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Spectrum of a hybrid C73H90 molecule containing the Stone−Wallace

defect
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The spectral characteristics of hybtid cluster C73H90 were calculated using the time-dependent Density Functional

Theory method. The calculated spectrum demonstrates two maxima: at 5.7 and 3.8 eV, which are close to those in

interstellar medium and laboretory experiments.
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An extensive family of carbon-based amorphous materi-

als, known collectively as
”
amorphous carbon“, is widely

used in various technical applications due to the possibility

of changing their structure at atomic scales (see, for

example, [1]). Such a change affects primarily the optical

properties and therefore requires study, in particular, for

the purpose of diagnosis. According to our model [2],
proposed as a result of studying the infrared emission

spectra of the space object Elias 1 [3] and the distribution

of carbon nanoclusters in meteoritic matter by size [4],
hybrid clusters constructed from fragments of graphene and

diamond [2,5,6].

As it was shown in our recent papers [5,6], the optical

properties of hybrid clusters turned out to be very remark-

able. Using the ab initio method, we have shown that

the maximum of the molar extinction coefficient of such

objects falls on the wavelength of ∼ 217.5 nm (5.7 eV),
which allows us to associate the contribution of such clusters

with the absorption band known in astrophysics, which

reaches the maximum value at the same length waves

(see, for example, [7]), and make an assumption about the

widespread occurrence of hybrid clusters in the interstellar

medium. At the same time, it is also impossible to

exclude the presence of both hybrid clusters and massive

carbon nanoparticles encapsulated in an amorphous carbon

matrix, which are components of cosmic dust. The latter is

confirmed by the noticeable similarity of the experimental

optical absorption and extinction spectra of the interstellar

medium and amorphous carbon layers synthesized under

laboratory conditions and characterized mainly by the s p3-

hybridization of matrix atoms [8].

We note that the optical absorption spectrum of hybrid

clusters coincides with the extinction curve of the interstellar

medium only in the maximum region and differs from

the shoulder on the interstellar extinction spectrum in

the ∼ 2.0 eV.

The purpose of this work is to test the hypothesis that

the modification of the cluster C73H90 by the Stone−Wales

defect (an example of the defect is presented, for example,

in [9]) leads to the initiation of absorption in the spectral

the area close to the shoulder.

ab initio methods were used for calculations. We note

that the selection of a basis and method for a specific task

solved by ab initio methods seems to be a fairly common

practice and requires sorting through a significant number

of available combinations and combinations of methods

and bases and comparing the calculation results with the

experiment for as close systems as possible. However,

although such a procedure seems to be very useful and

therefore necessary, it is also very resource-intensive both

from the point of view of machine time and from the point

of view of the experimenter’s time. Indeed, in addition

to B3LYP, even within the framework of DFT (density
functional theory), there are many methods: classical,

hybrid, double hybrid, etcĖach of them has its own features.

Therefore, in order to save resources, the researchers often

use literature data that tell about the successful application

of certain methods and bases to solve similar problems.

The study [10] reported on the successful application of

the B3LYP exchange-correlation hybrid functional with a

small basis 3-21G(*) to optimize the geometry and simulate

the spectral and electrochemical properties of complex

carbon complexes. Therefore, in this paper, the mentioned

exchange-correlation hybrid functional and basis are used

to optimize the geometry of the cluster containing the

Stone−Wales defect and calculate its optical properties. The

time-dependent density functional theory (TD DFT) method

was used (in the Russian literature
”
non-stationary“).

The Gaussian 09 [11] package was used for calculations.

Optimization of the hybrid cluster geometry in our case was

performed using the Bernie algorithm [12] together with the

GEDIIS (geometry optimization using energy-represented

direct inversion in the iterative subspace) [13] method. The

result is shown in Fig. 1. The numerical value of the total

energy of the molecular hybrid achieved during optimization

at the minimum point is given in the caption to Fig. 1. The
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Figure 1. Hybrid cluster view C73H90 after geometry op-

timization. The balls 1 denote hydrogen atoms, balls 2 —
carbon atoms s p3-hybridization, balls 3 — carbon atoms s p2-

hybridization, balls 4 shows a fragment with a Stone defect−Wales.

The total energy of the system after optimization is equal to

−7 385 187 kJ/mol.
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Figure 2. The molar extinction spectrum of the fragment shown

in Fig. 1 (1), together with the averaged light extinction curve by

the interstellar medium from the work [7] (2).

sign and order of magnitude of this energy correspond to

those obtained with a similar calculation method for known

hydrocarbons (see, for example, [14]). After optimizing the

geometry, the molar extinction spectrum was calculated.

Fig. 2 shows the calculated molar extinction spectrum

together with the averaged light extinction curve by the

interstellar medium (see work [7] and references therein). It
can be seen from the figure that the most intense absorption

band is close to the observational data in the region of

the band maximum of 217.5 nm (5.7 eV). Moreover, in the

region close to the
”
arm“ of the astrophysical spectrum (at

a wavelength of approximately 2 eV), an absorption band

with a maximum at a photon energy of 3.8 eV is also visible

on the calculated spectrum. The last band is missing on

the spectrum of the cluster calculated earlier with C73H74

and therefore may be related to the Stone−Wales defect,

which changes the cluster topology from two-dimensional

to three-dimensional [9].
So, unlike a cluster With 73H74 on the molar extinction

spectrum of a related object with 73H90 two absorption

bands are distinguished, close to the features observed on

astrophysical spectra.
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