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QUANTUM-CHEMICAL INVESTIGATION OF CORRELATION BETWEEN
THE POLAR FACTOR e AND THE CHARGE ON B-CARBON ATOM OF THE VINYL GROUP
IN SUBSTITUTED STYRENES

Quantum-chemical calculations of the effective charges on B-carbon atom of vinyl group in substituted styrenes were carried out
with the help of such semi-empirical methods as AM1, PM3, PM6, PM7 and RM1. Correlations between calculated values of the charges
and the polar factor e in the Alfrey-Price scheme were determined. It was shown, that the best correlation gives the PM3 method, while
parameterization of PM6 and PM7 methods is not suitable for parameter e prediction based on the values of the charge on B-carbon

atom of vinyl group in substituted styrenes.
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Introduction. The calculated values of effective
charges on the atoms in any molecule are the most
important information used in the field of theoretical organic
chemistry for predicting chemical properties and
mechanisms of chemical reactions. In this way, the
correlations between the yield of synthetic products and the
charges on atoms are widely used by chemists for the
explanation of experimental data. However, the absolute
values of the effective charges strongly depend on the
chosen calculation method and can be used only in
comparative analysis of several molecules.

It is well known, that the concept of the atom charge
has its own conventionality. Actually, only the nuclear
charge is localized on the atom. Inner shell electrons are
situated close to the nucleuses, and the valent electrons
are localized between the atoms. For atom charges
calculation the electron population analysis proposed by
Mulliken is commonly used in quantum chemistry [1].
Values of these charges calculated by above-mentioned
method depend on the choice of basis, when we talk about
ab initio calculations; if we deal with semi-empirical
calculations — everything depends on the choice of the
method. The atomic charges, calculated using different
bases (ab initio) and different methods (semi-empirical),
may differ in 1,5-2 times, but the sign and the relative value
of the charge are usually remain the same. In ab initio
calculations charges on atoms often increase in their
absolute value, when the basis is extended.

The theory of radical polymerization considers the
relationship between the structure of monomers and
radicals and kinetic parameters. The solution of the
problem is in attempt to determine the correlation of the
relative monomer reactivity with its structure and properties
of radicals. Nowadays, it is possible to solve this problem in
experimental, as well as in quantum-chemical ways.

Alfrey-Price Q-e scheme was found to be very useful in
a practice, due to its possibility to predict the relative
monomer activities in copolymerization. It is known from
the literature, that there is a clear physical interpretation of
the polar nature of the parameter e in spite of the fact that it
is semi-empirical. It follows from the linear correlation
between the parameter e values and the value of T-
electron charge on pB-carbon atom of the monomer,
calculated using of quantum-chemical methods [2].

Compounds, characterized by negative values of e, can
be, as a rule, easily polymerized via cation mechanism, if
the value is positive — via anion mechanism.

Estimation of the Q and e parameters can be based on
the physical properties of the monomers. In such way, the
linear correlations between LgQ and Aqr (the absorption
band maximum of the double bond in UV-spectrum of the

monomer) were established. The e value correlates with
the values of the chemical shifts of the monomer double
bond, determined with the *C-NMR method.

For preliminary estimation of the monomer reactivity
parameters, the quantum chemistry methods can be used,
which provide possibility to predict the monomers behavior
in copolymerization processes, as well as in ionic
polymerization. For vinyl monomers, the monomer
reactivity correlation with the charge on —carbon atoms in
ionic polymerization is observed. In case of cation
polymerization, the monomer reactive capacity increases
with the extension of the negative charge on the 3-carbon
atom of the monomer [3].

Objects and methods used in the investigation. p-
and m-substituted styrenes, in which charge on B-carbon
atom of the vinyl group does not strongly depend on the
molecule conformation, were chosen for checking of the
correlation presence between the e parameter value and
the effective charge on B-carbon atom in monomer,
calculated by the quantum-chemical methods. Silicon
containing styrene, some o-substituted and disubstituted
styrenes, vinylpyrimidines, vinylnaphthalene also were
used; 28 monomers, which e parameters values of the
Alfrey-Price scheme are known, were studied all together.
The values of e parameters were taken from [2, 4—6].

The following methods were used for carrying out of the
necessary calculations:

» the most popular semi-empirical quantum-chemical
method AM1, [7] (parameterized with 200 compounds),
which presents the proper calculations of hydrogen bonds;

» the one of the most precise method PM3, optimized
with large amount of experimental data (657 molecules, 18
parameters for each element) [8];

» the most exact method for the optimization of
molecules, that contain C, H and O atoms, with newer and
better parameters — RM1 [9];

» the method, which is more productive and has more
accurate balancing and parameterization (more than 9000
compounds used), then the previous ones. Also this
method combines already mentioned advantages with the
usage ab initio and DFT results, when there is the lack of
experimental facts. The mistakes of AM1 and PM3
methods are fixed here, the calculations of hydrogen bonds
are more precise — method PM6 [10];

» the next sizeable improvement of the MOPAC
methodology — PM7 method (more than 9000 compounds
used) [11]. The method, in which the new "Diffusive
function" considerably improves the prediction of
intermolecular interaction. It is quicker than the previous
methods PM3 and PM6. In comparison with other
procedures the obtained results are more exact.
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All quantum-chemical calculations were carried out with
MOPAC2012 program [12] and the graphic interface
Winmostar was used [13].

Through the whole research the geometry of molecules
was optimized with the usage of the algorithm of EF gradient
lowering. Compound structures were computed with complete
geometry optimization. The correspondence of the optimized
structure with the minimum point on the potential energy
surface was proved by the absence of imaginary frequencies
in vibration spectrum. Further obtained effective charge values
on B-carbon atom were used. Due to the fact that the maxi-
mum values of the potential do not always agree with the

positive and negative centers positions in the molecule, and
the distribution of the electrostatic potential can be more
informative than the charges on atoms [14], the electrostatic
potential values (ESP) has also been taken into account.
The last ones were calculated according the Merz-Kollman
method (MK) [15].

Experimental data discussion. The charge values on
the B-carbon atoms of 28 monomers, calculated in semi-
empirical approximations, are presented in Tab. 1. It was
not possible to optimize the geometry of 4-
trimethoxysilylstyrene molecule with RM1 method because
of the lack of Si atom parameterization.

Table 1
Parameter e values and effective charges on f3-carbon atom, calculated in semi-empirical approximations

Ne Monomer AM1 PM3 PM3esp PM6 PM7 RMA1 e

1 4-dimethylaminostyrene -0.2176 -0.1695 -0.3137 -0.3583 -0.3239 -0.1879 -1.37
2 4-methoxystyrene -0.2153 -0.1658 -0.2790 -0.3488 -0.3140 -0.1903 -1.11
3 2,5-dimethoxystyrene -0.2130 -0.1561 -0.2769 -0.3358 -0.3038 -0.1864 -1.04
4 4-acetylaminostyrene -0.2164 -0.1633 -0.2881 -0.3474 -0.3122 -0.1883 -0.9
5 4-methylstyrene -0.2108 -0.1610 -0.2857 -0.3409 -0.3067 -0.1845 -0.98
6 4-trimethoxysilylstyrene -0.1988 -0.1624 -0.2848 -0.3437 -0.3107 - -0.88
7 styrene -0.2088 -0.1581 -0.2579 -0.3259 -0.2979 -0.1813 -0.8
8 3-vinylphenol -0.2026 -0.1523 -0.2529 -0.3046 -0.2886 -0.1722 -0.80
9 2-methylstyrene -0.2105 -0.1588 -0.2575 -0.3436 -0.3082 -0.1847 -0.78
10 3-methylstyrene -0.2094 -0.1588 -0.2861 -0.3214 -0.2978 -0.1813 -0.72
11 2-methyl-5-vinylpyridine -0.2063 -0.1545 -0.2386 -0.3356 -0.2979 -0.1809 -0.58
12 4-iodostyrene -0.1981 -0.1512 - -0.3094 -0.2878 -0.1701 -0.4
13 3-chlorostyrene -0.2017 -0.1505 -0.2291 -0.3076 -0.2823 -0.1701 -0.36
14 2-chlorostyrene -0.2012 -0.1462 -0.2296 -0.3196 -0.2838 -0.1733 -0.36
15 4-chlorostyrene -0.2026 -0.1524 -0.2455 -0.3169 -0.2889 -0.1723 -0.33
16 4-bromostyrene -0.1990 -0.1489 -0.2194 -0.3123 -0.2882 -0.1717 -0.32
17 4-chlor-2-vinylnaphthalene -0.2026 -0.1490 -0.3094 -0.3217 -0.2870 -0.1728 -0.31
18 2,4-difluorostyrene -0.2005 -0.1458 -0.2902 -0.3312 -0.2929 -0.1773 -0.31
19 4-fluorostyrene -0.2057 -0.1528 -0.2719 -0.3290 -0.2961 -0.1795 -0.3
20 3-trifluoromethylstyrene -0.1971 -0.1430 -0.2599 -0.3093 -0.2858 -0.1681 -0.29
21 3-bromostyrene -0.2022 -0.1492 -0.2022 -0.3094 -0.2842 -0.1715 -0.21
22 2,3-dichlorostyrene -0.1960 -0.1404 -0.1746 -0.3066 -0.2733 -0.1651 0.09
23 4-cyanostyrene -0.1927 -0.1391 -0.2409 -0.3000 -0.2755 -0.1629 0.26
24 3-nitrostyrene -0.1917 -0.1387 -0.2661 -0.3046 -0.2810 -0.1635 0.3
25 4-vinylmethylbenzoate -0.1918 -0.1415 -0.2619 -0.2916 -0.2831 -0.1631 0.4
26 4-vinylpyrimidine -0.1852 -0.1293 -0.1618 -0.2814 -0.2566 -0.1549 0.45
27 2,5-difluorostyrene -0.1931 -0.1317 -0.2585 -0.3082 -0.2792 -0.1639 0.73
28 4-nitrostyrene -0.1806 -0.1200 -0.2388 -0.2805 -0.2694 -0.1509 0.81

* — the Merz-Kollman electrostatic potential values calculated in PM3 approximation.

It is well known, that the Q and e parameters values,
obtained through different copolymerization reactions, are
not the same. This happens because of mistakes made in
determination of copolymerization constants, simplifications
while scale definiton, neglect of the reaction conditions
influence on the copolymerization constant values, and the
acceptance of the equal e parameter value for the
monomer and its radical [16].

That's why firstly we compared the charge calculation
results with the help of modern semi-empirical methods in
order to choose the most proper and optimal method for the
next e parameter values estimation. The Fig. 1a shows the
dependence of the effective charges on vinyl group's f3-
carbon atom, computed with AM1, on the effective charge
values, calculated in PM3, PM6, PM7, RM1 approximations.

Analyzing Fig. 1a the following conclusions can be made:

1) Depending on the method the calculated effective
charge values on atoms of all investigated monomers differ.
Charges increase by their absolute value in the following
order: PM3 < RM1 < AM1 < PM7 < PM6. The most overrated
are the charge values, obtained with PM6 method.

2) The amplitude of the effective charge values
obtained by methods like PM3, RM1 and AM1, is almost
equal. If we choose PM6 or PM7, it is much greater. For
the further comparison there is the dependence of the bring
by value and amplitude effective charges on vinyl B-

carbons (calculated with AM1) on the effective charge
values, taken in PM3, PM6, PM7, RM1 approximations,
presented in Figure 1b. Now it is possible to estimate the
difference between the charge values, obtained by new
semi-empirical methods compared with AM1 method
results. It is clear, that the charge values computed with
RM1 and AM1 are very close (standard deviation is
amounts 0.0017). The difference in charge values
comparing AM1 and PM3 is a bit more sizeable. The
values according to the new PM6 and PM7 methods are
entirely different in comparison with AM1.

For the final comparative evaluation of charges,
obtained with semi-empirical methods, PM3 method was
chosen as the comparison; the method which is different
from AM1, but which gives similar results. The dependence
of the effective charges on vinyl B-carbon atom (with PM3)
on the effective charge values, calculated in AM1, PMG6,
PM7 and RM1 approximations is represented in Fig. 2a.

As shown, the calculated values of the effective
charges on the atoms of all investigated monomers not
strongly differ from the PM3 method values for AM1 and
RM1, but differ extensively for the methods PM6 and
PM7. For the data, shown in Fig. 2b, the difference
between the charge values, calculated with all methods
compared with PM3 can be evaluated. It is clear, that
the values, obtained by applying RM1 and PM3, are close
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quite enough to use these two methods for possible
correlations analysis with e parameter values. Usage of
new quantum-chemical methods like PM6 and PM7 is
supposed to be inexact.

As the best expected correlation must be set while
using PM3 method, it was also used to calculate Merz-
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Kollman electrostatic potential values — (ESP) on vinyl 3-
carbon atoms in the chosen 28 monomers. In the Fig. 3 we
can see the dependence of the polar factor e on the
effective charge values and Merz-Kollman electrostatic
potential values, calculated in PM3 approximation.
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Fig. 1. Dependence of the effective charges on vinyl group B-carbon atom — a, and bring by value
and amplitude effective charges on vinyl group B-carbon atom — b, calculated with AM1 method,
on the effective charge values, calculated in PM3, PM6, PM7, RM1 approximations in
1 — p-dimethylaminostyrene, 2 — p-methoxystyrene, 3 — 2,5-dimethoxystyrene, 4 — p-acetylaminostyrene, 5 — p-methylstyrene,
6 — p-trimethoxysilylstyrene, 7 — styrene, 8 — m-vinylphenol, 9 — o-methylstyrene, 10 — m-methylistyrene, 11 — 2-methyl-5-vinylpyridine,
12 — p-iodostyrene, 13 — m-chlorostyrene, 14 — o- chlorostyrene, 15 — p-chlorostyrene, 16 — p-bromostyrene,
17 — 4-chlor-2-vinylnaphthalene, 18 — 2,4-difluorostyrene, 19 — p-fluorostyrene, 20 — m-trifluoromethylstyrene, 21 — m-bromostyrene,
22 — 2,3-dichlorostyrene, 23 — p-cyanostyrene, 24 — m-nitrostyrene, 25 — p-vinylmethylbenzoate, 26 — 4-vinylpyrimidine,
27 — 2,5-difluorostyrene, 28 — p-nitrostyrene
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Fig. 2. Dependence of effective charges on vinyl group B-carbon atom — a, and of the reduced by value
and amplitude effective charges on vinyl group B-carbon atom — b, calculated with PM3 method,
on the effective charges values, computed in AM1, PM6, PM7 and RM1 approximations in
1 — p-dimethylaminostyrene, 2 — p-methoxystyrene, 3 — 2,5-dimethoxystyrene, 4 — p-acetylaminostyrene, 5 — p-methylstyrene,
6 — p-trimethoxysilylstyrene, 7 — styrene, 8 — m-vinylphenol, 9 — o-methylstyrene, 10 — m-methylstyrene, 11 — 2-methyl-5-vinylpyridine,
12 — p-iodostyrene, 13 — m-chlorostyrene, 14 — o- chlorostyrene, 15 — p-chlorostyrene, 16 — p-bromostyrene,
17 — 4-chlor-2-vinylnaphthalene, 18 — 2,4-difluorostyrene, 19 — p-fluorostyrene, 20 — m-trifluoromethylstyrene, 21 — m-bromostyrene,
22 — 2,3-dichlorostyrene, 23 — p-cyanostyrene, 24 — m-nitrostyrene, 25 — p-vinylmethylbenzoate, 26 — 4-vinylpyrimidine,
27 — 2,5-difluorostyrene, 28 — p-nitrostyrene

The scatter diagram shows that the correlation is
obvious in the case of the effective charges use, and the
correlation equation (1) demonstrates that the calculations
allow us to value the e parameter for chosen monomers
with the sufficient accuracy:

e =6.68(x0.43) + 47.04(+2.88)gpm3
(r = 0.9546; s=0.17; n=28) 1)

In this and the next ones correlation equations r —
correlation coefficient, s — standard deviation, n — the
number of compounds, included in correlation. As also
evident from the diagram, there is no any other

dependence between the electrostatic potential values and
the polar factor.

Further all the chosen semi-empirical methods were
compared in order to choose the optimal one for the e
parameter values prediction. The dependence of polar
factor e on the effective charge values, calculated in PM3,
AM1, PM6, PM7 and RM1 approximations, is represented
in Fig. 4.

The correlation equations, obtained from graphic data
for each approximation procedure, listed below:
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e =11.07(x0.99) + 56.64(4.88)qau1

(r=0.9155; s=0.23; n=28) 2)
e =7.31(x0.90) + 24.02(+2.83)qpme
(r=0.8577; s=0.30; n=28) 3)
e =9.31(x1.01) + 33.19(+3.46)qpm7
(r =0.8829; s=0.27; n=28) (4)
e =7.80(x0.67) + 47.26(+3.85)qrm1
(r=0.9261; s=0.20; n=27) (5)
e
1,04
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Fig. 3. Scatter diagram. Y-axis — the polar factor values.
X-axis — the effective charges values on vinyl group
B-carbon atom — O and the Merz-Kollman (MK) electrostatic
potential values (ESP) - @ in
1 — p-dimethylaminostyrene, 2 — p-methoxystyrene,

3 — 2,5-dimethoxystyrene, 4 — p-acetylaminostyrene,

5 — p-methylstyrene, 6 — p-trimethoxysilylstyrene, 7 — styrene,
8 — m-vinylphenol, 9 — o-methylstyrene, 10 — m-methylstyrene,
11 — 2-methyl-5-vinylpyridine, 12 — p-iodostyrene,

13 — m-chlorostyrene, 14 — o- chlorostyrene, 15 — p-chlorostyrene,
16 — p-bromostyrene, 17 — 4-chlor-2-vinylnaphthalene,

18 — 2,4-difluorostyrene, 19 — p-fluorostyrene,

20 — m-trifluoromethylstyrene, 21 — m-bromostyrene,

22 — 2,3-dichlorostyrene, 23 — p-cyanostyrene, 24 — m-nitrostyrene,

25 — p-vinylmethylbenzoate, 26 — 4-vinylpyrimidine,
27 — 2,5-difluorostyrene,
28 — p-nitrostyrene, calculated in PM3 approximation

Summary. Therefore, the electrostatic potential values,
obtained by applying of semi-empirical methods, do not
correlate with the polar factor values, in contrast to the
effective charge values, calculated by these methods.

PM6 and PM7 semi-empirical methods
parameterization is strongly different from their antecedent,
PM3, and they are not suitable for atom charge
calculations of organic molecules that contain C, H, O and
N atoms.

The computation of charges, performed by PM3, AM1
and RM1 methods, gives on average similar charge
distribution, but the best correlation value can be reached
by using of PM3 method, which is recommended for
approximate polar factor value prediction for substituted
styrenes without conducting their copolymerization.
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KBAHTOBOXIMIYHE AOCHIMKEHHA KOPEHHLI,I:I: MK MONAPHUM ®AKTOPOM e
TA 3APAOOM HA B-ATOMI BYTJIELUIO BIHIUTIbHOI rPYTNU 3AMILLEHMX CTUPOIJIIB

IMpoeedeHo keaHMoOEO-XiMi4HIi po3paxyHKu eghekmueHuUXx 3apsidie Ha B-amomi eyaneyro 8iHINILHOT 2pynu 8 3amiujeHuUx cmuposiax HanieemMnipu4yHu-
mu memodamu AM1, PM3, PM6, PM7 ma RM1. BcmaHoeneHo KopensyiliHi 3anexHocmi M 3Ha4eHHsIMU po3paxoeaHux 3apsidie i 3Ha4YeHHsIMU nossip-
Ho20 ¢hakmopa e cxemu Angppesi-lpalica. lMoka3aHo, wWo KopenAyis Halikpawa, npu 3acmocyeaHHi memody PM3, a napamempus3sayiss memodie PM6 i
PM?7 He nidxodums Onsi npo2HO3ye8aHHs1 Napamempa e 3a 3Ha4yeHHsIMU 3apsidy Ha B-amomi syaneyro 8iHiNbLHOI 2pynu 3amiwjeHux cmuposiie.

Knro4oei cnosa: keaHmoeo-ximiyHe docnidxeHHsi, 3apsid amoma, cxema Angppesi-lpalica.
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KBAHTOBOXUMUYECKOE MCCNENOBAHUE KOPPENALIUM MEXAOY NONAPHLIM ®AKTOPOM e
N 3APAO0OM HA B-ATOME YIMEPOOA BUHUNbHOW rPYNMNbl SAMELWWEHHbBIX CTUPOJIOB

lMpoeedeHbl KBaHMOBO-XUMUYECKUE pacyembl 3hgheKmueHbIx 3apsA008 Ha B-amome yariepoda 8UHUIILHOU 2pynibl 8 3aMeWeHHbIX cmuposiax
nonyamnupuyeckumu memodamu AM1, PM3, PM6, PM7 u RM1. YcmaHoesieHbl KOppensiyuoHHbIe 3a8UcuMocmu MexAdy 3Ha4yeHUsIMU paccyumaH-
HbIX 3apsi008 U 3Ha4YeHusIMU MoJIsiPHO20 ¢hakmopa e cxembi Angppesi-lipalica. [MMokazaHo, YmMo Koppensyusi Hauny4was, npu NPuMeHeHUU Memoda
PM3, a napamempu3sayusi Memodoe PM6 u PM7 He nodxodum Onsi npo2HO3uUpo8aHusi napamempa e rno 3HayeHusiM 3apsida Ha B-amome yanepoda
8UHUILHOU 2pyNnbl 3aMewWeHHbIX CMUPOIIoE.

Kntoyeenbie croea: keaHmMoeo-xumuyeckoe uccredosaHue, 3apsi0 amoma, cxema Angpesi-lpalica.
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XIMIYHI 3ACOEMU BINJIMBY HA BJIACTUBOCTI ®OTOAKTUBHUX CEPEAOBMLL
HA OCHOBI NONIKOMMNNEKCIB A3OBEH301Y

Po3ansiHymo moxueocmi 3MiHU ¢hi3uyHUX erlacmusocmel rosliMepHUX KOMIMo3umie Ha OCHo8i azobeH3osy 3acobamu XimMiyHOT
modudpikayii cmpykmypu nosiikomnnekcie i ix cknady. OCHO8Hy yeaay npudifleHo 8USYEHHIO MOXK/lugocmell 8riu8y Ha XxapaKkmepuc-
MuKu esleKmpoonmu4Hoz2o eghekmy, wWo criocmepizacmbcsi 8 yux komrnosumax. Ceped makux xiMiyHux memodie po3znsdarombcs,
30Kpema, eeedeHHs1 8 CKk1ad MoJsliKoMIsieKkcy ioHie Memarny, siKi € XiMiYHO 38'I3aHuUMU 3 MoNliMePHUM JIaHUI020M, 3MiHa OUNosIbHO20
MomMeHmy a306eH30/1bHO20 ¢hpaeMeHma GOHOPHUMU i aKkuenmopHUMU JoMilukamMu, e8edeHHs1 opaaHi4Ho20 6apeHuKa Ao cknady a3o-
6€eH30/1bHO20 nosnimepHo20 komno3umy. [IpodeMoHcmpoeaHa 2Hy4kicmb enacmueocmeli AocnidxyeaHo20 Mamepiarny, sika € 8axJiu-

8010 Os151 11020 NMPaKMuU4YHO20 3acmMocye8aHHs siK iHghopmMauyiliHo2o abo onMUYHO aKmueHO20 cepedosuLa.
Knro4yoei cnoea: a306eH3071, noniMepHuli KOMIO3um, efleKmpoonmuYHul eghekm, nonsipuzoeaHe ceimiio.

Bctyn. MonimepHi komnoauTtn (MK) 3 asobapBHUkamu
abo a306eH30MbHUMK BiYHMK rpynamu po3rnsaalTbes SK
NepCneKkTUBHI cepefoBULLia ANsi ONTUYHOrO 3anucy i 06po-
Oku iHpopMalLlii, a TakoX A5 ONTOENEKTPOHHMX NPUCTPOIB
3aBASKN MOXITMBOCTI hOPMYBaHHS B HUX (POTOIHOYKOBAHOT
nonsapu3adii (®) nig sBnnusom ceitna [1, 2]. Mpu kiMHaTHIN
Temnepatypi ®I1 moxe 36epiratuca Ha NPOTA3i 4OCTATHLO
TpuBanoro yacy. MapameTtpu ®I1 MoxyTb 6yTH 3MiHeHI nig
TEpPMiYHUM abo MexaHiYHMM BMIMBOM Ta Yy 30BHILLHIX ene-
KTPUYHOMY i/abo MarHiTHoMy nonsix, a TakoX LUMSAXOM BBe-
OEHHS cneuianbHUX OOMILIOK A0 CKnagy KOMMO3WUTIB 4u
KOHTPOMOBATK BNACTUBOCTI iHpopMaLinHoro cepegosuma
abo cepenoBuLLa AN ONTOENEKTPOHIKM LLUMSAXOM 3aCTOCy-
BaHHSA Pi3HUX 30BHILLHIX BNNMBIB i po3pobnaTn cepenoBu-
Wwa 3 6axxaHMMK XxapakTepUCTUKaMU.

MexaHiam dopmyBaHHa ®I1 nos'dA3aHuin i3 3miHaMu
i30MEpHNX CTPYKTYp MpW MOrMUHaHHI cBiTna asobeH30rb-
HUMK rpynamu. Monekynun azobeH3ony MoXyTb iCHyBaTn B
OBOX i30MepHUX CTaHax: mpaHc- i yuc-izomepis. lNepexig
MK UMMKU CTaHaMu BigOyBaeTbLCA MpU ONPOMIHIOBAHHI CBi-
Trnom abo nig TepmMiyHum BnnuBoM. OnTuyHa aHis3oTponis
3'ABNAETLCA NPU 3MiHI KOHUEHTpaUil mpaHc- i yuc-isomepis
a3obeH3onbHMX rpyn [3,4]. BoHa nposiBNsieTbCs, 30Kpema,
B €NeKTpoOnTUYHOMY edekTi, Lo CnocTepiraeTbes ekcrne-
puMeHTansHO [4-6]. Llen edekT nonsrae B 3MiHi iIHTEHCKB-
HOCTI NiHINHO NOMNSIPU30BAHOrO CBITNA, L0 NPONMLLNO Yepes

3pasok K, sakuin po3TaloBaH1in Mk cXpeLleHMMmM nonsapu-
3aTOPOM i aHani3aTopoM B 3anexHOCTi Big HamnpyXeHOCTi
NPVKIageHoro 30BHILUHLOrO enekTpuyHoro nons. Makcu-
ManbHWA BB ENEKTPUYHOIO MONis CMoCTepiraeTbCs y
BMAMMOMY CMEKTPanbHOMY iana3oHi.

BanexHictb napametpis ®I1 B 4OCNiAXYBaHNX KOMMO3U-
Tax Bif, CTaHy nonsipu3adii 30ypKyto4oro CBiTrna 4ae MOXIuv-
BICTb 3AiMCHIOBaTM NONspU3aUiHUi ronorpadiyHMn 3anuc,
Wo mae GaraTo nepeBar y MOPIBHSAHHI i3 CKansipHOK rorno-
rpacpieto [7]. Po3pobka i BUroTOBNEHHSA NonApusauiiHo vyT-
NMBMX CEpeoBULL, € BaXMMBOI | OCTATHLO CKNagHo Mpo-
6nemoto. OcTaHHiM Yacom MoniMepHi cepefoBuLLa CTalTb
nepani nonynspHilWMMKW  Ans NPakTUYHOTO  3aCTOCYBaHHS
3aBASKU X BiOHOCHIN AeLleBWU3Hi i rHYy4KOCTi napameTpis.
MoxnunBoCTi ckanapHOro i nonspuaauinHoro ronorpagiyHoro
3anuncy B a300eH30M-MICTKUX MoniMEPHMX komnoauTtax 6inv
NpoAEeMOHCTPOBaHI i NpoaHanisosaHi [6, 8].

MeToto poGoTU € OOCHIMKEHHST MOXXITMBOCTEN 3MiHW Di3u-
yHnx BnactusocTen MK Ha ocHOBI a306eH30MYy LUMAXOM XiMiy-
HOi Moaudikauii cTpykTypu i cknagy nonikomnnekcis. OcHOB-
Hy yBary npvaineHo OOCMigKeHHIO cnocobiB BNNMBY Ha xapa-
KTEPUCTVKM enekTpoonTuyHoro edpekty. Cepen Takux Ximiy-
HMX MEeTOAIB pO3rnsiAatoThCsl, 30KpEMA, BBEAEHHsSI B CKraf
NonikoMnmekcy ioHIB MeTany, XiMiYHO 3B's3aHWMX 3 nornimep-
HMM NaHLoroM, 3mMiHa AMNosIbHOr0 MOMEHTY a306eH30MbHOro
dparMeHTa OOHOPHMMM | aKUENTOPHUMW AOMillKamu, BBe-
[OeHHs opraHiyHoro 6apeHuka go cknagy K.
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