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Electron Emission from N(BFs3)42~ Hindered by a Sphere of Negative Charges
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The unique N(BE),®~ trianion, which is prognosticated to be the fisshall long-lived covalent gas-phase
trianion in the literature so far, is theoretically examined in detail. High-level ab initio methods show that the

T symmetric system is long-lived with respect to fragmentation and metastable with respect to electron emission.
To estimate the lifetime of the N(BJz®~ trianion with respect to electron emission, we have calculated the
repulsive Coulomb barrier and used this potential to compute the lifetime in the framework of Wentzel
Kramer—Brioullin theory. The estimated lifetime is markedly longer thams5and we predict the N(BJz*~

trianion to be observable in a mass spectrometer experiment. The longevity of the trianion with respect to
electron emission can be explained by the unbound electrons caught in a negative charged sphere of fluorine
atoms.

1. Introduction ionic LiFs?~ dianiort? is thoroughly investigated. The LiF

dianion possessed®, symmetric arrangement of a centralLi
cation and three equivalent Fanions. At this symmetry the
electrostatic attraction between the central tation and the

Multiply charged anions (MCAs) are commonly observed on
surfaces, in solutions, or as “building blocks” in condensed
matter such as [A][B"] salts. In such chemical environments, = ligands al beats the electrostati lsion bet th
the local electrostatic field constituted by the surrounding F_ |_gan s aways beals the electrostatic repuision between the
counterions helps stabilize the MCA with respect to fragmenta- F~ ligands by a factor of/3.
tion and emission of one or more of the excess negative charges. Although until now several dianions are known, and their
Without these stabilizing effects in the gas phase, the existence€lectron binding mechanisms well understood, higher than
of MCAs is very unlikely due to the strong electrostatic doubly charged gas-phase anions are scarce in the literature.
repulsion between their excess negative charges. Indeed, thisthe smallest theoretically predicted trianion is the ionigbi~
strong electrostatic repulsion is the reason that most of the well- System?” which is strongly related to the discussed ¥iF

known textbook MCAs, e.g. C& 13 SO2~,46 PO2~ * and dianion. Its stability can be analogously understood in terms of
several others, instantly emit one electron when they are broughtelectrostatic arguments. Besides this outstanding small trianion,
to the gas phase as isolated entities. highly negatively charged alkali metal halide chains, e.g.,

In contrast to the given examples of electronically unstable KsF14°~,?®and huge trianionic metal clusters, e.g.s4%0,%° are
MCAs, several small dianions have been found experimentally known.
and theoretically to be long-lived in the gas phaseSuch small Recently, Wang et al. examined the tetraanion of copper
dianions are, for example, LiF,1° BeR2 11718 C,2- 1415 phthalocyanine tetrasulfonate by measuring its photoelectron
S:27,16 S,06%7,56 SiCs2,17719 BeCG2~,202L and PtCJ2—.2223 |t spectrum (PESY3! They used the electrospray ionization
is worth mentioning that the theoretical prediction of the technique to generate the free anions, and after mass selection,
dianions Bek? ! and SiG? 18 encouraged the experimental the negative ions were intercepted by a laser beam, and the
search for these species, which has culminated in their masskinetic energy of the photodetached electron was measured with
spectrometric detectiol:1® a magnetic-bottle photoelectron analy?em this experiment

The stable gas-phase dianions can be generally classified intdNVang et al. made a spectacular observation: they obtained a
two groups. On one hand, there exist chainlike dianions whose peak in the PES corresponding to a negative electron binding
excess electrons are localized in electron affine groups at theenergy; i.e., the electrons of the highest occupied molecular
ends of the chain. In these systems the local binding energy oforbital (HOMO) are unbound. The surprisingly long lifetime
the single electrons in the electron affine subgroups exceedsof the tetraanion (the experiment takes at least) can be
the electrostatic repulsion between the excess charges. Prominerixplained with the existence of a repulsive Coulomb barrier
members of this group are the dianions of the aliphatic (RCB), which hinders the emission of an electron from the
dicarboxylic acids OOC—(CH,),-COO™ (n > 2)?4726 and the system. The RCB is a general phenomenon in multiply charged
chainlike polysulfide dianions3 (n > 6).16On the other hand,  anions and its existence can be simply rationalized by the
there are branched or starlike dianions, which exhibit a electrostatic forces that an emitted electron experiences. The
geometrical arrangement of positive and negative charges sucrshort-range attraction of the nuclei and the long-range repulsion
that the electrostatic attraction exceeds the electrostatic repulsiorof the remaining negatively charged anion combine to a barrier
within these systems. This principle becomes clear when the potential, the RCB, through which the electron has to tunnel
to leave the MCA. Although the RCB is clearly dominated by
* Corresponding author. E-mail: andreas.dreuw@tc.pci.uni-heidelberg.de. the electrostatic forces present, it is analogous to one-particle
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TABLE 1: Basis Set Study for the N(BFs);*~ Trianion? length of about 0.04 A. This tremendous decrease of the size
basisset KT ASCF r(N—B) r(B—F) O(N—B—F) [(B—N—B—F) of the_trianion, which causes an in_crease of the electrostatic
bz 2788 +0892 1597 1440 11263 3912 repulspn between.the. excess neggtl\(e charges, effects a strong
DZ+sp 281341179 1596 1438 112.50 39.31 electronic (_jestablllzatlon of the trianion, i.e., a smaller vaI_ue
DZP 1306 —-0578 1.598 1402  112.22 40.12 for the vertical electron detachment energy (EDE) when going
DZP+sp 1.512—-0.449 1.601 1.402 112.16 40.30 from DZ to DZP basis sets. The use of diffuse functions leads

aThe vertical electron detachment energies at the level of KT and toa Weak increase of the. E.DE’ since more dlﬁuse basis sets
ASCF are shown together with the corresponding SCF optimized ¢@n describe the characteristics of the higher negatively charged
geometric parameters. Due to the large system size, we have to restricSPpecies more accurately than basis sets without additional diffuse
ourselves to the use of basis sets of doubtgsality. functions. The coefficients of the added diffuse s- and p-type

functions are 0.0277 and 0.0190 for boron, 0.0619 and 0.0480
scattering potentials a nonlocal energy-dependent potential thaor nitrogen, and 0.0984 and 0.0740 for fluorine, respectively.
can be formally exactly evaluated in the framework of the |n general, the bond angles and overall geometric appearance
Green’s function formalism of scatterirg. of the system is barely affected by the use of different basis

Returning to the tetraanion of copper phthalocyanine tetra- sets. Larger basis sets with an even greater number of diffuse
sulfonate, it is at first glance surprising that the HOMO of this  fynctions can of course much better describe the diffuse orbitals
system is located in the inner region of the planar system and of the trianion, and hence their application in our calculations
not at the four negatively charged sulfonate groups that are fixedwould yield an increased electronic stability of the system.
at the edge of the molecut&3*At closer inspection it becomes  Therefore, our calculated values represent lower bounds to the
clear that the electrons of the-system of the inner part  electron detachment energy and, if the system is found to be
experience the electrostatic repulsion of four negatively chargedstaple using the DZPsp basis set, it is even more stable using
ligands and are strongly shifted upward in energy. Therefore, |arger and more diffuse basis sets, such as, e.g., AUG-cc-pVTZ.
the unbound electrons in the PES stem from the inner region on the basis of our experience with the theoretical examination
of the molecule and, in the case of an in-plane emission, are of smaller dianionic systems (see for example refs 15 and 18)
prevented from being emitted by the repulsion of the negatively and the size of the examined trianion, the BZP basis set
charged sulfonate groups. However, the electrons can andseems to be a useful compromise between size of the basis and
probably will be emitted perpendicular to the planar molecule, cajculation time. We therefore use the DESp basis set as
thus avoiding the sulfonate groups and passing a much smallefstandard in our calculations, unless we explicitely mention the
RCB potential. use of different basis sets.

In this communication, we address the question whetheritis  gjectron correlation effects were included by means of
possible to find a three-dimensional analogous metastable systen 4|jer—Plesset perturbation theory of second order (MP2),
in which an electron is held back from emission by negative o pjed cluster doubles (CCB)coupled cluster singles plus
charges in all directions equally. Such a system must be yoypjles (CCSD3241 and the outer-valence Green’s function
spherically symmetric, the HOMO must be located in the inner (OVGFY'243 approach. In all these correlated calculations the

region of the molecule and the negative charges have to be onyg glectrons of boron, nitrogen, and fluorine were frozen and
the outermost shell of the sphere. We are going to show with e virtual counterparts discarded.

the help of high-level ab initio methods that the NERF-
trianion possesses all these requirements and is the first Iong-b
lived small covalent trianion in the literature, which has been t
predicted theoretically or detected experimentally.

The electron detachment energy of the N§BF system can
e obtained in two principally different ways. On one hand,
here are the so-called “direct” methods, of which we have
employed Koopman'’s theorem (KT) and the OVGF approach.
While KT relates the orbital energy obtained with a closed-
2. Computational Details shell RHF calculation directly to the electron detachment energy,
) OVGF considers electron correlation and orbital relaxation
The computer programs used for our calculations stem from gffacts. Thus, this method yields an improved electron detach-
the GAUSSIAN98* and the GAMES® packages. Our calcula- et energy compared with KT. On the other hand, one can
tions comprise the optimization of the geometry of the Nj&F compute the EDE “indirectly” by subtracting the total energies
trianion and the calculation of the binding energies of the excess o the dianion and the trianion. These methods are also referred
electrons as well as the determination of possible fragmentation;y a5 A-methods. We have employesiSCF, AMP2, ACCD,

channels at various levels of theory. ) _and ACCSD. Note that a positive EDE indicates that energy
The data at the independent particle level were obtained using 55 1o be applied to detach an electron: i.e., the system is stable
the standard self-consistent field (SCF) restricted HartFarek with respect to electron autodetachment.

method for the closed-shell N(Bz®~ trianion and restricted
open-she!l HartreeFock tephnique for the correspor)ding open- 3 Geometries and Energetics of N(BE.-
shell dianion. The calculations employed the Cartesian Gaussian-
type doubleg (DZ) basis set comprising Dunning’s contrac- From previous examinations of several stable gas-phase
tions®:37 of Huzinaga’s primitive set® To explore the influence  dianions we have learned that the most stable small dianions
of the size of the basis set on the results of our calculations, wepossess a positively charged central atom surrounded by
have performed a basis set study on N{g¥ at the theoretical equivalent, negatively charged electron affine ligands, e.g.,
level of HF. Due to the size of the investigated system and the LiF3?~,10 BeR?~,1112C;,2- 15 or SiG?~.1718For the construction
need to perform high-level ab initio calculations beyond HF, of a higher negatively charged molecular system, it thus makes
we have restricted ourselves to the use of basis sets of dguble- sense to place a positively charged center atom in the central
quality. position as well and surround it by several negatively charged
The basis set study (Table 1) has revealed the importance ofgroups. We have chosen nitrogen as the central atom, because
the use of polarization functions, since the addition of the d-type the system should be spherically symmetric and nitrogen is
polarization function leads to a shortening of the-BB bond usually tetrahedrally coordinated when it is singly positively
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energy surface, since an analysis of the harmonic frequencies
has given only real values at the SCF level as well as at the
MP2 level of theory.

The electronic stability of the system is examined by
computing the vertical electron detachment energy (EDE). Using
the SCF optimized geometry of the dianion and the BZp
basis set for the calculation of the vertical EDE, it possesses
values of+1.514,—0.449, and—0.097 eV at the theoretical
levels of KT,ASCF, andAMP2, respectively (Table 2). Turning
to highly correlated methods, only the DZP basis set without
Figure 1. Structure of the T symmetric N(BJz®~ trianion is shown diffuse functions has been applied due to the size of the system.
in side view (left part) and along one of the faDs axes of the molecule At the ACCD, ACCSD, and OVGF level, the vertical EDE is

(right part), where the rotation of the BEnits around theC; axes of —0.384,—0.593, and-0.522 eV, respectively, and is expected
the molecule by about 4@an be easily recognized. to increase if a diffuse basis set could be used. Taking the
average stabilization of the EDE of about 0.2 eV by the diffuse
TABLE 2: Geometric Parameters of the Trianion N(BF3)4", basis functions at the lower levels of theory into account (see
Which Have Been Optimized at the Theoretical Levels of Table 2), the system is unstable with respect to electron
RHF and MP2 Using the DZP+sp Basis Set autoejection at the SCF optimized geometry by abei3 eV.
RHF MP2 If the vertical EDE of N(BR)4*~ is calculated at the MP2
geometry optimized geometry, it increases by about 0.3 eV at all levels
r(N—B) 1.599 1.603 of theory. Thus, the vertical EDE has values-60.17 eV at
r(B—F) 1.402 1.427 the AMP2 level using the DZPsp basis set and-0.100,
B('E\;'_E_E) F 411(1)21-(152 41{(1)11-5298 —0.325, and-0.262 eV at the highly correlated levelsdECD,
EDE( ~N-B-F) ' ' ACCSD, and OVGF, respectively, with the DZP basis set.
vertical Again, if we assume a stabilization of the latter numbers by
KT +1.514 +1.815 the use of diffuse basis functions within the calculations of about
KT* +1.304 +1.611 0.2 eV, the vertical EDE has a value of approximately zero for
ASCF —0.449 —0.112 the N(BR;)4~ trianion. The electronic stabilization of the
2,3”%'; :8:883 18:?8 trianion from the SCF to the MP2 optimized geometry is due
AMP2* —0.441 —0.177 to the elongation of the BF bond length at the MP2 level.
ACCD* —0.384 —0.100 The longer B-F bonds lead to a spatial expansion of the
ACCSD* —0.593 —0.325 molecule and a decrease of the electrostatic repulsion between
OVGF* —0.522 —0.262 the excess charges, i.e., an electronic stabilization of the trianion.

aThe bond lengths are in &ngstoms and the angles in degrees. TheA similar effect has been observed within the basis set study in
vertical electron detachment energies have been calculated for bothsection 2, when polarization functions have been introduced into
optimized geometries using the DZBp basis set and the DZP basis the basis sets to optimize the geometry of the trianion.
set () and are given in electronvolts. A further property a stable gas-phase MCA must possess is
stability with respect to fragmentation into two typically mono-
anionic fragments. This fragmentation is energetically favored
because the monoanionic fragmentation products electrostati-

charged. Furthermore, we have added foug Bgands to the
central nitrogen cation, where each boron atom should be
formally singly pegatively charged in a tetrahedral coordinatioq cally repel each other strongly. The examination of different
sph_ere. Sum_mmg up the electrans and chargeg, we end up W'trbossible dissociation pathways, for instance, the dissociation
a triply negatively charged molecule (four negative boron atoms ;. N(BF:)2(BF»)?~ and BR~ or into N(BFs)3(BF2)?~ and F,
and one positive nitrogen atom), which possesses a CIOsed'ShGILas shown that the latter is the energetically most favorable due
electronic ground state and spherical tetrahedral symmetry. 5 the high stability of the fluorine anion. Moreover, within the
The geometry optimizations of this system at the levels of first dissociation process two bonds have to be broken, whereas
RHF as well as MP2 have shown that the system does notonly one B-F bond has to be broken to split off one fluorine
belong to theTy point group but isT symmetric, since all B anion.
units are rotated about 4@long the fouCs axis of the system, Calculations of the sum of the total energies of the separately
thus disturbing the highefy symmetry (Figure 1). Since the optimized N(BR)s(BF2)?~ dianion and F reveal that the
system is closed-shell, i.e., the triply degenerate HOMO is N(BF;),3- trianion is thermodynamically unstable with respect
completely occupied, the electronic ground staté\is Asone  tg fragmentation into these fragments by about 2.95 eV at the
would expect, the central nitrogedoron bonds as well as the  |evel of MP2. For this reason, the energy barrier connected with
outer boror-fluorine bonds possess mainly covalent single bond  this fragmentation channel has to be calculated explicitly. Since
character due to the typical bond lengths of 1.603 (1.599) and the examined trianionic system is large, only SCF and MP2
1.427 (1.402) A at the MP2 (SCF) level of theory, respectively calculations are feasible to estimate the barrier height in the
(Table 2). The N-B—F bond angle has a value of about 112  region of the equilibrium geometry where the single determining
at both levels of theory, which is slightly larger than the character of the system is guaranteed. The calculated energy
tetrahedral angle. The increase of this angle can be explainedbarriers at these levels of theory are displayed in Figure 2 and
with the steric hindrance of the BRnits, which is, along with  possess values of about 1.5 eV. A similar situation has been
the electrostatic repulsion between the partly negatively chargedfound previously for the Bef~ system. This system is also
fluorine atoms, the reason for the rotation of about dDthe thermodynamically unstable with respect to fragmentation into
BF3 groups out offg symmetry. The structure of the N(B&*~ BeR;~ and F by about 3.5 e\112The energy barrier connected
trianion (Figure 1) represents a true minimum on the potential with this fragmentation channel of Bg¢F has a height of only
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Figure 2. Dissociation pathway of N(Bff,>~ into N(BFs)s(BF2)*~ N(BFs)s*>~ that has been calculated in the framework of the DFOSA

and F, which is the energetically most favorable dissociation channel. approach. The RCB is the potential experienced by an electron through

All geometric parameters have been separately optimized along theits interaction with the residual monoanion. Altogether, there are four

path. symmetry equivalent minimum energy paths for electron emission,
which are along the fouts axes of the molecule. One of them is drawn

. . L as a straight line onto the projection of the potential in Xigglane.
0.6 eV, i.e. less than half of the barrier of the NgBF trianion. The energy is given in electronvolts and the lengths are given in

However, Bel?~ has recently been observed experiment&ly,  gngstroms.

which makes us sure that N(BE*>~ is also extremely long-

lived with respect to dissociation. In contrast to neutral systems, highest occupied orbital is taken out. Then the electrostatic

the energy barrier connected with the dissociation of a multiply potential is computed by summing up the nucleakectron

charged anion is very broad. The broadness of the barrierattraction and electrerelectron repulsion via the equation

emerges through the electrostatic repulsion between the anionic

dissociation products. Thus, MCAs often possess very long Kz N-1 ¢,

lifetimes with respect to dissociation, although the height of Vprosal) = — Z + Zf

the corresponding energy barrier is moderate. &r—r, &Y Ir—r
In summary, the molecular N(BJz3~ system is long-lived

with respect to dissociating and may be slightly unstable with In this equation the first term describes the electrostatic attraction

respect to electron emission. But, as already mentioned in thebetweenK nuclei and the outgoing electron while the second

Introduction, there exists a repulsive Coulomb barrier that term corresponds to the electrostatic repulsion between the

hinders the electron from being emitted and through which the outgoing electron and the remainifhg— 1 electrons in their

outgoing electron must tunnel. Due to this tunneling process, molecular orbitals of the trianion. A two-dimensional cut through

the N(BR);3~ trianion is probably metastable and possesses athe obtained three-dimensional RCB of the NgBFE™ trianion

finite lifetime. In the next section, we will calculate a local is displayed in Figure 3. The cut is made along a plane, which

approximation to the RCB potential that the outgoing electron is given by the nitrogen and two boron atoms and embodies

experiences and estimate the corresponding tunneling lifetimetwo minimum energy paths for electron emission. Due to the

dr,

in the framework of semiclassical WKB (Wentzédramer— high symmetry of the system there exist four equivalent
Brioullin) theory. minimum energy pathways for electron emission, which are

along the fouiC; axes of the molecule and point onto the boron
4., Electron Emission from N(BFs)43~ atoms. One minimum energy path is exemplarily plotted on the

horizontal projection of the potential in Figure 3.

To estimate the lifetime of the N(BJz3 trianion, we have
used the DFOSA potential to calculate the tunneling lifetime
of an electron through the RCB along the minimum energy path

The emission of one of the excess electrons from a multiply
charged anion (MCA) is always hindered by a repulsive
Coulomb barrier (RCB). The RCB is a general phenomenon in
MCAS and emerges through the combination of the short-ran_gefor electron emission (Figure 4). The calculations have been
glndmg ththe exczssl electrons and the long-range reF’“IS'Onpen‘ormed in the framework of the semiclassical WKB method

etween the emitted electron and the remaining anion. We have : e ‘
shown in a previous publication, that the RCB is a complicated The tunneling probability is given by the formula
nonlocal and energy-dependent potential, which is not straight- 2 2
forward to computéd A formally exact theory for the RCB P= exr{— % Ju V2M(E — V(1)) dr]
exists, which is based on the Green’s function formalism of

scattering. Approximation schemes to determine local RCB \yhereE is the energy of the electronr) is the RCB and'1

potentials are available. It has been shown that the local andr2 define the width of the barrier at enerfly The lifetime

system under investigation is spatially extended.
Here, we have employed the DFOSA (dianion’s frozen 2
orbitals static approximation) approach to calculate a three- 7_%
dimensional local RCB potential. Within this approach the
molecular orbitals of the trianion obtained from a closed-shell wherew is the frequency with which the electron hits the RCB.
Hartree-Fock calculation are used, and one electron from the The frequency is obtained by solving the equation of motion
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Figure 4. One-dimensional cut through the RCB of N@£~ along
the minimum energy path for electron emission. The RCB has been

calculated with the DFOSA method. The zero-point of thaxis orbitals of N(BR)s3~. The by far largest coefficients of this orbital are

correspond_s to tl‘_1e r_litrogen atom and for a better orienta_tion the |,cated in the center of the molecule. All three HOMO orbitals have
N(BFs),% trianion is displayed in the length scale of the potential. For the same spatial appearance.

electron energies below 1 eV (corresponding to an electron detachment
energy of—1 eV) the trianion has been found to live longer thams5
which is the minimum lifetime for a mass spectrometric observation. .00 atoms are clearly positive with abo#0.95 and each

) ) ) . fluorine atom carries a negative partial charge-€3.56. In
for the electron with the assumption that the inner region of summary, a negative charge of abettt is located on the outer
the RCB potential is dominated by the electrostatic attraction gpq| of th,e molecule and a charge-b# is distributed over the
between the nuclei and the outgoing electron and has the shapgner region, where the unbound electrons are mainly located.
of r=L. The reliability of the obtained lifetimes and the usefulness Thus, the system reflects indeed the above drawn picture of
of such simple approaches has been documented before by,n,nd electrons held back from emission by a negatively

1-23,33,44 .
several groupsi 233344 . . charged sphere of fluorine atoms.
Using this semiclassical one-dimensional approach, we have

calculated the lifetime of the N(BJz3~ system as a function
of the energy of the outgoing electron. We have found that for

electron energies below 1 eV (corresponding to an EDEDf In this communication we have presented our ab initio results
eV) the tunneling lifetime along the minimum energy path is tor the unique trianion N(BJs~ and have predicted its
longer than 10° s, which is the lower limit for experimental  ayistence. The N(Bf,3~ trianion is, to our best knowledge,
observation in a mass spectrometer (Figure 4). In section 3 Wene firstsmalllong-lived covalent gas-phase trianion. In contrast
have seen that the. vertical electron detachment energy forig the outstanding long-lived kf=3-, which has only purely
N(BFs)s*~ (Table 2) is close to zero, and for an EDE 0.1 ionic bonds, the N(BE43~ trianion possesses much covalent
eV the calculated lifetime is on the order of'¥®. For this  character. We have shown with the help of ab initio methods
reason, the trianion is long-lived WI.Ih respect to electron_ that the T symmetric system N(Bg~ is long-lived with respect
emission and should be observable in a mass spectrometrigg fragmentation of the nuclear framework. The computation
experiment. of the electron detachment energy of the system revealed that
For this special spherical N(B*~ trianion the long lifetime it is metastable with respect to electron autoejection, since the
with respect to electron emission can be rationalized by the EDE has been found to be slightly negative at highly-correlated
excess electrons hindered from emission by a sphere of negativeevels of theory. To estimate the lifetime of the trianion with
charges. To back this claim, we must first ensure that the excessespect to electron autoejection, we have computed the repulsive
electrons are localized in the inner region of the trianion. Coulomb barrier, which an outgoing electron has to pass. For
Therefore, we examine the triply degenerate highest occupiedthis calculation we have employed the DFOSA (dianion's frozen
molecular orbital (HOMO) in detail, from which an excess orbital static approximation) approach, which yields a reliable
electron should be emitted. All three triply degenerate HOMO |ocal RCB approximation. Using this ab initio calculated
orbitals have the same appearance and, as an example, one g¢CB potential, we have computed the tunneling lifetime
them is shown in Figure 5. The HOMO has its major coefficients depending on the energy of the outgoing electron in the
at the central nitrogen atom but also has small parts on the outerframework of semiclassical WKB theory. We could show that
fluorine atoms. In contrast, the coefficients at the boron atoms the lifetime of the trianion is definitely longer tharys, which
are negligible. On the basis of these grounds, we can assumés the lower limit for an observation in a mass spectrometric
that the electrons of the HOMO are primarily localized in the experiment.
inner region of the spherical molecule. An analysis of the charge distribution has shown that the
The analysis of the charge distribution of this unique structure of the N(BE),*>~ trianion can be seen as a slightly
N(BFs)44~ molecule with the approach of Merz, Singh, and negatively charged nucleus (the nitrogen atom) surrounded by
Kollmar*>46 and Breneman and Wibefghas proven that the  a sphere of four positive charges (the four boron atoms), which
bulk of negative charges are clearly located on the outer fluorine is again enveloped in a sphere of seven negative charges
sphere of the molecule. While the central nitrogen atom is (distributed over the terminal twelve fluorine atoms), building
slightly negatively charged with a partial charge-60.1, the up a sequence of differently charged spheres that stabilize each

Figure 5. One of the triply degenerate highest occupied molecular

5. Brief Summary
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negative charges helps stabilize the trianion but is not a general (28) Scheller. M. K. Cederbaum. L. $.Chem. Phys1994 101, 3962,
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