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The comparative analysis of the calculated electronic absorption spectra of various forms
of 2- and 8-thioquinoline and the experimental UV spectra of their solutions in various
solvents has been carried out. Two conformational isomers of SH-forms have been analyzed
for each compound. Calculations of other tautomeric forms of these compounds, namely NH-
forms of 2-thioquinoline (2-thioquinolone) and 8-thioquinoline (zwitter-ion), and S-forms
(anions) and 1-H-2-thioquinolinium cation have been analyzed additionally. It is shown that
the absorption bands in the spectrum of 8-thioquinoline solution correspond to the electronic
transitions in the SH-tautomer. On the contrary, the absorption bands in a spectrum
of 2-thioquinoline solution correspond to the electronic transitions in the NH-tautomer
and S-anion. The spreading of absorption bands in the experimental spectra is associated with
conformational and tautomeric equilibrium which is established in the solutions of the
considered compounds.

Keywords: thioquinoline, electronic absorption spectra, solvatochromic effect, PCM,
TD-DFT.

Introduction

Oxyquinolines and oxypyridines are the objects of long-term examinations, including their electron-
ic spectra, which are influenced by such factors as solvents, position of OH-groups in a ring, environ-
ment conditions, etc. [1-3]. Such interest is associated with the application of the given substances as
chelates in analytical chemistry, and as intermediate products for synthesis of new biologically active
compounds. Such feature of the compounds, as the existence of various tautomeric forms in solutions,
depending on environment conditions, has been noticed in experiments. Nowadays the attention is
turned to the similar thio-substituted compounds, which are used for the synthesis of new substances,
especially in pharmaceutics [4-7]. The active reaction centers and the mechanisms of their interaction
with various reagents in directional synthesis are the most important aspects of the precise examination
of the substances. The special attention is paid to the study of the interactions of the substances with ha-
logens and organohalogen compounds. Thus, the interaction of 8-thioquinoline and pyrrolidine-2-thione
with molecular iodine, the structural changing of complexes during interaction, and its influence on elec-
tronic spectra, are presented in the research works [8, 9]. It has been noticed, that it is possible to trace
the conversion degree and change of reagent concentration, to determine the stability constant of com-
plexes with the use of UV spectra.

The investigation of the theoretical electronic spectra of organic compounds, including hetero-
cycles, with the evaluation of the energy characteristics within the ab initio TD-DFT method [10, 11]
has been widely applied for the detailed interpretation of the observed experimental data. Thus, in the
study [12], alongside with the comprehensive experimental research of benzodithiazole derivatives, the
calculations of electronic density, spectra and the reaction activity of the synthesized substances, consis-
tent with the experimental data, have been carried out. In the study [13], the changing of the fluores-
cence ability of the phosphonate derivatives of 8-oxyquinoline and their complexes with zinc has been
explained with the help of calculations. In [3], the comparison of NMR, IR and UV spectra of 5,7-
dihalogen-8-oxyquinolines with the calculated spectra, obtained by the TD-DFT method has been per-
formed. It is noticed, that the calculations have allowed to describe correctly a pattern of absorption
maxima on UV spectra and to carry the assignment of the electronic transitions. Also, the results of the
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experimental research of 2-amino-5-brombensoic acid were in good accordance with the calculations of
the Raman activities and UV spectra [14], and the authors explained some features in view of the exis-
tence of conformers and difference of their energy characteristics.

For the correction of medium (solvent) influence on the explored substances, the improving models
are involved, in which the different types of interactions of the solvate and the solvent are considered:
dipole-dipole, dipole-induced, dispersion, efc. In particular, during the last decade the precise numerical
continuum polarization model (PCM) [15, 16] has been advanced. Within the PCM model the solvent is
considered as an isotropic medium, described by some physical constants; still the specific interactions
are not taken into account in an explicit form. The solvate molecule is placed in a cavity that is formed
in this continuous medium. All the solvate atoms are surrounded by spheres of Van-der-Waals radius.
To build up the smooth surface, which is necessary for convergence of the method, the secondary envi-
ronment by spheres of small radii with the subsequent triangulation is made for the formation of the sur-
face elements. By several iterations, the surface charge field of the formed cavity and the free energy of
a molecule in the solvent are estimated. The popularity of the PCM model is associated with the rapid
calculations of the electronic states in the solvent environment, only a little longer compared to the cal-
culations for a gaseous phase. Still, theoretical results and tendencies of the change of the compound
spectra, obtained with the use of the given model, adequately correlate with the dependences of the ex-
perimental spectra of the synthesized compounds in solutions and explain their features. It has been
shown, for azo-compounds, for example [17].

In turn, the electronic spectroscopy is the available and safe technique of the reaction path study, in
which 2- and 8-thioquinoline and their derivatives are the initial components [8, 9].

The aim of this study is the determination of the similarity and the basic differences in the spectral
behavior of 2- and 8-thioquinoline that act as the efficient reagents in the synthesis of new heterocyclic
systems. It is obviously important to study the influence of the medium polarity on the electronic spectra
of 2- and 8-thioquinoline and to estimate the opportunities to forecast the spectral behavior of their de-
rivatives according to the theoretical calculations. For this purpose, we set the following tasks:

— to compare the calculated absorption characteristics of the fundamental electronic transitions with
experimental UV spectra of 2- and 8-thioquinolines in various solutions;

— to trace how the changing basic contributions of the molecular orbitals to oscillators of electronic
transitions vary in different compound forms, and what changes of these contributions occur through
variation of the functional thionic group position in the quinoline ring;

— to find out, how the conformational and tautomeric variety of the investigated thioquinolines af-
fects the position of the calculated absorption bands and, as the result, the interpretation of their experi-
mental spectra in solvents.

Experimental

We used the reactive 2- and 8-thioquinoline (97 %, Sigma-Aldrich) for studying their UV absorption
spectra characteristics. Dichloromethane and ethanol of chemical purity were used as solvents for the in-
vestigated compounds. The concentration of the compound solution was 10 M. The spectra of solutions
were obtained with the help of the UV-Vis spectrophotometer Shimadzu UV-2700. The halogen and deu-
terium lamps were used as radiation sources with changing of one lamp for another at 323 nm. The spectra
were obtained in the range from 220 up to 850 nm with shooting speed 450 nm per minute.

Calculations

We have carried out the optimization of structure geometry of various tautomeric forms of 2- and
8-thioquinoline with the subsequent calculation of the energy characteristics of the excited states and the
electronic spectra, taking the influence of solvents (benzene, ethanol and dichloromethane) into account.
The initial SH-forms are represented in calculations as a pair of conformational isomers. The optimiza-
tion has been carried out for SH-forms 1-4 and NH-forms of 2-thioquinoline (2-thioquinolone 9) and 8-
thioquinoline (zwitter-ion 5), S-forms (anions 6, 8); and 1-H-2-thioquinolinium cation 7 (Fig. 1). For the
comparison, the optimized structures and electronic spectra of free molecules have been also considered
in a gaseous phase. The optimization of structure geometry was carried out using necessary iteration
number to the stationary point with the largest component of the gradient to be less than 1E~ Hart-
ree/Bohr. Then the obtained Hessians of all structures were without imaginary frequencies.
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Fig. 1. The analyzed forms of compounds: SH-conformers of 8-thioquinoline (1, 2) and 2-thioquinoline (3, 4); NH-form

8 9
(zwitter-ion 5), S-form (anion 6) and NH-cation (7) of 8-thioquinoline; S-form (anion 8) and NH-form (2-thioquinolone,
9) of 2-thioquinoline

It is known that PBEO [18] and B3LYP [19, 20] functionals and basic set 6-311G(d, p) [21, 22] are
most commonly used now, as they are the most precise for determination of the molecule characteristics
of organic compounds. Therefore optimization of geometry of the studied molecules has been carried
out by the Kohn-Sham method (DFT) with the use of functionals PBEO and B3LYP on a base of full-
electron basic set 6-311G(d, p). The influence of a solvent has been taken into account in model D-PCM
(dielectric PCM, base version) [15, 16] with the following parameters: using the same factor for all tes-
serae, without calculation of cavitation, dispersion and repulsion free energy, at the absolute temperature
298 K. Van-der-Waals radius was taken from [23]. Electronic spectra of the optimized structures are
obtained by method TD-DFT [10, 11], also taking into account the influence of solvents. Such calcula-
tions have been carried out for 10 excited states using necessary iteration number and convergence crite-
rion on energy of all states to be less than 3E~ Hartree/Bohr. All calculations of energy and orbital cha-
racteristics were performed using software package Firefly 8.0.1 [24].

Discussion

Spectral behaviour of 2- and 8-thioquinoline solutions

It has been established (see Table 1), that absorption lines in the calculated spectra of different forms
of both compounds are shifted towards larger wavelengths with the decrease of the solvent polarity — from
ethanol to benzene and further to the gaseous phase state. The experimental interaction of studied com-
pounds with the solvents of different polarity also is impacted; in particular, in shifting of absorption max-
imums in the spectra of 2-thioquinoline solutions towards larger wave-lengths with changing ethanol to
dichloromethane. The experimental spectra of 2-thioquinoline in different solvents are displayed on
Fig. 2a, the data of calculations are on Fig. 2b (line spectrum is approximated by Lorentz function); the
corresponding data of 8-thioquinoline are shown on Fig. 3a-b. In the experimental spectrum of 2-
thioquinoline solution the largest shift of A, varying in the range from 310 up to 390 nm, amounts to 8
nm; for other maxima which are varying in the range from 230 up to 300 nm, it is about 4 nm. The expe-
rimental spectra of 8-thioquinoline solutions have not shown any similar bathochromic shift. In other
words, the negative solvatochromic effect is observed, which is confirmed by calculation results. Such ef-
fect was considered earlier in details in the review [25] for comprehensive series of organic compounds.

Our calculations show that for SH-forms of studied compounds 1-4 the calculated dipole moments
in solvent medium are increased with transferring a molecule from the basic to the first excited state (see
Table 2), and such effect gains in a non-polar solvent. Hence, displaying of the positive solvatochromic
effect, associated with the increasing polarity at excitation of a molecule, which should be observed
theoretically, at least, for 8-thioquinoline (which is mainly in the SH-forms in the solution), is smoothed
out by the influence of other factors, whereby it is small enough. The following can affect it more effi-
ciently than that: the effect of stabilization of the basic state at the solvation by polar solvents, including
the one caused by steric difficulties or by the direction change of electrical dipole moment of a solvate;
the effect of induced polarization of solvent molecules; also the essential change of the electronic mole-
cule structure is possible. For S- and NH-forms 5, 6, 8, 9 the negative solvatochromic effect dominates
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in the spectra, the effect is associated with decreasing of molecule polarity in the excited state. This ef-
fect, probably, appears in the experimental spectra of solutions of 2-thioquinoline, which is mainly in
NH-form 9 in the solution.

Table 1
The position shift of absorption lines in calculated spectra depending on medium, nm
(oscillator strength f is in the brackets)
Solvent Ethanol Dichloromethane Benzene Gas phase
Compound
8-thioquinoline 341.9 (0.075) 343.5 (0.074) 3488 (0.073) | 354.8(0.073)
(SH-form, conformer 1) 240.7 (0.221) 241.1 (0.228) 242.6(0.242) | 2443 (0.244)
’ 237.1 (0.082) 237.5(0.070) 239.0 (0.041) 240.4 (0.021)
S 337.0 (0.076) 337.5(0.076) 339.6 (0.078) 342.2 (0.079)
?étgf‘;gfr;“‘i‘)‘:l’cormer 2 239.9 (0.176) 240.1 (0.182) 240.9 (0.204) 241.8 (0.221)
’ 236.3 (0.129) 236.6 (0.119) 237.6 (0.082) 238.5 (0.049)
622.9(0.031) 714.5(0.029) 783.6 (0.029)
8-thioquinoline 370.1 (0.022) 399.1 (0.025) 420.8 (0.027)
(NH-form 5) 271.8 (0.208) B 277.4 (0.200) 281.4 (0.188)
262.5 (0.210) 268.0 (0.190) | 271.2(0.175)
457.1 (0.076) 465.7 (0.076)
L 353.0 (0.029) 358.6 (0.030)
?;_};;‘;gfg‘)h“e 261.9 (0.199) 263.8 (0.211) - -
257.1 (0.090) 257.7 (0.087)
253.0 (0.058) 254.2 (0.046)
L 418.5 (0.033)
z\;g‘li‘tlllggl;‘)‘e 262.0 (0.013) - _ _
250.3 (0.356)
S 304.3 (0.088) 304.7 (0.087) 306.1 (0.086) 307.7 (0.085)
fétgf‘;gfr;“‘i‘)‘:l’cormer 3 239.1 (0.422) 239.3 (0.420) 239.8 (0.412) | 240.5(0.406)
’ 233.0 (0.129) 233.1(0.130) 233.7(0.133) 234.4 (0.134)
2-thioquinoline 305.6 (0.085) 306.0 (0.083) 307.5 (0.080) 309.2 (0.078)
(SH-form, conformer 4) 240.0 (0.409) 240.2 (0.406) 240.8 (0.398) 241.6 (0.390)
’ 232.7(0.137) 232.8 (0.139) 233.4 (0.144) 234.2 (0.145)
L 385.5 (0.096) 391.8 (0.093)
ét_};;‘;gfg;‘)hne 300.9 (0.245) 304.0 (0.260) - -
257.5 (0.349) 257.1(0.319)
2-thioquinoline 359.8 (0.214) 361.6 (0.209) 3682 (0.194) | 3752(0.177)
(NH-form 9) 267.5 (0.435) 267.8 (0.440) 267.8 (0.440) | 266.2 (0.432)
45+ 0,3
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Fig. 2. a) Experimental UV spectra of the solution of 8-thioquinoline in dichloromethane (1) and ethanol (2);
b) Calculated spectra of 8-thioquinoline in ethanol medium: SH-form (conformers 1, 2),
zwitter-ion 5, S-form 6 and NH-cation 7
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Fig. 3. a) Experimental UV spectra of the solution of 2-thioquinoline in dichloromethane (1) and ethanol (2);
b) Calculated spectra of 2-thioquinoline in ethanol medium: SH-form (conformer 3), S-form 8 and NH-form 9

Table 2
The calculated dipole moments of the basic and the first excited state depending on medium, D
Solvent Ethanol Dichloromethane Benzene Gas phase
Compound Dy D, Dy D, Dy D, Dy D,

8-thioquinoline 4234 | 7299 | 4.086 | 7.456 | 3.577 | 7.964 | 3.059 | 8.545
(SH-form, conformer 1)

8-thioquinoline (NH-form 5) 11.701 | 2.429 - - 9.487 | 4238 | 7.728 | 5.595
8-thioquinoline (S-form 6) 33.152 | 3.517 32.909 3.930 — — — —
8-thioquinoline (NH-cation 7) 25.189 | 8.748 — —
2-thioquinoline 2762 | 2.850 | 2.667 | 3.004 | 2342 | 3.595 | 2.027 | 4.263
(SH-form, conformer 3)
2-thioquinoline (S-form 8) 17.147 | 4.023 17.288 4.536 — — —
2-thioquinoline (NH-form 9) 8457 | 5249 | 8.134 | 5.498 | 6.963 | 6.442 | 5747 | 7.476

The calculations of the spectrum characteristics of the various forms of 2- and 8-thioquinoline
(without taking solvent influence into account) have shown the shift of absorption lines A, from 11 nm
(SH-form 1-4) up to 51 nm (S-forms 6, 8) with respect to the spectrum in a non-polar solvent (benzene,
Table 1). It is supposed, that here the elimination of solvent influence on the studied molecules reduces
energies of n—>n* electronic transitions relevant to A, moreover, to a much greater extent, than the
influence of solvent polarity (Table 3). The given phenomenon is also the manifestation of solvatoch-
romic and other abovementioned effects, which are extrapolated to a gaseous phase. On the other hand,
the bathochromic shift of other absorption lines is much less in magnitude or tends to zero.

To estimate spectra accordance, values of calculated absorption lines A, have been compared with
the rightmost maxima on the experimental spectra of solutions. Based on such comparison, it has been
established that the difference of A, for SH-forms of 2-thioquinoline and 8-thioquinoline in the calcu-
lated spectra, that equals 2545 nm, is impossible to find in the experimental spectra of the solutions, as
experimental A, agrees with different tautomeric forms of these compounds. In this case, the calcu-
lated absorption lines, including Ay, are in the range of the absorption bandwidth of 330—430 and 290—
350 nm observed in the experimental spectra. Absorption at the transition, corresponding to A, of "io-
nic" forms of 8-thioquinoline 5-7, is not observed in the range of experimental spectra that is larger than
400 nm, under our conditions: pH value 7-8 for the ethanol solution. It can indicate the absence of ap-
preciable amount of these forms of 8-thioquinoline in the solution.
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Table 3
The calculated energy characteristics of the electron transitions HOMO-LUMO depending on medium, eV
Compound Enomo Erumo AE Enomo Erumo AE

Ethanol Ethanol
8-thioquinoline (SH-form, conformer 1) —6.125 -1.970 4.155 —6.095 | —1.957 | 4.138
8-thioquinoline (NH-form 5) —5.385 —2.808 2.577 —
8-thioquinoline (NH-cation 7) -6.931 —3.352 3.578 —
2-thioquinoline (S-form 8) -5.031 —1.344 3.687 —4.694 -1.061 | 3.633
2-thioquinoline (NH-form 9) —6.123 -2.357 3.766 —6.090 —2.343 | 3.747

Benzene Gas phase
8-thioquinoline (SH-form, conformer 1) -5.992 —1.905 4.087 —5.889 —1.859 | 4.030
8-thioquinoline (NH-form 5) —5.124 -2.819 2.305 —4.947 -2.816 | 2.131
2-thioquinoline (NH-form 9) —5.976 -2.291 3.684 —5.864 —2.240 | 3.624

It is worth noting that the represented earlier data have shown the calculation accuracy of absorption
maximum values and electron transition energies on the level, similar to our results. In particular, in [13]
the differences of the calculated and experimental energies of HOMO-LUMO transition were from 0.1
to 0.4 eV depending on the compound (without taking solution influence into account). Taking the sol-
vent (water) into account at the calculation of the anion forms of Alizarin Red S in model IEF-PCM [26]
showed the typical difference of excitation energies in calculation vs. experiment to be from 1% to 15%
depending on compound form and functional used. The theoretical reviewing of spectral behavior of
various azo-alkanes in model PCM [17] showed the difference of calculated absorption bandwidth val-
ues at the transition n—7* in comparison with the experiment to be from 1 to 21 nm (about 0.01 — 0.2
eV). Our data show the similar difference in absorption maxima position. For example, the difference
for Amax 1S in 1-20 nm interval.

The influence of proton solvents and of probable formation of hydrogen bonding and cationic
forms, presumably, appears on the experimental spectrum of 8-thioquinoline ethanol solution. In this
spectrum there are mean absorption bands in the range corresponding to 272 and 370-nm spectral lines
of the zwitter-ionic form 5 (Fig. 2a-b). That is, under our conditions, ethanol will slightly shift the tau-
tomeric equilibrium “SH-form <> zwitter-ion” to the right side. In the 2-thioquinoline solution, such in-
fluence is inconsiderable because of the dominance of NH-form 9 under experiment conditions (see be-
low). But at the same time, it is not possible to establish the fact of the presence of a probable cationic
form 7 in ethanol solution of 8-thioquinoline by the analysis of electronic spectra, as the wavelength
value of the single intensive absorption line (250 nm) and also the line (262 nm) for the form 7 are in the
range of intensive absorption lines of other forms.

The calculated spectra of 1-2 and 3-4 pairs of SH-form conformational isomers are quite identical,
with small shift of absorption lines to the right or to the left. Thus, the bathochromic shift of 5-6 nm for
the absorption line A,x of conformer 1 of 8-thioquinoline has the smaller value of total free energy in a
solvent in relation to conformer 2. On the contrary, for 2-thioquinoline calculations, the A,y hypsoch-
romic shift of 1-1.5 nm is shown for the conformer 3 with the smaller value of total free energy in a sol-
vent relative to conformer 4. Such shift depends on the ratio of energy values of the basic and the ex-
cited states. This tendency is revealed only in the calculated spectra and may not be used for the estima-
tion of the content of one or another conformational structure in a solution, due to a wide width of ab-
sorption bands in the experimental spectra of solutions. However, at the same time, such shift is one of
the cases of the absorption bands spreading.

We have noted that the symbasis pattern of absorption lines is observed on the spectra obtained with
using different methods — PBEO and B3LYP (Fig. 4), at that the spectral lines of all forms of compounds
are shifted to the left in PBEO case. The discrepancy between the wavelengths of absorption maxima on
the experimental spectra of solutions and the wavelengths of absorption lines on the calculated spectra is
increased by 10—18 nm. Thus, somewhat better data consistency is observed in the case of using B3LYP
functional.
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Fig. 4. The comparison of experimental spectrum of 2-thioquinoline in ethanol solution
with calculated absorption lines of 2-thioquinoline forms 3, 8 and 9 in ethanol medium,
obtained with using the functionals B3LYP and PBEO

It is known, that A, in the spectrum of water solution of 8-oxyquinoline at neutral pH is about 318
nm, while in the spectrum of ethanol solution it is about 310 nm [1]. Under these conditions conformers
1, 2 of the SH-form appear as the presumable tautomeric form of 8-thioquinoline. The presence of the
zwitter-ionic form 5 is probable to a lesser degree. Consideration of the experimental spectra of
8-thioquinoline in ethanol at pH value 7-8, that we have recorded, has confirmed the presence of the
absorption bands, corresponding to lines of the calculated spectra of SH-forms (Fig. 2). Thus, the wide
bands 230-250 nm (the most intensive) and 290-345 nm are observed. Calculations have shown the
presence of lines 236-237, 240-241 (the most intensive) and 337—343 nm with ratio of intensities, quite
comparable to the experimental data. The space parts of molecular orbitals (MO) of the SH-form 1,
zwitter-ion § and assignment of these transitions to the absorption lines in the spectrum with its contri-
butions represented by SAP-coefficients (squared SAP is the contribution of the given transition to the
excited state), are graphically shown in Fig. 5a-b. Note that the electron transitions between this MO
determine the excited states of molecules.
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Fig. 5. MO graphical representation of a) NH-form of 8-thioquinoline (zwitter-ion 5) in ethanol medium. 623 nm: HOMO —»
LUMO (-0.99), 370 nm: HOMO - LUMO+1 (-0.98), 272 nm: HOMO-3 — LUMO (-0.69), HOMO-2 —» LUMO (-0.48), 262 nm:
HOMO — LUMO+2 (0.86); b) SH-form of 8-thioquinoline (conformer 1) in ethanol medium. 342 nm: HOMO — LUMO (0.98),
241 nm: HOMO-1 —» LUMO (-0.58); HOMO-3 — L (-0.54)
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The experimental spectra of 2-thioquinoline solutions have shown the presence of wide bands 250—
310 and 350425 nm (Fig. 3a). In the range of these bands, there are the lines from calculated spectra of
the NH-form 9: 268 and 360-362 nm, and S-form 8: intensive lines 257-258 and 301-304 nm, and also
386—-392 nm (Fig. 3b). Graphical representation of MO space parts of these forms is shown on Fig. 6a-b.
The pattern of the active MO in the spectra slightly changes with transferring to the ionic state, but the
strong bathochromic shift of the absorption bands (25-30 nm) is observed at the negative charge distri-
buted on atoms of pyridine ring. There are only the lines of small intensity 279 and 304-305 nm among
all of lines of the calculated spectra of SH-forms 3, 4 in the indicated range of experimental spectra.
These facts show the preferential presence of the NH-form 9 in the ethanol 2-thioquinoline solution at
pH value 7-8. The similar fact was shown earlier for 2-oxypyridine, which preferentially exists in the
pyridone form in a polar solvent [2].
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Fig. 6. MO graphical representation of a) S-form 8 of 2-thioquinoline in ethanol medium:
385 nm: HOMO — LUMO (0.96), 301 nm: HOMO — LUMO+1 (0.91), 258 nm: HOMO-2 —» LUMO (0.87);
b) NH-form 9 of 2-thioquinoline in ethanol medium: 360 nm: HOMO — LUMO (-0.97),
268 nm: HOMO — LUMO+1 (-0.80), HOMO-2 — L (0.51)

Conclusion

The comparative analysis of the experimental and calculated electronic absorption spectra of solu-
tions of 2-and 8-thioquinoline in various solvents has been carried out. For each compound two confor-
mational isomers of SH-forms, tautomeric NH-forms of 2-thioquinoline (2-thioquinolone) and 8-
thioquinoline (zwitter-ion), and also S-forms (anions) and 1-H-2-thioquinolinium cation have been ana-
lyzed.

It has been shown that wide absorption bands in the range 250-310, 350425 and 230-250, 290-
345 nm correspond to the experimental spectra of 2- and 8-thioquinoline in ethanol and dichloromethane
solutions, respectively. It has been established that the absorption band in the range 350—425 nm in a
spectrum of a solution of 2-thioquinoline, corresponds to A,y in the calculated spectra of its NH-form
and S-anion, which is matched by the electronic transition n—n*. As the contributions of sulfur atomic
orbitals in HOMO and of atoms of quinoline cycles in LUMO are involved in this transition, therefore
its energy characteristics essentially vary for different tautomeric forms of 2-thioquinoline. This fact
basically explains the main cause of absorption band spreading in the observed spectrum
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of 2-thioquinoline, whereas the maximum position of a given absorption band does not depend on the
conformational variety.

Also it has been established, that the presence of the absorption lines of the ionic forms is not evi-
dent in the spectrum of the neutral solution of 8-thioquinoline. The absorption bands correspond to the
electronic transitions of SH-forms. Conformational variety of SH-forms is one of the reasons of the
spreading of absorption bands in the solution spectrum of 8-thioquinoline.

On the basis of the comparative analysis of electronic spectra, it has been shown that the basic
forms of existence of 2-thioquinoline in the neutral solution are the NH-form and S-anion; while for 8-
thioquinoline in the neutral solution they are the conformers of SH-form.
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CPABHUTEJIbHbIA AHAINN3 TEOPETUYECKUX
N SKCMNMEPUMEHTAJIbHbIX Y®-CIMNEKTPOB 2- U 8-TUOXUHOJIMHOB

H0.B. Mameeu4yk, M.B. Unbkaeesa, U.B. Kpueuyoe, E.B. bBapmaweeuy
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHugepcumem, 2. HensbuHck

BrInoiHeH CpaBHUTENBHBIA aHAINW3 PAaCUETHBIX SJICKTPOHHBIX CHEKTPOB MOTJIONICHHS
pa3nuIHBIX GopM 2- U §-THOXUHOMHA U KCIIEPHUMCHTAIBHBIX CIIEKTPOB UX PACTBOPOB B yC-
JIOBHUSAX CMEHBI PAaCTBOPHUTENA. J{JIs KaXKIOTO COCTUHCHUS aHATH3UPOBAIUCH 1Ba KOH(pOpMa-
IUOHHBIX n3oMepa SH-¢opm. JIOmMOTHUTETBHO MPOBEACHBI PAcUYEThl OPYTUX TayTOMEPHBIX
¢opM naHHBIX coeamHeHU — NH-popm 2-THOXMHONMMHA (2-THOXHHOIOH) W 8-THOXHHOJMHA
(uBHTTEp-HOH), a Takke S-popM (aHMOHOB) U KaTtHoHA 1-H-2-tnoxuHonmHus. [lokazaHo, 94TO
TIOJIOCHI MTOTJIOMICHUS B CIIEKTPE PacTBOpa 8-THOXMHOJIMHA COOTBETCTBYIOT AJICKTPOHHEIM IIe-
pexomam B SH-tayromepe. HampoTuB, mMOIIOCHI TOTJIOUICHHS B CIEKTPE pacTBOpa
2-THOXWHOJIMHA COOTBETCTBYIOT JJIEKTPOHHBIM mepexonamM B NH-taytomepe m S-aHHOHE.
VYmupeHue nojaoc MOTIOMEHH B SKCIEPUMEHTANBHBIX CIEKTpaxX CBA3aHO ¢ KOH(POPMAIMOH-
HBIMH U TAyTOMEPHBIMH PaBHOBECHSIMH, KOTOPBIC YCTAHOBIIEHBI JIII pACTBOPOB PACCMOTPEH-
HBIX COCIMHEHMH.

Kniouesvie cnosa: muoxunonumvl, 31eKMpoHHbIE CHEKMPbl NO2NOULeHUS, CONbBAMO-
xpomnwitl s¢ppexm, PCM, TD-DFT.
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