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Abstract: The X-ray structure, theoretical calculation, Hirshfeld surfaces anal-
ysis, IR and Raman spectra of fluoranthene and acenaphthene were reported.
Acenaphthene crystallizes in the orthorhombic crystal system and space group
P2,ma, with crystal parameters a = 7.2053(9) A, b = 13.9800(15) A, ¢ =
=8.2638 (8) A, Z=14 and ¥ = 832.41(16) A3. In turn, the grown crystals of
fluoranthene are in the monoclinic system with space group P2,/n. The unit
cell parameters are a = 18.3490(2) A, b = 6.2273(5) A, ¢ = 19.8610Q2) A, =
=109.787(13)°, Z = 8 and the unit cell volume is 2135.50(4) A3. Theoretical
calculations of isolated molecules of the title compounds were performed using
DFT at the B3LYP level. The intermolecular interactions in the crystal struc-
ture, for both the title polycyclic aromatic hydrocarbons were analyzed using
the Hirshfeld surfaces computational method.

Keywords: crystal structure; IR spectroscopy; Raman; density functional theory
(DFT) calculation; Hirshfeld surfaces.

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are important persistent organic
pollutants (POPs) of the environment, which generally occur in all its parts:
atmosphere, water, soils, sediments and vegetation.!-2 The presence of PAHs in
all these environmental elements may establish a risk for humans as well as all
living organisms. Migration and distribution of PAHs in the environment dep-
ends on their physicochemical properties, i.e., water solubility, octanol-water

* Corresponding author. E-mail: w.lindert@imbigs.pl
doi: 10.2298/JSC150304060S

1489

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCS. All rights reserved.



1 490 SMISZEK-LINDERT et al.

distribution constant, or Henry's constants (volatility).3-> Besides, in the gas-
-phase of the atmosphere, PAHs can react with nitrogen oxides, ozone, OH
radicals and NOs radicals, yielding, e.g., nitrated, oxygenated, and hydroxylated
derivatives of PAHs.%~9 The nitrated PAH compounds are potentially more muta-
genic and carcinogenic than the polycyclic aromatic hydrocarbon precursors.10

PAHs are released into the environment from domestic, industrial and nat-
ural sources. Anthropogenic PAHs are usually generated from incomplete com-
bustion of fossil fuels (e.g., oil, coal, crude oil, gasoline),!1-12 waste treatment,!!
combustion of synthetic chemicals,!! and other human activities, such as cook-
ing, tobacco smoking, or vehicle traffic.!3 The natural sources of emissions of
PAHs pertain to forest fires,!! volcanic eruptions’ and carbonization processes,
such as products of humus conversion by microorganisms,!4 diagenesis of org-
anic matter, !5 etc.

Fluoranthene and acenaphthene are examples of PAHs, which are classified
as priority control organic pollutants by the US Environmental Protection Agency
(US EPA).16 Acenaphthene is also on the Hazardous Substance List. Fluoran-
thene and acenaphthene are considered non-carcinogens for humans, but should
be handled with caution.!? Additionally, acenaphthene could be applied as an
intermediary in pharmaceutical, agricultural and chemical industries.!”

Molecular crystals of fluoranthene and acenaphthene, as well as their deri-
vatives, were the subject of studies for the generation of the mechanism of their
interactions by hydrogen bonds with other molecules in asphalt (a product from
the distillation of petroleum). PAHs and their derivatives could be emitted from
asphalt, and could migrate in the environment, for example, from contaminated
soils into the ground water.!® Therefore, they could be potential health hazards
for humans.!® The next aim of research is to obtain knowledge of the manner of
interactions of PAHs and their derivatives with proteins by performing computer
simulations using CLC Drug Discovery Workbench.20 The experiments will be
performed under conditions simulating the physiological pH.

EXPERIMENTAL
Materials

Fluoranthene (I) and acenaphthene (II) were provided by Sigma—Aldrich (Poland) at 98
and 99 % purity, respectively. The substances were investigated without further purification.
Colourless crystals of I, suitable for X-ray analysis, were obtained by slow evaporation of
ethanol-acetone mixture (1:1, V/V) at room temperature. On the other hand the crystals of
acenaphthene were obtained upon recrystallization from petroleum ether, giving plate-shaped
single crystals.

X-Ray crystal structure determination

The crystals of I and II were mounted in turn on a Gemini A Ultra Oxford Diffraction
automatic diffractometer equipped with a CCD detector, and used for data collection. X-Ray
intensity data were collected with graphite monochromated MoK ,, radiation (4 = 0.71073 A)
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at room temperature, in the @ scan mode. Ewald sphere reflections were collected up to 260 =
= 50.10°. Lorentz, polarization and empirical absorption corrections using spherical harm-
onics implemented in SCALE3 ABSPACK scaling algorithm were applied.?! The structures
were solved by the direct method and subsequently completed by difference Fourier recycling.
All non-hydrogen atoms were refined anisotropically using full-matrix, least-squares tech-
niques. All hydrogen atoms were positioned in geometrically idealized positions and were
allowed to ride on their parent atoms with Ujso(H) = 1.2 Ugq. The OLEX2?? and SHELXS,
SHELXL? programs were used for all calculations. Atomic scattering factors were those
incorporated in the computer programs. All graphics were prepared using ORTEP-324 for
Windows, Platon?> and Mercury.26

Physical measurements

The infrared spectra of polycrystalline samples (dispersed in KBr pellets) and mono-
crystalline samples of fluoranthene and acenaphthene were recorded on a FT-IR Nicolet
Magna 560 spectrometer in the transmission mode with 2 cm'! resolution. The IR spectra of
polycrystalline samples were measured at temperature 298 K, while the monocrystalline
samples were measured at two temperatures, 298 and 77 K. The IR spectra were recorded in
the spectral range of 4000-400 cm!. Crystals of I and II suitable for spectral studies were
obtained by crystallization from melted samples occurring between two closely spaced CaF,
windows. In this way, sufficiently thin crystals could be obtained, characterized by a max-
imum absorbance at the vc_y band frequency range close to 0.5. Monocrystalline fragments
were selected from the crystalline mosaic and spatially oriented using a polarization micro-
scope. In the next step, these selected crystals were exposed to the experiment with the use of
a metal plate diaphragm with a 1.5 mm diameter hole. The Raman experiment was performed
using a WITec confocal CRM alpha 300 Raman microscope (Jagiellonian Centre for Experi-
mental Therapeutics — JCET, Krakéw, Poland). The spectrometer was equipped with an air
cooled solid state laser operating at 532 nm and CCD detector which was cooled to —58 °C.
The laser was coupled to the microscope via a single mode optical fibre with a diameter of 50
pm. The scattered radiation was focused onto a multi-mode fibre (50 um diameter) and a
monochromator. A dry Olympus MPLAN (50%/0.76NA) objective was used. The integration
time for a single spectrum was 2 s. The spectra were collected in the range between 4000—120
cm! with a spectral resolution of 3 cm™!.

Theoretical calculations

The theoretical calculations were performed by means of the Gaussian 0927 software
package, using density functional theory (DFT) at the B3LYP level and with 6-31G(d,p) and
6-31G*(d,p) basis sets for acenaphthene, as well as 6-31+G(d,p) and 6-311++G(3df,2pd) basis
sets for fluoranthene.28:2

The Hirshfeld surface analyses were realized using the CrystalExplorer program.3? The
distance from the Hirshfeld surface to the nearest nucleus inside and outside the surface were
marked by d; and d,, respectively, whereas d,,, is a normalized contact distance, which is
defined in turns of dj, d, and the van der Waals (vdW) radii of the atoms:3!

. pvdW _ vdW
d — dl rl de rev ( 1 )
norm dW dW
I,]:V reV

dporm Was visualized using a red—white—blue colour scheme. If the atoms make intermolecular
contacts closer than the sum of their vdW radii, these contacts were represented as red spots
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on the surface. Longer contacts were blue, while white was used for contacts around the sum
of the van der Waals radii.3!

RESULTS AND DISCUSSION

The crystal structures of fluoranthene (I) and acenaphthene (II) have already
been described in the literature, i.e., by Chakrabarti3?2 and Hazell et al.,33 and
later by Munakata et al.34, Ehrlich3> and then by Hazell et al.,3¢ respectively.
The crystallographic data were re-collected in the present study because other
conditions of crystals growth than in the literature were used, and these data were
needed to perform the computer simulations of the binding processes of fluoran-

thene and acenaphthene with the selected human proteins.

The crystal data and final refinement details of compound I and II are given
in Table I. The molecular structure of fluoranthene and acenaphthene are illus-
trated in Fig. 1a and b, respectively.

TABLE 1. Crystal data and structure refinement details of fluoranthene (I) and acenaph-

thene (IT)

Parameter

Fluoranthene (I)

Acenaphthene (IT)

Empirical formula
Compound weight
Temperature, K
Crystal system

Space group

Crystal dimension, mm
Crystal form, colour

CigHio
202.24
295.0(2)
Monoclinic
P21/I’l
0.39x0.32 x0.09
Plate, colourless

Ci2Hyo
154.20
295.0(2)
Orthorhombic
P2,ma
0.41 x0.22%x0.12
Plate, colourless

Unit cell dimensions

alA

b/ A

clA

Bre°

v/ A3

zZ

D,/ gcm3

F(000)

O range for data collection, °
Data collection method
Absorption coefficient, mm'!
Final R indices (I > 2a([))

R indices (all data)
Reflections collected/unique
Limiting indices

Refinement method
S

Parameters refined
Apmaxs Mpmin / € A3

18.3490(2)
6.2273(5)
19.8610(2)

109.787(13)
2135.50(4)
8
1.258
848
4.0-29.2
w scan
0.071
R, =0.0696 , wR, = 0.1711
R, =0.1043, wR, = 0.1936
2527 [Rip = 0.089]
21<h<20,-7<k<7,

7.2053(9)
13.9800(15)
8.2638(8)

90.00
832.41(16)

4
1.230
328
4.8-27.5
 scan
0.069
R, = 0.0442, wR, = 0.0964
R, =0.0550, wR, = 0.1022
1075 [Riy = 0.020]
—8<h<6,-16<k<16,

—23<1<23 -7<1<9
Full-matrix least-squares on F2Full-matrix least-squares on F>
1.10 1.05
289 105
0.22-0.21 0.25-0.28
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H11ii

Fig. 1. The conformation of a) fluoranthene and b) acenaphthene molecules with the atom
numbering scheme. Atomic displacement ellipsoids represent the 50 % probability level. H
atoms are shown as small spheres of arbitrary radius. Symmetry code: i) x, y, z; i) x, —, z.

Compound I crystallizes with eight molecules in an asymmetric unit. The
molecules in the unit cell are connected by weak C—H-- 7 interactions between
nearest neighbours. The intermolecular C—H---C interactions existing between
carbon atoms of the condensed rings of the naphthalene structure nearest neigh-
bouring molecules are shown in Fig. 2a (marked with blue dashed lines). Fluor-
anthene also contains ---n (C---C) interactions, but they are less dominant in this
crystal structure. The C---C distances between neighbouring molecules are
approximately 3.33 A (Fig. 2a; red dashed line). Generally, the C---C van der
Waals distance of 3.40 A has been adopted as the reference distance for chemical
stability.37 Additionally, it is worth noting that the C---C distances are longer
than the 2.6 A distance observed in crystalline benzene.3® The intermolecular
C---C distance is also comparable to the C---C distance of dibenz[a,/]anthracene
(3.37A).39

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCS. All rights reserved.



1 494 SMISZEK-LINDERT e al.

Fig. 2. Hirshfeld surfaces mapped with d,,,, and part of the crystal structure of:
a) fluoranthene and b) acenaphthene showing the intermolecular interactions.

The H---H contacts are marked green with a dashed line in Fig. 2a. The
shortest close contacts between hydrogen atoms have a distance of approximately
2.37 A (van der Waals radius for hydrogen atom is 1.2 A). The shortest C-H:--xt
close contacts have a distance of approximately 2.80 A.

The intermolecular close contacts were likewise substantiated by examin-
ation of Hirshfeld surfaces. However, the fingerprint plots (2D representation of
a Hirshfeld surface) provide a quantitative measure of the intermolecular inter-
actions on the surface.31:40 The C---H and H:--C intermolecular interactions are
depicted as two characteristic and distinct “spikes” in the two-dimensional
fingerprint plot, Fig. 3a. The C---H (n---H) interactions (30.8 %) are represented
by a spike (d; = 1.74 A, d. = 1.75 A) in the bottom right area of the fingerprint
plot (these contacts are marked with a green ellipse; see Fig. 3a). Then the H---C
(H---7) interactions (25.1 %) are represented by a spike (d; = 1.74 A, do = 1.75
A) in the upper left area of the fingerprint plot (contacts are marked with a red
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ellipse). Two small areas, visible on the fingerprint plot (Fig. 3b), are charac-
teristic of m---7 interactions (2.0 %). Besides, the presented results showed that
the structure of I is also dominated by the H---H contacts (42.1 %), Fig. 3c.

a) b)
24 24
2.2 dc dc
- 2.2 "f
20 - ;
18 1.8 chet
ot Lo =< 1.6
< < 14
1.2
1.2
10 =l
ogl €H30.8% '
HC 25.1 % 0
0.6 e d| a2 CC2.0%
06 08 10 12 14 16 18 20 22 24 di
de 06 08 1.0 12 14 16 1.8 20 22 24
1
di/A
c)
24
de
22)
2.0
18
16
S 14
12 Fig. 3. Fingerprint plot of fluoranthene; a)
1.0 C--*H, b) C---C and c¢) H--*H interactions
08 showing the percentage of contacts created to
H-HA42.1 % the total Hirshfeld surface area of the mole-
0.6 : . . .
| di cules. d; is the closest internal distance from a
06 08 1.0 12 14 1.6 18 20 22 24 given point on the Hirshfeld surface; d, is the
dil A closest external contact.

According to the classification of Desiraju and Gavezzotti,*! the crystal
packing of I follows a herringbone (HB) motif. The ratio of C---H to C:--C
interactions is 27.95 > 4.5.42

Hirshfeld surface analysis was also used for visual analysis of intermolecular
interactions in the crystal structure of acenaphthene. The asymmetric unit of 1I
contains four acenaphthene molecules that are linked by C—H:---n interactions.
The intermolecular C—H---C interactions, existing between carbon atoms of the
condensed rings of the naphthalene structure nearest neighbouring molecules, are
shown in Fig. 2b (blue dashed line). The shortest C—H---m close contacts have a
distance of approximately 2.90 A. The n---H (C—H) interactions provide 39.30
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%, which is appreciably lower when compared to I. The C---H interactions (23.2
%) are represented by the characteristic wing (d; = d. = 1.66 A) in the bottom
right area of the fingerprint plot, Fig. 4a (contacts are denoted by a green ellipse).
Then the H---C contacts (16.0 %) are illustrated by a wing (d; = d. = 1.66 A) in
the upper left area of the fingerprint plot, (the contacts are denoted by a red
ellipse, see Fig. 4a).

a) b)
24 e 2.4
de : de
2.2 22
2.0 2.0 ,.-'r
1.8 1.8 f
o 16 < 16
< 14 <
1.2 1.2
1.0 1.0
CH232%
0.8 0.8
HC 16,0 % C1C02%
0.6 0.6 -
di di
06 08 10 12 14 16 18 20 22 24 06 08 1.0 12 14 16 18 20 22 24
di/ A dilA
<)
2.4
de
2.2
2.0
1.8
o 1.6
< 14
1.2
10|
08 Fig. 4. Fingerprint plot of acenaphtheng; a)
o6 HH 605 % C--*H, b) C---C and c¢) H---H interactions
* di showing the percentage of contacts created to
06 08 10 12 14 1.6 1§ 20 22 24 the total Hirshfeld surface area of the mole-
di/A cules.

A significant difference between the molecular interactions in I and II in
terms of H---H interactions is also noticeable in the fingerprint plots (Figs. 3¢ and
4c). In this case, H---H contacts comprise 60.5 % of the surface area. The shortest
close contacts between hydrogen atoms have a distance of approximately 2.53 A,
Fig. 2b (green dashed line).

The n---m contacts are almost zero, and there are no significant interactions
in the crystal structure of acenaphthene (C---C contacts make 0.2 % of the sur-
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face area). The shortest close contacts between carbon atoms have a distance
approximately 3.70 A, Fig. 2b (red dashed line). The visual analysis of the
fingerprint plots (C---H contact) of other PAHs, e.g., naphthalene and anthra-
cene, show that acenaphthene is more similar to them, than to fluoranthene.43

According to the method of Lootos and Barbour, the molecules of acen-
aphthene are arranged in a herringbone motif. The ratio of C---H to C---C is con-
siderably greater than 4.5, and is 196.50.42

It should also be noted that in the unit cell, the molecules of fluoranthene and
acenaphthene are not connected by hydrogen bonds. This fact was also proven by
spectroscopic studies.

The Hirshfeld surface and 2D fingerprint plots were used for visualizing,
exploring and quantifying intermolecular interactions in the crystal lattice of both
PAHs. Besides, quantitative measures of Hirshfeld surfaces for fluoranthene and
acenaphthene were obtained, such as molecular volume (Vg) 542,96 and 408,61
A3, surface area (Sp) 464,90 and 374,07 A2, globularity (G) 0.677 and 0.712, as
well as asphericity (£2) 0,456 and 0,333, respectively.

IR spectra of compounds I and 11

The IR spectra of polycrystalline samples of fluoranthene and acenaphthene,
measured at 298 K using the KBr pellet technique, are shown in Fig. 5a and b,
respectively. Additionally, the Raman spectra of I and II are also presented in
Fig. 5a and b, respectively. The Raman spectra were measured at room tempe-
rature for polycrystalline samples. The Raman spectra allow for additional ident-
ification of the vc_g band positions, which are attributed to the C—H bond
stretching vibrations in the molecules.*4

Polarized IR spectra of I and II single crystals measured at 77 K, in the
frequency ranges of the vc_jy bands, are shown in Fig. 6a and b, respectively. The
temperature dependence of the polarized crystalline spectra of fluoranthene and
acenaphthene in the frequency ranges of the vc_yg bands is presented in Fig. 7a
and b, respectively.

The vibrations of crystalline acenaphthene can be divided into types: aro-
matic ring C—H stretching (3071-3036 cm!), CH, asymmetric stretching (2937—
2914 cm1), CH, symmetric stretching (2840 cm1) (see Fig. 5b), in plane CH,
group deformation (<1423 cm!), aromatic ring stretching (<1616-1593 cm1)
and skeletal vibrations representing C=C stretching (<1370 cm™!). In Fig. 5b,
C-H bending bands appear in the region 841-749 cm! (out-of-plane bending),
and are very strong. In the case of crystalline fluoranthene, the characteristic IR
bands in the five regions of the spectrum are illustrated in Figs. 5a and 6a. The
main types of vibration are C—H stretching vibration, C=C stretching vibration,
C-H out-of-plane vibration, C—H bending vibration and lattice vibration.4>
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Fig. 5. IR spectra of polycrystalline samples of a) fluoranthene and b) acenaphthene measured
at 298 K using the KBr pellet technique. Raman spectra for the identification of the vibration
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Analyzing the IR spectra of monocrystalline samples of acenaphthene, mea-
sured at the different orientations of the electric field vector E, the incident light
on the crystal, large variability of the intensity of some bands could be observed,
Fig. 6b. The vc_y bands (in the frequency range from 3060 to 2836 cm™!) in the
spectra of II crystals were characterized by the two-branch structure with their
unique and relatively simple intensity distribution patterns. The polarized light
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Fig. 6. Polarized spectra of a single crystal of: a) fluoranthene and b) acenaphthene measured
at 77 K; ¢) packing diagram of acenaphthene viewed along the b axis.
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Fig. 7. Polarized spectra of a single crystal of: a) fluoranthene and b) acenaphthene are
illustrative of the temperature effect.

especially strongly influenced the intensity of the bands of the stretching of C—H
bonds vibrations in the molecules. Based on the results in Fig. 6b, it could be
seen that the longer-wave branch (3060-3040 cm!) of the band was of relatively
high intensity when compared with the branch properties of the shorter-wave
band (3061-3075 cm1). These effects are related to the arrangement of the
molecules in the unit cell. Two molecules lie in the crystalline plane bc, while the
other two are arranged obliquely to them, Fig. 6¢. Such an arrangement of the
molecules means that, regardless of the type, C—H vibrations of different frag-
ments of the molecules will be excited by the polarized light. Therefore, different
intensity of the lines in the vc_y bands was observed in the spectra of the
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acenaphthene crystals. For example, in the case of polarization 0°, the line 2937
cm! of the asymmetric CH, vibrations had significantly lower intensity com-
pared with the 2914 cm™! line (Fig. 6b). The opposite phenomenon was observed
for polarization 90°. It may be noted that the polarization effects are also visible
in some bands lying at lower frequencies.

The IR spectra of acenaphthene crystals showed that a temperature decrease
to 77 K was responsible for a slight growth in the intensity of the longer-wave
branch, whereas the intensity of the shorter-wave branch remained unchanged,
Fig 7b.

Very similar phenomena were observed in the spectra of fluoranthene crys-
tals (Figs. 6a and 7a). In this case, the largest differences in the intensities of the
bands were also visible in the frequency range of the C—H bond stretching vib-
ration in the molecules. On the other hand, the differences between the spectra
measured at room temperature and the temperature of liquid nitrogen were a
result of stiffening of the molecules. Therefore, there was a discernible sharp-
ening of the vc_y bands contour, as well as a slight growth in their intensities.

The analysis of the IR and Raman spectra indicated that the skeletal vib-
rations of the C—C bands in the aromatic nucleus were much weaker in the IR
spectra than in the Raman spectra. These data were also based on experimental
data available in the literature.*4

DFT calculation results for compounds I and I1

The studies showed satisfactory correlation between the calculated and XRD
experimental structural parameters (Tables S-I1 and S-II of the Supplementary
material to this paper). Significant differences in the DFT and XRD geometries
were observed in case of fluoranthene in the C8-C9-C10-C1, C24-C25-C26—
—C17, C2-C1-C10-C9, C18-C17-C26-C25, C27-C25-C26-C21 and C32-
—C17-C26—C21 torsion angles, which had the values —178.5, —179.3, —179.5,
—178.1,—-178.7 and 179.1°, respectively.

Figure S-1 of the Supplementary material demonstrates a comparison of the
calculated IR (non-scaled) spectra of fluoranthene and acenaphthene. It should be
noted that the theoretical model satisfactorily reproduced the experimental infra-
red spectra for both PAHs. The results also showed slight discrepancies between
the modelling and experimental data, which is not unusual since the calculations
corresponded to the gas phase of a single isolated molecule, whereas the expe-
riment was performed on crystal structures.

CONCLUSIONS

In the present paper, the crystal structure, the DFT calculations, analysis of
Hirshfeld surfaces and fingerprint plots, as well as spectroscopic properties of the
title PAHs are reported.
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These results showed that Hirshfeld surface and fingerprint plot analysis
provides rapid quantitative insight into intermolecular interactions in molecular
solids. The close contacts, in the case of both analyzed compounds, are domi-
nated by H---C (C-H---w) and H---H contacts and these relatively weak inter-
actions have evident signatures in the fingerprint plots. In addition, it should be
emphasized that the analysis of a Hirshfeld surface is well correlated to the
spectroscopic studies. Moreover, the comparison of the DFT model with XRD in
the present study may be considered good.

SUPPLEMENTARY MATERIAL

Calculated and XRD experimental structural parameters and calculated IR spectra of
fluoranthene and acenaphthene are available electronically from http://www.shd.org.rs/JSCS/,
or from the corresponding author on request.
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U3BOL
PEHATEHOCTPYKTYPHA AHAJIN3A, METOJA AHAJIN3E XUPIIOETTOBUX
[TOBPIIMHA, CITEKTPOCKOIICKA U DFT HCIITUTHBAIHA ®JIYOPAHTEHA U
AIJEHA®TEHA

WIOLETA SMISZEK-LINDERT', ANNA MICHTA?, ALEKSANDRA TYL?, GRZEGORZ MALECKI?,
ELZBIETA CHELMECKA® u SLAWOMIR MASLANKA®

'Institute of Mechanized Construction & Rock Mining, W. Korfantego 193A Street, 40-157 Katowice, Poland,
“Institute of Chemistry, University of Silesia, 9 Szkolna Street, 40-006 Katowice, Poland and >School of
Pharmacy with Division of Laboratory Medicine in Sosnowiec, Medical University of Silesia, Katowice,

Poland, Department of Statistics, 30 Ostrogorska Street, 41-200 Sosnowiec, Poland

JlaT je npuKa3 DEHATEHCKE CTPYKType, TEOPHjCKUX H3padyHaBamwa, Xupuidennose
aHanuse nospiuuHa, IR m PamaHoBUX crekrapa 3a (uiyopaHTeH W aueHadTeH. AueHadTeH
KPHUCTa/IMIIE KA0 OPTOPOMONYHYU KPUCTAIHU CUCTEM ca P21md MpoCTOPHOM IPyNoOM M Hapa-
MeTpuMa jemuanuHe hemuje: a = 7,2053(9) A, b = 13,9800(15) A, ¢ = 8,2638(8) A, Z=4uV =
= 832,41(16) A%, CynpoTHO TOoMe, (IyOpaHTeH KPUCTAIHIIE Ka0 MOHOKITMHUYHU KPUCTAIHU
cucrem ca P21/n mpocTopHOM Ipynom M ciefehum napamerpuma jenvHuuHe henuje: a =
=18,3490(2) A, b = 6,2273(5) A, ¢ = 19,8610(2) A, g = 109,787(13)°, Z =8 u V = 2135,50(4)
A Teopujcka u3padyyHaBamwa 3a HM30JI0BaHE MOJIEKY/Ie HABEJEHUX jefMmbema Cy WU3BpIIEHA
nomohy DFT wuspauynaBawa u B3LYP mertome. Ilpumenom XupuidennoBe KOMIjyTepPCKe
METOJle 3aCHOBaHE Ha aHa/lW3M MOBpLIMHA ofpeheHe Cy MHTEPMONEKYICKe HHTepaKuuje y
KPHUCTAJIHUM CTpyKTypama 0da PAHS jenumema.

(ITpumsbero 4. mapta, peBuupaHo 27. jyHa, mpuxsaheHo 6. jyna 2015)
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