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Synthesis of thioether containing NSNO donor azo ligand (HL) showing hydrazoketo and azoenol
tautomerism has been performed. The hydrazoketo and azoenol equilibrium of HL has been studied. The
hydrazoketo form of HL is predominating over azoenol form. In copper(Il) complex the ligand is present
in azoenol form. The electronic spectra and electronic structure of the complex has been extensively
studied. The structures of the ligand and copper(Il) complex have been established from single crystal X-

ray studies. The 1-D supramolecular structure of the complex is formed by m—= interactions.
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1. Introduction

Azo compounds are a very important class of chemical com-
pounds receiving attention in scientific research for the last few
decades. They are highly colored and have been used as dyes and
pigments for a long time [1,2]. Furthermore, they have been studied
widely because of their excellent thermal and optical properties in
applications such as optical recording medium [3], toner [4,5] and
ink-jet printing [6,7]. Recently, azo metal chelates have also
attracted increasing attention due to their interesting electronic
and geometrical features in connection with their application for
molecular memory storage, nonlinear optical elements, and print-
ing systems [8].

In this work we have synthesized thioether containing NSNO
donor azo ligand (HL) showing hydrazoketo and azoenol tautom-
erism (Scheme 1). The equilibrium between the hydrazoketo and
azoenol forms of organic molecules, containing the HN—N=C—C=
O group, is well known. This process has been studied because of
their importance in the dyestuff industry and as acid—base in-
dicators [9]. The organic compounds containing this group show
strong intramolecular hydrogen bonding between the N—H and CO
fragments [10—12]. Strong hydrogen bonds occur due to the fact
that the neutral donor and acceptor atoms are connected by a
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system of m-conjugated double bonds; this system has been
referred to as RAHB (resonance-assisted hydrogen bonding). It has
been used successfully to explain intra- and inter-molecular O—H
... 0 hydrogen bonds in compounds containing the p-diketo enol
fragment [13—16] and to explain N—H ... O bonds in molecules
containing the HN—-N=C—C=O fragment [17—19]. The X-ray
structure of [H,L](ClO4) reveals the existence of hydrazoketo form
in the solid state which is further supported by spectral studies.
When HL binds with Cu?* the equilibrium is shifted from hydra-
zoketo to azoenol form and is supported by the X-ray structure of
[Cu(L) (H20)](ClOg4). The hydrazoketo to azoenol tautomerism of HL
and the electronic structure of Cu(ll) complex have been inter-
preted by DFT studies.

2. Experimental
2.1. Materials

All the reagents and solvents were purchased from commercial
sources and used as received. 2-Aminothiophenol and 2-(chlor-
omethyl)pyridine hydrochloride was purchased from Sigma
Aldrich. 2-((Pyridine-2-yl)methylthio)benzenamine was prepared
following the published procedure [20]. Acetyl acetone (acac) and
inorganic metal salts were made available from E. Merck, India. All
other organic chemicals and inorganic salts used were of A.R.
quality and were available from Sisco Research Lab, Mumbai, India
and did not require further purification. The solutions spectral
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Scheme 1. Hydrazoketo and azoenol equilibrium of HL.

studies were carried out using spectroscopic grade solvents from
Lancaster, U.K. Commercially available SRL silica gel (60—120 mesh)
was used for column chromatography.

Caution! Perchlorate salts of transition metal complexes con-
taining organic ligands are potentially explosive [21]! Only small
quantities of material should be prepared, and they should be
handled with great caution.

2.2. Physical measurements

Melting Point of the ligand was determined using a digital
melting point apparatus. Microanalyses (C, H, N) were performed
using a Perkin—Elmer Series—II CHN-2400 CHNS/O elemental
analyzer. The electronic spectra were measured on Lambda 750
Perkin Elmer spectrophotometer in acetonitrile solution. The IR
spectra were recorded on RX—1 Perkin Elmer spectrometer in the
spectral range 4000—400 cm™! with the samples in the form of KBr
pellets. 'TH NMR spectrum of HL was recorded in CDCl; on Bruker
(AC) 300 MHz FT—NMR spectrometer in presence of TMS as inter-
nal standard. ESI mass spectra were recorded on a micro mass Q—
TOF mass spectrometer. Molar conductance was measured using
Systronics conductivity meter (Model 304) using 10~ M solution in
acetonitrile.

2.2.1. Synthesis of ligand (HL)

2-((Pyridine-2-yl)methylthio)benzenamine (1.729 g, 8.0 mmol)
was dissolved in 10 ml 12(N) HCl. Then it was cooled in ice and an
ice cold NaNO, (0.552 g, 8.0 mmol) solution was added to this ice
cold amine solution dropwise at 0—5 °C under stirring condition
and the resulting solution was kept in an ice-bath. Separately, an ice
cold solution of acetylacetone (0.801 g, 8 mmol) was prepared in
5(N) NapCO3 (6.36 g in 50 ml water) solution. The diazotized so-
lution was then slowly added to the cold alkaline solution with
vigorous stirring. Stirring was continued for 30 min after the
addition was complete. The whole mixture was then kept under
refrigeration for 1 h. Yellow precipitate of HL was obtained. The
crude product was collected by filtration, washed thoroughly with
water and dissolved in minimum volume of 1(N) HCl and then
Na,COj3 solution was added to it for reprecipitation of the com-
pound. It was then filtered again and washed with distilled water.
Finally dried over CaCl,. The dry mass was dissolved in minimum
volume of CH,Cl, and was purified by column chromatographic
separation on silica gel. An orange-yellow band was eluted with EA-
PE (1:3, v/v).

[HL]: Orange-yellow solid, Yield was 1.758 g, (62%); Decompo-
sition temperature ~ 67 °C. Anal. Calc. for C;7H17N30,S: C, 62.36; H,
5.23; N, 12.83. Found (%): C, 62.57; H, 5.27; N, 12.91%. IR data (KBr
disc) (cm™1): 3430 u(N—H), 2926 u(C—H), 1673 u(C=0), 1577 V(C=
N), 1505 v(C=C), 1438 u(N=N). 'H NMR data in CDCl3 (6, ppm):
14.97 (s, 1H), 8.43 (d, ] = 5.2 Hz, 1H), 7.74 (d, ] = 8.2 Hz, 1H), 7.52 (d,
J=8.5Hz,1H), 7.36—7.39 (m, 2H), 7.47 (d, ] = 7.8 Hz, 1H), 7.06—7.10
(m, 2H), 4.11 (s, 3H), 2.62 (s, 3H), 2.48 (s, 3H). Avax (e, M~ cm~1) in
acetonitrile: 403 (sh), 368 (21086), 255 (17210). ESI-MS, m/z: 328

[MH]".

2.2.2. Synthesis of copper(Ill) complex

To an absolute ethanolic solution (15 ml) of HL (0.327 g,
1.0 mmol), 10 ml ethanolic solution of hydrated metal salt of
Cu(ClO4)2.6H50 (0.371 g, 1.0 mmol) was added dropwise under
magnetically stirring condition. The stirring was continued gently
for six hours. The resultant orange yellow solution changed to dark
green during the course of reaction. The reaction mixture was
filtered and the resultant solution was kept undisturbed for slow
evaporation of the solvent in air. Upon subsequent concentration
over a week, two types of crystals were deposited on the wall of
beaker. The dark green crystals of complex was separated first,
washed with ethanol and hexane and dried over CaCl, Then a deep
yellow crystalline compound of ligand suitable for single crystal X-
ray study was found.

[Cu(L) (H20)](ClO4): Deep green crystalline compound. Yield:
0.237 g (54%); Anal. Calc. for C17H1gN307SCuCl: C, 40.24; H, 3.58; N,
8.28. Found: C, 40.27; H, 3.81; N, 8.92%. IR data (KBr disc) (cm~!):
3450-3436 u(0—H), 1667 v(C=0), 1417 u(N=N), 1082, 1117 u(ClOz).
Amax (e, M~' em~1) in acetonitrile: 589(452), 527(447), 416(13917),
381(sh), 290(13485), 263(18169). ESI-MS, m/z: 508 [MH]*.
Am = 117 Q71 mol~! cm? in acetonitrile.

2.3. Crystal structure determination and refinement

Crystals suitable for X-ray diffraction study of [H2L](ClO4) and
[Cu(L) (H20)](Cl04) were grown by slow evaporation of the solvent
in air kept undisturbed at room temperature and at ambient con-
dition for a week. Complex [Cu(L) (H20)](ClO4) crystallizes
contemporarily with HL as [H,L](ClO4). Details of crystal analyses,
data collection and structure refinement data are given in Table 1.
The X-ray data were collected on a Bruker AXS Kappa smart Apex-II
diffractometer equipped with an Apex-II CCD area detector using a
fine focus sealed tube as the radiation source of graphite mono-
chromator Mo K radiation (A = 0.71073 A). Unit cell parameters
were determined from least-squares refinement method. Reflec-
tion data were recorded using the w scan technique. Data were
corrected for Lorentz polarization effects and for linear decay. Semi-
empirical absorption corrections based on ¢-scans were applied.
The structure was solved and refined by full-matrix least-squares
techniques on P using WinGX [22] and the SHELXL-97 [23] pro-
gram. The absorption corrections were done by the multi-scan
technique. The data were reduced and integrated using the SAINT
[24] program. A Semi-empirical multi-scan absorption correction
was made with SADABS [25]. All data were corrected for Lorentz
and polarization effects, and the non-hydrogen atoms were refined
anisotropically with SHELXS-97 [23]|. Hydrogen atoms were
generated in the refinement process as per the riding model with
thermal parameters equal to 1.2 times that of associated C atoms,
and participated in the calculation of the final R-indices. All cal-
culations were carried out using SHELXS 97 [23]. Figures of the
structure were drawn with ORTEP-32 [26] programs with 35%
ellipsoidal probability.

2.4. Computational details

All computations were performed using the Gaussian09 (G09)
program [27]. Full geometry optimizations of ligand and copper
complex were carried out using the density functional theory
method at the RB3LYP and UB3LYP level of theory [28,29]. The 6-
31G(d) basis set for C, H, N, O and S atoms was used. The LanL2DZ
basis set with effective core potential was employed for the copper
atom [30—32]. The vibrational frequency calculations were per-
formed to ensure that the optimized geometries represent the local
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Table 1
Summarized crystallographic data and refinement parameters for [H,L](ClO4) and [Cu(L) (H20)](ClOy).

Formula C17H18CIN306S C;17H18CICuN305S

Formula weight 427.85 507.39

Crystal color Orange yellow Green

Crystal system Triclinic Monoclinic

Space group P-1 P21/c

a, b, c[A] 5.043(5), 8.234(5), 24.362(5) 10.6998(4) 13.3428(6)

o (°) 81.297(5) 14.8222(6)

B () 86.093(5) 90.00

Y () 82.150(5) 106.302(2)

V[ A3 989.4(12) 2031.02(14)

z 2 4

D(calc) [g/cm?] 1.436 1.659

Mu(Mo-K,)/mm™" 0.338 1.356

F(000) 444 1036

Crystal size [mm?] 0.22 x 0.18 x 0.15 0.23 x 0.17 x 0.15

Data collection

Absorption correction Multi-scan Multi-scan

Temperature (K) 293(2) 293(2)

Radiation [A] 0.71073 0.71073

6(Min-Max) [0] 1.69—25.00 1.98—25.50

Dataset (h; k; 1) -5t05,-9t0 9, -28 to 28 -12to 12; —14 to16; —17 to 17

Total, unique data, R(int) 13955, 3449, 0.0537 14905, 3727,0.0434

Observed data [I > 25(I)] 2840 2944

Refinement

Nref, Npar 3371, 301 3727,273

R, wRy 0.0655, 0.1337 0.0860,0.0687

Ag(max)and Aq(min) (e/A3) 0.930, 0.951 1.689, 1.740

Goodness of fit(S) 1.016 0.994
minima of potential energy surface and there are only positive s
Eigen—values. The lowest 40 singlet—singlet vertical electronic
excitations based on B3LYP optimized geometries were computed SH [ A
using the time-dependent density functional theory (TD-DFT) Na/dry MeOH N
formalism [33—35] in acetonitrile using conductor-like polarizable —
continuum model (CPCM) [36—38] using the same B3LYP level and NH; \ 7 NH,

N Cl

basis sets. GaussSum [39] was used to calculate the fractional
contributions of various groups to each molecular orbital.

3. Results and discussion
3.1. Synthesis and formulation

A thioether containing tetradentate monobasic NSNO donor
ligand (HL) has been synthesized with high yield and in a desirable
reaction time (Scheme 2). The ligand is characterized by several
spectroscopic techniques and elemental analysis. The 'H NMR
signals taken in CDCl3 well supported the proposed structure of the
ligand. The S-methylene protons appear at 4.11 ppm as sharp
singlet, —CHj3 protons of acetylacetone part appear as sharp singlets
at 2.42 and 2.61 ppm. The well resolved aromatic protons appear at
7.06—8.43 ppm. The characteristic hydrogen bonded broad singlet
peak corresponds to O—H or N—H appears at 14.97 ppm. IR spec-
trum of ligand shows characteristic u(X—H) (X = O or N), and u(N=
N) at 3430 and 1438 cm™! respectively. The u(C=0) of the ligand
appears at 1673 cm™ .

The ligand may exist either in hydrazoketo or in azoenol form or
may be in equilibrium (Scheme 3). To study the hydrazoketo and
azoenol equilibrium of HL, potential energy scan has been carried
out (Fig. 1). The energy scan shows that the hydrazoketo form is
more stable by 10.19 kcal/mol compared to the azoenol form of the
ligand which supports the experimental results as well. The exis-
tence of hydrazoketo form is again supported from the single X-ray
crystal structure of HL.

In presence of Cu?" in solution the equilibrium is shifted to-
wards azoenol form and the ligand gets coordinated to copper(Il) in
azoenol form which is well supported by spectral studies and

C
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Scheme 3. Azoenol and hydrazoketo equilibrium of HL.
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Fig. 1. Potential energy scan with the variation of N—H bond distance by DFT/B3LYP/6-
31G(d) method.
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Scheme 4. Synthesis of copper(Il) complex with HL.

confirmed by single crystal X-ray structure of [Cu(L) (H20)](ClOy4).
The synthesis of copper(Il) complex is shown in Scheme 4. The IR
spectrum of the complex shows u(N=N) at 1417 cm~!, u(ClOz) at
1082 and 1117 cm~! which well supports the complex formation
and the splitting of u(ClOz) stretching indicates the H-bonded
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Fig. 2. ORTEP plot of [H,L](ClO4) with 35% ellipsoidal probablity.
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Fig. 3. ORTEP plot of [Cu(L) (H,0)]" with 35% ellipsoidal probability.

Table 2

Some selected bond distances (A) and angles (°) of [H,L](ClO4).
Bonds(A) X-ray Angles (°) X-ray
N(2)-N(3) 1.315(4) C(6)-S(1)-C(7) 101.8(2)
S(1)-C(6) 1.828(4) C(12)-N(2)-N(3) 120.1(3)
N(3)-C(13) 1.307(4) 0(1)-C(14)-C(13) 119.3(3)
0(1)-C(14) 1.219(5) 0(1)-C(14)-C(15) 119.4(3)
0(2)-C(16) 1.209(5) N(2)-N(3)-C(13) 121.0(3)
C(13)-C(14) 1.478(5) N(3)-C(13)-C(14) 123.9(3)
N(3)-C(13) 1.307(4) N(3)-C(13)-C(16) 113.1(3)

(

C(13)-C(16)-0(2)

0(2)- C(16)-C(17) 120.5 (4)
C(13)-C(16)-C(17) 118.1(3)
C(13)-C(14)-C(15) 121.2(3)

interaction in the molecule [40]. To know the electrolytic nature of
the complex in solution, conductivity measurement has been car-
ried out. The molar conductance (Ap) of complex in CH3CN is
126 Q 'em? mol~L Thus, the complex is 1:1 electrolyte in
acetonitrile.

3.2. X-ray structure

The ligand HL and the copper(Il) complex crystallize from

Table 3

Selected bond distances (A) and bond angles (°) of [Cu(L) (H20)](ClO4).
Bonds(A) X-ray DFT/B3LYP
Cu(1)-N(1) 1.990(5) 2.096
Cu(1)-N(2) 1.914(5) 1.977
Cu(1)-0(1) 1.915(4) 1.947
Cu(1)-0(3) 2.296(5) 2282
Cu(1)-S(1) 2.2730(14) 2392
N(2)-N(3) 1.296(6) 1.281
N(3)-C(13) 1.349(7) 1335
C(13)-C(16) 1.486(8) 1.453
0(1)-C(14) 1.258(6) 1.265
0(2)-C(16) 1.212(7) 1.220
Angles (°)
N(1)-Cu(1)-N(2) 149.59(19) 143.34
N(2)-Cu(1)-0(1) 91.48(18) 90.84
N(1)-Cu(1)-0(3) 104.40(19) 97.98
N(1)-Cu(1)-S(1) 85.36(13) 83.62
N(1)-Cu(1)-0(1) 94.88(18) 97.92
N(2)-Cu(1)-0(3) 105.73(19) 118.09
N(2)-Cu(1)-S(1) 88.44(13) 86.84
0(1)-Cu(1)-0(3) 85.5(2) 86.62
0(1)-Cu(1)-S(1) 179.66(15) 177.61
0(3)-Cu(1)-S(1) 94.21(15) 94.98




96

A.K. Pramanik et al. / Journal of Molecular Structure 1099 (2015) 92—98

Fig. 4. 1D supramolecular network involving - interaction along c-axis for [Cu(L) (H>0)]*.

Fig. 5. Optimized structure of [Cu(L) (H,0)]" by DFT/B3LYP method.
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Fig. 6. Contour plots of selected molecular orbitals (a-spin) of [Cu(L) (H,0)]*.
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Fig. 7. Contour plots of selected molecular orbitals (§-spin) of [Cu(L) (H,0)]*.

Fig. 8. Spin density plot of [Cu(L) (Hy0)]".

methanol-water mixture. The complex crystallizes with aqua
ligand in the metal coordination sphere. Complex [Cu(L)
(H20)](Cl04) crystallizes contemporarily with HL as [H,L](ClO4).
The ORTEP plots of HL and its copper complex are shown in Figs. 2
and 3 respectively. The bond parameters for [H,L](ClO4) supports
the hydrazoketo form. The O(1)-C(14) and O(2)-C(16) bond dis-
tances are 1.219(5) and 1.209(5) A which perfectly match with the
C=0 bond distances. The hydrazoketo form of the ligand are sup-
ported by the shorter N(3)-C(13) (1.307(4) A) and longer C(13)-
C(14) (1.478(5) A) bond distances (Table 2). The longer N(2)-N(3),
1.315(4) A also confirms the existence of hydrazoketo form of the
ligand. In [Cu(L) (H20)](ClO4), copper is penta-coordinated having
the geometry intermediate between distorted square pyramid and
trigonal bipyramid. The trigonality index [41] T value is 0.50 [T = (8-
«)[60 where o and B are the main opposed angles in the coordi-
nation polyhedron and for perfect square pyramidal and trigonal
bipyramidal geometries the values of 7 are zero and unity respec-
tively. In the present case § = O(1)—Cu(1)—S(1) = 179.66(15)° and
a = N(1)—Cu(1)—N(2) = 149.59(19)°] (Table 3). According to the

Table 4
Energy and composition of selected molecular orbitals (a-spin) of [Cu(L) (H,0)]*.
MOs Energy (eV) % of composition
Cu L

LUMO+5 -3.16 55 45
LUMO+4 —3.52 03 97
LUMO+3 —3.88 05 95
LUMO+2 -4.10 01 99
LUMO+1 —-4.71 02 98
LUMO -5.38 01 99
HOMO -9.03 02 98
HOMO-1 -9.09 02 98
HOMO-2 -9.57 10 90
HOMO-3 -10.16 0 100
HOMO-4 -10.67 05 95
HOMO-5 -10.72 03 97
HOMO-6 -10.93 10 90
HOMO-7 -11.35 13 87
HOMO-8 -11.65 03 97
HOMO-9 -11.71 37 63
HOMO-10 -12.15 01 99
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Table 5
Energy and composition of selected molecular orbitals (8-spin) of [Cu(L) (H,0)]".

MOs Energy (eV) % of composition
Cu L

LUMO-+5 -3.52 03 97
LUMO-+4 -3.87 05 95
LUMO+3 —4.09 01 99
LUMO+2 -4.69 02 98
LUMO+1 -5.33 01 99
LUMO -6.71 47 53
HOMO -8.99 03 97
HOMO-1 -9.15 02 98
HOMO-2 -10.14 0 100
HOMO-3 -10.19 16 84
HOMO-4 -10.68 02 98
HOMO-5 -10.74 05 95
HOMO-6 -11.01 12 88
HOMO-7 -11.37 36 64
HOMO-8 -11.52 27 73
HOMO-9 —-11.75 29 71
HOMO-10 -12.09 30 70
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Fig. 9. UV—Vis spectra of HL (—) and [Cu(L) (H0)](ClO4) (===) in acetonitrile (inset

shows the expanded spectrum for the complex).

values, the coordination geometry around copper ion is interme-
diate between trigonal bipyramidal and square pyramidal geome-
tries and is better described as distorted square based pyramidal
(DSBP) [42—44] with one water molecule occupying the axial po-
sition. In the complex copper atom is displaced by 0.248 A above
the NSO coordination plane and towards the elongated apical
oxygen atom [45].

The presence of aqua ligand in the metal coordination sphere
leads to the formation of H-bonding interaction, between the co-
ordinated water molecules and the counter perchlorate anions,
which connects the complexes about a center of symmetry. Packing
diagram of the complex shows 7 ... ® interactions between aro-
matic rings to from 1D supramolecular network (Fig. 4). Hence,

Table 6
Vertical electronic transitions of [Cu(L) (H,0)]* calculated by TDDFT/CPCM method.

there is a series of essentially parallel units whose relative dispo-
sition is ideal for aromatic 7 ... 7 stacking interactions, forming a
1D supramolecular continuum. The dimmer repeats along c-axis
and they are under face-to-face 7 ... w interaction of pyridyl and
aminothiophenyl ring to form the m-stack, with centroid—centroid
distance of 3.549 (4) A for [Cg(4) ... Cg(5)] (symmetry: X, 3/2-y, 1/
2 + z) and 3.548 (4) A [Cg(5) ... Cg(4)] (symmetry: X, 3/2-y, —1/
2 + z) (where, Cg(4) = NI1,C1,2,C3,C4 and C5 and
Cg(5) = C7,C8,C9,C10,C11 and C12).

3.3. DFT computation and electronic structure of [Cu(L) (H20)]*

To understand the electronic structure of the complex DFT
calculation has been performed on [Cu(L) (H20)]". The full geom-
etry optimization for the compound has been carried out in the
DFT/UB3LYP level. Some selected optimized bond parameters are
given in Table 3. The optimized bond lengths and bond angles well
reproduced the X—ray data of the complex. Optimized structure of
[Cu(L) (Ho0)]" is shown in Fig. 5. Contour plots of some selected
molecular orbitals of a-spin and (-spin are shown in Figs. 6 and 7
respectively. Fig. 8 represents the spin density of the unpaired
spin distributed over the coordinated atom along with major
contribution on copper center. Energy and compositions of some
selected molecular orbitals a-spin and §-spin are given in Tables 4
and 5 respectively.

3.4. TDDFT calculation and electronic transitions of [Cu(L) (H,0)]"

The experimental electronic spectra of the compounds in
acetonitrile are shown in Fig. 9. In 200—900 nm range the complex
exhibits two very low intense peaks at 589 and 547 nm. Moderately
intense sharp bands at 416 nm and 263 nm have been observed
along with shoulders at 290 and 381 nm. To simulate the experi-
mental electronic spectra of the complexes TDDFT calculations have
been performed in acetonitrile. The weak bands at 589 and 547 nm
correspond to d—d transitions in the complex (Table 6). The strong
peak at 416 nm has w(L) — = (L) (intra-ligand charge transfer
transition, ILCT) character. In addition, the broad peaks at 290 and
381 nm have mixed LMCT and ILCT character.

4. Conclusion

We have successfully synthesized thioether containing NSNO
donor azo ligand (HL) showing hydrazoketo and azoenol tautom-
erism. The equilibrium between the hydrazoketo and azoenol
forms of the ligand has been theoretically established. In the un-
coordinated state the hydrazoketo form is predominating over
azoenol form. In copper(Il) complex the ligand is present as azoenol
state. The electronic spectra and electronic structure of the complex
has been extensively studied. The structures of the ligand and
copper(Il) complex have been established from single crystal X-ray
studies. The complex forms 1-D supramolecular structure by H-
bonding interactions and m— stacking of the aromatic rings.

Excitation energy (eV) Wavelength (nm)

Osc. strength (f)

Transition Character

2.0155 615.2 0.0184
2.2646 547.5 0.0147
3.0626 404.8 0.0370
3.1621 392.1 0.0587
3.2061 386.7 0.0945
3.7143 3338 0.4570
4.1254 300.5 0.0378

(55%)HOMO-8(B) — LUMO(B)
(49%)HOMO-12(B) — LUMO(B)
(49%)HOMO-1(B) — LUMO+1(B)
(28%)HOMO-3(B) — LUMO(B) L(r) — L(=")/Cu(dr)

Cu(dm) — Cu(dm)
Cu(dm) — Cu(dm)
() —» L(7")

(m")
(26%)HOMO-4(B) — LUMO(B) L) — L(r")/Cu(dm)
(34%)HOMO-6(B) — LUMO(B) L(r) — L(m")/Cu(d)
(33%)HOMO-2(B) — LUMO+1(p) Lr) — ="
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