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Abstract—Chemical and electrochemical syntheses of the zinc(IT) and cadmium(II) complexes with the tet-
radentate Schiff base (H,L), the condensation product of 2- N-tosylaminobenzaldehyde with diaminodipro-
pylamine, are carried out. The structures, compositions, and properties of the synthesized metal complexes
are studied by elemental analyses, IR spectroscopy, 'H NMR, UV spectroscopy, X-ray absorption spectros-
copy, and quantum-chemical calculations. The structure of the cadmium(II) complex is determined by X-ray
diffraction analysis (CIF file CCDC no. 1446393). The cadmium(II) and zinc(IT) complexes exhibit lumi-
nescence in a CH,Cl, solution in the blue spectral range (Ap; = 425—428 nm) with the photoluminescence
quantum yields ¢ = 0.20 and 0.75, respectively.
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INTRODUCTION

Interest in zinc complexes with organic ligands is
due to their biological activity and other important
useful properties. The complexes possess antibacterial
and antimicrobial properties [1, 2], exhibit high anti-
tumor activity [3—12], and have hypoglycemic [13, 14]
and radioprotective [15] properties.

The zinc (I1) and cadmium(IT) complexes with tet-
radentate azomethine ligands based on 2-hydroxy-
benzaldehyde are also efficient metal-containing
luminophores [16—28]. They demonstrate good pho-
toluminescence (PL) and electroluminescence (EL)
properties, are synthetically available, can easily be
structurally modified for the optimization of their PL and
EL characteristics, and form thin uniform films by ther-
mal vacuum deposition. The devices based on organic
light-emitting diodes (OLED) containing the zinc com-
plexes of tetradentate Schiff bases as emission layers in the
short-wavelength range (Ap; = 440—510 nm), and their
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brigthness is higher than 1400 cd/m? at a voltage of
16 V [16]. [N,N'-Bis(salicylidene)-3,6-dioxa-1,8-
diaminooctanate]zinc(II) monohydrate with the
ZnN,0, coordination core emitting in the blue range
was synthesized and structurally characterized [23,
24]. The OLED devices with the electroluminescent
layer based on this complex are characterized by the
luminosity higher than 750 c¢d/m? and a threshold
switch voltage of 4.5 V.

The zinc(Il) and cadmium(II) complexes with the
tetradentate azomethine ligands, 2- N, N'-bis(2- N-tosyl-
aminobenzal)-3,6-dioxy-1,8-octadiamine and N,N'-
bis(2- N-tosylaminobenzal)-4,9-dioxo-1,12-dodec-
anediamine, having PL properties were synthesized and
structurally characterized [29]. The complexes lumi-
nesce in a dimethylformamide solution in the blue spec-
tral range (Ap; = 425—433 nm) with the PL quantum
yields ¢ = 0.25—0.3.

The search for new photo- and electroluminescent
zinc and cadmium complexes with azomethine
ligands remains to be an important and urgent task.
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This work is devoted to the chemical (CS) and
electrochemical (ECS) syntheses of new zinc(II) and
cadmium(IT) complexes, (Ia) and (Ib), with the tetra-
dentate azomethine ligand, N,N'-bis(2-N-tosylami-
nobenzal)diaminodipropylimine (H,L), having the
PL properties. The replacement of the hydroxy group
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EXPERIMENTAL

2-N-Tosylaminobenzaldehyde was prepared by a
described procedure [30].

Azomethine H,L used for the syntheses of com-
plexes Ia and Ib was synthesized by the condensation
of 2-N-tosylaminobenzaldehyde and diaminodipro-
pylamine.

Synthesis of H,L. Diaminodipropylamine (1.32 g,
0.005 mol) was added to a solution of 2- N-tosylami-
nobenzaldehyde (2.75 g, 0.01 mol) in ethanol
(50 mL). The mixture was stirred at room temperature
for 2 h. A yellow precipitate formed upon cooling was
filtered off and recrystallized from acetonitrile. The
yield of pale yellow crystals of H,L was 79%, mp =
109—110°C

anal. calcd., %: C, 63.23; H, 6.09; N, 10.84.
Found, %: C, 63.31; H, 6.01; N, 10.72.

'H NMR (300 MHz, CDCl,), 6, ppm: 1.85 br.s.
(4H, 2CH,), 2.34s (6H, 2CH,;), 2.56 br.s (4H, 2CH,),
3.47 br.s (4H, 2CH,), 6.99 t 2H, J = 7.5 Hz, C,,_p),
7.18—7.23 m (10H, C,,_y), 7.59 d (2H, J = 8.1 Hz,
Car_p), 7.69 s 2H, C,,_y), 7.72 s (2H, CH=N),
8.21 br.s (1H, NH).

IR, v, cm™": 3334 w (NH), 1630 s (CH=N),
1286 m (as, SO,), 1156 vs (s, SO,). Absorption spec-
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in the aldehyde moiety by the 2- N-tosylamino group
in the azomethine molecule H,L affords respective
metallochelates with the MN, coordination set, which
should undoubtedly affect their structures and PL
properties [26—28].

CH,4 CH,

)}

(CH2)3
~

(CH2)3

N

|
H

I: M = Zn(II) (Ta); Cd(II) (Ib)

trum (CH,Cl,), A, nm (¢, L mol~' cm™!)): 258 sh, 312
(5200).

Synthesis of complexes Ia and Ib by the chemical
method (CS). A solution of zinc acetate dihydrate
(0.219 g, 0.001 mol) in methanol (5 mL) or cadmium
acetate dihydrate (0.266 g, 0.001 mol) in methanol
(5 mL) was added to a solution of H,L (0.64 g,
0.01 mol) in methanol (20 mL). The mixture was
stirred at room temperature for 3 h. A precipitate
formed was filtered off, recrystallized from a metha-
nol—dichloromethane (2 : 1) mixture, and dried in a
vacuum desiccator at 150°C.

Synthesis of complexes Ia and Ib by the electro-
chemical method (ECS). An electrochemical cell with
the platinum cathode and zinc (or cadmium) anode
was filled with a solution of H,L (0.64 g, 0.001 mol) in
acetonitrile (20 mL), and [Et;N]CIO, (0.01 g) was
added as a conducting additive. The electrosynthesis
was carried out at a current strength of 40 mA and a
voltage of 20 V for 1 h at room temperature. A precip-
itate of the complex formed was filtered off, recrystal-
lized from a methanol—dichloromethane (2 : 1) mix-
ture, and dried in a vacuum desiccator at 150°C.

Cathode (Pt): LH, + 2e — L~ + H,.
Anode: (Zn° or Cd°) M — 2e — M?*" (M = Zn, Cd).
Solution: L?>~ + M?* — ML.
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The yields of white crystals of compound Ia were
81% (CS) and 91% (ECS), mp = 291-292°C.
For C34H3;N50,4S,Zn
anal. calcd., %:
Found, %:

C, 57.58; H,5.26; N, 9.87; Zn, 9.22.
(CS) C,57.62; H,5.19; N, 9.80; Zn, 9.32.
(ECS) C, 57.60; H, 5.10; N, 9.90; Zn, 9.30.

'H NMR (300 MHz, CDCl;), &, ppm: 1.93—
1.95 m (4H, 2CH,), 2.24 s (6H, 2CH,;), 3.20—3.31 m
(4H, 2CH,), 3.53—3.55 m (4H, 2CH,), 6.48 s (2H,
Car_p), 6.61—6.63 m (2H, C,,_y), 6.68—6.71 m (2H,
Carn), 6.99 d (4H, J = 8.3 Hz, C,,_), 7.08—7.10 s
(2H, C,,_p), 7.37 d (4H, J = 8.1 Hz, C,,_y), 8.12 s
(2H, CH=N).

IR, v,cm~': 3286 w (NH), 1639 s (CH=N), 1246 s
(as, SO,), 1130 vs (s, SO,). Absorption spectrum
(CH,ClLy), A, nm (g, L mol~' cm™)): 270 sh, 352
(3700).

The yields of white crystals of complex Ib were 58 %
(CS) and 72% (ECS), mp = 284—285°C.

For C34H37N50482Cd
anal. calcd., %:
Found, %:

C, 54.00; H, 4.93; N, 9.26; Cd, 14.86.
(CS) C,54.08; H,4.87; N, 9.28; Cd, 14.91.
(ECS) C, 54.05; H, 4.75; N, 9.20; Cd, 14.95.

'"H NMR (300MHz, CDCl,), 8, ppm: 1.81—1.87 m
(3H, CH,), 2.26 s (3H, CH;), 2.29s (3H, CH;), 2.30—
2.38 m (2H, CH,), 2.53—-2.55 m (1H, CH,), 2.97—
3.08 m (3H, CH,), 3.32—-3.34 m (1H, CH,), 3.55—
3.57 m (1H, CH,), 3.62—3.64 m (1H, CH,), 3.98 s +
d (1H, 3Jcy_y = 18.3 Hz, CH=N), 4.50—4.52 m (1H,
NH), 6.68—6.73 m (2H, C,,_p), 6.95—6.97 m (1H,
Carp), 7.07—7.14 m (7H, C,4,_y), 7.23—7.24 m (1H,
Carn), 743d (1H,J=8.4Hz,C,, ), 8.07t (4H, /=
7.8 Hz, Cu,_yy), 8.18 s + d (1H, 3Jcy_y = 15.4 Hz,
CH=N).

IR, v, cm~": 3347 w (NH), 1637 s (CH=N), 1282 s
(as, SO,), 1127 vs (s, SO,). Absorption spectrum
(CH,Cly), A, nm (¢, L mol~! cm™!): 275 sh, 350
(6500).

C, H, N elemental analyses were carried out on a
Carlo Erba Instruments TCM 480 instrument. The IR
spectra of the samples were recorded on a Varian 3100-
FTIR Excalibur instrument in a range of 4000—
400 cm™! using the attenuated total internal reflec-
tance (ATR) method. 'H NMR spectra were detected
on a VarianUnity 300 spectrometer with a working fre-
quency of 300 MHz in the mode of internal stabiliza-
tion of the 2H polar resonance line in DMSO-d, at
20°C. The absorption spectra of compounds Ia and Ib
were recorded on Varian Cary 100 and Varian Cary 50
spectrophotometers in dichloromethane solutions.
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The X-ray absorption Zn K edge of complex Ia in
the solid state was detected in the transmission mode
on an EXAFS spectrometer of the Structural Materi-
als Science station at the Kurchatov Center of Syn-
chrotron Radiation and Nanotechnologies (Moscow)
[31]. The energy of the electron beam used as an X-ray
synchrotron radiation source was 2.5 GeV at a current
of 80—100 mA. A double crystal Si(111) monochroma-
tor was used for X-ray radiation monochromatization.
The obtained absorption spectrum was processed
using standard procedures of background subtraction,
normalization to the value of the K-edge jump, and
the isolation of atomic absorption L, after which the
Fourier transform of the obtained extended X-ray
absorption fine structure (EXAFS) 7y spectra was per-
formed in the range of wave vectors of photoelectrons
k from 3.0 to 13.0 A~! with the weight function £. The
obtained module Fourier transformant (MFT) was the
pseudoradial distribution of atoms of the nearest coor-
dination spheres around the absorbing zinc atom with
the values of radii of the coordination spheres obtained
with the accuracy to phase corrections. The threshold
ionization energy E, was chosen by the value of the
maximum of the first derivative of the K edge and fur-
ther was varied by fitting. The exact values for param-
eters of the nearest environment of the zinc ions in the
compounds were determined by the nonlinear fitting
of the parameters of the corresponding coordination
spheres comparing the calculated EXAFS signal and
the signal isolated from the full EXAFS spectrum by
the Fourier filtration method. The nonlinear fitting
was performed using the IFFEFIT-1.2.11 program
package [32]. The phases and scattering amplitudes of
the photoelectron wave necessary for the construction
of the model spectrum were calculated using the
FEFF7 program [33] and atomic coordinates of com-
pounds with a similar atomic structure. The goodness-
of-fit O, which was minimized when determining the
parameters of the nearest environment structure, was
calculated by the formula

> e ®) — kx k)]
D [kt e @]’

The quantum-chemical calculations of the opti-
mized geometry of molecules of zinc and cadmium
complexes Ia and Ib in the ground state were per-
formed using the GAUSSIAN-03 program [34] in the
density functional theory (DFT) approximation. The
B3LYP hybrid three-parameter functional [35, 36]
and the 6-31G(d) standard split valence polarization
basis set [37] were chosen for the calculations (the
Lanl.2DZ basis set was chosen for the Cd atom in
complex Ib [38]). This calculation scheme was multi-
ply used for the optimization of molecular structures
of both organic compounds and metal complexes.

0 (%) = x100.

X-ray diffraction analysis for complex Ib was carried
out on an Agilent Technologies Xcalibur E diffractom-
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Table 1. Crystallographic data and experimental and

LYSAKOVA et al.

refinement characteristics for compound Ib

Parameter Value
W 756.21
Crystal size, mm 0.32 < 0.09 x 0.08
Temperature, K 120(2)
Crystal system Monoclinic
Space group P2,/c
a, A 9.3306(5)
b, A 31.4688(18)
¢, A 11.3838(7)
B, deg 95.5863(9)
v, A3 3326.7(3)
Z 4
Pcaled> g/cm3 1.510
i, mm-~! 0.828
F(000) 1552
0 Range, deg 2.22-29.16
Number of measured reflections 27493
Number of independent reflections 8907
Number of reflections with 7364
1>2c6(])
Ranges of reflection indices —10< A< 12,
—43 < k<42,
—15<I< 14
Number of refined parameters 415
R((I>20(])) 0.0387
WwR, (all reflections) 0.1258
GOQOF (all reflections) 1.001
APrax/APimin: €A 1.25/—0.63

eter equipped with a CCD detector and a monochro-
matic radiation source (MoK, radiation, A =
0.71073 A) using the CrysAlisPro standard procedure
[39]. The structure was solved by a direct method and
refined in the full-matrix anisotropic approximation
for all non-hydrogen atoms. The hydrogen atoms in
complex Ib were localized from the difference electron
density syntheses and refined in the isotopic approxi-
mation. The main crystallographic data for complex Ib
and refinement parameters are presented in Table 1.
Selected interatomic distances and bond angles in the
coordination polyhedra of the cadmium atoms in a
molecule of complex Ib are given in Table 2.

All calculations were performed using the
SHELXS-97 program package [40]. The X-ray dif-
fraction data for compound Ib were deposited with the
Cambridge Crystallographic Data Centre (CIF file
CCDC no. 1446393; deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk/data_request/cif).
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RESULTS AND DISCUSSION

Tetradentate azomethine ligand H,L was synthe-
sized by the condensation of methanolic solutions of
2- N-tosylaminobenzaldehyde and diaminodipropyl-
amine in a molar ratio of 2 : 1. Metal complexes Ia and
Ib were obtained using two methods: CS with metal
acetates and ECS by the anodic dissolution of zerova-
lent metals in an acetonitrile solution of azomethine
H,L.

The IR spectrum of H,L exhibits a weakly intense

absorption band at 3334 cm~' caused by stretching
vibrations of the NH groups of the amine moiety and
intense absorption bands at 1630 v(CH=N), 1286
v,(S0,), and 1156 cm™' v(SO,). The absorption
bands of the tosylamine moieties bound by a strong
intramolecular hydrogen bond are not observed in the
IR spectra.

The '"H NMR spectrum of H,L in a CDCL, solu-
tion displays signals at 7.72 ppm from the protons of
the CH=N groups and a broadened signal of the NH
proton of the amine fragment at 8.21 ppm. The signals
of the NH protons of the aldehyde fragments are not
observed in the '"H NMR spectra.

According to the elemental analyses data, com-
plexes Ia and Ib have the ML composition regardless
of the synthesis method. However, the yield of the
complexes synthesized using the ECS is higher by
approximately 10% compared to the CS.

The weak stretching vibration bands at 3342 (Ia)
and 3286 cm~' (Ib) corresponding to V(NH) of the
amine moiety of the ligand are retained in the IR spec-
tra of the complexes. The v(CH=N) absorption band
at 1630 cm™! of the ligand increases insignificantly
from 1639 cm~! for Ia and 1637 cm™! for Ib upon the
formation of complexes Ia and Ib. Significant changes
upon complex formation are observed for the stretch-
ing vibration bands of HL, at 1286 cm~' v,(SO,) and
1156 cm™! v(SO,), which decrease to 1246 (Ia),
1282 cm~! (Ib) v,(SO,) and 1130 (Ia), 1127 cm~! (Ib)
v,(S0O,), respectively.

In the '"H NMR spectra of complexes Ia and Ib,
signals of the protons of the secondary NH groups of
the amine moiety of the ligand are observed at 8.12
(Ia) and 4.50—4.52 ppm (Ib). The signals of protons of
the CH=N groups in complexes Ia and Ib undergo
downfield shifts and are observed at 8.12 (Ia) and
8.18 ppm (Ib).

The atomic structure of complex Ib was deter-
mined by X-ray diffraction analysis. The local atomic
structure of complex Ia was studied by X-ray absorp-
tion spectroscopy from analyses of X-ray absorption
near edge structure (XANES) and EXAFS.

The configuration of the CdL molecule in the
structure of complex Ib is presented in Fig. 1. The
doubly deprotonated organic ligand is coordinated to

No. 11 2016
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Table 2. Selected interatomic distances and bond angles in the coordination polyhedra of the cadmium atoms in a molecule

of complex Ib according to the X-ray diffraction data

Bond d A Bond d A
Cd(1)—N(1) 2.219(2) Cd(1)—N(5) 2.245(2)
Cd(1)—N(2) 2.462(2) Cd(1)—0(1) 2.690(2)
Cd(1)—N(3) 2.486(2) Cd(1)—0(3) 2.580(2)
Cd(1)-N4) 2.284(2)

Angle o, deg Angle , deg
N(1)CA(1)N(5) 146.11(9) N(5)Cd(1)O(3) 58.91(7)
N(1)Cd(1)N4) 107.12(8) N(4)Cd(1)O(3) 139.23(8)
N(5)CA(1)N(4) 81.48(8) N(2)Cd(1)0(3) 132.28(7)
N(1)CA(1)N(2) 84.69(8) N(3)Cd(1)O(3) 78.56(7)
N(5)Cd(1)N(2) 129.17(8) N(4)Cd(1)O(1) 84.31(8)
N(4)Cd(1)N(?2) 79.30(8) N(1)Cd(1)O(1) 57.17(8)
N(1)CA(1)N(3) 80.69(8) N(5)CA(1)O(1) 92.34(8)
N(5)Cd(1)N(3) 117.53(8) N(3)Cd(1)O(1) 131.94(7)
N(4)Cd(1)N(3) 133.72(8) N(2)Cd(1)0(1) 131.42(7)
N(Q2)Cd(1)N(3) 55.60(7) O(3)Cd(1)O(1) 87.77(6)
N(1)Cd(1)O(3) 101.70(7)

the Cd?" ion by five nitrogen atoms: azomethine N(2)
and N(4) atoms, amine N(1) and N(5) atoms, and the
N(2) atom of the diiminodipropylamine fragment
(Table 2). Four six-membered metallocycles undergo
ring closure upon coordination. The coordination
polyhedron of the Cd atom can be described as a
strongly distorted square pyramid the equatorial posi-
tions in which are occupied by the N(1), N(2), N(3),
and N(4) atoms, and the N(5) atom is located in the
apical position. In addition, the coordination to the
Cd atom of the O(1) and O(3) oxygen atoms of the
tosyl groups (Cd—0 2.690(2) and 2.580(2) A, respec-
tively), takes place in the complex, which
increases the coordination number of the Cd** ion to
seven [41—43].

The four-membered metallocycles
Cd(1)N(1)S(1)O(1) and Cd(1)N(5)S(2)O(3) are
nearly planar. The  six-membered chelate
Cd(1)N(4)C(14)C(15)C(20)N(5) (A) is somewhat
distorted because of the shift of the N(5) atom from
the plane of other five atoms by 0.176 A. In two other
six-membered metallocycles,
Cd(1)N(1)C(1)C(6)C(7)N(2) and
Cd(1)N(1)C(1)C(6)C(7)N(3), the N(2) and N(3)
atoms shift from the planes of other five atoms by
1.098 and 1.203 A, respectively. These three metallo-
cycles have a sofa conformation (cycle A is flattened).
One more six-membered chelate,
Cd(1)N(@2)C(8)C(9)C(10)N(3), exists in a chair con-
formation, and the Cd(1) and C(9) atoms shift from
the mean plane of other four atoms by +1.188 and
—0.711 A, respectively.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

The data on the local atomic structure of the zinc
ions in compound Ia were obtained from analyses of
XANES and EXAFS absorption Zn K edge of Ia (it
turned out impossible to grow single crystals of this
complex suitable for X-ray diffraction analysis). The

Fig. 1. Structure of complex Ib in representation of atoms
by atomic shift ellipsoids with 30% probability.

Vol.42 No.11 2016
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Fig. 2. (a) X-ray absorption Zn K edge and (inset) its first derivative and (b) MFT EXAFS for complex Ia: experiment is presented

by solid line, and theory is shown by empty circles.

X-ray absorption Zn K edge and its first derivative for
complex Ia are shown in Fig. 2a. The XANES shape
and especially that of its first derivative consist of a
broadened maximum and is typical of complexes with
the tetrahedral environment of the absorbing atom.
The XANES of Zn K edges of compound Ia almost
has no pre-edge structure because of the completely
filled 3d shell of the zinc atom.

The MFT of EXAFS for complex Ia has the major
peak (r = 1.60 A) unambiguously corresponding to
scattering on the nearest coordination spheres consist-
ing of the nitrogen atoms of the ligands and the peak at
a long distance (» = 2.52 A) corresponding to scatter-
ing on the subsequent coordination spheres (Fig. 2b).

The parameters of the local atomic environment of
the zinc ion in complex Ia obtained for the best model
of the coordination polyhedron with the minimum
function Q = 2.2% (in the fitting range Ar = 1—3 A)
correspond to the tetrahedral environment of four
nitrogen atoms of ligands L2~ at an average distance of
2.05 A. The second MFT peak corresponds to the
coordination sphere consisting of the oxygen and sul-
fur atoms of two tosylamine fragments of the ligands at
distances of 2.85—2.90 A.

The DFT-optimazed interatomic distances and
angles between the bonds for molecules of
compounds Ia and Ib are presented in Table 3. The
distances and angles in a molecule of Ib obtained from
the quantum-chemical calculations correspond well
to the experimental values obtained by X-ray diffrac-
tion analysis. A comparative analysis of the selected
geometric parameters demonstrates that the average
deviation for distances does not exceed 0.02 A (ignor-
ing Cd(1)—N(2) for which the deviation is anoma-
lously high (~0.17A)) and that for angles is not higher
than 3°. For complex Ia, the calculated average dis-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

tance of four nearest bonds Zn—N (2.0569 A) is con-
sistent with the radius of the first coordination sphere
equal to 2.05 A, which was obtained from the X-ray
spectral data for this compound.

The absorption and PL spectra of complexes Ia and
Ib are presented in Fig. 3. A long-wavelength absorp-
tion band at ~350 nm and a shoulder at the slope of the
intense absorbance at 270—275 nm are observed in the
absorption spectra of the complexes in dichlorometh-
ane. The long-wavelength bands undergo a significant
(~40 nm) bathochromic shift compared to a similar
band (312 nm) of azomethine H,L.

To interpret the absorption spectra of complexes Ia
and Ib, we performed the quantum-chemical calcula-
tions of the singlet excited electron states of these mol-
ecules using the time-dependent density functional
theory (TD-DFT) method and taking into account
solvation effects.

The theoretical absorption spectra compared with
experimental ones are shown in Fig. 3. The calculated
wavelengths A, energies of vertical electron transitions
E Dbetween the corresponding molecular orbitals
(MO), contributions of individual electron transi-
tions, and oscillator forces f for complexes Ia and Ib
obtained from the TD-DFT/B3LYP/LANL2DZ cal-
culations are given in Table 4. The calculated bands for
complex Ia coincided with experiment with an accu-
racy to several nm, whereas the theoretical absorption
band of complex Ib is shifted by ~15 nm relative to the
experimental maxima. This shift is likely caused by the
use of the split-valence basis set with the LanL.2DZ
effective potential of the core for the Cd atom.

The data of the TD-DFT calculations for com-
plexes Ia and Ib (Table 4) showed that the long-wave-
length absorption band was due to singlet-singlet elec-
tron transitions among which the HOMO — LUMO
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Table 3. Optimized parameters of the atomic structure for molecules of complexes Ia and Ib

Ia Ib

Bond d,A Bond d,A
Zn(1)—N(1) 2.0082 Cd(1)—N(1) 2.2277
Zn(1)—N(2) 2.6484 Cd(1)—N(2) 2.6279
Zn(1)—N(3) 2.1463 Cd(1)—-N(3) 2.4770
Zn(1)—N(4) 2.0545 Cd(1)—N(4) 2.3081
Zn(1)—N(5) 2.0185 Cd(1)—N(5) 2.2430
Zn(1)—0(1) 2.7222 Cd(1)-0(1) 2.6515
Zn(1)—0(3) 2.7439 Cd(1)-0(3) 2.6130

Angle o, deg Angle , deg
N(1)Zn(1)N(5) 141.55 N(1)Cd(1)N(5) 152.64
N(1)Zn(1)N(4) 105.70 N(1)Cd(1)N(4) 108.93
N(5)Zn(1)N(4) 92.30 N(5)Cd(1)N(4) 81.35
N(1)Zn(1)N(2) 89.02 N(1)Cd(1)N(2) 82.46
N(5)Zn(1)N(2) 128.62 N(5)Cd(1)N(2) 124.88
N(4)Zn(1)N(2) 76.66 N(4)Cd(1)N(2) 77.33
N(1)Zn(1)N(3) 90.23 N(1)Cd(1)N(3) 80.29
N(5)Zn(1)N(3) 103.86 N(5)Cd(1)N(3) 113.20
N(4)Zn(1)N(3) 130.16 N(4)Cd(1)N(3) 129.83
N(@2)Zn(1)N(3) 56.30 N(@2)Cd(1)N(3) 54.50
N(1)Zn(1)O(3) 91.80 N(1)Cd(1)O(3) 99.04
N(5)Zn(1)0(3) 60.08 N(5)Cd(1)0(3) 63.48
N(4)Zn(1)O(3) 149.86 N(4)Cd(1)0(3) 143.31
N(2)Zn(1)O(3) 128.99 N(2)Cd(1)0(3) 130.83
N(3)Zn(1)0O(3) 72.69 N(3)Cd(1)0(3) 77.12
N(4)Zn(1)O(1) 83.50 N(4)Cd(1)0(1) 90.45
N(1)Zn(1)O(1) 60.14 N(1)Cd(1)0(1) 62.54
N(5)Zn(1)O(1) 89.44 N(5)Cd(1)0(1) 92.87
N(3)Zn(1)O(1) 142.08 N(3)Cd(1)0(1) 133.29
N(2)Zn(1)O(1) 137.01 N(2)Cd(1)O0(1) 136.94
0(3)Zn(1)0(1) 84.36 0(3)Cd(1)0O(1) 81.67

and HOMO-1 — LUMO intense transitions with the
highest oscillator force f are determining. As already
established multiply by the analysis of the absorption
spectra of similar zinc and cadmium complexes, the
nature of this band can be interpreted as an interligand
charge transfer caused by the electron transitions from
the m-bonding orbital (HOMO) to the m*-antibonding
orbital (LUMO) of the ligands. As can be seen from
Fig. 4, the HOMO in complexes Ia and Ib has the
maximum contribution of the T component of the MO
of the azomethine fragment of the ligand, as well as the
m*-antibonding part of the LUMO, while the tosyl-
amine fragments do not contribute to the HOMO and
LUMO of the molecules. A set of electron transitions
corresponds to the absorption band at 270—275 nm.
Among these electron transitions, the determining are

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

HOMO-3 - LUMO, HOMO — LUMO+5, and
HOMO-5 — LUMO for complex Iaand HOMO-1 —»
LUMO+1 and HOMO — LUMO+4 for complex Ib.

The photoexcitation of the complexes (A, =
320 nm) induces an emission PL band (A, = 425 nm
(Ta) and Ap; = 433 nm (Ib)), unlike nonluminescent
azomethine compound H,L. The fluorescence exci-
tation spectra coincide well with the corresponding
absorption spectra, indicating that the fluorescence
bands of complexes Ia and Ib were assigned correctly.
The fluorescence of the complexes is characterized by
a high efficiency with the quantum yields ¢ = 0.75 (Ia)
and 0.2 (Ib).

Complexes Ia and Ib are thermally stable, their mp
are higher than 280°C, and they can find use, accord-
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Fig. 3. Absorption and photoluminescence spectra of complexes Ia and Ib (theoretical absorption spectra are shown by dotted

lines).

Table 4. Calculated wavelengths A, energies of vertical electron transitions £ between the corresponding MO, contributions
of individual electron transitions, and oscillator forces f for complexes Ia and Ib obtained from the TD-DFT calculations

Ia Ib
A nm E eV Electron transitions, 7 A nm E eV Electron transitions, 7
’ ’ (contributions**, %) ’ ’ (contributions**, %)
353.01 3512 HOMO — LUMO (85%) 0.06 331.89 374 HOMO — LUMO (52%) 0.08
(352)* ’ HOMO-1 - LUMO (10%) ) (350)* ’ HOMO-1 — LUMO (40%) ’
HOMO-1 — LUMO (79%) HOMO-1 — LUMO (48%)
342.35 3.622 HOMO — LUMO (13%) 0.08 | 326.66 3.80 HOMO — LUMO (47%) 0.05
327.09 3.791 |HOMO-2 — LUMO (92%) 0.03 | 297.93 4.16 HOMO-2 — LUMO (87%) 0.01
273.20 HOMO-1 - LUMO+1 (70%)
270)* 4.5383° | HOMO-3 — LUMO (76%) 0.04 | 289.40 4.28 HOMO-1 — LUMO+2 (22%) 0.02
267.57 HOMO — LUMO++3 (30%)
264.64 | 4.685 | HOMO — LUMO+5 (74%) 0.08 275)* 4.63 HOMO — LUMO-+4 (55%) 0.04
HOMO-5 — LUMO (46%) HOMO-1 — LUMO++6 (33%)
253.63 4.889 |HOMO-4 — LUMO (10%) 0.11 | 251.54 493 |HOMO-4 — LUMO (27%) 0.07
HOMO-1 - LUMO++6 (14%) HOMO-6— LUMO (10%)
HOMO-2 — LUMO++3 (16%) HOMO — LUMO++6 (57%)
237.86 5213 |HOMO — LUMO+6 (34%) 0.18 | 239.32 5.18 HOMO — LUMO++7 (21%) 0.12
HOMO — LUMO++7 (23%)
* Experimental values.
** Only contributions higher than 10%.
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42 No. 11 2016
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LUMO

HOMO

Fig. 4. Isosurfaces of the HOMO and LUMO for complexes Ia and Ib.

ing to their characteristics, as emission layers in the
production of OLED devices.
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