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Electronic and vibrational structures of anionic corannulenegti CaxoHi,, CaH3y, and GoH3,, are

studied on the basis of the ab initio molecular orbital calculation at the HF/6-31G**, MP2/6-31G**//HF/6-
31G**, and CASSCF/6-31G**/[HF/6-31G** levels of theory. Analytical solutions ofdkal Hamiltonian

are also presented. The difference in geometries and electronic and vibrational structures among these
corannulene anions, and the Jafifeller effect appearing in £H;, and GgH3, are discussed. The ground

state of dianion is a singlet state. It is found that the wavenumbers of the infrared-aetiesttetching

mode of corannulene anions decrease linearly as corannulene become more negative. It can be used as the
identification of the reduction stage of a corannulene anion. We also found that theTktan coupling of

trianion is larger than that of monoanion.

1. Introduction hub
A nonalternant hydrocarbon corannulen€c;oH1, dibenzo- Q spoke
[ghi,mng fluoranthene, shown in Figure 1, was first synthesized
by Barth and Lawton in 19662 Right after this synthesis it 0.6 flank
has been predicted that corannulene should showraslectron ~
system an aromatic character on the basis of the self-consistent
field molecular orbital (SCF-MO) calculationCorannulene has rim
a unique bowl-shaped structure with a f|ve-fold_ axis and, Figure 1. The structure of corannulene o, dibenzofhi,mnd
moreover, three corannulene skeletons can essentially construcfjyoranthene. There are four types of-C bonds, hub, spoke, flank,
a soccer-ball like structurklt is well-known that, from this and rim.
fact, Osawa has proposed in association with superaromaticity
a soccer-ball like structure consisting of 60 carbon atoms fifteen nuclear magnetic resonance (NMR) spectrosédgy.Both
years$ before the experimental discovery of buckminsterfullerene NMR and ESR spectroscopy have shown that dianion is
Cs0.% Since the actual discovery of fullerenes, this bowl-shaped diamagnetic. Semiempirical calculation (AM1) has also shown
corannulene molecule has been attracting more attention inthat the ground state of dianion is a singlet state. Barth and
association with organic synthesis of@s well as chemistry ~ Lawton visualized that neutral corannulene can be thought of
of corannulene itself. an “annulene within an annulene”: aromatic hub carbons has
A new and convenient synthetic method of corannulene using 6e/5C and aromatic rim carbons has 14e/15C. In other words,
flash vacuum pyrolysis technique has recently been develoPed, corannulene is thought to consist of cyclopentadienyl ([5]-
which has accelerated experimental studies on corannulene anénnulene) anion and [15]annulene cation. They have concluded
some interesting findings have been issued. One of these is thathat because of 16e on the rim carbons in dianion large
this hydrocarbon is a very flexible aromatic compound capable paratropic ring current strongly shields the peripheral hydrogen
of performing bowl-to-bowl inversion as has been prediéfed, atoms and strongly deshields the inner carbons. The singlet
the barrier of which has been experimentally estimated to be triplet energy difference was evaluated to be 0.24 eV, which
AGF = 10.2+ 0.2 kcal/mol for a corannulene ring systétn.  suggests that there exists a low-lying triplet state. The reduction
The lowest unoccupied molecular orbitals (LUMO) of coran- to trianion and tetraanion can be achieved only with lithium
nulene are rather low-lying and doubly degeneta#€which metal. Potassium cannot reduce to higher stage than trianion.
signifies that the reduced states of corannulene could be possiblyFor both the dianionic and trianionic states corannulene dimer
stable even in highly anionized state. This is similar #p, C  cannot observed, whereas dimer form has been observed in the
which has a three-fold degenerate LUMOs and can accept sixtetraanion solutiod® In tetrahydrofuran solution, two corannu-
extra electrons to form higher anions. In fact, all of the anionic lene tetraanion forms a sandwich compound which has 10
species from mono- to tetraanion have been obseéR&d>For components: it contains four lithium cations inside and four
instance, a corannulene monoanion radical has been electrooutside’®
chemically prepared and observed using the electron spin Kiyobayashi et al. have measured the standard formation
resonance (ESR) technigifeMoreover, higher (di-, tri-, and enthalpy of corannulene by microbomb combustion calorime-
tetra-) anions have been prepared with alkali-metal (Li or K) try.}” They estimated the standard formation enthalpy in gas
reduction and examined using optical absorption, ESR, and phase to be 463.7 keatol™*. Structural and heat-of-formation
analyses of the neutral corannuleheby the ab initio MO
* To whom correspondence should be addressed. calculation have been establisiédis well as the estimation

10.1021/jp992912x CCC: $19.00 © 2000 American Chemical Society
Published on Web 12/14/1999




Structures of Corannulene Anions J. Phys. Chem. A, Vol. 104, No. 1, 200031

(b)

Figure 2. The bowl-shaped structure of corannulene. (a) topview and (b) sideview, respectively. The broken line in (a) represents the mirror plane
of the symmetry element i€s group andd in (b) indicates a “bowl angle” (see text).

of its inversion barrier at the semiempirical (AM1) MO and expressed by

the local density functional method levél$he ab initio studies

on 17,9127 20 and 14~ 2021 have been published. 14+ = co{ (7 — 0.)) @)
In the present study we report the electronic and vibrational 3

structure analysis of corannulene aniots; (n = 0, 1, 2, 3,

and 4), on the basis of ab initio MO calculations in the Hartree 1- 2 COS{ (7 — 0.)) + 2 sm( (7 — OL)) ®)

Fock approximation as well as the post Hartré®ck theories. 3 3

This species is of interest in that Jatifeller (JT) distortion

should occur at the monoanionic and trianionic states, which 1-2 co (n ) - —SI (ﬂ a) )
could afford some comparison with the anionic state gf<3 3 3
as well.
) ) o where tano. = +/37/27. These belong to; aepresentation.

2. Analytical Solutions of Huckel Hamiltonian Since egs 5 and 6 are squares of a biquadratic expression, the

Prior to extensive calculations, we present analytical solutions remaining 16 solutions make a pair, each of which belongs two-
of the secular equation within the kel approximation. fold degenerate representations and e, respectively. The

Using point groupCs,, the reducible representation con- remaining solutions are given by the two biquadratic equations
structed by orbital is reduced as egs 5 and 6. Equation 5 gives
As pointed out later, there occurs symmetry-loweriGg, — 2
C,, in anionic states, because of the JT or pseudo JT distortions. f f
The compatibility relations betwee®s, and Cs is 1+ 11; (11)

4
aiC,=d,alC,=4d" giC,=a+a, _ _
elC.=a+a (2 Equation 6 is solved as

The secular equation of the kel Hamiltonian is factorized w=1= V5 T V5 (12)

into the following four equations:
x+1=0 (3) —1-11+2/5 13)
X — 3 —x+5=0 (4) 2
V55— \/.3 5\2 The MO patterns near the frontier level and the approximate
(X4 B Le—ae (V5 —1)x— =0 (5 eigenvalues as well as the analytical ones are shown in Figure

3 and Table 1, respectively.
4, V5+1 3 «/5 + 5)? Since the LUMOSs are degenerate, there are some (more than
(X TS X 4¢ = (V5+ 1x+=,—] =0 (6) two) electronic states in mono-, di-, and trianionic states, and
charge-induced JT distortion should occur in the case of mono-
From eq 3 it is clear that = —1 is one of the solutions. This  and trianionic states owning to the Jatifeller theoren?* For
eigenvalue belongs to, aepresentation. Solutions of eq 4 are  monoanion, the additional electron occupies one of the LUMOs,
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TABLE 1. Analytical Expressions and Approximate Values
of Huckel Molecular Orbital Energy: The Unit Is the
Resonance Energys?

approximate
orbital analytical expressiof/ valuefs

a(1) 144 Cos(;(n _ a)) 2.67513
J3 3
e(1) 14 VB 1t 5 2.09529
+
4 8
a(2) 1-2 s(l(n B a)) . 1.53919
J3 3
2 sin(l(n - (x))
J3 3
&A1) —1+4/11+ 25 1.46673
2
ei(2) 14 /—11_ N 0.777484
2
1 r
(@) @’ @2 HOMO) | = [T 0.73764
Figure 3. The Hickel molecular orbitals (MO) of corannulene. The +
highest occupied MO (HOMO) is;estate, and the lowest unoccupied 4 8
MO (LUMO) is e, state. The symmetry species in the parentheses _
denote the compatibility relation betwe@s, and Cs. &3, LUMO) 1++/5 11+ NG 0.47726
4 8
that is dor d' state with the symmetry lowering. In the former a(1) 1 1.00000
case, the electronic state’s’ and the latter i8A". Trianion is a(3) o 1 _1.21432
the same as monoanioRA’ and2A" state can be considered. 1- ECOS(:;(JT - 01)) -
In such JT systems, one should be a minimum, and the other a 5 1
saddle point of adiabatic potential. For dianion, there are three —sin(é(n - (x))
ways for the two extra electrons to occupy the LUMOs patrtially. E
When two electrons completely fill one orbital, eithémoa &', &(3) —1.35567
the term istA’ state, In addition, triplet state appears if each of 1-v5_ [11-45
LUMOs is singly occupied by one electron with the same spin. 4 8
Itis interesting whether the ground state of dianion is triplet or  ¢,(4) NG —1.77748
singlet. Moreover, pseudo JT distortion may occur in dianion Z1-v11-2V5
and tetraanion because of rather low-lying LUMO or 2
LUMO+2. To address these problems, we will go into quantita-  g,(4) NG —2.46673
tive ab initio MO calculations in the next section. #

3. Ab Initio Calculation
aWhere tano. = v/ 37/27.
3.1. Method of Calculation. Radom has reviewed compu-

tational studies on various molecular anions including only first- were applied for the optimizations of the closed shell species,
row element®®> He has concluded that reliable structural neutrall, singlet states of dianiot?~, and tetraaniod*~. On
predictions may be made from single-determinant molecular the other hand, for the optimizations of the open shell systems,
orbital calculations with doublé&-basis sets though electron monoanionl™, triplet state of dianiorl?~, and trianion13-,
affinity is not reliable. We employed Hartre€&ock (HF) unrestricted HartreeFock (UHF) method were employed. After
method for the geometry optimizations of the anions. Therefore each species was optimized at the HF level of theory, a single-
we will not discuss electron affinities here. Furthermore, we point MP2 calculation was performed on the geometry. Fur-
applied second-order MgllelPlesset (MP2) perturbation theory  thermore we applied CASSCF theory for optimized geometries
and complete active space self-consistent field (CASSCF) theorywith HF method. We chose the active space spanned by four
for the optimized geometries with HartreBock calculations and six orbitals with five electrons (CAS(5,4) and CAS(5,6))
to estimate the correlation energy. Polarization function is for 17, four and six orbitals with six electrons (CAS(6,4) and
important to obtain reliable bond angksHence, we used  CAS(6,6)) for 12-, and three and four orbitals with three
6-31G** basis set for both carbon and hydrogen. We also tried electrons (CAS(3,3) and CAS(3,4)) fa#~, respectively.

to add diffuse functions, since it is desirable to calculate such In the process of geometrical optimization the symmetries
anionic systems. However, we could not obtain any self- of 1=, 127, 13-, and 1~ were kept to beCs or C; symmetry
consistent field for the present systems. The Gaussian 94being plausible after the Jahiieller distortion, where the mirror
prograni” and Gaussian 98 progrdfnon CRAY T94 and plane is shown in Figure 2a. The geometrylofvas fixed to
Origin2000 have been employed for carrying out both the HF haveCs, symmetry as has been reporféd! To evaluate the
MO calculations and post HF calculations, based on the gradient-magnitude of JT stabilization energies fbr and 13~ we also
optimized geometry. Restricted Hartreleock method (RHF) tried optimization of the geometries wi@, symmetry for them.
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TABLE 2: HF/6-31G** Optimized Bond Lengths/angstroms The HF and MP2 calculations show that the ground state of
and Bowl Angles/degree (See Text) of the Ground States of the monoanion igA’, which lies below theA" state by ca.
Corannulene Anions 0.02 eV and 0.29 eV, respectively. However, the CASSCF
hub spoke flank calculations oflL~ indicate the opposite result. Including electron
1 A, 1.412(1.413)  1.361(1.391)  1.450(1.440)  correlation by CASSCF method, the ground state of monoanion
1- 2N 1.385-1.440 1.392-1.402 1.409-1.466 at the HF optimized geometry A"
1 A" 1.368-1.423  1.3921.414  1.386-1.482 As for 12-, the energy differences between singlet and triplet

13- 2N 1.386-1.403 1.416-1.421 1.409-1.445

L . )
14 N 1.391-1.400 1.4351.444 1375 1.487 state of dianiorll?~ are summarized in Table 5. All the levels

of the calculations indicate that singlet state is a ground state

fm cH bowl angle although the relative stability of the two singlet states depends
1 1.3780 (1.402) 1.077 (1.01) 21.17 (22.4) on the approximations as shown in Table 4. It has been reported
1;_ iggz_i-igg i-g;gi-ggg ig-zg%g% that the triplet state is the ground state in B geometry,
1 1.455-1.472 1.0881.090 15161559 while the symmetry lowering make the ground state of the
14~ 1.403-1.520 1.094-1.100 12.8+17.13 dianion singlet? It is consistent with the experimental observa-

tion.® The triplet excited-state lies above the singlet states by
ca. 0.2 eV from the restricted open-shell HF (ROHF) calculation.
For 13-, 2A’ state is a ground state in the HF/6-31G** level
of calculation. However, the MP2 and CASSCF calculations
thus obtained was confirmed to be a minimum, that is, to have indicate the opposite result. Including electron correlation, the

the Hessian matrix with positive definite eigenvalues by using ground state O,f trianion at its HF-optlmlzed SUUCIUrEAS.
the vibrational analysis. All the frequencies presented here are. 34 Eléctronic Structure. The atomic net charges are shown
scaled by a factor, 0.8929. in Table 6. Hydrogen atoms dfare positively charged, whereas
3.2. Optimized GeometriesThe optimized bond lengths of the charges of the rim carbon atoms are negative. In the anionic
the ground state af"~ (n = 0, 1, 2, 3, and 4) at HF/6-31G species, on the other hand, such positive charge on protons are
level are given in Table 2. The symmetry of the optimized 9radually reduced and the hydrogen atom$*fand1*™ have
structure of neutrall is Cs,. This structure indicates bond ~COMPpletely negative charges. In each anionic state, electrons
alternation as shown in Figure 1. From the bond lengths, spoke@'€ delocalized into two part, hub and rim. In other words, the

and rim have a double-bond nature, while hub and flank are a &Xtra _electrons are accgpted mainly by the rim and hub carbons.
single bond. The structures of all the other anions h@ve The rim carbon atoms in the corannulene anions become more

symmetry. These symmetry lowering fraBa, to Cs are due to negative than the hub carbon atoms. This is because the LUMOs

JT or pseudo JT effect in these systems. The symmetry-broken®f 1° have large coefficients on the rim carbons as shown in

geometries of the dianion and the tetraanion have been obtained '9uré 3. The charge on the flank carbons are always positive
by Sygula and Rabideau al2®. even in tetraanion. Such distributions cause flat structure of

On the whole, as shown in Table 2, as the system acceptsanionic corannulenes since the interelectron-repulsions between
more electrons the lengths of spoke, rim, andrCbond of the the rim carbon atoms increases as the reduction stage increases,

anion become longer. This is because the antibonding nature a@"d the distances between the rim carbons become longer by
spoke and rim of LUMOs, shown in Figure 3, and electron the decrease of bowl-angles to avoid the repulsions.
localization on the peripheral carbons. The localized electron  The polarization between the outer [15]annulene and the inner
on the rims give rise to increase-® bond length as well as  [5]annulene i is not very large. From the electronic structure
that of rim. To compare the curvature among corannulene and the bond-alternation pattern, neutral corannulene is not so
anions, angles between a spoke and the basal plane defined bjnuch “annulene within annulene” as “[5]radialene with five
two hubs connecting the spoke, which is called “bowl angles” ethylenes”.
throughout this paper, are listed in Table 2. The bowl angles of ~ The spin density distributions df~ and1®" calculated with
the anions seem to become smaller, in other words, flatter asMP2/6-31G** level are shown in Figure 4. Comparing the signs
the reduction proceeds. Contrary to our previous wérhe of the spins in the mono- and trianion, almost the same
optimized structure of*~ is still bowl shaped, the bowl angle  alternating patterns are found except for the sign of the spin on
of which is in the range of 12.8%17.13. This is the effect of the flank and rim carbons shown in the lower of Figure 4. In
polarization function in the basis functions. The preference for 17, there is a large spin polarization in five carbons on the hub
bowl-shaped structures of the dianion and the tetraanion hasand two on the spokes. In trianionic state, corannulene has a
been also reportedd. beltlike spin distribution crossing the molecule.

3.3. Energetics.Total energies of the ground statepfl-, 3.5. Vibrational Structures. There are Bl — 6 = 84 normal
127, 13-, and1*" and relative energy of other states with respect modes in these systems. The irreducible representations of the
to the ground state are tabulated in Tables 3 and 4, respectivelynormal modes are

a Experimental valuésare in the parentheses.

We adopt theCs, structures giving their lowest energy. Except
for the Cs, structure ofl~ and 13-, each optimized structure

TABLE 3: Total Energies of the Ground States of Corannulene Anions in eV

CAS/6-31G**/IHF/6-31G**

HF/6-31G** MP2/6-31G**/|HF/6-31G** smaller space larger space
1 —20767.886817 —20838.443719
1 —20767.514361 —20835.694577 —20766.88257% —20767.611828
12- —20761.681609 —20834.095233 —20762.029353 —20763.010823
13- —20753.522694 —20824.936808 —20752.953650 —20753.028624
14 —20739.965982 —20813.748974

2 CAS(5,4)/6-31G**//HF/6-31G**.> CAS(6,4)/6-31G**//HF/6-31G**. CAS(3,3)/6-31G**//HF/6-31G**.2 CAS(5,6)/6-31G**//HF/6-31G**.
¢ CAS(6,6)/6-31G**//HF/6-31G**. CAS(3,4)/6-31G**//HF/6-31G**.
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TABLE 4: Relative Energies of Some States of 1, 12—, and
13- in eV with Respect to the Ground State: The Symbol

[19 Signifies the Electronic Ground-State Configuration of
Neutral Corannulene

orbital MP2/6-31G**//
occupation HF/6-31G**  HF/6-31G**
- A [19(374d) 0.0 0.0
2N [19(30d") 0.017650 0.289492
1= A [19(374)? 0.0 0.000386
[19(304")? 0.000519 0.0
SAT [19)(374)(304) 0.202904 1.613319
13- 2A [1°(374)(304")? 0.0 0.275783
2AT [19(374)%(304) 0.436920 0.0
orbital CAS/6-31G**//
occupation HF/6-31G**
1 N [19(374) 0.044 62% 0.309 228
2N [19(304") 0. 0.0¢
12~ N [19(374)? 0.038 217 0.c°
[19(304d")? 0.0° 0.267 716
SA [19(374)(304") 0.537 698 0.579 683
13- 2N [19(37d)(304d')? 0.094 068 0.065 665
2N’ [19(374d)%(304") 0.7 0.0

2 CAS(5,4)/6-31G**//HF/6-31G**.> CAS(6,4)/6-31G**//HF/6-
31G**. ¢ CAS(3,3)/6-31G**//HF/6-31G**.9 CAS(5,6)/6-31G**//HF/
6-31G**. © CAS(6,6)/6-31G**//HF/6-31G**. CAS(3,4)/6-31G**//HF/
6-31G**.

TABLE 5: Singlet—Triplet Energy Difference of 12~ in eV
Etriplet - Esingle{ev

calculation method

ROHF/6-31G** 0.202385
MP2/6-31G**//[HF/6-31G** 1.613754
CASSCF(6,4)/6-31G**/[HF/6-31G** 0.537696
CASSCF(6,6)/6-31G**/[HF/6-31G** 0.579683

I, =9A, + 7A, + 16E + 18E, (14)
The Raman-active modes arg, A&, and E, and the IR-active
modes are Aand B. The simulated Raman and IR spectra are
shown in Figures 6 and 7.

For Gso, the pentagonal pintch modegy{R) is one of the
Raman-active modes and its location is proportional to the
reduction staté%31Similar pentagonal pintch mode should exist
in the present system in the Modes, and it may exhibit similar
doping dependence to they(®) mode of Go. Table 7 shows
all vibration frequencies, IR intensities, and Raman activities
of neutral corannulene for/Amodes. The most intensive Raman-
active mode is A9) (2997 cnl) and the next one is 47)
(1414 cm?), then others are nearly inactive for Raman

Sato et al.

effect. Hence we cannot distinguish any wibrational mode
corresponding to Afor 1° among these symmetry-lowered
anions and find out any clear relationship in the simulated
Raman spectra between the peak position and the reduction state.

On the other hand, a clear relationship between the peak
position and the reduction state is found in the IR absorption
spectra. As shown in Figure 7, absorptions in the range above
2500 cnT1?, attributing to G-H stretching modes, give rise to
red shift with reduction. This is because the repulsion between
the electron localized on the rim carbons and the negative charge
of hydrogens weaken the-€4 bonds.

Figure 8 shows the relationship between the most intensive
peak position of them and the reduction state. Its dependency
of the absorption corresponding to the-B stretching mode
on the reduction state is described by a simple expression,
3010 — 50n cm™! for 1", This relation can be used as an
identification of the reduction state of a corannulene anion as
the pentagonal pinch mode ofy®) of Cso.

3.6. Jahn—Teller Effect. Since the symmetric product of the
representation £0f LUMO is reduced as

[El=A+E (15)
the vibrational modes which couple to the degenerate electronic
2E; state and split the state are Bodes. The frequencies of
the JT-active Emodes after scaling are listed in Table 7. The
term of the ground vibronic state i3E; with symmetry
consideration.

The classical JakaTeller distortion is ruled by the magnitude
of Sdefined by

="

S=he

(16)

whereE;r is the Jahr-Teller stabilization energy and is the
vibrational frequencies, the vibrational mode of which couple
to the degenerate electronic stétéf. magnitude ofSis infinite
(“strong coupling” or “classical limit”), the zero-point vibration
can be ignored. On the other hand, at snsadjuantum effect
becomes important.

The Eyr are tabulated in Table 8. On the other hand, the
vibrational energies of the JT-active modes fall in the range of
0.02-0.37 eV. Therefor&Sis of order of =10, which means
that the JT coupling is comparable to or larger than the zero-
point vibrational energies. Janata et al. have observed ten

scattering. These vibrational modes are shown in Figure 5. Forequivalent hydrogens from the hyperfine structures of ESR

the reference, the pentagonal pinch mode gfi€also included.
A1(9) mode is symmetric €H stretching mode, while the
displacements of carbon atoms of(A) mode is very similar
to the pentagonal pinch mode ofdand its wavenumber is
close to that of the pentagonal pinch ayGCorannulene anions
does not keep to hav@s, symmetry due to JT or pseudo JT

spectrum of monoanion at room temperattfr@his can be
interpreted as five equivalent symmetry-lowered configurations
with Cs symmetry of monoanion undergo dynamical intercon-
version at room temperature. In other words, dynamic JT effect
occurs in corannulene monoanion. JT distorted structures of
these anionic states may be observed in the low temperature.

TABLE 6: Atomic Net Charge of Corannulene and Its Anions Calculated at the MP2/6-31G**//HF/6-31G** Level

1 1 12
hub —0.047856 —0.04759 to—0.095 20 —0.07319t0-0.140 01
flank 0.046281 0.02974to 0.080 57 0.06783to 0.07340
rim —0.121779 —0.12813t0-0.198 90 —0.13707 to—0.216 05
protons 0.122566 0.06054to 0.08354 —0.01416to 0.01379
13- 14-

hub —0.11756 to—0.15967 —0.13795 t0-0.16924

flank 0.08388to 0.15403 0.10164to 0.10865

rim —0.17688 to—0.30428 —0.20339 to—0.28625

protons

—0.04879 to—0.09137

—0.12858 to—0.14157
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-0.0104

Figure 4. The spin densities of (&) and (b)13~ calculated with MP2/6-31G**//HF/6-31G** method. The black circle in this figures mean the
excess ot spin.

(a) (b) ©

A;09) A)7) A4(2) of Cgg
(2997 cm’ ! (1414 cm’) (exp. 1469 cm™)

Figure 5. Two of the most intensive Raman-active Aodes ofl (a) A«(9), (b) A7), and (c) pentagonal pinch modg(2) of Cso.

As shown in Table 8, the magnitude Efr of 13~ is 2 or 3
times larger than that df~.

Comparing them withEyr of Cy, ca. 0.04 e\B334 JT 1
stabilization energy in the present systems is larger than that of
Csor

Ai(9) Ai(7)

4. Conclusion T

[

The electronic and vibrational structuresl8f (n=0, 1, 2, Ll “‘ lu
3, and 4) was studied on the basis of the ab initio MO calculation
at HF/6-31G** level, and we also studied the electronic structure ‘ s i ‘ )
L |||“H|H. n‘m.” L

of corannulene anions based on the single-point post HF
calculation at MP2/6-31G**//HF/6-31G** and CASSCF/6-
31G**//[HF/6-31G** level of theory. The major findings for
corannulene and its anions through the present study are as
follows: (1) In each structure of corannulene anion studied here [ . |“ [y,
there occurs symmetry lowering frofs, into Cs due to the

Jahn-Teller effect forl}~ and13~ or to the pseudo-JahkiTeller
effect for 12~ and 1*~. (2) The bowl-shaped structure of 1+ {
corannulene becomes flatter when it becomes anionic. (3) The m ;L! \I 1,h, Ll
wavenumber of IR-active €H stretching mode give rise to 3500 3000 2500 2000 1500 1000 500 0

red shift with reduction. We suggest that this absorption can be Wavenumber (cm-)

used as an identification of the reduction state of a corannulenegig e 6. Simulated Raman spectra of the ground states of corannulene

anion. (4) The ground state of the monoanion and the trianion anions based on vibration analyses. The vibrational modes,(&) A
are both?A’ state in the HF levels of theory. (5) The ground and A(7) are shown in Figure 5.
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Figure 7. Simulated IR absorption spectra of the ground states of
corannulene anions based on vibration analyses.

TABLE 7: Vibrational Frequencies of A; and E, Modes, IR
Intensities, and Raman Activities of 1 Calculated Using
RHF/6-31G**

species frequencies IR intensities Raman activities
Aq(1) 133 5.5013 9.3689
A1(2) 534 17.5242 21.1719
A1(3) 570 5.2284 21.5908
Aq(4) 845 146.9843 2.4028
A1(5) 1002 1.3731 7.9603
Aq(6) 1205 1.1284 41.3214
A7) 1414 1.4915 694.6447
Aq(8) 1623 0.0000 44.4823
A1(9) 2997 6.2566 888.0625
Ex(1) 137 0.0000 3.1805
Ex(2) 272 0.0000 1.9600
Ex(3) 419 0.0000 6.1443
Ex(4) 524 0.0000 2.4612
Ex(5) 588 0.0000 0.0658
E,(6) 622 0.0000 0.5562
Ex(7) 759 0.0000 0.2406
E(8) 793 0.0000 0.0744
E»(9) 984 0.0000 0.1754
E»(10) 1022 0.0000 2.7153
Ex(11) 1095 0.0000 3.9707
E»(12) 1126 0.0000 9.0091
Ex(13) 1328 0.0000 4.2131
E»(14) 1382 0.0000 22.5250
E»(15) 1455 0.0000 25.5307
E»(16) 1648 0.0000 82.0643
Ex(17) 2977 0.0000 151.0909
E»(18) 2994 0.0000 161.3406

state of the dianion is a singlet, which is consistent with the
experimental result in all the levels of theory employed here.
(6) The Jahr Teller stabilization energy of the trianion is larger

than that of monoanion. The monoanion seems to be a dynamic215
Jahn-Teller system. Furthermore the stabilization energies are

larger than that of €. Experimental study on observation of

JT effect in these anions is now in progress. The results will be

published elsewhere in the near future.
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TABLE 8: Jahn —Teller Stabilization Energies E;r =
Ecs, — Ecs in eV) of 17 and 13-

HF/6-31G** MP2/6-31G**//HF/6-31G**
1~ 0.313240 0.494175
13- 0.907828 1.171899
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