762894
2.564031
1.329741

2.627904
3.774165

—612.0761791

0.000000
1.226877
1.913628
1.920488
2.054189
2.421663
2.711789
3.066862
3.223196
3.850250
3.833662
3.882038
2.859009
1.649501
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S-54

@=90°

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—1.229662
—3.445540

Total energy / hartree

0.000000

0.000000

1.015395
—1.308536
—1.909698
—1.901555
—3.136653
—3.131961
—3.762278
—4.939587
—5.649696
—5.265958
—3.662431
—1.422964

—1.411943
—3.620303

—2.113700
—2.122712

0.000000
0.000000
0.000000
0.000000
1.215563
—1.215265
1.216557
—1.216892
—0.005503
—0.026420
2.656284
0.939466
2.130785
2.149792

—2.147340
—2.149212

O...F distance =2.75 A

D=0° Total energy / hartree

esiiaaiiasiianiicniissHoNoNoNoNoNoNoNON e

&=10°

Croat. Chem. Acta 82 (2009) S1-S134

0.000000

0.000000

1.042021
—1.267454
—2.466151
—1.286324
—3.677793
—2.495787
—3.709838
—4.852074
—6.823984
—5.658986
—4.638157
—2.421833

—0.348926
—2.537236

Total energy / hartree

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

—612.093992

2.307603
3.459766

—612.0754198

0.000000
1.226490
1.914254
1.918903
2.237009
2.232700
2.883563
2.881346
3.212522
3.831935
4.204550
4.004488
3.160639
1.980288

1.974260
3.139382

—612.0942571

0.000000
1.236116
1.904980
1.929026
1.197179
3.329644
1.856697
3.996088
3.273551
3.934886
2.018099
3.258313
1.342555
0.116359

3.869075
5.078881





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

esiiaaiiasiianiicniissHoNoNoNoNoNoNoNON N

0.000000

0.000000

1.041135
—1.267788
—2.456294
—1.296155
—3.668264
—2.506926
—3.710875
—4.854070
—6.804232
—5.652857
—4.620898
—2.403781

—0.365726
—2.557045

Total energy / hartree

=siianiasiiaciicniic s HoNoNoNoNoNoNo NN

0.000000

0.000000

1.038441
—1.269208
—2.428581
—1.324848
—3.640638
—2.538612
—3.713349
—4.859387
—6.745523
—5.634102
—4.570896
—2.354452

—0.414514
—2.612626

Total energy / hartree

oNoNoNoNelNV N

0.000000

0.000000

1.034688
—1.271871
—2.384929
—1.370387
—3.596427

0.000000
0.000000
0.000000
0.000000
0.211393
—0.211812
0.216912
—0.217711
—0.001141
—0.006733
0.461014
0.166714
0.383359
0.371268

—0.371237
—0.387981

0.000000
0.000000
0.000000
0.000000
0.416335
—0.417136
0.426735
—0.428617
—0.002436
—0.013613
0.907357
0.327710
0.753098
0.731215

—0.730090
—0.762784

0.000000
0.000000
0.000000
0.000000
0.608527
—0.609800
0.622970

0.000000
1.236043
1.906017
1.928164
1.211114
3.312246
1.870251
3.976627
3.269922
3.929939
2.048296
3.266375
1.368775
0.142453

3.840277
5.045578

—612.0930647

0.000000
1.235695
1.908998
1.925613
1.253882
3.260308
1.913546
3.920232
3.261968
3.918197
2.141458
3.293088
1.449974
0.221212

3.754266
4.948333

—612.0914201

0.000000
1.235000
1.912460
1.922943
1.326683
3.177037
1.988753
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.588074
—3.716066
—4.865178
—6.650001
—5.601316
—4.491343
—2.277441

—0.492207
—2.699043

Total energy / hartree

0.000000

0.000000

1.030654
—1.276207
—2.327919
—1.432065
—3.539005
—2.654046
—3.720583
—4.873586
—6.524905
—5.558612
—4.387510
—2.177134

—0.597754
—2.812569

Total energy / hartree

0.000000

0.000000

1.027034
—1.282566
—2.259531
—1.509257
—3.471064
—2.735869
—3.728140
—4.885992
—6.376347
—5.510375
—4.264482
—2.055684

—0.625067

—0.002521

—0.016427
1.328367
0.483467
1.097499
1.067839

—1.067053
—1.110215

0.000000
0.000000
0.000000
0.000000
0.782019
—0.783721
0.797480
—0.800051
—0.003678
—0.021249
1.700892
0.619578
1.402596
1.373109

—1.372086
—1.417990

0.000000
0.000000
0.000000
0.000000
0.931835
—0.933378
0.945801
—0.948716
—0.004881
—0.026188
2.017491
0.732883
1.660398
1.637503

3.831591
3.254105
3.906894
2.304259
3.346993
1.587625
0.352285

3.614392
4.794109

—612.0890707

0.000000
1.233813
1.914840
1.921135
1.429010
3.065919
2.093926
3.715271
3.247211
3.895636
2.528202
3.425016
1.776030
0.534116

3.426867
4.591145

—612.0861863

0.000000
1.232172
1.915072
1.920205
1.556993
2.930589
2.223707
3.574784
3.240002
3.882909
2.803687
3.520542
2.005916
0.760539





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@=170°

@=80°

H
H

—0.729583
—2.951393

Total energy / hartree

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.023315
—1.290061
—2.182557
—1.597349
—3.395154
—2.826857
—3.736267
—4.898478
—6.207648
—5.454011
—4.126600
—1.918481

—0.881197
—3.104288

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

0.000000

0.000000

1.020099
—1.297753
—2.097567
—1.694044
—3.312238
—2.924686
—3.744109
—4.909991
—6.022936
—5.391766
—3.976556
—1.765355

—1.049299
—3.269249

Total energy / hartree

O

0.000000

—1.636765
—1.678843

0.000000
0.000000
0.000000
0.000000
1.052699
—1.054646
1.062245
—1.067396
—0.007208
—0.030614
2.268825
0.822269
1.863597
1.854740

—1.853312
—1.886206

0.000000
0.000000
0.000000
0.000000
1.141583
—1.143772
1.146198
—1.152691
—0.008664
—0.033130
2.451546
0.887028
2.010071
2.016212

—2.014730
—2.035434

0.000000

3.196639
4.345929

—612.0831281

0.000000
1.230244
1.914731
1.920468
1.708683
2.775452
2.376320
3.417882
3.236588
3.874997
3.125895
3.635488
2.272934
1.029253

2.928790
4.071231

—612.080341

0.000000
1.228355
1.913761
1.921478
1.877603
2.605090
2.544175
3.248985
3.235157
3.870116
3.482513
3.764536
2.565000
1.329988

2.628900
3.774708

—612.078383

0.000000
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esiiasiiasiiasiicsii s HoNoNoNoNoNOReNORV4

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

0.000000
1.017447
—1.304788
—2.006070
—1.798217
—3.226558
—3.029621
—3.755806
—4.927236
—5.835212
—5.332767
—3.821161
—1.598202

~1.230332
~3.445443

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e

0.000000

0.000000

1.016122
—1.308147
—1.909320
—1.901720
—3.135853
—3.131610
—3.763387
—4.939404
—5.640448
—5.268273
—3.659885
—1.422402

—1.412706
—3.619912

0.000000
0.000000
0.000000
1.196575
—1.197370
1.197951
—1.201544
—0.007464
—0.031896
2.563848
0.928300
2.099488
2.115916

—2.113752
—2.121914

0.000000
0.000000
0.000000
0.000000
1.215492
—1.214928
1.217096
—1.215736
—0.004406
—0.027588
2.605853
0.946219
2.131824
2.149565

—2.147375
—2.148094

O...F distance=2.7 A

Total energy / hartree

OO0 ozo

0.000000

0.000000

1.043012
—1.266070
—2.465751
—1.285291

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1.226980
1.913225
1.920898
2.054887
2.422445
2.712738
3.067753
3.225231
3.852212
3.838275
3.884364
2.859768
1.649846

2.308551
3.460714

—612.0776137

0.000000
1.226571
1.913359
1.919717
2.238260
2.234233
2.885528
2.883521
3.216019
3.835198
4.204009
4.008859
3.162074
1.981060

1.975857
3.141799

—612.0967375

0.000000
1.236595
1.904676
1.929600
1.198905
3.330607





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

TDZ T ZTTTHTOOQOO

—3.677141
—2.494363
—3.711124
—4.850007
—6.791083
—5.666509
—4.636214
—2.421829

—0.347840
—2.535277

Total energy / hartree

esiianiiasiiasiicnii s HoNoNoNoNoNOoNoNONVAe

0.000000

0.000000

1.042091
—1.266456
—2.455879
—1.295239
—3.667623
—2.505661
—3.712237
—4.852171
—6.771684
—5.660242
—4.618957
—2.403691

—0.364797
—2.555311

Total energy / hartree

ol HoNoNoNoNoNoNoNoRV-Ae)

0.000000

0.000000

1.039320
—1.267962
—2.428170
—1.324032
—3.640009
—2.537530
—3.714772
—4.857666
—6.714116
—5.641208
—4.568892

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211365
—0.211779
0.217060
—0.217605
—0.000876
—0.006837
0.452360
0.169239
0.383764
0.371192

—0.371355
—0.387935

0.000000
0.000000
0.000000
0.000000
0.416274
—0.417078
0.426985
—0.428743
—0.002196
—0.014251
0.890086
0.332042
0.753895

1.858378
3.996825
3.276161
3.939623
2.062864
3.254822
1.343258
0.118027

3.870029
5.079696

—612.0964675

0.000000
1.236509
1.905741
1.928693
1.212706
3.313165
1.871761
3.977262
3.272354
3.934374
2.091929
3.262859
1.369355
0.143979

3.841215
5.046282

—612.0955233

0.000000
1.236134
1.908778
1.926094
1.255354
3.261183
1.914981
3.920685
3.264230
3.922312
2.182838
3.290043
1.450616
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esiianiiasiianiicniissHoNoNoNoNoNoNo NN

@ =40°
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.354347

—0.413704
—2.611170

Total energy / hartree

0.000000

0.000000

1.035801
—1.270749
—2.384649
—1.369445
—3.595836
—2.586677
—3.717322
—4.863365
—6.620996
—5.607750
—4.489377
—2.277610

—0.491262
—2.697215

Total energy / hartree

0.000000

0.000000

1.031778
—1.275113
—2.327586
—1.431276
—3.538308
—2.652836
—3.721853
—4.871929
—6.498188
—5.564535
—4.385237
—2.177127

—0.597105
—2.811069

Total energy / hartree

0.000000

0.731070

—0.730153
—0.763227

0.000000
0.000000
0.000000
0.000000
0.608417
—0.609707
0.623243
—0.624678
—0.002214
—0.017936
1.301535
0.488334
1.098280
1.068013

—1.067315
—1.110182

0.000000
0.000000
0.000000
0.000000
0.781886
—0.783574
0.797941
—0.799520
—0.003065
—0.022445
1.667446
0.625445
1.403810
1.373214

—1.372417
—1.417880

—612.0885328

0.000000

0.222590

3.755175
4.948766

—612.0938501

0.000000
1.235362
1.911688
1.923759
1.328682
3.178271
1.991011
3.832855
3.257272
3.911906
2.343554
3.346347
1.589205
0.354320

3.615332
4.795315

—612.0914619

0.000000
1.234152
1.914011
1.921935
1.430903
3.067179
2.096185
3.716532
3.250380
3.900516
2.562775
3.424667
1.777785
0.536052

3.427795
4.592239

0.000000





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@=170°

esiiasiiasiiasiicsii s HoNoNoNoNoNORoNORV4

0.000000
1.027141
—1.281923
—2.259239
—1.509687
—3.471203
—2.736323
—3.730990
—4.886968
—6.354359
—5.517639
—4.262612
—2.054832

—0.730478
—2.952257

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e

0.000000

0.000000

1.023436
—1.289540
—2.182380
—1.597846
—3.395372
—2.827377
—3.739147
—4.899752
—6.189236
—5.460663
—4.124844
—1.917725

—0.882194
—3.105252

Total energy / hartree

oNoNoNoNo el o)

0.000000

0.000000

1.020311
—1.297272
—2.097419
—1.694409
—3.312298
—2.924899

0.000000
0.000000
0.000000
0.931682
—0.933197
0.945892
—0.947842
—0.004502
—0.028238
1.976335
0.738769
1.661134
1.637996

—1.637121
-1.678121

0.000000
0.000000
0.000000
0.000000
1.052542
—1.054411
1.062523
—1.066373
—0.006539
—0.032391
2.223456
0.829279
1.864513
1.855014

—1.853590
—1.885335

0.000000
0.000000
0.000000
0.000000
1.141415
—1.143500
1.146661
—1.151494

1.232520
1.915833
1.919966
1.556973
2.930639
2.222604
3.573907
3.239553
3.882236
2.824668
3.514323
2.003405
0.761161

3.196906
4.344857

—612.0854252

0.000000
1.230531
1.915322
1.920259
1.708658
2.775532
2.375332
3.417128
3.236230
3.874034
3.140286
3.630411
2.270731
1.029875

2.928996
4.070177

—612.0825935

0.000000
1.228575
1.914045
1.921471
1.877857
2.605435
2.543901
3.248917

S-61
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S-62 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

C —3.746590 —0.007649 3.235692
0] —4.910937 —0.034480 3.870065
F —6.007831 2.403425 3.491321
H —5.397139 0.894971 3.762048
H —3.974655 2.011155 2.563760
H —1.764746 2.016251 1.330750
H —1.050161 —2.014904 2.629234
H —3.269783 —2.034271 3.774464
@ = 80° Total energy / hartree —612.0806033
0] 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227089
0] 1.017913 0.000000 1.912787
C —1.304633 0.000000 1.921357
C —2.006074 1.196439 2.055657
C —1.798614 —1.197064 2.423333
C —3.226259 1.198450 2.713959
C —3.029801 —1.200476 3.068667
C —3.757683 —0.006354 3.227781
0] —4.927231 —0.032993 3.854941
F —5.822212 2.514339 3.844514
H —5.336002 0.936406 3.887669
H —3.819386 2.100324 2.860597
H —1.598306 2.115661 1.650072
H —1.231185 —2.113822 2.309682
H —3.445462 —2.120993 3.461625
@=90° Total energy / hartree —612.0798219
0] 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.226716
0] 1.016506 0.000000 1.913226
C —1.307649 0.000000 1.919972
C —1.909178 1.215225 2.238875
C —1.901861 —1.214703 2.234996
C —3.135540 1.217388 2.886492
C —3.131397 —1.214717 2.884291
C —3.765112 —0.003451 3.218166
0] —4.939554 —0.029284 3.837098
F —5.632283 2.554705 4.201969
H —5.271348 0.954258 4.011916
H —3.657491 2.132708 3.162308
H —1.422192 2.149294 1.981540
H —1.413162 —2.147432 1.976762
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

H

—3.619801

—2.147072

O...F distance =2.65 A

Total energy / hartree

asfasiiasiianiicsiics HoNoNoNoNoNONoNORV e

0.000000

0.000000

1.044266
—1.264318
—2.465240
—1.283954
—3.676295
—2.492488
—3.712684
—4.847392
—6.758627
—5.677170
—4.633459
—2.421896

—0.346416
—2.532711

Total energy / hartree

esiiaaiiasiianianiissHoNoNoNoNoNo NN e

0.000000

0.000000

1.043279
—1.264802
—2.455314
—1.294210
—3.666797
—2.504217
—3.714021
—4.849984
—6.739460
—5.670802
—4.616160
—2.403524

—0.363792
—2.553350

Total energy / hartree

O

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211333
—0.211733
0.217427
—0.217462
—0.000238
—0.006455
0.444710
0.173307
0.384638
0.371005

—0.371576
—0.387836

—612.0980347

0.000000
0.000000

3.142595

—612.0992787

0.000000
1.237190
1.904272
1.930346
1.201139
3.331856
1.860618
3.997851
3.279590
3.945675
2.110006
3.249406
1.343670
0.120189

3.871233
5.080818

—612.0989999

0.000000
1.237091
1.905398
1.929319
1.214596
3.314294
1.873522
3.977983
3.275298
3.939635
2.137184
3.256978
1.369307
0.145777

3.842414
5.047089

0.000000
1.236624
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S-64

esfasiianiasiiasiis s ONONONONONONON®)

@=30°

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@ =40°

oNoNoNoNoNoNeV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

1.040167
—1.266664
—2.427698
—1.323242
—3.639426
—2.536361
—3.716886
—4.856038
—6.684177
—5.651812
—4.566224
—2.354193

—0.412917
—2.609631

Total energy / hartree

0.000000

0.000000

1.036787
—1.269408
—2.384171
—1.368639
—3.595085
—2.585513
—3.719133
—4.861447
—6.592051
—5.617031
—4.486472
—2.277487

—0.490519
—2.695648

Total energy / hartree

0.000000

0.000000

1.032750
—1.273866
—2.327133
—1.430555
—3.537446
—2.651745
—3.723502

0.000000
0.000000
0.416180
—0.417020
0.426852
—0.428492
—0.002505
—0.016575
0.869508
0.335652
0.754209
0.731437

—0.730259
—0.763202

0.000000
0.000000
0.000000
0.000000
0.608295
—0.609601
0.623675
—0.624412
—0.001535
—0.018702
1.275959
0.496283
1.099717
1.067899

—1.067497
—1.110145

0.000000
0.000000
0.000000
0.000000
0.781718
—0.783428
0.798629
—0.799058
—0.002005

1.908710
1.926622
1.256987
3.262163
1.916411
3.921274
3.266750
3.926967
2.225420
3.284810
1.450069
0.224284

3.756170
4.949387

—612.0963284

0.000000
1.235833
1.911390
1.924363
1.330409
3.179364
1.992829
3.833544
3.260219
3.917063
2.383648
3.343043
1.589581
0.355952

3.616390
4.796006

—612.0938933

0.000000
1.234575
1.913629
1.922585
1.432641
3.068338
2.098320
3.717360
3.253678





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=50°

@=60°

T T T T ™O

—4.870006
—6.471419
—5.572555
—4.382045
—2.177026

—0.596527
—2.809643

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNONV e

0.000000

0.000000

1.028451
—1.280714
—2.258901
—1.508699
—3.470346
—2.734792
—3.732437
—4.885098
—6.331504
—5.524708
—4.259375
—2.054965

—0.729650
—2.950401

Total energy / hartree

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e

0.000000

0.000000

1.024585
—1.288557
—2.181989
—1.597406
—3.394623
—2.826585
—3.741039
—4.898902
—6.169999
—5.467151
—4.121606
—1.917473

—0.882109
—3.104476

—0.023190
1.635094
0.634763
1.405746
1.373035

—1.372668
—1.417698

0.000000
0.000000
0.000000
0.000000
0.931396
—0.933054
0.946221
—0.947413
—0.004067
—0.030672
1.935330
0.746987
1.662693
1.638094

—1.637452
—1.678241

0.000000
0.000000
0.000000
0.000000
1.052277
—1.054179
1.062937
—1.065654
—0.005845
—0.034679
2.177791
0.838383
1.866057
1.854996

—1.853825
—1.885050

3.905917
2.598985
3.423149
1.778802
0.537653

3.428819
4.593009

—612.0909105

0.000000
1.232854
1.914748
1.920966
1.559338
2.932237
2.225719
3.575582
3.243669
3.888211
2.856104
3.515280
2.005808
0.763662

3.197931
4.346202

—612.0877457

0.000000
1.230804
1.914328
1.921048
1.710428
2.776942
2.377611
3.418360
3.239460
3.878257
3.162865
3.631327
2.272213
1.031774

2.930049
4.070974

S-65
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S-66 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=170° Total energy / hartree —612.0848599
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.228794
O 1.020875 0.000000 1.913742
C —1.296763 0.000000 1.921848
C —2.097147 1.141272 1.878620
C —1.694790 —1.143138 2.606335
C —3.311804 1.147435 2.544925
C —2.925182 —1.150241 3.249324
C —3.748933 —0.006148 3.237964
O —4.910913 —0.035342 3.872749
F —5.991383 2.356268 3.504939
H —5.402462 0.906182 3.763356
H —3.971709 2.012909 2.563860
H —1.764476 2.015921 1.331077
H —1.050972 —2.014936 2.630552
H —3.270117 —2.033122 3.774791

@=80° Total energy / hartree —612.0828325
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227285
O 1.018275 0.000000 1.912808
C —1.303999 0.000000 1.921581
C —2.005858 1.196141 2.056331
C —1.798773 —1.196794 2.424091
C —3.226075 1.198867 2.714565
C —3.029424 -1.199167 3.069587
C —3.759981 —0.005184 3.229674
O —4.927688 —0.034756 3.856385
F —5.811426 2.463532 3.848369
H —5.341170 0.946837 3.888329
H —3.816438 2.101767 2.859924
H —1.597791 2.115487 1.651184
H —1.231839 —2.113926 2.310280
H —3.445190 —2.119619 3.462715

@=90° Total energy / hartree —612.0820378
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.226825
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

esfasiianiasiiasiissHONONONONONONON®)

1.017025
—1.307376
-1.909171
—1.902181
—3.135291
—3.131224
—3.767279
—4.939838
—5.624705
—5.275118
—3.654986
—1.422227

—1.414016
—3.619427

0.000000
0.000000
1.214941
—1.214430
1.217672
—1.213649
—0.002505
—0.031309
2.503079
0.964045
2.133718
2.149047

—2.147523
—2.146140

O...F distance =2.6 A

Total energy / hartree

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNON-Ae

0.000000

0.000000

1.044849
—1.262404
—2.464158
—1.283281
—3.675252
—2.491491
—3.716178
—4.845418
—6.727771
—5.698483
—4.628668
—2.420973

—0.345887
—2.531576

Total energy / hartree

OO0 ozo

0.000000

0.000000

1.043921
—1.262908
—2.454319
—1.293479

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211270
—-0.211703

1.912745
1.920491
2.239790
2.236081
2.887839
2.885726
3.221140
3.839718
4.200736
4.016577
3.162708
1.982225

1.977879
3.144192

—612.1019214

0.000000
1.237982
1.905403
1.930404
1.202234
3.332587
1.861025
3.997411
3.281688
3.950642
2.157113
3.233086
1.339474
0.121187

3.872408
5.080478

—612.1016312

0.000000
1.237868
1.906380
1.929492
1.215881
3.315119

S-67
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S-68

C
C
C
O
F
H
H
H
H
H
@=20°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=30°

ol HoNoNoNoNoNoNoNoRV-Ae)
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—3.665768
—2.503097
—3.717369
—4.848014
—6.708983
—5.691124
—4.611467
—2.402716

—0.363190
—2.551994

Total energy / hartree

0.000000

0.000000

1.041527
—1.264528
—2.426895
—1.321895
—3.638285
—2.534437
—3.719523
—4.853246
—6.654409
—5.669945
—4.561743
—2.353980

—0.411562
—2.607007

Total energy / hartree

0.000000

0.000000

1.037495
—1.267938
—2.383460
—1.368383
—3.594390
—2.584984
—3.722701
—4.860595
—6.564835
—5.633954
—4.482272

0.217561
—0.217080
0.000020
—0.007415
0.434646
0.177885
0.385414
0.371250

—0.371862
—0.387450

0.000000
0.000000
0.000000
0.000000
0.416062
—0.416933
0.427028
—0.428589
—0.002209
—0.017798
0.851296
0.345303
0.755689
0.731354

—0.730418
—0.763536

0.000000
0.000000
0.000000
0.000000
0.608150
—0.609468
0.623926
—0.623760
—0.001168
—0.020906
1.247667
0.507125
1.101274

1.874214
3.977822
3.277712
3.944791
2.183719
3.242006
1.365667
0.147015

3.843571
5.047040

—612.1006358

0.000000
1.237381
1.908566
1.927389
1.259423
3.263650
1.918771
3.922160
3.270781
3.933988
2.272516
3.274162
1.449158
0.226612

3.757668
4.950344

—612.0988824

0.000000
1.236461
1.911923
1.924543
1.331457
3.180106
1.993202
3.833289
3.262056
3.920441
2.421679
3.330940
1.586524





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

D= 60°

H

H
H

—2.276750

—0.490560
—2.695150

Total energy / hartree

esiianiiasiianiicniissHoNoNoNoNoNoNo NN

0.000000

0.000000

1.033323
—1.272581
—2.326548
—1.430364
—3.536804
—2.651303
—3.726873
—4.869287
—6.446777
—5.587006
—4.377839
—2.176436

—0.596703
—2.809338

Total energy / hartree

=siianiasiiasiicniic s HoNoNoNoNoNoNoNON N

0.000000

0.000000

1.029622
—1.279289
—2.258393
—1.507921
—3.469277
—2.733603
—3.734676
—4.883016
—6.308559
—5.535628
—4.254760
—2.055015

—0.729001
—2.948802

Total energy / hartree

O

0.000000

1.068142

—1.067876
—1.109971

0.000000
0.000000
0.000000
0.000000
0.781497
—0.783281
0.799046
—0.798437
—0.001393
—0.025507
1.599933
0.647840
1.407834
1.373188

—1.373155
—1.417724

0.000000
0.000000
0.000000
0.000000
0.931071
—0.932871
0.946847
—0.946994
—0.003016
—0.032537
1.895531
0.762401
1.665252
1.637713

—1.637569
—1.678236

—612.090094

0.000000

0.357105

3.617417
4.795602

—612.096385

0.000000
1.235125
1.914193
1.922769
1.433660
3.069070
2.098953
3.717139
3.255631
3.909261
2.632753
3.414555
1.776593
0.538829

3.429633
4.592405

—612.0933324

0.000000
1.233323
1.914195
1.921783
1.561485
2.933747
2.228600
3.576573
3.248010
3.894825
2.889649
3.514290
2.006973
0.765511

3.199365
4.347028

0.000000

S-69
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esiiasiiasiiasiicsii s HoNoNoNoNoNOReNORV4

@=170°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

0.000000
1.025559
—1.287527
—2.181533
—1.597325
—3.393834
—2.826283
—3.743807
—4.898214
—6.150974
—5.476669
—4.117244
—1.917203

—0.882354
—3.104076

Total energy / hartree

0.000000

0.000000

1.022096
—1.295765
—2.096621
—1.694657
—3.310870
—2.924569
—3.751416
—4.910403
—5.976628
—5.410126
—3.967109
—1.763939

—1.051430
—3.269651

Total energy / hartree

0.000000

0.000000

1.018877
—1.303618
—2.005783
—1.799188
—3.225622
—3.029454

0.000000
0.000000
0.000000
1.052000
—1.053872
1.063621
—1.064716
—0.004581
—0.036593
2.132755
0.853709
1.868521
1.854667

—1.853880
—1.884376

0.000000
0.000000
0.000000
0.000000
1.140936
—1.142791
1.148036
—1.149016
—0.004929
—0.037728
2.306721
0.920490
2.015232
2.015770

—2.015131
—2.032154

0.000000
0.000000
0.000000
0.000000
1.195827
—1.196441
1.199382
—1.197815

1.231170
1.913802
1.921645
1.711883
2.778210
2.379468
3.418960
3.242697
3.882605
3.186530
3.630958
2.272411
1.032970

2.931549
4.071410

—612.0871408

0.000000
1.229046
1.912616
1.922680
1.880363
2.607998
2.547365
3.250920
3.241828
3.877261
3.521282
3.765910
2.564965
1.332953

2.631859
3.776028

—612.0850663

0.000000
1.227452
1.912320
1.922185
2.057457
2.425341
2.716363
3.070790





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=90°

—3.762619
—4.927483
—5.799563
—5.346875
—3.812633
—1.598006

—1.232809
—3.445003

esfjasiiesianiiasiic HON@

Total energy / hartree

0.000000

0.000000

1.017609
—1.307092
—1.909212
—1.902598
—3.135031
—3.131019
—3.769990
—4.940182
—5.617951
—5.280193
—3.651482
—1.422403

—1.415093
—3.618947

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe

—0.003783
—0.036590
2412791
0.961654
2.103651
2.115124

—2.114049
—2.118424

0.000000
0.000000
0.000000
0.000000
1.214571
—-1.214121
1.217943
—1.212430
—0.001455
—0.033833
2.450647
0.977782
2.135256
2.148759

—2.147654
—2.145106

O...F distance =2.595 A

Total energy / hartree

0.000000

0.000000

1.045465
—1.262190
—2.464297
—1.282857
—3.675217
—2.490841
—3.716390
—4.844688
—6.724916
—5.701748
—4.628288

esiiasiissHoNoNoNoNoNoNoNOR- A

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S-71

3.233414
3.860545
3.857347
3.893242
2.860479
1.651692

2.311791
3.463990

—612.0842553

0.000000
1.226947
1.912189
1.921120
2.240895
2.237382
2.889512
2.887461
3.224865
3.843043
4.200792
4.022700
3.162963
1.983058

1.979198
3.146101

—612.1021973

0.000000
1.238017
1.904512
1.930925
1.203323
3.333216
1.862431
3.998282
3.283316
3.952987
2.164477
3.231980
1.340522

Croat. Chem. Acta 82 (2009) S1-S134
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@=10°

esiianiiasiianiicniissHoNoNoNoNoNoNo NN

@=20°

=siianiasiiasiicniic s HoNoNoNoNoNoNoNON N

@=30°

O
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.421531

—0.345340
—2.530589

Total energy / hartree

0.000000

0.000000

1.044098
—1.262576
—2.454175
—1.293300
—3.665584
—2.502824
=3.717771
—4.847635
—6.706019
—5.694430
—4.610753
—2.402639

—0.363017
—2.551634

Total energy / hartree

0.000000

0.000000

1.041722
—1.264210
—2.426771
—1.321691
—3.638105
—2.534136
—3.719869
—4.852828
—6.651530
—5.672867
—4.561065
—2.353947

—0.411357
—2.606596

Total energy / hartree

0.000000

0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211262
—0.211697
0.217593
—0.217006
0.000123
—0.007395
0.433789
0.178864
0.385562
0.371255

—0.371918
—0.387323

0.000000
0.000000
0.000000
0.000000
0.416045
—0.416922
0.427060
—0.428578
—0.002123
—0.017871
0.849539
0.346995
0.755923
0.731342

—0.730454
—0.763521

—612.0991456

0.000000

0.122271

3.872798
5.081377

—612.1019051

0.000000
1.237991
1.906423
1.929572
1.216181
3.315307
1.874471
3.977926
3.278237
3.945696
2.189055
3.239544
1.365279
0.147303

3.843779
5.047169

—612.1009055

0.000000
1.237493
1.908554
1.927498
1.259773
3.263867
1.919121
3.922314
3.271386
3.934992
2277797
3.272311
1.448980
0.226946

3.757877
4.950521

0.000000





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

esiiasiiasiiasiicsii s HoNoNoNoNoNORoNORV4

0.000000
1.037645
—1.267707
—2.383360
—1.368287
—3.594257
—2.584837
—3.723100
—4.860355
—6.562135
—5.636490
—4.481637
—2.276692

—0.490484
—2.694958

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e

0.000000

0.000000

1.033446
—1.272391
—2.326469
—1.430288
—3.536686
—2.651183
—3.727234
—4.869081
—6.444310
—5.589032
—4.377233
—2.176399

—0.596651
—2.809188

Total energy / hartree

oNoNoNoNo el o)

0.000000

0.000000

1.029766
—1.279111
—2.258324
—1.507831
—3.469130
—2.733475

0.000000
0.000000
0.000000
0.608130
—0.609449
0.623992
—0.623729
—0.001063
—0.021038
1.245049
0.509150
1.101593
1.068136

—1.067910
—1.109983

0.000000
0.000000
0.000000
0.000000
0.781468
—0.783261
0.799119
—0.798393
—0.001278
—0.025693
1.596537
0.649992
1.408177
1.373175

—1.373189
—1.417736

0.000000
0.000000
0.000000
0.000000
0.931032
—0.932847
0.946943
—0.946963

1.236547
1.911915
1.924617
1.331695
3.180270
1.993419
3.833344
3.262490
3.921154
2.426165
3.329293
1.586281
0.357335

3.617596
4.795652

—612.0966402

0.000000
1.235195
1.914190
1.922837
1.433874
3.069219
2.099181
3.717189
3.256049
3.909925
2.636720
3.413507
1.776459
0.539035

3.429784
4.592432

—612.0935788

0.000000
1.233382
1.914129
1.921880
1.561742
2.933932
2.228960
3.576669

S-73
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S-74

C
O
F
H
H
H
H
H
@=60°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=170°

esiiasiianiianiicssHoNoNoNONONONONO A
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—3.734951
—4.882737
—6.306252
—5.537127
—4.254141
—2.055022

—0.728922
—2.948625

Total energy / hartree

0.000000

0.000000

1.025674
—1.287403
—2.181476
—1.597316
—3.393731
—2.826255
—3.744135
—4.898110
—6.149089
—5.477908
—4.116681
-1.917179

—0.882377
—3.104033

Total energy / hartree

0.000000

0.000000

1.022190
—1.295680
—2.096579
—1.694686
—3.310790
—2.924574
—3.751744
—4.910370
—5.975128
—5.411089
—3.966585
—1.763918
—1.051509

—0.002860
—0.032684
1.891649
0.764701
1.665622
1.637648

—1.637568
—1.678260

0.000000
0.000000
0.000000
0.000000
1.051966
—1.053837
1.063709
—1.064619
—0.004421
—0.036785
2.128266
0.855838
1.868852
1.854617

—1.853877
—1.884312

0.000000
0.000000
0.000000
0.000000
1.140903
—1.142749
1.148118
—1.148875
—0.004757
—0.037917
2.301851
0.922500
2.015530
2.015725
—2.015138

3.248562
3.895676
2.893391
3.514095
2.007084
0.765711

3.199562
4.347098

—612.0903315

0.000000
1.231214
1.913740
1.921716
1.712056
2.778362
2.379703
3.419015
3.243104
3.883167
3.189167
3.630907
2.272422
1.033095

2.931746
4.071447

—612.0873704

0.000000
1.229076
1.912554
1.922744
1.880501
2.608143
2.547565
3.250999
3.242212
3.877723
3.523035
3.766140
2.564976
1.333042
2.632042





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

H

—3.269653

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.018942
—1.303579
—2.005776
—1.799242
—3.225566
—3.029470
—3.762922
—4.927441
—5.798367
—5.347555
—3.812158
—1.598046

—1.232927
—3.444993

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.017673
—1.307062
—1.909218
—1.902649
—3.135001
—3.130998
—3.770304
—4.940219
—5.617327
—5.280809
—3.651048
—1.422429

—1.415222
—3.618893

—2.032035

0.000000
0.000000
0.000000
0.000000
1.195791
—1.196400
1.199445
—1.197661
—0.003616
—0.036774
2.407711
0.963572
2.103897
2.115081

—2.114064
—2.118290

0.000000
0.000000
0.000000
0.000000
1.214528
—1.214086
1.217972
—1.212293
—0.001337
—0.034114
2.445355
0.979536
2.135456
2.148728

—2.147670
—2.144991

O...F distance =2.59 A

Total energy / hartree

3.776092

—612.0852904

0.000000
1.227470
1.912267
1.922253
2.057583
2.425483
2.716580
3.070914
3.233864
3.861064
3.858444
3.893867
2.860541
1.651730

2311973
3.464121

—612.0844775

0.000000
1.226960
1.912128
1.921192
2.241020
2.237531
2.889708
2.887661
3.225302
3.843436
4.200904
4.023437
3.162980
1.983152

1.979348
3.146318

—612.1024769

S-75
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S-76

esiiaaiiasiianiicniissHoNoNoNoNoNoNoNON e

@=10°

=siianiasiiaciicniic s HoNoNoNoNoNoNo NN

@=20°
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0.000000

0.000000

1.045772
—1.261793
—2.464173
—1.282556
—3.675009
—2.490394
—3.716829
—4.844120
—6.722053
—5.706218
—4.627451
—2.421583

—0.345010
—2.529979

Total energy / hartree

0.000000

0.000000

1.044294
—1.262196
—2.454005
—1.293100
—3.665370
—2.502512
—3.718233
—4.847211
—6.703129
—5.698397
—4.609918
—2.402543

—0.362826
—2.551227

Total energy / hartree

0.000000

0.000000

1.041942
—1.263850
—2.426630
—1.321459
—3.637901

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211253
—0.211690
0.217624
—0.216885
0.000252
—0.007370
0.432886
0.180015
0.385721
0.371276

—0.371995
—0.387110

0.000000
0.000000
0.000000
0.000000
0.416026
—0.416909
0.427089

0.000000
1.238152
1.904379
1.931118
1.203872
3.333544
1.863015
3.998575
3.284210
3.954418
2.170750
3.228761
1.340307
0.122804

3.873097
5.081693

—612.1021827

0.000000
1.238133
1.906488
1.929657
1.216513
3.315517
1.874750
3.978043
3.278827
3.946705
2.194608
3.236523
1.364782
0.147623

3.844012
5.047322

—612.1011783

0.000000
1.237620
1.908545
1.927622
1.260170
3.264114
1.919518





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=30°

@ =40°

esiiasiiasiianiiasiis HONONQ!

—2.533782
—3.720249
—4.852352
—6.648708
—5.676278
—4.560292
—2.353907

-0.411123
—2.606112

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNONoNORV e

0.000000

0.000000

1.037814
—1.267447
—2.383247
—1.368178
—3.594104
—2.584667
—3.723532
—4.860081
—6.559463
—5.639382
—4.480926
—2.276629

—0.490396
—2.694736

Total energy / hartree

esiiaiioniiss HoNoNoNoNoNoNoNOR /N

0.000000

0.000000

1.033580
—1.272184
—2.326383
—1.430204
—3.536553
—2.651051
—3.727618
—4.868850
—6.441853
—5.591280
—4.376569
—2.176360

—0.428527

—0.002008

—0.017933
0.847748
0.348975
0.756175
0.731341

—0.730508
—0.763427

0.000000
0.000000
0.000000
0.000000
0.608109
—0.609428
0.624068
—0.623695
—0.000938
—0.021157
1.242455
0.511516
1.101953
1.068128

—1.067946
—1.109992

0.000000
0.000000
0.000000
0.000000
0.781438
—0.783240
0.799202
—0.798354
—0.001149
—0.025870
1.593168
0.652432
1.408558
1.373156

3.922508
3.272081
3.936128
2.283312
3.270114
1.448757
0.227329

3.758109
4.950754

—612.0994112

0.000000
1.236644
1.911907
1.924700
1.331961
3.180453
1.993666
3.833411
3.262979
3.921947
2.430812
3.327390
1.586008
0.357590

3.617795
4.795718

—612.0968971

0.000000
1.235272
1.914186
1.922910
1.434106
3.069382
2.099434
3.717242
3.256510
3.910654
2.640822
3.412328
1.776317
0.539256

S-77
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@=50°

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

@=60°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e
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—0.596590
—2.809022

Total energy / hartree

0.000000

0.000000

1.029919
—1.278921
—2.258249
—1.507734
—3.468969
—2.733340
—3.735237
—4.882429
—6.303936
—5.538747
—4.253474
—2.055033

—0.728834
—2.948437

Total energy / hartree

0.000000

0.000000

1.025794
—1.287274
—2.181416
—1.597308
—3.393619
—2.826229
—3.744475
—4.897994
—6.147202
—5.479224
—4.116083
—1.917158

—0.882399
—3.103989

Total energy / hartree

0.000000
0.000000

—1.373221
—1.417759

0.000000
0.000000
0.000000
0.000000
0.930992
—0.932823
0.947050
—0.946938
—0.002689
—0.032819
1.887798
0.767239
1.666024
1.637574

—1.637564
—1.678294

0.000000
0.000000
0.000000
0.000000
1.051931
—1.053799
1.063803
—1.064522
—0.004251
—0.036973
2.123787
0.858143
1.869208
1.854562

—1.853871
—1.884250

—612.0876005

0.000000
0.000000

3.429950
4.592460

—612.0938265

0.000000
1.233445
1.914060
1.921983
1.562014
2.934130
2.229349
3.576765
3.249156
3.896596
2.897272
3.513881
2.007204
0.765918

3.199776
4.347167

—612.0905698

0.000000
1.231260
1.913675
1.921790
1.712236
2.778522
2.379953
3.419069
3.243538
3.883768
3.191889
3.630858
2.272433
1.033220

2.931957
4.071481

0.000000
1.229108





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

esfasiianiasiiasiissHONONONONONONON®)

1.022286
—1.295593
—2.096536
—1.694718
—3.310705
—2.924584
—3.752084
—4.910334
—5.973631
—5.412104
—3.966034
—1.763897

—1.051592
—3.269660

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.019009
—1.303541
—2.005771
—1.799300
—3.225509
—3.029488
—3.763234
—4.927393
=5.797171
—5.348264
—3.811662
—1.598090

—1.233048
—3.444983

Total energy / hartree

oNoNoNoNoNoNeV e

0.000000

0.000000

1.017738
—1.307033
—1.909224
—1.902702
—3.134970
—3.130977
—3.770629

0.000000
0.000000
1.140869
—1.142705
1.148204
—1.148732
—0.004576
—0.038105
2.296982
0.924647
2.015847
2.015678

—2.015143
—2.031914

0.000000
0.000000
0.000000
0.000000
1.195753
—1.196359
1.199509
—1.197504
—0.003443
—0.036959
2.402627
0.965600
2.104155
2.115035

—2.114079
—2.118153

0.000000
0.000000
0.000000
0.000000
1.214484
—1.214050
1.218003
—1.212153
—0.001215

1.912490
1.922811
1.880643
2.608293
2.547773
3.251077
3.242612
3.878207
3.524837
3.766381
2.564984
1.333129

2.632236
3.776153

—612.0855148

0.000000
1.227489
1.912213
1.922323
2.057711
2.425628
2.716804
3.071039
3.234331
3.861607
3.859587
3.894523
2.860602
1.651765

2.312161
3.464252

612.0846999

0.000000
1.226974
1.912065
1.921267
2.241149
2.237685
2.889910
2.887866
3.225753

S-79
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.940257
—5.616715
—5.281454
—3.650593
—1.422457

—1.415356
—3.618839

—0.034399
2.440053
0.981388
2.135668
2.148696

—2.147688
—2.144873

O...F distance = 2.585 A

D=0° Total energy / hartree

esiianiiasiiasiicnii HoNoNoNoNoNoNoNOMV e

@=10°

esiiasiicsiis HoNoNoNoNoNONoNORVAe)
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0.000000

0.000000

1.046249
—1.261280
—2.464049
—1.282103
—3.674750
—2.489716
—3.717363
—4.843303
—6.719414
—5.712578
—4.626355
—2.421768

—0.344493
—2.529043

Total energy / hartree

0.000000

0.000000

1.045213
—1.262010
—2.454203
—1.292820
—3.665466
—2.502030
—3.718999
—4.846822
—6.701035
—5.704645
—4.609226
—2.403171

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211241
—0.211667
0.217356
—0.216877
—0.000560
—0.009533
0.428763
0.178761
0.385477
0.371697

3.843842
4.201038
4.024202
3.162994
1.983248

1.979503
3.146542

—612.1027619

0.000000
1.238316
1.904051
1.931453
1.204742
3.334062
1.864003
3.999111
3.285600
3.956550
2.178228
3.224234
1.340220
0.123654

3.873527
5.082260

—612.1024656

0.000000
1.238172
1.905127
1.930315
1.217816
3.316323
1.876254
3.978979
3.280579
3.949040
2.202037
3.232445
1.365297
0.148986





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

D=40°

H
H

—0.362457
—2.550535

Total energy / hartree

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.042197
—1.263424
—2.426461
—1.321183
—3.637660
—2.533344
—3.720680
—4.851789
—6.645993
—5.680447
—4.559376
—2.353858

—0.410850
—2.605508

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

0.000000

0.000000

1.038401
—1.267095
—2.383264
—1.367670
—3.593885
—2.583858
—3.723664
—4.859363
—6.557161
—5.642323
—4.480310
—2.276973

—0.489820
—2.693660

Total energy / hartree

O
N

0.000000
0.000000

—0.371999
—0.387664

0.000000
0.000000
0.000000
0.000000
0.416003
—0.416895
0.427108
—0.428375
—0.001843
—0.017988
0.845841
0.351363
0.756439
0.731369

—0.730603
—0.763147

0.000000
0.000000
0.000000
0.000000
0.608082
—0.609383
0.624108
—0.623470
—0.001062
—0.021982
1.238489
0.512611
1.102101
1.068183

—1.068031
—1.110151

—612.0971563

0.000000
0.000000

3.844611
5.048199

—612.101455

0.000000
1.237771
1.908540
1.927768
1.260638
3.264406
1.919984
3.922775
3.272916
3.937464
2.289174
3.267380
1.448456
0.227790

3.758370
4.951093

—612.0996799

0.000000
1.236716
1.911174
1.925218
1.333041
3.181102
1.995090
3.834459
3.264661
3.924178
2.437263
3.326903
1.587045
0.358670

3.618170
4.796626

0.000000
1.235320

S-81
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S-82

esfasiianiasiiasiis s ONONONONONONON®)

@=50°

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@=60°

oNoNoNoNoNoNeV e

Croat. Chem. Acta 82 (2009) S1-S134

M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

1.034177
—1.271862
—2.326378
—1.429698
—3.536277
—2.650213
—3.727577
—4.868063
—6.439514
—5.593177
—4.375956
—2.176683

—0.596060
—2.807965

Total energy / hartree

0.000000

0.000000

1.029363
—-1.279114
—2.258299
—1.508386
—3.469538
—2.734088
—3.736776
—4.884277
—6.303840
—5.542167
—4.253593
—2.054493

—0.729792
—2.949775

Total energy / hartree

0.000000

0.000000

1.025920
—1.287139
—2.181352
—1.597299
—3.393499
—2.826205
—3.744830

0.000000
0.000000
0.781401
—0.783191
0.799308
—0.798088
—0.001079
—0.026405
1.589026
0.654166
1.408802
1.373142

—1.373353
—1.417807

0.000000
0.000000
0.000000
0.000000
0.930972
—0.932834
0.946680
—0.946604
—0.003225
—0.034378
1.881060
0.767376
1.665648
1.638145

—1.637945
—1.678206

0.000000
0.000000
0.000000
0.000000
1.051894
—1.053760
1.063906
—1.064425
—0.004069

1.913393
1.923437
1.435169
3.070052
2.100931
3.718412
3.258294
3.912937
2.646782
3.413053
1.777585
0.540275

3.430269
4.593469

—612.0940761

0.000000
1.233504
1.915084
1.921406
1.561027
2.933463
2.227313
3.575713
3.246962
3.893019
2.893939
3.508020
2.004164
0.765598

3.199096
4.345724

—612.090809

0.000000
1.231308
1.913608
1.921868
1.712425
2.778689
2.380222
3.419119
3.244001





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group S-83

@=170°

@=80°

—4.897863
—6.145313
—5.480632
—4.115444
—1.917139

—0.882419
—3.103945

T T T T ™O

Total energy / hartree

0.000000

0.000000

1.022386
—1.295504
—2.096490
—1.694754
—3.310615
—2.924600
—3.752438
—4.910294
—5.972135
—5.413178
—3.965453
—1.763877

—1.051680
—3.269672

esiianiicsiiasiicnii HoNoNoNoNoNoNoNONV e

Total energy / hartree

0.000000

0.000000

1.019077
—1.303502
—2.005767
—1.799361
—3.225451
—3.029510
—3.763559
—4.927341
—5.795976
—5.349004
—3.811144
—1.598141

—1.233175
—3.444975

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e

~0.037157 3.884415
2.119322 3.194711
0.860658 3.630810
1.869591 2272446
1.854500 1.033346

~1.853862 2.932184

~1.884190 4.071509

~612.0878311
0.000000 0.000000
0.000000 1229141
0.000000 1.912424
0.000000 1.922879
1.140835 1.880788

~1.142660 2.608448
1148296 2.547990

~1.148583 3.251151

—~0.004385 3.243030

~0.038289 3.878717
2292119 3.526696
0.926950 3.766635
2.016186 2.564989
2.015627 1333212

~2.015148 2.632442

~2.031789 3.776209

~612.0857394
0.000000 0.000000
0.000000 1.227509
0.000000 1.912158
0.000000 1.922395
1.195714 2.057842

~1.196316 2.425777
1.199574 2.717037

~1.197342 3.071165

~0.003264 3.234817

~0.037146 3.862176
2.397540 3.860778
0.967749 3.895213
2.104426 2.860664
2.114988 1.651797

~2.114096 2312359

~2.118013 3.464386
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S-84 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=90° Total energy / hartree —612.0849226
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.226988
O 1.017804 0.000000 1.912000
C —1.307003 0.000000 1.921344
C —1.909231 1.214438 2.241282
C —1.902759 —1.214013 2.237844
C —3.134938 1.218034 2.890118
C —3.130955 —1.212007 2.888078
C —3.770965 —0.001089 3.226220
O —4.940296 —0.034690 3.844262
F —5.616116 2.434741 4.201197
H —5.282129 0.983347 4.024998
H -3.650117 2.135893 3.163004
H —1.422486 2.148663 1.983347
H —1.415496 —2.147706 1.979663
H —3.618783 —2.144752 3.146774
O...F distance = 2.58 A
Q=0° Total energy / hartree —612.116627
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.245176
O 1.057500 0.000000 1.904032
C —1.244205 0.000000 1.937306
C —2.457028 0.000000 1.220828
C —-1.271319 0.000000 3.346594
C —3.663987 0.000000 1.879629
C —2.472561 0.000000 4.010332
C —3.739602 0.000000 3.319454
O —4.829727 0.000000 3.987903
F —6.724524 0.000000 2.236862
H —6.050894 0.000000 2.961043
H —4.590162 0.000000 1.318721
H —2.417776 0.000000 0.139050
H —0.332091 0.000000 3.884686
H —2.505983 0.000000 5.094562
@=10°  Total energy / hartree —612.1027575
O 0.000000 0.000000 0.000000
0.000000 0.000000 1.238438

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

esfasiianiasiiasiissHONONONONONONON®)

1.045541
—1.261331
—2.453855
—1.292648
—3.664990
—2.501714
—3.720531
—4.846176
—6.699067
=5.717718
—4.607120
—2.402928

—0.362323
—2.550122

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.042512
—1.262888
—2.426248
—1.320832
—3.637364
—2.532739
—3.721203
—4.851076
—6.643512
—5.686012
—4.558208
—2.353792

—0.410512
—2.604665

Total energy / hartree

oNoNoNoNoNoNeV e

0.000000

0.000000

1.038639
—1.266754
—2.383123
—-1.367511
—3.593687
—2.583600
—3.724232

0.000000
0.000000
0.211225
—0.211647
0.218076
—0.217128
—0.000022
—0.008562
0.429903
0.183287
0.386456
0.371405

—0.371779
—0.388639

0.000000
0.000000
0.000000
0.000000
0.415973
—0.416878
0.427090
—0.427952
—0.001574
—0.018052
0.843572
0.354402
0.756689
0.731477

—0.730802
—0.762372

0.000000
0.000000
0.000000
0.000000
0.608054
—0.609355
0.624172
—0.623410
—0.000961

1.905268
1.930427
1.218316
3.316691
1.876661
3.978948
3.281738
3.951053
2.210093
3.221199
1.363517
0.149413

3.845180
5.048101

—612.1017375

0.000000
1.237962
1.908549
1.927954
1.261236
3.264779
1.920574
3.923206
3.274011
3.939169
2.295643
3.263667
1.447994
0.228403

3.758672
4.951679

—612.0999523

0.000000
1.236841
1.911131
1.925345
1.333422
3.181363
1.995458
3.834611
3.265350

S-85
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S-86

O
F
H
H
H
H
H
@ =40°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=50°

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.859020
—6.554719
—5.646582
—4.479369
—2.276909

—0.489685
—2.693320

Total energy / hartree

0.000000

0.000000

1.034373
—-1.271611
—2.326284
—1.429564
—3.536113
—2.649995
—3.728013
—4.867775
—6.437205
—5.596108
—4.375162
—2.176669

—0.595952
—2.807692

Total energy / hartree

0.000000

0.000000

1.029492
—1.278927
—2.258227
—1.508325
—3.469419
—2.733983
—3.737196
—4.884112
—6.301764
—5.544306
—4.252894
—2.054470

—0.729760
—2.949645

—0.022277
1.235601
0.515816
1.102533
1.068190

—1.068090
—1.110167

0.000000
0.000000
0.000000
0.000000
0.781364
—0.783165
0.799388
—0.798026
—0.000966
—0.026719
1.585437
0.657153
1.409234
1.373128

—1.373411
—1.417851

0.000000
0.000000
0.000000
0.000000
0.930927
—0.932810
0.946743
—0.946550
—0.003111
—0.034682
1.876902
0.770218
1.666036
1.638116

—1.637972
—1.678221

3.925225
2.442408
3.324022
1.586681
0.359046

3.618428
4.796767

—612.0974179

0.000000
1.235407
1.913323
1.923563
1.435513
3.070288
2.101328
3.718577
3.258941
3.913881
2.651248
3.411538
1.777490
0.540607

3.430466
4.593586

—612.0943269

0.000000
1.233574
1.915072
1.921479
1.561254
2.933629
2.227576
3.575765
3.247431
3.893686
2.897438
3.507171
2.004054
0.765811

3.199265
4.345732





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@=170°

@=80°

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe)

0.000000

0.000000

1.026053
—1.286995
—2.181285
—1.597290
—3.393367
—2.826182
—3.745203
—4.897713
—6.143419
—5.482148
—4.114757
-1.917122

—0.882440
—3.103901

Total energy / hartree

esiianiiasiiasiicnii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.022489
—1.295412
—2.096442
—1.694794
—3.310520
—2.924623
—3.752810
—4.910250
—5.970639
—5.414320
—3.964838
—1.763858

—1.051774
—3.269692

Total energy / hartree

O
N
O

0.000000
0.000000
1.019624

0.000000
0.000000
0.000000
0.000000
1.051856
—1.053719
1.064017
—1.064327
—0.003871
—0.037333
2.114876
0.863422
1.870008
1.854431

—1.853849
—1.884134

0.000000
0.000000
0.000000
0.000000
1.140799
—1.142612
1.148396
—1.148429
—0.004182
—0.038468
2.287264
0.929436
2.016549
2.015573

—2.015151
—2.031661

0.000000
0.000000
0.000000

—612.0910492

0.000000
1.231359
1.913537
1.921950
1.712624
2.778867
2.380511
3.419166
3.244500
3.885117
3.197649
3.630763
2.272458
1.033472

2.932430
4.071532

—612.0880622

0.000000
1.229175
1.912355
1.922950
1.880937
2.608609
2.548215
3.251222
3.243468
3.879254
3.528618
3.766903
2.564988
1.333292

2.632662
3.776260

—612.0859649

0.000000
1.227544
1.911526

S-87
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S-88 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

C —1.302923 0.000000 1.922729
C —2.005390 1.195525 2.058602
C —1.798801 —1.196365 2.426408
C —3.224906 1.199346 2.718200
C —3.028573 —1.197465 3.072248
C —3.763371 —0.003559 3.235976
O —4.926908 —0.038474 3.863336
F —5.795808 2.390808 3.862425
H —5.350057 0.968498 3.896376
H —3.809930 2.104521 2.861754
H —1.597583 2.115017 1.653189
H —1.232675 —2.114105 2.312307
H —3.444220 —2.118154 3.465269
@=90° Total energy / hartree —612.0851455
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227002
O 1.017872 0.000000 1.911934
C —1.306973 0.000000 1.921423
C —1.909239 1.214392 2.241419
C —1.902818 —1.213975 2.238008
C —3.134905 1.218066 2.890334
C —3.130934 —1.211857 2.888298
C —3.771315 —0.000959 3.226704
O —4.940336 —0.034987 3.844697
F —5.615533 2.429417 4.201380
H —5.282838 0.985429 4.025827
H —3.649617 2.136132 3.163010
H —1.422517 2.148629 1.983450
H —1.415642 —2.147725 1.979829
H —3.618727 —2.144626 3.147014
O...F distance =2.578 A
D=0° Total energy / hartree —612.1166564
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.245165
O 1.057632 0.000000 1.903796
C —1.244219 0.000000 1.937400
C —2.457085 0.000000 1.220974
C —1.271297 0.000000 3.346674
C —3.664018 0.000000 1.879829

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

esiasiiasiianiiasiis OO NQ!

—2.472527
—3.739537
—4.829657
—6.723151
—6.049223
—4.590299
—2.417853

—0.332059
—2.505903

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNONoNORV e

0.000000

0.000000

1.056706
—1.244699
—2.447146
—1.281748
—3.654450
—2.484535
—3.741135
—4.832782
—6.704738
—6.038510
—4.572153
—2.399223

—0.349643
—2.527273

Total energy / hartree

esiiaiioniiss HoNoNoNoNoNoNoNOR /N

0.000000

0.000000

1.042764
—1.263094
—2.426386
—1.321242
—3.637662
—2.533170
—3.722326
—4.852075
—6.643516
—5.690676
—4.557947
—2.353810

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211154
—0.211523
0.219510
—0.217793
—0.000156
—0.010411
0.427019
0.255150
0.393309
0.372374

—0.371431
—0.391409

0.000000
0.000000
0.000000
0.000000
0.415979
—0.416843
0.426818
—0.427285
—0.002348
—0.020296
0.838504
0.352641
0.756158
0.732046

4.010470
3.319625
3.988213
2.238708
2.962996
1.319106
0.139203

3.884736
5.094698

—612.1162543

0.000000
1.245121
1.905022
1.936445
1.234478
3.329241
1.892869
3.990523
3.315200
3.981488
2.263780
2.974896
1.345168
0.165020

3.856111
5.060426

—612.1018535

0.000000
1.237930
1.908064
1.928009
1.261221
3.264822
1.920202
3.923134
3.273639
3.938094
2.295144
3.257572
1.446649
0.228576

S-89
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S-90

@=30°

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

@ =40°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

@=50°

O
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—0.411012
—2.605392

Total energy / hartree

0.000000

0.000000

1.038750
—1.266589
—2.383052
—1.367435
—3.593589
—2.583472
—3.724496
—4.858853
—6.553783
—5.648671
—4.478916
—2.276872

—0.489622
—2.693149

Total energy / hartree

0.000000

0.000000

1.034458
—1.271500
—2.326242
—1.429506
—3.536039
—2.649901
—3.728204
—4.867647
—6.436297
—5.597441
—4.374807
—2.176662

—0.595904
—2.807575

Total energy / hartree

0.000000
0.000000

—0.730873
—0.762085

0.000000
0.000000
0.000000
0.000000
0.608041
—0.609343
0.624203
—0.623369
—0.000898
—0.022389
1.234439
0.517446
1.102739
1.068196

—1.068122
—1.110141

0.000000
0.000000
0.000000
0.000000
0.781348
—0.783154
0.799424
—0.798004
—0.000914
—0.026847
1.584006
0.658537
1.409430
1.373119

—1.373434
—1.417876

—612.0944277

0.000000
0.000000

3.758811
4.951469

—612.1000626

0.000000
1.236902
1.911119
1.925402
1.333599
3.181485
1.995625
3.834687
3.265677
3.925717
2.444610
3.322580
1.586491
0.359221

3.618547
4.796849

—612.0975233

0.000000
1.235447
1.913296
1.923616
1.435661
3.070390
2.101501
3.718645
3.259226
3.914295
2.653114
3.410830
1.777442
0.540749

3.430553
4.593632

0.000000
1.233603





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@="10°

esfasiianiasiiasiissHONONONONONONON®)

1.029547
—1.278847
—2.258196
—1.508297
—3.469366
—2.733937
—3.737372
—4.884037
—6.300937
—5.545234
—4.252593
—2.054462

—0.729744
—2.949588

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.025555
—1.287171
—2.181410
—1.597745
—3.393977
—2.826712
—3.746346
—4.899449
—6.144767
—5.484290
—4.115301
—-1.916718

—0.883175
—3.105034

Total energy / hartree

oNoNoNoNoNoNeV e

0.000000

0.000000

1.022531
—1.295374
—2.096422
—1.694812
—3.310480
—2.924635
—3.752964

0.000000
0.000000
0.930908
—0.932800
0.946771
—0.946529
—0.003061
—0.034804
1.875243
0.771475
1.666205
1.638102

—1.637982
—1.678230

0.000000
0.000000
0.000000
0.000000
1.051833
—1.053765
1.063695
—1.064206
—0.004367
—0.038447
2.111150
0.862554
1.869577
1.854886

—1.854215
—1.884248

0.000000
0.000000
0.000000
0.000000
1.140785
—1.142592
1.148438
—1.148366
—0.004096

1.915066
1.921511
1.561352
2.933701
2.227693
3.575787
3.247636
3.893978
2.898890
3.506802
2.004010
0.765901

3.199339
4.345736

—612.0911461

0.000000
1.231397
1.914428
1.921419
1.711768
2.778208
2.378693
3.418226
3.242321
3.881494
3.192655
3.625877
2.269929
1.033387

2.931466
4.070035

—612.0881549

0.000000
1.229189
1.912327
1.922979
1.880998
2.608676
2.548308
3.251249
3.243650

S-91
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S-92

O
F
H
H
H
H
H
@=80°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=90°

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.910230
—5.970041
—5.414798
—3.964581
—1.763851

—1.051814
—3.269702

Total energy / hartree

0.000000

0.000000

1.019659
—1.302898
—2.005382
—1.798815
—3.224878
—3.028563
—3.763506
—4.926894
—5.795385
—5.350414
—3.809702
—1.597591

—1.232716
—3.444199

Total energy / hartree

0.000000

0.000000

1.017900
—1.306960
—1.909242
—1.902842
—3.134892
—3.130925
—3.771459
—4.940353
—5.615304
—5.283133
—3.649410
—1.422530

—1.415703
—3.618703

—0.038537
2.285325
0.930489
2.016702
2.015550

—2.015152
—2.031608

0.000000
0.000000
0.000000
0.000000
1.195506
—1.196349
1.199365
—1.197405
—0.003498
—0.038584
2.388721
0.969408
2.104632
2.114999

—2.114112
—2.118103

0.000000
0.000000
0.000000
0.000000
1.214372
—1.213959
1.218080
—1.211796
—0.000906
—0.035108
2.427284
0.986298
2.136232
2.148616

—2.147733
—2.144575

3.879478
3.529406
3.767015
2.564986
1.333323

2.632755
3.776278

—612.086055

0.000000
1.227553
1.911496
1.922762
2.058666
2.426477
2.718303
3.072318
3.236180
3.863559
3.862889
3.896642
2.861781
1.653230

2.312381
3.465341

—612.0852348

0.000000
1.227008
1.911907
1.921456
2.241475
2.238075
2.890422
2.888388
3.226903
3.844875
4.201462
4.026170
3.163011
1.983491

1.979897
3.147112





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

O...F distance =2.575 A

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNON AN

0.000000

0.000000

1.057474
—1.244271
—2.457066
—1.271339
—3.664071
—2.472643
—3.739505
—4.829714
—6.721049
—6.046614
—4.590294
—2.417722

—0.332087
—2.506094

Total energy / hartree

esiianiiasiiasiicnii s HoNoNoNoNoNoNoNONV e

0.000000

0.000000

1.056923
—1.244778
—2.447296
—1.281598
—3.654486
—2.484282
—3.740807
—4.832348
—6.702699
—6.036074
—4.572436
—2.399501

—0.349420
—2.526823

Total energy / hartree

O
N

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211154
—0.211520
0.219626
—0.217342
0.000224
—0.010046
0.426723
0.254840
0.393230
0.372178

—0.371698
—0.390849

—612.11501

0.000000
0.000000

—612.1167

0.000000
1.245181
1.904084
1.937334
1.220818
3.346572
1.879568
4.010274
3.319370
3.988051
2.240631
2.965000
1.318792
0.139046

3.884618
5.094493

—612.1162983

0.000000
1.245081
1.904547
1.936663
1.234840
3.329419
1.893459
3.991005
3.315857
3.982568
2.267445
2.979094
1.346148
0.165361

3.856041
5.060929

0.000000
1.244586

S-93
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S-94

esfasiianiasiiasiis s ONONONONONONON®)

@=30°

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@ =40°

oNoNoNoNoNoNeV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

1.054266
—1.246464
—2.419695
—1.310413
—3.626457
—2.515785
—3.742937
—4.837233
—6.648492
—6.004440
—4.520183
—2.350155

—0.398654
—2.582615

Total energy / hartree

0.000000

0.000000

1.038948
—1.266282
—2.382918
—1.367295
—3.593407
—2.583219
—3.724954
—4.858534
—6.552467
—5.652532
—4.478090
—2.276794

—0.489511
—2.692803

Total energy / hartree

0.000000

0.000000

1.034595
—1.271316
—2.326171
—1.429413
—3.535915
—2.649750
—3.728516

0.000000
0.000000
0.415767
—0.416560
0.431362
—0.426645
0.001851
—0.017869
0.842208
0.504812
0.772772
0.732729

—0.732341
—0.765489

0.000000
0.000000
0.000000
0.000000
0.608017
—0.609320
0.624254
—0.623236
—0.000750
—0.022540
1.232645
0.520546
1.103104
1.068223

—1.068201
—1.109977

0.000000
0.000000
0.000000
0.000000
0.781321
—0.783135
0.799487
—0.797973
—0.000821

1.907375
1.934480
1.278235
3.277973
1.938555
3.935646
3.309711
3.972697
2.357074
3.029899
1.431510
0.245018

3.769660
4.963911

—612.1002301

0.000000
1.237016
1.911108
1.925503
1.333913
3.181705
1.995918
3.834855
3.266280
3.926604
2.448183
3.319879
1.586119
0.359541

3.618754
4.797060

—612.0976826

0.000000
1.235512
1.913256
1.923701
1.435900
3.070555
2.101781
3.718749
3.259692





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=50°

@=60°

T T T T ™O

—4.867432
—6.434949
—5.599682
—4.374217
—2.176649

—0.595826
—2.807384

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNONV e

0.000000

0.000000

1.030053
—1.278618
—2.258173
—1.507883
—3.469092
—2.733206
—3.737179
—4.883377
—6.299705
—5.546048
—4.252132
—2.054667

—0.729354
—2.948713

Total energy / hartree

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e

0.000000

0.000000

1.025621
—1.287090
—2.181375
—1.597756
—3.393930
—2.826710
—3.746633
—4.899455
—6.143779
—5.485395
—4.114903
—1.916688

—0.883216
—3.105040

—0.027032
1.581880
0.660911
1.409760
1.373101

—1.373468
—1.417920

0.000000
0.000000
0.000000
0.000000
0.930875
—0.932758
0.946843
—0.946301
—0.003013
—0.035212
1.872197
0.772482
1.666363
1.638137

—1.638108
—1.678224

0.000000
0.000000
0.000000
0.000000
1.051808
—1.053742
1.063737
—1.064137
—0.004282
—0.038634
2.108334
0.864267
1.869807
1.854870

—1.854227
—1.884209

3.914974
2.656039
3.409616
1.777352
0.540974

3.430698
4.593702

—612.0945798

0.000000
1.233614
1.914327
1.921968
1.562222
2.934286
2.228994
3.576926
3.249165
3.895858
2.902664
3.508116
2.005245
0.766772

3.199548
4.346722

—612.0912911

0.000000
1.231430
1.914416
1.921450
1.711860
2.778292
2.378787
3.418232
3.242527
3.881732
3.194122
3.625543
2.269815
1.033477

2.931569
4.070010

S-95
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S-96 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=170° Total energy / hartree —612.0882941
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.229211
O 1.022596 0.000000 1.912284
C —1.295317 0.000000 1.923024
C —2.096392 1.140763 1.881090
C —1.694841 —1.142561 2.608777
C —3.310419 1.148504 2.548451
C —2.924655 —1.148269 3.251288
C —3.753202 —0.003963 3.243929
O —4.910200 —0.038639 3.879824
F —5.969144 2.282419 3.530612
H —5.415540 0.932137 3.767187
H —3.964183 2.016941 2.564981
H —1.763840 2.015514 1.333368
H —1.051875 —2.015153 2.632899
H —3.269721 —2.031527 3.776304

@=80° Total energy / hartree —612.0861903
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227566
O 1.019713 0.000000 1.911450
C —1.302859 0.000000 1.922813
C —2.005370 1.195476 2.058765
C —1.798838 —1.196326 2.426583
C —3.224836 1.199394 2.718461
C —3.028550 -1.197314 3.072424
C —3.763714 —0.003405 3.236493
O —4.926874 —0.038752 3.863900
F —5.794756 2.385584 3.863600
H —5.350967 0.970820 3.897050
H —3.809353 2.104803 2.861820
H —1.597604 2.114972 1.653294
H —1.232779 —2.114121 2.312495
H —3.444166 —2.118025 3.465451

@=90° Total energy / hartree —612.0853688
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227016
O 1.017942 0.000000 1.911866

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

asianiasiiasiiasiis HONoNONONONONQ!

—1.306942
—1.909246
—1.902880
—3.134872
—3.130912
—3.771679
—4.940378
—5.614967
—5.283586
—3.649091
—1.422551

—1.415795
—3.618668

0.000000
1.214343
—1.213935
1.218100
-1.211702
—0.000824
—0.035291
2.424080
0.987647
2.136387
2.148595

—2.147745
—2.144496

O...F distance =2.57 A

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.057669
—1.244258
—2.457063
—1.271226
—3.663997
—2.472425
—3.739306
—4.829458
—6.717449
—6.042573
—4.590507
—2.417821

—0.331898
—2.506013

Total energy / hartree

oNoNoNo eV /N

0.000000

0.000000

1.056290
—1.245081
—2.447152
—1.282250
—3.654684

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211157
—0.211525
0.219109

1.921505
2.241561
2.238178
2.890557
2.888526
3.227208
3.845148
4.201592
4.026695
3.163011
1.983555

1.980001
3.147263

—612.1167712

0.000000
1.245215
1.903902
1.937407
1.221010
3.346736
1.879927
4.010505
3.319542
3.988470
2.244798
2.969544
1.319608
0.139241

3.884621
5.094731

—612.1163705

0.000000
1.245020
1.905398
1.936103
1.233683
3.328755
1.891736

S-97
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S-98

C
C
O
F
H
H
H
H
H
@=20°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=30°

esiiaiioniiss HoNoNoNoNoNoNoNOR /N
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.485239
—3.741417
—4.833407
—6.699785
—6.032877
—4.572466
—2.398888

—0.350251
—2.528212

Total energy / hartree

0.000000

0.000000

1.053917
—1.246858
—2.419798
—1.310796
—3.626657
—2.516356
—3.743177
—4.837554
—6.645181
—6.000744
—4.520372
—2.350271

—0.399170
—2.583384

Total energy / hartree

0.000000

0.000000

1.050200
—1.250717
—2.376374
—1.358380
—3.582918
—2.568479
—3.748028
—4.847258
—6.559819
—5.951825
—4.438495
—2.272334

—0.217275

—0.000528

—0.011851
0.423016
0.251062
0.392791
0.372243

—0.371867
—0.390995

0.000000
0.000000
0.000000
0.000000
0.415764
—0.416555
0.431686
—0.426509
0.002348
—0.016825
0.841975
0.503087
0.773085
0.732237

—0.732446
—0.765765

0.000000
0.000000
0.000000
0.000000
0.607597
—0.608817
0.627648
—0.623146
0.001170
—0.027926
1.223589
0.729752
1.123182
1.069615

3.989854
3.314020
3.980402
2.267969
2.980153
1.344256
0.164222

3.855667
5.059719

—612.1150835

0.000000
1.244412
1.907441
1.934309
1.277805
3.277675
1.938107
3.935174
3.309171
3.972407
2.360004
3.032577
1.431076
0.244446

3.769511
4.963293

—612.1128192

0.000000
1.243301
1.910037
1.931637
1.349905
3.194541
2.012667
3.845816
3.299825
3.956580
2.505462
3.114258
1.571301
0.375449





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

D= 60°

H
H

—0.479717
—2.674043

Total energy / hartree

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.034500
—1.271089
—2.326007
—1.429548
—3.535754
—2.649867
—3.729392
—4.867537
—6.432957
—5.603984
—4.373245
—2.176398

—0.596074
—2.807686

Total energy / hartree

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

0.000000

0.000000

1.030246
—1.278386
—2.258090
—1.507773
—3.468938
—2.733010
—3.737658
—4.883164
—6.297803
—5.548855
—4.251279
—2.054660

—0.729281
—2.948477

Total energy / hartree

O

0.000000
0.000000

—1.069888
—-1.115187

0.000000
0.000000
0.000000
0.000000
0.781299
—0.783101
0.799664
—0.797787
—0.000623
—0.027353
1.578167
0.665160
1.410228
1.373017

—1.373537
—1.418083

0.000000
0.000000
0.000000
0.000000
0.930820
—0.932729
0.946899
—0.946225
—0.002915
—0.035664
1.867795
0.776056
1.666817
1.638119

—1.638161
—1.678258

—612.091534

0.000000
0.000000

3.629488
4.806718

—612.0979518

0.000000
1.235641
1.913727
1.923573
1.435772
3.070513
2.101486
3.718434
3.259700
3.915014
2.659360
3.406034
1.776068
0.540799

3.430819
4.593129

—612.094835

0.000000
1.233694
1.914246
1.922094
1.562563
2.934531
2.229408
3.577103
3.249830
3.896737
2.906515
3.507014
2.005195
0.767109

3.199742
4.346825

0.000000
1.231488

S-99
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

1.025736
—1.286945
—2.181313
—1.597775
—3.393844
—2.826709
—3.747140
—4.899457
—6.142149
—5.487393
—4.114188
—1.916639

—0.883286
—3.105050

Total energy / hartree

0.000000

0.000000

1.022707
—1.295219
—2.096338
—1.694894
—3.310310
—2.924697
—3.753618
—4.910144
—5.967650
—5.416855
—3.963482
—1.763823

—1.051985
—3.269760

Total energy / hartree

0.000000

0.000000

1.019805
—1.302794
—2.005352
—1.798877
—3.224764
—3.028528
—3.764075

0.000000
0.000000
1.051763
—1.053701
1.063814
—1.064020
—0.004130
—0.038953
2.103638
0.867420
1.870225
1.854837

—1.854244
—1.884146

0.000000
0.000000
0.000000
0.000000
1.140726
—1.142506
1.148622
—1.148100
—0.003727
—0.038803
2.277586
0.935094
2.017366
2.015450

—2.015154
—2.031388

0.000000
0.000000
0.000000
0.000000
1.195425
—1.196285
1.199442
—1.197159
—0.003248

1.914393
1.921504
1.712022
2.778442
2.378958
3.418238
3.242898
3.882166
3.196656
3.624936
2.269615
1.033630

2.931757
4.069962

—612.0885267

0.000000
1.229248
1.912211
1.923100
1.881248
2.608954
2.548698
3.251348
3.244418
3.880433
3.532692
3.767488
2.564966
1.333438

2.633156
3.776340

—612.0864163

0.000000
1.227589
1.911371
1.922901
2.058935
2.426765
2.718732
3.072605
3.237034





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=90°

—4.926838
—5.793723
—5.351939
—3.808746
—1.597629

—1.232886
—3.444110

T T T T ™O

Total energy / hartree

0.000000

0.000000

1.018014
—1.306910
—1.909254
—1.902946
—3.134837
—3.130890
—3.772059
—4.940422
—5.614421
—5.284379
—3.648535
—1.422586

—1.415956
—3.618607

esiianiicsiiasiicnii HoNoNoNoNoNoNoNONV e

—0.039042
2.380341
0.973313
2.105102
2.114926

—2.114138
—2.117895

0.000000
0.000000
0.000000
0.000000
1.214292
—1.213894
1.218135
—1.211541
—0.000684
—0.035602
2418728
0.990021
2.136659
2.148559

—2.147766
—2.144361

O...F distance =2.56 A

Total energy / hartree

0.000000

0.000000

1.057809
—1.243546
—2.456652
—1.270578
—3.663619
—2.471579
—3.738612
—4.828251
—6.710349
—6.034313
—4.589823
—2.417587

esiiasiicsiis HoNoNoNoNoNoNoNORV e

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S-101

3.864489
3.864824
3.897756
2.861883
1.653402

2.312693
3.465640

—612.0855924

0.000000
1.227032
1.911797
1.921591
2.241708
2.238355
2.890788
2.888764
3.227732
3.845619
4.201834
4.027605
3.163006
1.983665

1.980181
3.147523

—612.1169076

0.000000
1.245509
1.904553
1.937398
1.221421
3.346957
1.880214
4.010623
3.319739
3.989609
2.254297
2.979344
1.319580
0.139609

Croat. Chem. Acta 82 (2009) S1-S134
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H
H

@=10°

esiianiiasiiasiicsii s HoNoNoNoNoNoNoNONV-Ae

@=20°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOMV e

@=30°

O
N
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—0.331227
—2.505360

Total energy / hartree

0.000000

0.000000

1.056671
—1.244694
—2.446986
—1.281821
—3.654644
—2.484703
—3.741092
—4.832854
—6.693369
—6.024351
—4.572054
—2.399136

—0.349840
—2.528076

Total energy / hartree

0.000000

0.000000

1.053745
—1.247031
—2.419874
—1.310927
—3.626875
—2.516639
—3.743381
—4.838249
—6.639611
—5.993874
—4.520728
—2.350306

—0.399285
—2.583943

Total energy / hartree

0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211116
—0.211545
0.218189
—0.218371
—0.002377
—0.015896
0.416820
0.245636
0.392714
0.372781

—0.372229
—0.392798

0.000000
0.000000
0.000000
0.000000
0.415750
—0.416553
0.431282
—0.426917
0.000637
—0.020724
0.833284
0.494099
0.772232
0.732305

—0.732187
—0.767231

—612.1129648

0.000000
0.000000

3.884829
5.094862

—612.1165089

0.000000
1.245181
1.905277
1.936287
1.234374
3.329163
1.892399
3.990062
3.314215
3.981186
2.276827
2.989053
1.344643
0.164969

3.855976
5.059829

—612.1152248

0.000000
1.244354
1.907535
1.934222
1.277645
3.277496
1.937788
3.934820
3.308297
3.971343
2.365303
3.038872
1.430798
0.244319

3.769457
4.962565

0.000000
1.243206





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@ =40°

@=50°

esfasiianiasiiasiissHONONONONONONON®)

1.049716
—1.251013
—2.376407
—1.358842
—3.583048
—2.569034
—3.748328
—4.847926
—6.554180
—5.945046
—4.438759
—2.272173

—0.480280
—2.674913

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.045609
—1.256652
—2.319547
—1.422703
—3.525252
—2.637178
—3.753337
—4.857182
—6.438142
—5.877952
—4.330826
—2.171049

—0.589305
—2.791751

Total energy / hartree

oNoNoNoNoNoNeV e

0.000000

0.000000

1.030392
—1.277907
—2.257873
—1.507796
—3.468624
—2.732901
—3.739160

0.000000
0.000000
0.607601
—0.608796
0.628076
—0.622486
0.001201
—0.028232
1.217274
0.722453
1.123056
1.069490

—1.069634
—1.115011

0.000000
0.000000
0.000000
0.000000
0.780657
—0.782198
0.804454
—0.795078
0.004675
—0.029294
1.567160
0.933185
1.435108
1.374537

—1.375412
—1.419667

0.000000
0.000000
0.000000
0.000000
0.930719
—0.932650
0.947127
—0.945939
—0.002579

1.910511
1.931298
1.349213
3.194053
2.011870
3.845325
3.298671
3.955448
2.509413
3.118823
1.570199
0.374716

3.629446
4.805939

—612.1097705

0.000000
1.241443
1.911774
1.929649
1.451014
3.083412
2.118231
3.729857
3.293592
3.945703
2.718715
3.242191
1.763813
0.556448

3.441863
4.603127

—612.0953562

0.000000
1.233912
1.914584
1.922136
1.562880
2.934804
2.229687
3.577037
3.250722

S-103
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S-104

O
F
H
H
H
H
H
@=60°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=170°

esiesiiasiianiasiicsHoNoNoNoNoNONoNORV e
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—4.883068
—6.294462
—5.556545
—4.249236
—2.054469

—0.729470
—2.948509

Total energy / hartree

0.000000

0.000000

1.026419
—1.286475
—2.181128
—1.597437
—3.393382
—2.826022
—3.747805
—4.898904
—6.139062
—5.491618
—4.112447
—1.916644

—0.883128
—3.104332

Total energy / hartree

0.000000

0.000000

1.022573
—1.295059
—2.096357
—1.695156
—3.310608
—2.924846
—3.755190
—4.911408
—5.966740
—5.421166
—3.962713
—1.763411

—1.052556
—3.270394

—0.036571
1.858881
0.785939
1.667931
1.638036

—1.638299
—1.678415

0.000000
0.000000
0.000000
0.000000
1.051645
—1.053596
1.063963
—1.063670
—0.003887
—0.039985
2.093519
0.873981
1.871058
1.854817

—1.854404
—1.884095

0.000000
0.000000
0.000000
0.000000
1.140610
—1.142474
1.148569
—1.147756
—0.003695
—0.039905
2.266517
0.940174
2.017823
2.015688

—2.015400
—2.031194

3.897844
2.913554
3.502615
2.003932
0.767393

3.200093
4.346348

—612.0920256

0.000000
1.231589
1.913631
1.922029
1.713097
2.779283
2.380468
3.419391
3.244954
3.884553
3.203545
3.625156
2.270374
1.034711

2.932213
4.070803

—612.0889956

0.000000
1.229362
1.912766
1.922818
1.880966
2.608743
2.547794
3.250924
3.243579
3.878452
3.531625
3.763769
2.562985
1.333947

2.632556
3.775374





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe)

0.000000

0.000000

1.019999
—1.302658
—2.005317
—1.798965
—3.224616
—3.028485
—3.764862
—4.926760
—5.791724
—5.354115
—3.807423
—1.597694

—1.233118
—3.443986

Total energy / hartree

esiianiiasiiasiicnii s HoNoNoNoNoNoNoNONV-Ae

0.000000

0.000000

1.018164
—1.306843
—1.909272
—1.903090
—3.134763
—3.130841
—3.772876
—4.940512
—5.613399
—5.286123
—3.647314
—1.422664

—1.416303
—3.618476

0.000000
0.000000
0.000000
0.000000
1.195314
—1.196199
1.199539
—1.196833
—0.002916
—0.039660
2.369787
0.978952
2.105761
2.114826

—2.114176
—2.117624

0.000000
0.000000
0.000000
0.000000
1.214184
—1.213807
1.218209
-1.211199
—0.000383
—0.036251
2.407972
0.995344
2.137266
2.148484

—2.147813
—2.144074

O...F distance =2.55 A

Total energy / hartree

O

0.000000

0.000000

—612.0868702

0.000000
1.227637
1.911203
1.923091
2.059299
2.427154
2.719314
3.072988
3.238204
3.865768
3.867465
3.899293
2.862001
1.653631

2.313126
3.466044

—612.0860414

0.000000
1.227064
1.911650
1.921773
2.242020
2.238734
2.891285
2.889276
3.228860
3.846630
4.202434
4.029580
3.162977
1.983899

1.980566
3.148087

—612.1170382

0.000000

S-105
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S-106

esiiasiiasiiasiicsiisHoNoNoNoNoNOReNORV4

@=10°

esiianiicsiiasiicnii HoNoNoNoNoNoNoNOIV e

@=20°

oNoNoNoNo el o)
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

0.000000

1.057434
—1.244185
—2.456978
—1.270516
—3.663647
—2.471478
—3.737966
—4.827967
—6.702912
—6.026205
—4.590806
—2.417702

—0.330817
—2.505067

Total energy / hartree

0.000000

0.000000

1.056507
—1.245081
—2.447148
—1.282238
—3.654869
—2.485365
—3.740973
—4.833233
—6.685388
—6.016471
—4.572990
—2.398857

—0.350330
—2.528693

Total energy / hartree

0.000000

0.000000

1.053608
—1.247225
—2.419948
—-1.311102
—3.627112
—2.516936

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211147
—0.211531
0.218230
—0.217988
—0.000384
—0.011729
0.421350
0.248705
0.393418
0.371748

—0.372928
—0.391725

0.000000
0.000000
0.000000
0.000000
0.415747
—0.416545
0.431004
—0.426895

1.245377
1.904726
1.937361
1.221072
3.346629
1.880390
4.010758
3.319870
3.990135
2.261817
2.988673
1.321320
0.139301

3.883887
5.094976

—612.116641

0.000000
1.245068
1.905232
1.936161
1.233806
3.328847
1.891636
3.989704
3.313659
3.980590
2.282218
2.996123
1.345220
0.164282

3.855556
5.059532

—612.1153592

0.000000
1.244269
1.907541
1.934147
1.277465
3.277336
1.937410
3.934561





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=30°

@ =40°

esijasiiesianiiasiic HON@

—3.743315
—4.838337
—6.632882
—5.985991
—4.521043
—2.350296

—0.399564
—2.584251

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe

0.000000

0.000000

1.049723
—-1.251114
—2.376493
—1.358758
—3.583145
—2.568865
—3.748048
—4.847876
—6.548540
—5.938185
—4.439067
—2.272424

—0.480224
—2.674813

Total energy / hartree

esiiasiianiianiicssHoNoNoNONONONONO A

0.000000

0.000000

1.045159
—1.256877
—2.319601
—1.422998
—3.525368
—2.637777
—3.753688
—4.858278
—6.432825
—5.870899
—4.331115
—2.171282
—0.589687

0.000835
—0.020292
0.830529
0.490731
0.772304
0.732304

—0.732422
—0.766782

0.000000
0.000000
0.000000
0.000000
0.607575
—0.608797
0.627946
—0.622257
0.000830
—0.029766
1.210102
0.714485
1.122451
1.069266

—1.069776
—1.115076

0.000000
0.000000
0.000000
0.000000
0.780620
—0.782236
0.804763
—0.795373
0.004223
—0.030708
1.559780
0.924816
1.435133
1.373709
—1.375518

3.307944
3.971421
2.371980
3.046378
1.430847
0.244149

3.769317
4.962436

—612.1131033

0.000000
1.243147
1.910335
1.931384
1.349387
3.194082
2.012130
3.845578
3.298662
3.955660
2.515879
3.126147
1.570469
0.374785

3.629351
4.806031

—612.109916

0.000000
1.241394
1.912361
1.929311
1.450431
3.082962
2.117657
3.728917
3.292324
3.943763
2.721613
3.244978
1.763059
0.555320
3.441504

S-107

Croat. Chem. Acta 82 (2009) S1-S134





S-108

H

@=50°

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

@=60°

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@="170°

O
N
O
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—2.793069

Total energy / hartree

0.000000

0.000000

1.040495
—1.265085
—2.251647
—1.503199
—3.457457
—2.722757
—3.762882
—4.873651
—6.297545
—5.793848
—4.203669
—2.049117

—0.726093
—2.936910

Total energy / hartree

0.000000

0.000000

1.026544
—1.286121
—2.180967
—1.597666
—3.393192
—2.826185
—3.749534
—4.899266
—6.136729
—5.498663
—4.110409
—1.916433

—0.883589
—3.104737

Total energy / hartree

0.000000
0.000000
1.022823

—1.420994

0.000000
0.000000
0.000000
0.000000
0.929777
—0.931393
0.954066
—0.941705
0.005960
—0.034676
1.852112
1.098153
1.697400
1.637958

—1.640529
—1.679069

0.000000
0.000000
0.000000
0.000000
1.051538
—1.053478
1.064214
—1.063262
—0.003448
—0.040899
2.083575
0.884848
1.872294
1.854738

—1.854527
—1.884018

—612.08947

0.000000
0.000000
0.000000

4.601295

—612.1060225

0.000000
1.239012
1.912564
1.927863
1.576721
2.947398
2.247610
3.588409
3.285465
3.929603
2.973018
3.390908
1.996508
0.780785

3.210591
4.354603

—612.092529

0.000000
1.231774
1.913916
1.922021
1.713260
2.779509
2.380524
3.419188
3.245575
3.885021
3.208414
3.621860
2.268923
1.034874

2.932553
4.070140

0.000000
1.229461
1.912649





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=80°

@=90°

asianiasiiasiiasiis HONoNONONONONQ!

—1.294816
—2.096240
—1.695313
—3.310419
—2.924952
—3.756395
—4.911517
—5.964330
—5.425299
—3.960949
—1.763319

—1.052881
—3.270539

Total energy / hartree

=siianiiasiiasiicniic s HoNoNoNoNoNoNoNON AN

0.000000

0.000000

1.020214
—1.302512
—2.005281
—1.799071
—3.224452
—3.028440
—3.765761
—4.926663
—5.789848
—5.356724
—3.805888
—1.597781

—1.233385
—3.443832

Total energy / hartree

ocNoNoNoNoNoNoNeIV o

0.000000

0.000000

1.018327
—1.306767
—1.909289
—1.903251
—3.134678
—3.130778
—3.773785
—4.940600

0.000000
1.140513
—1.142346
1.148806
—1.147337
—0.003183
—0.040422
2.256497
0.948774
2.018905
2.015583

—2.015434
—2.030856

0.000000
0.000000
0.000000
0.000000
1.195188
—1.196104
1.199644
—1.196474
—0.002544
—0.040340
2.359119
0.985834
2.106539
2.114714

—2.114219
—2.117327

0.000000
0.000000
0.000000
0.000000
1.214062
—-1.213712
1.218290
—1.210820
—0.000049
—0.036952

1.922960
1.881295
2.609125
2.548210
3.251030
3.244563
3.879456
3.535581
3.763581
2.562596
1.334194

2.633058
3.775374

—612.0873278

0.000000
1.227691
1.911014
1.923308
2.059712
2.427597
2.719975
3.073427
3.239550
3.867244
3.870464
3.901064
2.862106
1.653888

2.313629
3.466525

—612.0864935

0.000000
1.227100
1.911491
1.921976
2.242369
2.239158
2.891845
2.889861
3.230135
3.847777

S-109
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—5.612500
—5.288148
—3.645894
—1.422755

—1.416694
—3.618319

2.397116
1.001718
2.137985
2.148402

—2.147868
—2.143756

O...F distance =2.54 A

D=0° Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@=10°

esiiasiicsiiasilissHoNoNoNoNONOoNONOR M)
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0.000000

0.000000

1.057391
—1.244260
—2.457025
—1.270660
—3.663852
—2.471761
—3.737936
—4.828102
—6.696014
—6.017744
—4.590999
—2.417747

—0.331065
—2.505426

Total energy / hartree

0.000000

0.000000

1.056088
—1.245440
—2.447375
—1.282405
—3.655184
—2.485577
—3.740974
—4.833405
—6.679064
—6.008126
—4.573282
—2.399157
—0.350591

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211143
—0.211514
0.218364
—0.216721
—0.000155
—0.011936
0.417638
0.245482
0.392960
0.371999
—0.372880

4.203252
4.031846
3.162916
1.984162

1.980997
3.148737

—612.1171611

0.000000
1.245322
1.904657
1.937341
1.221046
3.346545
1.880188
4.010539
3.319536
3.990182
2.268990
2.996458
1.321188
0.139275

3.883966
5.094744

—612.1167654

0.000000
1.244848
1.905274
1.936124
1.233713
3.328587
1.891525
3.989631
3.313514
3.981000
2.289667
3.004070
1.345016
0.164227
3.855472





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

D= 40°

H

—2.528663

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

0.000000

0.000000

1.053479
—1.247462
—2.420038
—-1.311181
—3.627205
—2.517237
—3.742935
—4.837766
—6.625229
—5.977309
—4.521333
—2.350440

—0.399647
—2.584497

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.049723
—1.251050
—2.376465
—1.358660
—3.583442
—2.568685
—3.747816
—4.847876
—6.542065
—5.930630
—4.439267
—2.272367

—0.480329
—2.674592

Total energy / hartree

O
N
O

0.000000
0.000000
1.045183

—0.389758

0.000000
0.000000
0.000000
0.000000
0.415753
—0.416542
0.431295
—0.427484
0.002025
—0.017222
0.832611
0.491219
0.773132
0.731683

—0.732369
—0.767171

0.000000
0.000000
0.000000
0.000000
0.607509
—0.608846
0.627259
—0.621975
0.001004
—0.029753
1.204979
0.709175
1.122646
1.069692

—1.070670
—1.113558

—612.1100539

0.000000
0.000000
0.000000

5.059582

—612.1154858

0.000000
1.244130
1.907380
1.934111
1.277317
3.277188
1.937341
3.934181
3.308017
3.972564
2.380596
3.054966
1.431622
0.243814

3.769179
4.962111

—612.1132344

0.000000
1.243186
1.910477
1.931355
1.349492
3.194117
2.011818
3.845679
3.298538
3.955688
2.521547
3.132704
1.570918
0.375129

3.628906
4.806745

0.000000
1.241322
1.912142

S-111
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S-112

C
C
C
C
C
C
O
F
H
H
H
H
H
@=50°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=60°

ocNoNoNoNoNoNoNeIV o
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—1.256980
—2.319703
—1.422871
—3.525711
—2.637618
—3.753748
—4.859036
—6.428892
—5.865389
—4.331693
—2.171370

—0.589642
—2.792903

Total energy / hartree

0.000000

0.000000

1.040401
—1.265335
—2.251757
—1.503231
—3.457843
—2.722880
—3.762781
—4.874288
—6.293221
—5.788964
—4.204725
—2.049173

—0.726158
—2.937271

Total energy / hartree

0.000000

0.000000

1.035771
—1.275226
—2.176073
—1.594068
—3.383554
—2.817378
—3.773911
—4.891963

0.000000
0.780596
—0.782232
0.804010
—0.795400
0.002970
—0.033812
1.548810
0.913147
1.434258
1.373938

—1.375820
—1.421229

0.000000
0.000000
0.000000
0.000000
0.929841
—0.931383
0.953699
—0.941744
0.005282
—0.036487
1.842321
1.086284
1.696314
1.637869

—1.640579
—1.679564

0.000000
0.000000
0.000000
0.000000
1.049664
—1.052418
1.068634
—1.060075
0.002637
—0.046182

1.929436
1.450655
3.083025
2.117544
3.729173
3.291768
3.942746
2.725183
3.249681
1.763391
0.555721

3.441208
4.601395

—612.1061688

0.000000
1.238905
1.912430
1.927862
1.576567
2.947255
2.246971
3.588274
3.284616
3.928005
2.974954
3.392496
1.995951
0.780530

3.210309
4.353942

—612.1020054

0.000000
1.235958
1.910998
1.927764
1.727012
2.792001
2.399535
3.430423
3.280435
3.915699





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@="10°

@=80°

T T T T ™

—6.145571
—5.706104
—4.064849
—1.912995

—0.881318
—3.094848

Total energy / hartree

esiiaaiiasiianianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.023281
—1.294414
—2.096050
—1.695319
—3.309981
—2.924590
—3.757671
—4.911469
—5.962662
—5.430733
—3.958726
—1.763139

—1.053231
—3.270379

Total energy / hartree

esiiaaiiasiianiicniissHoNoNoNoNoNoNo NN

0.000000

0.000000

1.020467
—1.302338
—2.005232
—1.799199
—3.224251
—3.028355
—3.766833
—4.926521
—5.788207
—5.360083
—3.803979
—1.597880

—1.233715
—3.443580

2.065700
1.214616
1.899480
1.853974

—1.856306
—1.885738

0.000000
0.000000
0.000000
0.000000
1.140371
—1.142195
1.149046
—1.146783
—0.002703
—0.041418
2.245580
0.959421
2.020104
2.015537

—2.015590
—2.030593

0.000000
0.000000
0.000000
0.000000
1.195037
—1.195992
1.199767
—1.196042
—0.002097
—0.041121
2.348245
0.994867
2.107530
2.114587

—2.114276
—2.116960

3.267610
3.562093
2.265623
1.048147

2.942801
4.076963

—612.0899554

0.000000
1.229580
1.912276
1.923294
1.882003
2.609814
2.549274
3.251953
3.246348
3.881162
3.540226
3.763639
2.562376
1.334984

2.633448
3.775757

—612.0877915

0.000000
1.227754
1.910784
1.923579
2.060220
2.428145
2.720780
3.074027
3.241226
3.869072
3.874039
3.903219
2.862191
1.654226

2.314243
3.467236

S-113
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S-114 M. A. Dobrowolski et al., Substituent Constants (c, ) of the Rotated Nitro Group

@=90° Total energy / hartree —612.0869505
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227142
O 1.018513 0.000000 1911314
C —1.306669 0.000000 1.922212
C —1.909303 1.213917 2.242777
C —1.903435 —1.213604 2.239656
C —3.134565 1.218380 2.892522
C —3.130675 —1.210385 2.890577
C —3.774822 0.000341 3.231666
O —4.940658 —0.037736 3.849176
F -5.611779 2.386098 4.204457
H —5.290597 1.009792 4.034603
H —3.644144 2.138885 3.162817
H —1.422863 2.148307 1.984470
H —1.417146 —2.147936 1.981500
H -3.618106 —2.143385 3.149554

O...F distance = 2.53 A

D=0° Total energy / hartree —612.1172762
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.244995
O 1.057492 0.000000 1.903626
C —1.244763 0.000000 1.937321
C —2.457347 0.000000 1.220764
C —1.271649 0.000000 3.346343
C —3.664713 0.000000 1.879239
C —2.473289 0.000000 4.009783
C —3.738863 0.000000 3.318355
O —4.829707 0.000000 3.988730
F —6.689480 0.000000 2.273463
H —6.009778 0.000000 3.001620
H —4.591584 0.000000 1.319798
H —2.417915 0.000000 0.139019
H —0.332489 0.000000 3.884460
H —2.507224 0.000000 5.093944

@=10°  Total energy / hartree —612.1168814
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.244804
O 1.056124 0.000000 1.905104

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=20°

@=30°

asianiasiiasiiasiis HONoNONONONONQ!

—1.245540
—2.447463
—1.282430
—3.655355
—2.485651
—3.740793
—4.833366
—6.672143
—5.999984
—4.573598
—2.399263

—0.350635
—2.528801

Total energy / hartree

=siianiiasiiasiicniic s HoNoNoNoNoNoNoNON AN

0.000000

0.000000

1.053257
—1.247648
—2.420079
—1.311366
—3.627539
—2.517501
—3.743204
—4.838655
—6.619881
—5.970590
—4.521814
—2.350322

—0.399986
—2.584903

Total energy / hartree

ocNoNoNoNoNoNoNeIV o

0.000000

0.000000

1.049445
—1.251329
—2.376547
—1.358959
—3.583495
—2.569335
—3.747702
—4.847631

0.000000
0.211137
—0.211512
0.218134
—0.216724
—0.000283
—0.012241
0.415453
0.243068
0.392787
0.372100

—0.372974
—0.389674

0.000000
0.000000
0.000000
0.000000
0.415743
—0.416542
0.430173
—0.427291
0.000177
—0.021776
0.822115
0.480987
0.772187
0.732040

—0.732868
—0.767259

0.000000
0.000000
0.000000
0.000000
0.607538
—0.608802
0.627792
—0.622387
0.001568
—0.028065

1.936161
1.233796
3.328579
1.891550
3.989611
3.313392
3.981255
2.296952
3.012291
1.345345
0.164333

3.855449
5.059564

—612.1156044

0.000000
1.244061
1.907548
1.933973
1.277043
3.276964
1.936609
3.933913
3.306857
3.970906
2.384721
3.060648
1.431347
0.243662

3.768908
4.961742

—612.1133578

0.000000
1.243044
1.910526
1.931192
1.349076
3.193790
2.011481
3.844923
3.298079
3.956206

S-115
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S-116

F
H
H
H
H
H
@ =40°
O
N
O
C
C
C
C
C
C
O
F
H
H
H
H
H
@=50°

esiiaaiiasiianiicniissHoNoNoNoNoNoNo NN
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—6.535065
—5.922380
—4.439574
—2.272398

—0.480606
—2.675317

Total energy / hartree

0.000000

0.000000

1.045104
—1.256995
—2.319677
—1.422870
—3.525687
—2.637930
—3.753211
—4.858200
—6.421097
—5.856932
—4.331623
—2.171605

—0.589745
—2.793396

Total energy / hartree

0.000000

0.000000

1.040267
—1.265466
—2.251849
—1.503370
—3.458315
—2.723240
—3.763187
—4.875344
—6.289432
—5.783324
—4.205114
—2.049122

—0.726519
—2.937662

1.203001
0.705855
1.122735
1.069270

—1.070022
—1.114391

0.000000
0.000000
0.000000
0.000000
0.780537
—0.782278
0.804286
—0.795989
0.003938
—0.031705
1.546862
0.909634
1.434997
1.373348

—1.376049
—1.421791

0.000000
0.000000
0.000000
0.000000
0.929792
—0.931379
0.953171
—0.941906
0.004629
—0.037980
1.832699
1.076114
1.696065
1.638092

—1.640881
—1.679527

2.528641
3.140488
1.570710
0.374509

3.629140
4.805767

—612.1101843

0.000000
1.241309
1.912238
1.929328
1.450554
3.082920
2.117586
3.728446
3.291949
3.944069
2.733128
3.257827
1.764236
0.555225

3.441037
4.600638

—612.1063078

0.000000
1.238856
1.912515
1.927767
1.576440
2.947103
2.246287
3.587809
3.283489
3.926553
2.976912
3.395803
1.995859
0.780683

3.209952
4.353654





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@="10°

@=80°

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNONoNORV e

0.000000

0.000000

1.035681
—1.275384
—2.176108
—1.594223
—3.383629
—2.817381
—3.773513
—4.891640
—6.140698
—5.700082
—4.065069
—1.912927

—0.881629
—3.094654

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.031337
—1.286122
—2.092745
—1.693991
—3.302321
—2.918089
—3.783481
—4.907702
—5.976963
—5.606429
—3.913887
—1.761198

—1.053743
—3.262687

Total energy / hartree

0o zOo

0.000000

0.000000

1.020838
—1.302045

0.000000
0.000000
0.000000
0.000000
1.049692
—1.052375
1.068842
—1.059559
0.003178
—0.045579
2.057795
1.205668
1.899557
1.853904

—1.856404
—1.884793

0.000000
0.000000
0.000000
0.000000
1.137761
—1.141175
1.151656
—1.143073
0.002665
—0.049416
2.221645
1.300004
2.045160
2.014208

—2.017136
—2.030644

0.000000
0.000000
0.000000
0.000000

—612.1021526

0.000000
1.235904
1.910984
1.927714
1.726839
2.791883
2.399357
3.430744
3.280612
3.916580
3.271156
3.566513
2.265690
1.047906

2.942579
4.077896

—612.0982628

0.000000
1.232670
1.908316
1.928809
1.894528
2.621871
2.567913
3.263734
3.280761
3.909872
3.593858
3.755516
2.561347
1.347147

2.643542
3.783593

—612.0882672

0.000000
1.227842
1.910436
1.924008

S-117
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S-118 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

C —2.005103 1.194821 2.061010
C —1.799329 —1.195839 2.428997
C —3.223934 1.199918 2.721951
C —-3.027974 —1.195398 3.075322
C —3.768233 —0.001474 3.243784
O —4.926253 —0.042204 3.871749
F —5.787384 2.336725 3.878660
H —5.365364 1.008997 3.906111
H —3.801137 2.109024 2.862200
H —1.597893 2.114444 1.654940
H —1.234188 —2.114377 2.315048
H —3.442823 —2.116341 3.468996
@=90° Total energy / hartree —612.0874172
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227248
O 1.019379 0.000000 1.910439
C —1.305744 0.000000 1.922723
C —1.908800 1.213427 2.243928
C —1.902831 —1.213681 2.240748
C —3.133793 1.217816 2.894412
C -3.129514 —1.210526 2.892033
C —3.775378 0.000041 3.234561
O —4.939741 —0.040388 3.852470
F —5.611895 2.372532 4.208735
H —5.294179 1.020285 4.040695
H —3.641187 2.139319 3.164138
H —1.422645 2.148028 1.985611
H —1.416388 —2.147918 1.982298
H —3.616806 —2.143601 3.151143
O...F distance =2.525 A
Q=0° Total energy / hartree —612.1173299
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.245128
O 1.057106 0.000000 1.904599
C —1.244613 0.000000 1.937174
C —2.457140 0.000000 1.220663
C —1.271076 0.000000 3.346197
C —3.664243 0.000000 1.879493
C —2.472457 0.000000 4.009923

Croat. Chem. Acta 82 (2009) S1-S134





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

esijasiiesiianiiasiic HON@

—3.737976
—4.828393
—6.685711
—6.005316
—4.591370
—2.417778

—0.331661
—2.506293

Total energy / hartree

=siianiiasiiaciicniic s HoNoNoNoNoNoNoNONNe

0.000000

0.000000

1.055831
—1.245817
—2.447529
—1.282697
—3.655493
—2.486135
—3.740866
—4.833536
—6.668622
—5.995884
—4.573820
—2.399235

—0.350945
—2.529369

Total energy / hartree

esiiasiianiianiicssHoNoNoNONONONONO A

0.000000

0.000000

1.053281
—1.247608
—2.420091
—1.311308
—3.627488
—2.517287
—3.742796
—4.838024
—6.615811
—5.966110
—4.521779
—2.350425
—0.399927

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211138
—0.211509
0.218360
—0.217607
—0.000228
—0.011321
0.416869
0.243718
0.393002
0.371976

—0.372613
—0.390822

0.000000
0.000000
0.000000
0.000000
0.415729
—0.416539
0.430803
—0.426396
0.001841
—0.018661
0.824215
0.482908
0.772338
0.731926
—0.732815

3.318600
3.989784
2.279229
3.007690
1.320588
0.138902

3.883905
5.094104

—612.1169363

0.000000
1.244666
1.905209
1.935978
1.233389
3.328272
1.891081
3.989067
3.312838
3.980998
2.300303
3.016127
1.345098
0.163913

3.855316
5.058968

—612.1156606

0.000000
1.244079
1.907557
1.934029
1.277203
3.277032
1.936935
3.934255
3.307457
3.972196
2.389585
3.065669
1.431384
0.243787
3.769006

S-119
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S-120

H

@=30°

esfasiiasiianiicsiics HoNoNoNoNoNoNoNORV e

@ =40°

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

@=50°

O
N
O
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—2.584610

Total energy / hartree

0.000000

0.000000

1.049491
—1.251303
—2.376552
—1.358862
—3.583526
—2.569185
—3.747527
—4.847630
—6.532099
—5.918708
—4.439711
—2.272476

—0.480573
—2.675141

Total energy / hartree

0.000000

0.000000

1.045065
—1.257235
—2.319825
—1.422951
—3.525811
—2.637983
—3.753117
—4.858323
—6.418341
—5.853339
—4.332114
—2.171702

—0.589786
—2.793326

Total energy / hartree

0.000000
0.000000
1.040242

—0.765440

0.000000
0.000000
0.000000
0.000000
0.607527
—0.608802
0.627659
—0.622187
0.001498
—0.028624
1.199632
0.702268
1.122663
1.069162

—1.070267
—1.114210

0.000000
0.000000
0.000000
0.000000
0.780616
—0.782205
0.804427
—0.795518
0.003929
—0.031780
1.543001
0.905498
1.434654
1.373311

—1.375767
—1.421335

—612.1063742

0.000000
0.000000
0.000000

4.962389

—612.1134162

0.000000
1.243038
1.910442
1.931259
1.349227
3.193862
2.011635
3.845124
3.298085
3.956253
2.531620
3.143839
1.571174
0.374605

3.629074
4.805959

—612.1102463

0.000000
1.241176
1.911938
1.929433
1.450554
3.082890
2.117599
3.728744
3.291916
3.944016
2.734870
3.259834
1.764259
0.555171

3.441225
4.600946

0.000000
1.238885
1.912598





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=60°

@=170°

asianiasiiasiiasiis HONoNONONONONQ!

—1.265432
—2.251853
—1.503360
—3.458559
—2.723371
—3.763159
—4.875201
—6.286405
—5.779656
—4.204922
—2.049420

—0.726702
—2.937792

Total energy / hartree

=siianiiasiiasiicniic s HoNoNoNoNoNoNoNON AN

0.000000

0.000000

1.035614
—1.275472
—2.176207
—1.594212
—3.384257
—2.817734
—3.774498
—4.894132
—6.141677
—5.700065
—4.066039
—1.912787

—0.881780
—3.095704

Total energy / hartree

ocNoNoNoNoNoNoNeIV o

0.000000

0.000000

1.031317
—1.286141
—2.092797
—1.694001
—3.302362
—2.918483
—3.783283
—4.907412

0.000000
0.929641
—0.931486
0.952837
—0.942289
0.004750
—0.037802
1.829753
1.072592
1.696390
1.637914

—1.641312
—1.679558

0.000000
0.000000
0.000000
0.000000
1.049699
—1.052394
1.068098
—1.060080
0.001572
—0.048747
2.049370
1.196310
1.898575
1.854185

—1.856651
—1.886109

0.000000
0.000000
0.000000
0.000000
1.137763
—1.141186
1.151679
—1.143316
0.002662
—0.049286

1.927664
1.576449
2.947061
2.246086
3.587276
3.283363
3.926838
2.980072
3.399144
1.996292
0.780594

3.209611
4.353464

—612.1022229

0.000000
1.235867
1.911017
1.927644
1.726730
2.791732
2.398278
3.430000
3.278206
3.911820
3.265937
3.561899
2.264818
1.048230

2.941929
4.075822

—612.0983383

0.000000
1.232662
1.908333
1.928701
1.894385
2.621710
2.567749
3.262838
3.280494
3.909937

S-121
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S-122 M. A. Dobrowolski et al., Substituent Constants (c, ) of the Rotated Nitro Group

F —5.973859 2.217785 3.595771
H —5.603515 1.295150 3.756535
H —3.914006 2.045131 2.561328
H —1.761421 2.014074 1.346701
H —1.053804 —2.017178 2.643302
H —3.263530 —2.031088 3.782051
@=80° Total energy / hartree —612.0955493
0O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.229817
0] 1.027679 0.000000 1.905611
C —1.296163 0.000000 1.929313
C —2.003230 1.191829 2.072092
C —1.799846 —1.194939 2.440558
C —3.218130 1.200825 2.739522
C —3.023424 —1.191799 3.087549
C —3.794321 0.002934 3.277453
O —4.925064 —0.050488 3.898469
F —5.804639 2.316214 3.924828
H —5.507497 1.351405 3.948268
H —3.758599 2.131027 2.862883
H —1.597230 2.112790 1.665689
H —1.236877 —2.115693 2.324549
H —3.437245 —2.115683 3.477486
@=90° Total energy / hartree —612.0876576
0O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.227307
0] 1.019697 0.000000 1.910142
C —1.305430 0.000000 1.923003
C —1.908678 1.213197 2.244490
C —1.902804 —1.213634 2.241359
C —3.133508 1.217717 2.895378
C —3.129131 -1.210279 2.892888
C —3.776249 0.000226 3.236389
0] —4.939506 —0.041554 3.854315
F —5.612436 2.365802 4211286
H —5.297264 1.030787 4.044503
H —3.639010 2.140187 3.164309
H —1.422664 2.147894 1.986132
H —1.416490 —2.147967 1.982863
H —3.616325 —2.143410 3.152103
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=10°

@=20°

O...F distance = 2.523 A

Total energy / hartree

esfasiiasiianiicsiics HoNoNoNoNoNoNoNONV e

0.000000

0.000000

1.057061
—1.245061
—2.457450
—1.271786
—3.664860
—2.473527
—3.738807
—4.829817
—6.684665
—6.003595
—4.591845
—2.417967

—0.332624
—2.507455

Total energy / hartree

esiiaaiiasiianiianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.055754
—1.245882
—2.447542
—1.282772
—3.655537
—2.486262
—3.740886
—4.833600
—6.667259
—5.994331
—4.573877
—2.399223

—0.351041
—2.529532

Total energy / hartree

O
N
O

0.000000
0.000000
1.053168

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.211138
—0.211507
0.218395
—0.217721
—0.000252
—0.011311
0.416691
0.243370
0.393006
0.371933

—0.372552
—0.391002

—612.1156824

0.000000
0.000000
0.000000

—612.1173513

0.000000
1.244896
1.904018
1.937178
1.220447
3.346060
1.878929
4.009474
3.317967
3.988637
2.278354
3.006720
1.319703
0.138707

3.884183
5.093631

—612.1169576

0.000000
1.244637
1.905253
1.935927
1.233284
3.328191
1.890939
3.988928
3.312661
3.980890
2.301593
3.017616
1.344992
0.163802

3.855288
5.058815

0.000000
1.244058
1.907689

S-123
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S-124

C
C
C
C
C
C
0
F
H
H
H
H
H

®=30°
0
N
0
C
C
C
C
C
C
0
F
H
H
H
H
H

®=40°

ocNoNoNoNoNoNoNeIV o
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

—1.247711
—2.420099
—1.311524
—3.627631
—2.517682
—3.743105
—4.838637
—6.614846
—5.964576
—4.521943
—2.350284

—0.400196
—2.585198

Total energy / hartree

0.000000

0.000000

1.049480
—1.251334
—2.376573
—1.358871
—3.583553
—2.569208
—3.747481
—4.847597
—6.530823
—5.917185
—4.439773
—2.272498

—0.480581
—2.675163

Total energy / hartree

0.000000

0.000000

1.045030
—1.257275
—2.319819
—1.422990
—3.525670
—2.638129
—3.752766
—4.857576

0.000000
0.415733
—0.416538
0.430466
—0.426859
0.000924
—0.020301
0.821460
0.480227
0.772150
0.732142

—0.732792
—0.766278

0.000000
0.000000
0.000000
0.000000
0.607524
—0.608800
0.627673
—0.622184
0.001520
—0.028583
1.198704
0.701182
1.122651
1.069182

—1.070247
—1.114178

0.000000
0.000000
0.000000
0.000000
0.780613
—0.782203
0.804805
—0.795701
0.004709
—0.030031

1.933883
1.276902
3.276854
1.936392
3.933785
3.306673
3.971042
2.389255
3.065690
1.430971
0.243558

3.768939
4.961784

—612.113439

0.000000
1.243021
1.910418
1.931260
1.349227
3.193847
2.011643
3.845109
3.298074
3.956361
2.532968
3.145312
1.571241
0.374617

3.629069
4.805958

—612.1102705

0.000000
1.241160
1.911934
1.929414
1.450502
3.082856
2.117820
3.728535
3.292378
3.945488





M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=50°

@=60°

T T T T ™

—6.416068
—5.850850
—4.332002
—2.171741

—0.589734
—2.793406

Total energy / hartree

esiiaaiiasiianianiissHoNoNoNoNoNoNoNON e

0.000000

0.000000

1.040175
—1.265594
—2.251876
—1.503409
—3.458118
—2.723658
—3.762499
—4.874199
—6.283433
—5.777231
—4.205200
—2.049423

—0.726455
—2.938149

Total energy / hartree

esiiaaiiasiianiicniissHoNoNoNoNoNoNo NN

0.000000

0.000000

1.035581
—1.275507
—2.176217
—1.594233
—3.384287
—2.817719
—3.774395
—4.894046
—6.140656
—5.698746
—4.066121
—1.912773

—0.881815
—3.095586

1.544700
0.906492
1.434970
1.373113

—1.375517
—1.421338

0.000000
0.000000
0.000000
0.000000
0.929816
—0.931375
0.953650
—0.942340
0.005501
—0.036100
1.831267
1.073241
1.696327
1.637418

—1.640655
—1.680062

0.000000
0.000000
0.000000
0.000000
1.049701
—1.052391
1.068113
—1.059986
0.001675
—0.048608
2.047813
1.194512
1.898550
1.854199

—1.856658
—1.885861

2.738485
3.263422
1.764502
0.554986

3.441377
4.600870

—612.1064002

0.000000
1.238793
1.912501
1.927719
1.576288
2.946977
2.246567
3.587110
3.284045
3.928561
2.983823
3.402427
1.996573
0.779843

3.210091
4.352820

—612.1022506

0.000000
1.235855
1.911033
1.927636
1.726700
2.791708
2.398232
3.430076
3.278249
3.912012
3.266637
3.562722
2.264847
1.048225

2.941906
4.076133

S-125
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S-126 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

@=170° Total energy / hartree —612.098368
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.232653
O 1.031274 0.000000 1.908356
C —1.286171 0.000000 1.928714
C —2.092781 1.137746 1.894383
C —1.694034 —1.141189 2.621730
C —3.302770 1.151420 2.567083
C —2.918448 —1.143245 3.262978
C —3.783779 0.002330 3.279519
O —4.908697 —0.050265 3.907737
F —5.975244 2.214395 3.592582
H —5.604360 1.291255 3.753430
H —3.914362 2.044897 2.560791
H —1.761228 2.014209 1.347048
H —1.054066 —2.017352 2.642998
H —3.263444 —2.030957 3.782328

@=80° Total energy / hartree —612.0955809
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.229842
O 1.027624 0.000000 1.905759
C —1.296058 0.000000 1.929305
C —2.003141 1.191822 2.072105
C —1.799778 —1.194941 2.440581
C —3.218052 1.200855 2.739510
C —3.023035 —1.191655 3.088138
C —3.793877 0.003079 3.277906
O —4.924648 —0.050398 3.898870
F —5.803661 2.314380 3.925128
H —5.507216 1.349112 3.946916
H —3.758650 2.130976 2.862745
H —1.597061 2.112805 1.665808
H —1.236987 —2.115759 2.324208
H —3.436774 —2.115477 3.478318

@=9(0° Total energy / hartree —612.094487
O 0.000000 0.000000 0.000000
N 0.000000 0.000000 1.228729
O 1.025768 0.000000 1.905032
C —1.301138 0.000000 1.928063
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group S-127

C —1.907701 1.210014 2.254078
C —1.904893 —1.212900 2.252569
C —3.130476 1.217377 2.908647
C —3.125541 —1.206989 2.906433
C —3.803373 0.003885 3.268045
O —4.941890 —0.049992 3.876113
F —5.634818 2347717 4.245395
H —5.412977 1.367940 4.127744
H —3.600598 2.159700 3.161066
H —1.423139 2.146043 1.994423
H —1.420798 —2.149192 1.992992
H —3.609557 —2.142532 3.166123
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S-128 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

Total Energy and the Cartesian Coordinates at B3LYP/6-311+G** for Phenol and F
Complexes

O...F distance =4.0 A

Total energy / hartree —407.4736065
F 0.000000 0.000000 0.000000
0O 0.000000 0.000000 4.000000
C 1.304283 0.000000 4.367649
C 1.612563 0.000000 5.731412
C 2.330863 0.000000 3.412579
C 2.945368 0.000000 6.136992
C 3.656276 0.000000 3.836289
C 3.976067 0.000000 5.196425
H —0.078650 0.000000 3.026928
H 0.802768 0.000000 6.452125
H 3.178246 0.000000 7.197361
H 5.011988 0.000000 5.517571
H 4.446282 0.000000 3.092491
H 2.068252 0.000000 2.355832

O...F distance=3.8 A

Total energy / hartree —407.477252
F 0.000000 0.000000 0.000000
0 0.000000 0.000000 3.800000
C 1.302518 0.000000 4.167152
C 1.615456 0.000000 5.530141
C 2.326586 0.000000 3.208239
C 2.949831 0.000000 5.931268
C 3.653014 0.000000 3.627929
C 3.977523 0.000000 4.987408
H —0.078929 0.000000 2.823865
H 0.808119 0.000000 6.253717
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

asjianfaniant

3.186358
5.014528
4.441151
2.055343

0.000000
0.000000
0.000000
0.000000

O...F distance = 3.6 A

Total energy / hartree

asiiesiiasiiasiiasiics O NONONONONONON.>

0.000000
0.000000
1.300502
1.618719
2.321962
2.954792
3.649498
3.979211
—0.078581
0.814127
3.195319
5.017392
4.435609
2.041001

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

O...Fdistance=3.4 A

Total energy / hartree

asiiasiiasiiasilasilcs O NONONONONO MO N>

0.000000
0.000000
1.298289
1.620820
2.318718
2.957990
3.646865
3.980389
—0.077884
0.818149
3.201119
5.019388
4.431844
2.029366

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S-129

6.990938
5.305338
2.881924
2.153080

—407.4815813

0.000000
3.600000
3.966583
5.328738
3.003555
5.724960
3.418790
4.777526
2.619518
6.055496
6.783853
5.091923
2.670387
1.950263

—407.4866934

0.000000
3.400000
3.765960
5.127768
2.800447
5.520846
3.212893
4.571174
2.413645
5.856800
6.579286
4.883225
2.462995
1.749021
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S-130 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

O...Fdistance=3.2 A

Total energy / hartree —407.4926245
F 0.000000 0.000000 0.000000
O 0.000000 0.000000 3.200000
C 1.295692 0.000000 3.565228
C 1.622334 0.000000 4.927036
C 2.316344 0.000000 2.598331
C 2.960241 0.000000 5.317993
C 3.644810 0.000000 3.008925
C 3.981424 0.000000 4.366912
H —0.076815 0.000000 2.205379
H 0.821154 0.000000 5.657891
H 3.205147 0.000000 6.376192
H 5.021040 0.000000 4.677312
H 4.429186 0.000000 2.258039
H 2.019198 0.000000 1.548857

O...F distance=3.0 A

Total energy / hartree —407.4993933
F 0.000000 0.000000 0.000000
O 0.000000 0.000000 3.000000
C 1.292594 0.000000 3.364354
C 1.621837 0.000000 4.727098
C 2.316760 0.000000 2.399188
C 2.959370 0.000000 5.119244
C 3.644609 0.000000 2.811018
C 3.981732 0.000000 4.169279
H —0.074752 0.000000 1.993292
H 0.820642 0.000000 5.458165
H 3.203397 0.000000 6.177849
H 5.021302 0.000000 4.480253
H 4.429952 0.000000 2.060730
H 2.015568 0.000000 1.351214

O...F distance=2.8 A

Total energy / hartree —407.5068341
F 0.000000 0.000000 0.000000
O 0.000000 0.000000 2.800000
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M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group S-131

C 1.288468 0.000000 3.163191
C 1.618463 0.000000 4.528315
C 2.321418 0.000000 2.204383
C 2.953903 0.000000 4.926254
C 3.647190 0.000000 2.621713
C 3.981068 0.000000 3.981102
H —0.071169 0.000000 1.773718
H 0.815194 0.000000 5.257498
H 3.192813 0.000000 5.986283
H 5.019654 0.000000 4.295574
H 4.435621 0.000000 1.874123
H 2.023513 0.000000 1.156550
O...F distance =2.75 A
Total energy / hartree —407.5087436
F 0.000000 0.000000 0.000000
0] 0.000000 0.000000 2.750000
C 1.287183 0.000000 3.112829
C 1.617190 0.000000 4.478826
C 2.323283 0.000000 2.156448
C 2.951793 0.000000 4.879065
C 3.648310 0.000000 2.575979
C 3.980777 0.000000 3.935757
H —0.070080 0.000000 1.716921
H 0.813017 0.000000 5.207118
H 3.188792 0.000000 5.939598
H 5.018938 0.000000 4.251690
H 4.437876 0.000000 1.829445
H 2.027613 0.000000 1.108414
O...F distance =2.7 A
Total energy / hartree —407.5106487
F 0.000000 0.000000 0.000000
@) 0.000000 0.000000 2.700000
C 1.285720 0.000000 3.062417
C 1.615722 0.000000 4.429435
C 2.325503 0.000000 2.108890
C 2.949327 0.000000 4.832361
C 3.649660 0.000000 2.530994
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S-132 M. A. Dobrowolski et al., Substituent Constants (o, ) of the Rotated Nitro Group

C 3.980443 0.000000 3.891213
H —0.068825 0.000000 1.658767
H 0.810486 0.000000 5.156672
H 3.184072 0.000000 5.893478
H 5.018099 0.000000 4.208858
H 4.440525 0.000000 1.785680
H 2.032877 0.000000 1.060502
O...F distance =2.65 A
Total energy / hartree —407.5125357
F 0.000000 0.000000 0.000000
O 0.000000 0.000000 2.650000
C 1.284027 0.000000 3.011939
C 1.614062 0.000000 4.380149
C 2.328107 0.000000 2.061744
C 2.946493 0.000000 4.786173
C 3.651257 0.000000 2.486815
C 3.980082 0.000000 3.847527
H —0.067380 0.000000 1.598887
H 0.807603 0.000000 5.106172
H 3.178611 0.000000 5.847962
H 5.017146 0.000000 4.167148
H 4.443589 0.000000 1.742889
H 2.039475 0.000000 1.012817
O...F distance =2.6 A
Total energy / hartree —407.5143871
F 0.000000 0.000000 0.000000
O 0.000000 0.000000 2.600000
C 1.282565 0.000000 2.961527
C 1.612243 0.000000 4.331256
C 2.331321 0.000000 2.015526
C 2.943232 0.000000 4.741038
C 3.653562 0.000000 2.444228
C 3.979840 0.000000 3.805458
H —0.065267 0.000000 1.535028
H 0.804031 0.000000 5.055399
H 3.172360 0.000000 5.803610
H 5.016202 0.000000 4.127531
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H 4.447545 0.000000 1.701918
H 2.048841 0.000000 0.965637
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HOMA
o

0,55 -

Two-point linear regression between HOMA and substituent constant oy, .
o, =-0.2828*HOMA + 0.8715

-2 A

-3 4

NICS
IN

Two-point linear regression between NICS and substituent constant oy, .
o, =6.15*NICS —10.234
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