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Abstract. Ab initio calculations have been carried out to investigate bonding patterns and B−N coupling 
constants in five-membered rings N3B2H4X and N2B3H4X, for X = H, F, and Li, with substitution occur-
ring only at N. F-substitution results in the formation of a covalent N−F bond, whereas Li-substitution 
leads to an ion-pair with little covalency. Substitution has a highly localized effect, changing the electron 
density only at the substituted N. F-substitution also has a very localized effect on coupling constants, at 
most only changing 1J(B−N) involving the substituted N. Li-substitution has a more delocalized effect. It 
always decreases 1J(B−N) involving the substituted N, and may also decrease 1J(B−N) of a proximal B−N 
bond if the B atom is bonded to the substituted N. 
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INTRODUCTION 

Understanding the structure and properties of a chemi-
cal compound requires a fundamental knowledge of its 
bonding characteristics. For example, it is well estab-
lished that the basicity of an amine is significantly dif-
ferent from that of an imine, even though in both cases 
the basic center is a nitrogen atom, but these have quite 
different connectivities. Zvonko Maksić and his group 
have very much exploited this idea in their efforts to 
design superacids and superbases.1 They have been 
successful by taking advantage of the cooperativity 
associated with intramolecular hydrogen bonds,2,3 in-
ducing significant changes in the aromaticity of a sys-
tem,4 enhancing acidity or basicity with a judicious 
choice of substituents,5,6 and building supramolecular 
structures from simpler building blocks.7−10 Maksić has 
also explored other interesting aspects of chemical 
bonding,11 such as the existence of periodic trends in 
bond dissociation energies12 and the existence of cova-
lent bonds between alpha particles and neutral chemical 
compounds.13 For the latter, it was possible to demon-
strate that alpha particles can produce kinetically stable, 
long-lived adducts with HCN and HNC.13 Understand-
ing the electronic structures of these systems was essen-
tial for understanding and predicting properties. 

Among the properties which are extremely sensi-
tive to the intricacies of electronic structure are mag-
netic properties, particularly coupling constants. These, 
being second-order properties, depend on the electronic 
structure not only of the ground state but also of excited 
states which couple to the ground state through the 
coupling operators. Over the past several years we have 
focused our studies on spin-spin coupling constants for 
hydrogen-bonded systems14−16 as well as molecules with 
normal covalent bonds17−20 including those with B−N 
bonds. Among molecules with BN bonds, borazine is 
undoubtedly among the most studied and the most inter-
esting, due to its aromatic character. In our studies of 
borazine we investigated the effects of electron-
withdrawing (F) and electron-donating (Li) substituents 
on one-bond 11B−15N coupling constants, and compared 
them to substituent effects on one-bond 13C−13C cou-
pling constants for benzene.17 We also examined cou-
pling constants in organoboryl systems which had been 
recently synthesized, and in which B acts as an electro-
philic site. In the present paper, we extend our studies of 
systems with B−N bonds to examine B−N bonding and 
coupling constants for a subset of five-membered rings, 
represented as N3B2H4X and N2B3H4X, for X = H (the 
parent molecule), F, and Li, with substitution occurring 
only at N. 
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METHODS 

The molecules N3B2H4X and N2B3H4X, for X = H, Li, 
and F, were optimized at second-order Møller-Plesset 
perturbation theory (MP2)21−24 with the 6-311++G(d,p) 
basis set.25−27 Vibrational frequencies were computed to 
establish that each structure is a local minimum on its 
potential surface. The bonding in these rings has been 
analyzed by means of the NBO partitioning technique,28 
and the atoms in molecules (AIM) theory.29 Structure 
optimizations were done using the Gaussian-03 software 
package30 on the Itanium Cluster at the Centro de Com-
putación Científica of the Universidad Autónoma of 
Madrid. 

Spin-spin coupling constants were computed using 
the equation-of-motion coupled cluster singles and dou-
bles (EOM-CCSD) method in the CI(configuration 
interaction)-like approximation,31−34 with all electrons 
correlated. For these calculations the Ahlrichs35 qzp 
basis set was placed on 15N and 19F, the hybrid basis sets 
developed previously were used for 7Li and 11B,17 and 
either the Ahlrichs qz2p35 or Dunning cc-pVDZ basis 
set36,37 was placed on 1H. It has been demonstrated that 
1J(B−N) is essentially insensitive to these two different 
H basis sets. 17 

In the Ramsey approximation, the total coupling 
constant (J) is a sum of four contributions: the para-
magnetic spin-orbit (PSO), diamagnetic spin-orbit 
(DSO), Fermi-contact (FC), and spin-dipole (SD).38 In 
the study of borazine,17 it was demonstrated that the FC 
term is a reasonable approximation to 1J(B−N), usually 
underestimating its absolute value by about 2 Hz, which 
is the contribution from the PSO term. Due to the low 
computational symmetry of most of the five-membered 
rings investigated in this study, the FC term will also be 
used to approximate 1J(B−N). Further justification of 
this approximation will be given below. The EOM-
CCSD calculations were carried out using ACES II39 on 
the Itanium Cluster at the Ohio Supercomputer Center. 

 

STRUCTURES AND BONDING 

The optimized structures of the substituted 5-membered 
rings N3B2H4X and N2B3H4X, for X = F, Li, are illu-
strated in Figure 1. Fully-optimized geometries are 
reported in Table S1 of the supporting information. 
There are two isomers of N3B2H5, designated N3B2_1, 
the more stable, and N3B2_2. Similarly, the F- and Li-
substituted derivatives are designated N3B2_1_X1 and 
N3B2_1_X2, with the former more stable. A similar 
scheme has been used to identify isomers of N2B3H4X. 

Although a detailed description of geometries will 
not be given here, some unusual structural features 

deserve comment. The most significant one is that with 
the single exception of N3B2_1_Li1 due to symmetry, 
all Li-substituted derivatives have the Li atom in some 
type of bridging orientation, usually between the N 
atom to which it is directly bonded and an adjacent 
boron atom. The bonding responsible for this conforma-
tional preference will be discussed below. A particularly 
interesting derivative is N3B2_2_Li1 in which the Li 
atom is located above the five-membered ring almost at 
its center, forming a kind of pyramid with the five-
membered ring as the base and the Li atom at the apex. 

The second interesting geometrical feature is the 
opposing effects of F- and Li-substitution on the ring 
bond angle at the substituted nitrogen. This angle is 
systematically greater for the F-substituted derivative 
than the corresponding Li derivative. This can be readi-
ly seen from N3B2_1_F1 and N3B2_1_Li1 which does 
not contain a bridging Li. The B2−N3−B4 angles are 
112.7 and 103.8o, respectively. This trend may be ratio-
nalized by noting that the sp2 hybridized orbital on N 
which is involved in the N3−F bond should have in-
creased p character due to the strong electron-
withdrawing ability of F. By orthogonality, the other 
two hybrids which are involved in the N−B bonds 
should have increased s character leading to a larger 
B2−N3−B4 angle. In contrast, the Li derivative can be 
viewed as a complex between Li+ and a five-membered 
anionic ring, as will be discussed below. As a result, the 
N3−X bonding orbital becomes essentially a lone-pair 
orbital on N3 with reduced p character. By orthogonali-
ty, the remaining hybrid orbitals on N3 would have 
greater p character leading to a smaller B2−N3−B4 
angle. 

Figure 1. MP2/6-311++G(d,p) optimized geometries. Bond 
lengths are in Å and bond angles in degrees. 
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In contrast to the Li derivatives, the F derivatives 
always have the F atom bonded to a single N atom, 
although the N−F distance is relatively long compared 
to a normal covalent N−F distance such as that com-
puted for NF3 (1.369 Å) at the same level of theory. The 
longest N−F distance (1.470 Å) is found for 
N3B2_2_F1, in which case the fluorine atom is attached 
to N5, the central atom of an N−N−N linkage. The cal-
culated Wiberg bond order for the N5−F bond is only 
0.80. The small bond order is most likely a reflection of 
the enhanced electronegativity of N5 resulting from its 
bonding to two nitrogen atoms. Hence, as is usually the 
case when two very electronegative atoms are bonded as 
in F2, the bond is weak because electron density accu-
mulates preferentially in the vicinity of both atoms ra-
ther than in the internuclear region.40 This is indeed the 
case for the N5−F bond of N3B2_2_F1, where the elec-
tron density at the bcp (0.240 a.u.) is much smaller than 
that of the N−F bonds of NF3 (0.327 a.u.), but similar to 
that of the F−F bond in F2 (0.261 a.u.). For the F2 mole-
cule, the Laplacian at the bond critical point is posi-
tive.40 Although the Laplacian of the electron density 
(−0.024 a.u.) for the N5−F bond remains negative, it is 
very small in absolute value, clearly indicating the dif-
fuseness of the electron density. 

An NBO analysis shows that in the Li derivatives, 
the net atomic charge on the Li atom approaches +1.0 e. 
Thus, the NBO description suggests that the bonding in 
these molecules results primarily from an electrostatic 
interaction between a Li+ cation and a five-membered 
ring with a net charge of −1.0 e, with little covalency. 
This description is also consistent with the bonding 
picture obtained from AIM theory, which indicates the 
existence of one bond critical point between the Li atom 
and the substituted N of the ring. The reduced value of 
the electron density at this bcp (typically 0.04−0.05 a.u.) 
and the positive value of the Laplacian are similar to the 
values obtained for typical interactions between Li+ and 
neutral molecules.41,42 This is the basis leading to 
bridged Li structures. Such bridged structures are rather 
common for Li+ complexes with bases that present two 
neighboring negatively-charged basic sites, and leads to 
the enhanced Li+ basicities of triazoles, tetrazoles,41 
azines,43 some nitrogen containing three-membered 
rings,44 and P4.

45 Bridging structures are a consequence 
of the ability of Li+ to polarize the electron density dis-
tribution around two basic sites, favoring di-
coordination.46 

For the five-membered BN rings, charge transfer 
from Li to the ring leads to a strong interaction of Li+ 
not only with the N atom to which it is formally bonded, 
but also with the H atom of an adjacent B−H bond 
where negative charge accumulates on the hydrogen. A 
NBO second-order perturbation analysis shows charge 

donation from the BH bonding orbital of this BH group 
to the almost empty s orbital of the Li atom. The depo-
pulation of this BH bonding orbital is reflected in a 
lengthening of the B−H bond to 1.23−1.24 Å, relative to 
the other B−H bonds of the ring which have lengths 
typically around 1.19 Å. In the particular case of the 
N3B2_1_Li1 derivative, this interaction is weaker be-
cause the Li atom is equidistant and far-removed from 
the two adjacent B−H bonds. For N3B2_2_Li1, interac-
tion with the two B−H bonds forces the Li atom to sit 
above the ring. In this position this interaction is again 
weaker, although a significant charge donation from the 
B2B3 bonding orbital to the almost empty s orbital of Li 
does occur. 

The most striking observation concerning the ef-
fect of F- and Li-substitution on the electron density 
distribution in the rings is its highly localized nature. 
That is, substitution significantly alters the net charge of 
the substituted nitrogen, and has only a minor effect on 
the charges of the other atoms of the ring, as clearly 
illustrated in Table 1 for three derivatives, taken as 
suitable examples. As expected, F substitution at N 
significantly decreases the net negative charge on N, 
while Li substitution increases the net negative charge 
on the substituted N. 

 

COUPLING CONSTANTS 

In a previous study we observed that the FC term is a 
reasonable approximation to 1J(B−N), underestimating 
its absolute value by approximately 2 Hz, the contribu-
tion of the PSO term.17 That this is also the case for the 
B−N coupling constants of the five-membered rings is 
illustrated in Table 2, which reports 1J(B−N) and com-
ponents of 1J(B−N) for N3B2_1_F1 and N2B3_1. In 
this paper, the FC terms are used to approximate 
1J(B−N). 

In our previous study, we examined the effects of 
F and Li substitution on 1J(B−N) for the six-membered 
ring borazine.17 Relative to borazine, F-substitution at N 
was found to increase the absolute value of 1J(B−N) 
involving the substituted N, while Li-substitution at N 
decreased the same 1J(B−N). Moreover, F-substitution 
was observed to have a very localized effect, while Li-
substitution changed not only the B−N coupling con-
stant involving the substituted N, but also had an effect 
on a proximal B−N coupling constant involving the B 
atom bonded to the substituted N. What effects do F- 
and Li-substitution have on 1J(B−N) for the five-
membered BN rings investigated in this study? 

Table 3 present the computed one-bond B−N 
coupling constants 1J(B−N). Figures 2 through 5 present 
bar graphs illustrating changes in B−N coupling con-
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stants in the derivatives relative to the parent molecules 
N3B2_1, N3B2_2, N2B3_1, and N2B3_2, respectively. 
In these graphs, the middle bar always refers to the 
parent compound (PC). The peaks are ordered from left 
to right as F1, F2 (if it exists), PC, Li1, Li2 (if it exists).  

Similar to the effect of F-substitution on 1J(B−N) 
for borazine, F-substitution in these five-membered 
B−N rings has a very localized effect, altering at most 

only 1J(B−N) involving the substituted N atom. Howev-
er, in contrast to its effect in borazine, F-substitution has 
a variable effect on this coupling constant, since it may 
increase, decrease, and leave its absolute value essen-
tially unchanged. Thus, for N3B2_1_F1 with F-
substitution at N3, 1J(B2−N3) and 1J(N3−B4) increase 
in absolute value. Similarly, F-substitution at N1 in 
N2B3_1_F also leads to an increase in 1J(N1−B2). It 

Table 1. Natural net atomic charges for selected derivatives(a) 

N2B3_1_X N2B3_2_X N3B2_1_X1 

atom X = F X = Li atom X = F X = Li atom X = F X = Li 

N1 −0.481 −1.357 N1 −0.051 −0.848 N1 −0.636 −0.656 

B2 0.798 0.818 B2 0.200 0.085 B2 0.606 0.616 

N3 −1.084 −1.095 B3 0.208 0.189 N3 −0.408 −1.410 

B4 0.454 0.411 B4 0.297 0.274 B4 0.606 0.616 

B5 0.360 0.330 N5 −0.636 −0.638 N5 −0.636 −0.656 
(a)The substituted position is indicated in bold. 
 
 
Table 2. Total J and components of J for N3B2_1_F1 and N2B3_1 

Molecule Coupled atoms PSO / Hz DOS / Hz FC / Hz SD / Hz J / Hz 

N3B2_1_F1 N1−B2 2.5 −0.1 −33.2 −0.3 −31.2 

 B2−N3 2.2 −0.1 −34.2 −0.2 −32.3 

N2B3_1 N1−B2 1.8 −0.1 −29.6 −0.1 −28.0 

 N3−B4 2.8 −0.1 −20.5 −0.1 −17.9 

 

Table 3. 1J(N−B) for N3B2H4X and N2B3H4X, for X = H, F, and Li(a) 

Molecule  1 N1 B2

Hz

J 
 

 1 B2 N3

Hz

J 
 

 1 N3 B4

Hz

J   1 B4 N5

Hz

J 
Molecule  1 N1 B2

Hz

J 
 

 1 B3 N4

Hz

J 

N3B2_1 −32.7 −28.7 −28.7 −32.7 N3B2_2 −25.9 −25.9 
N3B2_1_F1 

F at N3 
−33.2 −34.2 −34.2 −33.2 

N3B2_2_F1 
F at N5 

−25.8 −25.8 

N3B2_1_F2 
F at N1 

−23.1 −28.9 −26.8 −30.6 
N3B2_2_F2 

F at N1 
−25.3 −24.6 

N3B2_1_Li1 
Li at N3 

−27.6 −19.3 −19.3 −27.6 
N3B2_2_Li1 
Li over ring 

−14.9 −14.9 

N3B2_1_Li2 
Li bridging N1−B2 

−18.2 −29.8 −30.0 −35.7 
N3B2_2_Li2 
Li bridging 

N1−B2 
−14.9 −27.0 

 

Molecule 
 1 N1 B2

Hz

J 
 

 1 B2 N3

Hz

J 
 

 1 N3 B4

Hz

J 
 

 1 N1 B5

Hz

J 
 Molecule 

 1 N1 B2

Hz

J 
 

 1 B4 N5

Hz

J 
 

N2B3_1 −29.6 −29.6 −20.5 −20.5 N2B3_2 −29.7 −29.7 
N2B3_1_F 

F at N1 
−34.8 −30.2 −20.2 −21.4 

N2B3_2_F 
F at N1

−28.8 −28.5 

N2B3_1_Li −21.6 −24.8 −22.3 −12.1 N2B3_2_Li −18.8 −29.6 
Li bridging 

N1−B5     
Li bridging

N1−B2   

(a) 1J(N−B) approximated from the FC term. 
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should be noted that in these two molecules, the substi-
tuted N atom is bonded to two B atoms, as it is in bora-
zine. In contrast, F-substitution at N1 in N3B2_1_F2 
decreases 1J(N1−B2). 1J(N1−B2), which couples the 

substituted N1 to B2 in N3B2_2_F2 and N2B3_2_F, are 
unchanged by substitution. In these molecules, the 
coupled N is bonded to one N and one B atom. This 
indicates that the bonding environment of the coupled N 
atom influences the change in the coupling constant. 
The localized effect of F-substitution on coupling con-
stants may reflect to some extent the localized effect of 
F-substitution on the ground-state electron densities. 
However, it must be noted once again that coupling 
constants are second-order properties which depend on 
both ground- and excited-state electron densities. 

Similar to the effect of Li-substitution at N in bo-
razine, Li-substitution always decreases 1J(B−N) in-
volving the substituted nitrogen, irrespective of whether 
this nitrogen has the bonding pattern found in borazine. 
Moreover, Li-substitution has a somewhat more deloca-
lized effect on coupling constants insofar as coupling 
constants involving the B atom bonded to the substi-
tuted N may also decrease. For example, for 
N3B2_1_Li1 in which Li is bonded to N3 and is not in a 
bridging position, substitution decreases 1J(B2−N3) and 
1J(N3−B4) as expected, but also decreases to a lesser 
extent the two coupling constants 1J(N1−B2) and 
1J(B4−N5) with the B atoms bonded to N3. On the other 
hand, in N3B2_1_Li2 Li bridges N1 and B2, and only 
1J(N1−B2) is markedly changed by substitution. Li sits 
over the ring in N3B2_2_Li1, and both 1J(N1−B2) and 
1J(B3−N4) are decreased by substitution, while for 
N3B2_2_Li2 in which Li bridges N1−B2, only 
1J(N1−B2) decreases relative to the parent molecule. 

For the N2B3 derivatives, Li bridges N1−B5 in 
N2B3_1_Li, and the two coupling constants involving 
N1, 1J(N1−B2) and 1J(N1−B5), decrease. In addition, 
since B2 is bonded to N1, 1J(B2−N3) also decreases but 
to a lesser extent. Only 1J(N3−B4) is unchanged by 
substitution. For N2B3_2_Li with Li bridging N1−B2, 
only 1J(N1−B2) decreases relative to N2B3_2.  

 

CONCLUSIONS 

Ab initio calculations have been carried out to investi-
gate bonding and B−N spin-spin coupling constants in 
five-membered rings B3N2H4X and B2N3H4X, for X = 
H, F, and Li, with substitution occurring at N. The fol-
lowing statements are supported by the results of these 
calculations. 

1. There are two notable effects of substitution on 
the structures of these rings. First, with only one excep-
tion, all Li-substituted derivatives have the Li atom in 
some type of bridging orientation. Second, the bond 
angle at the substituted N is always greater for the F-
substituted than the corresponding Li-substituted deriva-
tive. 

Figure 2. Bar graph for N3B2_1 and its derivatives, illustrat-
ing substituent effects on 1J(B–N) 

Figure 3. Bar graph for N3B2_2 and its derivatives, illustrat-
ing substituent effects on 1J(B–N) 

Figure 4. Bar graph for N2B3_1 and its derivatives, illustrat-
ing substituent effects on 1J(B–N) 

Figure 5. Bar graph for N2B3_2 and its derivatives, illustrat-
ing substituent effects on 1J(B–N) 
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2. F-substitution in these rings results in the for-
mation of a covalent N−F bond. However, Li-
substitution leads to the creation of an ion pair with Li+ 
and an anionic ring, with little covalency. 

3. The effect of F- and Li-substitution on the elec-
tron density of the ring is highly localized at the site of 
substitution. 

4. F-substitution has a very localized effect on 
B−N coupling constants, influencing only 1J(B−N) 
involving the substituted nitrogen. If the substituted N is 
bonded to two B atoms as in borazine, then F-
substitution increases 1J(B−N). If the substituted N is 
bonded to one N and one B, then substitution may either 
decrease or leave 1J(B−N) unchanged relative to the 
parent molecule. This indicates that the bonding envi-
ronment of the coupled N influences the change in the 
coupling constant. 

5. Similar to the effect of Li-substitution in bora-
zine, Li-substitution in these five-membered rings has a 
more delocalized effect. Li-substitution always decreas-
es 1J(B−N) involving the substituted N, and may also 
decrease proximal B−N coupling constants involving 
the B atom which is bonded to the substituted N. 
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SAŽETAK 

Supstitucijski efekti na B−N vezu i konstante sprege u  

peteročlanim prstenovima N3B2H4X i N2B3H4X, za X = H, F i Li 

Janet E. Del Bene,a Otilia Mób i Manuel Yáñezb 

aDepartment of Chemistry, Youngstown State University, Youngstown, Ohio 44555, USA 
bDepartamento de Química, C-9, Universidad Autónoma de Madrid, Cantoblanco, 

28094-Madrid, Spain 

Provedeni su ab initio računi radi istraživanja veznih svojstava i B–N konstante sprege u peteročlanim prstenovi-
ma N3B2H4X i N2B3H4X, za X = H, F, i Li, sa supstitucijom jedino na N atomu. F-supstitucija uzrokuje stvaranje 
kovalentne N–F veze, dok Li-supstitucija dovodi do ionskog para s malo kovalentnog karaktera. Supstitucija ima 
vrlo lokalizirani efekt, mijenjajući elektronsku gustoću samo na supstituiranom N atomu. F-supstitucija također 
ima vrlo lokalni efekt na konstante sprege, najviše mijenjajući samo 1J(B–N) u kojoj sudjeluje supstituirani N 
atom. Li-supstitucija ima više delokalizirani efekt. Ona uvijek smanjuje 1J(B–N) u kojoj sudjeluje supstituirani N, 
te može smanjiti i 1J(B–N) proksimalne B–N veze ukoliko je B atom povezan sa supstituiranim N atomom. 
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Substituent Effects on B–N Bonding and Coupling Constants in Five-
membered Rings N3B2H4X and N2B3H4X, for X = H, F, and Li 
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SUPPLEMENT 
 
 
 
Table S1.  MP2/6-311++G(d,p) optimized geometries. Cartesian coordinates in Å  
 
 
N3B2_1_F1 
 
              7             0       -0.000000   -0.000000    0.730858 
              7             0       -0.062402    0.703303   -1.399706 
              7             0        0.062402   -0.703303   -1.399706 
              5             0       -0.000000    1.194806   -0.064509 
              5             0       -0.000000   -1.194806   -0.064509 
              1             0        0.293522    1.170740   -2.220815 
              1             0       -0.293522   -1.170740   -2.220815 
              1             0        0.062824    2.323141    0.279547 
              1             0       -0.062824   -2.323141    0.279547 
              9             0       -0.000000   -0.000000    2.111944 


 
N3B2_1_F2 
 
              7             0        0.000000    0.000000    0.000000 
              7             0        0.000000    0.000000    2.308881 
              7             0        1.331519    0.000000    1.892249 
              5             0       -0.840150   -0.219962    1.123858 
              5             0        1.358161    0.168056    0.475060 
              1             0        1.966792    0.449305    2.539883 
              1             0       -1.980421   -0.526014    1.179022 
              1             0        2.323521    0.444263   -0.154416 
              1             0       -0.290270    0.004364   -0.965671 
              9             0       -0.191563   -0.960750    3.334321 
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N3B2_1_Li1 
 
              7             0        0.000000    0.000000    1.115966 
              7             0       -0.076528    0.704982   -1.144426 
              7             0        0.076528   -0.704982   -1.144426 
              5             0        0.000000    1.131699    0.228324 
              5             0       -0.000000   -1.131699    0.228324 
              1             0        0.346231    1.179899   -1.931023 
              1             0       -0.346231   -1.179899   -1.931023 
              1             0        0.062137    2.297413    0.509944 
              1             0       -0.062137   -2.297413    0.509944 
              3             0        0.000000    0.000000    2.923038 
 
N3B2_1_Li2 
 
              7             0       -0.829889    1.058374   -0.000228 
              7             0        0.941245   -0.498121   -0.000451 
              7             0       -0.287097   -1.157941   -0.000622 
              5             0        0.603344    0.881086   -0.000435 
              5             0       -1.396560   -0.268687    0.000357 
              1             0       -0.252625   -2.165338    0.003235 
              1             0        1.473378    1.730986    0.000642 
              1             0       -2.543473   -0.585297    0.000657 
              1             0       -1.347177    1.922816    0.001830 
              3             0        2.622055    0.072883    0.001043 
 
 
 
N3B2_2_F1 
 
              7             0       -0.304961   -0.779839    0.000000 
              5             0       -0.227804    1.453630    0.853474 
              5             0       -0.227804    1.453630   -0.853474 
              7             0       -0.227804    0.069082    1.108991 
              7             0       -0.227804    0.069082   -1.108991 
              1             0       -0.272997    2.220195    1.759036 
              1             0       -0.272997    2.220195   -1.759036 
              1             0       -0.304581   -0.457802    1.968737 
              1             0       -0.304581   -0.457802   -1.968737 
              9             0        0.973020   -1.507707    0.000000 
 
 
N3B2_2_F2 
 
              7             0       -0.048563   -1.049422   -0.083312 
              5             0       -1.610486    0.763901    0.010895 
              5             0       -0.036432    1.388008    0.039032 
              7             0       -1.396694   -0.632135    0.004483 
              7             0        0.638694    0.170086    0.012486 
              1             0       -2.723317    1.177833   -0.054864 
              1             0        0.563843    2.408314    0.022350 
              1             0       -2.038198   -1.388680   -0.195134 
              1             0        0.180567   -1.577565    0.766024 
              9             0        1.988627   -0.088795   -0.035956 
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N3B2_2_Li1 
 
              7             0       -0.129692   -1.176286    0.000000 
              5             0       -0.136426    1.124954    0.820585 
              5             0       -0.136426    1.124954   -0.820585 
              7             0       -0.136426   -0.322141    1.069867 
              7             0       -0.136426   -0.322141   -1.069867 
              1             0       -0.134007    1.843074    1.772765 
              1             0       -0.134007    1.843074   -1.772765 
              1             0       -0.193293   -0.830167    1.947299 
              1             0       -0.193293   -0.830167   -1.947299 
              3             0        1.612224   -0.177129    0.000000 
 
 
 
N3B2_2_Li2 
 
              7             0       -0.274282   -1.107456   -0.119541 
              5             0       -0.908114    1.191857    0.014716 
              5             0        0.745404    0.961963    0.010979 
              7             0       -1.319312   -0.162024    0.030383 
              7             0        0.928250   -0.446425    0.001312 
              1             0       -1.742542    2.043930   -0.007333 
              1             0        1.776706    1.626689    0.015528 
              1             0       -2.236536   -0.565164   -0.118976 
              1             0       -0.344812   -1.820009    0.607863 
              3             0        2.672714   -0.014402   -0.003544 
 
 
 
N2B3_1_F 
 
              5             0       -1.085024   -0.277564    0.000000 
              5             0        1.309968    0.182170    0.000000 
              5             0        0.929536   -1.530094    0.000000 
              7             0        0.000000    0.697043    0.000000 
              7             0       -0.503234   -1.597106    0.000000 
              1             0        2.278880    0.867110    0.000000 
              1             0        1.601112   -2.514970    0.000000 
              1             0       -1.048526   -2.447659    0.000000 
              1             0       -2.234460    0.008739    0.000000 
              9             0       -0.316307    2.057184    0.000000 


 
N2B3_1_Li 
 
              5             0        1.158788    0.264157    0.000000 
              5             0       -1.125729    0.276766    0.000000 
              5             0       -0.573202   -1.374509    0.000000 
              7             0        0.000000    1.137141    0.000000 
              7             0        0.838054   -1.171640    0.000000 
              1             0       -2.251380    0.803587    0.000000 
              1             0       -1.057085   -2.469346    0.000000 
              1             0        1.537058   -1.902519    0.000000 
              1             0        2.299572    0.634034    0.000000 
              3             0       -1.231276    2.447891    0.000000 
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N2B3_2_F 
 
              5             0        1.310704   -1.405023    0.000000 
              5             0        1.358878    0.333982    0.000000 
              7             0        0.000000    0.602859    0.000000 
              1             0        2.223731   -2.169997    0.000000 
              1             0        2.132309    1.231356    0.000000 
              5             0       -0.414895   -1.718098    0.000000 
              1             0       -1.149317   -2.653572    0.000000 
              7             0       -0.972898   -0.433397    0.000000 
              1             0       -1.922962   -0.083444    0.000000 
              9             0       -0.638546    1.826124    0.000000 
 
N2B3_2_Li 
 
              5             0       -0.779197   -1.443553   -0.000000 
              5             0       -1.181934    0.235377   -0.000000 
              7             0       -0.000000    0.990385   -0.000000 
              1             0       -1.453252   -2.430438   -0.000000 
              1             0       -2.215602    0.902658   -0.000000 
              5             0        0.960850   -1.250766    0.000000 
              1             0        1.928349   -1.952868    0.000000 
              7             0        1.147649    0.138982    0.000000 
              1             0        2.020393    0.650304    0.000000 
              3             0       -1.104009    2.406495   -0.000000 
 





