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ABSTRACT

Metal chelates of Co(ll), Ni(ll) and Cu(ll) have been synthesized from metal perchlorate and Schiff
base (BST) derived from condensation of 5-bromosalicylaldehyde and thiosemicarbazide. Schiff base
ligand and metal chelates have been structurally evaluated by elemental analysis, IR, Mass, molar
conductance, magnetic susceptibility, UV visible reflectance spectra and Thermogravimetric analysis.
All the chelates were studied for catalytic activity. Activation energy of thermal degradation reaction
was also evaluated by Broido method. Synthesized Schiff base ligand and chelates were tested for
antibacterial activity against two-gram negative bacteria (Escherichia coli, Pseudomonas
aeruginosa) and two-gram positive bacteria (Bacillus subtilis, Bacillus cereus)using Ciprofloxacin as
the standard.
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INTRODUCTION

Metal chelates of tridentate Schiff base ligands having oxygen, nitrogen and sulphur as donor atoms
have been studied extensively in recent years and have become chief interest to coordination chemists
due to its varied biological activity [1, 2]. Many biomolecules contain N and O as active sites that
play vital role in the coordination of metals. Schiff base ligands with O, N and S donors atoms act as
good chelating agents both for transition and non transition metal ions [3]. Transition metal
complexes of Schiff base are widely used for industrial purpose as catalyst and also display wide
range of biological activities such as antibacterial, antifungal, antiviral, anti-cancer, antimalarial, anti-
inflammatory, antiproliferative and antipyretic properties [4-7].
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Thiosemicarbazones derived Schiff base are the important class of sulphur donor ligands and are
mainly useful for transition metal ions. They show remarkable biological activity which makes them
important class of compounds in the pharmaceutical and medicinal fields [8-10].

In present work, synthesis of Co(ll), Ni(ll) and Cu(ll) metal ions chelates with Schiff base are
reported and structurally characterized on the basis of analytical, physical and spectral data. The
Schiff base and metal chelates have been studied for antibacterial activities. The Schiff base used for
this work is shown in figure 1.

MATERIALS AND METHODS

All the chemicals used in the present work were of analytical grade. A stock solution of Co(ll), Ni(ll)
and Cu(Il) perchlorates were prepared and standardized by complexometric titration method [11].
Conductivity water was used through the experiments. Microanalysis for carbon, hydrogen, nitrogen
and sulphur were carried out using Thermo Finnigan FLASH EA 1112 Series CHN Analyzer.IR
spectra of the solid were recorded in KBr pellets with a Shimadzu, IR Affinity 1 S spectrophotometer.
For further confirmation by infrared spectroscopy, Far-IR was also recorded with the help of Bruker,
3000 Hyperion Microscope with Vertex 80 FTIR System spectrophotometer. Magnetic moment were
determined by Gouy’s method at room temperature using Hg[Co(SCN),] as a calibrant.
Thermogravimetric analysis was obtained by using a Perkin-Elmer Diamond Thermogravimetric
[Differential Thermal Analyzer. The UV Visible reflectance spectra of the chelates were recorded by
using Perkin Elmer lambda 950 UV-VIS-NIR Spectrophotometer. Two-gram positive and two-gram
negative bacteria were used to study the biological activity of chelates.

Preparation of Schiff base: A mixture of 2.01 gm 5-Bromo salicylaldehyde (0.01 mol) in sodium
carbonate solution and 0.91 gm of thiosemicarbazide (0.01 mol) dissolved in deionized water were
refluxed for 2 h [12]. The resulting reaction mixture thus obtained was filtered and acidified by 50 %
hydrochloric acid which resulted in precipitation of Schiff base. The precipitated product then filtered
off under suction, recrystallized with hot ethanolic solution and dried. The melting point of Schiff
base was found to be 232°C.

+ H.N Jk
B/CE/O 2\ k
r

5- Bromosalicylaldehhyde Thiosemicarbazide Schiff base ligand (BST)
in Na,CO,solution in water

Figure 1. Synthesis scheme for 5-Bromosalicylaldehydethiosemicarbazide
Schiff base (BST)

Preparation of metal chelates: Three transition metal chelates of Schiff base ware synthesized using
with this procedure. A transition metal perchlorate solution (70 mL, 0.1 M) and the solution of Schiff
base (70 mL, 0.1 M) in the ethanol-water solvent were mixed in 1:1 molar ratio. The resulting mixture
was refluxed for about 3 h and cooled to room temperature. There was no immediate precipitation.
The pH of the reaction mixture was raised up to 5 pH by using alkali solution which resulted in
precipitation. The precipitated product thus obtained was washed well with alcohol and water and
dried in oven at about 50°C to 60°C temperature [13].

RESULTS AND DISCUSSION

Characterization of Schiff base: The Schiff base was structurally characterized by elemental
analysis, IR and mass spectra. The result of elemental analysis shows Schiff base ligand have
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molecular formula CgHgBrN;OS. The results found are in close agreement with those calculated for
proposed formula of Schiff base. TLC (ethyl acetate: n-hexane in 3:7 ratio) and melting point was
also recorded. Single and separate spot in TLC and sharp melting point suggesting the purity of the
synthesized Schiff base.

The mass spectrum of Schiff base ligand is shown in figure 2. Molecular peak M* (also base
peak) and isotopic peak M+2 of about equal intensity was observed at m/z 273.9 and 275.9. Peak
observed at m/z 258.8 corresponds to CgHsBrN,OS fragment and peak observed at m/z 200 is
possibly due to C;H¢BrNO fragment. The IUPAC name of the Schiff base ligand is (2E)-2-(5-bromo-
2-hydroxybenzylidene)hydrazine carbothioamide and it is abbreviated as BST.
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Figure 2. Mass spectrum of 5-Bromosalicylaldehyde thiosemicarbazide Schiff base.

Elemental analysis of metal chelates: The elemental analysis data of metal chelates are shown in
table 1. Metal content of chelates were obtained by complexometric titration against standard EDTA
solution using appropriate indicator at proper value of pH. The analytical data show that the
synthesized chelates proposed to have formula [CoL;]-H,O, [NiL(OH)]-2H,0 and [CuL(H;0)]. All
the synthesized chelates were found to be soluble in DMF and DMSO but insoluble in other common
organic solvents such as methanol, ethanol, acetone, chloroform or in water.

Table 1. Analytical and physical data of Schiff base ligand and its metal chelates

Compound Colour m.p. (°C) % Found (calculated) Anm
(Formula weight) | C T H] N s | ww Q! cm?mol™
BST Colourless 232 34.647 2.769 15.318 8.837
(CgHgBrNzOS) (274.13) (35.05) (2.94) (15.33) (11.70)
Co-BST Dark Brown >300 31.081 2532 13.145 10.775 8.83 2.674
(C16H16Br,CoNg03S,) (623.21) (30.84) (2.59) (13.48) (10.29) (9.46)
Ni-BST Red >300 26.385 2.624 11.197 8.261 14.26 0.132
(CgH1,BrN3NiO,S) (384.86) (24.97) (3.14) (10.92) (8.33) (15.25)
Cu-BST Dark Brown >300 28.784 2.029 12.081 10.609 17.47 0.864
(CgHgBrCuN;0,S) (353.68) (27.17) (2.28) (11.88) (9.07) (17.97)

*Estimation by complexometric titration with EDTA.

Molar conductivities of metal chelates: The molar conductance of the metal chelates was
determined using corresponding 1x10™® M solutions in DMSO. The molar conductance of metal
chelates was found in the range of 0.132 to 2.674Q™ cm? mol™ suggesting that all the synthesized
chelates are non-electrolytic in nature. This is consistent with the fact that molar conductance of
nonelectrolytes is below 50 Q*cm? mol™in DMSO solution [14].

IR spectra: The IR spectral data with assignment of major peaks of Schiff base ligand and its chelates
with Co(ll), Ni(ll) and Cu(ll) are shown in table 2. Binding mode of the Schiff base ligand to metal
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ions can be studied by comparing IR spectrum of Schiff base and that of metal chelates.

Table 2. Infrared spectral Data for BST and its transition metal chelates

Compound | H,0O (pr;g:nc) -NH, -NH- C=N c=s C-0 M-N M-O M-S
BST - 3163.26  3043.67, 345451 1606.70  1354.03, 1209.37
2997.38 825.53
Co- BST 3200 - 3468,  3550.95 1602.56  1321.24, 1199.72 576.65  480.88  365.42
3458.37 813.96
Ni- BST 3550 - 3180.62, 3307.92 1597.06  1336.67, 1192.01 547.11  477.87 317.47
3174.83 825.53
Cu-BST  3018.60 - 3417.86, - 1600.92 1340.53, 1188.15 57454 47365 340.39
3265.49 (coordinated), 810.10
1635.64

(uncoordinated)

The IR spectrum of ligand (BST) shows peak at 3163.26 cm™ assigned to v(OH) phenolic group.
The disappearance of this peak in the spectra of chelates suggest deprotonation of -OH (phenolic)
group and coordination to metal through deprotonated -OH (phenolic) group. Furthermore, v(C-O)
stretching band observed at 1209.37 cm™ in free ligand, appeared in region 1199.72 to 1188.15 cm™,
suggesting coordination by phenolic oxygen atom to the metal ions [15, 16]. This is further supported
by peak appeared in the range of 473.65 cm™ to 480.88 cm™ assigned for v(M-O) stretch [17, 18].

The IR spectrum of Schiff base ligand shows strong peak at 1606.70 cm™ which is assigned to the
azomethine v(C=N) group vibration. In metal chelates, this band is shifted to lower frequencies in the
range of 1602 cm™ to 1597 cm™ [19], indicating coordination of the imine nitrogen atom to the metal
ion. This is further confirmed by appearance of IR bands in the region of 547.11cm™ to 576.65 cm™ in
the metal chelates assigned to v(M-N) stretch [20, 21].

The peak observed in the Schiff base ligand at 1354.03, 825.53is assigned to v(C=S) stretching
and bending mode of vibration [22, 23] and these bands shifted to lower wave number in the chelates
indicating coordination of sulfur to metal ions. Also, this coordination is supported by v(M-S)
vibration around 365.42 cm™ to 317.47cm™ [24, 25].

In Schiff base ligand and its chelates, two bands observed in the region of 3000 cm™ to 3500 cm™
are assigned for v(-NH,) stretch and single peak observed in the range of 3300 cm™ to 3550 cm™
assigned for v(-NH-) stretch. The OH stretching band observed in the spectra of chelates around
3000cm™ to 3500 cm™ is attributed to presence of water of coordination and/or water or hydration.

Thermal analysis: TGA was carried out for chelates by controlling heating rates at 10°C min™ in the
range of room temperature to 1000°C by using Perkin-Elmer Diamond Thermogravimetric/
Differential Thermal Analyzer. Thermal analysis is used to examine thermal stability of chelates as
well as in elucidation of water content present in chelates as water of coordination and/or as lattice
water.

Weight loss below 150°C is due to lattice water and above 150°C is due to coordinated water
molecule [26]. TGA data of chelates are shown in table 3. TGA data for Co, Ni and Cu chelates show
weight loss of 3.242 % (20.2043 gm mol™), 12.858 % (49.485 gm mole™) and 0.548 % (1.9381 gm
mole™) in the temperature range of R.T. to 150°C indicating that cobalt and nickel chelate have
considered as one and two lattice water molecules respectively, whereas copper have no lattice water
molecules. In the range of 150°C to 250°C, 0.762 % (4.749 gm mole™), 0.523 % (2.01 gm mole™) and
5.499 % (19.45 gm mole™) weight loss were observed for Co(ll), Ni(ll) and Cu(ll) chelates
respectively, suggesting copper chelate have one coordinated water molecule whereas cobalt and
nickel chelates have no coordinated water molecules.

www. joac.info 1478




Pravin Prajapati et al Journal of Applicable Chemistry, 2019, 8 (3):1475-1485

Table 3. Thermogravimetric analysis of metal chelates

RT to 150°C 150°C to 250°
% No. of water molecule % No. of water molecule per
Chelate . gm . 1
weight mole™t per chelate molecule weight gm mole chelate molecule
loss (water of crystallization) loss (water of coordination)

Co-BST 3.242 20.2043 1 0.762 4.749 0

Ni-BST 12.858 49.485 2 0.523 2.01 0

Cu-BST 0.548 1.9381 0 5.499 19.45 1
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Figure 3. TGA data of Chelates.

Electronic spectra and magnetic properties: Electronic spectra and magnetic moment data are used
in elucidation of geometry and coordination number of chelates.

The electronic spectrum of the cobalt chelate shows bands at 14749.26 cm™ and18867.92 cm™
which may be assigned for “Tg (F)—*Asy(P) and “Ty (F)—*Ty,(P) transitions and band observed at
23041.47 cm™ may be due to charge transfer. These transitions, as well as the magnetic moment value
are 1.80B.M. suggesting octahedral geometry of the cobalt chelate [27, 28] (Table 4).

Table 4. UV-Visible reflectance Spectra and Magnetic moment Data of the Chelates

Absorption - Magnetic moment
Chelate 1 Assignment
Amax (CM™) u (B.M.) (Geometry)
Co-BST 14749.26 cm™  “Tyg) (F)—"Agg(P) 1.80
18867.92cm™ Ty (F)—"Ty(P) (Octahedral)
23041.47 cm™  Charge transfer
Ni-BST  19305.02 cm™ YA —Asg 0.0
21276.59 cm A —'Big (Square planar)
25839.79cm™  Charge transfer
Cu-BST  16656.71cm™ ’Byg — “Ayg 1.68
21321.96 cm™ ’Byg — *Exq (Square planar)
25906.73cm™  Charge transfer

The electronic spectrum of the nickel chelate exhibits bands at 19305.02 cm™and 21276.59 cm’
'that could be assigned for *A;g —Ay and *Ayg —'Byg transitions and band observed at 25839.79
cm™may be due to charge transfer. These transitions and magnetic moment value is 0.0 B.M.
indicating square planar geometry of the nickel chelate [29].
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Cu(ln chelate has magnetic moment value 1.68 B. M and bands observed at 16656.71 cm™ and
21321 96 cm™ which may assigned for *B;; — °Ay and °B;; — °E;4 and band observed at 25906.73
cm™ may be due to charge transfer transition. The magnetic moment value and transitions correspond
to square planar geometry of copper chelate [30] (Figure 4).

CoBST
NiBST
CuBST
%)
=1
<
oo ——
T L) l—
500 1000 1500 2000 2500
Wavelength (nm)

Figure 4. UV visible reflectance spectra of chelates.

The possible geometry of synthesized metal chelates: On the basis of above discussion, cobalt
chelate proposed to have octahedral geometry whereas nickel and copper chelates proposed to have
square planar geometry. The possible structure of the chelates is shown in figure 5 to 7.

HoN NS Br HoN N Br
z 2 N
\|(/N \|( N 72
A 2+ -
Co+~—0 S /
el -
07 I\ 20 “Ni*=—o0 2H,0
I /
PN
Br 2 NH, HO-
H | —
Figure 5. Octahedral geometry for Co(ll) Chelate. Figure 6. Square planar geometry for Ni(Il) Chelate
H,N Br
\(/
HZO

Figure 7. Square planar geometry for Cu(ll) Chelate.
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Kinetic study: Catalytic effect of chelates was studied by determining the change in the rate of
chemical reaction in presence and absence of chelates. For these purpose, three, second order redox
reactions, hydrogen peroxide with potassium iodide, potassium bromate with potassium iodide and
potassium persulphate with potassium iodide were selected [31].

H202 + 2K| + H2804 — KzSO4 +|2 + 2H20
KBrO; + 6KI +6HCI — KBr + 6KC1 + 3H,0 + 3l,
KzSzOg + 2K| ad 2K2804 + |2

These three redox reactions were carried out with and without addition of chelates. Cobalt chelate
increased rate of reaction between potassium bromate with potassium iodide significantly. Nickel
chelate is able to increase rate of the reaction between potassium persulphate and potassium iodide to
smaller extent only. Copper chelate is able to increase reaction rate of potassium persulphate with
potassium iodide and potassium bromate with potassium iodide to considerable extent. In other cases,
rate of reaction decreased on addition of chelates.

Table 5. Reaction rates with and without chelates (306 K)

Reactions | H,0, + Kl +H,50, | KBrO; + KI + HCI | K,S,05 + KI
k without chelates 2.34078 x 10 7.39218 x 10* 3.30786 x 10™
k with Co-BST 2.26951 x 10* 9.11596 x 10 2.88077 x 10
k with Ni-BST 1.88533 x 10™ 5.53164 x 10* 3.38027 x 10
k with Cu-BST 2.12214 x 10* 9.94783 x 10* 5.63933 x 10
% Increase in reaction
rate at 306 K Co-BST -3.06 23.32 -12.91
% Increase in reaction
rate at 306 K Ni-BST -19.46 25.17 2.19
% Increase in reaction
rate at 306 K Cu-BST 934 34.57 70.48

Where k denotes rate constant

Catalytic study: 5,5’-diphenylhyntoin is broadly used as anticonvulsant agent and its is medicinally
important compound, hence its synthesis is selected for catalytic evaluation. A widely used synthesis
of 5, 5’-diphenyl hydantoin was carried out by using literature method [32, 33] in presence and
absence of the chelates (Figure 8).

HO H

HsC o HsCg N—_=©
° I (1) NaOH/EIOH 5C:i >=o \r
— = H.C
5Cq
Hacr o : ane | Hecs Y
HO 3

5,5'-diphenylhydantoin

Benzil Urea

Figure 8. Synthesis scheme for 5, 5’-diphenylhydantoin

This reaction was carried out for 1 h and the yield was 1.268 gm (40.25 %) obtained without catalyst.
The same reaction was performed in the presence of 1 mol % catalytic amount of chelates. The %
yield and % increase in the yield for catalyzed reaction are shown in table 6. By the use of the
catalyst, a marginal increase in reaction rate was observed.

Table 6. % yield of organic reaction at 306K and 1hour reaction time

% yield without | % yield with | % yield with | % yield with % Increase of % Increase of %lncrease of
chelate Co-BST Ni-BST Cu-BST yield in presence | yield in presence | yield in presence
(1h) (1h) (1h) (1h) of Co-BST of Ni-BST of Cu-BST
40.25 42.06 41.75 43.24 4.50 3.71 7.41
www. joac.info 1481
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Activation energy evolution by Broido method: Activation energy and other kinetic parameters can
be evaluated from TGA data by Broido method [34]. The equation used to estimate activation energy
for thermal degradation reaction is given by,

in(3) =~ (58) 3+ onstm
nin )= 7 )\F) + constan
Where, y denotes fraction of the number of initial molecules not yet decomposed. Plots of Inin(1/y)
versus 1000/T for first stage of the thermal degradation of the chelates are shown in figure 9.

The activation energy from the slope of the plot InIn(1/y) versus 1000/T is evaluates as:

Ea =-2.303 xR xslope

Where, R=gas constant

The activation energy value for thermal degradation and temperature range are shown in table 7.

Table 7. Activation energy for thermal degradation

Temperature | Activation energy,
Chelates range Ea kJmol™
Co-BST 3710 117 102.48 kJmol™*
Ni-BST 331068 136.21 kJmol™
Cu-BST 11710237 44.52 kJmol™*

The activation energy of thermal degradation was found to be 102.48 kJ mol™, 136.21 kJ mol™ and
44.52 kJ mol™ for cobalt, nickel and copper chelates respectively. The higher value of activation
energy reflects the thermal stability of the chelates [35].

Figure 9. Plot of InIn(1/y) versus 1000/K.
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Antibacterial activity: The Schiff base ligand and its chelates with Co(ll), Ni(ll) and Cu(ll) have
been screened for their antibacterial activities against two gram negative bacteria (E. coli, P.
aeruginosa) and with two gram positive bacteria (B. subtilis, B. cereus) using Ciprofloxacin as
standard. The results of antibacterial activities show that Schiff base ligand was found to be
biologically active against all the bacterial stains. Copper chelate shows enhanced activities against all
the stains compared to Schiff base ligand. Cobalt chelate shows higher activities against B. cereus and
E. coli. Nickel chelate has shown higher antibacterial activity against E. coli than Schiff base ligand.

Table 8. Antibacterial study of BST Schiff base and chelates.

S. No. | Bacterial species | pgmL™" | BST | Co-BST | Ni-BST | Cu-BST | Ciprofloxacin
1 B. subtilis (G+) 100 - - - + +++
200 + - - + -
300 + + - ++ +++
400 ++ ++ + +H+ +H+
2 B. cereus (G") 100 - - - - it
200 - + - + -
300 + ++ + + +++
400 ++ ++ + ++ +++
3 E. coli (G_) 100 - - - + ++4+
200 - + + ++ +++
300 + ++ ++ ++ +++
400 + +++ ++ +++ +++
4 P. aeruginosa(G’) 100 - - - + ++
200 + + - ++ -
300 + + - — —
400 +++ ++ + +++ 4

Highly active = +++ (inhibition zone >14 mm); Moderately active = ++ (inhibition zone 11-14 mm);
Slightly active = + (inhibition zone 6-10 mm); Inactive = - (inhibition zone <6 mm)

APPLICATION

Cu-BST chelate seems to be a promising catalyst for redox reactions as well as selected condensation
reactions and benzil-benzilic acid rearrangements.

CONCLUSION

Chelates of Co(Il), Ni(Il) and Cu(ll) with Schiff base derived from 5-bromosalicylaldehyde and
thiosemicarbazide have been prepared from their corresponding metal perchlorate. Schiff base ligand
and its chelates were structurally characterized by elemental analysis, infrared spectra, UV-visible
spectra, Mass spectra, magnetic moment, molar conductance and TGA. Chelates were also studied for
catalytic effect on three well known redox reactions. Copper chelate significantly increased the rate of
reaction between potassium bromate with potassium iodide and potassium persulphate with potassium
iodide. Cobalt chelate increased the reaction rate between potassium bromate with potassium iodide.
Catalytic study for chelates was also carried out for synthesis of diphenylhydantoin. By using Broido
method, activation energy of thermal degradation reaction indicates good thermal stability of chelates.
Schiff base ligand and its chelates were studied for antibacterial activity against Bacillus subtilis,
Bacillus cereus, Escherichia coli and Pseudomonas aeruginosa. It was observed that on chelation,
antibacterial activities were enhanced compared to the ligand. However, the overall antibacterial
activity was less at lower concentrations.
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