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Abstract. In the present work the 3D-supramolecular
network is stabilized by N-H...O and O-H...O hydrogen
bonds, by O...N interactions involving the organic cation
and inorganic anion as checked by Hirshfeld surface
analysis. The van der Waals contacts play a key role in the
consolidation of the packing of 4-chloro-2-methyl-
anilinium dihydrogenphosphate[4-CMDHP] structure. In
order to support experimental results, density functional
theory calculations have been performed using B3LYP
functional with 3-21 G basis set. All of the obtained
theoretical results are in a perfect agreement with the
experimental ones. Furthermore, nonlinear optical
behavior of 4-CMDHP has been investigated by
determining the Hirshfeld surface, density of states and
HOMO-LUMO energy gap using the same basis set.
Finally, the molecular electrostatic potential surface of
4-CMDHP molecule was simulated and discussed.

Keywords: band gap, fingerprint plots, Hirshfeld surface,
hybrid.

1. Introduction

Hybrid organic-inorganic materials are materials
prepared by combining organic and inorganic building
blocks. They are attracting increasing interest as a creative
alternative for obtaining new materials with tailored
structures and properties [1, 2]. Due to their strength, as
well directional nature (compared with other
intermolecular non-covalent interactions), hydrogen bonds
are normally used as a tool in designing the structure of
the organic crystals [3]. Crystal engineering or the design
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of organic crystals with the specific physical and chemical
properties continues to elicit intense interest. This new
subject encompasses a wide variety of research activity
ranging from the understanding of crystal packing in
organic and semi organic crystals to the design of open
network structures. This structure extension property
through non-covalent interactions was recognized as a
possible tool for promoting crystallization [4]. It is known
that co-crystals are crucial for the production of
pharmaceutical compound. The most widely wused
application is in drug development and more specifically,
the formation, design and implementation of active
pharmaceutical ingredients [5].

Hence, in the present work, we report the hybrid
structure, density functional theory (DFT) computations
of 4-CMDHP Hirshfeld surface analysis, fingerprint plots,
excitation energies, and Mulliken population analysis.

2. Experimental

2.1. Quantum Chemical Calculations

Recently, the quantum chemical calculations were
performed by density functional theory (DFT) based on
B3LYP/3-21G, PBEPBE/3-21G, MP2/3-21G, HF/3—
21G basis sets approximation in the GAUSSIAN 03 W
[6]. In this work, the theoretical results were visualized
using the Gauss-View 5.0 visualization program [7]. The
electrostatic potential surface and electronic properties
were being recognized by DFT approach. Optimizations
of the most stable conformers of 4-CMDHP were
performed applying the B3LYP method in combination
with the standard split-valence basis sets 3-21G, for the
prediction of electronic transitions.

2.2. Hirshfeld Surface

Hirshfeld surfaces and their associated two-
dimensional (2D) fingerprint plots [8] were plotted using
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CrystalExplorer 3.0 software [9]. The normalized contact
distance (d,,m), based on d, (distance from a point on the
surface to the nearest nucleus outside the surface) and d;
(distance from a point on the surface to the nearest
nucleus inside the surface), was calculated via the Eq. (1):

d 3 di _’/}VdW de _’/g/dW 1
norm — vdW vdW ( )
T; Te

where 7" and """ are the van der Waals radii of the
atom that lies inside and outside the surface of Hirshfeld,
respectively, A.

The Hirshfeld surface of the title compound. In this
latter a color gradient is used, which varies from red
(distances shorter than the sum of vdW radii with negative
dnorm value) through white (represents the contact around
vdW separation with a d,,.,, value of zero) to blue
(distance longer than the sum of vdW radii with positive
dporm value).

The breakdown of 2D fingerprint plots was used
for decoding and quantifying intermolecular interactions
in the crystal lattice. The fingerprint plots can be
decomposed to highlight particular atom pair close
contacts [11], which overlap in the full fingerprint. The
surfaces were mapped over a fixed colour scale from
-0.720 (red) to 1.201 A (blue). The 2D fingerprint plots
were displayed by using the translated 0.7-2.8 A range,
including reciprocal contacts. ESP on 0.008 a.u. isosurfaces
were calculated at the HF/6-31G level by using Tonto
program [12, 13] integrated into CrystalExplorer.

3. Results and Discussion

3.1. Description of Crystal Structure

The ORTEP view of the title compound is shown
in Fig. 1. The single crystal X-ray analysis shows that the
molecules crystallize in the monoclinic system having
chiral P 2,/c space group with Z = 4. The cell parameters
were found to be a = 16.603 A, b =8.339 A, ¢ = 7.903 A
and V' =1062.79(2) A°. The obtained crystallographic data
are in a good agreement with values reported in the
literature. The asymmetric unit of 4-CMDHP was found
to contain C;HoCIN". H,PO4 as 1:1 ratio of chloro-2-
methylanilinium cation and dihydrogen phosphate anion.
The cation in general position and the phosphorus atoms
exhibit a slightly distorted tetrahedral geometry. The
atomic arrangement of this compound is built up by
dimers with the (H,POy4) formula. Each dimer aggregates
with organic molecules, leading to the open framework
architecture through hydrogen bond interactions. The
structure in projection on the (a,b) plane shows one type
of column constructed by anions and cations running
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along the ¢ axis, formed by four H,PO, and eight
[C;HoCIN'] (Fig. 2). The projection along b also shows
one type of columns formed by the same number of
groups found in (a,b) projection.

Fig. 1. The ORTEP representation of the asymmetric unit
of the title compound shows one independent dihydrogen
phosphate H,PO, anion (left) and one 4-chloro-2-
methylanilinium C;H,CIN" cation (right). Displacement
ellipsoids are drawn at the 50% probability level

In the chain organization of H,PO,  entity, it is worth
noticing that the O...O distances involved in hydrogen
bonds (2.540-2.817 A) are of the same magnitude than the
0-O edges in the PO, tetrahedron (2.430-2.540 A). The
strength of O—H...O hydrogen bonds and the shortest P—P
distance (4.375 A) between phosphorus atoms in each layer
are in favor of the general formation of dihydrogen
phosphate polyanions in the crystal structure, and not of the
individualization of HPO,” groups. This polymeric
structure is in accordance with what has been observed in
other crystal structures (Fig. 2).

An examination of the organic moiety geometrical
features shows that the bond length values of C2—C3
(1.394(3) A) and C2-C7 (1.525(3) A), which cannot be
considered as double bonds, are longer than C3-C4
(1.376(3) A) and C4-C5 (1.361(3) A), similarly, the bond
length values of CI1-N (1.4502)A and C4-Cl
(1.733(2) A). Furthermore, the organic molecule is
protonated in the acidic solution. The bonding of the H
atom to the ring N atom gives an ion for which an
additional resonance structure can be written as depicted
below.

3.2. Hirshfeld Surface Analysis

The Hirshfeld surface [14, 15] is a fundamental
access for investigating intermolecular interactions. All
the molecular interactions revolving in the crystal packing
are quantified, and the pie chart of molecular interactions
is displayed in Fig. 3. The Hirshfeld surface around a
molecule is indicated by points where the connection to
the electron density from the molecule is identical to the
influence from all other molecules. The normalized
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contact distance d,,, 1s based on both d, and d;, and the
radii of the atom facilitate identification of the areas of
specific intermolecular interactions [16, 17]. On behalf of
every value on the isosurface, two distances are well
defined, such as d,, the distance from the point to the
adjacent nucleus external to the surface and d;, the
distance to the adjacent nucleus internal to the surface.

The value of the d,,., is negative or positive when
intermolecular contacts are shorter or longer. Because of
the symmetry between d, and d; in the appearance of d,.;,
where two Hirshfeld surfaces touch, both will display a
red spot identical in color intensity as well as size and
shape.

)

Fig. 2. A packing diagram for the title compound

The combination of d, and d; in the form of a 2D
fingerprint plot provides an immediate of intermolecular
interactions in the crystal. Graphical plots of the molecular
Hirshfeld surfaces were mapped with d,,,, using a red-
white-blue color system. The red indicates less distance
interaction, white is comparatively long distance around the
surface, and blue represents longer interactions. Moreover,
further colored properties (curvedness, Fig. 3f)) based on
the local curvature of the surface can be specified.
Curvedness is the evaluation of “shape,” while areas of
sharp curvature possess a high curvedness and tend to
divide the surface into patches associated with contacts
between neighboring molecules. The analysis of 4-CMDHP
reveals that the O—H-~-H interaction possesses both of the
donor and acceptor behaviors. This dual behavior can be
explained from the observation of bright red spots, assigned

to the short H--O and O--H contacts, on the d,,,., Hirshfeld
surface, respectively [16]. The strong O--H/H-O
intermolecular interactions with a contribution of 35.7 %,
appear as two distinct spikes in the 2D fingerprint plot
(Fig. 4). The spikes on both sides are CI---H interactions,
with a contribution of 27.7 %. Two spikes in the middle
represent the H--H interactions, with a contribution of
170% and H...C/C...H with contribution of 10.9 %
(Fig. 5). Hydrogen-bond donors and acceptors are shown as
gray and black regions around the atoms corresponding to
positive and negative potentials, respectively (Fig. 6b).

In summary, the Hirshfeld surface analysis and two-
dimensional fingerprint plots reveal that the molecular
packing in the title compound is dominated by
intermolecular van der Waals interactions between
neighboring H atoms, as well as by N—H...O interactions.
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Fig. 3. Hirshfeld surfaces mapped with none (a),
dyorm (b), d. (¢), d; (d), shape index (e) and curvedness (f)

a

©)

€

of 4-CMDHP

Contacts

) ﬁ.i
) b)

Cl...

Abdellatif Rafik et al.

de

d |

TE CE T4

E T T TE TG T8 2%

b)

T TR

25
26

24

2.0)
18]
1.6
1.4]
1.2
1.4)
0.8

0.5

TA TH T

X TE T8 2¥ 27 2% 2% &

0.6}

T TE T

e)

Fig. 4. Fingerprint plot analysis with a d,,,,,, for none (a),
all..all (100 %) (b), O...H/H...O (35.7 %) (c), H...H (27.7 %) (d),

Cl...H/HCI...H (17 %) (e) and H...C/C...H (10.9 %) (f)
contacts in 4-CMDHP
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Fig. 5. Relative contributions to the percentage of Hirshfeld surface area

for various intermolecular contacts in the title compound



3.4. Theoretical Studies

3.4.1. Optimized geometry

The optimized structure of the single crystal. The
molecular geometry is calculated by the DFT
(PBEPBE/3-21G, B3LYP/3-21G), Hartree-Fock (HF/3-
21G) and MP2/3-21G levels calculations were carried out
to predict the geometry of the title molecule compound.
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The actual and optimized bond lengths, which were
obtained by X-ray crystallographic study as well as by

a) b)
geometry optimizations, are reported in Fig. 8. The
optimized molecular structure of 4-CMDHP closely
resembles the XRD structure. The calculated bond lengths
- and angles for 4-CMDHP compared with experimental
data are listed in Table 3. The optimized bond lengths of
C—C in a phenyl ring fall in the range from 1.375 to
1.395 A for B3LYP/3-21G method, and are in a reliable
agreement with experimental values for C—C bond length
of phenyl ring. Intermolecular interactions connect
©) d)

molecules, resulting in differences of bond parameters
between calculated and experimental values (Fig. 9).

" Ze 3 ;
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Fig. 6. Electrostatic potential (PE) mapped on Hirshfeld surface m.%.-%.%v%~m
of the molecule of 4-CMDHP: Hirshfeld surface (a), d, (b), d. ;”**-‘% “"e‘,% 'H;;s_g' “1;&:‘&:‘
(¢), d;(d), shape index (e) and curvedness (f) %%%%%m,
3.3. Interaction Energies and Energy i En,rz;
Frameworks . iy ity ity i
- . O e e e e A
The interaction energies between the molecules are m%%g?%,@“%
obtained using monomer wave functions at the B3LYP/6- :%;@@%x

31G (p,d) level. The total interaction energy, which is the PR S i S e S i e
sum of scaled components of Coulomb (a) and dispersion %gﬂ‘:&‘&%&%&

(b) energies, is visualized in the Fig. 7c. The scale factors
used in the CE-B3LYP benchmarked energy model [18]

Total Energy

are given in Table 1. The 'energi.es calculated by the Fig. 7. Energy frameworks of 4-CMDHP representing
energy model reveal that the dispersion energy contributes electrostatic (a), dispersion (b), and total interaction energy
significantly to the interactions in the crystal (Table 2). terms (c)

Table 1

Scale factors for benchmarked energy models

R Electron density E.. E,0 Es Erep Eor
3.36 B3LYP/6-31G(d,p) -62.2 -5.5 -11.8 120.6 -5.6
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Table 2
Interaction energies (kJ/mol) of the molecular pairs calculated
from energy framework calculation of 4-CMDHP
Energy model koo kol ks kiep
CE-HF...HF/3-21G electron densities 1.019 0.651 0.901 0.811
CE-B3LYP...B3LYP/6-31G (d,p) electron densities 1.057 0.740 0.871 0.618
Fig. 8. The optimized structure of 4-CMDHP determined using the DFT/B3LY P method
with 3-21G basis set and formed by one independent dihydrogen phosphate H,PO, anion (left)
and one 4-chloro-2-methylanilinium C;H;CIN™ cation (right)
Table 3
Optimized geometrical parameters of -CMDHP molecules, bond length (A)

Parameters Expt DFT/PBEPBE/3-21G HF/3-21G DFT/B3LYP/3-21G MP2/3-21G
R(1,2) 1.5042 1.5640 1.5374 1.5497 1.5478
R(1,3) 1.5639 1.7055 1.6239 1.6771 1.6700
R(1,4) 1.5599 1.7396 1.6174 1.7024 1.6894
R(1,6) 1.4935 1.6478 1.607 1.6354 1.6373
R(3,27) 0.8201 1.0048 0.9638 0.9928 0.9883
R(4,5) 0.8197 1.0061 0.9661 0.9933 0.9901
R(6,7) 1.8750 1.1592 1.0022 1.0876 1.0542
R(8,20) 1.7329 1.8301 1.8189 1.8328 1.8457
R(9,13) 0.8905 1.0346 1.0055 1.0246 1.0253
R(9,25) 0.8897 1.0627 1.0147 1.0385 1.0324
R(9,26) 0.8903 1.4230 1.7719 1.5349 1.6289
R(9,27) 1.4496 1.448 1.4252 1.4410 1.4518

R(10,11) 1.3796 1.4186 1.3970 1.4104 14164
R(10,18) 1.3766 1.4054 1.3854 1.3977 1.4061
R(10,20) 1.3942 1.4066 1.3840 1.3983 1.4061
R(11,12) 1.5253 1.5159 1.5150 1.5152 1.5254
R(11,13) 0.9308 1.0915 1.0701 1.0822 1.0864
R(13,14) 1.3758 1.3952 1.3740 1.3869 1.3959
R(14,15) 1.3608 1.3930 1.3688 1.3840 1.3930
R(14,16) 0.9299 1.0902 1.0694 1.0812 1.0848
R(16,17) 1.3835 1.4031 1.3829 1.3954 1.4055
R(16,18) 0.9294 1.0938 1.0722 1.0845 1.0885
R(18,19) 0.9605 1.1057 1.0829 1.0964 1.0958
R(20,21) 0.9599 1.1010 1.0818 1.0925 1.0943
R(21,22) 0.9598 1.1053 1.0847 1.0953 1.0939
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Fig. 9. Linear fitting of experimental and theoretical data of bond length

3.4.2. Molecular electrostatic potential analysis

Molecular electrostatic potential (MEP) mapping
was recently used for the investigation of the relationships
between molecular structure and physico-chemical
properties [19-21]. To predict reactive sites for an
electrophilic and nucleophilic attack on the 4-CMDHP
molecule, MEP was calculated at the HF/3-21G level of the
optimized geometry using Gaussian 03W [22, 23]. The
analysis of the MEP surface represents charge distribution
on the molecular surface. Based on the colored region of

- o 9

Jﬂ'. L ﬂ J;‘\ ‘,‘I/J

F A
€« S

Fig. 10. Molecular electrostatic potential,
mapping of the title compound

the surface the chemical reactive sites were identified. The
positive regions (blue) of MEP represent the electrophilic
reactivity, the negative regions (green) are related to
nucleophilic reactivity of the molecule, and the red
regions are related to the electrophilic attack. MEP shows
that the negative regions are concentrated around the
oxygen atoms and the blue regions are spread around the
hydrogen atoms attached to carbon atoms (Figs. 10, 11).
These results confirm those ones obtained by the
Hirshfeld surface analysis.

Fig. 11. Molecular structure of 4-CMDHP.
Contour map
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3.4.3. HOMO-LUMO analysis

The frontier molecular orbitals defining the way of
4-CMDHP molecule interact with other entities and help
to determine their kinetic stability and chemical reactivity.
HOMO-LUMO orbitals were computed for the organic-
inorganic molecule by the DFT/B3LYP/3-21G method.
These calculations were made with the Gaussian 03
program and the results are displayed in Fig. 12.
According to the molecular orbital theory due to
interactions between HOMO-LUMO, z-7* transitions are
observed in transition states [24]. While HOMO energy is
related to the ionization potential, LUMO energy is related
to the electron activation. Additionally, as the HOMO
energy level increases, the inhibitory property increases too.
The energy difference between HOMO and LUMO is
called an energy band gap (AE = Erumo — Enomo)- It 1s an
important parameter for the stability of the structures. The
highest occupied molecular orbital (HOMO) is located
mainly on the aromatic ring and on the nitrogen atom
which is linked to it with a calculated energy, and the
LUMO is concentrated on the NH, group with a calculated
energy. The large energy gap between the HOMO and
LUMO orbitals (4.249 eV) shows that the molecule is
kinetically stable and has a small chemical reactivity [25-
28]. The energy distributions of the difference are given in
Fig. 12 and are also quite similar in three cases, showing
that there is no high constraint in the crystal.

First Excited State

Gap=4.249 eV

1
Il
]
3 Ground State

Fig. 12. Graphical representation of frontier molecular orbital
of the 4-CMDHP. HOMO: highest occupied molecular orbital,
LOMO: lowest unoccupied molecule

o

5

9

3.4.4. Global and local reactivity descriptors

The energy gap between HOMO and LUMO is an
important parameter to calculated molecular electrical
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transport properties. The global chemical reactivity
descriptors of molecules such as hardness, chemical
potential, softness, electronegativity and electrophilicity
index can be determined using following expressions [29-
33]:

Electron affinity (4 = -Erymo) can be expressed
through HOMO and LUMO orbitals. The electrophilicity
index w (Eq. (2)) is a measure of energy lowering due to
the maximum electron flow between the donor and the
acceptor:

0= 2
2n
where w is the electrophilicity index; x is the chemical
potential; # is the chemical hardness.
The calculated values of chemical hardness (7),
softness (S), chemical potential (), electronegativity (y)
and global electrophilicity index (w) are given in Table 4.

Table 4

HOMO-LUMO energy gap and related molecular
properties of 4-CMDHP molecule

Molecular properties B3LYP/3-21G
HOMO energy -0.20638 a.u.
LUMO energy -0.04975 a.u.

HOMO-LUMO energy gap 4249 eV
ITonization potential (/) 0.20638 a.u.
Electron affinity (4) 0.04975 a.u.
Chemical hardness (77) 0.07831 a.u.
Chemical potential () -0.12806 a.u.
Electronegativity (y) 0.12806 a.u.
Global softness (S) 0.03915a.u.”

Global electrophilicity index ([1) 2.838 eV

3.4.5. Density of states (DOS)

Adjoining orbitals may show quasi-degenerate
energy levels in the boundary region. In such cases,
consideration of only the HOMO and LUMO may not
yield a realistic description of the frontier orbitals. For this
reason, total density-of-states (TDOS), partial density-of-
states (PDOS) and overlap population density-of-states
(OPDOS) or COOP (crystal orbital overlap population)
density of states are needed [34]. The most important
application of the DOS plots is to locate molecular orbital
compositions and their contributions to the chemical
bonding through the OPDOS plots which are also referred
in the literature as the crystal orbital overlap population
(COOP) diagrams. The calculated TDOS diagram of
4-CMDHP is shown in Fig. 13. The (2) and (3) lines of
the TDOS spectrum indicate the occupied orbital and
virtual orbital levels, respectively. The PDOS plots show
the composition of the fragment orbitals contributing to
the molecular orbitals. The OPDOS shows the bonding,
anti-bonding and nonbonding nature of the interaction of
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the two orbitals, atoms or groups. A positive value of the
OPDOS indicates a bonding interaction, a negative value
shows that there is an anti-bonding interaction and zero
value indicates nonbonding interactions [35-39]. H with C
(line (1)) is highly overlapped orbital as compared with
other overlapped (N, Cl, and O) orbitals. O with N (line
(2)) is lowly overlapped orbital compared with other
overlapped (H, C and O) orbitals. The OPDOS plots have
anti-bonding character in frontier (HOMO and LUMO)
molecular orbitals for benzene ring and oxygen atoms.
Also, OPDOS showed a bonding character for both
HOMO and LUMO.

2.0 — D05 SpECTIUM
’ —— Occupied orbitals
— wirtual oroitats
15
{ } 1.0 n
o5
0.0 ety L
=0.5 M
=10 :
=200 =175 -15.0 -12.5 -10.0 =1.5 =5.0 =1.3 oo
Energy (ev]

(2) (3)

Fig. 13. The density of states (DOS) diagram
of 4-CMDHPmolecule

3.4.6. Charge distribution

The atomic charge calculation plays an important
role in the application of quantum chemical calculation to
molecular system because atomic charges affect many
properties such as electronic structure, dipole moment,
molecular polarizability and so on [40, 41]. Mulliken
atomic charge distribution of 4-CMDHP molecule is
shown in Fig. 14. The charge distribution of the
4-CMDHP molecule shows that the magnitude of atomic
charges of the individual atoms was ranging from -0,720
to 1.201 and color code region -1.000 (red) to 1.000
(green), respectively, the plots of atomic charges and
Mulliken charges with hydrogen summed into heavy
atoms, respectively. The Mulliken charges with hydrogen
summed into heavy atoms were ranging from -0.20510 to
0.49522. The atomic charge analysis shows that the
maximum negative and positive atomic charges were
obtained for (O7) and (N9), respectively. All the hydrogen
atoms have positive charges. The charge transfer occurs
from hydrogen to carbon atom. Only one carbon atom
(C18) has a positive charge, the remaining ones have

negative charges. The sum of Mulliken atomic charges of
the atoms and Mulliken charges with hydrogen summed
into heavy atoms of the 4-CMDHP molecule become zero
and thus maintain the charge neutrality.

Charge (e)

-1.0 P1 02 03 H4 O5 H6 O7 CI8 N9 H10H11H1A21013C14C15H16017C18H19020H21022H23H24H25
oms

Fig. 14. The atomic charge distribution of the 4-CMDHP

4, Conclusions

In summary, the structure consists of alternation of
organic and inorganic layers. Comparison of bond length
of theoretical and experimental values shows slight
variations. Hydrogen bonding interactions were quantified
using fingerprint and Hirshfeld surface analysis. The
supramolecular architecture of the title compound is
stabilized by intermolecular hydrogen bonding
interactions. Most of the atomic charges are matched with
the natural atomic charges. Minor differences in the
natural and Mulliken atomic charges are noted. The MEP
surface indicated the positive and negative potential areas
originated in the N-H hydrogen atoms and oxygen atoms,
respectively. Finally, the DFT calculations unravel that
the HOMO profiles are located on the nitrates, but the
LUMOs are located on the 4-CMDHP ligand for the
studied complexes. They also show that the energy gaps
between the HOMO and LUMO decrease upon
coordination of 4-CMDHP. It can be concluded from the
molecular orbital energy calculations that the molecule
has a wide HOMO-LUMO range and consequently the
structure exhibits stable and low chemical reactivity.
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JIHIMHUM N-H...0 BOJHEBHUM 3B‘SI30K ¥
TTBPUTHOMY ®OC®PATI: METO/I ITIOBEPXHI
T'TPIIBEJIBJIA I DFT KBAHTOBI XIMIUHI
PO3PAXYHKHA

Anomauin. 3a donomozoio memody nogepxui I'ipugenvoa
ecmarnoeneno, wo 3D-naomonekynapha cimka cmabinizyemvca
N-H...O i O-H...O soonesumu 36 sazxamu ma é3aemooisvu O...N,
WO BKIIOYAIOMb OP2AHIYHULL KAMIOH MA HEeOP2aHIuHULL aHiOH.
Tokasano, wo Ban-oep-Baanvcoscoki cunu 6idieparoms K408y
PO Y KOHCOMOayii ynakoeku cmpykmypu 4-xiop-2-memuianinin
oueiopoeenghocghamy [4-CMDHP]. s niomeepodicenis excne-
PUMEHMATILHUX PE3VTIbIMAMIE NPOBEOEH] POSPAXYHKU 34 OONOMO0H0
meopii (PYHKYIOHAILHOT WIbHOCME 3 BUKOPUCMAHHAM QYHKYIOHATY
B3LYP 3 6aszoeum mnabopom 3-21 G. Ompumani meopemuuni
DPE3YAbMamu. NOGHICIIO Y3200X4CYIOMbCA 3 €KCHePUMEHMATbHUMU.
Jlns docniooicennss Heninitunol onmuunoi nosedinku 4-CMDHP
eusHaueni nogepxus Iipuipenvoa, winvhicme ma enepeemuyni
3azopu HOMO-LUMO. 3modenvosana noeepxisi MONLEKYIAPHOZO
enekmpocmamuyno2o nomenyiany monexyiu 4-CMDHP.

Knrouoei cnosa: 3aboponena 3oma, oiacpama 6i0bUmKis,
nogepxus L'ipugenvoa, 2iopuo.



