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NEW IMMOBILIZED SCHIFF BASES
Synthesis, complexation, characterization and thermal behaviors
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In this study, three new immobilized Schiff bases and their Co(Il), Cu(Il) and Ni(Il) metal complexes have been prepared. The lig-
ands silica-Si[N-(3-propyl)2,4-dihydroxybenzaldimine] (1) H,L, silica-Si[N-(3-propyl)4-methylsalicylaldimine-3-methoxy] (2)
HL and silica-Si[N-(3-propyl)2-pyridinecarboxyaldimine] (3) L have bidentate characters. Therefore, the complexes are the mono-
nuclear. Ligands and metal complexes were characterized by FTIR, AAS and thermoanalytical techniques. On the basis of
analytical data and IR studies, a 1:1 metal to ligand stoichiometry has been suggested. TG and DTA results showed that these
ligands and complexes had good thermal stability. The heat capacities of ligands were reported in the temperature range 273-363 K

as no thermal anomaly was found in this temperature range.
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Introduction

The Schiff base compounds constitute an important
class of ligands which have been extensively studied
in coordination chemistry mainly due to their facile
synthesis and easily tunable steric, electronic and
catalytic properties. They are also useful in constructing
supramolecular structures [1-3]. The first Schiff base
metal complexes were already prepared and described
in the literature by Schiff in 1864 [4-6].
The characterization of Schiff bases with a N,O,
donor atom set has been done extensively by the
scientific community, due to their relevance in biological
activity and, more recently, by their applications on
catalysis [7]. DTA and TG were used to study the
modes of thermal decompositions as well as the
composition of some divalent copper, cobalt and nickel
complexes of Schiff bases [8]. The metal complexes
with the Schiff base as ligands have been playing an
important part in the development of inorganic chemistry
as a whole [9, 10].

Since 1992, mesoporous materials have been
extensively studied due to their promise for practical
applications, for example catalytic, optical, electronic
and so on [11]. Modified silica exhibits some
advantages over modified resins such as high surface
areas, high thermal and chemical stability. Salen
complexes have been immobilized on silica via three
different approaches [12].

Two distinct approaches of immobilization of
metal catalytic centers on solid supports are well known.
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The first one involves the use of organic polymeric
structure such as polystyrene and usually a monomer
is covalently linked to the ligand used for the poly-
merization, and which gives a polymer with ligand
sites as regular blocks. Another approach of immo-
bilization involves the use of inorganic supports. For
example, organofunctionalization of the hydroxy
groups on silica or alumina surface by reacting with
(3-aminopropyl)triethoxysilane has been used to anchor
the ligands [13]. The success of the immobilization of
functional groups on silica supports is mainly due to
attachment of a silylant agent containing trialkoxysilyl
groups, which are chemically reactive toward the free
silanol groups disposed on the active surface [14].
Aminosilanes [(ArNH),SiPh;] could serve as
very useful chelating ligands in this regard and may
have a marked influence in the activity of the
resulting complex due to the presence of silicon
centers adjacent to the ligating nitrogen atoms [15].
Silanes are organofunctional hybrid organic—
inorganic chemicals, historically used as coupling
agents for adhesion between organic and inorganic
materials, such as glass fiber-reinforced polymeric
composites [16—18]. A general silane structure is
(XO)3Si(cmp), Y XO, with a hydrolysable alkoxy
group which can be methoxy (OCHj;), ethoxy (OC,Hs)
or acetoxy (OCOCH;). Y is an organofunctional group
such as vinyl (C=C) or amino (NH,) which is
responsible for a good paint adhesion of a silane-treated
metal surface [19]. Chemically bonded stationary
phases containing amino groups in their structure are
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Fig. 1 The proposed structure of immobilized Schiff base ligands

known since the 1970s. Haken et al. [20-23] were
one of the first groups to prepare and test them. They
concluded that polysiloxanes with an ethylenediamine
moiety with both primary and secondary amino groups
in their structure can be used to effectively extract
aldehydes, lactones and most ketones by chemical
reactions with carbonyl compounds through the
formation of carbon-nitrogen double bonds. The strong
interactions also occur in the case of alcohols [24].

This article describes the syntheses, characterization
and thermal properties of
silica-Si[N-(3-propyl)2,4-dihydroxybenzaldimine] (1)
H,L, silica-Si[N-(3-propyl)4-methylsalicylaldimine
3-methoxy] (2) HL and
silica-Si[N-(3-propyl)2-pyridinecarboxyaldimine] (3)
L and their three transition metal complexes (Fig. 2).
The ligands in this study were synthesized by the
reaction of 2,4-dihydroxybenzaldehyde, o-vanillin
and 2-pyridinecarboxaldehyde with immobilized
3-aminopropyltrimethoxysilane, respectively (Fig. 1).
The analytical data shows that the metal to ligand
ratio in the Schiff base complexes is 1:1.

Experimental
Materials

Synthesis of 3-aminopropylsilica

A sample of 20 g of activated silica gel (Kiesegel 60)
was suspended in 100 mL of dry toluene and 20 mL of
3-aminopropyltrimethoxysilane (Fluka) was added to
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this suspension. The mixture was refluxed for 72 h.
The suspension filtered and the solid was washed
with water. The product was named aminopropyl
silica (AMPS) and dried in air at 95°C [25].

Synthesis of silica-Si[N-(3-propyl)2,4-dihydroxy-
benzaldimine] L'H (1)

The oven dried aminopropyl silica (5 g) was added to
absolute ethanol (100 mL) in a 250 round bottomed
flask followed by 2,4-dihydroxybenzaldehyde (Fluka)
(0.69 g, 5 mmol). The reaction mixture was stirred at
60°C for 24 h. The ligand grafted silica was filtered at
the reaction temperature and washed with ethanol
thoroughly to remove unreacted
2,4-dihydroxybenzaldehyde. The pale orange product
was dried in air at 95°C overnight. Yield: 2.22 g, m.p.:
>250°C (dec.).

Synthesis of silica-Si[N-(3-propyl)4-methylsalicyl-
aldimine] L°H (2)

o-Vanillin (Fluka) (0.76 g, 5 mmol) dissolved in EtOH
(10 mL) was carefully added with stirring to a suspension
of AMPS (5 g) in EtOH (100 mL). The bright yellow
resulting mixture was allowed to stir magnetically
under reflux for 24 h. The resulting precipitate was
filtered, washed with cold EtOH dried in air. Yield:
2.53 g, m.p.: >250°C (dec.).

Synthesis of silica-Si[N-(3-propyl)2-pyridine-
carboxyaldimine] L*H (2)

2-Pyridinecarboxaldehyde (Fluka) (0.54 g, 5 mmol)
and the 100 mL suspension of AMPS (5 g) were
stirred until a beige precipitate appeared. Stirring was
continued for 24 h and then the yellow powder was
collected by vacuum filtration and dried overnight in
air. Yield: 2.73 g, m.p.: >250°C (dec.).

Synthesis of the metal complexes

The Co(II), Cu(Il) and Ni(II) complexes of immobilized
Schiff base ligands were prepared according to
method [26].

The complexes were prepared by stirring mixture
of appropriate ligand-grafted silica (Schiff base) (4 g)
and metal acetates [Co(AcO),4H,0, Cu(AcO),-H,O
and Ni(AcO),4H,0)] (Merck) (0.5 mmol) in acetone
(100 mL) at room temperature for 24 h. After stirring,
complexes were filtered, washed with acetone till
washings were colorless. They were dried in air at
95°C overnight and then conditioned for a total of
27 h (3%3 each refluxing in toluene and ethanol). The
complexes were dried at 70°C in a vacuum oven for
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Fig. 2 The proposed structures of the immobilized Schiff
base complexes. M=Cu(Il), Co(II) and Ni(II)

4 h before analyses. The probable structures of
complexes are shown in Fig. 2.

Physical measurements

LR. spectra of ligands and complexes were obtained using
KBr discs (4000400 cm ') on a Shimadzu 8300 FTIR
spectrophotometer. Thermal analyses were performed
on Perkin Elmer Diamond TG/DTA models using 10 mg
samples. The DTA and TG curves were obtained at a
heating rate of 10°C min ' in dry N, atmosphere in the
0-1110°C range. The heat capacity values were
carried out with a Perkin Elmer Sapphire DSC, in
nitrogen using Al. The atomic absorption analyses
were performed on A.A. Analyst 800-Perkin Elmer
model. Samples (0.05 g) were dissolved HNO; (2%,
5 mL) prior to analysis.

Result and discussion

In this study, silica-Si[N-(3-propyl)2,4-dihydroxy-
benzaldimine] (1) H,L, silica-Si[N-(3-propyl)4-methyl-
salicylaldimine] (2) HL and silica- Si[N-(3-propyl)2-
pyridinecarboxyaldimine] (3) L Schiff base ligands were
prepared by the reaction of 2,4-dihydroxy-benz-
aldehyde, o-vanillin and 2-pyridine-carboxaldehyde
with 3-aminopropyl-trimethoxy-silane. The com-
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Fig. 3 The IR spectra of a — silica gel and b — aminopropyl
silica (AMPS)

plexes were synthesized by the general equations
shown below. In ethanolic solution, the ligand
undergoes deprotonation to form 1:1 mononuclear
metal chelates with some transition metal ions.

The Schiff base ligands were synthesized in
good yields in toluene. The ligands and the complexes
are stable at room temperature. The probable structures
of complexes were shown in Fig. 2.

The IR spectra of the ligands and their complexes
have been studied in order to characterize their structures.
The characteristic IR data of the Schiff Base ligands
and their metal complexes listed in Table 1.

The IR spectra of pure silica gel (a) and synthesized
compound aminopropyl silica (AMPS) (b) are shown
in Fig. 3. In this spectra, the silica gel (a) shows the
broad band in the range 3430-3080 cm ™' can be
attributed to the silanol OH groups and the broad
absorption at 1089 cm™' is attributed to Si—O-Si
bonds in silica [13, 27]. When the silica gel reacts
with 3-aminopropyltrimethoxysilane, the compound
AMPS occur. In this compounds spectra, the band at
3350 cm ™ may be assigned to the v(NH,) vibration.
The weak bands at the range 2924-2856 cm™' can be
attributed to the aliphatic vcy, groups.

The IR spectra of H,L (a), HL (b) and L (c) are
shown in Fig. 4. Immobilized Schiff base ligands
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Fig. 4 The IR spectra ofa— H,L,b—HL andc—L
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synthesized with AMPS and carbonyl compounds. In
their spectrums, the vibration of NH, at 3350 cm s
disappeared. Instead of this band, a new strong band
formed at between of 1650-1625 cm . These bands
are due to C=N stretching frequencies [11]. The bands
in between 1648-1635 cm ' in the spectra (Fig. 4) show
that carbonyl groups react with AMPS successfully [28].
In the spectra of the immobilized ligands, a strong
broad absorptions in the range 3450-3443 cm ™' show
the silanol OH and free OH stretching non participation
of phenolic OH group in coordination [13, 29]. The
IR spectra of the ligands and complexes show
characteristic bands in the range 3062-3035 cm™,
which are not observed in the IR spectra of AMPS.
These bands are belong to aromatic C—H bands for
ligands and complexes [10]. The IR spectrum of 3-
aminopropyl silica displays characteristic aliphatic
C-H stretching bands in the range ~2940 and
~286 cm' [26, 30]. Schiff base ligands show
characteristic vibrations at around 1092 and 910 cm™*
corresponding to the stretching vibrations of Si—O-Si
bands, respectively [13, 31].

The IR spectra of immobilized Schiff base
complexes are similar. The IR spectral data are given
in Table 1. In the IR spectra of the complexes that
derived H,L shows a band around 3410 cm™', which
can be attributed to the free OH stretching mode
indicating non-participation of OH group in coordina-
tion [32]. Metal complexes show significant differ-
ences from ligands. After coordination between
immobilized Schiff base ligands and Co(II), Cu(Il) and
Ni(IT) metal salts, the C=N stretching frequencies
slightly shift to lower wave number region [11]. The
lowering in frequencies of the C=N peak is indicative
of the formation of metal-ligand bonds [26].
Immobilized Schiff base ligands, without metal,
showed the C=N absorption at ~1640 cm™, and a

Table 2 Summary of AAS data for the immobilized Schiff
base complexes

T Nominal Metal
otal . .
Compound reaction loading of  analysis
P : metal/ (AAS)/
time/h 4 =
mmol g mmol g
[Co(H,L)(OAc)(H,0)] 24 0.125 0.049
[Cu(H,L)(OACc)(H,0)] 24 0.125 0.76
[Ni(H,L)(OAc)(H,0)] 24 0.125 0.34
[Co(HL)(OACc)(H,0)] 24 0.125 0.011
[Cu(HL)(OAc)(H,0)] 24 0.125 0.08
[Ni(HL)(OAc)(H,0)] 24 0.125 0.068
[Co(L)(OAC)(H;0)] 24 0.125 0.04
[Cu(L)(OAc)(H,0)] 24 0.125 0.026
[Ni(L)(OAc)(H,0)] 24 0.125 0.069

decrease of ~20 cm ' in vey is seen due to the
complexation with cobalt [13, 26]. Aromatic ring
C—H absorptions are observed at 3035 cm .

For the metal complexes, new weak bands in the
611-594 and 445-418 cm ' range may be attributed to
v o and vy n [33], respectively.

The metal loadings determined by AAS are
summarized in Table 2, according to the literature [33].
The reaction time is stable for all complexes. The data
show that we succeed in complexation with metal
acetates and ligands. Quantity of loading metals and
the AAS data of metals confirm that ligand-metal
ratio is 1:1 for all complexes.

Thermal behaviors of ligands and metal complexes
have been studied using thermogravimetric analysis
(TG) and differential thermal analysis (DTA)
equipments. The curves which belong to ligands are
present in Fig. 5. The temperature ranges, mass loss

Table 1 Characteristic IR bands of the Schiff base ligands and their metal complexes/cm™', KBr

Compound VoH VArC-H Valiph.C-H VCH=N Vsi-o VM-N VM-0
H,L 3445 3058 2941-2849 1648 1095 - -

[Co(H,L)(OAC)(H,0] 3410 3057 2941-2855 1622 1027 596 422
[Cu(H,L)(OACc)(H,0] 3412 3038 2941-2849 1608 1030 599 418
[Ni(H,L)(OAc)(H,0] 3409 3057 2942-2856 1612 1031 563 445
HL 3450 3055 2931-2883 1643 1047 - -

[Co(HL)(OACc)(H,0] 3416 3058 2939-2865 1616 1036 607 418
[Cu(HL)(OACc)(H,O] 3412 3062 2940-2855 1606 1039 594 420
[Ni(HL)(OAc)(H,0] 3419 3057 2940-2862 1618 1042 611 420
HL 3443 3057 2940-2862 1645 1097 - -

[Co(L)(OACc)(H,0] 3423 3055 2935-2853 1625 1056 605 417
[Cu(L)(OAc)(H,0] 3429 3035 2929-2845 1610 1087 596 438
[Ni(L)(OAc)(H,O] 3405 3052 2930-2839 1618 1089 601 420
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Table 3 Thermal properties of immobilized Schiff base

ligands

Immobilized b
Schiff base ryec e Residuers  MOSS

. mg s loss/%
ligands
H,L 228.17  0.023 74.95 25.05
HL 215.52 0.043 76.50 24.40
L 283.80  0.016 76.34 23.66

*Experimental results from TG (5% decomposition)
®Available reaction speed
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percentages of ligands are given in Table 3.
The results show that the immobilized ligands
generally decompose in several thermal events,
i.e., three or four decomposition steps. The charac-
teristic mass losses related to water were detected
between 50—-110°C for all curves. After this common
step all ligands showed a decomposition stage [8].
The main mass losses in the temperature range of
400-700°C corresponds to the splitting of the Schiff
base molecules coupled to the activated silica [14].
The final peaks in the region of 700-1100°C due to
partly thermal decompositions of the silica struc-
ture [29]. The ligand L has the higher decomposition
temperature for 5% mass losses. Three ligands %
residues and % mass losses are similar.

Differential scanning calorimetry (DSC) was
performed at a heating rate of 10°C min™' under nitrogen
atmosphere. From the DSC experiments (Table 5), the
results indicate that the ligands had a higher 7, because
of the intimate mixing of the organic and inorganic
components in the final materials. With increasing
silica contents, the higher silica content results in a
greater number of polymer silicate bonds and more
restriction of the polymer chain movement resulting
in the higher 7, value.

Thermal behaviors of complexes have been
studied using TG and DTA. Thermogravimetric data
of complexes are given in Table 4. Thermal curves
obtained for most of the complexes were very similar
in character. The curve of [Cu(HL)(OAc)(H,O)] is
taken as a represantive example and shown in Fig. 6.
All complexes shows a mass loss of 5%, which is
appeared below 280°C.

The TG curves of [M(L)(OAc)(H,O)] consist
mainly of three steps in the range 23—150, 150-700
and 700—1100°C. The first estimated mass losses (%)
for [M(L)(OAc)(H,0)] are of 1.16, 11.46, 10.23,
9.67, 10.23, 9.75, 11.65, 11.86 and 11.47 within the
temperature range of 23—150°C may be attributed to
the losses of solvent and coordinated water mole-
cules [13]. Some decomposition could be correlated

7
e O
£
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3
=
5
4

100 200 300 400 500 600 700 800 900 10001100
Temperature/°C

Fig 6 TG and DTA of [Cu(HL)(OAc)(H,0)]
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Table 4 Thermogravimetric data of complexes

Metal complexes TG range/°C Mass loss/% Assignment
[Co(H,L)(OAC)(H,0)] 23-150 10.16 solvent and water evolution
150-700 76.76 decomp. of ligand and formation metal oxide
[Cu(H,L)(OACc)(H,0)] 23-150 11.46 solvent and water evolution
150-700 76.23 decomp. of ligand and formation metal oxide
[Ni(H,L)(OAc)(H,0)] 23-150 10.23 solvent and water evolution
150-700 78.57 decomp. of ligand and formation metal oxide
[Co(HL)(OACc)(H,0)] 23-150 9.67 solvent and water evolution
150-700 75.89 decomp. of ligand and formation metal oxide
[Cu(HL)(OACc)(H,0)] 23-150 10.23 solvent and water evolution
150-700 75.16 decomp. of ligand and formation metal oxide
[Ni(HL)(OAc)(H,0)] 23-150 9.75 solvent and water evolution
150-700 77.59 decomp. of ligand and formation metal oxide
[Co(L)(OACc)(H,0)] 23-150 11.65 solvent and water evolution
150-700 79.82 decomp. of ligand and formation metal oxide
[Cu(L)(OACc)(H,0)] 23-150 11.86 solvent and water evolution
150-700 79.13 decomp. of ligand and formation metal oxide
[Ni(L)(OAc)(H,O)] 23-150 11.47 solvent and water evolution
150-700 78.36 decomp. of ligand and formation metal oxide

with the proper decomposition products. The decom-
position of all complexes in air ended with silica and
metal oxide formation. The next estimated mass
losses (%) for [M(L)(OAc)(H,0O)] are of 76.76, 76.23,
78.57, 75.89, 75.16, 77.59, 79.82, 79.13 and 78.36
within the temperature range of 150-700°C may be
attributed to the losses of ligand molecule and
formation of metal oxides [34, 35]. The
[Cu(HL)(OACc)(H,0)] shows a mass loss of 5%, which
is appeared at 269.4°C. However, for the corresponding
supported complex, there is a continuous mass loss,
which extends above 1104°C. Therefore, these
features confirmed the thermal stability of complex.
The heat capacity is a characteristic material
property [36]. Heat capacity values were measured
DSC Sapphire, in nitrogen using Al, crucibles and
lids. The baseline was obtained by running with
empty crucibles or with crucibles containing a standard
material (Sapphire) under the same measurement
conditions used for the sample substance (atmosphere
in the measuring cell, flow rate for operation with
dynamic gas, initial temperature, heating rate and
scanning rate (sampling interval), mass of crucible
and lid and position of crucible in the cell). The entire
temperature ranged over, which the C, curve was to
be determined, could be continuously scanned in a
heating phase. The entire measuring system must be
at a uniform, stable temperature level. To equalize the
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temperature in the system, a constant temperature
segment prior to starting the heating phase was defined.
After the run of the three measurements
(baseline, standard calibration material Sapphire as
baseline+correction, sample also as baseline+correction),
individual C, values at different temperatures were
determined according to the following equation:

m DSC DSC

C — standard

" m DSC

sample

bas

DSC

sample

~ p.standard

standard bas

Cp: heat capacity of the sample at temperature 7,
JK! g*]; Cpstandart: heat capacity of the standard at
temperature at temperature 7, J K! gfl; Mgtandard: TNASS
of the standard, mg; mgmpi.: mass of the sample, mg;
DSCtandara: Value of the DSC signal at temperature T
from the standard curve uV; DSCqympie: value of the
DSC signal at temperature 7 from the sample curve
1V; DSCy,: value of DSC signal at temperature 7T
from the baseline curve, pV.

The aim of the DSC measurements is to investigate
the relation between heat capacity and temperature. The
experiments were carried out to determine the heat
capacities of the samples in the temperature range 273
to 363 K. The data of C, are listed in Table 5. No
thermal abnormality was found in this temperature
range. The heat capacities of the ligands tend to
increase with the increase of the temperature.

J. Therm. Anal. Cal., 94, 2008
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Table 5 Experimental data of heat capacities of ligands

C/IK ' g! C/IK ' g!
T/K H,L HL L TIK H,L HL L
273.15 0.884 0.820 1.735 275.15 0.929 0.841 1.775
277.15 0.957 0.868 1.782 279.15 0.975 0.891 1.791
281.15 1.017 0.912 1.814 283.15 1.041 0.933 1.827
285.15 1.076 0.955 1.907 287.15 1.105 0.976 1.913
289.15 1.139 1.001 1.922 291.15 1.185 1.023 1.930
293.15 1.211 1.043 1.942 295.15 1.222 1.064 1.953
297.15 1.258 1.081 1.960 299.15 1.279 1.096 1.966
301.15 1.300 1.110 1.971 303.15 1319 1.119 1.979
305.15 1.345 1.127 1.985 307.15 1.380 1.132 1.991
309.15 1.387 1.135 2.081 311.15 1.406 1.146 2.152
313.15 1.429 1.162 2.095 315.15 1.453 1.179 2.081
317.15 1.483 1.193 2.092 319.15 1512 1.211 2.106
321.15 1.543 1.228 2.121 323.15 1.575 1.237 2.201
325.15 1.604 1.253 2204 327.15 1.631 1.271 2210
329.15 1.656 1.296 2210 331.15 1.676 1.301 2.228
333.15 1.693 1.326 2242 335.15 1.707 1.348 2.261
337.15 1.718 1.365 2277 339.15 1.724 1.384 2.299
341.15 1.729 1.391 2.316 343.15 1.728 1.415 2.339
345.15 1.722 1.428 2.357 347.15 1.713 1.447 2.375
349.15 1.703 1.463 2.400 351.15 1.694 1.479 2416
353.15 1.715 1.513 2.446 355.15 1.726 1.538 2.455
357.15 1.766 1.552 2.470 359.15 1.783 1.574 2.488
361.15 1.809 1.591 2.503
Conclusions References

Three new immobilized Schiff base and their Co(Il),
Cu(IT) and Ni(IT) metal complexes were synthesized.
Ligands and metal complexes were characterized by
Fourier Transform Infrared spectroscopy, Atomic
Absorption spectroscopy and Thermal Analyses. TG
and DTA results showed that these ligands and complexes
had good thermal stability. The heat capacities of
ligands were reported for the temperature range 273
and 363 K as no thermal abnormality was found in
this temperature range.
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