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Abstract
4-(N, N-dimethylaminobenzylidene)-1-phenylsemicarbazide Schiff base (SB) was synthesized from 1-
phenylsemicarbazide and 4-(N,N-dimethylaminobenzaldehyde). Numerous analytical approaches, such as ele-
mental analysis, 1HNMR, 13CNMR, electronic spectra, and FT-IR spectroscopy were utilized to analyze the newly
synthesized Schiff base. The Ti (IV) Schiff base complex was produced, and its electrolytic nature, stability, and
octahedral structural properties were determined by elemental, IR, UV-Vis spectral, conductivity, and thermal
studies (TGA-DTA). From XRD results, the practical size of Schiff base and its complex were in the nano range
with crystallinity structure. To evaluate the antibacterial activity, the free ligand and its complex were assessed in
vitro against Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus. These results show that
the metal complex has stronger antibacterial action than the Schiff base ligand.
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1. INTRODUCTION

The Schiff base is a nitrogen analogue of an aldehyde or
ketone in which the nitrogen atom is linked to an aryl or
alkyl group but not hydrogen when the C=O group is sub-
stituted with the C=N group [1, 2]. The azomethine group,
whose typical formula is RHC=N-R1 (where R and R1
can be heterocyclic, aryl, or alkyl groups), is the essential
component of these analogues [3, 4]. These substances
are also referred to as anils, imines, or azomethine [5,
6]. The most significant organic compounds with a wide
range of uses are Schiff’s bases [7], which are widely em-
ployed as stabilizers [8], insecticides [9], dyes, polymer
industry catalysts [10], stabilizers in many organic reac-

tions, and more [11]. A survey of the literature reveals a
work devoted to the synthesis, characterization, and bio-
logical activities of many metal complexes of Schiff base
from 1-phenylsemicarbazide [12–15]. Similarly, these
substances exhibit a range of biological or pharmacolog-
ical properties, such as anti-inflammatory [16], anti-HIV
[17], anti-urea [18], anticholinesterase [19], and others.
This paper describes the synthesis and characterization
of the Schiff base 4-(N,N-dimethylaminobenzaldehyde)-
1-phenylsemicarbazide and it’s complex with Ti (IV), a
ligand that has been the focus of numerous investigations
due to its diverse biological activities.
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2. MATERIALS AND METHODS

2.1. Materials

High-purity chemicals were used by the BDH company.
These chemicals were 1-phenylsemicarbazide, 4-(N,N-
dimethylaminobenzaldehyde), calcium chloride, and Ti-
tanium chloride tetrahydrate (TiCl4.4H2O). The solvents
used were of spectroscopic grade.

2.2. Preparation of Schiff base

In an equimolar ratio of 1:1, a solution of 1-
phenylsemicarbazide (3 g, 0.02 mol) in 50 ml of
warm absolute ethanol was added dropwise to 4-(N,N-
dimethylaminobenzaldehyde) (2.98 g, 0.02 mol) in 50 ml
of warm absolute ethanol (Scheme 1). For five hours, the
mixture was refluxed on a hot plate. A white crystalline
solid was the product of the reaction, which was filtered
out and dried over anhydrous CaCl2 in a desiccator.

2.3. Preparation of Ti (IV) Schiff base
Complex

The Titanium (IV) Complex was prepared by combin-
ing metal chloride in 50 ml of absolute ethanol with a
well-stirred solution in absolute warm ethanol of Schiff
base at stoichiometric ratios (1L:1M) (Scheme 2). After
refluxing the mixture for three hours on a hot plate while
stirring, it was allowed to cool to room temperature. After
filtering and repeatedly washing with diethyl ether, the
thin precipitate that separated was dried over anhydrous
CaCl2.

2.4. Spectral measurements

At Sana’a University, the compounds infrared spectra
were measured in the 200–4000 cm-1 range using the
(FT/IR-140, Jasco, Japan) equipment. The compounds
electronic spectra were measured at Sana’a University
using a UV-VIS spectrophotometer (specord200, Ana-
lytilk Jena, Germany) in the 200–800 nm range. Using
Bruker spectroscopy, the proton NMR spectra were ac-
quired at 25 °C, 850 MHz and 213 MHz, respectively.
The compounds C, H, and N analyses were conducted in
Vario EL Fab. CHN Nr. 11042023, at Central Laboratory,
Faculty of Science, Cairo University, Egypt. Silver nitrate
was used to determine chloride gravimetrically. Thermal
analysis techniques and the weight loss method were
used to determine the coordinated and uncoordinated
water contents gravimetrically.

2.5. Physical Measurements

Using a Jenway conductivity meter model 4510, the mo-
lar conductance of 10-3 M solution of the Ti complex
in DMSO solvent was determined. On recently made

solutions, the measurement was made at room tempera-
ture. The ligand and its complex melting points in glass
capillary tubes were measured in degrees Celsius using
the Stuart Scientific electrothermal melting point device.
The XRD patterns were obtained using XD-2 (Shimadzu
ED-720) powder X-ray diffractometer at a voltage of 35
kV and a current of mA using CuK(α) radiation in the
range of 5o < 2θ < 70o at 1o min-1 scanning rate and
a wavelength 1.54056 Ao, at Yemen Geological Survey
and Mineral Resources Board.

2.6. Crystallinity and particle size

From the XRD percentage of crystallinity, XC (%) was
calculated based on the integrated peak areas of the
principal peaks [20]. The crystallinity of the complexes is
calculated relative to the crystallinity of the ligands as a
ratio:

XC (%) = (Acomplex)/(Aligand)× 100

Where Acomplex and Aligand are the areas under
the principal peaks of the complex and ligand sample,
respectively. X-ray diffraction was also used to determine
the average particle size (D) which was estimated by the
Scherrer equation [21, 22]:

D = Kλ/β cosθ

where K is Scherrer constant and equals 0.94, λ is
the X-ray wavelength of Cu-Kα radiations (1.5405 Ao),
β is full width at half maximum (FWHM) and θ is Bragg
diffraction angle in degrees.

2.7. Thermal Analysis

Differential Thermal Analysis (DTA) and Thermogravi-
metric Analysis (TGA) experiments were conducted by
using Shimadzu simultaneous DTA-TG apparatus (DTG-
60AH, Japan); the heating rate was 10°C/min, rate in a
temperature range of 27-525°C, and Al2O3 served as the
reference material for the DTG measurements at Micro
Analytical Center, Alqasim University.

2.8. Biological Screening

Three bacteria - Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli- were used to test the
antibacterial properties of the synthesized Schiff base
and its complex. Using the Agar well diffusion method
[23], the antibacterial activity was determined. DMSO
was utilized as a solvent to make stock solutions with
a concentration of 1000 µg/ml. These solutions were
then utilized to prepare different concentrations, which
included 100, 200, and 300 µg/ml, respectively. The
nutrient agar’s surface was infected with the microorgan-
isms. The wells and ditches made on the agar plates
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Scheme 1. Synthesis of Schiff base.

Table 1: Some physical properties and Elemental Analysis of the ligand and its complex

Compound
Colour M.P. Λm F . Wt

Element Analysis
Calculated% (Found)

(Yield)% (C0) (W-1 cm2 mol-1) (g/mole) C H N

SB White
85.09

202 - 282 68.09
68.01

6.45
6.37

19.87
19.81

[Ti(SB)Cl2 (H2O)2]Cl2. 2H2O Green
79.18

>350 121.22 541 46.12
46.07

2.86
2.84

16.37
16.36

were inoculated with the different concentrations of the
compounds. Gentamicin 120 µg/ml was used as a ref-
erence substance. All the Petri dishes were put in an
incubation period at 37 °C for 24 hours. The results were
registered by calculating the diameter of the inhibition
zone (mm).

3. RESULTS AND DISCUSSION

By condensation of 1-phenylsemicarbazide with 4-(N,N-
dimethylaminobenzaldehyde) at a molar ratio of 1:1, the
Schiff base was produced. It was found that the ligand
ratio of SB with the Ti(IV) was 1:1. Every synthetic com-
pound has a bright colour, is stable, and may be kept
for extended periods at room temperature. The Ti(IV)
complex of SB has molar conductance value of 121.22
Ω−1 cm2 mol-1 in DMSO (1×10-3M). This result indicates
that the complex of Schiff base is soluble in water and
common organic solvents because it is an electrolyte of
type 1:2 [24]. Thermal analysis, elemental analysis, FT-
IR, 1HNMR, and 13CNMR, electronic spectra were used
to describe the Schiff base and its complex. Some of the
physical and analytical details about the Schiff base and

its complex are listed in Table 1.

3.1. 1HNMR Spectrum

When interpreting the SB 1HNMR spectrum (Figure 1),
several unique peaks can be seen. First, the (s,3H, N-
CH3) amine group was ascribed to the signals at δ(5.976)
ppm. The protons in the aromatic ring are responsible for
another set of numerous peaks between δ(6.698–7.793)
ppm [25]. Here, the pattern suggests a para-substituted
phenyl ring with slightly distinct resonant frequencies.
Another set of peaks to take into account is located at
δ(7.602–7.767) ppm and represents the protons in the
carboxamide group. Finally, a singlet signal located at
around δ(9.676) ppm suggests the existence of protons
connected to the (s, 1H, HC=N) azomethine group [15].
The distinct orientations and chemical surroundings of
the protons provide the multiplet and broad nature of the
peaks seen in the 1HNMR spectrum, providing crucial
information on the structure of the compound.
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Scheme 2. Synthesis of Ti (IV) complex.

3.2. 13CNMR Spectrum

The 13CNMR spectrum (Figure 2) of the synthesized
SB showed peaks at δ(190.33) ppm assigned to (C=O)
[26]. Also, the spectrum showed a peak at δ(154.65)
ppm that was attributed to azomethine carbon (C=N)
[27]. The number of peaks between 111.20, 132.02,
112.63, and 129.44 ppm is attributed to aromatic and 4-
aminobenzaldehyde ring carbon in SB, respectively. The
carbon of the methyl amine group (N-CH3) appeared at
44.35 ppm in SB [28].

3.3. IR Spectra Studies

The main IR absorption bands of the SB and its complex
are summarized in Table 2 and Figure 3. IR spectrum of
ligand SB showed bands at 1688 cm-1 and 1600 cm-1
assigned to υ(C=O) and υ(C=N), respectively [12,13].
The strong bands of υ(NH) in this ligand were found
at 3335 and 3398 cm-1 [29]. The stretching mode of
vibrations of υ(-C-N) amide and υ(-C-N) amine were
observed at 1240 cm-1 and 1200 cm-1, respectively. The
bands were noticed at 3040 and 2930 cm-1 that belong to
aromatic υ(C-H), and aliphatic υ(C-H) stretching modes
of vibrations, respectively [14]. The IR spectrum of the
Ti complex (Figure 3) has been studied by the estimate
of its structure. The shift of azomethine vibrations to the
lower frequency indicates the coordination of nitrogen
with metal ions. New vibrations at 597.74, and 681.89
cm-1 that are not present in the free ligand are attributed
to the existence of υ(M-N) and υ(M-NH), respectively
[12]. The broad bands have been seen (2880-3420)
cm-1 which correspond to the water molecules in the
complex formation [13]. Despite analytical limitations

preventing the detection of υ(M-Cl) in the IR data.

3.4. The electronic spectra

Three absorption bands at 348, 272 and 300 nm were
shown in the electronic spectrum of SB (Figure 4 and
Table 3), which are related to the n-π∗ and π − π∗ transi-
tions, respectively [12]. These transitions, which move to
longer wavelengths (370, 280, and 311) in the case of the
Ti complex, have been studied and have confirmed the
ligand-to-metal charge transfer (LMCT) and the reverse.
For the Ti (IV) complex, LMCT suggests an octahedral
structure [30]. The proposed octahedral geometry of the
Ti (IV) complex is in Figure 5.

3.5. X-ray diffraction

Figures (6 and 7) represent the XRD patterns for SB and
its complex. From these Figures, a remarkable shift of
the principal peak toward higher diffraction angles (Table
4) is observed for the complex, suggesting the reduction
of the unit cell dimensions and consequently contract-
ing the crystal lattice [12]. In addition, the significant
changes in intensities of the main peaks of the SB com-
plex are observed in this figure attributed to the reduction
in crystallinity. The crystallinity calculations are based
on the ratio of the principal peak area of the complex
sample to that of the ligand sample obtaining a relative
crystallinity [20]. The results in Table 4 show significant
changes in crystallinity between SB and its complex that
exhibit low relative crystallinity (15.114%). In literature,
the range between 1-100 nm is reported to be nanoparti-
cle size [31]. So the particle size of the Schiff base and
its complex obtained from XRD shows effects on their
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Table 2: IR absorption bands of the Schiff base and its complex

Compound M-NH C=N C=O C=C C-N
Amide

C-N
Amine

C=C
Aliph

M-N
M-NH

SB 3335
3398

1600 1688 1495 1240 1200 1645 -

[Ti (SB)Cl2 (H2O)2]Cl2. 2H2O 3020
3250

1535 1636 1495 1248 1190 1637 597
681

Table 3: Spectral properties of the prepared compounds

Compound λ max (nm) Assignments Suggested Structure

SB
348 (n-π*, C=O)
272 (n –π*, C=N) . . . . . . . . .
300 (π – π*, aromatic ring)

[Ti (SB)Cl2 (H2O)2]Cl2. 2H2O
370 (n-π*, C=O)
280 (n –π*, C=N) Octahedral
311 (π –π*, aromatic ring)
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Figure 1. 1H NMR spectrum of SB.

Figure 2. 13C NMR spectrum of (DPHC).

nanoparticle size (3.532 and 5.796 nm)

3.6. Thermal Analysis

The TG degradation curve of [Ti(SB)Cl2(H2O)2]Cl2.2H2O
(Figure 8) reveals five decomposition stages at 30-116,
116-240, 240-322, 322-427 and 427-533°C as shown
in Scheme 3 [32]. The elimination of two uncoordinated
water molecules endothermically occurs as a broad peak
in the first step (cal. 6.654%, found at 7.023%) with
TDTG and Tdta at 80°C and 78°C, respectively. The re-
moval of coordinated water molecules (Cal. 6.654%,

found 7.135%) takes place in the second step with TDTG
at 215°C and exothermic Tdta at 213°C. The third step
corresponds to the loss of the two outer chloride atoms
(Cal. 12.933%, found 12.990%) as the TDTG (322°C) and
exothermic Tdta (228°C) peaks. The fourth step at TDTG
368°C was assigned to the release of one chloride atom
in the complex (Cal. 6.562, found 6.584%). The fifth step
of TDTG at 510°C is assumed to correspond elimination
of one chloride atom in the complex (Cal. 6.562%, found
at 6.584%). The residue at the end of the decomposi-
tion reaction is (- C16H16N4Ti ) (Cal. 60.635%, found
59.673%).
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Figure 3. IR Spectra of SB and its Ti (IV) complex.

Figure 4. Electronic Spectra of Schiff base and its Ti (IV) complex

Figure 5. The proposed octahedral geometry of Ti (IV) complex.
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Figure 6. XRD pattern of SB.

Figure 7. XRD pattern of Ti (IV) complex.

Figure 8. Curves of TGA and DTA of Ti (IV) complex.

Scheme 3. The proposed Degradation of Ti(IV) complex.
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Table 4: XRD spectra data of the principal values of intensity of the SB and its complex

Compound 2θ β D (nm) Mean D XC (%)

SB 8.151
15.130
18.095
20.300
21.905
23.570

0.229
0.539
0.231
0.969
0.832
0.590

6.339
2.710
6.348
1.518
1.772
2.507

3.532 100

[Ti (SB)Cl2 (H2O)2]Cl2.2H2O 6.390
14.060
24.244
26.520

0.360
0.214
0.249
0.233

4.029
6.820
5.949
6.387

5.796 15.114%

Table 5: Characteristic parameters of thermal decomposition (10°C min-1) for Ti (VI) complex

TGA DTA
Compound Step ∆ m %

(calc.)
found

Ti/C° Tf/C° TDTG Tdta Heat
Reaction

[T
i
(S

B
)C

l 2
(H

2
O

) 2
]C

l 2
.2

H
2
O

1 6.654
7.023 30 116 80 78 endo - 2H2O

2 6.654
7.135 116 240 215 213 exo - 2H2O

3 12.933
12.990 240 322 246 228 exo - 2 Cl

4 6.562
6.584 332 427 368 370 endo - Cl

5 6.562
6.584 427 533 510 491 exo - Cl

Final residue (- C16H16N4Ti ) :(60.635%) – (59.673%)

3.7. Antibacterial Studies
Using the well diffusion method [23], the ligand and
its Ti(VI) complex were tested for antibacterial activity
against three different species of bacteria: Pseudomonas
aeruginosa, Escherichia coli, and Staphylococcus au-
reus (Figures 9 and 10). They were classified as moder-
ately active and highly active based on the diameter of
the zone of inhibition (mm), which was used to measure
the antibacterial activity. Table 6 provides a summary of
the results obtained.
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Figure 9. zone of inhibition of SB versus (a) Staphylococcus aureus, (b) Pseudomonas aeruginosa and (c) Escherichia coli [(1)
100 µg/ml, (2) 200 µg/ml, (3) 300 µg/ml, (4) Gentamicin 120 µg/ml].

Figure 10. zone of inhibition of Ti (VI) complex versus (a) Staphylococcus aureus, (b) Pseudomonas aeruginosa and (c)
Escherichia coli [(1) 100 µg/ml, (2) 200 µg/ml, (3) 300 µg/ml, (4) Gentamicin 120 µg/ml].

Table 6: The effect of the SB and its complex on the growth of Bacteria (Zone of inhibition in mm)

Compound Concentration
µg/ml

Staphylococcus
aureus

Pseudomonas
aeruginosa

Escherichia
coli

SB
100 10 8 12
200 15 12 14
300 17 15 18

100 12 10 12
[Ti (SB)Cl2 (H2O)2]Cl2.2H2O 200 16 12 15

Gentamicin
300 18 16 20

120 µg/ml 35 30 34
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4. CONCLUSION
In the current work, we produced a novel Schiff
base, 4-(N, N-dimethylaminobenzylidene)-1-
phenylsemicarbazide, together with its Ti (IV)
complex. These substances were described by using
various physicochemical and spectrum techniques.
The results of the UV-Vis and IR studies indicated that
the metal. Complex formed the octahedral geometry
because of the (NH) and (C=N) nitrogen in the SB.
The XRD patterns of the free ligand and its complex
exhibited notable changes, and the composition of the
crystal was revealed along with them. The results on
antibacterial activity indicated that the complex exhibited
better inhibitory action compared to the ligand.
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