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Is 9-acridinamine anion a dispersion-bound anion?
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The possibility of electron binding to 9-acridinamine~9-AA! was studied at the second order
Møller–Plesset perturbation theory level with the aug-cc-pVDZ basis set augmented with a diffuse
6s6p4d set that has proven appropriate in earlier studies of weakly bound anions. It was found that
both the amino and imino tautomers of 9-AA bind an excess electron to form stable anions. The
vertical electron attachment energies corresponding to the amino and imino form were calculated to
be 20 and 41 cm21, respectively. It was found that while the imino 9-AA tautomer forms a typical
dipole-bound anion, the electron binding energy for the amino tautomer calculated at the
electrostatic Koopmans’ theorem level appears to be cancelled when the correlation correction to the
dipole moment of the neutral is taken into account at the MP2 level. Therefore, the stability of the
latter anion may be caused only by additional electron correlation effects, which are dominated by
dispersion interactions. For this reason, we suggest that this anion may be termed a
dispersion-bound anion. ©2001 American Institute of Physics.@DOI: 10.1063/1.1419059#
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I. INTRODUCTION

A. 9-acridinamine tautomers

9-acridinamine~9-AA! is a member of the class of com
pounds known as heterocycles~see Fig. 1!.1–3 Its relatively
high quantum yield for fluorescence causes 9-AA to be u
as a fluorescent probe in biologically important systems.4–11

Moreover, 9-AA and its derivatives possess a quite bro
spectrum of biological activity including bacteriostatic, tra
quilizing, analeptic, and antihistaminic behavior.12 We also
note the photodynamic properties~i.e., bacteriostatic and vi
ruscidal activity appearing in the presence of the light a
oxygen! of certain 9-AA derivatives. It has been demo
strated that this type of behavior is connected to the capa
ity of a compound to intercalate with DNA and simult
neously sensitize formation of singlet oxygen.13–15The most
spectacular property, however, is undoubtedly the antica
activity of 9-AA derivatives,16–18 which is probably related
to the intercalating ability of 9-AA itself.19–25

Because the biological features of a compound
strongly connected to its structural characteristics, its p
pensity to exist in several tautomeric forms may account
the presence or lack of biological activity. It has been sho
for instance, that nitracrine~a 9-AA derivative! exhibiting
anticancer activity26 crystallizes in its imino form,27,28

whereas its 2-nitro isomer, lacking antitumor properties,
ists, in the solid phase, as a planar amino tautomer.29,30Thus,

a!Author to whom correspondence should be addressed. Electronic
simons@chemistry.utah.edu
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the long lasting interest in the tautomerism of 9-AA is qu
understandable. Depending on the experimental techn
employed, investigations that tried to determine which ta
tomer of 9-AA appears in experimental conditions can
interpreted as suggesting either the imino31–34 or amino35–40

form. On the other hand, the outcome of theoretical calcu
tions carried out at the semiempirical41,42as well as Hartree–
Fock ~HF! and density functional theory~DFT! levels sug-
gests the possibility of coexistence of the amino and im
tautomers both in the gas phase~at least at elevated tempera
tures! and in polar solvents solutions.43

As indicated by earlier DFT calculations,43 both tauto-
meric forms of 9-AA possess dipole moments of simi
magnitude@i.e., 3.4 and 3.8 Debye for the amino~A! and
imino ~I ! tautomer, respectively#. Interestingly, proton trans
fer in the amino–imino tautomerization produces an inv
sion in the direction of the dipole moment.41 Thus, despite
the similar magnitudes of these dipoles, the tautomers h
very different electrostatic potentials, which may be imp
tant for molecular recognition at the cellular level.

The values of the dipole moments of theA and I tau-
tomers are larger than the value of 2.5 Debye44,45 that seems
to be necessary to form experimentally detectable dipo
bound anions. However, to the best of our knowledge,
propensity of 9-AA to support dipole-bound or other weak
bound anionic states has not been discussed so far. More
due to the larger value of its dipole moment, the imino ta
tomer should be more strongly stabilized by electron bin
ing, thus reducing its instability43 relative to the amino form.
il:
3 © 2001 American Institute of Physics

IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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B. Dipole-bound anions

The binding of electrons to polar molecules has be
addressed in many theoretical44–62studies. It has been show
that, within the Born–Oppenheimer~BO! approximation, a
dipole moment greater than 1.625 Debye possesses an
nite number of bound anionic states,48 although the more
practical critical value to experimentally observe a dipo
bound anion bound by at least 1 cm21 was found to be some
what larger, ca. 2.5 Debye.44,45 In fact, it seems that this
‘‘practical’’ value depends strongly on the size and chemi
structure of a molecule.

Jordan and Luken demonstrated that the loosely bo
electron in a dipole-bound state occupies a diffuse orb
localized mainly on the positive side of the dipole.49 This
finding was confirmed by many more recent studies. The
of non-BO coupling has been studied by Garrett, who c
cluded that such couplings are negligible for dipole-bou
states with electron binding energies much larger than
molecular rotational constants.50

The simplest theoretical approach to estimate the e
tron binding energy~D! is based on Koopmans’ theore
~KT!.63 The KT binding energy (DKT) is the negative of the
energy of the relevant unfilled orbital obtained from
Hartree–Fock self-consistent-field~SCF! calculation on the
neutral molecule. The orbital relaxation effects, which a
neglected in the KT approximation, have been found to
quite small for a variety of dipole-bound anionic states.51 In
contrast, the role of electron correlation has proven to
very significant. In fact, in many cases, the electron bind
energy of a dipole-bound anion has been dominated by
contribution from electron correlation. In particular, the d
persion interaction of the excess electron with the electr

FIG. 1. Chemical structures of the amino~top! and imino ~bottom! tau-
tomers of 9-acridinamine.
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of the neutral parent molecule has proven to be crucial
the stability of many dipole-bound anions,51,52,55,61 even
though the binding at the electrostatic-exchange KT le
was present. Moreover, correlation corrections to the dip
moment, which in the case at hand cause the dipole to
crease, are usually essential to consider.

C. The possible existence of ‘‘dispersion-bound’’
anionic states

Treating the dispersion interaction has been shown to
extremely important for calculating electron binding energ
of dipole-bound anions within ‘‘experimental accuracy,’’52,53

It is believed that the presence of the charge-dipole poten
is necessary for excess electron binding in such spec
However, one can ask if the dispersion interaction its
could be fully responsible for rendering an anion stable,
example, in cases where the correlated dipole moment is
small to bind the electron to any appreciable extent. Tha
let us assume that~i! the molecule has no empty or half-fille
molecular orbitals so the existence of an electronically sta
valence anion is excluded, and~ii ! the electrostatic and ex
change interactions of the extra electron with the correla
charge density of the neutral molecule are not sufficien
attractive to a form stable dipole-bound~or quadrupole, oc-
topole, etc.! anion. If an anionic state happens to be ele
tronically stable under such circumstances, and if it can
proven that its stability is mainly caused by the dispers
interactions mentioned above, then we could be speak
about a new kind of anionic state—a dispersion-bound an
While other kinds of weakly bound anions have already be
discussed in the literature~e.g., dipole-, quadrupole-,64,65and
octopole-bound66 states, as well as the anions bound due
polarization forces67!, to the best of our knowledge, the ex
istence of dispersion-bound anionic states has not been
firmed in the literature thus far.

In this work, we provide results ofab initio calculations
on the weakly bound anions formed by the amino~A! and
imino ~I ! tautomers of 9-AA. We describe the stability of th
dipole-boundI2 anionic state, and we discuss the nature
the A2 anion which we propose may be a dispersion-bou
anion.

II. METHODS

Since the ground-state potential energy surface of
neutral 9-AA has been recently studied,43 we used the previ-
ously optimized@at the HF/6-31G(d,p) level# geometries of
the amino and imino tautomers. Therefore, in this work
discuss neither the geometrical parameters nor vibratio
frequencies of these two neutral species. However, we re
that bothA andI possessCs symmetry, but only the latter is
planar. For theA tautomer, the symmetry plane is perpe
dicular to the conjugated aromatic rings and contains C9 and
both the exocyclic and endocyclic N atoms~see Fig. 1!.

The geometry relaxation upon excess electron atta
ment has proven to be negligible for all dipole-bound anio
formed by rigid molecules,46,47,51,60yet significant for van
der Waals complexes and systems containing hydro
bonds.51,53–55 Hence, we expected the geometrical para
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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11195J. Chem. Phys., Vol. 115, No. 24, 22 December 2001 9-acridinamine anion
eters of the 9-AA tautomers to change only slightly up
forming anionic states. Indeed, we checked that the SCF
ometry optimization of the anion supported by the am
tautomer led to negligible changes in geometrical parame
~less than 0.0002 Å for the bond lengths and less than 0
deg for valence and dihedral angles!. Therefore, we per-
formed our calculations of the electron binding energies
the equilibrium geometries of the corresponding neutrals
the electron binding energies presented here are vertical
tron attachment energies~VAE!. Because the methods w
used are based on an unrestricted Hartree–Fock sta
point, it is important to make sure that little if any artificia
spin contamination enters into the final wave functions.
computed the expectation value^S2& for the species studied
in this work and found values of 0.7500 in all anion cas
Hence, we are certain that spin contamination is not la
enough to significantly affect our findings.

The electron binding energies~D! were calculated using
a supermolecular approach~i.e., by subtracting the energie
of the anion from those of the neutral!. Since the systems
studied contain 15 heavy atoms and 10 hydrogen at
~which led to almost 500 contracted basis functions in
aug-cc-pVDZ basis set!, we had to limit the level of our
calculations to the second-order Møller–Plesset perturba
theory68 ~MP2! level. The values ofD were analyzed within
the perturbation framework described elsewhere.54

We should emphasize that our willingness to use S
and MP2 level treatments of the electron-molecule inter
tion are based on the large size of the species and the re
site basis set. It has been demonstrated in nume
studies69–74 that the MPn series is often not convergent an
plagued by intruder states. However, it is not our intent
use the MPn series to obtain converged values for the el
tron binding energies. Rather, we draw on our past exp
ence in studying weakly bound anions using KT, MP2, a
higher level@e.g., CCSD and CCSD~T!# treatments to sug
gest how electron correlation is likely to affect the pres
case.

The electrostatic–exchange interactions of the exc
electron with the polar neutral molecule are taken into
count whenD is estimated at the KT level. The polarizatio
of the neutral host~N! by the excess electron and the effe
of back polarization are taken into account when the S
calculation is performed for the anion (An), and the accom-
panying induction effects onD are given by

DD ind
SCF5DSCF2DKT, ~1!

where

DSCF5EN
SCF2EAn

SCF ~2!

andEN
SCF andEAn

SCF stand for the SCF energies of the neut
and the anion, respectively.

The dispersion interaction between the loosely bou
electron andN is extracted from the MP2 contribution toD.
The dispersion term is a second-order correction with res
to the fluctuation-interaction operator and it is approxima
here byDDdisp

MP2, which takes into account proper permut
tional symmetry for all electrons in the anion
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52DDdisp

MP2, ~3!

where fa and f lbe are spin orbitals occupied in the unre
stricted Hartree–Fock~UHF! anion wave function,f r and
fs are unoccupied orbitals, and thee’s are the corresponding
orbital energies. The subscript lbe denotes the loosely bo
electron’s spin orbital.

The total MP2 contribution toD defined as

DDMP25DMP22DSCF ~4!

is naturally split into dispersion and nondispersion terms

DDMP25DDdisp
MP21DDno-disp

MP2 ~5!

with DDno-disp
MP2 dominated by the correlation correction to d

pole moment. Since we performed our calculation up to
MP2 level of theory, theDMP2 binding energies are our bes
estimates of the vertical electron attachment energies for
9-AA tautomers.

The diffuse character of the orbital describing t
loosely bound electron necessitates the use of extra dif
basis functions having very low exponents.75 In addition, the
basis set chosen to describe the neutral molecular host sh
be flexible enough to~i! accurately describe the static char
distribution of the neutral and~ii ! allow for polarization and
dispersion stabilization of the anion upon electron atta
ment. The calculations of the electron binding energies p
sented here were performed with the aug-cc-pVDZ ba
set76 supplemented with a 6s6p4d set of diffuse functions
centered on the exocyclic (N23) and endocyclic (N10) nitro-
gen atom, for the amino and imino tautomer, respectiv
~see Fig. 1 for atom numbering!. This set of extra diffuse
functions has proven to be very capable of treating a var
of weakly bound anions. The aug-cc-pVDZ basis set w
chosen since we earlier showed its usefulness in descri
weakly bound anions compared to other commonly u
one-electron basis sets.75 The extra diffuse functions do no
share exponent values and we used even-tempered77 six-term
s, six-termp, and four-termd basis sets. The geometric pro
gression ratio was equal to 5.0 since we examined earlier
such a factor is appropriate for neutral molecular hosts w
dipole moments in the 3.0–4.5 Debye range.78 For each sym-
metry we started to build up the exponents of the extra
fuse functions from the lowest exponent of the same sym
try included in aug-cc-pVDZ basis set designed for nitrog
As a consequence, we achieved the lowest exponent
3.919 3631026, 3.591 0431026, and 3.680 0031024 a.u.,
for the s, p, andd symmetries, respectively. We verified th
the SCF electron binding energies of theA and I anions
increase by less than 0.5 cm21 if one more set ofs and p
diffuse functions is added.

In computing correlation energies, all orbitals except t
1s orbitals of carbon and nitrogen were included. All calc
lations were performed with theGAUSSIAN 98 program79 on
an SGI Origin2000 numerical server. The three-dime
sional plots of molecular orbitals were generated with
MOLDEN program.80

In order to avoid erroneous results from the defa
direct-SCF calculations with the basis sets with the larges, p,
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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andd sets of diffuse functions, the keyword SCF5NoVarAcc
was used and the two-electron integrals were evalua
~without prescreening! to a tolerance of 10220a.u. We also
verified that basis set near redundancies are not presen
examining the lowest eigenvalue of the overlap matrix wh
remains larger than 5.031025.

III. RESULTS AND DISCUSSION

A. Neutral A and I tautomers

Even though the mechanism of the tautomerization re
tion which leads from the amino to imino 9-AA andvice
versaremains unknown, it is believed that both theA and I
forms are present in the gas phase, as well as in solut
~see discussion given in Ref. 43!. One of the interesting con
sequences of this prototropic tautomerization is a dram
change in the electrostatic potential around the neutral m
ecule. Namely, as indicated by the analysis of the par
atomic charges, the positive and negative ‘‘sides’’ of the m
ecule switch places and the electrophylic region of the e
cyclic N23 atom in the amino form becomes nucleophi
when the imino tautomer is formed. Indeed, the partial M
liken charge of10.266 a.u. on N23 in A, becomes strongly
negative~20.522 a.u.! in I ~see Table I!. A more detailed
description is given in the electrostatic potential maps
picted in Fig. 2. It seems clear that the negative ‘‘pock
localized near the endocyclic N10 atom in the amino tau-
tomer moves to the other side of the molecule~into the vi-
cinity of the exocyclic N23 atom! upon H25 proton transfer.
Such a reverse of the electrostatic potential topology m
have important consequences for interactions of 9-AA w
other biologically important systems since it may affect t
9-AA recognition at the cellular level.

It was recognized earlier that neither the amino n
imino tautomer of 9-acridinamine forms an electronica
stable valence anionic state.43 However, both theA and I
isomers are polar and their dipole moments~m! are larger
than 2.5 Debye, which made us consider the possibility
extra electron binding due to its interaction with the char

TABLE I. Dipole moments~in Debye! and N23 ~exocyclic! Mulliken partial
charges~in a.u.! of the neutral amino and imino forms of 9-acridinamine

Amino 9-AA Imino 9-AA

mSCF 3.426 3.939
mMP2 3.161 3.787
qMull~N23) 10.266 20.522

FIG. 2. Electrostatic potential maps around the neutral amino~left! and
imino ~right! 9-AA tautomers~depicted with the 0.003 a.u. contour spacing!.
The negative potential curves are indicated by the dotted lines.
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dipole potentials. To achieve more reliable values of the c
responding dipole moments than those reported earlier on
basis of the HF/6-31G(d,p) calculations,43 we estimatedm
values with the aug-cc-pVDZ16s6p4d basis set using both
SCF and correlated MP2 electron densities~see Table I!. Our
results indicate that the imino tautomer is more polar and
SCF dipole moment is larger by 0.513 Debye than the c
responding value obtained forA. The correlated MP2 calcu
lations showed that these dipole moments are overestim
at the SCF level, but the value ofmMP2 remains larger forI
than forA ~by 0.626 Debye!. This suggests that the electro
static contribution to the excess electron binding is redu
when electron correlation effects are taken into account.

B. Dipole-bound anion supported by the imino
tautomer of 9-AA

We begin our discussion of the electron binding energ
from the Koopmans’ level which includes only electrostatic
exchange interactions of the excess electron with the un
related SCF charge distribution of the neutral molecule~pri-
marily characterized by the dipole moment, but interactio
with higher permanent multipoles and penetration effects
also included!. For the imino 9-AA tautomer,DKT shown in
Table II is very small~13 cm21! which is consistent with the
magnitude of its dipole moment. The SCF binding ene
includes orbital relaxation and thus takes into account st
polarization of the neutral molecule by the extra electron a
the secondary effect of back polarization. We found the
contributions~which can be interpreted as orbital relaxatio
corrections toDKT, denotedDD ind

SCF! to be extremely small
for I2 and responsible for 5% of the total value ofD. Al-
though usually significant for valence-bound anions, orb
relaxation effects are often negligible and rarely respons
for more than a few percent of the total value ofD for the
majority of dipole-bound anions studied so far.51

The contribution denotedDDdisp
MP2 in Table II results from

dynamical correlation between the loosely bound elect
and the electrons of the neutral molecule. This stabilizatio
caused by quantum mechanical charge fluctuations, an
the largest contribution to the totalD for the anion supported
by the imino tautomer. This importance of theDDdisp

MP2 term is
consistent with our earlier results for other dipole-bound
ions, however, forI2 it is more than 2 times larger than th
electrostaticDKT stabilization, which is rather untypical.

In addition to the dispersion interaction, other electr
correlation factors may also affect the charge distribut

TABLE II. Components of the vertical electron binding energiesD ~in
cm21! of the anions based on the amino and imino tautomers
9-acrdinamine calculated with the aug-cc-pVDZ16s6p4d basis set at the
equilibrium geometry of the neutral.

Amino 9-AA Imino 9-AA

DKT 5 13
DD ind

SCF 1 2
DDdisp

MP2 20 31
DDno-disp

MP2 26 25

Sum ~VAE! 20 41
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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~and hence the dipole moment! of the neutral molecule and
thus its electrostatic interaction with the extra electron. T
effect appears at the MP2 level and is denoted byDDno-disp

MP2 .
In the case of theI2, MP2 electron correlation effects reduc
the dipole moment of the neutral system as discussed ea
~by 0.15 Debye! in comparison with the SCF value,~see
Table I!. Therefore the value ofDDno-disp

MP2 is destabilizing, yet
the total MP2 contribution toD is substantial and stabilizing
due to the dominant role of the dispersion component.
particular, the total MP2 contribution is responsible for mo
than 75% ofD for the anion based on the imino tautome
Combining all of these contributions produces our final p
diction for the vertical electron attachment energy of
cm21.

The molecular orbital holding the excess electron inI2

is depicted in Fig. 3~right column! where both the SCF an
MP2 natural spinorbitals are shown. As is typical for dipo
bound anions, this orbital is very diffuse and localiz
mainly outside the molecular framework, near the posit
centroid of the molecular host. Note that the region of sp
occupied by this orbital is consistent with that of the elect
static potential ofI shown in Fig. 2.

We consider the anionic state ofI2 to be a dipole-bound
state even though the dispersion contribution to the bind
is the largest since:~i! the lowest nonvanishing multipol
moment of the neutral molecular hostI is the dipole mo-
ment; ~ii ! I2 is bound at the electrostatic KT level and r
mains bound even when the reduction in dipole mom
caused by correlation is taken into consideration;~iii ! the
excess electron inI2 resides in a diffuse fully symmetric
molecular orbital localized outside the molecule in the vic
ity of the positive side of the dipole~see Fig. 3!.

FIG. 3. Singly occupied molecular orbital in anions of the amino~left! and
imino ~right! tautomers of 9-acridinamine calculated from the SCF~top! and
MP2 ~bottom! electron densities~contour spacing 0.0017 bohr23/2!.
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C. Anion supported by the amino tautomer of 9-AA

At first glance the anions based on the amino and im
tautomers of 9-acridinamine look quite alike, so it is tem
ing to label both of them as dipole-bound states~see theirD
values in Table II and their SCF orbitals the top part of t
Fig. 3!. However, we became intrigued by the observat
that for A2 the sum of the binding energy calculated at t
Koopmans’ electrostatic-exchange level (DKT55 cm21) and
the DD ind

SCF ~1 cm21! term is cancelled by theDDno-disp
MP2 term

~26 cm21!. Since the second-order nondispersion correct
(DDno-disp

MP2 ) is dominated by the correlation correction to th
static Coulomb interaction between the loosely bound e
tron and the charge distribution of the neutral host, we c
clude that the charge density of the neutral molecule is
correctly reproduced at the uncorrelated level~SCF!. This, in
turn, leads to significant overestimation of bothm andD. The
fact thatDDno-disp

MP2 cancelsDKT1DD ind
SCF indicates that if one

used the correlated charge density forA, the resulting dipole
momentm is not large enough to support an anionic state81

Moreover, even though the SCF singly occupied molecu
orbital in A2 ~Fig. 3 top left! exhibits a character typical fo
dipole-bound anions and very similar to that ofI2, the natu-
ral orbital calculated from the MP2 density looks very d
ferent ~see Fig. 3, bottom left!. Such is not the case for th
imino tautomer of 9-AA which we consider to be a dipol
bound anionic state; forI2 the SCF and MP2-level orbital
are nearly identical~Fig. 3, right column!. These data again
suggest that the correlated~MP2! A2 state is qualitatively
different from the correlatedI2.

We therefore suggest that if the excess electron is
bound by the correlated dipole potential as appears to be
case forA2, the corresponding anion should not be called
dipole-bound state. So what kind of state isA2? We suggest
calling this anion dispersion bound. Again, to distinguish b
tween I2 and A2, if dispersion effects were absent,I2

would still be bound butA2 would not. So, the existence o
A2 depends on dispersion while the existence ofI2 arises
from dipole binding.

We believe there could be a multitude of such anio
that have yet to be discovered for which two situations
possible:~i! a dispersion-bound anion is artificially bound~as
is A2! at the KT electrostatic level due to the overestima
SCF dipole moment of the neutral molecule—or~ii ! the an-
ion is not bound at the KT level. The second case is actu
more difficult for us because the LUMO of the neutral is n
a good ‘‘starting point’’ for subsequent treatment of dispe
sion.

In order to test whether our values of the SCF dipo
moment and KT binding energy for theA2 are stable with
respect to the basis set used, we performed two additio
tests.

~i! We replaced the 6s6p4d diffuse basis with a
7s7p5d basis and found thatmSCF and DKT changed less
than 0.0001 Debye and 0.3 cm21. Then, keeping the 7s7p5d
diffuse basis, we verified that the MP2 dipole mome
changes by less than 0.000 05 Debye when compare
mMP2 obtained with the 6s6p4d basis.

~ii ! We replaced the aug-cc-pVDZ16s6p4d basis set
IP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp
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with the aug-cc-pVTZ16s6p4d basis and again found tha
the changes inmSCF andDKT were negligible~0.0001 Debye
and 0.1 cm21, respectively!.

These observations show no tendency for the SCF dip
moment or KT electron binding energy to increase whe
bigger basis set is used, nor any tendency forDDno-disp

MP2 to not
cancelDKT1DD ind

SCF as the basis is increased. Therefore,
believe the excess electron binding is indeed very small
equal to 6 cm21 at the SCF level. This supports our concl
sion that the artificial binding at the KT1SCFind level is
cancelled byDDno-disp

MP2 , which primarily reduces the dipole
moment~see Table II!.

IV. SUMMARY

We studied the possibility of binding an excess elect
to the amino and imino tautomers of 9-acridinamine. On
basis of ourab initio MP2/aug-cc-pVDZ16s6p4d results
we found that:

~i! The amino~A! tautomer binds an excess electron by
cm21 while the imino~I ! tautomer binds by 41 cm21.

~ii ! I2 is bound at the electrostatic-exchange KT and S
level and remains bound when the correlation correction
the dipole moment of the neutral molecule is taken into
count. The singly occupied molecular orbital~SOMO! hold-
ing the excess electron inI2 is diffuse and localized on the
positive end of the dipole moment, outside the molecu
framework, which is typical for all dipole-bound anions. Th
character of the SOMO remains qualitatively the same w
MP2 density is used instead of SCF density.

~iii ! A2 is bound at the electrostatic-exchange KT a
SCF level but, when the correlation correction to the dip
moment of the neutral molecule is added, it does not rem
bound. Hence, the only remaining contributions to the el
tron binding energy are the results of electron correlati
among which the dispersion interaction has proven to be
most important. The SOMO of theA2 anion changes signifi
cantly when the SCF electron density is replaced with
correlated MP2 density.

~iv! While the I2 anion is a typical dipole-bound anion
the nature of the electron binding in the anion supported
the amino tautomer is different and we suggest calling
anion dispersion-bound because its existence depends on
persion effects while that ofI2 does not.
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