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ABSTRACT: Transition metal chelates of cobalt(II), nickel(II) and copper(Il) perchlorate with schiff
base (TSCS) derived from condensation of thiosemicarbazide and salicylaldehyde were synthesized.
The transition metal chelates have been structurally characterized by elemental analysis, UV visible
reflectance spectra, IR, molar conductance, magnetic moment and thermal analysis. All the chelates were
studied for catalytic activity. Activation energy was also evaluated from the TGA data by Broido method.
The Schiff base ligand and their transition metal chelates also were screened for their antibacterial
activity against bacterial species, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, Bacillus
cereus using Ciprofloxacin as a standard. The activity data show that the metal chelates to be more

potent/antibacterial than the parent schiff base ligand against one or more microbial species.
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1. INTRODUCTION

Chelating agents which contain O, N and S donor atoms are of special interest to inorganic chemist
because of these compounds show wide range of biological activity and have capability of bonding
to metal ions in variety of ways. Schiff base which contains ONS donor atoms have widespread
applications in many biological aspects and have been utilized in synthesis of biologically active
metal chelates [1,2]. Transition metal chelates of schiff base are most studied due to their industrial,
antitumour, antifungal, antibacterial, antiviral, antiamoebic activity [3], carcinostatic and other
biological applications [4,5]. Tridentate schiff base containing ONS donor atoms are well known
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and form stable chelates. Furthermore, presence of these atoms in the chelates makes these

compounds stereospecific catalyst for hydrolysis, oxidation [6], reduction [7] and other chemical
reactions in inorganic and organic chemistry [8]. It is familiar that some medicines show greater
activity in the form of metal chelates than as free ligands [9-11]. In the present work we reported,
the synthesis of Co(II), Ni(Il) and Cu(II) metal ions chelates with schiff base. The structural feature
of metal chelates have been proposed on the basis of analytical, physical and spectral data. The
Schiff base and their chelates were screened for antibacterial activities. The Schiff base ligand used
in this study is as shown in Figure 1.

2. MATERIALS AND METHODS

A. R. grade chemicals were used throughout the experimental work. Spectroscopic grade solvents
were used for recording the spectra. Stock solutions of metal perchlorates were prepared and
standardized by complexometric titration method [12]. Elemental analysis was done with the help
of Thermo Finnigan FLASH EA 1112 Series CHN Analyzer. Magnetic susceptibility was recorded
by using Gouy’s method at room temperature, using Hg[Co(CNS)4] as calibrant. The Infrared
spectra were recorded on a Shimadzu, IR Affinity 1 S spectrophotometer by using sample as KBr
pellets. For additional confirmation by infrared spectroscopy, Far-IR were also recorded with the
help of Bruker, 3000 Hyperion Microscope with Vertex 80 FTIR System spectrophotometer. The
UV visible reflectance spectra were recorded on a Varian Cary 500, Shimadzu UV 3600 UV-VIS
Spectrophotometer. Thermogravimetric analysis was recorded by using a Perkin-Elmer Diamond
Thermogravimetric/Differential Thermal Analyzer.

2.1.Synthesis of Schiff base (TSCS)

A mixture of 1.823 gm thiosemicarbazide dissolved in deionized water and solution of 2.09 ml
salicylaldehyde (0.02 mol) in sodium carbonate refluxed for 2 hours [13]. Then resulting mixture
was filtered followed by acidifying with 50% hydrochloric acid which results in separation of schiff
base. This is then filtered and recrystallized with hot ethanolic solution and dried. The melting point
of this Schiff base was found to be 205°C.

OH OH
S S
+
20 H N /H\ o NS /H\
NH  "NH, NH NH,
Salicylaldehyde in Thiosemicarbazide Schiff base ligand (TSCS)
Na,CO; solution solution in water

Figure 1: Synthesis scheme for thiosemicarbazide salicylaldehyde Schiff base (TSCS)
2.2. Synthesis of metal chelates
The metal chelates were prepared by mixing solution of the metal perchlorate (70 ml, 0.1 M) and
the solution of the Schiff base (70 ml, 0.1 M) in the ethanol-water solvent in 1:1 molar ratio. The
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resulting mixture was refluxed for about 3 hours and allowed to cool at room temperature. There

was no instant precipitation. The pH of this solution was raised up to 5 pH by using alkali solution
which resulted in precipitation. The product thus obtained was washed with a mixture of alcohol
and water and then dried in oven at 50°C to 60°C temperature.

2.3.Determination metal content in chelates

Metal contents of chelates were determined by complexometric titration against standardized EDTA
solution at proper pH value using appropriate indicator.

3. RESULTS AND DISCUSSION

3.1. Schiff base characterization

The schiff base, TSCS is characterized by elemental analysis. The result of the elemental analysis
with molecular formula are shown in table 1. The results obtained are in accordance with those
calculated for proposed formula of schiff base. The melting point and TLC (ethyl acetate: n-hexane
in 3:7 ratio) were also recorded. Sharp melting point, single and separate spot in TLC indicating the
purity of the synthesized schiff base. The Schiff base is also structurally characterized by IR and
mass spectrum. The mass spectrum of the Schiff base ligand is shown in the Figure 2. The base peak
obtained at m/z 196.1 corresponds to the molecular ion of the ligand. The IUPAC name of the schiff
base is: (2E)-2-(2-hydroxybenzylidene) hydrazinecarbothioamide and it is abbreviated as TSCS.

] 196.1
1.4x107 Bk

1.2x107]
1.0x107]

8.0x10%]

Intensity

6.0x10%
4.0x10%]

2 0x10%]

' I | A — ! —,——
100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00 500.00
m/z

Base Peak 196.05 Channel Description 100.00-1200.00 ES+, Centroid, CV=10 Retention Time 0.166

Figure 2: Mass spectra of Schiff base (TSCS)

3.2.Composition and structures of metal chelates

Metal chelates of Co(II), Ni(II) and Cu(II) ions with Schiff base ligand, TSCS are synthesized and
subjected for structure elucidation by using elemental analysis (C, H, N, S and metal content), UV-
vis, IR, molar conductance, magnetic moment and thermal analysis (TGA). On the basis of
elemental analysis, the synthesized chelates have been proposed to have formula [ML:]-nH>O
( M=Co(II) and Ni(I); n=0 and 1) and [ML(H20)] (M= Cu(Il)). The result of the elemental analysis
is listed in table 1. All the synthesized chelates were insoluble in common organic solvents such as

methanol, ethanol, acetone, chloroform or in water but soluble in DMSO.
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3.3. Molar conductivity measurements

The molar conductance of metal chelates of 10~ M solutions in DMSO were recorded which is listed
in Table 1. The molar conductance of metal chelates was found in the range of 0.187 to 1.887 Q!
cm? mol lindicating non-electrolytic nature of the chelates.

3.4. Infrared spectra

Important IR bands of ligand and its metal chelates are shown in table 2. The IR spectrum of free
ligand shows peak at 3176.76 cm™ due to -OH (phenolic) stretching which is absent in all the three
chelates. Furthermore, v(C-O) stretching vibration observed at 1236.37 cm™! in the free schiff base
ligand. It is shifted to lower energy in the range 1203.58 cm™ to 1211.30 cm™! indicating coordination
occur between metal and O atom [14]. This is further confirmed by the band observed in the chelates
in the range of 482 cm™! to 455 cm™!, assigned to the v(M-O) frequency [15,16]. The band at 1616.35

cm’!

in schiff base ligand is due to v(C=N) stretching. In metal chelates this bands observed in 10
cm! to 15 cm™! lower frequency suggesting the coordination of azomethine nitrogen to the central
metal atom. The band observed in the range of 572 cm™! to 566 cm™ in metal chelates assigned to
v(M-N) frequency [17-19], which also support the coordination between nitrogen to metal atom. IR
spectrum of the ligand exhibits band at 1367.53 cm™ and 831.32 cm! assigned for v(C=S) and
5(C=S) [20,21], which is shifted to lower wavenumber in metal chelates by 25 cm™ to 50 cm!,
indicating coordination of sulfur to metal atom. Which is further confirmed by band observed at 354
cm! to 326 cm™ assigned for v(M-S) frequency [22,23]. The single band observed in the range of
3000 cm™! to 3200 cm™! which correspond to assignment of v(-NH-) stretch. Two bands observed in
the range of 3150 cm™ to 3500 cm™! are assigned for v(-NH>) stretch. In Co-TSCS and Cu-TSCS, a
broad single peak observed at 3570 cm™! and 3458.37 cm™! which corresponds to v(H2O) stretch.

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

Colour m.p. % Found Am
Compound (Formula weight, | (°C) (calculated) Q' em?
gm/mole) C H N S M mol!
TSCS Colourless 205 49.47 3.55 21.47 15.86 -- --
(CsHsN;0S) (195.24) 49.21) | (4.65) | (21.52) | (16.42) | -
Co-TSCS Black >300 41.58 3.76 17.67 12.26 11.78 1.887
(C16H15CONO3S)) (465.42) (41.29) | (3.90) | (18.06) | (13.78) | (12.66)
Ni-TSCS Green >300 41.41 3.67 17.58 14.19 11.74 0.187
(C16H 1sNgNIO:S1) (447.16) 42.98) | (3.61) | (18.79) | (14.34) | (13.13)
Cu-TSCS Dark Brown >300 36.50 2.98 15.23 13.04 23.83 1.027
(CsHsCuN;0,9) (274.79) (34.97) | (3.30) | (15.29) | (11.67) | (23.13)

Am= Molar conductance
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Table 2. Infrared spectral Data for TSCS and its transition metal chelates

Compound | v(H>O) v(OH) v(-NHz) | v(-NH-) v(C=N) v(C=S) v(C-0) | v(M-N) |v(M-0) | v(M-S)
(phenolic)

TSCS -- 3176.76 344487, | 3034.03 1616.35 1367.53, | 1236.37 -- -- -
3321.42 831.32

Co-TSCS 3570 - 3490, 3111.18 1606.7 134438, | 1205.51 | 571.54 | 481.40 | 353.29
3427.51 812.03

Ni-TSCS -- - 3408.22, 3200 1604.77 1321.24, | 1203.58 | 566.08 | 455.83 | 337.37
3298.28 808.17

Cu-TSCS | 3458.37 - 3153.61, - 1597.06 1317.38, | 1211.30 | 581.35 | 476.17 | 326.29
3284.77 (coordinated), 810.10

1680
(uncoordinated)

3.5.Thermal analysis

Thermogravimetric analysis of the metal chelates have been carried out in the range of room
temperature to 1000°C in the air by controlling heating rates at 10°C/min using a Perkin-Elmer
Diamond Thermogravimetric/Differential Thermal Analyzer. At initial phase of the experiment,
weight loss is because of water molecule. In metal chelates, there are two types of water molecules
associated, one of them lattice water and second of them coordinated water molecule. Nikolaev et
al considered water eliminated below 150°C as lattice water and above 150°C as coordinated water
to the metal ions [24]. Thermogravimetric data of metal chelates are presented in table 3. The
thermal analysis data for Co, Ni and Cu chelates show weight loss of 2.537 % (11.8077 gm/mole),
0.258 % (1.1536 gm/mole) and 2.616 % (7.18 gm/mole) in the range of R.T. to 150°C suggesting
that Co chelate is considered as having one lattice water molecule whereas Ni and Cu chelates have
no lattice water molecules. TGA data of the three chelates Co, Ni and Cu show weight loss of
1.452 % (6.7578 gm/mole), 0.071 % (0.3174 gm/mole) and 12.956 % (35.60 gm/mole) in the range
of 150°C to 250°C, which corresponds to Co and Ni chelates with no coordinated water molecule.
Inspite of weight loss of 35.60 gm/mole in the case of copper chelate, only one water molecule is
considered to coordinate with Cu?*. This is thought because of copper chelate having resemblance
with elemental analysis and there is not thumb rules that at 150°C to 250°C, only water of

coordination will be lost and it might be NH3 in place of H20.
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Table 3. Thermogravimetric analysis of metal chelates

Chelate RT to 150°C 150°C to 250°
% Gm/mole No. of water % Gm/mole No. of water
weight molecule per weight molecule per
loss chelate loss chelate
molecule molecule
(water of (water of
crystallization) coordination)
Co-TSCS | 2.537 11.8077 1 1.452 6.7578 0
Ni-TSCS | 0.258 1.1536 0 0.071 0.3174 0
Cu-TSCS | 2.616 7.18 0 12.956 35.60 1
100 —
-1 S
80 . NiTscs

\v

40 -

Weight % (%)
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20 —

10 -
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Figure 3: TGA of Chelates

3.6. UV-visible reflectance spectra and magnetic susceptibility

The geometry of the chelates are also determined by electronic spectra and magnetic moment data
as shown in the table 4. Magnetic moment value of Co(II) chelate is 1.79 B.M. and the two transition
bands observed at 17094.02 cm™and 20876.83 cm™ may be assigned as *Ti)(F)—*Ase and
T @)(F)—*T1g(P) transitions respectively, assuming Co(II) chelate having octahedral geometry
[25]. Ni(II) chelate has magnetic moment 3.14 B.M. and three transition bands are observed at
13947.00 cm™, 18691.59 cm™ and 21231.42 cm™ may be assigned as >Asg—>Ta(e), *A2@—>Ti(e)(F)
and ®A)—>Ti(g)(P) transitions respectively, assuming Ni(Il) chelate to have octahedral geometry
[26]. In case of Cu(Il) chelate, the magnetic moment is 1.64 B.M. and transition bands are observed
at 13774.10 cm™ and 17152.66 cm™ which may be assigned to *Biz — 2Aje and *Biz —°E,

transitions of square planar geometry of Cu(Il) chelate and band observed at 23310.02 cm™ is
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probably due to ligand to metal charge transfer transition [27].

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

Chelate Absorption Assignment Magnetic moment
Amax (cm™) u (B.M.) (Geometry)
Co-TSCS 17094.02 cm™ Ty @(F) =*Ase 1.79
20876.83 cm™ *T1@)(F) =*Ti(e(P) (Octahedral)
Ni-TSCS 13947.00 cm’! 3 A0 T
18691.59 cm™ 3 Az ey—>Ti(e)(F) 3.14
21231.42 cm™ 3A20—>Ti(e)(P) (Octahedral)
Cu-TSCS 13774.10 cm™ Big — A 1.64
17152.66 cm™ ’B1g —2Eq (Square planar)
23310.02 cm™ Charge transfer
18
17
16 -
15 ] Co Tscs
14 Ni Tscs
13 ] Cu Tscs
= 12
m, i
- 104
2 94
5 8-
D7 S
I
S —
2.
1 -
200 300 400 500 600 700 800

Wavelength (nm)

Figure 4: UV visible reflectance spectra of chelates
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Where, M = Co*" (n=1) and Ni** (n=0)
Figure 5: Octahedral Geometry for Co(II) and Ni(II) Chelates
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H2N4</ -,éu2+ _

Figure 6: Square Planar Geometry for Cu(II) Chelate
3.7 Kinetic study
In order to study the catalytic effect of chelates, three, second order redox reactions, potassium
persulphate with potassium iodide, potassium bromate with potassium iodide and hydrogen
peroxide with potassium iodide were selected [28].
K2S,05 + 2KI — 2K2S04 + I
KBrOs + 6KI +6HCI — KBr + 6KCl1 + 3H,0 + 31,
H>0, + 2KI + H2SO4 — K2SO4 +1; + 2H,0
These three second order reactions were carried out with and without addition of Co, Ni and Cu
chelates. Out of three chelates, cobalt and copper chelates were able to increase the rate of reaction
between potassium persulphate and potassium iodide significantly and nickel chelate increased
reaction rate to smaller extent. Copper chelate is also able to increase rate of reaction, the rate of
which is between that of potassium bromate and potassium iodide in acidic medium. In other cases,
rate of reaction decreases on the addition of chelates.

Table 5. Reaction rates with and without chelates

Reactions K2S:,058 + KI KBrO; + KI+ HCl | H20; + KI+ H2SOq4
k without chelates 3.30786 x 107 7.39218 x 10 2.34078 x 10
k with Co-TSCS 7.57254 x 107 6.24433 x 10 1.73588 x 10
k with Ni-TSCS 3.41044 x 107 6.48246 x 10 2.16243 x 10*
k with Cu-TSCS 5.45753 x 10° 8.81473 x 10 1.9039 x 10
% Increase in reaction rate 128.93 % -15.53 % -25.84 %

at 306 K Co-TSCS

% Increase in reaction rate 3.10% -12.31 % -7.62 %
at 306 K Ni-TSCS

% Increase in reaction rate 64.99 % 19.24 % -18.66 %
at 306 K Cu-TSCS

Where, k denotes rate constant

3.8. Catalytic study

Diphenylhydantoin is used as antiepileptic drug and it is pharmaceutically important compound,
hence its synthesis is selected for catalytic study. An ethanolic solution of benzil (5.3 gm), urea (3.0
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gm) and 30 % sodium hydroxide solution (15ml) was refluxed for 2 hours and allowed to cool to

www.rjlbpcs.com

room temperature. The reaction mixture was filtered off to remove insoluble by-product and filtrate
was acidified with concentrated hydrochloric acid, cooled in ice water bath and immediately the
precipitated product was filtered. The product was recrystallized [29, 30]. This was the standard

organic reaction selected to study the catalytic effect of chelates.

HoN HO 'y
2 N @)
_© Ph N Ph /
+ =0 —o| — = Ph></
No Ph NH
N
O HoN HO N

Urea 5,5'-diphenylhydantoin

(1) NaOH/EtOH

(2 HO"

Benzil

Figure 7: Synthesis scheme for 5,5’-diphenylhydantoin
The yield was about 1.391 gm (44.16 %). The same reaction was also carried out for 1 hour and the
yield was 1.268 gm (40.25 %) obtained without catalyst. The same reaction was carried out in the
presence of 1 % catalytic amount of chelates. The % yield and % increase in the yield for catalyzed
reaction are shown in table 6. In comparison to uncatalyzed reaction, about 14 % increase was
observed in case of cobalt and copper chelates catalyzed reaction and 7.97 % increase in yield was
observed in case of Ni chelate-catalyzed reaction.

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

%yield | %yield | %yield | % yield | % Increase | % Increase | %lncrease of
without | with Co- | with Ni- | with Cu- | ofyieldin | ofyield in yield in
chelate TSCS TSCS TSCS | presence of | presence of | presence of
(1 hour) | (1 hour) | (1 hour) | (1hour) | Co-TSCS | Ni-TSCS Cu-TSCS
40.25 48.03 44.54 47.59 14.47 7.97 13.64

3.9. Activation energy by Broido method
The Broido method was used to evaluate activation energy (E.) as well as other kinetic parameters

from the TGA curves [31]. The equation used to evaluate activation energy of degradation reaction

inin(5) = = () (7) + constane
nmn y = R T constan

Where, y = (Wt — Woo) /(W — Wo),

Where, y = Fraction of the number of initial molecules not yet decomposed.

is given below:

Wo = initial weight of sample.
Wt = residual weight of sample at any time t
We = weight of sample at infinite time

R = gas constant
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From the slope of the plot In(In1/y) versus 1000/T, activation energy (Ea) can be calculated as,
Ea =-2.303 xR xslope.

www.rjlbpcs.com

The calculated activation energy of thermal degradation of chelates and temperature range are
shown in table 7.

Table 7. Activation energy of chelates

Chelates Temperature range (°C) Activation energy (Ea) in kJmol!
Co-TSCS 60°C to 160°C 101.69
Ni-TSCS 127°C to 197°C 26.03
Cu-TSCS 37°C to 77°C 93.54
o] maiy 52

53

-5.4

Inin(1/y)

-5.5

-5.6 4

T & 1. °
23 2.4

—T— T T T
27 2.8 29 3.0 3.1

T T T T T T T T T
210 215 220 225 230 235 240 245 250 255

1000/K

1000/K

- . m  CcuTscs

Inin(1/y)

T T T T T T T T T
285 290 295 3.00 3.05 3.10 3.15 320 3.25
1000/K

Figure 8: Plot of In[In(1/y)] vs 1000/T for chelates

The activation energy of thermal degradation of cobalt, nickel and copper chelates were found to be
101.69 kJmol™, 26.03 kJmol! and 93.54 kJmol!. The higher value of activation energy reflects the
thermal stability of the chelates [32].

3.10. Antibacterial activity

The schiff base ligand and their transition metal chelates were evaluated for their antibacterial
activity against bacterial species such as gram-positive bacteria (B. subtilis, B. cereus) and gram-
negative bacteria (E. coli, P. aeruginosa) to compare their antibacterial activity using Ciprofloxacin
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concentration of samples. It was observed that schiff base ligand was biologically active. It was also
observed that on chelation antibacterial activity of ligand increased as compared to free ligand.
Cu(II) chelate was found to have enhanced antibacterial activity than free schiff base ligand against
all the bacterial stains. Co(II) chelate showed higher antibacterial activity against B. subtilis, E. coli
and P, aeruginosa. Ni(I) chelate showed lower antibacterial activity than schiff base ligand and also
compared to Co(II) and Cu(II) chelates.

Table 8. Antibacterial activity of Tscs schiff base ligand and its chelates

Sr. Bacterial pug/ml TSCS Co- Ni- Cu- Ciprofloxacin
no species TSCS TSCS | TSCS

1 B. subtilis 100 pg/ml - - - + ot
(G") 200 pg/ml + + ; + i
300 pg/ml + ++ + +++ 4+
400 pg/ml ++ 4+ ++ +++ 4+
2 B. cereus 100 pg/ml - - - + -+
(G") 200 pg/ml + - - + et
300 pg/ml ++ + - ++ 4+
400 pg/ml ++ + + +++ 4+
3 E. coli 100 pg/ml - - - + +++
(G) 200 pg/ml + + - + et
300 pg/ml + ++ + ++ 4+
400 pg/ml ++ ++ + ++ 4+
4 P 100 pg/ml - + + + 4+
aeruginosa | 200 pg/ml + + + ++ 4+
G) 300 pg/ml + e - ++ H+
400 pg/ml ++ ++ ++ +++ +++

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).

4. CONCLUSION

Transition metal chelates of Co(Il), Ni(Il) and Cu(Il) with schiff base derived from
thiosemicarbazide and salicylaldehyde have been synthesized using corresponding metal
perchlorate and characterized. The structure of the schiff base and metal chelates have been
determined with the help of elemental analysis, IR, UV-visible spectra, Mass spectra, molar
conductance, magnetic susceptibility and TGA. Catalytic effect of chelates on three well known

redox reactions have been also studied. Cobalt and copper chelates significantly increased rate of
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redox reaction between potassium persulphate and potassium iodide. The three chelates were

effective as catalyst in the synthesis of diphenylhydantoin and were successful to increase the
percentage yield by 7 % to 14 %. Activation energy for thermal degradation was also evaluated
using Broido method, this indicates good thermal stability. Schiff base and all the chelates were
screened for antibacterial activity against Escherichia coli, Pseudomonas aeruginosa, Bacillus
subtillus, Bacillus cereus using Ciprofloxacin as the standard. It was observed that cobalt and copper
chelates showed enhanced antibacterial activity than schiff base ligand.
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