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The effect of the nature of organic ligands and complex formation on the photoluminescent
characteristics (relative quantum yield, excited�state lifetime) and thermal stability of tetraden�
tate Schiff bases (H2L), derivatives of salicylaldehyde (H2(SAL)1, H2(SAL)2), o�vanillin
(H2(MO)1, H2(MO)2) with ethylenediamine and o�phenylenediamine, and their zinc(II) com�
plexes was studied. Zinc(II) complexes were synthesized by the reaction of H2L with
Zn(AcO)2•2H2O in MeOH at room temperature or under reflux. In the case of H2L = H2(SAL)2,
H2(MO)1, H2(MO)2, complexes of the composition ZnL•H2O were isolated irrespective of the
temperature. For H2L = H2(SAL)1, the reaction results in Zn(SAL)1•H2O at room temperature
and in anhydrous dimeric complex [Zn(SAL)1]2 under reflux. Density functional calculations of
H2L and ZnL confirmed that (1) luminescence of these compounds is due to the π—π* transition
between orbitals of the organic ligand and (2) enhancement of conjugation of the chain and
introduction of electron�donating substituents lead to a decrease of the energy gap and, there�
fore, to a bathochromic shift of the emission maximum.
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Transition metal coordination compounds (CC) ex�
hibiting luminescent properties are of interest because they
can be used as electroluminescent (EL) materials for or�
ganic light emitting diodes (OLED).1—5 Determination of
correlations between the composition, structure, and func�
tional properties (luminescence, thermal stability, volatil�
ity, conductivity, etc.) of starting CC underlies the design
of new EL materials. Investigations of the effect of subs�
tituents in organic ligands on the photophysical proper�
ties of complexes have been documented.6—8 Taking
an aluminum(III) complex with 8�oxyquinoline (AlQ3,
λmax = 525 nm) as an example, it was shown that the
introduction of electron�donating substituents to the ben�
zene fragment leads to a bathochromic shift of the emis�
sion maximum and to a hypsochromic shift if the substitu�
ent was introduced into the pyridine fragment. This effect
was explained9 by the change in the band structure. In addi�
tion, many researchers pay attention to the effect of intro�
duction of conjugated benzene rings into CC. π—π Inter�
action between them causes a bathochromic shift of the

emission maximum10,11 and a decrease in the quantum
yield of photoluminescence,12 as well as an increase in
conductivity.13 However, in each case the study of the
effect of the nature of organic ligands on the composition
and functional properties of the CC based on them is
a subject of separate investigation.

Among different classes of zinc(II) CC, which are of
interest as the EL materials, complexes with organic
ligands containing the azomethine C=N bond and a donor
oxygen or nitrogen atom are of special interest because
these systems exhibit intense luminescence in the blue re�
gion of the visible spectrum.1,4,14—16 Interest in the search
for new sources of blue luminescence is due to the fact that
efficient EL materials, i.e., red and green luminophores,
are already found among CC and used in OLED, whereas
blue luminophores of comparable efficiency have not been
found so far.3—5 Luminescent properties of zinc(II) com�
plexes are determined only by the organic ligand because
the d�shell of the central ion is completely filled. In addi�
tion, the nature of organic ligands in CC considerably in�
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fluences the packing of molecules in the crystal struc�
ture and the formation of intermolecular contacts,17,18

which also affect the luminescent properties. This enables
targeted variation of the functional properties of zinc(II)
CC by the introducing different substituents into organic
ligands.

In the present work, we study the effect of conjuga�
tion enhancement by replacement of the ethylenedi�
amine bridge with the o�phenylenediamine one (in the
pairs H2(SAL)1—H2(SAL)2, H2(MO)1—H2(MO)2) and
by introduction of electron�donating substituents (in parti�
cular, methoxy group at position 1,1´ in the pairs
H2(SAL)1—H2(MO)1, H2(SAL)2—H2(MO)2) on the pho�
toluminescent and thermal properties of Schiff bases (H2L)
and zinc(II) complexes (ZnL•H2O).

R R´ L
—CH2—CH2— H (SAL)1

H (SAL)2

—CH2—CH2— OMe (MO)1

OMe (MO)2

The influence of the ligand nature on the topology of
the frontier orbitals and their position on the energy scale
was evaluated and theoretical modeling of the systems H2L
and ZnL in the framework of the DFT approach was per�
formed.

Experimental

Starting compounds Zn(AcO)2•2H2O (chemically pure
grade), ethylenediamine (chemically pure grade), o�phenylene�
diamine (chemically pure grade), o�vanillin (Aldrich), methanol
(Aldrich), benzene (chemically pure grade) were used without
additional purification. Salicylaldehyde (pure grade) was puri�
fied by distillation in vacuo (b.p. 93 °C, 25 Torr).

Synthesis of Schiff bases was carried out according to a stan�
dard procedure19 by the reaction of an aldehyde (2•10–3 mol)
and the corresponding diamine (1•10–3 mol) in benzene. The
yields were ~90—95%.

Synthesis of zinc(II) complexes.20,21 Reactions of solutions of
zinc(II) acetate (1•10–3 mol) and a Schiff base (1•10–3 mol) in
MeOH at room temperature and under reflux led to precipitation
of corresponding zinc(II) complexes. For more complete precip�
itation, the reaction mixtures were cooled to 5 °C. The precipi�
tates were isolated by filtration. The yields were ~70%.

The percentage of carbon, hydrogen, and nitrogen was deter�
mined by elemental microanalysis on a C,H,N�analyzer at the
Center for Pharmaceutical Chemistry of the All�Russian Chem�
ical and Pharmaceutical Research Institute (CPC�ARCPRI).

IR spectra of the complexes were recorded on a Perkin—
Elmer FT�IR�1600 spectrometer in the region 4000—400 cm–1

(samples were suspended in Nujol and hexachlorobutadiene).
1H NMR spectra were recorded on a Bruker Avance�400

spectrometer (400 MHz).
Mass spectra (EI) of zinc(II) complexes were recorded on a

SSQ�710 instrument (Finigan MAT, USA) at CPC�ARCPRI.
X�Ray phase analysis of powdered complexes was performed

on a STADI/IP diffractometer (Cu�Kα irradiation). Calcula�
tions of theoretical X�ray patterns, as well as indexing were per�
formed using the STOE WinXPOW 1.04 program package.*

Thermal analysis was carried out on a Q�1500 derivatograph
in the temperature range 20—700 °C under nitrogen atmosphere
(sample weight 0.05—0.1 g,  heating rate ~10 °C min–1).

Photoluminescence spectra of solid samples of the Schiff
bases and zinc(II) complexes were measured on an Ocean Optics
S2000 multichannel spectrometer (an LGI�21 nitrogen laser as
the source of photoexcitation; λexc = 337 nm) at 25 °C and at the
temperature of liquid nitrogen (–196 °C). A correction for the
instrument function was made for all the photoluminescence
spectra. The relative quantum yield of photoluminescence (ϕrel)
was calculated according to Ref. 22. The accuracy in the deter�
mination of ϕrel was ±10%.

Excited�state lifetimes (τobs) were measured on a Model 199s
fluorescent spectrometer (Edinburgh Instruments Ltd.) using
a nitrogen gas�discharge lamp (λexc = 337 nm, τ = 3 ns) and
averaged at least over three independent measurements. The
luminescence decay curves were recorded at a wavelength corre�
sponding to the maximum intensity of the sample photolumines�
cence. To calculate the luminescence decay times for the sam�
ples under study, the experimental decay curves were deconvo�
luted with allowance for the decay time of the nitrogen gas�
discharge lamp. All the decay curves were fitted by monoexpo�
nential functions.

Theoretical modeling was accomplished in the framework of
the DFT approach using the B3LYP exchange�correlation po�
tential23. Zinc(II) ions were described using the Hay—Wadt ef�
fective core potential and the basis set LANL2DZ.24 For the
atoms of organic ligands, the standard split�valence basis sets
6�311G augmented with polarization d�functions for the non�
hydrogen atoms and p�functions for the hydrogen atoms
(6�311G(d,p)) were used. Full geometry optimization of enol—
enol tautomers of the Schiff bases and zinc complexes corre�
sponding to the minima on the potential energy surface (PES)
was conducted until a gradient of 10–5 at.u. assuming the point
symmetry group C2. In the case of enol—keto forms of organic
molecules, no symmetry restrictions were imposed (point sym�
metry group C1). The spin multiplicities of the Schiff bases and
zinc(II) complexes were set equal to 1. The absence of calculated
imaginary harmonic vibrational frequencies suggests that the op�
timized structures correspond to the energy minima on the cor�
responding PES. All calculations were carried out using the PC
GAMESS program package.** Despite the fact that theoretical

* http://www.stoe.com
** A. A. Granovsky, URL http://lcc.chem.msu.ru/gran/gamess/
index.html
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modeling was performed in the isolated molecule approxima�
tion ignoring the effect of the aggregation state or solvent,
the qualitative estimation of changes in the series of same�
type compounds is justified, as well as the analysis of the na�
ture of transitions. For visualization (isosurfaces with an in�
crement of 0.035 a.u.) and analysis of the molecular orbitals
(MO) of the systems under study, the ChemCraft program*
was used.

N,N´�Ethylene�bis(salicylidenediamine) H2(SAL)1. Found (%):
C, 71.4; H, 5.9; N, 10.4. C16H16N2O2. Calculated (%): C, 71.6;
H, 5.9; N, 10.5. IR, ν/cm–1: 3052, 3010, 2956, 2930, 2900, 2870
(ν(C—H) + (N—H)); 1636 (ν(C=N)); 1577, 858, 775, 742, 648,
562, 473 (Ar ring vibrations); 1372, 1284 (δ(O—H)); 1200, 1150,
1042, 1021 (ν(C—O)). 1H NMR (CDCl3/Me4Si), δ: 13.20 (s, 2 H);
8.33, 7.29, 7.21, 6.93, 6.84 (all s, 2 H each); 3.90 (s, 4 H).

N,N´�(o�Phenylene)�bis(salicylidenediamine) H2(SAL)2.
Found (%): C, 75.7; H, 5.1; N, 9.0. C20H16N2O2. Calculated
(%): C, 75.9; H, 5.1; N, 8.9. IR, ν/cm–1: 3053, 2988, 2927, 2855,
2712 (ν(C—H) + ν(N—H)); 1612 (ν(C=N)); 1562, 831, 761,
640, 581, 512 (Ar ring vibrations); 1362, 1277 (δ(O—H)); 1192,
1150, 1044, 1028 (ν(C—O)). 1H NMR (CDCl3/Me4Si), δ: 13.05,
8.59, 7.34, 7.33, 7.30, 7.19, 7.03, 6.89 (all s, 2 H each).

N,N´�Ethylene�bis(3�methoxysalicylidenediamine) H2(MO)1.
Found (%): C, 65.6; H, 6.3; N, 8.6. C18H20N2O4. Calculat�
ed (%): C, 65.9; H, 6.1; N, 8.5. IR, ν/cm–1: 3087, 3006, 2932,
2915, 2841, 2585 (ν(C—H) + ν(N—H)); 1633 (ν(C=N)); 837,
792, 731, 621 (Ar ring vibrations); 1324, 1250, 1081, 1048,
1010 (δ(O—H)); 1190, 1170, 1132 (ν(C—O)). 1H NMR
(CDCl3/Me4Si), δ: 13.59, 8.33, 6.91, 6.85, 6.79 (all s, 2 H each);
3.96 (s, 4 H); 3.89 (s, 6 H).

N,N´�(o�Phenylene)�bis(3�methoxysalicylidenediamine)
H2(MO)2. Found (%): C, 69.7; H, 5.8; N, 8.2. C22H20N2O4.
Calculated (%): C, 70.2; H, 5.3; N, 7.5. IR, ν/cm–1: 3464, 3369,
3058, 3014, 2955, 2925, 2837 (ν(C—H) + ν(N—H)); 1613
(ν(C=N)); 736, 648, 584, 539 (Ar ring vibrations); 1400, 1378,
1366, 1324, 1246 (δ(O—H)); 1205, 1094, 1040 (ν(C—O)).
1H NMR (CDCl3/Me4Si), δ: 13.20, 8.62, 7.34, 7.23, 7.11, 7.02,
6.88 (all s, 2 H each); 3.91 (d, 6 H).

Zinc(II) [N,N´�ethylene�bis(salicylidenediamine)] monohy�
drate Zn(SAL)1•H2O. Found (%): C, 54.8; H, 4.7; N, 8.1.
C16H16N2O3Zn. Calculated (%): C, 54.9; H, 4.6; N, 8.0. IR,
ν/cm–1: 3046, 3018, 2950, 2922, 2930, 2900, 2870 (ν(C—H));
1654, 1634 (ν(C=N) + δ(O—H)H2O); 1596, 1550, 1530, 1514,
860, 850, 744, 740, 634, 608, 572 (Ar ring vibrations); 1184,
1142, 1124, 1090 (ν(C—O)); 3300—2900 (ν(O—H)H2O). MS,
m/z: 330 [Zn(SAL)1 – H+]+.

Zinc(II) [bis�(N,N´�ethylene�bis(salicylidenediamine)]
[Zn(SAL)1]2. Found (%): C, 58.5; H, 4.7; N, 8.5. C32H28N4O4Zn2.
Calculated (%): C, 57.9; H, 4.2; N, 8.5. IR, ν/cm–1: 2898, 2846
(ν(C—H)); 1530, 1540 (ν(C=N)); 1436, 946, 860, 734 (Ar ring
vibrations); 1184, 1130, 1125, 1090 (ν(C—O)). MS, m/z: 330
[Zn(SAL)1 – H+]+.

Zinc(II) [N,N´�(o�phenylene)�bis(salicylidenediamine)] mono�
hydrate Zn(SAL)2•H2O. Found (%): C, 60.2; H, 4.2; N, 7.1.
C20H16N2O3Zn. Calculated (%): C, 60.5; H, 4.0; N, 7.1. IR,
ν/cm–1: 2920, 2820, 2898 (ν(C—H)); 1614 (ν(C=N) +
δ(O—H)H2O); 1586, 1530, 854, 800, 748, 602, 552 (Ar ring vi�
brations); 1170, 1152, 1126, 1034 (ν(C—O)); 3400—2800
(ν(O—H)H2O). MS, m/z: 378 [Zn(SAL)2 – H+]+.

Zinc(II) [N,N´�ethylene�bis(3�methoxysalicylidenediamine)]
monohydrate Zn(MO)1•H2O. Found (%): C, 52.5; H, 5.0; N, 6.8.
C18H20N2O5Zn. Calculated (%): C, 52.8; H, 4.9; N, 6.9. IR,
ν/cm–1: 3056, 3010, 2948, 2896, 2828 (ν(C—H)); 1660, 1644
(ν(C=N) + δ(O—H)H2O); 1600, 1546, 856, 726, 638, 584,
552 (Ar ring vibrations); 1170, 1102, 1070, 1044 (ν(C—O));
3400—3000 (ν(O—H)H2O). MS, m/z: 390 [Zn(MO)1 – H+]+.

Zinc(II) [N,N´�(o�phenylene)�bis(3�methoxysalicylidenedi�
amine)] monohydrate Zn(MO)2•H2O. Found (%): C, 57.5;
H, 4.6; N, 6.2. C22H20N2O5Zn. Calculated (%): C, 57.8; H, 4.4;
N, 6.1. IR, ν/cm–1: 3046, 2924, 2810 (ν(C—H)); 1690,
1614 (ν(C=N) + δ(O—H)H2O); 1586, 1540, 862, 788, 738,
584, 560 (Ar ring vibrations); 1192, 1106, 1074, 1048
(ν(C—O)); 3600—3000 (ν(O—H)H2O). MS, m/z: 438
[Zn(MO)2 – H+]+.

Results and Discussion

Synthesis and characterization. The Schiff bases
H2L = H2(SAL)1, H2(SAL)2, H2(MO)1, and H2(MO)2

studied in the present work were obtained following stan�
dard procedures19 in high yields (~90%). The composition
H2L was confirmed by elemental analysis, IR spectrosco�
py, and 1H NMR spectroscopy. The IR spectra exhibit
the characteristic bands of the ν(C=N) (in the region
1640—1610 cm–1), ν(O—H) (1400—1000 cm–1), aromat�
ic ring, ν(C—H) and ν(N—H) (3100—2500 cm–1) vibra�
tions. The appearance of the ν(N—H) absorption bands in
the IR spectra and the presence of singlet signals at
δ ~8.33—8.62 in the 1H NMR spectra confirm the forma�
tion of hydrogen bonds O—H...N=C between the hydrox�
yl hydrogen and the nitrogen atom.25,26

Zinc(II) complexes were obtained by reactions of
zinc(II) acetate solution with corresponding Schiff base in
methanol at room temperature or on heating:

Zn(AcO)2•2H2O + H2L → ZnL•nH2O. (1)

In the case of H2L = H2(SAL)2, H2(MO)1, and
H2(MO)2, the composition of the products of reaction (1)
is independent of temperature and the ZnL•H2O com�
plexes are isolated. For H2L = H2(SAL)1, reaction (1) at
room temperature results in Zn(SAL)1•H2O, whereas an
anhydrous complex [Zn(SAL)1]2 is formed under reflux.
The IR spectra of the zinc complexes exhibit the cha�
racteristic absorption bands of the ν(C—H), ν(C=N),
ν(C—O) stretching vibrations, and the aromatic ring vi�
brations. The presence of water molecules in the com�
pounds ZnL•H2O is indicated by a broad O—H stretching
absorption band in the region 3500—3200 cm–1, which is
absent in the IR spectrum of [Zn(SAL)1]2. The X�ray data
for Zn(SAL)1•H2O and [Zn(SAL)1]2 were reported earli�
er.27,28 For the products formed in the reaction of zinc(II)
acetate with H(SAL)1, a comparison was made of the the�
oretical diffraction patterns calculated from the data of
X�ray analysis for Zn(SAL)1•H2O and [Zn(SAL)1]2 with* http://www.chemcraftprog.com
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the experimental diffraction patterns of the complexes iso�
lated (Fig. 1). For instance, the diffraction pattern of the
product of the room�temperature reaction (1) matches
the theoretically calculated pattern for Zn(SAL)1•H2O,
whereas the diffraction pattern of the compound obtained
under reflux matches that calculated for the dimer com�
plex [Zn(SAL)1]2.

Thermal analysis. Thermal stability is an important
characteristic of the compounds to be used as the EL ma�
terials.2,3,29 Usually, it is experimentally determined from
the weight loss curves. The thermal stability is often char�
acterized by the temperature of the onset of weight loss.
Thermal analysis was carried out for the Schiff bases and
zinc(II) complexes (Fig. 2). The weight loss curves of H2L
have two portions, the total weight loss is 100%, and
the temperatures of the onset of weight loss decrease in the
order H2(MO)2 (250 °C) > H2(MO)1 (210 °C) > H2(SAL)2

(160 °C) > H2(SAL)1 (100 °C).

For ZnL•H2O (see Fig. 2) in the temperature range
20—150 °C, is characterized by slow weight loss corre�
sponding to elimination of water molecules. The tempe�
rature, at which the second stage of weight loss be�
gins, decreases in the order Zn(SAL)1•H2O (320 °C) >
Zn(SAL)2•H2O (290 °C) > Zn(MO)2•H2O (230 °C) ≅
Zn(MO)1•H2O (225 °C). For [Zn(SAL)1]2, the stage
of slow weight loss is absent and transformations begin
at ~320 °C.

Photoluminescent properties. All the Schiff bases and
zinc(II) complexes based on them studied in the present
work emit in the visible region on the UV excitation
(Fig. 3). The position of emission maximum, the quantum
yield of luminescence, and the excited�state lifetime de�
pend on the structure of CC and the nature of the organic
ligand. The photoluminescence spectra of H2L and zinc(II)
complexes recorded at the temperature of liquid nitrogen
exhibit a hypsochromic shift and a splitting of the emission

Fig. 1. Experimental (1) and theoretically calculated (2) X�ray diffraction patterns of Zn(SAL)1•H2O (a) and [Zn(SAL)1]2 (b).
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Fig. 2. Weight loss curves of the Schiff bases (a) and zinc(II) complexes (b) under nitrogen atmosphere: a: H2(SAL)1 (1), H2(SAL)2 (2),
H2(MO)1 (3), and H2(MO)2 (4); b: [Zn(SAL)1]2 (1), Zn(SAL)1•H2O (2), Zn(SAL)2•H2O (3), Zn(MO)1 (4), and Zn(MO)2 (5).
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band into several components compared to the spectra
recorded at 25 °C (see Fig. 3).

The results of theoretical modeling and analysis of the
molecular orbitals (Figs 4 and 5) and the published30,31 data
showed that the broad band in the photoluminescence
spectra of the Schiff bases is due to the energy transfer
between the highest occupied (HOMO) and the lowest
unoccupied (LUMO) MO, the HOMO and LUMO main�
ly being π�bonding and π*�antibonding in character, re�
spectively. Therefore, this band can be assigned to the
π→π*�transition. In addition, photoinduced proton trans�
fer is  characteristic of excited Schiff base molecules.32—38

The absorption of a light quantum results in transfer of
a proton in the enol—enol structure of the starting Schiff
base (Scheme 1, A) to form the enol—keto tautomer
(see Scheme 1, B). The HOMO of the Schiff base in the
enol—keto form (B) is mainly localized on the fragment
containing the NH group (see Fig. 4). On going from the
form A to B (see Scheme 1), the HOMO is split into two

orbitals with close energies, which are localized on differ�
ent fragments (enol and ketone) takes place; this leads
to narrowing of the energy gap between the HOMO
and LUMO (Fig. 6). Photoluminescence of the zinc(II)
complexes is also due to energy transfer between
the HOMO and LUMO of the deprotonated ligands with
the HOMO mainly being π�bonding in character and
the LUMO mainly being π*�antibonding in character.
To sum up, the luminescence is caused by the π→π*�tran�
sition between the ligand orbitals (ligand�to�ligand charge
transfer).

Analysis of published data8,30,31,39—41 showed that both
conjugation enhancement and the introduction of elec�
tron�donating substituents should lead to a considerable
decrease in the energy difference between the HOMO and
LUMO. This is confirmed by the results of theoretical
modeling with evaluation of the frontier orbital ener�
gies (see Fig. 6), viz., a replacement of the ethylenedi�
amine bridge by the o�phenylenediamine one in the pairs
H2(SAL)1—H2(SAL)2, and H2(MO)1—H2(MO)2, as
well as introduction of the electron�donating meth�
oxy groups in the pairs H2(SAL)1—H2(MO)1, and
H2(SAL)2—H2(MO)2. A similar decrease in the energy
difference between the frontier orbitals under the action of
these two factors can be also observed for the zinc(II) com�
plexes (Fig. 7) becausee their energy band structures are
mainly determined by the organic ligands. The theoreti�
cally calculated changes in positions of the HOMO and
LUMO on conjugation enhancement and introduction of
electron�donating groups agrees with the experimental
data, namely, the photoluminescence spectra of H2L and
ZnL•H2O exhibit a bathochromic shift of the emission
band maximum (see Fig. 3, Table 1).

It is known that deprotonation of organic ligands and
complexation with d10�metals also considerably decrease

Fig. 3. Photoluminescence spectra of the Schiff bases (a) and the zinc(II) complexes (b) at –196 (solid lines) and 25 °C (dashed lines);
solid samples; λexc = 337 nm.
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Fig. 4. The highest occupied (a—h) and lowest unoccupied (i—p) molecular orbitals of the Schiff bases H2(SAL)1 (a, b, i, j), H2(SAL)2

(c, d, k, l), H2(MO)1 (e, f, m, n), H2(MO)2 (g, h, o, p) in the enol—enol tautomeric forms (a, c, e, g, i, k, m, o) and in the enol—keto
forms (b, d, f, h, j, l, n, p) (obtained from B3LYP/6�311G(d,p) calculations).
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the energy gap between the HOMO and LUMO. The re�
sults of theoretical modeling and comparison of the fron�
tier orbital energies of the Schiff bases in the initial
enol—enol form (A), and the zinc(II) complexes confirm
this regularity (see Fig. 6 and 7). Therefore, the photolu�
minescence spectra of the zinc(II) complexes should ex�
hibit a bathochromic shift of the emission maximum rela�
tive to the spectra of the starting ligands. However, analy�
sis of the experimental data revealed the opposite effect
(see Table 1, Fig. 3). Analogous violations of regularities
have been documented42,43 and explained by the intramo�
lecular proton transfer in the excited molecule of the start�
ing Schiff base (Fig. 8). This leads to the bathochromic
shift of the H2L photoluminescence maximum. Complex�

Fig. 5. The highest occupied (a—d) and lowest unoccupied (e—h) molecular orbitals of the zinc(II) complexes with Schiff bases
Zn(SAL)1 (a, e), Zn(SAL)2 (b, f), Zn(MO)1 (c, g), and Zn(MO)2 (d, h) (obtained from B3LYP/LANL2DZ/6�311G(d,p) calculations).

Table 1. Photoluminescence characteristics of the Schiff
bases and zinc(II) complexes

Compound λmax/nm ϕrel/rel. units τobs/ns

H2(SAL)1 501 0.04 0.9
H2(SAL)2 564 1.00 2.2
H2(MO)1 571 0.01 0.4
H2(MO)2 597 0.06 0.7
Zn(SAL)1•H2O 436 0.69 2.0
[Zn(SAL)1]2 540 0.11 1.5
Zn(SAL)2•H2O 538 0.10 0.1
Zn(MO)1•H2O 457 0.21 1.2
Zn(MO)2•H2O 570 0.03 0.2
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f
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ation is accompanied by transformations of these tauto�
meric forms and, as a consequence, by a hypsochromic
shift of the emission maximum in the photoluminescence
spectra of the zinc(II) complexes compared to the starting
Schiff bases.

Taking the zinc(II) complexes with H2(SAL)1 as an
example, one can determine how their composition and
structure affect the photoluminescent properties. For in�
stance, the formation of the dimeric complex [Zn(SAL)1]2
causes a bathochromic shift of the emission maximum
compared to Zn(SAL)1•H2O and the starting H2(SAL)1

(see Table 1, Fig. 3). The change in positions of the emis�
sion maxima of Zn(SAL)1•H2O and [Zn(SAL)1]2 is ex�
plained by different electronic structures of these com�
pounds due to the differences in the crystal structures.27,28

In both complexes, the coordination polyhedron of the

zinc(II) ion is a distorted square pyramid; however, this is
due to coordination of the water molecules in the first case
and to coordination of the oxygen atom of the neighboring
molecule and dimer formation in the second case. The
decrease in the gap width Δ(HOMO—LUMO) and the
bathochromic shift of the emission maximum in the pho�
toluminescence spectra are apparently caused by the for�
mation of binuclear clusters in the case of [Zn(SAL)1]2
and, as a consequence, by the change in the MO structures
and the nature of transitions. In particular, from the re�
sults of theoretical modeling of cluster compounds of
d10�metals with hydroxy/oxy bridges it follows that the
HOMO is still the π�bonding orbital of the ligand, whereas
the LUMO is the σ*�antibonding orbital, which is mainly
due to the formation of the metal—oxygen bond and is
localized on the metal center.5,44 Thus, in the case of
[Zn(SAL)1]2 one likely deals with the change in the nature
of the energy transition, inducing the photoluminescence.
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Here, the emission is due to the charge transfer from the
ligand π�orbital to the 5s�orbital of the zinc(II) ion.

Analysis of the relative quantum yields and photolumi�
nescence decay times (see Table 1) revealed no regular
effect of the modification of organic ligands and complex�
ation; only certain trends can be mentioned. For instance,
the introduction of a methoxy group leads to a decrease
in the relative quantum yields and the excited�state life�
times of both H2L and ZnL•H2O, whereas replacement of
the ethylenediamine bridge by the o�phenylenediamine one
causes ϕrel and τobs to increase for the Schiff bases, but to
decrease for the zinc(II) complexes. Among the H2L com�
pounds studied, the highest relative quantum yield was
observed for H2(SAL)2 derived from o�phenylenediamine
and salicylaldehyde. A strong photoluminescence quench�
ing and decrease in the photoluminescence decay time
observed for the ethylenediamine and o�vanillin derivative
(H2(MO)1) is probably due to the π—π�stacking in the
structure of this compound.45,46 The complexation with
zinc(II) leads to the increase in ϕrel and τobs for the ethyl�
enediamine derivatives H2(SAL)1 and H2(MO)1, whereas
a decrease in these values is observed for the o�phenylene�
diamine derivatives H2(SAL)2 and H2(MO)2.

In conclusion, we have studied the effect of conjuga�
tion enhancement, introduction of electron�donating sub�
stituent, and complexation on the photoluminescent and
thermal properties of tetradentate Schiff bases (H2L), sa�
licylaldehyde and o�vanillin derivatives H2(SAL)1,
H2(SAL)2, H2(MO)1, and H2(MO)2, and the correspond�
ing zinc(II) complexes. Peculiarities of the synthesis of the
zinc(II) complexes with Schiff bases have been considered.
Explanation of changes in the relative quantum yields and
the luminescence decay times of the modified Schiff bases
and complexes requires more detailed investigations in�
volving recording of time resolved spectra, theoretical
modeling of excited states of molecules, determination of
the crystal structure of each compound, etc. Nevertheless,
the results obtained in this study allow the zinc(II) com�
plexes obtained to be recommended as EL materials for
the design of OLED with allowance for their thermal sta�
bility and photoluminescent properties.
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