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The effect of changing carbonyl group to methylidenepropanedinitrile moiety onto electronic absorption and
fluorescence spectra was analyzed theoretically within DFT / TD-DFT scheme. Chalcone (1,3-
diphenylpropeneone) was chosen as a model molecular system of this investigation.
Methylidenepropanedinitrile moiety was characterized as more suitable for obtaining bright fluorescent products,
however, its electron accepting ability was lower compared to carbonyl group, contrary to widespread insights.
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Introduction

Methylidenepropanedinitrile moiety is a popular functional group in organic chemistry community
applied in designing of novel fluorescent compounds [1-5]. It is traditionally considered as highly
electron accepting center, which introduction results in the enhancement of fluorescence ability,
significant long-wavelength shifts both in absorption and fluorescence spectra and appearance of
pronounced solvatochromism [2, 6]. Sometimes, such compounds are synthesized entirely with the
aim of their consequent chemical modification, see for example, [7]. In several cases C=C(CN),
moiety can be introduced in position of former carbonyl group even via direct condensation of starting
aldehyde or ketone with malonodinitrile under basic catalysis.
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The aim of the current communication is to show, that such expectations are not fully grounded,
and to outline the impact of C=C(CN), group onto absorption and fluorescence characteristics of the
final product of such chemical modification.

Chalcone core is chosen as model molecular system for the current investigation [8]. This cross-

conjugated molecule was thoroughly studied from the second half of 20th century both synthetically and
spectroscopically [9-10], however publications on this subject still appear up to last decades [11-13].

Computation methods

Molecular structure of model compounds, 1,3-diphenylpropenone (chalcone, I) and (1,3-
diphenylprop-2-en-1-ylidene)propanedinitrile (II) and their 4-dimethylamino derivatives was
optimized in DFT scheme (b3lyp electron density functional [14] and cc-pvdz basis [15]) using
Gaussian 09 software [16]. The atom numbering scheme in molecules I and II was unified for readers
convenience.
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Electronic absorption spectra were modeled with NWChem 5.0 program pack [17] upgraded with
ESSA [18-19] module for analysis of electronic excitations [20]. Spin-orbit coupling of excited states
of different orbital nature was analyzed using Orca 5.01 software [21-23]. The above-mentioned
combination of electron density functional and orbital basis was chosen owing to good reproducibility
© Doroshenko A. O., 2024
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of the energies of both singlet and triplet energetic levels [24], which is a critical requirement for the
analysis of spin-orbit coupling and intersystem crossing rates on this background.

Results and discussion

According to results of our quantum-chemical modeling, chalcone molecule exists in the most
energetically favorable frans-S-cis conformation, which is practically planar. Propanedinitrile moiety
occupies much more volume than carbonyl group oxygen atom, thus its introduction causes increased
steric hindrance and loss of molecule planarity, despite of remaining in conformation typical to
chalcone. X-ray structural investigation of compound II was published [25], however, solid state and
solution structure can deviate one from another owing to crystalline lattice packing effects. Figure 1
shows the optimized geometry of II, which, in fact appeared quite close with the solid state structure.
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Figure 1. Molecular structure of compound II (b3lyp/cc-pvdz optimization). Two planes drawn through its
benzene rings are shown in red and green colors.

Three planar sub-fragments are clearly seen (Figure 1): styryl moiety (a, red), rigid
methylidenepropanedinitrile (b, not shown for clarity) and phenyl-1 (¢, green) with the angles between
their planes: Zab ~ 35° and £bc ~ 50°. This means that conjugation of phenyl-3 with dinitrile group is
slightly deviated (torsion angle ~28°), while as dinitrile conjugation with phenyl-1 is significantly
weakened (torsion angle ~46°). All the above features are regulated by the rigidity of
methylidenedinitrile moiety and its close spatial location near phenyl-1. Absence of a general planarity
of compound II and its dimethylamino derivative does not affect principally their optical properties,
many chromophoric molecules with the same acceptor unit are non-planar as well [26].

The electronic excitations forming the long-wavelength part of their UV/Vis absorption spectra in
the molecules of investigated compounds were analyzed in ESSA approach [18-19], recently adapted
for TDDFT calculations (Table 1). ESSA requires calculation of special quantum-chemical indices —
localization numbers (L;) and charge transfer numbers (/;) [27]. To simplify the presentation of results,
several submolecular fragments were selected: dimethylamino group in phenyl-3 (if present),
phenyl-3, C=C double bond, carbonyl/methylidenepropanedinitrile group and phenyl-1. Table 1
includes data for well-resolved absorption bands, which are forming long-wavelength part of
absorption spectra of investigated compounds. Chalcone is the exception, its first electronic transition
is of nm* type, low-intensive, forbidden by overlap selection rule. This band can be observed
experimentally only in concentrated solutions. The role of nn* states in electronic spectroscopy of
chalcones is discussed in the final part of the present paper.
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Table 1. Singlet electronic excitations forming the long-wavelength part of their UV/Vis absorption spectra in
molecules of investigated compounds analyzed within ESSA approach.
Transition

State Localization numbers, L; Charge transfer numbers, /;
parameters ’

316 nm
31630 cm
f~0.725

Ap9.9D 35 28 19 18

S,

377 nm
26540 cm’
f~0.552
Ap53D

Si

25 29 42 9

383 nm
26110 cm’!
£~0.786

Ap20.0D 17 30 20 18 14

Si

448 nm
22330 cm
f~0.860
Ap16.4D

Si

5 39 19 32 6

Here f— oscillator strength, Ap — excited-to-ground state dipole moments vector difference (charge transfer
quantitative characteristic). Localization numbers are summarized over the given moiety (% of whole-molecular
excitation) are shown below the structural subunits on the corresponding diagrams, the red circles radii are
proportional to atomic L, Charge transfer numbers are shown near the arrows, which denote the direction of
redistribution of electron density (% of the electric charge of electron).

Well-resolved long-wavelength absorption bands in spectra of the investigated molecules are
formed mainly by electronic transitions of =nrm* type. Chromophoric fragments forming long-
wavelength region of absorption spectra of compounds I and II are similar in their nature, this follows
from the ESSA analysis of electronic excitations (two upper rows of Table 1). They are preferably
located on the same structural subunits — phenyl-3, double bond and propenone/propenylidene moiety.
In the earlier investigations of UV-Vis spectroscopy of chalcones the above mentioned units were
considered as the main chromophore in chalcone series [28-30]. Phenyl-1 becomes a part of
chromophoric fragment for some higher-energy absorption bands, which are not considered in the
current communication. Participation in electronic excitation of both C=N groups in molecule II and
its dimethylamino derivative is not high, probably this is the reason of close analogy of its spectral
behavior and that of chalcone.

Electronic excitation on carbon atom in para-position of phenyl-3 is relatively high, thus,
substituent introduced there will result in batochromic shift and increase in intensity of corresponding
absorption band. The nature of electronic transitions of dimethylamino substituted molecules I and II
remains practically the same, as they are in unsubstituted compound (classical auxochrome behavior).

The main acceptor unit in chalcone molecule is its carbonyl group: 0.26¢ electron density moves to
it at electronic excitation. The secondary acceptor is phenyl-1, to which definite amount of excessive
electron density migrates from phenyl-3 and C=C double bond. Totally, Ap vector reaches 9.9 D.

The electron density redistribution at excitation of compound II looks quite similar, however in this
case amount of electric charge increasing on methylidene propane dinitrile group is lesser, 0.18e only.
Increase of electron density on phenyl-1 is nearly half lower as well. This decrease in excited state
charge transfer reflects also lower Ap~5.3 D. Spatial dimensions of compounds I and II are practically
the same, thus the discussed vector differences characterize entirely electric charges redistributions.

When a strong electron donor, dimethylamino group, appears in the investigated molecules, all the
conclusions formulated for unsubstituted compounds remain nearly unchanged.
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In dimethylamino chalcone electron density redistributes between one main electron donor,
N(CHj3),-CsHy4-, and two electron withdrawing centers, carbonyl group and phenyl-1. Corresponding
amount of charge removal is 0.28¢ and 0.22e correspondently. The resulting Ap reaches 20 D, this
allows to classify the formed excited state as “charge transfer”, for example, for classical “push-pull”
molecule (see [26] for description of this term), 4-dimethylamino-4’-nitro-stylbene Ap vector reaches
25 D (up to 0.3-0.4e being transferred).

Dimethylamino-substituted compound II seemingly demonstrate comparable charge transfer, main
acceptor unit has got 0.37e, however secondary acceptor, phenyl-1, is significantly weaker, it obtains
0.08¢ but loses 0.04e. Finally, Ap in this case is 16.4 D — this is a bit lower compared to
dimethylamino-chalcone.

The above analyses allows to come to conclusion, that C=C(CN), group is a weaker electron
acceptor moiety in comparison with carbonyl group. This supposition somewhat contradicts with
common insights of organic chemists working in new dyes design, who introducing this group with
the aim of increasing of push-pull and optical non-linear parameters of their novel compounds.

Undoubtful effect of methylidenepropane dinitrile moiety is significant long-wavelength spectral
shift in respect to initial carbonyl compounds. For a pair of title compounds, I and II, batochromic shift
reaches ~5100 cm™, while as for their dimethylamino derivatives it is even somewhat lower,
~3800 cm™. This is in line with our conclusion concerning lesser electron accepting ability of
methylidenepropane dinitrile moiety compared to carbonyl one.

In the middle 20th century, when methods of quantum chemistry were in their early development
period, empiric additive theory of electron spectroscopy was developed by Woodward [31] and Fieser
[32]. Contributions of functional groups introduced into conjugated molecules were summarized to get
the maximum absorption wavelength (nm) without using computers, which were generally absent that
time. According to Woodward and Fieser, contribution of a double bond (extending conjugation
chain) to position of the long-wavelength absorption band is ~30 nm.

If we convert the shifts mentioned in the above paragraph into the wavelength scale, we will get
67 nm for a pair of compounds I and II, while as for their dimethylamino derivatives analogous shift
will be 65 nm. Looks like a classical additive scheme! Carbonyl group and methylidenepropane
dinitrile moiety differs one from another on two triple bonds -C=N, only one n-component of each of
them extends conjugation. Thus, long-wavelength shift of absorption spectra in the discussed case is
no more than the general effect of the extending of a conjugation chain length (32-33 nm), which is
not regulated by the seemingly increased electron accepting properties of C=C(CN), moiety.

The intramolecular donor-acceptor interaction at the discussed functional groups replacement
would only decrease, this reduces the push-pull character of dyes and expectations for obtaining
pronounced non-linear optic effects at such a structural modification.

From the point of view of fluorescent properties, carbonyl group has a negative feature — its nm*
levels inducing radiationless decay in the electronically excited organic molecules. According to
classical El-Sayed rule [33-34], singlet and triplet excited states of different orbital nature (nt* and
nn*) are characterized by the increased spin-orbit coupling (SOC). This increases the rate of
intersystem crossing (ISC) between them, which concurs with fluorescence emission and is the main
reason for dramatic fluorescence quantum yields decrease of organic molecules.

Let’s consider molecular photophysics of carbonyl and methylidenepropane dinitrile compounds
from the viewpoint of spin-orbit interactions. Table 2 represents the results of quantum-chemical
calculations of the energies of two lowest singlet (nn* and nn*) and all the lower-lying triplet excited
states, which are responsible for molecular photophysics.
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Table 2. Electronically excited states, which are responsible for efficient ISC process owing to increased spin-
orbit coupling (SOC), in chalcone and its dimethylamino derivative. TDDFT calculations in vacuo.

Excited state | Energy (intensity) | SOC, cm’! | kisc, s
Chalcone, |
Si(nm*) 385 nm /25970 cm™ (f~0)
Ty(an*) 387 nm / 25870 cm’’ 183 (S,-T5) 49-10"
T,(nm*) 444 nm /22500 cm’' - -
T, (%) 522 nm / 19160 cm’! 192 (S-T)) 5.1-10"
4-N(CHjs),-chalcone

S,(nm*) 379 nm / 26400 cm™ (f~0)
S\ (%) 383 nm / 26110 cm (/~0.786) (k~3.610°
) 381 nm / 26220 cm’’ 20.9 (S:-T5) 4.4-10"
T,(n1%) 435 nm / 22980 cm’’ 9.5 (S,-T») 12-10"
T\(nn*) 582nm/ 17170 cm™ 17.7 (S>-Ty) 1.5-10"

* Fluorescence emission rate constant calculated from the oscillator strength and wavenumber (cm™) of S, state
by the common equation: k~2/3-fv*.

Calculations of spin-orbit coupling and Robinson-Frosch [35-36] intersystem crossing rate constant
estimations are given there as well (SOC and AE in cm™): ke = 0.71-10" - SOC? - exp(-0.25AE*).
Carbonyl group nn* states are easily identifiable within ESSA approach, typical example of localization
and electron density redistribution at S-S;(nm*) electronic transition is given below (Scheme 1).

11 /,,f;ﬁ;;-:oﬁ\ﬂ

nm*: Scheme 1

Contrary to other electronic transitions, nm* ones are strictly localized on a functional group with
unshared electron pairs, electron density redistribution is directed from its heteroatom to the nearest
carbon atoms.

The lowest singlet excited state in chalcone molecule is of nw* type, it is characterized by strong
spin-orbit coupling with the lower-lying triplet mn* states. This is the reason for the fact that
unsubstituted chalcone is non-fluorescent at room and even at liquid nitrogen temperatures. The S; and
T; states are close in energy, their positions could insignificantly deviate due to solvent effects,
however, this will not change photophysics of chalcone principally.

At introduction of dimethylamino group in position 4 of chalcone molecule, an inversion of singlet
nt* and niw* states takes place. However, high efficiency of radiationless decay remains in this case as
well. 4-N(CHs)>-1 is non-fluorescent in low polar solvents like cyclohexane. Calculations result in
close proximity of the energies of Si(nn*) and Sx(nm*) states of this compound (energy difference
~0.2 kcal/mol). Estimation according to Arrhenius results in their nearly equal equilibrium populations
(0.55:0.45). This means that both lowest singlet excited states can be involved in radiationless
deactivation processes, which finally lead to population of non-emissive in fluid solutions triplet
states: the first of them starts from S; while as the second starts from the thermally activated S,. In
Table 2 both these decay pathways are considered.

In polar protic solvents fluorescence of 4-N(CH3),-1 appeared owing to solvatochromic lowering
the energy of S, state, however, even at such conditions fluorescence quantum yields remain quite low
[8, 12], no higher than several percents.

Nitrile group has its own nt* levels, however they are located at much higher energy in respect to
S, state and thus have no influence on fluorescence ability. Thus, all the lowest singlet and triplet
states of nitrile-substituted compounds should be of nn* type. From another side, compound II is not
planar, this induces slight enhancement of spin-orbit coupling. Basing on these considerations, we
decided to make analogous analyses also for compound II and its dimethylamino derivative (Table 3).
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Table 3. Lowest singlet and triplet excited states of compound II and its dimethylamino derivative, spin-orbit
coupling and ISC rates in their molecules. TDDFT calculations in vacuo.

Excited state | Energy (intensity) | SOC, cm’! | kisc, s
(1,3-diphenylprop-2-en-1-ylidene)propanedinitrile, I
Si(nm*) 377 nm / 26540 cm™ (/~0.552) (kr2.6-10%)°
To(nm*) 429 nm /23300 cm’ 0.67 (Si-T>) 5.6:10"°
Ti(nn*) 688 nm / 14550 cm’! 0.28 (S;-Ty) 1.3-10°
4-N(CHa),-11

Si(mm*) 448 nm / 22330 cm™ (/~0.859) (k~2.9-10%"
To(nm*) 471 nm /21230 cm’ 0.29 (S:-Ty) 9.7-10%
T (nm*) 774 nm / 12920 cm’! 0.18 (S,-T)) 1.4-10°

* See note to Table 2.

Spin-orbit coupling caused by violations in planarity is not too strong, thus we are expecting much
higher fluorescence ability for both investigated dinitriles. Rough estimation of their fluorescence
quantum yields based on theoretically predicted photophysical processes rate constants gives 0.32 for
compound II and 0.23 for its dimethylamino derivative in non-polar surrounding. This satisfactory
matches with the experimental data.

Conclusions

Carbonyl group demonstrates itself as stronger electron accepting moiety compared to
methylidenepropane dinitrile one, thus C=O causes higher solvatochromism and more pronounced
non-linear optic effects. From another side, carbonyl group brings into a system of energetic levels of
conjugated organic molecules their own singlet and triplet nz* states, which can be the reason of
partial or even complete intramolecular fluorescence quenching by the mechanism of intersystem
crossing. Long-wavelength shifting of both absorption and fluorescence spectra at introduction of
C=C(CN), moiety is caused not by appearance of a new strong electron-withdrawing center, but
entirely by the enlargement of m-conjugated system of the core molecule by two triple bonds of nitrile
groups.

Acknowledgement

This work was performed using computational facilities of a joint computer cluster of SSI “Institute
for Single Crystals” and Institute for Scintillation Materials of National Academy of Science of
Ukraine incorporated into Ukrainian National Grid.

References

1. Wang Q., Yan X.-T., Fan J.-W_, Xu S.-H., Yao H., Yan C.-G. Design of a serum albumin sensitive
probe for cell imaging and drug delivery by modifying a fluorescent agent. Journ. Molec. Struict.
2024, 1297 136973. doi: 10.1016/j.molstruc.2023.136973

2. Gogoulis A. T., Hojo R., Bergmann K., Hudson Z. M. Red-shifted emission in multiple resonance
thermally activated delayed fluorescent materials through malononitrile incorporation. Org. Lett. 2023,
25 (43), 7791-7795. doi: 10.1021/acs.orglett.3¢02858

3. Seferoglu N., Bayrak Y., Yal¢in E., Seferoglu Z. Synthesis and investigation of various properties
of a novel series of nonlinear optical (NLO) chromophores bearing dicyanovinyl (DCV) moiety.
Journ. Mol. Struct. 2017, 1149 510-519. doi: 10.1016/j.molstruc.2017.07.102

4. Silvestri F., Jordan M., Howes K., Kivala M., Rivera-Fuentes P., Boudon C., Gisselbrecht J.-P.,
Schweizer W. B., Seiler P., Chiu M., Diederich F. Regular acyclic and macrocyclic [AB] oligomers by
formation of push—pull chromophores in the chain-growth step. Chem. - A Europ. Journ. 2011, 17
(22), 6088-6097. doi: 10.1002/chem.201003672

5. Jarowski P. D., Wu Y.-L., Boudon C., Gisselbrecht J.-P., Gross M., Schweizer W. B., Diederich F.
New donor—acceptor chromophores by formal [2+2] cycloaddition of donor-substituted alkynes to
dicyanovinyl derivatives. Org. Biomolec. Chem. 2009, 7 (7), 1312-1322. doi: 10.1039/B821230A

6. Zhang X., Zhang X., Shi W., Meng X., Lee C., Lee S. Single-crystal organic microtubes with a
rectangular cross section. Angew. Chem. Int. FEd. 2007, 46 (9), 1525-1528. doi:
10.1002/anie.200604359

20



A. O. Doroshenko

7. Li E., Huang Y. Phosphine-catalyzed domino reaction: A novel sequential [2+3] and [3+2]
annulation reaction of y-substituent allenoates to construct bicyclic[3, 3, OJoctene derivatives. Chem.
Commun. 2014, 50 (8), 948-950. doi: 10.1039/C3CC47716A

8. Wang P., Wu S. A study on the spectroscopy and photophysical behaviour of chalcone derivatives.
Journ. Photochem. Photobiol. A: Chem. 1994, 77 (2), 127-131. doi: 10.1016/1010-6030(94)80035-9

9. Katzenellenbogen E. R., Branch G. E. K. The spectra of the p-dimethylaminochalcones and of
their ions. Journ. Amer. Chem. Soc. 1947, 69 (7), 1615-1619. doi: 10.1021/j201199a013

10. Szmant H. H., Basso A. J. The absorption spectra of substituted chalcones. Journ. Amer. Chem.
Soc. 1952, 74 (17), 4397-4400. doi: 10.1021/ja01137a047

11. Fayed T. A., Awad M. K. Dual emission of chalcone-analogue dyes emitting in the red region.
Chem. Phys. 2004, 303 (3), 317-326. 10.1016/j.chemphys.2004.06.023

12. Xu Z., Bai G., Dong C. Spectral and photophysical properties of intramolecular charge transfer
fluorescence probe: 4’-dimethylamino-2,5-dihydroxychalcone. Spectrochim. Acta A 2005, 62 (4), 987-
990. doi: 10.1016/j.s2a.2005.04.019

13. Fayed T. A. A novel chalcone-analogue as an optical sensor based on ground and excited states
intramolecular charge transfer: A combined experimental and theoretical study. Chem. Phys. 2006,
324 (2), 631-638. doi: 10.1016/j.chemphys.2005.11.039

14. Becke A. D. Density-functional thermochemistry. III. The role of exact exchange. J. Chem. Phys.
1993, 98 (7), 5648-5652. doi: 10.1063/1.464913

15. Woon D. E., Dunning T. H. Gaussian basis sets for use in correlated molecular calculations. III.
The atoms aluminum through argon. J. Chem. Phys. 1993, 98 (2), 1358-1371. doi: 10.1063/1.464303
16. Frisch M. J., Trucks G. W., Schlegel H. B., Scuseria G. E., Robb M. A., Cheeseman J. R.,
Scalmani G., Barone V., Mennucci B., Petersson G. A., Nakatsuji H., Caricato M., Li X., Hratchian H.
P., Izmaylov A. F., Bloino J., Zheng G., Sonnenberg J. L., Hada M., Ehara M., Toyota K., Fukuda R.,
Hasegawa J., Ishida M., Nakajima T., Honda Y., Kitao O., Nakai H., Vreven T., Montgomer J., J.A. ,
Peralta J. E., Ogliaro F., Bearpark M., Heyd J. J., Brothers E., Kudin K. N., Staroverov V. N., Keith
T., Kobayashi R., Normand J., Raghavachari K., Rendell A., Burant J. C., Iyengar S. S., Tomasi J.,
Cossi M., Rega N., Millam J. M., Klene M., Knox J. E., Cross J. B., Bakken V., Adamo C., Jaramillo
J., Gomperts R., Stratmann R. E., Yazyev O., Austin A. J., Cammi R., Pomelli C., Ochterski J. W.,
Martin R. L., Morokuma K., Zakrzewski V. G., Voth G. A., Salvador P., Dannenberg J. J., Dapprich
S., Daniels A. D., Farkas O., Foresman J. B., Ortiz J. V., Cioslowski J., Fox D. J. Gaussian 09,
Revision B.01, Gaussian, Inc.: Wallingford CT, 2010.

17. Bylaska E. J., de Jong W. A., Govind N., Kowalski K., Straatsma T. P., Valiev M., Wang D., Apra
E., Windus T. L., Hammond J., Nichols P., Hirata S., Hackler M. T., Zhao Y., Fan P.-D., Harrison R.
J., Dupuis M., Smith D. M. A., Nieplocha J., Tipparaju V., Krishnan M., Wu Q., Van Voorhis T., Auer
A. A., Nooijen M., Brown E., Cisneros G., Fann G. 1., Fruchtl H., Garza J., Hirao K., Kendall R.,
Nichols J. A., Tsemekhman K., Wolinski K., Anchell J., Bernholdt D., Borowski P., Clark T., Clerc
D., Dachsel H., Deegan M., Dyall K., Elwood D., Glendening E., Gutowski M., Hess A., Jaffe,
Johnson B., Ju J., Kobayashi R., Kutteh R., Lin Z., Littlefield R., Long X., Meng B., Nakajima T., Niu
S., Pollack L., Rosing M., Sandrone G., Stave M., Taylor H., Thomas G., van Lenthe J., Wong A.,
Zhang Z. Nwchem, A Computational Chemistry Package for Parallel Computers, version 5.1, Pacific
Northwest National Laboratory, Richland, Washington, 99352-0999, USA: 2007.

18. Luzanov A. V., Zhikol O. A. Electron invariants and excited state structural analysis for electronic
transitions within CIS, RRA, and TDDFT models. Int. J. Quant. Chem. 2009, 110 (4), 902-924. doi:
10.1002/qua.22041

19. Luzanov A. V., Zhikol O. A. Excited state structural analysis: TDDFT and related models. In
Practical Aspects of Computational Chemistry I, Leszczynski, J.; Shukla, M. K., Eds. Springer:
Dordrecht, 2011. doi: 10.1007/978-94-007-0919-5 14

20. Luzanov A. V. The structure of the electronic excitation of molecules in quantum-chemical
models. Russ. Chem. Rev. 1980, 49 (11), 1033-1048. doi: 10.1070/RC1980v049n11ABEH002525

21. Neese F. The ORCA program system. WIREs Comp. Molec. Sci. 2012, 2 (1), 73-78. doi:
10.1002/wcms.81

22. Neese F. Software update: The ORCA program system, version 4.0. WIREs Comp. Molec. Sci.
2018, 8 (1), e1327. doi: 10.1002/wcms.1327

21



C=0 group versus C=C(CN), moiety from the viewpoint of electronic absorption ...

23. Neese F., Wennmohs F., Becker U., Riplinger C. The ORCA quantum chemistry program
package. Journ. Chem. Phys. 2020, 152 (22). doi: 10.1063/5.0004608

24. de Souza B., Farias G., Neese F., Izsak R. Predicting phosphorescence rates of light organic
molecules using time-dependent density functional theory and the path integral approach to dynamics.
J. Chemi. Theor. Comp. 2019, 15 (3), 1896-1904. doi: 10.1021/acs.jctc.8b00841

25. Kang T.-R., Chen L.-M. (e)-2-(1,3-diphenylallylidene)malononitrile. Acta Cryst. E 2009, 65 (12),
03164. doi: 10.1107/S1600536809048338

26. Bure$ F. Fundamental aspects of property tuning in push—pull molecules. RSC Adv. 2014, 4 (102),
58826-58851. doi: 10.1039/C4RA11264D

27. Luzanov A. V., Pedash V. F. Interpretation of excited states using charge-transfer numbers. Theor.
Exper. Chem. 1980, 15 (4), 338-341. doi: 10.1007/BF00520694

28. Sukhorukov A. A., Zadorozhnyi B. A., Lavrushin V. F. The nature of the bands in the electronic
absorption spectrum of trans-chalcone. Theor. Exper. Chem. 1973, 6 (5), 490-494. doi:
10.1007/BF00530061

29. Mitina V. G., Doroshenko A. O., Sukhorukov A. A., Lavrushin V. F. Interpretation of the
electronic absorption spectra of anthracene analogs of chalcone. Theor. Exper. Chem. 1984, 20 (2),
141-146. doi: 10.1007/BF00592798

30. Black W. B., Lutz R. E. Ultraviolet absorption spectra of chalcones. Identification of
chromophoresl1. Journ. Amer. Chem. Soc. 1955, 77 (19), 5134-5140. doi: 10.1021/ja01624a055

31. Woodward R. B. Structure and the absorption spectra of a,B-unsaturated ketones. Journ. Amer.
Chem. Soc. 1941, 63 (4), 1123-1126. doi: 10.1021/ja018492066

32. Fieser L. F., Fieser M., Rajagopalan S. Absorption spectroscopy and the structures of the
diosterols. Journ. Org. Chem. 1948, 13 (6), 800-806. doi: 10.1021/jo01164a003

33. El-Sayed M. A. Spin-orbit coupling and the radiationless processes in nitrogen heterocyclics. J.
Chem. Phys. 1963, 38 (12), 2834-2838. doi: 10.1063/1.1733610

34. Lower S. K., El-Sayed M. A. The triplet state and molecular electronic processes in organic
molecules. Chem. Rev. 1966, 66 (2), 199-241. doi: 10.1021/cr60240a004

35. Robinson G. W., Frosch R. P. Theory of electronic energy relaxation in the solid phase. Journ.
Chem. Phys. 1962, 37 (9), 1962-1973. doi: 10.1063/1.1733413

36. Robinson G. W., Frosch R. P. Electronic excitation transfer and relaxation. J. Chem. Phys. 1963, 38
(5), 1187-1205. doi: 10.1063/1.1733823

Received 04.03.2024 Accepted 07.06.2024

A. O. OopoweHko. Mpyna C=0 y nopiBHsHHI 3 yrpynoBaHHsM C=C(CN), 3 TO4kM 30py eneKkTpoHHOi abcopbuiiHoi
Ta hnyopecuUeHTHOI CNeKTPOCKOMii.

XapkiecbKkull HayjoHanbHuUl yHisepcumem imeHi B.H. Kapasina, matidaH Ceobodu, 4, Xapkis, 61022, YkpaiHa

Edbekt 3amiHn kapOoHINbHOI rpynn Ha MeTWUNIAEHNPONaHAIHITPUNLHUA parMeHT Yy eneKkTPOHHIN
abcopbuinHin Ta ¢ryopecueHTHin cnekTpockonii 6yno npoaHanisaoBaHoO TeOpeTM4yHO 3a cxemoto DFT/TD-
DFT. Ak wmopenbHy MONEKynsipHy CUCTeMy Ans UbOro [ocnigpkeHHss Oyno obpaHo xankoH (1,3-
andeHinnponeHoH). MeTunigeHnponaHAVHITPUNBHUMIA  parMeHT OyB oOxapakTepu3oBaHuMi $K  OinbLu
CpUATNUBUIA AN OTPMMaHHSA NPOAYKTIB 3 SiCKpaBol hyopecLeHLie0, OgHakK MOro enekTpoHoakLenTopHa
3[aTHICTb BMSBWUMACS MOMITHO HMXYOK Y MOPIBHSAHHI 3 kapOOHINbHOW rpynok, Bcynepey MOLUUPEHIn Y
HaYKOBIW CNiNbHOTI AyMLi.

Knroyoei crnoea:. xankoH, KapboHinbHa epyna, MemurioeHnponaHOiHIMpuUr, eneKkmpoHHi crekmpu
roanuHaHHs, crekmpu gryopecueHuii, corb8amoxpomisi, iHmepkombiHauiliHa KOH8epCisl.
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