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1. Introduction
After discovery of the fullerene Cgo [1] in 1985, in-
tense experimental studies have begun to discover other
fullerenes. These studies have shown that besides
the fullerenes C,, where n > 60, there are also small
fullerenes C,,, for which n < 60. Theoretical studies showed
that in contrast to the fullerenes C,, where n > 60, the small
fullerenes have no isomer containing isolated pentagons.
One of the small fullerenes is the fullerene Csg, which was
discovered in 1985, simultaneously with the fullerene Cgo
when studying mass spectra of vapors of carbon clusters [1].
After the discovery of the fullerenes, studies of not
only physical but chemical properties thereof have been
initiated. These studies have shown that a number of
the fullerenes are unstable molecules in a free state, and
their chemical compounds are quite stable structures. For
example, in 2004, a modified method of arc discharge [2]
in a gaseous medium consisting in molecules of carbon
tetrachloride CCly at the partial pressure of 0.013 atm
and helium atoms He at the partial pressure of 0.395atm
was applied, thereby resulting in first production of the
compound CspCljp in an amount of about two milligrams
with purity of 99.5% [3]. The studies of the molecules
Cs50Clyp by nuclear magnetic resonance have shown that
these molecules have the Dsp, symmetry. The carried-
out studies have also shown that the Cs50Clyy far more
exceed the Cgp in a static polarizability and the second
hyperpolarizability. That is why the CsoCljo is considered
to be a promising material for the nonlinear optics [4].
The studies of the endohedral fullerenes He@Csp, Ne@Cso
and Ar@Csop have shown that these molecules and the
molecule CsoClyp as well have the Dsy symmetry group,
too [5].
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As shown in the Fig. 1, the fullerene Csp with the Dsy
symmetry group consists of 15 hexagons and 12 pentagons.
Note that 271 isomers of the fullerene Csy can be built out
of 50 carbon atoms [6]. It is clear from the Schlegel diagram
of the Fig. 1 that the fullerene Cso of the Ds, symmetry
group contains six nonequivalent bonds and four groups of
nonequivalent carbon atoms: G; = {1, 2, 4, 5, 8, 13, 15,
20, 21, 23, 29, 31, 37, 39, 40, 42, 43, 45, 46, 48}, G, = {3,
6, 7, 14, 22, 30, 38, 44, 49, 50}, G3 = {10, 11, 17, 18, 25,
26, 27, 33, 34, 35}, G4 = {9, 12, 16, 19, 24, 28, 32, 36,
41, 47}.

The Gp set includes atoms, which are at vertices of
junction of the two hexagons and one pentagon and,
furthermore, each of these atoms has one adjacent neighbor
of the same G; set. The G, set includes atoms, which are
at the vertices of junction of the two pentagons and one
hexagon and each of these atoms has one adjacent neighbor
of the same G; set. The Gj set includes atoms, which are
at the vertices of the isolated pentagon. The G4 set includes
atoms, which are at vertices of junction of the two hexagons
and one pentagon and, furthermore, each of these atoms has
no adjacent neighbor of the same G4 set.

The studies of the molecules Cs5yCljp by the nuclear
magnetic resonance have shown that chlorine atoms in these
molecules are bonded to the carbon atoms, which belong to
the G set [3], i.e. as it is shown in Fig. 2, the chlorine atoms
form a Saturn ring-like structure around the fullerene Cso.
Quite a lot of papers [7-9] are devoted to the study of the
physical and chemical properties of the fullerene Cs.

The Hubbard model [20] is commonly used to charac-
terized the electron properties of the carbon fullerenes and
nanotubes [10-19].

This model in the static fluctuation approximation (SFA)
was used to obtain energy spectra and optical absorp-
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Figure 1. a — fullerene Csp with the Ds, symmetry group, » — its Schlegel diagram indicating positions of carbon atoms, bonds

between carbon atoms and pentagons.

tion spectra of the fullerene Cgy with the I, symmetry
group [10], the fullerene Cyo [11], the fullerene Cgp [12],
the fullerene Cj3¢ with the Dg, symmetry group [13],
the fullerene Cps with the Tq symmetry group [14], the
fullerene Cp¢ with the D3, symmetry group [15], the
fullerene Cy4 with the Oy, Dg and Dgg symmetry groups [16]
and the fullerene Cy¢ with the I, Dsq and D3y symmetry
groups [17], while the paper [19] studies the electron
properties of the carbon nanotubes. The results obtained

Figure 2. Molecule CsyClyo.
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in the papers [10-12] agree fairly well with experimental
data.

The purpose of the present study is to study the energy
spectrum of the exohedral fullerene CsoCljy with the Dsy
symmetry group within the Hubbard model in the static
fluctuation approximation. To prepare for the study of the
energy spectrum of the molecule Cs5¢Cl;p, we first examine
the energy spectrum of the fullerene Csyp with the Dsy
symmetry group.

2. Energy spectrum of the fullerene C;

To describe the m-electron system of the fullerene Csy,
we will use the Hubbard model [20]:

1
H= ;ei N + m%;j tijClyCio + 5 ;UinigniE, (1)
where Cﬁ,, Ci, — the operators of creation and annihilation
of electrons with the o spin at the i site; nj, — the operator
of the number of particles with the ¢ spin at the i site; & —
the energy of the one-electron atomic state at the i site;

tjj — the transfer integral characterizing electron hops from
the i site to the j site; Uj — the energy of the Coulomb
repulsion of two electrons at the i-m site; 0 = —0.

Let us find the energy spectrum of the fullerene Csg
in SFA. To do so, we will use the Green’s functions
method [21], which states that in order to find the energy
spectrum of a quantum system, it is sufficient to calculate
poles of the Fourier transforms of anticommutator Green’s
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functions:

((ctylcte)) = ([ci,(7), Cts (0)]), (2)

where f =1, ..., N; N— a number of sites of the quantum
system.

It can be shown [10,12] that the Fourier transform of
the anticommutator Green’s function (2) in SFA takes the

following form:

F
o jm
((Cioleir) e 2:125 Em+ 1N’
Ex=c¢+e, Exip=E+U, Fjm=0mosQjm
Qik+6 =Qjx, k=1,...,p, (3)
n
1-—= =1,...
27 m 17 ’p/27
qm,zT: n
7 m=p/2+1,...,p

where p — the number of the energy states of the quantum
system, Ey — the energy of the mth state of the quantum
system, Fjm — the spectrum density of the mth energy
state.

The energy spectrum is importantly characterized by a
degeneration degree, which can be found by knowing the
spectrum density of their states [10,12]:

N
g => Qi (4)
=t

where g; — the degeneration degree of the i-th energy level,
N — the number of the sites of the nanosystem.

As the fullerene Csp has four groups of nonequivalent
sites, then in order to find the energy spectrum of the
fullerene Csp , it is necessary to compute the anticom-
mutator Green’s functions for any four nonequivalent sites
of this fullerene. In order to find the Green’s functions,
first of all, we determine a time dependence of birth
operators. To do so, using the Hamiltonian (1) and the
Schlegel diagram of the Fig. 1, as it is in the papers [10-
17], we write motion equations in SFA for the cj_ (7),
CloMs(7), ..., C, (7), Cly,Ns05 (1) operators, specified in
the Heisenberg representation:

dci,

d;" = eC{, +14Cy +tCl +thCq

d(ci,Miz)
dr

= (e +U)ci,Mig + t4C3, M5

+ tcCd, Nes + thCq, Moy

—e.ct + + +
— - = € C505 +1e(Canp + Cgp) +teClo,

d (C;LOU nSOE)

s = (e + U)cdy,Nso5 + te(Chh, Na2s

+ Cjg, N6 ) + teClo, Naos

where 7 = it,t — time.

The system of equations (5) is a closed system of
differential equations. Before solving this system, we find
numerical values for the transfer integrals, which correspond
to the fullerene Cso. For this we will use the following
relationship [10,11]:

ts = —8.17065 exp(—1.69521xs). (6)

The studies of the fullerene Csy [4] have shown that
distances between carbon atoms in this fullerene are as
follows:

Xa = 1.399A, x, = 1.449A, x. = 1.444A,

Xg = 1.450A, xo=1.400A, xq=1387A. (7)
Now, substituting (7) into the relationship (6), we obtain
the numerical values for the transfer integrals for the

fullerene Cso with the Ds, symmetry group:

ta = —0.76258 eV, t, = —0.70061¢V,

tc = —0.70657eV, tg=—-0.69942¢V,

te = —0.76129¢V, ty = —0.77825¢V. (8)

As it follows from (3), in order to find the energy
spectrum of the fullerene Csg, it is necessary to know
numerical values of the ¢ and U parameters. The required
values (& = —7.824eV, U =5.662¢V) were determined
in the paper [12] based on the experimentally measured
optical absorption spectrum of the fullerene Cgp within the
Hubbard model in SFA. Note that the numerical value of the
parameter U = 5.662 eV agrees with the results presented
in the paper [22], where U ~ 5eV was obtained.

Substituting the numerical values of the transfer inte-
grals (8), as well as the numerical values of the parameters
e =—7.824eV and U =5.662¢V into the system of dif-
ferential equations (5) and solving this system, we obtain
expressions for the birth operators ci (7),...,cd, (7).
Using the solution of the system of equations (5), as well
as relationships (2), (3) and (4), we obtain the numerical
values for Ey, ex and gk, see Table 1, where € — the
energy value of the k--th level in relation to ¢ 4+ U /2, which,
as it is clear from the relationship (3), is correlated to the
magnitude Ey as follows:

u _
Ek:£—|—§+ek, (9)
where
ek—%, k=1,...,p/2,
& = ; (10)
ek+3, k=p/2+1,...,p.

As it follows from the relationships (9) and (10), the
energy states of the fullerene Cso form two Hubbard
subbands, wherein the lower Hubbard subband is formed by
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the energy states focused near the energy &, while the upper
Hubbard subband is formed by the energy states focused
near the energy &€+ U. The energy states forming the
energy spectrum of the fullerene Cso with the Ds, symmetry
group can be classified by irreducible representations of
the Dsp group, see Table 1. The energy spectrum of the
fullerene Csg is shown in the Fig. 3.

3. Energy spectrum of the
molecule C5,Cly

The experimental studies show that the fullerene Csg is
an unstable molecule, which can be stabilized by forming
chemical compounds of this fullerene with other molecules.
The paper [3] states that the stable exohedral fullerene
Cs50Cljp was produced in macroscopic quantities.

Let us consider the energy spectrum of the exohedral
fullerene Cs5¢Cljg, which has the Ds, symmetry group as
per studies [4]. The studies of the exohedral fullerene
Cs50Clyo [4] have also shown that distances between carbon

Table 1. The energy spectrum of the fullerene Csp: level
energy values, multiplicity of their degeneration and irreducible
representations of the Ds, group, to which they belong

Nel o g Ej, eV |gj I Ne| e | Ej, eV |0 I

1{—5.005|—9.998 Ei(aj) [31| .657|—4.336 Esi(a]
2| —4.805|—-9.798 Ex(e}) |32] .857|—4.136 Es (€]
31—4.766|-9.759 Es(ay) |33] .896|—4.097 Ess(ay
4|—4.445|-9.437 Es(e)) |34]1.217|-3.776 Es(€)
51—4.390|-9.383 Es(a}) |35]1.272|-3.721 Ess(a]
6|—4.362|—9.355 Es(ef') |36(1.300|—3.693 Esq (€}
71—3.931|-8.924 Es(ay) |37]1.731|—3.262 Es;(ay
81—-3.918] 8911 Es(e}) |38]1.744|—3.249 Ess(€)
91—3.899|—8.892 Eo(€)) |39(1.763 | —3.230 ey

10|—3.780|—8.773
11/-3.419|-8.412
12| —-3.417|—8.410
13| 3.396|—8.389
14| -3.356 | —8.349
15| —3.064|—8.056
16| —3.061|—8.054
17|—2.695|—7.688
18] —2.442|—-7.435
19| —2.053|—7.046

40(1.882|—-3.111
41)2.243|-2.750
4212245|-2.748
4312.266|—-2.727
4412306| 2.687
45|2.598|—-2.395
46|2.601|—-2.392
4712.967|—-2.026
4813.220|-1.773
4913.609|—1.384

m
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X CRENENCY
ORI PIlab bbb leb b bl P IPINb b tablabia
CNCNCNCN

D
D

QD

L8 P

NN A N A U NI NI NI NI A N N D N AN NI NS AN )

crorrpipe g
[}

AAAAAAAA/\A/\/\Q) N N TN N N T N T N T N Y TN N~ T o~ N

S—x—X
S—x—X

(NSRS RN SRR NS R O S R el SRl NS I NS I (S O I NS (O I (O I S (ST (S Rl A L S R
m
W
TN N N N o~ TN S
280 0P
(NSRS RN SRR NS R O S Rl SRl NS I NS I (S (O I NS 'O I (S I S I (S T S R e A R S R

20| —1.973|—6.966 | 1 |Ex(a})|50(3.689|—1.304| 1 |Eso(a
21|—1.859|—6.852| 2 | Ex(e})|51|3.803|—1.190| 2 | Es; (€}
22|—1.804(—6.797| 1 | Exn(a}) |52|3.858| —1.135| 1 | Es»(a}
23| —-1.745|—6.738| 1 | Ex3(€}) [53]3.917|—1.076| 1 | Esz(€,
24| —1.669]—6.662| 2 | Eaq(€]) [54(3.993| —1.000| 2 | Esa(€]
25|—1.533(—6.526| 2 | Exs(€’) |55[4.129| —.864 | 2 |Ess(e
26|—1.493|—6.486 | 2 | Ex(€)) |56|4.169| —.824 Ess(€)
27| —1.062|—6.054| 1 | Ex(a}) |57[4.600| —.393 Es7(a)
28|—1.051|—6.044| 2 | Exs(€]) |58[4.611|—.382 Ess(€]
29| 1.039|-6.032| 2 |Ex(€})[59|4.623|—.370 | 2 |Eso(e}
30| —.897 |—5.890| 2 | Eso(€}) |60|4.765| —.228 Eo(€)
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Figure 3. Energy spectrum of the fullerene Csy.

atoms in this molecule are as follows:
Xa = 1.403 A, x, = 1.424A, x. = 1.515A,
xg = 1.430A, xe = 1.598A, x4 = 1.373A.  (11)

It follows from the relationships (6) and (11) that for the
molecule Cs5¢Cljo the transfer integrals have the following
numerical values:

ta = —0.75743eV, tp, = —0.73094¢V,

tc = —0.62645eV, tg = —0.72354¢V,

te = —0.54422¢V, ty=—0.79694cV.  (12)
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Knowing numerical values for the transfer integrals (12),
as well as the numerical values for the parameters
& =—7.824¢eV and U = 5.662¢V, and using the relation-
ships (5) and (2)—(4), we will obtain the numerical values
for the magnitudes E, € and gk for the Cs5oCljop molecule,
see Table 2. The Fig. 4 shows the energy spectrum of the
exohedral fullerene CsoClyg. It is clear from the Figures 3
and 4 that the fullerene Csg has the lower Hubbard subband
fully occupied, while the exohedral fullerene CsoCl;¢ has ten
energy states in the lower Hubbard subband unoccupied.
It is due to the fact that when the molecule Cs5oClyg is
formed, the ten valence electrons of the fullerene Csy are
spent to form strong chemical bonds with the chlorine
atoms.

The optical absorption spectrum is an essential physical
characteristic of any molecule. Using the above energy
spectrum of the exohedral fullerene CsoCljy with the
Dsy symmetry group, it is possible to find the transitions
which form the optical spectrum of this molecule. The
group theory [23] may be used to demonstrate that a
molecule with the Ds, symmetry group has the following

Table 2. The energy spectrum of the fullerene CsoClyp: level
energy values, multiplicity of their degeneration and irreducible
representations of the Ds, group, to which they belong

Nel o g Ej, eV |gj I Ne| e | Ej, eV |0 I
1{—4.957|—-9.950 Ei(a}) [31]0.705|—4.288 Esi(a]
2|1—4.811|—-9.804 E;(a)) [32]0.851|—4.142 Esz(ay
31—4.709|-9.702 Ex(e}) |33]0.953|—4.040 Es (€]
4|—-4.402|-9.395 Es(ef') |34(1.260|—3.733 Esq (€]
51—4.3321-9.325 Es(aj) |35/1.330|—3.663 Ess(a]
6|—4.324|-9.317 Es(€)) |36]1.338|—3.655 Es(€)
71-3.978|—-8.971 E;(ay) [37]1.684|—3.309 Es;(ay
8]1—3.931|-8.924 Eo(€)) |38(1.731|—-3.262 Eso (€}
9|1—3.836|—8.829 Es(e)) |39]1.826|—3.167 Ess(€)
10| —3.720|—8.713 Eio(e}) [40|1.942|-3.051 Euo (€]
/!
1

11|-3.428 | —8.421
12| —3.406|—8.399
13| —-3.346|—8.339
14| —-3.288 | —8.281
15| —3.055|—8.048
16| 3.025|-8.018
17|-2.718 | =7.711
18] —2.446|—7.439
191—-2.034|—-7.027
20| —1.948|—6.941

41)2.234|-2.759
4212.256|—-2.737
4312.316|—-2.677
4412374 -2.619
45]2.607|—2.386
46|2.637|—2.356
4712.944|—-2.049
4813.216|—1.777
4913.628|—1.365
50(3.714|—-1.279

N
— e e e e e e e e e L o — o — o —

&P

D
D

D

QD

D0 D P D

D
D

N
— e e e Y e e Y o e

D

\H:_\
2RISR ES S 20 8B
RO ®

N

m
S
=0

)

(NSRS RN S I NS RN S I NS T ST SR R SRl NS (ST NS NS S B NS S R NS T NS B S R
m
>
NN N TN N N S T T
.—\._.\.\S;D\N\.—\
(NSRS RN S R NS RN S I NS T SR S R i ALl NS (ST NS NS S B NI S R (ST NS R S R
I

2 2
21|—1.892(—6.885| 2 | Exs(€}) [51[3.770| —1.223| 2 | Ess (e}
22|—1.821|—6.814| 2 |Ey(€)) |52|3.841|—1.152| 2 | Esi (€}
23|—1.798(—6.791| 1 | Exp(a}) |53|3.864| —1.129| 1 | Es,(a]
24|—1.777|=6.770| 2 | Exa(€}) |54(3.885| —1.108| 2 | Esa(e]
25(—1.595—6.588 | 2 | Exs(€)}) |55[4.067| —0.926| 2 | Esq (€}
26|—1.496|—6.489 | 2 | Exs(e]) |56 |4.166| —0.827| 2 | Ess(e
27| —1.266—6.259| 1 | Exr(a}) |57|4.396| —0.597| 1 |Ess(a)
28|—1.163|—6.156 | 2 | Exs(€]) |58(4.498| —0.494| 2 | Esg(e]
29]—0.996—5.989 | 2 | Exo(€Y) |59|4.666| —0.327| 2 | Eso(€
30|—0.882|—5.875| 2 | Eso(€}) |60|4.780| —0.213 | 2 | Eqo(€)

E, eV

Figure 4. Energy spectrum of the molecule CsoClyo.

allowed transitions in its energy spectrum:
aj — €|, aj — aj, a, — e}, € <€,
e el e ey & el al e,
e, — €y, a)b—af, aj — €, & — €. (13)

The paper [3] obtains the optical absorption spectrum of
the exohedral fullerene Cs5oClyp in the cyclohexane. The
studies of the optical absorption spectrum of this molecule
have shown that eight distinct absorption bands can be
picked up in its optical spectrum: a,b,c,d,e f,g,h,
which are given in Table 3.
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Table 3. Experimental and theoretical values of the wave lengths
and energies which correspond to the absorption bands within the
optical spectrum of the molecule CsoClio

of a]ls)zsl(r)l;i;tion [3], 4, nm 3] E,eV | Theoret. E, eV
a 454.6 273 27294
b 4338 2.86 2.3448
c 400.8 3.10 3.1076
d 376.6 330 32971
e 356.6 348 34822
f 334.0 3.72 3.7177
g 3220 3.86 3.8510
h 2385 521 52295
Table 4. Transitions forming the absorption bands a, b, c,

d, e, f, g, h,y of the molecule Cs,Cl;o

AE |AE,eV |6 AE AE, eV | éd AE |AE, eV |6
a Ex;—Es | 3.1361 | — |Eqo—Ex2 | 3.7398 |+
Eyy—E; | 27120 | — [E31—Eg | 3.1505 | — | E351—Ej6 | 3.7598 | —
Ex—Eig| 2.7236 | — |Ess—Ey1 | 3.1509 | + | E4o—Ez1 | 3.7627 | —
Exs—E4 | 27294 |+ | E36—Eps | 3.1519 | — | E39—Ey9 | 3.7655 | —
Es—Exa | 27307 | — d Ess—Ex | 3.7747 | —
Ex—Es | 2.7373 | — |Ezs—Ex | 3.2786 | + | E35—E5| 3.7762 | —
E31—E19 27386 | — E37—E26 32789 | — g
Ess—Exs | 2.7426 | — |Esa—Ex | 3.2865 | — | Exo—E3 | 3.8145 | —
Es—Exn | 27511 |+ |Ess—Ei9| 3.2945 | 4+ | Ezo—E; | 3.8267 |+
Exx—Eo | 2.7675 | — [Ezz—Eig | 3.2971 | + | Es1 —Eyg | 3.8286 | —
Es—Ey | 27740 | — | Exs—E; | 3.3153 | 4+ | E40—E2s | 3.8335 |+
b Ez9—Ea6 | 3.3260 | + | E43—Ex | 3.8510 |+
Ex—Es | 28070 | — | Exo—E4 | 3.3275 |+ | Ess—Ej9 | 3.8603 | —
Exx—E; | 28145 | — | Exy—Es | 3.3354 | — | Ezs—E;5| 3.8762 |+
E25—E4 28284 — e E4()—E20 38904 —
Exs—Es | 2.8363 | — | Esp—E4 | 3.4420 |+ | Es3—Ej6 | 3.9064 | —
E3;o—Eio| 2.8381 |+ | Exy—E, | 3.4432 |+ | Esn—Exs | 3.9102
Ex—Eg | 2.8393 |+ | Ezo—Es | 3.4499 | — h
Es—Eps | 2.8448 |+ |Ez7—Eps | 34618 | — [Eqg—Exo| 5.1645 |+
Ess—Ez | 2.8550 | — | Exs—E; | 34619 | —| E3s—Eg | 5.1659 | —
Ess—Eio| 2.8851 | — |Es7—Exn | 34822 |+ |Ess—Ejp | 5.1725 |+
Es»—Ex | 29018 | — |E37—Ez | 3.5051 | — | Esa—Es | 5.1739 |+
Exs—Es | 29060 | — | Ezo—E24 | 3.5089 | — | Es3—E4 | 5.1750 | —
[ E30—Egs | 3.5196 | — | Ezz—Es | 5.1829 |+
Ez0—Eo | 3.0486 |+ | Es9—Ez | 3.5293 |+ | Ess—Ey | 5.1909 |+
Ess—Exn | 3.0582 | — f Eqo—Ex | 52225 | —
Exy;—E4 | 3.0584 | — |Es;—Ej7| 3.6710 | — |Eqo—Ej4| 52295 |+
Ex;—Es | 3.0663 | — | Eso—Ex | 3.6800 |+ | Esgs—Ej3| 52318 |+
Eszs—E> | 3.0811 |+ | Ex7—E; | 3.6919 | — | Ezg—E7 | 5.2380 |+
Eso—E7 | 3.0956 | — | Ess—Eis | 3.7064 | — | E4ss—Ej9 | 52500 | +
Ezs—Eps| 3.1076 |+ | Exo—E; | 3.7122 | — | Es3—E¢ | 52527 |+
Ex—E, | 3.1141 |+ |Ess—Ex | 3.7177 | + | Ess—E11 | 5.2542 |+
Esa—En | 3.1155 |+ |Es7—Ei9 | 3.7184 | — |Eq1—Ess | 5.2591 | —
Ess—Ex | 3.1280 | — |Eso—E2a| 3.7194 | — | E3s—Ey | 5.2607 | —
Esa—Exn| 3.1359 | — |Es1—Eis | 3.7296 | — | Ess—Eg | 5.2686

Knowing the energy spectrum of the exohedral fullerene
Cs50Clyp, its experimentally observed spectrum of optical
absorption can be interpreted as follows. The optical
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absorption spectrum bands of the molecule CsyCl;o, which
correspond to the experimentally observed energies E,, Ep,
E¢, B4, Ee, Ef, Eg, En, as given in Table 3, can be
interpreted as bands, which are formed by transitions as
given in Table 4. It is clear from the Table 4 that energies
of these transitions are close to the experimental values [3].
The § symbol of the Table 4 shows the transitions as allowed
and unallowed in terms of the symmetry. If § =+, then
such a transition is allowed in terms of the symmetry, if
6 = —, then such a transition is unallowed. Note that in the
molecule Cs5yClyo the atoms make small oscillations around
an equilibrium. This lead to asymmetry of the molecule
Cs50Clyo. As a result, optical transitions unallowed in terms
of the system symmetry become allowed. As a result of the
asymmetry, some of the unallowed transitions may form a
clearly observed band of optical absorption.

4. Conclusion

Thus, the optical absorption of the exohedral fullerene
Cs0Clyp, which is observed experimentally, agrees fairly
well with the optical absorption spectrum of this molecule,
which is obtained from the energy spectrum of the molecule
C50Clyp within the Hubbard model in the static fluctuation
approximation.

Note that the energy spectra of the fullerenes Cgp, C7o
and the endohedral fullerenes LusN@Cgo and Y3;N@Cso
were also studied in the papers [12,11,10], as deter-
mined within the Hubbard model in the static fluctuation
approximation. These studies showed that the optical
absorption spectra of these molecules, which were observed
experimentally, also agree fairly well with the optical
absorption spectra of the molecules Cgp, C79, Y3N@Csg
and Y3N@Cgp, which have been obtained within the
Hubbard model in the static fluctuation approximation.
This allows one to state that the Hubbard model in the
static fluctuation approximation characterizes fairly well the
electron properties of carbon nanosystems.
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