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ABSTRACT
The time-dependent density functional theory (TDDFT) was applied in conjunction with the natu-
ral bond orbital analysis to examine the UV-Vis properties of 10 phenolic Schiff bases. The calcula-
tions were performedwith different functionals, but main discussion refers to results obtained at the
B3LYP/6-311+G(d,p) level of theory. The approach based on the natural localised molecular orbital
clusters indicates similar behaviour formajority of examined compounds. The HOMO (“highest occu-
piedmolecular orbital”) cluster is delocalised over the ring which is electron richer, the HOMO-1 clus-
ter is spread over the other ring, whereas the LUMO (“lowest unoccupiedmolecular orbital”) cluster is
situated on the imino group. The two bands at long wavelengths correspond to the HOMO→ LUMO
and HOMO-1 → LUMO transitions, i.e. from both A and B rings to the imino group. The next band
originates from a transition from the imino group to the imino group. The band at the smallest wave-
lengths originates from a transition from the A ring to the A ring, or from the B ring to the B ring. Our
findings are in very good agreement with the existing literature data.

Introduction

Free radicals and other reactive species are constantly
generated in the human body. Although oxygen is cru-
cial for aerobic organisms, it also represents one of the
main inter-gradients for production of reactive oxygen
species (ROS) [1]. An imbalance between the produc-
tion of ROS and a biological system’s ability to readily
detoxify reactive intermediates, or repair the result-
ing damage causes oxidative stress. It is considered
that oxidative stress plays an important role in the
pathogenesis of many diseases including inflammation,

CONTACT JelenaĐorović jelena.djorovic@kg.ac.rs
Supplemental data for this article can be accessed at http://dx.doi.org/./...

cancer, hypertension, diabetes mellitus, atherosclerosis,
ischemia/reperfusion injury, neurodegenerative disor-
ders, rheumatoid arthritis and ageing [2–6].

The organisms have developed a variety of the inter-
nal defence mechanisms to neutralise damaging effect of
free radicals which are grouped as enzymatic and non-
enzymatic systems [1]. There are also some external fac-
tors which can act as scavengers. Numerous examples of
successful use of antioxidants to reduce the pathologi-
cal consequences of oxidative stress have been reported,
and they include dietary substances, such as flavonoids,
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Figure . General structure of the compoundsunder investigation.

phenolic acids, vitaminsC andE, hydroquinones and var-
ious sulphhydryl compounds which help in preventing
free radical damage. A possible association between the
consumption of foods containing phenolic compounds,
and a reduced risk of developing disorders, such as can-
cer and cardiovascular diseases, has been evaluated in
several epidemiological investigations [7–10]. Both, nat-
ural and synthetic (poly)phenolic compounds have been
characterised for their antioxidant activity [11–13]. Schiff
bases containing hydroxy group as a substituent on the
phenyl ring are part of the group of synthetic phenolic
compounds [14]. This group of chemicals found wide
range of applications in medicine and pharmacy through
their antitumour, antiviral, antifungal and antibacterial
activities [15–17]. Also, it has been reported that sal-
icylaldehyde Schiff bases act as antimicrobial agents
[18–20]. Furthermore, some phenolic Schiff bases show
effective antioxidant activity, and therefore are potent as
medicals which can prevent diseases caused by free radi-
cal damage [21,22]. Recently, we reported the antioxida-
tive properties of some salicylaldehyde and vanillic-based
Schiff bases [23,24]. In the further course of our work, we
devoted our efforts towards determination of the UV-Vis
properties of the series of synthetic Schiff bases (Figure 1).

UV-Vis absorption properties of π conjugated pheno-
lic compounds depend on the chemical structure, espe-
cially on the number and position of the π electron
pair donating groups, such as hydroxy, methoxy and
glycoside [25]. The quantum-chemical interpretation of
the UV-Vis spectra of the compounds containing these
functional groups is of crucial importance in supple-
menting experimental data. Namely, quantum chemistry

opens possibility to understand the direct correlation of
optical properties with the fundamental chemical struc-
ture through the molecular orbital description. Among
the quantum chemical methods used for explanation of
UV-Vis absorbing properties, the time-dependent den-
sity functional theory (TDDFT) arises as an effective
tool, especially for estimation of UV-Vis absorption of
medium-sized π conjugated compounds [26].

In a recent paper, Marković et al. combined the
TDDFT and natural bond orbital (NBO) theories to
provide better understanding of the UV-Vis absorp-
tion of anthraquinones, neoflavonoids and flavonoids, by
constructing their NLMO (natural localised molecular
orbital) clusters [27]. Following similar methodology, we
investigated the UV-Vis spectra of the Schiff bases 1–10
(Figure 1). Our study confirmed the findings ofMarković
et al. that the results from the TDDFT and NBO theories
can be complementarily used to interpret and understand
the UV-Vis spectra.

Methodology section

Experimental

TheUV-Vismeasurements were performed at room tem-
perature in the area of 200–500 nm range on the Agilent
Technologies, Cary 300 series UV-Vis spectrophotome-
ter. The solutions (2.5 × 10−5 M concentration) of all
compounds (1–10) were prepared in methanol, andmea-
surements were recorded in a 10 mm quartz cell.

Computational methods

All calculations were carried out using the Gaussian pro-
gram package [28] with B3LYP, M05-2X and PBE0meth-
ods in conjugation with 6-311+G(d,p) basis set [29–
32]. The geometries of all 10 Schiff bases in methanol
were fully optimised, and frequency calculations per-
formed, to ascertain the nature of the critical point as
true minimum. The absorption spectra were computed
using the TDDFT method in combination with the same
functional, basis set and solvation model. For simula-
tion of effects of methanol solvent, two approaches have
been utilised: implicit solvation model simulated by the
Conductor-like Polarisable ContinuumModel (dielectric
constant = 32.6) [33], and explicit methanol molecules.
The number of included methanol molecules depends
on possible hydrogen bonding sites available in each
molecule.

All allowed vertical transitions (π → π∗ and n →
π∗) were inspected, and the resultant wavelengths (max)
and oscillator strengths (f) were determined. The NBO
analysis was performed for all examined compounds.
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2462 J.ĐOROVIĆ ET AL.

Following the procedure described in [27], the NLMO
clusters were constructed for Schiff bases.

Results and discussion

There are few papers devoted to the UV-Vis absorption
of Schiff bases [34–36]. It has been commonly accepted
that the bands in the range of 300–350 nm involve π →
π∗ transitions of the C = N group, whereas the bands
in the range of 210–400 nm may be attributed to π →
π∗ and n → π∗ transitions of the aromatic rings [34,35].
However, the question ‘what gets excited to where’ still
requires an answer. In a paper of Amati et al., devoted to
the determination of the configuration of C = N bond in
some heteroaryl imines, UV-Vis spectroscopy was one of
the used techniques. It was found that the intense band
at long wavelengths can be considered as a HOMO →
LUMO transition where ‘the excited state should involve
both the iminic bridge and the aromatic rings’ [37].

To provide deeper insight into UV-Vis absorption of
this class of compounds, we performed an investigation
based on both TDDFTmethod and NLMO clusters anal-
ysis. The optimised geometries of the 10 examined com-
pounds are depicted in Figure S1. In all cases, the B ring
slightly deviates from the plane formed by the A ring
and imino group. An analysis of the parent NBOs of
all compounds revealed that the lone pair on N8 is sp2

hybridised. There are significantly small occupancies in
the π orbitals and lone pairs on the oxygen and nitro-
gen atoms, and notably large occupancies in some anti-
bonding NBOs (see Tables S1 and S2). This condition
is a consequence of donation of electron density from
these π , p and sp2 NBOs into the adjacent π∗ antibond-
ing orbitals, and is in accordance with a familiar chemi-
cal picture of conjugated systems. An interesting donor–
acceptor interaction is involved in O–H•••N hydrogen
bond, which is formed between the nitrogen of the imino
group and hydrogen of the hydroxyl group attached to
aromatic ring (A, B or both). Here, electron density is
donated from the sp2 orbital of N8 into the proximate σ ∗

antibonding H–O orbital. To establish hydrogen bonds
between hydroxyl group and electron pair from π orbital
of imino group, Schiff bases 1–6 form 6-membered ring,
8 forms 5-membered, 7 forms both of them, while 9 and
10 lack such intramolecular interactions. As expected, the
6-membered hydrogen bonds aremuch stronger than the
5-membered ones, which are manifested through their
lengths of around 1.7 and 2.0 Å, respectively. Compound
4 has no other substituents; 2 has an electron withdraw-
ing nitro group and 3 has an electron donating methyl
group. The substituents on all other molecules exhibit
negative inductive, but positive resonance effects. Cer-
tainly, all compounds contain an iminic bridge. On the

Table . Experimental and TDDFT results for examined com-
pounds. λmax denotes experimental and calculated wavelengths,
and f stands for oscillator strength.

λmax (nm)

Comp. Exp Calc f Orbital description

   . H→ L (%)
 (sh)a  . H-→ L (%)
  . H-→ L (%)
  . H→ L+ (%)

   . H-→ L (%)
  . H→ L+ (%)
  . H→ L+ (%)

   . H→ L (%)
 (sh)a  . H-→ L (%)
  . H-→ L (%)
  . H→ L+ (%)

   . H→ L (%)
 (sh)a  . H-→ L (%)
  . H-→ L (%)
  . H→ L+ (%)

   . H→ L (%)
 (sh)a  . H-→ L (%)
  . H-→ L (%)
  . H-→ L+ (%)

   . H→ L (%)
  . H-→ L (%)

 (sh)a  . H→ L+ (%)
   . H→ L (%)

  . H-→ L (%)
 (sh)a  . H→ L+ (%)

   . H→ L (%)
 (sh)a  . H-→ L (%)
  . H-→ L (%)
  . H→ L+ (%)

   . H→ L (%)
  . H-→ L (%)
  . H→ L+ (%)

   . H→ L (%)
  . H-→ L (%)
  . H-→ L+ (%)

ash: shoulder.

basis of the partial positive charge onC7 and partial nega-
tive charge on N8, one can conclude that the imino group
withdraws electron density from the A ring and donates
it to the B ring.

The UV-Vis spectra of these 10 Schiff bases were
recorded, and simulated by means of the TDDFT cal-
culations. The obtained experimental and theoretical
data: vertical transition wavelength (λmax), oscillator
strength (f) and orbital contribution coefficient values
for all absorption bands are listed in Table 1. UV-Vis
spectra were simulated using three different functionals
(B3LYP, M05-2X and PBE0) [38]. M05-2Xmethod either
failed to reproduce UV-Vis spectra bands, or they were
significantly shifted (Figure S2).It was expected since
M06-2X functional also not reproduce well experimental
UV-Vis spectra and underestimates the λmax values [27].
Other functionals repeated experimental bands with suf-
ficient accuracy. To decide which data will be presented
here, average absolute and relative errors, as well as for the
correlation coefficients were determined (Figure S3). For
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MOLECULAR PHYSICS 2463

the cases where two or more calculated electronic transi-
tions were affiliated with a single experimental band, the
mean value is calculated and assigned to the experimen-
tal one. The experimental and calculated wavelengths
form straight lines with the correlation coefficients of
0.982 (B3LYP) and 0.978 (PBE0, Figure S3). Discrep-
ancy between the experimental and calculated results is
notable at short wavelengths. Based on the correlation
coefficients and absolute and relative error values, both
functionals in combination with TDDFT method repro-
duced quite well the UV-Vis spectra of investigated com-
pounds. However, it is prominent that results obtained
with B3LYP functional are slightly in better agreement,
and because of that, all further discussion will be referred
to the B3LYP results. In addition to this, some other
authors concluded that B3LYP achieved the best agree-
ment with experimental results [27,38].

In Figure 2, the experimental and simulated spectra for
the two representatives of the investigated Schiff bases,
compounds 2 and 3, are illustrated, while all other spectra

are provided in Figure S4. These molecules were selected
because the only structural difference between them is
that the substituent in the para position of the B ring is
electron withdrawing in 2, and electron donating in 3.

Figures 2 and S4 show that both experimental and sim-
ulated spectra for all investigated compounds are mutu-
ally very similar. In general, the investigated Schiff bases
have three intensive bands in the regions of 335–350,
265–285 and 220–235 nm, and a shoulder in the range
of 310–325 nm. The similarity among the UV-Vis spec-
tra of all examined Schiff bases is not surprising, since
structural differences among them are not pronounced.
Thus, an explanation of subtle dissimilarity caused by
fine structural differences is a challenging task. To gain
deeper insight into the UV-Vis properties of the exam-
ined compounds, the Kohn−Sham orbitals and corre-
sponding NLMO clusters were constructed for the com-
pounds 1–10. All data necessary for the construction of
the NLMO clusters for the compounds 2 and 3 are pre-
sented in Tables S1 and S2, and the results are depicted in

Figure . Experimental (left)) and simulated (right) UV-Vis spectra for compounds  and .
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2464 J.ĐOROVIĆ ET AL.

Figure . NLMO clusters (left) and corresponding Kohn−Sham orbitals (right) for the compounds  and .

Figure 3. The corresponding results for 5 and 8 are given
in Figures S5 and S6.

It is clear fromTable S2 that in the bonding region of 3,
theπ NLMO from the C=Ngroup has the lowest energy
value. This NLMO forms the lowest-lyingHOMO-3 clus-
ter (Figure 3). The HOMO-2 cluster is composed of the
lone electron pair in the p orbital of the hydroxyl oxygen.
Three π NLMOs from the A ring are of the same nature,
and are characterised with small spatial and energetic
separations, implying that they compose the HOMO-1
cluster. Similarly, the HOMO cluster consists of three
π NLMOs from the B ring. In the antibonding region,
the LUMO cluster is formed from the π∗ orbital of the

C = N group. The LUMO+1 cluster is built from three
π∗ NLMOs of the A ring, while three π∗ NLMOs of the
B ring create the LUMO+2 cluster. It turns out that the
HOMO cluster of 3 is spread over the B ring, whereas
the HOMO-1 cluster is delocalised over the A ring. This
occurrence is, certainly, a consequence of the fact that
electron releasing methyl group increases electron den-
sity in the B ring, and facilitates electron excitation.

Table S1 and Figure 3 show that the lowest-energy
NLMO clusters in both bonding and antibonding regions
of 2 are spread over the nitro group (HOMO-4 and
LUMO clusters). The HOMO-3, HOMO-2, HOMO-1
and HOMO clusters of 2 are of similar compositions as
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MOLECULAR PHYSICS 2465

the corresponding NLMO clusters of 3. In addition, the
LUMO+1, LUMO+2 and LUMO+3 clusters of 2 are anal-
ogous to the LUMO, LUMO+1 and LUMO+2 clusters
of 3. A significant difference between the NLMO clus-
ters of 2 and 3 is that in 2 the HOMO and LUMO+3
clusters are delocalised over the A ring, whereas the
HOMO-1 and LUMO+2 clusters are delocalised over the
B ring. The origin of this difference is the nature of
the substituent on the B ring. Electron withdrawing nitro
group decreases electron density in the B ring, thus mak-
ing the A ringmore favourablemolecularmoiety for elec-
tron excitation at long wavelengths.

The Kohn–Sham orbitals are in majority of cases
delocalised over the entire molecular skeletons, and
their shapes are not helpful in answering some crucial
questions on molecular moieties involved in electronic
transitions, possible intramolecular charge transfer, etc.
Taking into account the fact that the NLMO clusters are
delocalised over the definite parts of molecules, we will
now try to provide necessary answers by substituting the
Kohn−Sham orbitals with the corresponding NLMO
clusters [27]. We will first discuss the UV-Vis spectrum
of compound 3 on the basis of the results presented in
Table 1 and Figure 3. According to the TDDFT theory,
the experimental band at 339 nm is predicted at 347 nm,
and it engages a HOMO → LUMO transition. An analy-
sis based on the NLMO clusters describes this transition
as a π → π∗ transition from the B ring to the imino
group (HOMO → LUMO). This transition involves a
favourable intramolecular charge transfer, and the large
f value for this band is a consequence of the small spatial
and energetic separations. The next band at 317 nm
corresponds to a π → π∗ transition from the A ring to
the imino group (HOMO-1 → LUMO). This transition
also involves an intramolecular charge transfer over the
conjugated molecular moiety, but owing to the larger
energetic separation the f value for this transition is small,
and agrees with the experimental fact that this transition
appears as a shoulder. The next band at 269 nm corre-
sponds to a π → π∗ transition from the imino group to
the imino group (HOMO-3→ LUMO). Finally, the band
at 225 nm can be ascribed to a π → π∗ transition from
the B ring to the B ring (HOMO → LUMO+2). In spite
of the large energetic separations, these two electronic
transitions are spatially very favourable, and are char-
acterised with relatively large f values. In the case of
the Schiff base 2, the TDDFT calculation predicted
an intensive band at 417 nm which corresponds to a
HOMO → LUMO transition, but does not have a match
in the experimental spectrum (Figure 2). Instead, a
HOMO-1 → LUMO transition is predicted at 356 nm
to simulate the experimental band at 353 nm. If Table 1
is carefully inspected, it will become clear that only the

compound 2 shows completely different pattern from
all other Schiff bases. Figure 3 shows that the LUMO
cluster is positioned on the nitro group of 2, whereas the
HOMO and HOMO-1 clusters are delocalised over the A
and B rings, respectively. Due to particularly large spatial
separation between the HOMO and LUMO clusters, a
π → π∗ transition from the B ring to the nitro group of
2 (HOMO-1 → LUMO) turns out to be more favourable
electron transition in spite of the larger energetic sepa-
ration. The next band at 318 nm can be attributed to a
π → π∗ transition from the A ring to the imino group
(HOMO → LUMO+1); and finally, the band at 212 nm
can be ascribed to a π → π∗ electronic transition from
the A ring to the A ring. Both transitions involve larger
energetic separations, and the former involves small spa-
tial separation. Therefore, these two transitions are char-
acterised with relatively small oscillator strength values.

It is important to emphasise that in the case of vanillin
originating Schiff bases 9 and 10, bands around 280 nm
are not consequence of HOMO-3 → LUMO transition
as in the case of structurally similar compound 8. Here,
HOMO-2→ LUMOelectron transition is responsible for
the appearance of these bands. All bands in compounds
8, 9 and 10 are consequences of π → π∗ electronic tran-
sition, except the bands around 280 nm in 9 and 10 which
can be ascribed to the n → π∗ transition. This behaviour
can be attributed to the different substitution in the ring
B of these molecules. Namely, although in all three cases
there are hydroxy and methoxy groups in the ring A, the
effects of the ortho-hydroxy group in the ring B seem to be
prevailing factor for the electron transition for this band.

Tomake a broader picture of the UV-Vis absorption of
the examined Schiff bases, theNLMOclusters for all com-
pounds were examined carefully. At first glance, one can
see that spectra of all Schiff bases (except compound 2)
show very similar patterns. The HOMO cluster is spread
over the A or B ring, which depends on which of them
is electron richer. Then, the HOMO-1 cluster is delo-
calised over the ring of smaller electron density. Taking
into account that both rings have substituents with differ-
ent inductive and resonance effects, their influence to the
electron density of the rings is unpredictable. This prob-
lem will be illustrated with the partial charges in the sim-
plest Schiff base 4, which lacks any groups on the B ring
(Figure 4).

The ortho and para carbons of the B ring are char-
acterised with slightly larger negative NBO charges in
comparison to the meta positions, which confirms weak
positive resonance effect of the imino group. On the
other hand, a positive partial charge on C1’ demonstrates
negative inductive effect of the nitrogen. Increased par-
tial negative charges on C3 and C5 (ortho and para)
are the consequence of the positive resonance effect of
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Figure . Distribution of the NBO charges in the Schiff base .

the hydroxyl group. The negative NBO charge on C1
(another ortho) is notably smaller because it suffers
electron withdrawing effect of the imino group. C2 bears
a large partial positive charge which can be attributed to
the negative inductive effect of the oxygen. Taking into
account that the situation in othermolecules is evenmore
complex, we supposed that electron density in a ring can
be estimated on the basis of the sum of the partial charges
on the constituting carbon atoms. These sums were cal-
culated for the compounds 1–10, and their values are
presented in Figure S1. Our assumption is that the larger
negative sum of the NBO charges indicates that the
corresponding ring is characterised with larger electron
density, which further implies that the HOMO cluster
will be delocalised over this ring. Then, the HOMO-1
cluster will be spread over the other ring. An inspection
of these values shows that the sum of the NBO charges on
the carbons takes larger negative value in the B ring only
in the cases of 3, 4, 8, 9 and 10. In all other molecules, the
A ring is characterised with larger negative sum of the
partial charges on the carbon atoms. This finding is in
perfect agreement with the analysis based on the NLMO
clusters. Namely, in the Schiff bases 3, 4 and 8, theHOMO
cluster is spread over the B ring, and HOMO-1 cluster is
spread over the A ring (3 in Figure 3 and 8 in Figure S6
illustrate such behaviour). In the compounds 1, 2 and 5–7,
the HOMO cluster is delocalised over the A ring, whereas
the HOMO-1 cluster is delocalised over the B ring (2 in
Figure 3 and 5 in Figure S5 are given as examples).

A common feature of all examined molecules is that
the LUMO cluster is composed of the π∗ orbital of the
imino group. The only exception is the base 2 whose
LUMO is positioned on the nitro group. Since different
behaviour of 2 has already been explained, it will be
excluded from the current discussion. If one recalls

Table 1, they will conclude that the two bands at long
wavelengths correspond to the HOMO → LUMO and
HOMO-1 → LUMO transitions, i.e. from both rings to
the imino group. Our results regarding these two bands
are in excellent agreement with the finding of Amati
et al. [37] who concluded that both the iminic bridge and
aromatic rings are involved in a transition at long wave-
lengths. The next band originates from a transition from
the imino group to the imino group. Finally, the band
at the largest excitation energy results from a transition
from the A ring to the A ring (molecules 1, 2, 6 and 7) or
from the B ring to the B ring (molecules 3, 4, 5 and 8).

In addition to simulated spectra with implicit solvent,
we performed simulation with explicit solvent molecules
(Figure S7).Weperformed these calculations in twoways:
with methanol added to the already optimised structures
of Schiff bases with intramolecular hydrogen bonding
where appropriate, and with solvent included in hydro-
gen bonding between donor–acceptor atoms in investi-
gated compounds. Based on obtained data, one can see
that there is no noteworthy influence on the appearance
of bands in simulated UV spectra. Namely, as in the case
of implicit solvent, all experimental bands are repeated
in the simulated spectrum. Also, simulations were done
with the extended number of the vertical electronic states,
but it did not contribute to any improvement (Figure S7).

Conclusion

In the present study, we examined the UV-Vis absorption
spectra of 10 phenolic Schiff bases with both TDDFT
and NLMO clusters approaches. The TDDFT/B3LYP
method reproduced the experimental values relatively
well. According to the NLMO clusters approach, all com-
pounds, except 2, exhibit very similar behaviour. Namely,
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the HOMO and HOMO-1 clusters are delocalised over
the A or B rings. The HOMO cluster is spread over the
electron richer ring (most favourable molecular moiety
for electron excitation at long wavelengths), whereas the
HOMO-1 cluster is delocalised over the other ring. The
influence of the substituents to the electron density of
the rings is of crucial importance, as they show different
inductive and resonance effects. It was found that in the
compounds 3, 4 and 8 the HOMO and HOMO-1 clusters
are spread over the B and A ring, respectively. On the
other hand, in the Schiff bases 1, 2 and 5–7 the HOMO
and HOMO-1 clusters are delocalised over the A and
B ring, respectively. A common feature of all examined
molecules, except for 2, is that the LUMO cluster is com-
posed of theπ∗ orbital of the imino group. The two bands
at long wavelengths correspond to the HOMO→ LUMO
and HOMO-1 → LUMO transitions, i.e. from both rings
to the imino group. This finding is in perfect accordance
with the results of Amati et al. [37] who concluded that
both the iminic bridge and aromatic rings are involved
in a transition at long wavelengths. These two electronic
transitions are characterised with very small energetic
and spatial separations. The next band originates from
a transition from the imino group to the imino group.
Finally, the band at the smallest wavelengths originates
from a transition from the A ring to the A ring, or
from the B ring to the B ring. The latter two electronic
transitions are spatially very favourable, but are char-
acterised with significantly larger energetic separations.
Only in the case of the Schiff base 2, the LUMO cluster
is positioned on the nitro group, the substituent on the B
ring. Since the nitro group decreases electron density in
the B ring, the HOMO-1 cluster is spread over this ring,
whereas the HOMO cluster is delocalised over the A ring.
In spite of the fact that the HOMO → LUMO transition
is characterised with smaller energetic separation, the
HOMO-1 → LUMO transition is more favourable, due
to significantly smaller spatial separation. Our results
confirmed the finding of Marković and Tošović [27] that
the TDDFT and NBO theories can be complementarily
used to successfully describe electronic transitions in the
UV-Vis spectra.
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advice regarding this work.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

Ministry of Education, Science and Technological Develop-
ment of the Republic of Serbia [project number 172016],
[project number 174028].

References

[1] A. Augustyniak, G. Bartosz, A. Čipak, G. Duburs, L.
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