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ABSTRACT

In this study, some molecular properties of (2Z, 5Z)-3-N(4-methoxy phenyl)-2-N’(4-methoxy phenyl imino)-5-((E)-3-(2-nitro-
phenyl) allylidene) thiazolidin-4-one (MNTZ) are evaluated using a combination of spectroscopic characterization (FT-IR, "H and
3C NMR chemical shifts) and theoretical calculations. Molecular geometry, vibrational wavenumbers, gauge-independent
atomic orbital (GIAO), 'H and C chemical shift values and NBO analysis are investigated using B3LYP and PBE functionals
with the 6-31G(d,p) basis set in the ground state. The calculated geometrical parameters and vibrational spectra are compared to
available experimental data and each vibrational frequency is assigned on the basis of potential energy distribution (PED). The
electronic transitions are calculated using time-dependent density functional theory (TDDEFT). The energy band gap between
the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energies are obtained by
computing the frontier molecular orbitals using the B3LYP/6-31G(d,p) and PBE/6-31G(d,p) levels along with the global reactivity
descriptors. Mulliken atomic charges and molecular electrostatic potential (MEP) are simulated using both functionals to find
more reactive sites for electrophilic and nucleophilic attack. Finally, the thermodynamic functions (heat capacity, entropy, and

enthalpy) from spectroscopic data are obtained and discussed in the range of 100-1000 K.
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1. Introduction

It is well known that heterocyclic compounds are one of the
most important classes of organic compounds. During the last
few decades, they have attracted attention due to their proven
usefulness in material sciences."” Moreover, the study of
heterocyclic compounds is also of great interest theoretically.
Specifically, thiazolidinones which belong to an important
group of heterocyclic compounds, have been widely explored
for their application in the field of medicine.** Thiazolidinones
derivatives, particularly 4-thiazolidinones gained the attraction
of researchers as a result of their broad-spectrum biological
activity.”® In addition, thiazolidinones are also known to exhibit
push-pull effects and have photovoltaic applications due to the
substituent at position 5 of the thiazole moiety.”" On the other
hand, the presence of heteroatoms nitrogen, oxygen or sulfur
incorporated into the heterocyclic rings may have a strong effect
on the polarity and polarizability of the molecule, the angle of
rotation between its fragments, the planarity and thus on its
stability.

* To whom correspondence should be addressed. E-mail: achouaih @ gmail.com

In this paper, our interest was the thiazolidinones derivative,
containing delocalized electrons. The z-conjugated system
allows the title compound to exhibit the asymmetric electronic
distribution which leads to increased charge transfer. Recently,
the synthesis and X-ray crystal structure of the title compound
was published."

Based on these studies, and as a continuation of our previous
work on thiazolidinone compounds™ ™, herein, we report the
optimized molecular structure as well as a detailed spectroscopic
study on (2Z, 5Z)-3-N(4-methoxy phenyl)-2-N’(4-methoxy
phenyl imino)-5-((E)-3-(2-nitrophenyl) allylidene) thiazolidin-
4-one (MNTZ) using IR, 'H and “C NMR spectra. The natural
bond orbital (NBO) analysis is carried out to interpret intra-
molecular charge transfer (ICT). Besides considering charge
transfer within this molecule, we have determined HOMO-
LUMO orbitals and global reactivity descriptors. The reactivity
and stability of MNTZ were determined by global chemical
parameters such as ionization potential, the electron affinity, the
absolute electronegativity, electrophilicity index, the absolute
hardness and softness. The ionization potential represents the
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amount of energy required to remove an electron from an iso-
lated atom or molecule where the electron affinity refers to the
capability to accept one electron from a donor. These two param-
eters can be obtained from HOMO-LUMO analysis. The power
of an atom in molecule to attract electrons to itself describes its
electronegativity and the electrophilicity is defined as a measure
of the propensity of a species to accept electrons. The
electrophilicity index was calculated using the electronic chemi-
cal potential and chemical hardness. A good, more reactive,
nucleophile is characterized by a lower value of chemical poten-
tial and electrophilicity index, and conversely a good electro-
phile is characterized by a high value of chemical potential and
electrophilicity index. The UV-Visible spectroscopic studies
along with the calculated value of the band-gap energy were
used to interpret charge transfer within the molecule. Mulliken
population analysis, molecular electrostatic potential (MEP) and
thermodynamic parameters were investigated using B3LYP and
PBE functionals in the gas phase.

2. Experimental and Computational Details

Synthesis, solid state structure and spectral data (IR, "H NMR,
C NMR) of the title compound are reported in our previous
work." IR spectra were recorded in KBr pellet on a JASCO FT/IR
4210 Fourier Transform Infrared Spectrometer and the reported
wave numbers were given in cm™. The 'H NMR and “C NMR
were recorded on Briiker Ac DPX-200(300 MHz) spectrometer in
CDCl, as solvent using tetramethylsilane as an internal refer-
ence standard.

Density functional theory (DFT) has proved to be extremely
useful for studying the electronic structures of molecules. Calcu-
lations of the new (2Z, 5Z)-3-N’(4-methoxy phenyl)-2-N’(4-
methoxy phenyl imino)-5-((E)-3-(2-nitrophenyl) allylidene)
thiazolidin-4-one (MNTZ) are carried out using the Gaussian 09
program and GaussView molecular visualization software.""”
The parent structure for the calculations is obtained from the
X-ray coordinates' and this structure is optimized at the DFT
level of theory with the BBLYP"" and PBE* functionals and the
6-31g(d, p) basis set. Optimized structures are used in the vibra-
tional frequency calculations to ensure that the obtained struc-
tures represent a local minima. The theoretical vibrational spec-
trum is interpreted through the Potential Energy Distribution
(PED) using Vibrational Energy Distribution Analysis (VEDA)

C26

program.” The nuclear magnetic resonance (NMR) chemical
shift calculations are undertaken using the Gauge-Independent
Atomic Orbital (GIAO) method at B3LYP/6-31G(d,p) level.
Chloroform solvent effects on theoretical NMR parameters were
included using single point calculation on optimized gas phase
geometry.

The time-dependent density functional theory (TD-DFT)
method on the ground state was used to calculate the excited
states and the electronic transitions. The chloroform solvent
effect has been considered using the Polarized Continuum
Model (PCM).” The vertical transition wavelength/energies are
calculated for 10 excited singlet states by the TD-DFT methodol-
ogy using the same functionals as geometry optimization. The
NBO analysis is performed with DFT/B3LYP/6-31g(d,p) level to
elucidate the conjugation, charge transfer and delocalization of
electron density within the molecule. Besides, Mulliken and
NBO atomic charges, the molecular electrostatic potential
(MEP), frontier molecular orbital (FMOs), the dipole moment
and thermodynamic properties of MNTZ were investigated us-
ing both functionals.

3. Results and Discussion

3.1. Optimized Geometry

The optimized structure of MNTZ molecule is given in Fig. 1
with atomic labelling and the corresponding cartesian/internal
coordinates are reported in Table S1 (see supplementary infor-
mation). The geometrical parameters (bond lengths, bond
angles, and dihedral angles) computed by B3LYP and PBE
functionals with the 6-31G(d,p) basis sets are listed in Tables S2,
S3 and S4 (see supplementary information), together with
the X-ray parameters." The differences between calculated
and experimental bond lengths and angles are within a few
Angstroms and degrees, respectively, when compared to the
experimental parameters, which indicate that our calculations
are acceptable. The small differences can be due to the fact that
calculated data are collected in the gas phase, while the experi-
mental data are acquired in the solid state.

To get a better comparison of the geometrical parameters,
correlation graphs between the calculated and the experimental
parameters of bond lengths, bond angles and dihedral angles
are shown in Fig. 2, Fig. 3 and Fig. 4, respectively. The correlation
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Figure 1 Optimized geometry with the atomic numbering scheme of MNTZ obtained from the B3LYP level.
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Figure 2 Correlation graphics of calculated and experimental bond lengths of MNTZ.
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Figure 3 Correlation graphics of calculated and experimental bond angles of MNTZ.
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Figure 4 Correlation graphics of calculated and experimental dihedral angles of MNTZ.

values R? obtained by B3LYP and PBE functionals with
6-31g(d,p) basis set are 0.9868 and 0.9794 for bond lengths, 0.9402
and 0.9326 for bond angles and 0.9943 and 0.9917 for dihedral
angles. These results confirmed the good agreement between
calculated and experimental parameters.

3.2. Vibrational Assignments

The experimental FT-IR and the calculated wavenumbers by
B3LYP and PBE methods with 6-31g(d,p) basis set and their
assignment using potential energy distribution (PED) calcula-
tion are given in Table S5 (see supplementary information). The
calculated and experimental infrared spectra are shown in Fig. 5.
No imaginary frequency has been found, which means that the
optimized geometry is located at the local lowest point on the
potential energy surface. The calculated frequencies are higher
than the experimental values for the majority of the normal
modes, for this reason, the scaling factors 0.961 and 0.986 are
used for B3LYP and PBE calculated frequencies™*, respectively.
The MNTZ consists of 56 atoms and hence it shows 162 (3N-6)
normal modes of vibration® active in infrared absorption.

3.2.1. C-H Vibrations

The C-H stretching vibrations of aromatic compounds appear
in the range of 3100-3000 cm™.* In the present study, the phenyl
ring CH stretching vibrations are predicted at the region
3120-3070 cm™ for B3LYP and 3128-3084 cm™ for PBE, which are
in good agreement with the observed value of 3057.7 and
3008.8 cm™ in FT-IR spectrum.

The experimental wavenumbers of CH stretching vibrations of
allylidene fragment are observed at 2951 and 2930 cm™ in the FT-IR
spectrum. The corresponding theoretical values are 3058-
3039 cm ™' for B3LYP and 3064-3048 cm ™ for PBEPBE functional.

The in-plane C-H bending vibration occurs in the region
1300-1000 cm™.* This vibration is computed in the range
1460-985 cm™ for B3LYP and 1448-978 cm™ for PBE and the
corresponding experimental values are found in the region
1296-1009 cm™ in FT-IR. The out-of-plane C-H bending vibra-
tions give rise to bands in the region 900-625 cm™.* This
vibration is predicted at 967-520 and 950-512 cm™ with B3LYP
and PBE levels, respectively, and observed at 968-647 cm™ in
FT-IR.
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Figure 5 The experimental FT-IR and theoretical IR spectra of MNTZ.

3.2.2. C=C Vibrations

Generally, the C=C stretching vibrations in aromatic com-
pounds occur in the region 1650-1430 cm™.” In the present
study, the C=C stretching vibration of benzene rings appears at
1637, 1608, 1513.7 and 1439.8 cm™ in the FT-IR spectrum. The
corresponding computed values are 1609, 1542 and 1423 cm™ for
ring 1 (C1-C6), 1605, 1573 and 1409 cm™ for ring 2 (C13-C18) and
1601, 1557 and 1404 cm™ for ring 3 (C19-C24). On the other hand,
the band observed at 1587 cm™in the FT-IR spectrum is assigned
to C=C stretching vibration of allylidene fragment. The corre-
sponding predicted values with the B3LYP level are 1593 and
1583 cm™ for C7=C8 and C9=C10, respectively.

3.2.3. C=N Vibration

The observed frequency at 1654 cm™ in the infrared spectrum
is assigned to C=N stretching vibrations. This vibration appears
at 1658 cm™ in theoretical IR computed with B3LYP/6-31g(d,p)
level and shows a pure mode and its PED contribution is about
74 %.

3.2.4. Nitro Group Vibrations

The asymmetrical stretching vibrations of substituted nitro-
benzene occur in the region 1560-1490 cm™,” and symmetric
stretching vibrations occur in the region 1370-1310 cm™. The
FT-IR spectrum for MNTZ gives peaks at 1566.1 and 1374.4 cm™,
and these peaks are assigned as asymmetric and symmetric NO,
stretching vibrations. These peaks are predicted at 1566 and
1339 ecm™ for B3LYP and 1551, 1353 cm™ for PBE, respectively.
The asymmetric NO, stretching vibration calculated by B3LYP is
found to be exactly correlated with the experimental one. The
observed NO, in-plane bending vibration is assigned at 841cm™
in the FT-IR spectrum. The wavenumbers are computed at 842
and 814 cm™ for the scissoring modes which are correlated with
the experimental values. Furthermore, the out-of-plane bending

vibration is observed at 683 in the FT-IR spectrum. The corre-
sponding calculated values are 771 and 682 cm™ with the B3LYP
level.

3.2.5. Methoxy Group Vibrations

The asymmetric and symmetric CH stretching vibrations of
the two methyl groups occur in the region 3029-2954 and
2900-2896 cm™ for B3LYP/6-31g(d,p) level, respectively. These
vibrations are observed at 2930-2834 cm ™ in the FT-IR spectrum.
The in-plane bending modes of CH, appear at 1461 cm™ in the
FT-IR spectrum. The calculated values at 1460 and 1430 cm™
obtained by B3LYP level are consistent with FT-IR results. More-
over, the out-of-plane bending vibrations are measured at 1166
in FT-IR and computed at 1165 and 1133 cm™ with B3LYP/6-
31g(d,p). The bands calculated in the range 1036-1035, 280227
and 156-85 cm™ are assigned as the stretching O-C, in-plane and
out of plane C-OCH, vibrations.

3.2.6. Thiazolidinone Group Vibrations

Vibrational analysis of thiazolidinone group is made on the
basis of C=0, C-N, and C-S vibrations. The carbonyl stretching
vibration is observed at 1713 cm™ in the experimental infrared
spectrum and calculated at 1725 and 1711 cm™ with B3LYP and
PBE levels, respectively. The stretching C-N vibration gives rise
toaband at 1345 cm™ in the FT-IR spectrum and the correspond-
ing calculated values are 1327 and 1351 cm™ with B3LYP and
PBEPBE levels, respectively. The bands observed at 591 and
446.9 cm™ in the IR spectrum are assigned to stretching vC-S and
bending 0CSC, respectively. These bands are calculated at 588
and 446 cm™ with the B3LYP level. All these results are in good
agreement with the literature.”

3.3.'H and C NMR Spectral Analysis
The theoretical 'H and "C NMR isotropic shielding were com-
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puted with the B3LYP/ 6-31G(d,p) level using chloroform as a
solvent and the gauge-independent atomic orbital (GIAO)
method.* The TMS shieldings with B3LYP/GIAO/6-31G(d,p) are
31.74 ppm and 192.12 ppm for 'H and "C NMR, respectively.”
The chemical shift of the studied molecule is 6y, where 6y,
= OqusiOamry (0 is @ chemical shielding).* 'H and “C NMR
spectra of MNTZ are shown in Fig. 6 and Fig. 7, respectively. The
experimental and calculated "H and "C isotropic chemical shifts
for MNTZ using the B3LYP/6-31G(d,p) level of theory are given
in Table S6 (see supplementary information).

The '"HNMR spectrum (Fig. 6a) of MNTZ in chloroform shows
two singlet peaks at 3.81 and 3.85 ppm for the methoxy moieties,

the corresponding calculated ranges (Fig. 6b) are 3.58-3.95 ppm
for O,,CH, and 3.61-3.97 ppm for O,,CH,. The aromatic ring
protons give signals in the range of 6.9-8 ppm. The singlet peak
at 8 ppm is assigned to the H2 proton (calculated value as
8.4 ppm). Also, the singlet peak at 6.9 ppm is assigned to phenyl
protons (H15, H17, H21, and H23), the corresponding calculated
values are 7.0, 6.8, 6.9 and 6.8 ppm, respectively. The doublet
peak at 7.04 ppm is assigned to H20 and H24 protons and the
doublet peak at 7.35 ppm is assigned to H14 and H18 protons
which correlated with the calculated value of 7.4 ppm. The
multiplet between 7.43-7.67 ppm is assigned to H3, H4 and H5
protons. For the allylidene fragment protons, H8 appears as a
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Figure 6 (a) '"H NMR chemical shift and (b) calculated 'H NMR for MNTZ.
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Figure 7 (a) ®*C NMR chemical shift and (b) calculated >C NMR for MNTZ.

doublet of doublets at 6.71 ppm (calculated at 6.95 ppm) while
H7 and H9 appear as multiplet in 7.43-7.67 ppm range, corre-
sponding calculated values at 7.72 and 7.55 ppm, respectively.
The experimental and calculated *C NMR spectra of MNTZ in
chloroform are found at the range 55-165 ppm and 52-159 ppm
and are shown in Fig. 7a and Fig. 7b, respectively. Among the car-
bon atoms, C11 gives the highest NMR chemical shift which is
about 165.87 ppm, the corresponding estimated value is
159.32 ppm due to the effect of carbonyl moiety. The chemical
shifts for C16 (observed at 159.9 and estimated at 153.4 ppm) and
C22 (observed at 157.2 and estimated at 151.1 ppm) are found to
be higher than the other phenyl carbons due to the electro-

negativity of the oxygen atoms. Also, the experimental signals of
Cland Cl12 appear in the higher frequency region at 148.13 and
150.72 ppm, respectively, the corresponding calculated values
are 144.74 and 146.01 ppm, respectively, due to the nitrogen
atoms. The other phenyl carbons NMR peaks are observed in the
region of 114-135 ppm whereas the calculated ones range
between 105 and 136 ppm. The signals for the allylidene frag-
ment carbons (C7, C8, and C9) are observed at 141.8, 125.2 and
129.6 ppm while the calculated values are 136.9, 123.6 and
127.0 ppm, respectively. The carbon atoms C25 and C26 of the
methoxy group give peaks at 55.65 and 55.57 ppm which is in
agreement with the calculated values of 53.01 and 52.85 ppm,
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respectively. All these results show that the B3LYP functional
with the GIAO method and 6-31G(d,p) basis set, using chloro-
form as solvent predicted well the '"H and "C NMR spectra.

3.4. Natural Bond Orbital (NBO) Analysis

NBO analysis has been performed using NBO 3.17 imple-
mented in the Gaussian 09 program at DFT/B3LYP/6-31G(d,p)
level to elucidate the conjugation, charge transfer and delocali-

zation of electron density within the molecule.® In NBO analysis
large E(2) value shows intensive interaction between elec-
tron-donors and electron acceptors and therefore indicating
a greater extent of conjugation in the system.” The intra-
molecular hyper-conjugative interactions are formed by the
orbital overlap between bonding 7(C-C) and antibonding
m*(C-C) orbitals. These interactions have greater energy contri-
butions from 10.16 to 24.25 Kcal mol™ as depicted in Table 1. The

Table 1 Second-order perturbation theory analysis of the Fock matrix in the NBO basis for MNTZ.

Type Donor (i) Occupancy Acceptor (j) Occupancy E(2)/kcal mol™ E()-E(i)/a.u. F(ij)/a.u.
- C1-C2 1.651 C3-C4 0.335 17.21 0.29 0.064
C5-C6 0.362 20.40 0.29 0.069
02-N1 0.625 26.28 0.15 0.061
—* C3-C4 1.618 C1-C2 0.374 24.25 0.27 0.073
C5-C6 0.362 20.28 0.28 0.067
- C5-C6 1.606 C1-C2 0.374 19.18 0.27 0.065
C3-C4 0.335 21.69 0.28 0.070
C7-C8 0.141 10.16 0.30 0.053
- C7-C8 1.819 C5-Co6 0.362 10.88 0.29 0.052
C9-C10 0.232 19.22 0.30 0.068
m-m* C9-C10 1.827 C7-C8 0.141 13.41 0.32 0.059
C11-03 0.301 19.78 0.29 0.070
a-n*  CI3-C18 1.688 C14-C15 0311 21.93 0.29 0.071
C16-C17 0.394 16.26 0.28 0.062
¥ C14-C15 1.701 C13-C18 0.371 17.54 0.28 0.064
C16-C17 0.394 22.15 0.28 0.071
- C16-C17 1.656 C13-C18 0.371 23.48 0.29 0.074
C14-C15 0.311 16.22 0.30 0.062
a-n* C19-C20 1.672 C21-C22 0.394 1791 0.28 0.064
C23-C24 0.309 19.35 0.29 0.067
—m* C21-C22 1.669 C19-C20 0.387 20.83 0.29 0.070
C23-C24 0.309 17.00 0.30 0.064
w-m* C23-C24 1.719 C19-C20 0.387 17.91 0.28 0.065
C21-C22 0.394 20.49 0.28 0.069
T-m* 02-N1 1.983 LP(3)0O1 1.442 11.79 0.18 0.078
n—r* LP(2) S1 1.771 C9-C10 0.232 21.14 0.28 0.069
C12-N3 0.296 22.15 0.27 0.071
n-s* LP(2) O1 1.896 C1-N1 0.101 12.86 0.56 0.076
02-N1 0.065 19.04 0.69 0.104
n—m* LP(3) O1 1.442 02-N1 0.625 156.71 0.15 0.139
n-s* LP(2) O2 1.896 C1-N1 0.101 12.00 0.57 0.074
n-s* LP(2) O2 1.896 O1-N1 0.061 19.52 0.70 0.106
n-s* LP(2) O3 1.843 C10-C11 0.077 20.89 0.67 0.108
C11-N2 0.095 29.61 0.66 0.127
n—m* LP(2) O4 1.837 C16-C17 0.394 31.39 0.34 0.098
n—m* LP(2) O5 1.842 C21-C22 0.394 30.36 0.34 0.096
n—r* LP(1) N2 1.622 C11-03 0.301 53.95 0.27 0.111
C12-N3 0.296 4447 0.28 0.102
n-s* LP(1) N3 1.817 C12-S1 0.107 25.65 0.46 0.099
¥ C5-C6 0.362 C7-C8 0.141 50.24 0.02 0.062
¥ C9-C10 0.232 C7-C8 0.141 84.32 0.01 0.068
TF—m* C11-03 0.301 C9-C10 0.232 124.94 0.01 0.073
Tr—m* C12-N3 0.296 C19-C20 0.387 36.22 0.02 0.043
Tr—m* Cl6-C17 0.394 C14-C15 0.311 243.66 0.01 0.081
o —* C21-C22 0.394 C23-C24 0.309 261.82 0.01 0.082
wr—m* 02-N1 0.625 C1-C2 0.374 15.29 0.13 0.057

E(2) stabilization energy (energy of hyper conjugative interaction).
E(j)-E(i) energy difference between donor (i) and acceptor (j) NBO orbitals.
F(i.j) Fock matrix element between i and j NBO orbitals.

LP Lewis type lone pair orbital.
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intramolecular interactions are also due to the overlap between
lone pair of oxygen, nitrogen and sulfur atoms and antibonding
of (C-C), (C-N), (O-N) and (C-O) orbitals. For example, the
strong intramolecular hyperconjugative interaction n(O1) -
7*(02-N1) leads to stabilization energy of 156.71 Kcal mol™.
Furthermore, the electron lone pair in the nitrogen of thiazoli-
dinones ring LP(1) N2 transfer its electron to antibonding orbital
7*(C11-03) and 7*(C12-N3) with stabilization energy of 53.95
and 44.47 Kcal mol™, respectively. Besides, the most important
interactions are mainly from 7*(C11-03), 7*(C21-C22) and
7*(C16-C17) orbitals as donor to the antibonding 7*(C9-C10),
*(C23-C24) and 7*(C14-C15) orbitals as acceptor with a strong
stabilization energy of 124.94, 261.82 and 243.66 Kcal mol™,
respectively. All these intra-molecular hyper-conjugative inter-
actions result in intra-molecular charge transfer (ICT) causing
stabilization of the system.*

3.5. Chemical Stability and Electronic Transitions

3.5.1. Frontier Molecular Orbitals (FMOs)

The Frontier molecular orbitals (HOMO and LUMO) play a
crucial role in the chemical stability and optical properties of the
molecule, as well as in quantum chemistry and UV-Vis spec-
trum.*"** The HOMO, LUMO and band gap energies calculated
at B3LYP and PBE functionals with 6-31G(d,p) basis set are listed
in Table 2. The distributions of the HOMO and LUMO orbitals
computed at the B3LYP/6-31G(d,p) method are shown in Fig. 8.
It is interesting to see that both orbitals are substantially distrib-
uted over the conjugation plane. As can be seen from Fig. 8, the

Table 2 Calculated energies values of MNTZ calculated by B3LYP/6-
31g(d,p) and PBE/6-31g(d,p) levels.

Parameters 6-31G (d,p)
B3LYP PBE
E/ua -1941.88 -1939.89
Ejomo/ev -5.4295 —4.6806
E umo/ev -2.7130 -3.3323
AE40m0-10MO ga/ €V 2.7165 1.3483
Dipole moment (Debye) 5.9486 6.2585

Figure 8 HOMO and LUMO plot of MNTZ.

HOMO orbital is delocalized over the two methoxy-phenyl and
imino-thiazolidinone rings whereas the LUMO orbital is local-
ized on the nitro-phenyl and allylidene fragment. This
intra-molecular charge transfer from the electron donating
group through the 7-conjugation system to the electron accept-
ing group promotes the molecular stability.

3.5.2. Global Chemical Reactivity Descriptors (GCRD)

Nowadays, the chemical hardness and softness properties of a
molecule are used to describe the reactivity and molecular stabil-
ity. This relationship can be achieved by the determination of
global chemical reactivity descriptor (GCRD) parameters. Using
computational methods, GCRD parameters were calculated at
the B3LYP and PBE level of theory with 6-31G(d,p) basis set by
using the following equations:

n=3(1-A4)
I+A
{1
s=L
2n
I+ A
X=- B
2
w=2
2n

where I = -E, ;o and A = -E, ;o are the ionization potential
and electron affinity, respectively. The computed values of
GCRD parameters are summarized in Table 3. The chemical
hardness (17) values for the title compound are 1.358 and 0.674 eV
as obtained by B3LYP and PBE functionals, respectively, where
the small ETA-ETA-ETA values indicate that the charge transfer
occurs in the molecule.

From the results, the calculated ionization potential, electron
affinity and electronegativity using B3LYP (PBE) functional are
5.429 (4.680), 2.713 (3.332) and 4.071 (4.006) eV, respectively.
According to these quantum chemical parameters, the MNTZ is
a chemically hard system and can be described as a less reactive
compound. Furthermore, the high values of the electrophilicity
index (6.102 eV by B3LYP and 11.905 eV by PBE) compared to the

LUMO

&
(%

®

¢

2.716eV (B3LYP)
=1.348eV (GGA-PBE)

HOMO
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Table3 Calculated energy values of MNTZ by B3LYP and PBE methods.

Parameters Calculated energies/eV

B3LYP/6-31G(d,p) PBE/6-31G(d,p)

Ionization potential (I) 5.429 4.680
Electron affinity (A) 2.713 3.332
Electronegativity (x) 4.071 4.006
Chemical potential (u) -4.071 —4.006
Chemical hardness (1) 1.358 0.674
Chemical softness (s) 0.368 0.741
Electrophilicity index (w) 6.102 11.905

low values of chemical potential (—4.071 eV by B3LYP and
—4.006 eV by PBE) for the MNTZ prove its electrophilic character.
The chemical potential (1) negative values indicate also the
molecular stability of MNTZ. Softness is one of the material
properties that measures the extent of chemical reactivity. The
MNTZ has low chemical softness values 0.368 eV (B3LYP) and
0.741 eV (PBE), which measure the degree of chemical reactivity.

3.5.3. Absorption Spectra

For a molecule to have an important molecular charge transfer,
it must show good absorption and emission properties. TD-DFT
is often used to compute the excited-state properties of mole-
cules.®* From the optimized structure obtained by B3LYP/6-
31G(d,p) level of the title compound, the electronic transitions
were investigated by using the TD-DFT. The obtained results
(vertical excitation energies, oscillator strength (f), transition
wavelength and contributions) are collected in Table 4.

The experimental and calculated UV-Visible absorption spec-
tra are shown in Fig. 9. As can be seen from Fig. 9a, there are two
peaks observed at 348 and 406 nm, which are in the ultraviolet
region. The corresponding calculated absorption peaks have
been found atA = 342.90 nm, f = 0.2430 and A = 405.85 nm, f =
0.378. The other important transition in the calculated UV-
Visible spectrum (Fig. 9b) is found at A = 522.01 nm, f = 0.1519
which is in the visible region and corresponds to the HOMO -
LUMO (98 %) transition. The transition simulated at 405.85 nm
is comprised of HOMO - LUMO + 1 (49 %) and HOMO-2 -
LUMO (42 %) transitions. The electronic excitation contributions
from HOMO-8 and HOMO-2 to LUMO and LUMO +1 contrib-
ute to the transition which occurs at 342.9 nm. The absorption
wavelength at 522 nm attributed to the intramolecular charge
transfer (ICT) excitation between donor and acceptor moieties.
According to the TD-DFT calculations, the experimental bands
at 411 and 356 nm corresponding to 7—7* and n—7* transitions.
There is a good agreement between experimental and theoreti-
cal results.

3.6. Molecular Properties

3.6.1. Mulliken and NBO Atomic Charges

Atomic charge calculations play an important role in the appli-
cation of quantum chemical calculations to the molecular
system. The calculated Mulliken® and NBO charge values using
B3LYP and PBE functionals with 6-31G(d,p) basis set are listed in
Table 5. As can be seen, the results of Table 5 reveal the effect of
the functional in the value of atomic charge distribution but the
same behavior is observed. In fact, for hydrogen atoms, the
difference is about 0.01 e and for the non-hydrogen atoms, it
does not exceed 0.04 e. The Mulliken atomic charge analysis of
MNTZ shows that nitrogen atoms (N2 and N3) have maximum
negative charge values which impose positive charges to all

Table 4 Absorption spectrum data obtained by TD-DFT method at
B3LYP/6-31g(d,p) level (Contribution = 10 %)

Electronic  A,/nm E_/eV F MO Contributions
transitions
S0->51 522.01 23751 0.1519 HOMO - LUMO (98 %)
S0-=52 42731 29015  0.0630 HOMO-1 - LUMO (64 %)
HOMO - LUMO+1 (25 %)
S0->S3 419.50 29555 0.0159 HOMO-2 - LUMO (44 %)
HOMO-1 - LUMO (28 %)
HOMO - LUMO+1 (24 %)
S0->54 405.85 3.0549 0.3786 HOMO - LUMO+1 (49 %)
HOMO-2 - LUMO (42 %)
S0-55 348.64 3.5562 0.1584 HOMO-1 - LUMO+1 (89 %)
S0-56 34290 3.6158 0.2430 HOMO-2 - LUMO+1 (62 %)
HOMO-8 - LUMO (14 %)
S0-=57 33518 3.6991 0.1280 HOMO-2 - LUMO+1 (26 %)
HOMO-8 - LUMO (22 %)
HOMO-10 - LUMO (18 %)
S0->S8 331.19 3.7436  0.0226 HOMO-3 =- LUMO (62 %)
HOMO-6 - LUMO (10 %)
S0->59 322.74 3.8416 0.0104 HOMO-4 - LUMO (80 %)
HOMO-3 - LUMO (16 %)
S0-510 31586 3.9253  0.0110 HOMO-6 - LUMO (30 %)

HOMO-5 - LUMO (28 %)
HOMO-3 - LUMO (16 %)

carbon atoms bonded to these high electronegative atoms, while
the nitrogen atom (N1) posses positive charge which was
imposed by oxygen atoms (O1 and O2). The NBO atomic charge
analysis of MNTZ shows that oxygen atoms (O3, O4 and O5)
have maximum negative charge values. On the other hand, the
maximum positive charge value is obtained for the C11 atom (for
both Mulliken and NBO charges) due to the negative charge of
oxygen (O3). Furthermore, O4 and O5 atoms have high negative
charges which impose positive charges to C16 and C22, respec-
tively. Moreover, all the hydrogen atoms have net positive
charges thereby all carbon atoms connected to these electro-
positive atoms exhibit negative charges.

3.6.2. Molecular Electrostatic Potential

The main purpose of the molecular electrostatic potential
study is the localization of electrophilic and nucleophilic sites
of a molecule.” In the MEP map, the red colour indicates the
maximum negative region promoting the site for an electro-
philic attack while the blue colour indicates the maximum
positive region making the site favorable for nucleophilic attack.
Molecular electrostatic potential of MNTZ using B3LYP/6-31G
(d,p) optimized geometry is computed and its surface map is
shown in Fig. 10. This MEP map shows that there are three possi-
ble sites for electrophilic attack localized on the O1, O2, and O3
atoms, while the sites for the nucleophilic attack are located over
the hydrogen atoms. The region very near to the sulfur atom is
positive due to the fact that the S atom is surrounded by the
electropositive atoms. These results show that the most reactive
site of the MNTZ molecule is the site containing the oxygen
atoms. These sites give information concerning the region from
where the compound can have intermolecular interactions.

3.7. Thermodynamic Properties

The values of some thermodynamic parameters (such as
zero-point vibrational energy (ZPVE), rotational constants, rota-
tional temperatures, thermal energy, molecular capacity at con-
stant volume, entropy, zero point correction, thermal correction
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Figure 9 The (a) experimental UV-Vis and (b) simulated UV-Vis spectra of MNTZ.
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to Gibbs Free Energy) of MNTZ at 298.15 K in ground state
are obtained from the theoretical harmonic frequencies and
reported in Table S7. The variation in zero-point vibrational
energies (ZPVEs) seems to be considerable. The ZPVE obtained
from B3LYP functional is higher compared to the value obtained
from the PBE functional. Whereas, no change was observed for
rotational constant and rotational temperature using both
functionals. The total energy of the MNTZ molecule is the sum of
electronic, translational, rotational and vibrational energies,
even for entropy and capacity at constant volume. The thermo-
dynamic functions such as entropy (S), heat capacity at constant
pressure (Cp) and enthalpy content (AH = H(T) — H(0)) for
various ranges of temperatures from 100 to 1000 K are deter-
mined using perl script THERMO.PL” and reported in Table S8
and Fig. 11. It is obvious to see that the change of the functional
does not affect the thermodynamic properties at different
temperatures. Furthermore, all the calculated thermody- Figure 10 Molecular electrostatic potential surface for MNTZ.
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Table 5 Mulliken and NBO atomic charges of MNTZ using B3LYP/6-31g(d,p) and PBE/6-31g(d,p) levels.

Atoms Mulliken charges NBO charges Atoms Mulliken charges NBO charges
B3LYP PBE B3LYP PBE B3LYP PBE B3LYP PBE
S1 0.213 0.241 0.316 0.334 C20 -0.105 -0.117 -0.251 -0.263
o1 -0.386 —-0.358 —-0.382 -0.358 C21 -0.145 -0.156 -0.316 -0.325
(o)) -0.391 -0.363 —-0.380 —-0.356 C22 0.352 0.329 0.312 0.294
03 —0.488 —0.454 -0.572 -0.535 C23 -0.122 -0.134 -0.267 -0.277
04 -0.517 -0.478 -0.517 —-0.480 C24 -0.093 -0.106 -0.225 -0.234
05 -0.519 -0.479 -0.520 —0.482 C25 —0.081 —0.149 -0.329 -0.375
N1 0.359 0.323 0.511 0.472 C26 -0.078 -0.147 -0.328 -0.374
N2 -0.605 -0.568 -0.469 —0.432 H2 0.141 0.147 0.276 0.284
N3 -0.524 -0.499 —0.483 —0.452 H3 0.108 0.117 0.252 0.260
C1 0.191 0.188 0.079 0.077 H4 0.106 0.116 0.251 0.259
C2 -0.081 -0.097 -0.211 -0.226 H5 0.107 0.114 0.205 0.257
C3 -0.097 -0.110 -0.231 -0.239 H7 0.127 0.137 0.262 0.272
C4 -0.069 -0.083 -0.207 -0.222 H8 0.101 0.111 0.232 0.240
C5 -0.133 -0.140 -0.211 -0.217 H9 0.137 0.144 0.250 0.278
Ceé 0.115 0.110 -0.052 -0.063 H14 0.106 0.120 0.257 0.269
c7 -0.088 -0.105 -0.183 -0.195 Hi15 0.101 0.112 0.254 0.263
Cc8 —0.088 -0.101 -0.232 -0.239 H17 0.091 0.101 0.245 0.255
9 -0.065 -0.075 -0.203 -0.222 H18 0.101 0.114 0.253 0.265
C10 -0.227 —0.246 -0.286 —0.288 H20 0.100 0.115 0.247 0.257
C11 0.624 0.585 0.677 0.621 H21 0.087 0.098 0.243 0.253
C12 0.325 0.283 0.329 0.290 H23 0.097 0.109 0.252 0.261
C13 0.248 0.233 0.115 0.111 H24 0.097 0.109 0.252 0.261
Cl4 -0.058 -0.071 -0.207 -0.224 H25a 0.114 0.131 0.207 0.219
C15 -0.134 -0.147 -0.271 -0.278 H25b 0.127 0.143 0.233 0.245
Cl6 0.363 0.339 0.327 0.305 H25¢ 0.115 0.131 0.207 0.219
C17 -0.151 -0.161 -0.320 -0.327 H26a 0.111 0.128 0.205 0.217
C18 —-0.062 -0.075 -0.199 -0.216 H26b 0.125 0.141 0.232 0.244
C19 0.209 0.203 0.104 0.096 H26c 0.112 0.129 0.205 0.217
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Figure 11 The thermodynamic properties of MNTZ calculated with B3LYP and PBE functionals.

namic parameters (S, C,, and AH) increase with the increase of
temperature, due to the enhancement of molecular vibration.

4. Conclusions

In the present work, the optimized molecular geometry of
thiazolidinones derivative has been investigated and compared
with its X-ray structure. The structure was optimized using
DFT/B3LYP and PBE methods with 6-31g(d,p) basis set. Bond
lengths, as described earlier, are similar to literature values. Bond

angles indicate that the 7 electrons in the studied molecule are
delocalized. Except for some values, the obtained results indi-
cate the good agreement between calculated values and experi-
mental parameters. Detailed experimental spectroscopic results
were presented. The vibrational wavenumbers of the title
compound have been calculated by B3LYP and PBE functionals
with 6-31G(d,p) basis set and assigned on the basis of PED. The
experimental and theoretical frequencies were compared taking
into account the scaling factors 0.961 and 0.986 for B3LYP and
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PBE, respectively. Gauge independent atomic orbital (GIAO)
was used to calculate '"H and “C NMR spectra. The results
showed that, in general, the calculated and experimental chemi-
cal shift values were consistent. Hyperconjugative interaction
and charge transfer within the molecule were explained by NBO
analysis which indicates that the most intra-molecular interac-
tions are due to the overlap between lone pair of O, N and S
atoms and antibonding of (C-C), (C-N), (O-N) and (C-O)
orbitals. The computed HOMO-LUMO energy gap and the
global chemical reactivity descriptors quantum parameters
explain the significant charge transfer interactions taking place
within the molecule and promotes the molecular stability.
Mulliken charges and MEP analysis allow the identification of
electrophilic and nucleophilic sites in the molecule and give
information about intermolecular interaction regions. Further-
more, the thermodynamic properties of the compound have
been calculated and their values at different temperatures are
also obtained.

Supplementary Material
Supplementary information is provided in the online supple-
ment.
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Table S1: Atomic coordinates (xyz) of the optimized structure for MNTZ

B3LYP PBEPBE
Atoms
y z X y z

S1 0.016787 0.671831 -0.088855 0.017602 0.672093 -0.098385
01 -8.081380 -2.451031 0.874117 -8.160143 -2.403057 0.896011
02 -5.959632 -2.525009 1.351256 -6.006085 -2.552478 1.300060
03 0.461762  -3.172567 -0.227766 0.433301 -3.188622 -0.227557
04 6.598275  -4.144933 -0.222611 6.575618 -4.222344  -0.189248
05 2.920892  6.427342 -0.048464 3.033968 6.430556 -0.028586
N1 -6.941099 -1.988391 0.834102 -6.997036 -1.973577 0.820507
N2 1.797914  -1.280775 -0.124967 1.796443 -1.290473 -0.127952
N3 2.780203  0.847304 -0.144174 2.797654 0.840831 -0.165733
C1 -6.754504 -0.700361 0.142266 -6.792217 -0.678029  0.135771
C2 -7.900736 0.084170 0.005610 -7.937599  0.117211 -0.010767
C3 -7.815669 1.339350 -0.583432 -7.840288 1.385255 -0.584252
C4 -6.579684 1.791681 -1.052668 -6.589107 1.842666 -1.030211
C5 -5.449465 0.992310 -0.933899 -5.459616 1.034298 -0.905015
C6 -5.485430 -0.277517  -0.319724 -5.506962 -0.252360  -0.306945
C7 -4.268455 -1.091579  -0.259234 -4.297839 -1.070065 -0.245067
C8 -3.011472 -0.587814  -0.219777 -3.023630  -0.570428 -0.220316
Cc9 -1.841109 -1.422295 -0.214573 -1.863654  -1.409146  -0.215626
C10 -0.556904 -0.996422 -0.169030 -0.561501 -0.989769  -0.173982
Cl1 0.573017 -1.961046  -0.175815 0.556084 -1.966963 -0.177987
C12 1.745738  0.116989 -0.112907 1.749189 0.108970 -0.121089
C13 3.045723  -1.993545 -0.128200 3.038096 -2.011892 -0.123830
Cl14 3.326007 -2.897684  -1.158434 3.258129 -3.020273 -1.079990
C15 4520272  -3.603176  -1.155992 4.450448 -3.740318 -1.068411
Cl6 5.455161 -3.408327 -0.128457 5.442861 -3.459606  -0.107499
C17 5.175245  -2.501252 0.900902 5.222715 -2.448486  0.847036
C18 3.967444  -1.803224  0.897783 4.018413 -1.733822 0.837161
C19 2.739662  2.251547 -0.084886 2.775998 2.240457 -0.092951
C20 2.100631 2.955334 0.944194 2.042072 2.962168 0.872201
C21 2.139181 4351887 0.994121 2.103414 4.362000 0.930401
C22 2.823257  5.065364 0.005693 2.904309 5.066918 0.014224
C23 3.482417 4.366543 -1.018386 3.660511 4.352706 -0.939783
C24 3452883  2.981782 -1.053743 3.609070 2.963364 -0.980578
C25 7.579217  -3.998109  0.793001 7.602972 -3.976767  0.768590
C26 2.276558  7.185041 0.962324 2.284581 7.187878 0.917430
H2 -8.839532  -0.306255 0.376720 -8.887733 -0.283332 0.346519
H3 -8.704132 1.954214 -0.680615 -8.732069  2.008679 -0.687482
H4 -6.499724  2.763501 -1.530080 -6.498075 2.827664 -1.497076
H5 -4.511037 1.334615 -1.355638 -4.506373 1.379164 -1.313840
H7 -4.390734 -2.167851 -0.234772 -4.425674  -2.153907  -0.201952
HS -2.861073 0.488732 -0.164975 -2.865765 0.514815 -0.171534
H9 -1.972740 -2.501667  -0.252557 -1.996574  -2.497448 -0.248959
H14 2.603351 -3.054941 -1.950406 2.488960 -3.245520  -1.820404
H15 4753604  -4.312173 -1.942761 4.639180 -4.529791 -1.799888
H17 5.879820  -2.331889 1.705726 5.974678 -2.211521 1.601912
H18 3750916  -1.099960 1.693481 3.847731 -0.947953 1.575265
H20 1.590413  2.410315 1.731813 1.444170 2.422877 1.612281
H21 1.640647  4.862777 1.809061 1.532588 4.886763 1.699249
H23 4.019153  4.935397 -1.770378 4.289549 4.916228 -1.633846
H24 3.973485  2.439065 -1.835862 4.201892 2.405047 -1.709800
H25a 7.961880 -2.970724  0.840743 7.991935 -2.944073 0.695814
H25b  8.393585 -4.671940  0.523731 8.409078 -4.684670  0.531694
H25c¢ 7.187190  -4.281488 1.777939 7.250979 -4.158012 1.801139
H26a 1.192225  7.013841 0.968796 1.196627 7.023002 0.804046
H26b  2.472355  8.231918 0.725886 2.514645 8.241943 0.709139
H26¢c  2.679399  6.959958 1.958420 2.577238 6.950823 1.957617




Table S2: Optimized bond lengths computed at B3LYP and PBE functionals with 6-31g(d,p)

basis set

Bond length (A)  X-ray!'! g—;ﬁgﬁd,p) PBE Bond length (A)  X-ray!'"! g’;ﬁgl(,d’p) PBE
S1-C10 1.753 (3) 1.766 1.761 N2-Cl11 1.384 (3) 1.402 1.414
S1-C12 1.777 (2) 1.816 1.821 N2—-C12 1.388 (3) 1.399 1.400
OI1-N1 1.225 (3) 1.231 1.242 N2-C13 1.440 (3) 1.437 1.436
02-N1 1.232 (3) 1.232 1.244 N3-Cl12 1.267 (3) 1.267 1.279
03-Cl11 1.206 (3) 1.218 1.229 N3-C19 1.426 (4) 1.406 1.402
04-Cl16 1.365 (3) 1.363 1.368 C6-C7 1.465 (3) 1.465 1.461
04-C25 1.431 (3) 1.420 1.426 C7-C8 1.341 (3) 1.355 1.369
05-C22 1.374 (4) 1.366 1.370 C8-C9 1.438 (3) 1.437 1.431
05-C26 1.385(5) 1.418 1.425 C9—-C10 1.336 (4) 1.354 1.369
N1-Cl1 1.448 (3) 1.474 1.480 C10-Cl11 1.491 (4) 1.486 1.484

Table S3: Optimized bond angles computed at B3LYP and PBE levels with 6-31g(d,p) basis

set

Bond angles (°) X-ray!'!] g—;ﬁgﬁd,p) PBE Bond angles (°) X-ray!'!] g’;ﬁgl(,d’p) PBE
S1-C10-C9 126.1 (2) 127.36 127.10 N2-C13-C14 120.5 (2) 119.74 119.56
S1-C10-C11 111.0 (2) 111.50 111.94 N2—-C13-C18 119.0 (2) 120.36 120.49
S1-C12-N2 110.7 (2) 109.93 109.95 N3-C19-C20 121.4 (3) 123.08 123.66
S1-C12-N3 125.0 (2) 126.99 127.07 N3-C19-C24 120.3 (3) 118.33 117.92
O1-N1-02 122.5(2) 124.08 124.17 C1-C6-C7 123.4 (2) 124.42 124.49
O1-N1-Cl1 118.4 (2) 117.44 117.42 C5-C6-C7 120.9 (2) 119.78 119.83
02-N1-Cl1 119.2 (2) 118.47 118.40 C6—C7-C8 123.9(3) 124.41 124.53
03-C11-C10 125.5(2) 125.22 125.40 C7-C8-C9 122.5 (3) 122.66 122.72
03-C11-N2 124.6 (2) 124.34 124.39 C8—C9-C10 124.8 (3) 126.15 126.27
04-C16-C15 116.1 (2) 115.67 115.54 C9—-C10-Cl11 122.9 (2) 121.13 120.96
04-C16-C17 124.0 (2) 124.64 124.78 C10-S1-C12 91.4 (1) 91.15 91.16
05-C22-C21 124.2 (3) 124.87 124.96 Cl11-N2-C12 116.9 (2) 116.91 116.67
05-C22-C23 115.8 (3) 115.69 115.58 C11-N2-C13 120.9 (2) 121.19 121.22
N1-C1-C2 116.1 (2) 115.67 115.59 C12-N2-C13 122.1 (2) 121.87 122.09
N1-C1-Cé6 121.6 (2) 121.86 122.03 C12-N3-C19 116.1 (2) 123.45 123.83
N2-C11-C10 109.9 (2) 110.44 110.21 C16-04-C25 116.7 (2) 118.30 117.41
N2—-C12-N3 124.3 (2) 123.06 122.91 C22-05-C26 118.8 (3) 118.15 117.28




Table S4: Optimized dihedral angles computed at B3LYP and PBE functionals with 6-

31g(d,p) basis set
DIl . o 6-31G(d,p) _ ] oy 6-31G(dp)

ihedral angles (°)  X-ray' B3LYP PBE Dihedral angles (°) X-ray B3LYP PBE
S1-C10-C9—C8 -2.1(4) 0.65 0.72 N3-C12-S1-C10 1788 (2)  176.13 175.56
S1-C10-C11-03  —179.3(2) -179.88 -179.86 N3-C12-N2-Cl1 -177.1(2) -17591 -175.31
S1-C10-C11-N2 23(3) -0.38 -0.37 N3-C12-N2—C13 -0.3 (4) 2.16 2.94
S1-C12-N2-C11 2.8(3) 2.71 2.79 N3-C19-C20-C21 1793 (3)  177.02 177.30
S1-C12-N2-C13 179.61 (18) —-179.22  -178.97 N3-Cl19-C24-C23  —1798(3) -177.96 —178.43
S1-C12-N3-C19  —0.6 (4) 3.95 5.55 C1-C6—C7-C8 —154.6 (3) —154.48 —156.42
01-N1-C1-C2 33.4 (4) 21.18 18.01 C5-C6-C7-C8 26.8 (4) 28.98 27.09
01-N1-C1-C6 —148.8 (3) -160.41 —163.85 C6-C7-C8-C9 176.5(2) -17745 17732
02-N1-C1-C2 —145.6 (2) -157.77  -160.90  C7-C8-C9-C10 —-179.7(3) -179.61  -179.09
02-N1-C1-Cé 3214 20.64 17.24 C8-C9-C10-Cl11 1758 (2) -179.68 —179.82
03-C11-C10-C9 2.5(4) 0.40 0.60 C9-C10-S1-C12 1774 (3) -178.75 -17891
03-C11-N2-C12 178.3 (2) 177.96 177.88  C10-C11-N2-C12  -3.3(3) ~1.55 -1.62
04-C16-C15-C14 —178.1 (3) -179.69 -179.78  C10-C11-N2-C13 1798 (2) -179.64 —-179.87
04-C16-C17-C18  178.5(3) -179.79  -179.77  Cl11-N2-C13-C14 83.3(3) 55.36 49.26
05-C22-C21-C20 —179.3 (3) 179.69 179.56  Cl11-N2-C13-C18  —95.1(3)  -123.71 —129.66
05-C22-C23-C24  178.5(3) 179.65 179.66  C12-S1-C10-C11 -0.7 (2) 1.56 1.59
N1-C1-C2-C3 178.8 (2) 177.36 176.89  C12-N2-C13-Cl14  —93.4(3) -122.63 —128.90
N1-C1-C6-C5 -179.8 (2) 17845 —-177.86  CI12-N2-C13-C18 88.2 (3) 58.29 52.17
N1-C1-C6-C7 1.6 (4) 4.88 5.51 C12-N3-C19-C20 81.2(3) 54.91 47.61
N2-C11-C10-C9  —175.9(2) 17990  -179.91  CI2-N3-C19-C24  —99.1(3)  -129.63 —136.85
N2-C12-S1-C10  —1.1(2) -2.37 -2.43 C25-04-C16-C15 170.5(3) -179.58  —179.66
N2—-C12-N3-C19 179.3 (2) -177.68 -176.70  C25-04-C16-C17  —9.4(4) 0.43 0.34
N2-C13-C14-C15 —178.6 (3) —-179.04 -178.90  (C26—05-C22—C21 —4.4 (4) —-0.47 —0.88
N2-C13-C18-C17  179.1(2) 179.56 179.34  (C26-05-C22-C23 172.6 (3) —179.88 179.90




Table S5: Experimental and calculated wavenumbers obtained at B3LYP and PBE
functionals with 6-31g(d,p) basis set

Exp. B3LYP/6-31G(d,p) PBE/6-31G(d,p) Vibrational Assignments from
Mode FT-IR Unscaled  Scaled Int Unscaled  scaled Int B3LYP/6-31G(d,p) PED (=(10)%)
162 3246.7 3120.1 1.90 31729 31285  2.61 vcu R1 (86)
161 3232.8 3106.7 5.54 3168.6 31242  0.60 ven R2 (92)
160 3228.8 31029 3.95 31653 31209  3.86 ver R2 (90)
159 32233 3097.6  9.16 3153.8 3109.7  8.87 ver R3 (99)
158 32222 3096.5 6.36 3151.5 31074  9.12 ven (88)
157 3219.2 3093.6 9.27 3151.1 3107 8.65 veu R1 (84)
156 3217.1 3091.6 12.71 3150.4 31063  4.88 ven R2 (91)
155 3217.0 3091.6  4.51 3149.7 3105.6 16.65 ven R2 (90)
154 3212.0 3086.7  9.53 3146.8 3102.8 9.84 ver R2 (89)
153 3211.9 3086.6  8.67 31423 3098.3  3.66 ver R1(92)
152 3202.3 30774  2.56 3136.5 3092.5  3.07 vern R3 (93)
151 3199.2 3074.5 14.55 3130.7 3086.9 11.14  vcu R3 (94)
150 3195.2 3070.6  2.31 3128.2 3084.4 1.86 ven R1 (91)
149 3182.2 3058.1 1.97 3107.8 3064.3 1.11 veu (92)
148 3163.3 30399 535 3091.5 30482 2386  vcu (87)
147 3151.9 3029 29.51 3090.2 30469  25.11 vens (99)
146 3008.8  3148.6 3025.8 3094 3084 3040.8 5.18 vens (100)
145 3080.8 2960.7  37.90 3013.5 29713 33.56  vcus (99)

144 2951.1  3074.1 29542  40.97 3008.8 2966.6 3530  vcus (100)
143 2929.7  3018.1 29004  65.21 2947.1 29058  78.39  wveuz (99)
142 30134 28959  62.60 2943.9 2902.7  74.64  vcus (100)
141 1713.0  1795.6 17255  120.31 1734.9 1710.6 11473 v (79)
140 16542  1725.1 1657.8  865.85 1665.4 1642.1  569.07 vc (74)
139 1637.0 1674.0 1608.7  66.40 1624.9 1602.2  98.27  vcc R1 (68)
138 1608.0  1670.2 1605.1  65.84 1619.9 15973  11.78  vcc R2 (69)

137 16656  1600.7 23.05 16169 15943 3592 v R3 (81)

136 1657.6 15929 13376  1597.1 15748  127.83 v (58)

135 15870 1647.6 15834 5392 15914 15692 2278 v (69)

134 16369  1573.1 20.03 1588 1565.7  51.72  vce R2 (63)

133 1566.1 1629.6 1566  133.88 15734 15514 11623  vino2 (58)

132 1619.8  1556.7  2.58 1571.1 1549.1 232 veeR3(66) + Suce (10)
131 15137 16055 15429 60.83 1551 15293 99.09  vee R1 (52) + e (12)
130 14987 15595  1498.6 248.61 15106 14895  240.58 vcoR2 (44) + dccc (14)
129 1551.6  1491.1 208.84 15028 14818  192.01 vcoR3 (61)+ Scce (12)
128 1461.1 15196 14603 4552 14687 14481 50.00 &y (75)+ Tucoc (16)
127 1519.1 14599 7893 14682 14477 9737  &ucn (75)+ Tucoc (16)
126 1514.1 1455 18.83  1465.1 14446 3538 Succ (40)

125 15054  1446.7 5.74 14519 14316 593 Sycn (74) + Tucoc (25)
124 15044 14458  5.15 1451.8 14315 6.69  Sycn (75) + Thcoc (24)
123 14893 14313 33.08 14364 14163  7.15 ey (84)

122 14883 14303 2720  1436.1 1416 4338 Sycq (82)

121 14398 14812 14234 7.6 1434.1 1414 2287 v R (26) + Suce (48)
120 14659 14088  0.57 14282 14082  9.63  vce R2 (47) + Suce (18)
119 14613 14043  6.46 14265 14065 099  vce R3 (48) + Suce (24)

118 13744  1393.1 1338.8  208.70 1371.9 1352.7 3530  vino2 (61)
117 13454  1381.0 13272 421.52 1370.2 1351 9.54 Vn-c (42) + dene (10)

116 1374.2 1320.6  31.66 1347 1328.1  37.48  vcc R1(32) + 8ucc (15)
115 1360.5 1307.4  157.86 1335.9 1317.2  202.29  vce R2 (55)
114 1349.4 1296.7  31.18 1322.8 13042 396.79  ducc R1 (49)

113 12959  1348.2 1295.6  84.99 1306.3 1288 1572 vecR3 (57)
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110.11
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0.62
1.81
84.42
14.27
5.81
17.21
17.83
17.34
68.60
40.54
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1.34
0.67
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7.36
2.01
0.27
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0.23
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29.15
5.51
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77.22
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3.35
4.84
11.97
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Sucn (25) + Tucoc (74)
Sucn (25) + Tucoc (74)
VNC (30)

e (21) + Suce R1 (16)
Sice R2 (62)

Suce R3 (87)

wxe (10) + Suce (14) + dcec (47)
Vo-cus (51)

vo-cus (73)

vee (53) + duce (11)
veiocit (30) + voc (12)
Scce R2 (67)

OHce R3(11) + dcce (64)
Treee (76)

Treee (70)

Treee (87)

Tucee (77) + Teeee (20)
Tucee (77) + Teeee (12)
Trcce (66) + Tecee (15)
Tucce (68)
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Snen (11)

dono (18) + dccc (10)
Tucce (75)

vne (20) + Tacece (12)
Tuece (48)

Tucce (58) + yocce (11)
dono (19) + Tucee (12)
Theee (67)

Tueee (75)

dcco (12) + Thece (42)
Treee (51) + yneee (33)
Vc.o (17) + dcce (13)
Treee (33) + Yocon (30)
Treee (20)

yoncc (71)

Teeee (57)

Teeee (22) + yocee (12)
Tceee (46)

dcce (23) + Tecec (14)
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564.1
541.6
534.6
524.8
517.4
486.6
474.5
464.7
450.9
437.5
428.0
4259
4224
404.6
393.5
381.1
359.0
347.7
304.3
299.1
2914
266.7
257.1
249.9
243.9
237.0
2273
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120.6
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43.9
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17.7
15.4
14.1

11.48
9.19
2.63
2.51
6.67
4.57
24.15
34.51
31.48
22.07
2.02
5.50
11.51
5.32
6.57
4.81
4.69
2.58
0.32
6.41
9.16
0.36
0.41
0.71
10.18
2.55
0.35
5.24
4.72
2.72
3.68
0.96
1.71
1.76
6.40
1.24
1.83
0.12
2.15
3.23
0.83
5.20
1.08
1.78
0.61
0.15
0.62
0.36
0.41
1.24
0.60
0.46
1.51
0.51
0.84
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640.1
627.3
603.6
593.2
565.1
557.8
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544.5
520.1
5153
508.7
502.5
473.1
457.9
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436.8
421.8
412.9
412.2
409
391
380.7
366.9
348.7
333.8
298.7
2924
283.5
263.3
254.7
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234.5
231.3
223.4
178.2
166
162.5
142.1
134.9
126.9
112.7
96
91.2
82.1
63.8
62.2
45.2
423
39.8
29.8
25.4
18.8
16.9
15.6

637.7
631.1
618.5
595.2
584.9
557.2
549.9
540.3
536.9
512.8
508.1
501.6
4954
466.5
451.5
442.4
430.6
415.9
407.1
406.4
403.3
385.5
375.4
361.7
343.8
329.2
294.5
288.3
279.5
259.7
251.1
245.5
231.3
228
220.3
175.7
163.7
160.2
140.1
133.1
125.1
111.1
94.7
89.9
81
62.9
61.4
44.6
41.7
39.2
29.4
25.1
18.5
16.7
15.4

10.12
7.42
1.63
1.15
7.70
26.21
5.04
30.02
33.64
22.97
3.45
5.98
11.37
6.04
4.65
3.07
3.39
3.95
7.93
3.74
1.80
1.43
0.43
0.28
9.90
2.62
1.04
1.13
5.11
245
1.36
2.32
3.56
5.65
4.96
1.60
241
0.06
3.23
2.38
1.72
4.86
1.03
0.33
0.92
0.46
0.79
0.55
0.81
0.85
0.52
0.58
1.44
0.30
0.85

dccc (44)

Sece (27)

Sece (62)

dcec (12)

Vsc (10) + dcne (1 1)
Tenen (47) + yecen (20)
dcno (19)

dcno (17)

dcen (20) + yocee (18)
Treee (20) + yocece (22)
Teeee (16)

dcce (15) + yocee (32)
vsc (17) + dccs (28)
Tccoc (32)

Tceee (31)

vsc (10) + 8cen (21)
dces (16) + tecee (12)
Teeen (13) + Tecece (14)
Tracce (11) + Tecece (67)
Tceee (50)

Sexo (10)

VNC (14)

Teeee (11) + yecen (10)
Senc (38)

vne (10) + dcece (23)
dces (12) + tecec (17)
dcen (17) + tecee (22)
dcen (41) + tecee (15)
Teeee (12) + Tacoc (23)
Trcoc (33)

dcoc (23) + Tacoc (28)
dcoc (37) + tucoc (35)
Thcoc (21) + Tecee (14)
Trcoc (18)

Tucoc (15)

Teece (36) + yneee (14)
Teeee (18)

Tcocc (10)

Tceee (17)

Teeen (15)

Tcece (10) + yecen (10)
dcee (18) + Teoce (14)
Tcocc (44)

Tcocc (45)

Tceen (41)

Tonce (22)

Tenen (13) + Tecece (42)
Tonce (31)

Tonce (22) + Tenece (21)
Tenee (68)

Tenee (20) + Tenen (33)
Tenee (55)

dene (12) + tecec (41)
dene (30) + tecee (15)
Tceee (57)

v: Stretching, 8: Bending, T: Torsion, y: Out-of-plane,



Table S6: Experimental and calculated 'H and '*C isotropic chemical shifts (ppm) for MNTZ
using the B3LYP/6-31G(d,p) level of theory

At 'H chemical shifts " 13C chemical shifts
oms Experimental Calculated oms Experimental Calculated
H2 8.00 8.40 C1 148.13 144.74
H3 7.43 7.39 Cc2 122.34 123.28
H4 7.54 7.57 C3 122.34 124.75
H5 7.64 7.67 C4 129.20 129.92
H7 7.67 7.70 C5 122.34 125.12
HS8 6.71 6.95 C6 133.36 131.33
H9 7.54 7.55 Cc7 141.80 136.88
H14 7.35 7.42 C8 125.20 123.59
H15 6.90 7.00 Cc9 129.60 127.03
H17 6.90 6.80 C10 128.50 128.98
H18 7.35 7.41 Cl1 165.87 159.32
H20 7.04 7.03 C12 150.72 146.01
H21 6.90 6. 94 C13 122.34 124.78
H23 6.90 6.76 Cl4 122.34 124.08
H24 7.04 6.82 Cl15 114.86 112.71
H25a 3.81 3.61 Cl6 159.90 153.42
H25b 3.85 3.97 C17 114.57 105.44
H25¢ 3.81 3.61 C18 122.34 125.30
H26a 3.81 3.58 C19 135.79 136.47
H26b 3.85 3.95 C20 114.86 114.88
H26¢ 3.81 3.60 C21 114.57 105.48
C22 157.20 151.14
C23 114.86 114.03
C24 122.34 120.43
C25 55.65 53.01
C26 55.57 52.85




Table S7: The thermodynamic parameters of MNTZ calculated using B3LYP and PBE
functionals with 6-31g(d,p) basis set in the ground state at 298.15 K

. 6-31G(d,p)
Thermodynamic parameters B3LYP PBE
Zero-point vibrational energy (Kcal.mol'')  266.941  259.507
Rotational constant (GHZ) 0.111 0.111

0.048 0.048
0.035 0.034
Rotational temperature (Kelvin) 0.005 0.005
0.002 0.002
0.002 0.002
Energy (Kcal.mol™")
Total 286.474  279.483
Translational 0.889 0.889
Rotational 0.889 0.889
Vibrational 284.697  277.706
Molecular capacity at constant volume (cal .mol! K1)
Total 117.661 121.162
Translational 2.981 2.981
Rotational 2.981 2.981
Vibrational 111.699 115.201
Entropy (cal.mol! K1)
Total 210.554  212.237
Translational 44.438 44.438
Rotational 38.688 38.708
Vibrational 127.428 129.091
Zero point correction (Hartree/Particle) 0.425 0.414
Thermal correction to Energy 0.457 0.445
Thermal correction to Enthalpy 0.457 0.446
Thermal correction to Gibbs Free Energy ~ 0.357 0.346

Table S8: The calculated thermodynamic parameters of MNTZ using B3LYP/6-31g(d,p) and
PBE/6-31g(d,p) levels at different temperatures

T B3LYP/6-31G(d,p) PBE/6-31G(d,p)
® S(J/mol.K) Cp(J/mol.K) AH(kJ/mol)  S(J/mol.K) Cp(J/mol.K)  AH(kJ/mol)

100 526.08 220.18 13.92 520.47 219.42 13.73
200 724.85 368.74 43.30 718.64 370.83 43.19
298.15 900.00 517.98 86.84 894.95 521.51 87.02
300 903.21 520.73 87.80 898.18 524.27 87.99
400 1072.57 659.85 147.01 1068.61 663.65 147.56
500 1232.68 775.41 218.97 1229.54 778.92 219.9
600 1382.54 867.85 301.31 1380.01 870.87 302.57
700 1522.08 941.77 391.93 1519.97 944.27 393.46
800 1651.88 1001.66 489.20 1650.07 1003.68 490.95
900 1772.79 1050.87 591.90 1771.2 1052.5 593.84
1000 1885.70 1091.81 699.10 1884.26 1093.1 701.18





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.06667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.06667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.06667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.06667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K 0
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




