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B sTOM uccnenoBanny onTUMaIbHAS TEOMETPHS U KoeOaTenbHbIe CBOMCTBA METAHOJIA aHANIN-
3UpyIOTCA ¢ ToMmompio Teopus ¢(ynkmuoHana 1mioTHocTH (TOII) m momspuzoBaHHOI
pamaHOBCKOW criekTpockonuu. CTpyKTypa rIo0aJbHOr0O MHHUMYMa MOJIEKYJISIPHBIX KilacTe-
POB MeTaHoOJIa MOJIyYeHa ¢ MCIOb30BaHueM nporpammuoro obecreuenus ABCluster. TOII u
NorpaHu4Has MoJieKyJsipHast opoutais (IIMO) ncrnosib30BaHbl AJ1sl CTPYKTYPHOTO M TEPMOJIH-
HaMHUYECKOTO HCCIIEIOBaHUS Pa3IMYHBIX MOJIEKYJSIPHBIX KilacTepoB MeTaHoja. C IOMOIIBIO
3THX METOJIOB PacCUMUTaHbl MIOTEHIIMAIBHBIE YHEPIHH MEXMOJIEKYJIIPHOTO B3aUMOIEHCTBUS 1
sHepruu meau HOMO-LUMO auMepHBIX, TPUMEPHBIX U TETPAMEPHBIX KIIACTEPOB METAHOJIA.
B pesynpraTe naeHTHQUINPOBAHBI TUMEP-CIIUPATIbHEIE, IIUKINISCKAE TPAMEPYIOBBIC H ITHK-
JUYECKHE TEeTPaMEepyAOBBIC KIAcTEPhl C HAMOONBIICH CTPYKTYPHOH M TEPMOAWHAMHYECKOU
CcTaOMIIBHOCTBI0O METAHOJNA. DKCIIEPAMEHTAIBHBIMH M PACYCTHBIMH METOIAMH OIpeHeICHEI
M30TPOITHBIE U aHU30TPOITHBIE KOMITOHEHTHI CIIEKTpaibHBIX Tosioc MeTaHoia C-O u O-H. Ilo-
Jy4eHHBIE TaHHBIE TIOKA3aJIH, YTO B TUMEPHOM KJIaCTepe HE MOKET 00pa30BaThCS aHU30TPOII-
Hasi KOMIIOHEHTAa. Y CTaHOBIIEHO, YTO XapaKTEPUCTUKH IOJSPHU30BAHHOTO CIEKTpa KOMOHMHa-
LIUOHHOTO pacCesHUs [UKINYECKOT0 TeTPaMEpHOro KJIacTepa aHaJOIMYHbI 3KCIIEPHUMEHTab-
HBIM pE3yJbTaTaM.

Kurouessle ciioBa: TOIL, [IMO, uzorponusi, aHu30Tponus, SQHEKT paMaHOBCKOTO HECOBIAACHHS.

In this study, the optimal geometry and vibrational properties of methanol were analysed by
the density functional theory (DFT) approach and polarized Raman spectroscopy. Global min-
imum structures of methanol molecular clusters were generated using ABCluster software.
DFT and frontier molecular orbital (FMO) were applied to structurally and thermodynamically
investigate various methanol molecular clusters. Using these methods, the intermolecular inte-
raction potential energies and HOMO-LUMO gap energies of methanol dimer, trimer, and te-
tramer clusters were calculated. As a result, dimer-helical, cyclic trimer-uud, and cyclic tetra-
mer-udud clusters with the highest structural and thermodynamic stability of methanol were
identified. Experimental and computational methods were used to determine the isotropic and
anisotropic components of the methanol C-O and O-H spectral bands. The data obtained
showed that an anisotropic component cannot form in the dimer cluster. The characteristics of
the polarized Raman spectrum of the cyclic tetramer cluster were found to be similar to the ex-
perimental results.

Keywords: DFT, FMO, isotropic, anisotropic, Raman noncoincidence effect.

I. Introduction lecular characteristics are investigated using a variety
of experimental and theoretical methods. Polarized
Raman spectroscopy is one of these experimental me-
thods. This method can determine the isotropic and

In the late twentieth century, there was an in-
crease of interest in exploring intermolecular interac-
tions and molecular orientation in liquids [1, 2, 3]. Mo-
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anisotropic components of Raman scattered light [5].
Many studies show that the wave numbers of these
components differ from each other. This phenomenon
is known as the noncoincidence effect (NCE). P. Mi-
rone [1], J.L. McHale [2, 3, 4] and D.E. Logan [6, 7]
analyzed NCE in polar and nonpolar liquids using
theoretical methods. They created a dielectric conti-
nuum model to explain the NCE phenomenon. H. To-
rii et al. [8] suggested that the NCE depends on a tran-
sition dipole-transition dipole interaction between ad-
jacent molecules. Transition dipole-transition dipole
interaction refers to the coupling between the transition
dipole moments of neighboring molecules or molecu-
lar groups during electronic or vibrational transitions.

Also [9], they additionally carried out molecular (MD)
dynamics simulations to investigate NCE in liquids.
Knapp [10] explained that the reason for this pheno-
menon is resonance energy transfer. NCE was ob-
served experimentally by T.W. Zerda and his scientific
team [11]. They showed that the difference between
the anisotropic and isotropic components of the C-O
spectral band of methanol is Av = =5 cm™". The NCE
of the carbonyl stretching band of methyl formate
(HCOOCH;) diluted in acetonitrile was investigated
by R.J. Bartholomew and D.E. Irish [12]. They ana-
lyzed the carbonyl bandwidths and observed that they
first increased and then decreased. A. Sokolowska [13]
studied methanol solutions in carbon tetrachloride and
concluded that NCE is caused by a mismatch in local
molecular order. M.G. Giorgini et al. [14, 15, 16] used
experimental, theoretical, and Monte Carlo (MC) si-
mulation methods to analyze the NCE of liquids in
various solvents. They concluded that these methods
support each other in explaining NCE in liquids. Mus-
so et al. [17] investigated the NCE of C-O and O-H vi-
brational bands in methanol/CCl, solutions and its de-
pendence on concentration using Raman spectroscopy
and molecular dynamic (MD) simulations. They stated
that MD models could not explain the sharp decrease
in the v(C-O) band when methanol was diluted to a
fraction of Xy, < 0.1 in CCly. G. Doge at al. [18] expe-
rimentally determined the negative NCE in aromatic
ring vibrations. They also investigated the NCE in ali-
phatic ring vibrations. G. Devi et al. [19] studied the
role of repulsive force on the effect of anisotropic shift
in liquids. In addition, they experimentally determined
the effect of various solvents on the S=O vibrational
mode of DMSO and compared it with four theoretical
models, such as McHale’s, Mirone’s modification of
McHale’s, Logan’s, and Onsager-Frohlich dielectric
continuum models, respectively [20]. D.K. Singh et al.

[21] analyzed the solution of methanol and ethanol in
acetonitrile. They applied polarized Raman spectra and
quantum chemical calculations to investigate how the
spectrum depends on molecular structure. F.H. Tukh-
vatullin et al. [22, 23] investigated the structure of a
methanol-aqueous solution using Raman spectroscopy
and ab initio calculation methods. They found that the
formation of intermolecular hydrogen bonds, as well
as O-H or O-D vibrations in pure alcohol, complicates
Raman spectra, resulting in a noncoincidence of the
peak frequencies, a shift of the band to the low-
frequency region, and a strong broadening of the bond
halfwidth. Q. Shi et al. [24] studied the NCE of C-O
stretching of methanol in aqueous solution by theoreti-
cal Raman spectroscopy. They observed a slight in-
crease in the NCE from X, = 0.4 to X, = 0.3 and attri-
buted this to the band asymmetry caused by the reo-
rientation dynamics. Since molecular orientation plays
an important role in the study of the structural proper-
ties of liquids and crystals, the study of the NCE is cur-
rently the focus of attention of scientists in this field.
Nowadays, in addition to polarized Raman spectrosco-
py, aggregation-induced split (AIS) theory and HNMR
are used to study this phenomenon [25, 26, 27].

In this paper, the NCE in the C-O and O-H vibra-
tional bands of methanol is discussed using polarized
Raman spectroscopy and density functional theory
(DFT) methods.

II. Experimental and computational details

The polarized Raman spectra of pure methanol
were recorded using a Renishaw InVia Raman spec-
trometer at room temperature. As a source of excita-
tion light, an argon laser with a wavelength of 532
nm, a power of 50 mW, and a diffraction grating with
a period of 1200 lines/mm was used. The scarred light
was recorded using a standard Renishaw CCD Cam-
era detector. Polarized Raman spectroscopy is based
on the determination of parallel (/) and perpendicular

(I,) components of scattered light. According to [28]:
I, :A(Vo_V)4((450€2+4Y2)/45)QZ, (D
I = A(vo —)* (242 /15) @2, @

where o, — rotational invariant isotropy and y — aniso-
tropy of transition polarizability. Using these compo-
nents, it is possible to determine the isotropic and ani-
sotropic components of the Raman spectrum:

lisor = I|| —4/31}, lgnisor = 11
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According to (1) and (2), depolarization ratio of Ra-
man line:
p=1,/1,=3y/ (450> +4v°) 3)
According to (3):
— for totally symmetric vibrations p = 0,
— for partial symmetric vibrations 0 < p < 0.75,
— for totally asymmetric vibrations p = 0.75.

The isotropic and anisotropic wave numbers of
the vibration spectrum are found as follows [9]:

N isot n isot
Visot = i Vi L D I 4)
Vit = zin:l IianisotVi /ziﬂZI |ianisot , (5)

where v; is the wave number of each streching mode,
I5°t and I#™59t are the Raman intensities corres-
ponding to each isotropic and anisotropic stretching
frequency.

Density functional theory (DFT) method with
B3LYP/6-311++G (d, p) function set was used to op-
timize methanol molecule and its clusters. For identi-
fying the most stable clusters, we used the artificial
bee colony (This is an extension of the program
ABC). ABC algorithm implemented by the ABCluster
software [29] with DFT. All computations were per-
formed using the Gaussian 09W program package
[30]. Gaussview 6.0 [31] tool was used to visualize
the results. Intermolecular interaction energies AE in
clusters are calculated by following formula [32]:

AE = E pyster — (6)

where N — number of molecules in methanol clusters,
Emonomer and Egyster are total energies of methanol mo-
nomer and clusters, respectivily.

nEmonomera

III. Results and discussion

I11.1. Experimental studies

In this work, we studied the polarized Raman
spectra of the C-O and O-H spectral bands of metha-
nol. Figure 1 shows the isotropic and anisotropic
components of the Raman spectrum of pure liquid
methanol in the range of 950-1100 cm ™.

The maxima of the isotropic and anisotropic
components of the spectral bands of v(C-O) are lo-
cated at 1035 and 1030 cm', respectively. From
these data, the NCE value of the C-O spectral band is
—5 cm™'. This value is the same as the result obtained
by other researchers [11]. Figure 2 shows the isotrop-
ic and anisotropic components of the Raman
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spectrum of pure methanol in the range of 3100-
3700 cm™'. It can be seen from the figure that both
spectral bands have high asymmetry. Therefore, the
wave numbers of these bands were determined from
formulas (4) and (5). Hence, the isotropic and aniso-
tropic wavenumbers of the v(O-H) bands are 3350
and 3425 cm™', respectively. From these data, the
NCE value of the O-H spectral band is +75 cm™.
This result is exactly the same as the results obtained
by other researchers [5]. According to H. Torii [§],
the formation of the NCE is a transition dipole-
transition dipole interaction between neighboring mo-
lecules. The obtained results showed that different
NCEs are formed in two different types of vibrational
bands of methanol molecules. That is, both positive
and negative NCEs occur.
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T T T 1
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Figure 1. Isotropic and anisotropic components of v(C-O)
stretching Raman bands of liquid methanol.
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Figure 2. Isotropic and anisotropic components of v(O-H)
stretching Raman bands of liquid methanol.
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II1.2. Computational studies

To better explain this phenomenon, we analyzed
self-association clusters of methanol in DFT. Initial-
ly, we tried to identify the most stable methanol clus-
ters in order to analyze the pair dipole-dipole orienta-
tion and calculate Raman spectra. Different structures
of methanol clusters have been investigated before
using different studies. For example, R. Ludwig [33]
and S.L. Boyd [34] showed in their scientific works
that cyclic clusters of methanol are more stable than
other types of clusters. The difference between this
work and previous works is that the global minimum
structures of methanol clusters were generated using
ABCluster. Today, this program is an innovative me-
thod for determining the optimal geometry of various
molecular clusters [35, 36]. Figure 3 shows the
optimal geometric structures of dimers, cyclic trimers
and tetramers calculated at the B3LYP/6-311++G (d,
p) level using the DFT method. Intermolecular inte-
raction energies in molecular clusters are 7.5
kcal/mol for the helical-structure dimer (Fig. 3a) and
0.17 kcal/mol for the stacked-structure dimer
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(Fig. 3b), respectively. By comparing the intermole-
cular interaction energies, it can be seen that the heli-
cal-dimer is more stable than the stacked-dimer
(AEhelical—dimer>>AEstacked—dimer)- Intermolecular interac-
tion energies in molecular clusters are 10 kcal/mol for
the uud-trimer and 8.5 kcal/mol for the planar-trimer.
According to AEug-uimeAEpianar-trimer, UUd-trimer  is
more stable than planar-trimer. Also, intermolecular
interaction energies in molecular clusters are 19.88,
19.57, 19.54 and 19.2 kcal/mol for the udud-tetramer,
(up-down-up-down) uudd-tetramer, (up-up-down-
down) uuud-tetramer and uuuu-tetramer, respectively
(these are designations for the orientation of the CH;
groups in the methanol tetramer relative to the cyclic
plane). The results show intermolecular interaction
energies in tetramers in order to AE,qud-tetramer” AEuudd-
tetramer>A Euuud—tetramer>A E uuuu-tetramer and the udud-
tetramer is more stable than other tetramers. The cal-
culated results confirm that clusters helical-dimer,
uud-trimer, and udud-tetramer are more stable ac-
cording to of intermolecular interaction energy.
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Figure 3. Optimized structures of methanol clusters: a, b — dimers, ¢, d — trimers (top and side view) and e-h — tetramers

(top and side view).

Dipole-dipole orientation. We didn't investigate
the dipole-dipole orientation in the dimer since the
molecules can't form a closed cluster. As a result, the

molecular orientation causes the dipole-dipole inte
raction to be zero. Figure 4(a) shows a pair of mutual-
ly parallel C-O bonds connected by hydrogen bonds
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in the trimer cluster. The length and angle of the hy-
drogen bond formed between them are 1.906 A and
150°, respectively. The distance between C-O bonds
is 3.698 A. The angles formed by these bonds with
respect to the axis connecting their centers are 125°
and 134°, respectively. Similarly, Figure 4(b) shows a
parallel C-O pair connected by hydrogen bonds in the
tetramer cluster. The length and angle of the hydro-
gen bond formed between them are 1.769 A and 167°
respectively. The distance between the centers of C-O
bonds is 4.866 A. The angles formed by these bonds
with respect to the axis connecting their centers are
134° and 134°, respectively.

- 3.698A---~

9

Figure 4. Isotropic and anisotropic components of v(O-H)
stretching Raman bands of liquid methanol.

a)

Figure 4(c) shows a pair of mutually antiparallel
O-H bonds connected by hydrogen bonds in the tri-
mer cluster. The length and angle of the hydrogen
bond formed between them are 1.906 A and 150°, re-
spectively. The distance between the centers of O-H
bonds is 2.347 A. The angles formed by these bonds
with respect to the axis connecting their centers are
90° and 30°, respectively. Also, Figure 4(d) depicts
the antiparallel O-H pair of the tetramer. The length
and angle of the hydrogen bond formed between
them are 1.769 A and 167°, respectively. The dis-
tance between the centers of C-O bonds is 3.368 A.
The figure shows that the tetramer's O-H bond pairs
are totally antiparallel-oriented. From these results,
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b

we can conclude that the parallel C-O and O-H bonds
in the tetramer form stronger hydrogen bonds than
the same pairs in the trimer. In addition, the C-O and
O-H pairs in the tetramer have a very high-order
symmetric orientation, and the pairs in the trimer
have an asymmetric orientation. As a result, the te-
tramer has a stronger dipole-dipole interaction than
the trimer.

Frontier molecular orbital (FMO) analysis.
FMO analysis was performed to confirm which mo-
lecular cluster was more thermodynamically stable.
The highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO) are
known as frontier molecular orbitals (FMO), and
their values can be used to analyze intermolecular in-
teractions and the electron donating and accepting ab-
ilities of molecules [37, 38]. The energy gap (Eg) ac-
curately predicts the molecules kinetic and thermo-
dynamically stability [39].
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Figure 5. HOMO-LUMO maps of methanol clusters.
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Figure 5 indicates the HOMO and LUMO orbit-
als of the methanol clusters. These values are deter-
mined using the following mathematical formulas
based on Koopman's theorem [40]:

Eg = Enomo —ErLumo, (7)

N =(Egomo —ELumo)/ 2, (8)

where the chemical reactivity parameters:  — ener-
gy gap and — hardness.

According to [41], the larger the , the harder

(or more stable) the system, and vice versa. The cal-
culated HOMO energy values of uud-trimer and pla-

nar-trimer are —0.075 eV and —0.337 eV, respectively.

The calculated LUMO energy values of uud-trimer
and planar-trimer are —7.769 and —7.711 eV, respec-
tively. The calculated HOMO energy values of udud-
tetramer, uudd-tetramer, uuud-tetramer and uuuu-
tetramer are —0.332, —0.325, 0.336 and 0.356 €V, re-
spectively. The calculated LUMO energy values of
udud-tetramer, uudd-tetramer, uuud-tetramer and
uuuu-tetramer are —7.840, —7.744, 7.710 and 7.645
eV, respectively. According to the formula (7), the re-
lationship between the HOMO-LUMO energy gaps
of uud-trimer and planar-trimer is E,,4 (7.694 eV)>
Eplanar(7.374 eV). Similarly, the relationship between
the HOMO-LUMO gap energies of tetramer clusters
1S Eudud (7503 eV)>Euudd(7.419 eV)>Euuud(7.374 CV)>
Euuun(7.289 V). We neglected dimeryejic, and dimer,.
tackeds HOMO-LUMO gap energy because their inter-
molecular interaction energies differed significantly.
Considering the formula (8), then mMuu>Npianer and
Nudud>Nuudd>Nuuud>Nwwe. fOr trimers and tetramers, re-
spectively. The FMO analysis confirms that the uud-
trimer and udud-tetramer are more stable than other
similar clusters. Using all of the above confirmations,
we analysed the calculated Raman spectra of helical-
dimer, uud-trimer, and udud-tetramer.

I11.3.
analysis

Theoretically calculated vibrational

C-O stretching. Figure 6 shows the calculated
Raman spectra of the C-O stretching vibrational
bands of the most stable methanol clusters. The wave
number of C-O (p=0.28, isotropic) stretching of me-
thanol monomer is 1038 c¢cm™' (in the experiment
1035 cm™). The calculated Raman spectra show that
wave number of V(C-O) involved in H-bonding in the
dimer is 1017 cm ™" and depolarization ratio is 0.27. In
contrast, the vibrational wave number not involved in
H-bonding is 1040 cm™. Its depolarization ratio is

0.28, where both components are isotropic. Because
the dimer is not cyclic (or not closed), the molecules
within it can rotate freely. This causes the potential
energy of the dipole-dipole interaction to become ze-
ro, because the dipole-dipole interaction is highly de-
pendent on the molecular orientation. The spectrum
of the trimer was observed, in addition to the isotrop-
ic component, an anisotropic component formed. In
this case, the wave number and depolarization ratio of
the isotropic component are 1042 cm™ and 0.09, re-
spectively. The wave number and depolarization ratio
of the anisotropic component are 1030 cm™" and 0.75,
respectively. The difference in wave number between
these components:
1030-1042=—12 cm™" Similarly, an anisotropic com-
ponent was observed in the tetramer spectrum. The
wave number of isotropic component is 1044 cm™'
and its depolarization ratio is 0. As well as the wave
number of anisotropic component 1036 cm™ and its
depolarization ratio is 0.75. The NCE for tetramer:
1036-1044=—8 cm™' (the
experimental value is —5 cm™'). The calculated Ra-
man spectra of the C-O spectral bands showed that
the value of NCE in the tetramer is closer to the expe-
rimental value than in the trimer.
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Faman shift / cm™?
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Figure 6. Calculated Raman spectra of methanol clusters
in the range of 1000-1070 cm™ (p — depolarization ratio).

O-H stretching. Figure 7 shows the calculated
Raman spectra of the O-H stretching vibrational bands
of methanol clusters without scale factor. From the
calculated Raman spectrum, we can see that the wave
number of the partially symmetric O-H vibrational
band is 3850 cm™'. The depolarization ratio of this
band is 0.25. The wave numbers of the two O-H bands
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formed in the dimer spectrum are 3829 and 3588 cm ™,
respectively. The depolarization ratio of these bands is
0.2 and 0.25, respectively. In this case, we can observe
that the band of the O-H bond, which forms a mutual
hydrogen bond with the oxygen atom of the neighbor-
ing molecule, is sharply shifted to a lower wave num-
ber. However, both bands are isotropic. Therefore, we
can explain that the transition dipole moment is not
formed due to the mutual orientation of the molecules
in dimer formation. The depolarization ratio of the
band at wave number 3591 cm™' in the cyclic trimer
spectrum is 0.74. Thus, this spectral band is anisotrop-
ic. The depolarization ratio of the band at 3544 cm™" is
0.09. This means that the band is isotropic. Therefore,
the difference in wave numbers of the isotropic and
anisotropic components in the vibrational spectrum of
the cyclic trimer is Vycr = Vanisor — Visor =47 cm™.
Figure 7 shows that three spectral peaks formed in the
spectrum of the cyclic tetramer. The spectral band at
wave number 3357 cm™' is isotropic (p=0.09), while
the other two bands at wave numbers 3424 and
3467 cm™' are anisotropic. Both of these anisotropic
components have a depolarization ratio of 0.75.

iso (p=0,09) Tetramer
Trimer
—— Dimer
Monomer
aniso (p=0,75)
= aniso (p=0,74)
&
= iso (p=0,09)
2
7
=
3 aniso (p=0,74)
K=
iso (p=0,25)
\ iso (p=0,2)
"iso (p=0,25)
T T T

3200 3400 3600 3800 4000

Raman shift / cm™

Figure 7. Calculated Raman spectra of O-H stretching of
methanol clusters (p — depolarization ratio).

If the NCE values for the two anisotropic compo-
nents are calculated independently, the values are +67
and +110 cm™, respectively (the experimental value is
+75 cm™). As a result, the spectral bands in 3357 and
3424 cm™' are quite similar to the experiment's wave
number and NCE values. The characteristics of the
polarized Raman spectrum of the O-H spectral band of
the cyclic tetramer, like the C-O, were in agreement
with experiments. Because the main cause of NCE
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generation is the interaction between transition
dipoles, in the dipole-dipole orientational analysis, we
found that the dipole pair in the tetramer is both orien-
tationally symmetric and has larger intermolecular in-
teraction energy than the dipole pair in the trimer.

IV. Conclusions

In this work, the optimal geometric structure and
vibrational spectra of liquid methanol were investi-
gated using the DFT method B3LYP/6-311++G (d, p)
basis set. Quantum-chemical calculations revealed that
methanol's dimer cluster cannot form a closed (non-
cyclic) conformation. As a result, molecules can
change their molecular orientation relative to one
another, and the potential energy of a dipole-dipole in-
teraction between molecules is zero. This phenomenon
was also confirmed by the calculated Raman spectrum.
The calculated Raman spectrum indicated that the di-
mer cluster's C-O and O-H spectral bands do not gen-
erate anisotropic components.

The wave numbers of the isotropic and anisotrop-
ic components of the cyclic trimer and tetramer clus-
ters were determined based on the calculated Raman
spectrum. And based on these results, the value of the
noncoincidence was determined. The calculation re-
sults showed that the polarized Raman spectrum cha-
racteristics of the cyclic tetramer are the most compa-
rable to the experimental data.
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Meranosauar C-O  Ba O-H
PEeXKUMJIADUHMHT  MOC  TYIIMAJIHMK
Kyroaanran Paman Ba DFT TaakukoTn

TeOpaHUII
3¢ dexTn:

A. )Kyly_laﬁaesl, X.A. XymBakros', V.A. Xoankynos',
LI Epmaros', B.E. Husizxonosa®

lCaMapKaH;:[ JIaBIaT YHUBEPCHUTETH, YHHUBEpCHTET XuéboHm 15,
140104, Camapkanp, V36exucToH

*Byxopo naBnar yHusepcuretd, M. MxGon kyuacu 11, 200118,
Byxopo, Y36exucton

Ymly TaAKMKOTAa METAaHOJIHHWHI ONTHMAJ T€OMETPHSICH
Ba TeOpaHMII XycycuATIapu KyTOnanraH Paman
cnekrpockonusicu Ba DFT rtaxnun épnamuna ypraHuwiau.
MetaHos MOJIEKYJISIp KJIACTEPIAPUHUHT TI100a]l MUHUMYM
crpykrypaigapu ABCluster nactypu &EpaamMuma Xocui
kunuaan. DFT Ba FMO taxmwinmap Typau MeTaHOMN
MOJICKYJISIp  KJIACTEpJIapUHU CTPYKTYpaBHH Ba TepMo-
JUHAMHK XUXATAaH TEKIIUPUII YIyH KyJUTaHWIIU. Yoy
ycyiulapaaH ¢oiganaHud, METaHON IUMep, TPUMEp Ba
TeTpaMep KJIACTEPIApHHUHT  MOJIEKyJajapapo  y3apo
TabCHp TMOTEHIMan »sHeprmsapy Ba HOMO-LUMO
sHeprus OYyunumknapu xmcoOmad umkmiaraH. Hartmkana,
METAaHOJIHUHI  CTPYKTYpaBUM  Ba  TEPMOJHHAMMK
Oapkapopaurd SHT oKopu Oyiran aumep-helical, nnknmk
Tpumep-uud Ba 1wmKIMK Terpamep-udud KiacTepnapu

anuknanau. Metanon C-O  Ba O-H  cmekrpan
JUAMa30HIapUHUHT  W30TPONl Ba AHH30TPON  TAIIKHII
OTYBUMJIADMHHU  aHMKJIAIl Y4YyH OKCIIEpUMEHTAll Ba

xucobmam ycyiuiapu Kyuianuian. OJIHHTaH MabIIyMOTIIap
UIYHU KYpCATIUKU, TUMEpP KIacTepuaa aHU30TPOIl TalIKUI
9TyBYM  Xocwn  OymomMaiinu.  Llukimk — tetpamep
KIAaCTepUHUHT  KyTOmanraH  Paman  cHeKTpWHUHT
XapaKTePUCTHKANIApU SKCICPUMEHTAT HATIOKajdapra SKHH
SKaHJINTH aHUKJTaH/IH.

Kamur cy3nap: DFT, FMO, ABCluster, u3otporn, aHH30TpOII,
Paman moc Tymmacauk a¢dexru.
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