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Peony-like Cu(Il) complexes of Schiff base was synthesized by copper acetate. Schiff base ligand was synthesized by 3.,4-
dimethoxybenzaldehyde with p-aminobenzoic acid using supersonic speed gas impacting. The synthesized peony-like Cu(Il) complexes
of Schiff base were characterized by Fourier transform infrared spectroscopy, scanning electron microscopy and thermo-gravimetric
analysis. SEM exhibited that the Cu(II) complexes of Schiff base was uniform and the diameter of the peony-like Cu(Il) complexes of
Schiff base was ca. 10 um, analysis results reveal that surfactants CTAB plays an interacting important role in the formation of peony-like
Cu(Il) complexes of Schiff base. TGA indicated that Cu(Il) complexes of Schiff base was divided into two steps and the decomposition
temperature increased with the increasing of heating rate. The optimized reaction condition was stirring speed 20 rpm, molar ratio of

Schiff base ligand: copper acetate 1:3, reaction time 3 h, reaction temperature 70 °C, the yield was 90.7 %.
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INTRODUCTION

Schiff bases and their metal complexes have been conti-
nuous received intensively attentions not only due to the easy
with which they can be synthesized', but also owing to their
widely range of potential applications in co-ordination chem-
istry*?, medicinal chemistry*®, catalysis®’”, optical and
magnetic materials'®'".

Schiff base ligands can coordinate with metal ions
(transition- or alkali-) to form various Schiff base chelating
complexes through O-, N-donors on the imino groups (-C=N-)’.
These ligands have shown fascinating properties in antimi-
crobial®, antifungal’, anticancerous'>"* and antiproliferative
activities®. For example, Shebl et al.* reported that Co(1I), Ni(II)
and Cu(II) of mono-, bi-and tri-nuclear metal complexes of a
new Schiff base ligand was found to be biologically active.
They showed high antimicrobial activity against gram positive
bacteria, gram negative bacteria and fungi. Arjmand et al.’
synthesized a new chiral heterocyclic Schiff base moduted
Cu(II) complexes, which exhibited a remarkable DNA cleavage
activity with CT-DNA in presence of different activators
compare to classical anticancer drug cisplatin. And also, flexible
catalysis are exhibited by varieties of metal complexes of Schiff
bases. A new oxovanadium(IV) was investigated by Grivani
et al.’ which was very active and selective in the epoxidation
of cyclooctene under optimized condition.

Up to now, literatures'*>reported the synthesis and appli-

cations of various meatal complexes of Schiff bases. However,
the morphology of Schiff base complexes was little investigated.
Thus, in this paper, we synthesized the Schiff base derived
from 3,4-dimethoxybenzaldehyde and p-aminobenzoic acid
by a novel solvent-free synthesis method using supersonic
speed gas impacting and the Cu(II) complexes of Schiff base
derived from 3,4-dimethoxybenzaldehyde and p-aminobenzoic
acid was fabricated by liquid-state reaction and their structures
were characterized by Fourier transform infrared spectroscopy
and 'H nuclear magnetic resonance. The morphology of Cu(II)
complexes of Schiff base derived from 3,4-dimethoxybenzal-
dehyde and p-aminobenzoic acid was observed by scanning
electron microscopy, the optimum reaction conditions was
investigated and obtained. The possible formation mechanism
of peony-like Cu(Il) complexes of Schiff base was discussed.

EXPERIMENTAL

The materials used in this study were of analytical grade
(AR) grade. 3,4-Dimethoxybenzaldehyde, p-aminobenzoic
acid were procured from Beijing Chemical Reagents Company
(Beijing, Chian) and Chengdu Kelong Chemical Reagents
Company, respectively and copper acetate, cetyltrimethyl
ammonium bromide (CTAB) and N,N-dimethylacetamide
were procured from Mianyang Rongshen Chemical Reagents
Company (Sichuan Province, China).
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Synthesis of Schiff base derived from 3,4-dimethoxy-
benzaldehyde and p-aminobenzoic acid (Scheme-I): Schiff
base derived from 3,4-dimethoxybenzaldehyde and p-
aminobenzoic acid was prepared as follows: 3,4-dimethoxy-
benzaldehyde and p-aminobenzoic acid, in a 1:1 molar ratio,
were mixed and the specific reaction process have described
in previous paper'*'®. The product was collected after quanti-
tative reaction and dried in a vacuum at 60 °C. IR (KBr, Vynax,
cm™): 3455.1,2836.2, 1674.4,1625.9, 1577.3,1510.1, 1452.7,
809.5, 771.9; '"H NMR (DMSO, 500 MHz, ppm) &: 12.06 (s,
1H, COOH), 8.54 (s, 1H, CH=N), 6.58-7.63 (m, 7H, Ar), 3.86
(s, 6H, OCH3).
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Scheme-I:  Synthesis of Schiff base derived from 3,4-

dimethoxybenzaldehyde and p-aminobenzoic acid

Synthesis of Cu(I) complexes of Schiff base: Schiff
base derived from 3,4-dimethoxybenzaldehyde and p-amino-
benzoic acid, CTAB and 50 mL N,N-dimethylacetamide were
mixed and copper acetate solution was added slowly into the
mixture, the precipitate occurred immediately. Then the
mixture was heated up to 60-80 °C and held for 2-4 h with
stirring. Obtained precipitate was washed by 300 mL water
for 4 times at room temperature. The resulting product was
dried in vacuum at 65 °C. The structure of synthesized Cu(II)
complexes of Schiff base is shown in Fig. 1. IR (KBr, Viax,
cm™): 3434.2,3250.8,3141.7,2855.8, 1621.3, 1606.5, 1573 .4,
1537.1, 1507.9, 1433, 1389.6, 1125.2, 1095.2, 778.1, 518.5,
444 3.

0—CH; - H,0

0—CH;
Fig. 1. Structure of Cu(Il) complexes of Schiff base

Characterization: The 'H nuclear magnetic resonance
of Schiff base derived from 3,4-dimethoxybenzaldehyde and
p-aminobenzoic acid was recorded on Brucker AVANCE 300
spectrometers. The solvent was dimethyl sulphoxide (DMSO).
Fourier transform infrared spectra were recorded on a Bio-
Rad FTS135 spectrophoto-meter from 4000-400 cm™. The
sample were mixed with KBr powders and pressed into a disk
suitable for IR measurement.

The morphologies of Cu(II) complexes of Schiff base was
examined by XL-30 ESEM FEG, Philips, in 15-20 kV accele-
rating voltage (Tungsten filament).

TGA thermal analyzer was performed using a simulta-
neous thermal analysis Q500 (TA instrument USA) with a
heating ramp of 5, 10, 15 and 20 °C/min under nitrogen flow
(50 mL/min) from 40-500 °C.

RESULTS AND DISCUSSION

Morphology of Cu(Il) complexes of Schiff base and
probable formation mechanism: The morphology of the

synthesized Cu(Il) complexes of Schiff base sample was
analyzed by the SEM as shown in Fig. 2. The lower magnifi-
cation image in Fig. 2a-b indicates that the Cu(II) complexes
of Schiff base is uniform and Cu(II) complexes of Schiff base
do not agglomerate. The peony-like Cu(II) complexes of Schiff
base can be observed from the higher magnification image in
Fig. 2-d, which clearly shows that the Cu(Il) complexes of
Schiff base flower with peony-like structure are composed of
many triangle shape Cu(II) complexes of Schiff base sheets.
The diameter of the peony-like Cu(II) complexes of Schiff
base is ca. 10 um. In addition we can also observe the thichness
of the triangle shape Cu(II) complexes of Schiff base sheets is
0.15-0.2 um. However, we also observe that there existed a
little imperfect peony-like Cu(II) complexes of Schiff base in
Fig. 2c, resulting from the formation mechanism of Cu(II)
complexes of Schiff base, meanwhile, which also indicates
the importance of reaction condition.

H

Fig. 2. SEM of Cu(Il) complexes of Schiff base

As to the formation mechanism of specific morphology
compound, the formation mechanisms were different when
different preparation methods were used. Up to now, there
existed many literatures''® which reported synthesis of specific
morphology compound by addition of surfactants. It is
suggested that the surfactants play very important roles in the
formation of specific morphology compound and surfactants
serve as a template in the formation of peony-like Cu(Il) comp-
lexes of Schiff base. Fig. 3 showed the probable formation
mechanisms of peony-like Cu(Il) complexes of Schiff base.
The shciff base ligand was dispersed uniformly in solution
with CTAB during the initial stages, the electrostatic repulsion
occurred when copper acetate solution was added into the
Schiff base ligand solution in stage 2, which made Cu(II) comp-
lexes not get together each other, resulting in the formation of
peony-like Cu(Il) complexes in stage 3.

Reaction conditions of Cu(II) complexes of Schiff base:
The influence of the reaction ratio, reaction time, stirring speed
and reaction temperature to the yield of Cu(I) complexes of
Schiff base was investigated. Factors and level of experiment
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Fig. 3. Schematic illustration of probable formation process of peony-like Cu(Il) complexes of Schiff base

are listed in Table-1 and the results are listed in Table-2. As
seen in Table-2. It is clear that stirring speed is more important
to yield than other factors. The possible reason is that the
stirring speed influences the concentration of interface of Schiff
base ligand and copper acetate. According to the experiment,
the optimized reaction condition is stirring speed 20 rpm, molar
ratio of Schiff base ligand: copper acetate 1:3, reaction time
3 h, reaction temperature 70 °C, the yield is 90.7 % under the
optimized reaction condition.

Thermal property of Cu(II) complexes of Schiff base:
The thermal property of Cu(Il) complexes of Schiff base was
studied by thermo-gravimetric analysis in the N, flowing
atmosphere with the heating rate of 10 °C/min from 40-500 °C.
As evident from Fig. 4, the TGA curve of Cu(II) complexes of
Schiff base can be divided into two steps of weight loss at the
heating rate of 10 °C/min. The weight loss of 3.1 % during
the first step should correspomd to the coordination water
molecules. The following the loss of 54.8 % is attributed to
the loss of the Schiff base ligand. Fig. 5 also shows that there
exist only one stage during 40-500 °C and there exist different
weight loss between Cu(II) complexes of Schiff base and Schiff

TABLE-1
FACTORS AND LEVEL OF EXPERIMENT
Factor
Level  Stirring speed Reaction  Reaction Reaction temp.
(A) (/min)  ratio® (B) time (C) (h) D) (°C)
1 10 1:1 2 60
2 15 1:2 3 70
3 20 1:3 4 80

“Schiff base ligand: copper acetate.

TABLE-2
RESULTS OF EXPERIMENT
Run Stirring Regction Reaction Reaction Yield
speed (A)  ratio (B) time (C)  temp. (D) (%)
1 A, B, C, D, 63.4
2 A, B, C, D, 69.1
3 A, B, C, D, 60.4
4 A, B, C, D, 80.0
5 A, B, C, D, 57.9
6 A, B, C, D, 82.2
7 A, B, C, D, 82.3
8 A, B, G, D, 85.7
9 A, B; G D, 72.1
10 A, B; C, D, 51.6
11 A, B, G, D, 72.8
12 A, B, C, D, 90.7

base ligand at the same heating rate, the difference of weight
loss is 25.7 % which is different from the weight loss between
Schiff base ligand and Cu(Il) complexes of Schiff base,
resulting from carbonization of the Schiff base ligand at N,
atmosphere. However, these results confirm the structure of
Cu(II) complexes of Schiff base again. Meantime, as shown
in Fig. 4, we also observe that the decomposition temperature
increases with the increasing of heating rate, the reason is that
rapid heating rate makes decomposition of Cu(II) complexes
of Schiff base not achieve at set temperature, at the same time,
the temperature has get into the following set temperature,
resulting in decomposition achieving at higher tempera-
ture. This result is consistent with that of other organic
compound ',
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Fig. 4. TGA curves of Cu(Il) complexes of Schiff base at different heating rate
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Fig. 5. TGA curves of Cu(Il) complexes of Schiff base and Schiff base ligand
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Conclusion

Peony-like Cu(Il) complexes of Schiff base was synthe-
sized by CuSQO, and Schiff base ligand as raw materials. SEM
exhibited that the Cu(IT) complexes of Schiff base was uniform
and the diameter was ca. 10 pm, Analysis results reveal that
surfactants CTAB play important roles in the formation of
peony-like Cu(Il) complexes of Schiff base and a probable
formation mechanism is proposed. The optimum reaction
conditions was investigated and the yield of peony-like Cu(II)
complexes of Schiff base was 90.7 % under the optimized
reaction condition. TGA indicated that Cu(Il) complexes of
Schiff base was divided into two steps.
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