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Nickel(II) acetate tetrahydrate was treated with the ligand CH
2
(H
2
sal-sbdt)

2
in methanol heated at reflux to yield a novel binuclear

Ni(II) nanorod complex of the formula CH
2
{Ni(II)(sal-sbdt)(H2O)}2. The ligand of CH

2
(H
2
sal-sbdt)

2
was derived from 5,5-

methylene-bissalicylaldehyde and S-benzyldithiocarbazate. The complex was characterized by elemental analysis, UV-Vis, FT-IR
spectra, thermal analysis (TG-DSC), and scanning electron microscopy (SEM). The nickel(II) was coordinated by imino nitrogen,
thiolato sulfur, and phenolic oxygen from the Schiff base ligand, and oxygen from the coordinated water, respectively.The pyrolysis
reactions in the thermal decomposition process of the complex, the experimental, and calculated percentage mass loss were also
given. The Ni(II) complex belonged to nanocrystalline metal complex, and the average size of the nanorod complex was about
30 nm× 150 nm. The antibacterial activities were screened for the Schiff base ligand and the Ni(II) nanorod complex against four
bacteria: Staphylococcus aureus, Escherichia coli, Bacillus subtilis, and Staphylococcus epidermidis. Both the ligand of CH

2
(H
2
sal-

sbdt)
2
and the Ni(II) complex had the most intense antibacterial activities against Escherichia coli.

1. Introduction

The sulfur-containing bissalicylaldehyde Schiff base lig-
ands and the corresponding complexes of Schiff bases are
becoming rather important for their various structures and
extensive applications. Those Schiff bases derived from the
condensation of S-benzyldithiocarbazate with dialdehyde [1,
2]. Although synthesis of sulfur-containing bissalicylalde-
hyde Schiff base and its complexation products containing
molybdenum and vanadium ion were reported in recent
years [3, 4], the synthesis of its nickel complex has not
been reported. Because of the special biological [5, 6] and
catalytic [7, 8] properties, chemists have great interest in
the coordination chemistry of nickel. The sulfur-containing
bissalicylaldehyde Schiff base derived nickel ion complexes
have been extensively studied some time ago owing to their
great variety of biological activity ranging from antibacterial,
antitumoral, and antiviral activities, and so forth [9–11]. In
this research we used a bistridentate ONS Schiff base, derived

from the condensation of 5,5-methylene-bissalicylaldehyde
with S-benzyldithiocarbazate, as ligand and nickel(II) acetate
tetrahydrate to synthesize one new nanorod complex, the
average size of the complex was about 30 nm × 150 nm. In
order to evaluate its novel coordination chemistry and bio-
logical properties, we described the new complex potential as
antibacterial agents.

2. Experimental

2.1. Materials and Physical Measurements. All materials were
commercial products of analytical-grade purity and used
without further purification. S-benzyldithiocarbazate [12]
and 5,5-methylene-bissalicylaldehyde [13] were prepared by
the literature methods. Salicylaldehyde and nickel(II) acetate
tetrahydrate were received from Chengdu Kelong Chemical
Reagent Company. Staphylococcus aureus, Escherichia coli,
Bacillus subtilis, and Staphylococcus epidermidis were pro-
vided by the 404 hospital of Sichuan Mianyang.
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Scheme 1: Tautomeric forms of the Schiff base ligand.

The nickel content was determined by EDTA complex-
ometric titration with murexide as the indicator and the
sample was heated in the muffle furnace at 500∘C for 2 h
and dissolved by a small quantity of diluted sulphuric acid.
The carbon, hydrogen, nitrogen, and sulphur analyses in the
complex were obtained using a Vario EL CUBE elemental
analyzer. The IR spectra were recorded on an FT-IR spec-
trophotometer (Nicolet-5700) in the region from 4000 to
225 cm−1 using KBr pellets. UV-Vis spectra in DMSO solvent
were recorded on a Unico (UV-2102) spectrophotometer
over the ranges of 200–600 nm. The thermogravimetric
analysis of the metal complex was measured by a SDT Q600
thermogravimetric analyzer under air.Themeasurement was
recorded from 30 to 800∘C at the heating rate of 10∘Cmin−1.
The morphology of the metal complex was obtained by a
Ultra-55 scanning electron microscopy.

2.2. Synthesis of the Schiff Base of CH
2
(H
2
sal-sbdt)

2
. The

Schiff base of CH
2
(H
2
sal-sbdt)

2
was prepared by adapt-

ing methods reported in the literatures [3, 4]. A solu-
tion of 5,5-methylbis(salicylaldehyde) (4.48 g, 17.5mmol)
was prepared in hot methanol (70mL), and a solution
of S-benzyldithiocarbazide (6.93 g, 35.0mmol) in methanol
(40mL) was added to the above. The reaction mixture was
heated at reflux for 5 h on a water bath and was put in a
refrigerator for 10 h. The deposited yellow solid was filtered,
washed with methanol, and dried at 50∘C. Finally, it was
recrystallized from hot methanol to give a slight yellow solid.
The yield was about 75%.

2.3. Synthesis of the Nickel(II) Complex CH
2
{Ni(II)(sal-

sbdt)(H
2
O)}
2
. The Schiff base CH

2
(H
2
sal-sbdt)

2
(1.85 g,

3mmol) was dissolved in the hot mixed solvent of methanol
(60mL) andDMF (10mL), and nickel(II) acetate tetrahydrate
(1.51 g, 6mmol) dissolved in methanol (50mL) was added
to the above solution with vigorous stirring. The reaction
mixture was refluxed on a water bath for 4 h. The deposited
slight yellow solid was filtered, washed with methanol and
tetrahydrofuran, and dried at 70∘C. Some brown powder was
obtained. The yield of the complex was about 90%.

2.4. Qualitative Antimicrobial Assay. Four pathogenic bacte-
ria were used to test the biological potential of the Schiff base

ligand and its nickel(II) complex. They were Staphylococcus
aureus, Escherichia coli, Bacillus subtilis, and Staphylococcus
epidermidis. The culture maintenance and preparation of
inoculum were referenced by the literature method [14]. The
antimicrobial activity of these compounds was determined
qualitatively by Oxford cup diffusion method [14, 15]. A lawn
of microorganisms was prepared by pipetting and evenly
spreading inoculums (106–107 CFU cm−3) (CFU = colony
forming units) on to agar set in petri dishes, using nutrient
agar (NA) for the bacteria. The Oxford cups were sticked on
the previously inoculated agar surface and injected solution
of the complex (0.15mL) under sterile conditions. The plates
were incubated for 24 h at 37∘C. The antimicrobial activity
was indicated by the presence of clear inhibition zones around
the discs.

3. Results and Discussion

The Schiff base ligand of CH
2
(H
2
sal-sbdt)

2
was soluble in

coordinating solvents such as DMSO, DMF, THF, and Py,
and it had high decomposition temperature. It existed in
tautomeric forms (Scheme 1), and in the presence of alkali,
the thiol proton undergoes deprotonation.The ligand thereby
coordinated through the thiolato sulfur, the azomethine
nitrogen, and the hydroxyl oxygen atoms.

The Ni(II) complex was soluble in DMSO, DMF, THF,
Py, and slight soluble in MeCN. Proposed structure of the
complex (Scheme 2) was based on its elemental analysis,
UV-Vis, FT-IR spectra, and TG-DSC.The ligand coordinates
through its dianionic (ONS)2− thioenolate tautomeric form.

3.1. Elemental Analysis. Table 1 showed that the results of
elemental analysis were agreed well with the calculated
data. The composition of the ligand and the complex
was C

31
H
28
O
2
N
4
S
4
(M
𝑟
= 616.81) and Ni

2
C
31
H
28
O
4
N
4
S
4

(M
𝑟

= 766.19), respectively. And as suggested by the
thermogravimetric analysis and the chemical assay of
nickel, the stoichiometry of the Ni(II) complex indicated
that the possible formula was CH

2
{Ni(II)(sal-sbdt)(H

2
O)}
2

(Ni
2
C
31
H
28
O
4
N
4
S
4
).

3.2. IR and Electronic Spectra. A listing of the IR spectral data
of the Schiff base CH

2
(H
2
sal-sbdt)

2
and the Ni(II) complex
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Scheme 2: Structure of the title complex.

Table 1: Analytical and physicochemical data of the ligand and title complex.

Compound stoichiometry Color m.p./∘C Found (calcd.)/%
C H N S Ni

CH2(H2sal-sbdt)2 Yellow 217-218 60.02 (60.36) 4.80 (4.58) 9.20 (9.09) 20.65 (20.79) —
CH2{Ni(II)(sal-sbdt)(H2O)}2 Brown >300 48.91 (48.59) 3.78 (3.68) 6.97 (7.31) 16.56 (16.74) 15.60 (15.32)

Table 2: IR and electronic spectral data of the ligand and title complex.

Compound IR (cm−1) Uv-Vis spectra
](C=S) ](C–S) ](C=N) ](N–N) ](Ni–N) ](Ni–O) ](Ni–S) (𝜆max, nm)

CH2(H2sal-sbdt)2 1036 — 1624 952 — — — 213 267 326 379
CH2{Ni(II)(sal-sbdt)(H2O)}2 — 766 1617 998 524 470, 387 241 — 273 — 388

was given in Table 2 and Figure 1. The IR spectra were
investigated by usingKBr pellets between 4000 and 225 cm−1.
There was no characteristic peak of the Schiff base ligand
in the ranges of 2650 to 2450 cm−1. This indicated that it
remained in the thione form in the solid state, while presented
different absorption bands at around 3197, 3118, 1303, and
1036 cm−1, which were assigned to one broad weak band in
the region 3197 cm−1 due to ](O–H), another at 3118 cm−1

belonged to ](N–H), one sharp band in the region 1303 cm−1

due to ](C–N) and 𝛿(N–H), and another at 1036 cm−1 due
to ](C=S), respectively. The disappearance of these bands
in the spectra of the complex indicated coordination of
the phenolic oxygen to nickel(II) and coordination of the
thioenolization sulfur to nickel(II). The azomethine ](C=N)
band of the ligand appeared at 1624 cm−1. The band showed
up at 1617 cm−1 in the metal complex, thereby suggesting
the coordination of the azomethine nitrogen atom. A broad
absorption peak at 3433 cm−1 was assigned to stretching
vibration of hydroxyl fromwatermolecule, and the frequency
of the peak was higher than 3400 cm−1 showing that the O
atoms of the water molecules were coordinated to the nickel
ion. The absorption peaks at 1578, 1350, and 1466 cm−1 were
the frame vibration absorption peaks of benzene ring. A new
band showed up at 766 cm−1 in the nickel(II) complex due
to ](C–S). There was peak at 952 cm−1 in IR spectra of the
Schiff base; a shift to higher wavenumber of the ](N–N)
band was expected because of the complex formation and
the diminished repulsion between the lone pairs of adjacent
nitrogen atoms [16], and we assigned this band to a peak that
appeared at 998 cm−1. For the title complex, further evidence

in support of the coordination sites employed was provided
by the ](Ni–N), ](Ni–O), and ](Ni–S) vibrations at 524, 470–
387, and 241 cm−1, respectively. Therefore, the nickel(II) was
coordinated by imino nitrogen, thiolato sulfur, and phenolic
oxygen from the Schiff base ligand and oxygen from the
coordinated water, respectively.

The UV-Vis spectra in DMSO solvent were recorded and
the Schiff base exhibited absorption bands at around 213, 267,
326, and 379 nm, which were assigned to 𝜑-𝜑∗, 𝜋-𝜋∗

1
, 𝜋-𝜋∗
2
,

and n-𝜋∗ transitions, respectively. These bands disappeared
in the spectra of the nickel(II) complex, but two new bands of
medium intensity appeared at approximately 273 and 388 nm,
which were assigned to a ligand-to-metal charge transfer
bands.

3.3. Thermal Decomposition Reaction. To study the thermal
decomposition process of complexes is helpful to the under-
standing of the coordination structure of complexes. The
thermal stability and decomposition patterns of the nickel(II)
complex ofCH

2
{Ni(II)(sal-sbdt)(H

2
O)}
2
were investigated in

air at the heating rate of 10∘Cmin−1. The TG-DSC curves
of the complex were shown in Figure 2. There were one
endothermic peak at 145∘C and three exothermic peaks
at 329∘C, 373∘C, and 424∘C in the DSC curve. The com-
plex continued to lose weight for two steps from 125 to
677∘C, and became to constant weight at 677∘C, at last
only inorganic compound NiO was obtained. In the first
step the TG curve showed an obvious weight loss of 5.48%
between 125 and 170∘C, corresponding to the simultaneous
loss of two molecules of H

2
O (calcd. 4.70%), and then the

complex became to be CH
2
{Ni(II)(sal-sbdt)}

2
. As well as
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Table 3: Antibacterial activity of the Schiff base and the complex.

Compound Concentration (mg/mL) Inhibition zone (mm)
S. aureus E. coli B. subtilis S. epidermidis

CH2(H2sal-sbdt)2 1.5 14.0 18.0 15.0 13.0
CH2{Ni(II)(sal-sbdt)2(H2O)}2 1.5 9.0 16.0 13.0 11.0
Moxifloxacin 1.5 22.0 25.0 35.0 30.0
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Figure 1: FT-IR spectra of the title complex.

CH
2
{Ni(II)(sal-sbdt)}

2
was successively oxidated and decom-

posed from 170 to 677∘C in the second step. The TG curve
displayed an obvious weight loss in this step that agreed
with the evolution of CH

2
(sal-sbdt)

2
(calcd. 75.80%, found

75.33%), among which the ligands were burnt completely;
only two molecules of NiO were obtained and its weight
content was 19.19% (calcd. 19.50%). Because of the high
dehydration temperature, it could be coordinated water. The
analysis result further ascertained that the molecule compo-
sition of the complex was CH

2
{Ni(II)(sal-sbdt)(H

2
O)}
2
.

3.4. Scanning Electron Microscopy. The complex was dis-
persed inmethanol, scattered in the surface of glass slide, and
dried in air. The morphology of the sample was observed by
scanning electronmicroscopy.The typical SEM images of the
nickel(II) complex were depicted in Figure 3. These showed
that the length of nanorod arrays of the complex was about
150 nm and the average diameter was about 30 nm.

3.5. Qualitative Antimicrobial Activity. Preliminary screen-
ing for antimicrobial activities of the stock solutions of the
Schiff base and the nickel(II) complex was performed quali-
tatively using the disc diffusion assay in Table 3.Moxifloxacin
was used as a standard drug.The Schiff base and the complex
yielded clear inhibition zones around the discs. Each of the
compounds was tested three times and recorded the average
data.The results showed that the Schiff base and the nickel(II)
complex had significant antibacterial activities against four
bacteria; the antibacterial activities of the sequence were
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Figure 2: TG and DSC curves of the title complex.

Escherichia coli, Bacillus subtilis, Staphylococcus aureus, and
Staphylococcus epidermidis, respectively. Both the Schiff base
and its Ni(II) complex had the most effective antibacterial
activity againstEscherichia coli, and the diameter of inhibition
zone of the Schiff base was 18.0mm with the concentration
of 1.5mgmL−1 while the diameter of the Ni(II) complex was
16.0mm.

4. Conclusion

In conclusion, a new complex CH
2
{Ni(II)(sal-sbdt)(H

2
O)}
2

was synthesized. The structure and molecular formula of the
complex was determined by elemental analysis, FTIR, UV-
Vis, TG-DSC, and SEM. The nickel ion was coordinated by
imino nitrogen, thiolato sulfur, and phenolic oxygen from
the Schiff base ligand, and oxygen from water, respectively.
The thermal decomposition processes of the complex include
dehydration, oxidation, and pyrolysis of the ligand and the
last residue was NiO at the temperature of 677∘C. The
complex belonged to nanocrystalline metal complex and also
displayed strongly active against Escherichia coli.
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Figure 3: SEM images of the title complex with different amplifying times.
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