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Quantum mechanical investigations of isolate molecules and a bridge fragment are performed. Based on the investigation
results, the design of two logical functions device was done. The investigation results indicate that the molecular device could
be applied as logical YES and/or NOT functions. The extension of the concept of a molecular device is of interest for the
growth of nanoscience and the development of nanotechnology, as well as the control of chemical reactions.
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1. Introduction

In the last twenty years, the development of supra-
molecular chemistry has allowed the construction of
simple molecular-level devices. The molecules may
be used as devices because they operate via electronic
and/or nuclear rearrangements and, like macroscopic
devices, need energy to operate and the signals to com-
municate with the operator. The extension of the con-
cept of a device to the molecular level is of inter-
est, not only for the basic research, but also for the
growth of nanoscience and the development of nano-
technology and, maybe, in the explanation of origin of
life. Molecular-level devices find applications in in-
formation storage, display, and processing; in the long
run, they are expected to lead to the construction of
molecular-based (chemical) computers [1]. Moreover,
deeper knowledge in this field allows one to bridge non-
living and living matter.

A molecular memory devices are proposed and demon-
strated for the data storage up to three bits (eight levels)
per cell, in contrast to the standard one-bit-per-cell (two
levels) technology [2]. The unique electronic proper-
ties of carbon nanotubes are used for the recognition
capabilities of DNA [3]. Basing on various properties
of molecules a lot of molecular switches are designed
[4-7]. Helical peptide segments have often been em-
ployed in peptide-based molecular devices and mate-
rials due to their conformation changeability [8]. The
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R-M enzymes could be applied as unusual molecular
motors that bind specifically to DNA and then move to
the rest of the DNA through this bond complex [9]. In
addition, Nishikawa et al. found that the insulating inor-
ganic films obtained by catalytic chemical vapour depo-
sition were quite effective in the protection of molecu-
lar devices against water and / or oxygen [10]. Peskin et
al. propose to use the intramolecular electron and elec-
tronic energy transfer as a way of connection between
the logical operations that are implemented on different
molecules [11].

On the other hand, the concept of a macroscopic de-
vice can be extended to the molecular level by design-
ing and synthesising (supra)-molecular species capable
of performing several specific functions, i.e. design-
ing materials to accomplish multiple performance ob-
jectives in a single system. Double function structure—
battery materials for unmanned air-vehicle applications
are reported by Thomas et al. [12]. Interestingly, cell
membranes resembling periodic minimal surfaces have
been observed in cytoplasmic organelles, such as mito-
chondria and chloroplasts, in which a variety of differ-
ent transport processes occurs [13]. The dicyanamide
anion, [N(CN)2]~, is shown to be a versatile building
block for the assembly of coordination polymers which
are components of molecular superconductors, mag-
nets, and conducting / magnetic hybrid materials [14].
It is possible to extend the functions of the molecular
devices.
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Fig. 1. Two logical functions molecular logical devices designed from the DO3 and dithieno[3,2-b:2’,3’-d]thiophene molecules. The inputs
and the output of the device are marked.

In this paper, we intend to exhibit that the same
molecule could be applied as two different logical func-
tions. The design of the two logical functions device is
started from the system that could be used for imple-
mentation of molecular logical NOT or/and YES. It is
possible to foresee that the application of the two logical
functions materials allows us to minimize and acceler-
ate the computation process. We believe that the multi-
logical function materials could be present in a living
organism as chemical reaction controlling, information
coding and encoding, storage and usage devices.

2. Problem formulation, investigation method, and
results

The design and investigation of the light-driven su-
permolecular logical devices based on the Disperse
orange 3 (DO3) and dithieno[3,2-b:2’,3”-d]thiophene
(Thiophene) molecules were performed applying time-
dependent density functional theory (TD DFT) with a
B3PWO91 exchange—correlation functional and a 6-31G
model [12-14]. The above molecules were joined with
the —CH=N— molecular bridge (Fig. 1). This bridge
fragment is chosen not accidentally. It has been shown
that the bridge fragments not only fix the orientation
of the photoelectron donor and photoelectron acceptor
molecules with respect to each other but also play a cru-
cial role in the mediation of the electron transfer process
by changing electronic properties of the excited state
[15].

Firstly, a full geometry optimization was carried out
for the isolated DO3 and Thiophene molecules ap-
plying B3PW91 method with different basis sets such
as 6-31G, 6-311G, 6-311G**. In all these investiga-
tions the convergence was achieved and the stationary

point was found [15, 16]. The geometries of the above
molecules obtained applying B3PW91/6-311G** ba-
sis set exhibit a marked resemblance to the geo-
metrical structure of the supermolecule obtained by
B3PWO91/6-311G and 6-31G. Moreover, we have com-
pared the UV and visible spectra of the DO3 molecule
obtained by TD B3PW91/6-31G, CIS HF/ 6-311G**
methods with experimentally measured spectra of this
molecule in hexane solution [17]. The performance
of these methods is found to be good. Only a small
systematic basis set dependent blue shift is obtained.
The calculated spectrum of the dithieno[3,2-b:2°,3’-
d]thiophene molecule looks like the absorption spectra
of the Thiophene polymers and oligomers in benzene
solution, i.e. the obtained maxima fit within the ab-
sorption region of these polymers and oligomers [18].
Thus, for quantum computation the quite relevant gen-
eralization follows that the TD B3PW91 method within
6-311G**, 6-311G, or 6-31G is suitable for the inves-
tigations of DO3 and Thiophene, and should also be
correct enough for the study of the derivatives that are
designed from these molecules. Before we proceed any
further, let us remember that the results obtained with
the TD B3PW91 method within a 6-31G basis set coin-
cide with those within 6-311G**, i.e. the obtained re-
sult is not strongly dependent on the basis set therefore
the charge transfer investigations are performed apply-
ing TD B3PW91/6-31G only.

The investigations of one-electron orbitals of the
CH»>=NH bridge fragment, DO3, and Thiophene mole-
cules indicate that the orbitals do not interact (Fig. 2).
However, the gap between HOMO and LUMO orbitals
of CHy=NH is equal to 0.13 a.u. and that of the DO3
and Thiophene are 0.11 and 0.16 a.u. respectively. The
results indicate that the HOMO-LUMO orbitals of the
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Fig. 2. Placement of one-electron orbitals of the DO3, thiophene
molecules, and supermolecule consisting of these ones joined with
—CH=N- bridge fragment.

CH>=NH bridge are in-between the photoactive molec-
ular ones. Thus, the mixing (shift) of supermolecular
orbitals in the case of the —CH=N— bridge fragment
takes place. Moreover, the LUMO+1 orbital of the su-
permolecule with —CH=N-— fragment is partly com-
posed of the orbital of this bridge. Thus, the excitation
from the DO3 to Thiophene takes place that is impor-
tant for the design of two logical functions devices.
Without going into formal details, let us consider
this supermolecule as a molecular device. In our no-
tation the combinations of all possible excitations and
charge transfer processes should correspond to logical
function results. To exhibit that the molecule could
be applied as two logical functions device, the part of
this supermolecule consisting of Thiophene with the
bridge fragment was assumed as output. On the other
hand the other part of the supermolecule consisting
of DO3 is divided into two parts: (i) Ph—-NH> and
(ii)) —N=N—-Ph—NO; . These are two inputs. The
charge changes during excitations are obtained by tak-
ing the Mulliken atomic charge differences in the ex-
cited states and the ground state. The obtained atomic
charge changes describe the electron excitation process
qualitatively, but allow us to compare electron density
redistribution in the various excited states. The most
important differences between the charge located on the

various fragments of the investigated molecule are pre-
sented in Table 1.

Let us assume that logical 1 is on the output or in-
puts when an additional negative charge on the part
of the supermolecule is present, while logical O is as-
sumed when the additional positive charge is present
on it. Let us imagine that the supermolecule is excited
by certain wavelength. As an example, in the second
excited state the additional positive charge is obtained
on the Ph—NH; (Input I) and the Thiophene (Output)
fragments (Table 1). On the other hand in the VI excited
state the additional negative charge accumulates on the
both above-mentioned fragments (Table 1). It implies
that in both cases we have the same logical values on in-
put and output. Hence, the logical function truth table
is the following:

InputI Output
0 0
1 1

It corresponds to logical YES function.

When we are interested in having the other logical
functions, then Ph—NOy and Thiophene fragments of
this supermolecule could be accepted as the input and
the output respectively. In the /1] excited state, the ad-
ditional negative charge is obtained on the input, while
the positive charge accumulates on the Thiophene frag-
ment (Table 1). It implies that on input we have logical
1, while on output logical 0 is obtained. In the V exci-
tation state, the additional negative and positive charge
placements are contrary in comparison to those in the
111 excited state (Table 1). Hence, in this state logical 1
is on output, while logical 0 is present on input. In this
case it is possible to obtain the other truth table:

Input II  Output
1 0
0 1

The above truth table represents logical NOT func-
tions.

Table 1. Differences between the charge located on various fragments of the investigated molecules in
excited states and in the ground state. The results are obtained by applying B3PW91 TD method within
the 6-31G basis set.

Excited state ~ Output (Thiophene fragment)

Input I (Ph—NH> fragment)

Input II (Ph—NO, fragment)

1 0.18
i 0.83
Vv -0.17

VI -0.51

0.49 —0.67
-0.04 -0.8
-0.09 0.26
-0.12 0.6
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It is evident that our designed supermolecule could
be applied as YES and NOT logic functions. Hence,
the two simplest logical functions molecular device is
designed.

3. Conclusion

Based on the investigation results, it is evident that
the molecules could be applied as two logical functions
molecular device, i.e. the same molecule could realise
several logical functions. The study does not answer
the question how to design the other logical functions
such as OR and AND, how to choose the photodonor,
the photoacceptor molecules, and the bridge fragment
so that the electron transfer process should be success-
ful, because various phenomena could influence this
transfer. However, it is evident that the investigated
supramolecule could be used as the two logical func-
tions device.
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of thiophene based polymers in solution: The role of

DVIEJU LOGINIU FUNKCIJU MOLEKULINIO PRIETAISO MODELIAVIMAS KVANTINES
MECHANIKOS METODAIS

J. Tamuliené ?, A. Tamulis®, A. Ziriakoviené ®, A. Graja®

* VU Teorineés fizikos ir astronomijos institutas, Vilnius, Lietuva
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Santrauka permolekulés molekuliniy orbitaliy prigimtis ir numatyta, kad, ati-
Atlikus supermolekulés, sudarytos i§ DO3 ir ditieno[3,2-b:2", tinkamai suZadinus, galima elektrony pernasa nuo skirtingy DO3
3’-d]tiofeno (tiofeno) molekuliy, sujungty —CH=N— tiltelio frag- molekulés fragmenty ant tiofeno molekulés. Pateiktos rastos per-
mentu, kvantinés chemijos teorinius tyrimus, teigiama, kad ji gali neSamo kraivio vertés, kurios patvirtina auks¢iau aprasytas prielai-
bati panaudojama kaip dviejy loginiy funkcijy NE ir TAIP mole- das. Bitent §i pernaSos savybé yra panaudota modeliuojant dviejuy

kulinis prietaisas. Remiantis tyrimy rezultatais parodyta $ios su- loginiy funkcijy prietaisa.



