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Abstract: Schiff bases viz. benzene-1,2-diyldimethylylidenedicarbamic acid, N,N'-benzene-1,2-diylbis[1-(pyrazin-2-yl)methanimine], (E)-
2-((3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methyleneamino)phenol and their metal complexes were prepared. The complexes were
screened for their antibacterial character against strains of SRB’s using anaerobic vial culture by MPN method. Various parameters
such as effect of turbidity, pH and dry weight using UV-VIS spectroscopy were determined at different intervals. (E)-2-((3-(3-
nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methyleneamino) phenol (Ligand L3) was found to be highly effective at optimized dose of 500
ppm. The antibacterial activity of the ligands was found to be in order: L3>L1>L2 and the metal complexes of Schiff base ligands shows
enhancement in their antibacterial activity. The copper complex with ligand L3 was found to be highly active and follows the order: Cu-
L3>Co-L3>Ni-L3=Fe-L3> Zn-L3.
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I. INTRODUCTION

Schiff bases are diversified organic compounds which are prepared between carbonyl and amine compound due to the condensation
reaction. The presence of N, O, S atoms in their molecules allow them to behave as donor molecules or ligands to the central metal ion. The
linkage of these molecules with various metals ions through coordinate bonds can widespread their study in the development of coordination
complex compounds and also finds numerous application in catalytic, optical, pharmaceutical and bio-organic/bio-inorganic chemistry. The
incorporation of metal ions or binding components makes them to exhibit a significant role in various bio-chemical reactions [1-4].
Chelation of metals with chelating ligands shows an exceptional enhancement of lipophilic character of organic moiety [5]. Antimicrobial
properties of these compounds are further enhanced when treated with various metals due to the formation of metal-ligand chelating
complexes and thus these can be broadly used for biological activities. They are extensively studied for their antimicrobial properties due to
the presence of imine or azomethine groups that is intermediate of various biochemical reactions. Their correlations with various
biochemical reactions formulate an encouraging research for the development of novel pharmacological methodologies towards the
antimicrobial resistance [6-9].
Desulfovibrio desulfuvicans is a sulphate reducing bacteria (SRB) that exclusively belongs to the most troublesome assemblage of microbes
against entire microorganisms. These are obligate unicellular anaerobes which reduces sulphates to sulphides. They attain energy for their
growth from the oxidation of organic compounds using sulphates as external e acceptor as shown in Fig. 1 and involved in microbial
induced corrosion (MIC) of steel and other metals especially in the oil-gas and shipping industry [10, 11]. Costerton and Boivin assessed that
their occurrence poses severe threat to oil and gas pipelines used for transportation and storage tanks. They also deteriorate quality of
petroleum products, enhance the refinery costs and causes environmental pollution through hydrogen sulphide (H,S) generation [12].
Consequently, existence of SRB rapidly accelerates microbial induced corrosion in crude oil and gas industry particularly where sea-water
injection system is used for reservoir’s pressure maintenance.
It is revealed that MIC is a significant area of research for laboratory and industrial studies and various investigations on antimicrobial
character of Schiff bases against SRB’s were reported [13]. In the present study, three Schiff base ligand and their metal complexes were
synthesized. The synthesized ligand and metal-complexes were characterized and used for the study of antibacterial properties against SRB’s
using anaerobic vials experiments.

Il. EXPERIMENTAL
2.1 Chemicals and Instruments

Various organic chemicals that were used are for synthesis are carbamic acid, benzene-1,2-dicarbaldehyde, pyrazine-2-
carbaldehyde, benzene-1,2-diamine, 4-amino antipyrine, thiosemicarbazide, and 2-methoxy-4-methyl benzaldehyde. These chemicals were
purchased from Sigma-Aldrich while acetone, absolute ethanol, and other metal salts other chemicals were obtained from Fluka. All these
chemicals and reagents were used as such without any additional purification. Double distilled water was used for making all sorts of
aqueous solutions.
The absorbance was determined by Hitachi UV-VIS U 1900 spectrometer in the range of 1100-190 nm. The *H-NMR and *C-NMR spectra
were determined in deuterated chloroform (CDCI3) on a Bruker Avance 300 MHz spectrometer. Turbidity measurements were determined
using Equiptronics EQ 811 turbidity meter. The pH determinations were recorded by using digital pH meter (Beckman Coulter PHI 450).
The FTIR spectra of the ligand and complex were determined by using Labtronics FTIR spectrometer in the range of 4000-350 cm™. The
structure of compound was proved by *H-NMR and *C-NMR studies.
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Fig. 1: Mechanism of metal corrosion due to SRB activity

2.2 Synthesis of Schiff base ligands and their Metal complexes:

Three different types of Schiff base ligands i.e. benzene-1,2-diyldimethylylidenedicarbamic acid (L1), N,N'-benzene-1,2-diylbis[1-
(pyrazin-2-yl)methanimine] (L2) & (E)-2-((3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methyleneamino)phenol (L3) were synthesized.
2.2.1(a) Synthesis of L1: 1 mmol of benzene 1,2-dicarbaldehyde dissolved in 8 ml of DMSO was added with 1 mmol of carbamic acid in
5ml DMSO. The resultant mixture was then allowed to react in reflux condition under nitrogen atmosphere for 100 minutes at 80°C,
resulting in a red color precipitated product. The precipitated product was further filtered and dissolved in absolute ethanol at room
temperature. The ethanol was then allowed to evaporate in vacuum till the micro crystals of the Schiff base ligand were obtained (Fig. 2).
The physical properties and analytical data of the L1 ligand is given below:

Empirical formula: C1oHgN,O,, formula weight: 220.168 gmol™, yield: 74%, melting point: 68°C.

'"H-NMR (ppm): 8.24 (s, 2H, aromatic), 7.63 (d, 2H, aromatic), 7.29 (s, 4H, iminic), 7.19 (s, 2H, carboxylic acid).

BC-NMR (ppm): (6C aromatic); 182.7, 181.3, 180.8, 178.9, 178.2, 176.6, 145.8, 145.5, 105.9, 105.6.

IR data- The IR spectrum of the free Schiff base ligand shows bands of intensity at 3148-3154, 1615-1640, 1720-1730, 1555-1565, 1680-
1700, 1755-1765 which corresponds to frequency v(C-H), v(C=N), v(C=0), v(COO"), v(C=C) & v(C-N) respectively.

Schiff baselcomplex: 3145-3150 v(C-H), 1600-1625 v(C=N), 1550-1565 v(C=0), 1550-1560 v(COO’), 1670-1680 v(C=C), 1751-1763
v(C-N) cm™,

0
e 0 i )J\
0 Y . N OH
+ HoN __8rc
0 Reflux I OH
benzene 1 2-dicarbaldehyde carbamic acid 0

[penzene-1.2-divldimethylylidene]dicarbamic acid

Fig. 2: Schematic diagram of preparation of L1

2.2.1(b) Synthesis of Metal-L1 complex: M(Il) complexes of Ni, Co, Pd, Mn and Zn were synthesized with the synthesized Schiff base
ligand L1 by the procedure available in the literature[14]. A solution of NiCl, (3 mmol in DMSOQO) was taken and drop wise added into the
flask containing solution of Schiff base ligand (3 mmol in 10 mL DMSO) in the presence of ammonium hydroxide solution. The mixture was
continuously stirred and refluxed at 80°C under inert atmosphere of nitrogen till the red colored precipitate was obtained. The red colored
solid product was then separated by vacuum filtration, washed with cold acetone solution and dried in vacuum desiccator at room
temperature (Fig. 3).
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Fig. 3: Schematic diagram of preparation of Nickel complex of L1

The bonding between the free ligand molecules and metal ions significantly affects the stretching frequencies, therefore the complexation of
ligand with Ni(ll) ion was examined by analyzing the IR spectra of free ligand and complex compound. The IR spectral data indicates that
the C=N stretching frequency changes from 1615-1640 cm™ in the free ligands to lower values of 1600-1625 cm™ in the Ni(Il) complexes,
which indicates that azomethine nitrogen is coordinated with the metal ion in the complex. The COQO" stretching frequency also drops from
1555-1565 cm™ to 15501560 cm™. This is due to the coordination of oxygen with metal ion.

2.2.2(a) Synthesis of L2: Equimolar proportions (1 mmol) each of pyrazine-2-carbaldehyde and benzene-1,2-diamine were dissolved in 10
ml of absolute ethanol. The resultant mixture was constantly stirred and reflux under inert atmosphere of nitrogen for 70 minutes at 80°C.
The resultant pale yellow solution of the ligand was kept at room temperature and ethanol was allowed to evaporate in vacuum till the micro
crystals of the Schiff base ligand, N,N’-benzene-1,2-diylbis[1-(pyrazin-2-yl)methanimine] was formed (Fig. 4). The micro crystals of the
ligand were further filtered with ethanol and then recrystallized from ethanol-/chloroform (2:1, v/v).

The physical properties and analytical data of the L2 ligand is given below:

Empirical formula: C;6H1,Ng, formula weight: 288.306 gmol™, yield: 73%, melting point: 138°C.

'H-NMR (ppm): 8.55 (s, 2H, pyridinic), 8.30 (s, 2H, iminic), 7.64 (d, 4H, pyridinic), 7.36-7.22 (d, 2H, aromatic), 6.84 (t, 2H, aromatic).
BC-NMR (ppm): (16 C aromatic); 176.8, 173.4, 173.1, 172.5, 164.3, 161.2, 159.4, 149.3, 136.2, 134.8, 133.5, 124.1, 121.9, 119.4, 110.2,
109.5.

IR data- The IR spectrum of the free Schiff base ligand shows bands of intensity as:

Schiff base free ligand: 1630-1640 v(C = N), 1454 - 1461 v(C = N), 1543-1455 v(C = C ar.) cm™.

Schiff base Complex: 1603 - 1609 v(C = N), 1426-1439 v(C = N), 1534-1468 v(C = C ar.) cm™.
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Fig. 4: Schematic diagram of preparation of L2 and palladium complex
2.2.2(b) Synthesis of Metal-L2 complex: M(Il) complexes of Pd, Ni, Co, Cd and Zn were synthesized with the synthesized Schiff base
ligand L2 by the procedure available in the literature [15]. 3 mmol each of Palladium Chloride and Schiff base ligand L2 were separately
dissolved in 10 ml of acetone. Both the solutions were then added in a flask and the mixture constantly stirred and refluxed under inert
atmosphere of nitrogen for 20 minutes at 85°C which results in the formation of solid product. The solid product was further filtered by
vacuum filtration and washed with cold acetone solution followed by drying in a vacuum desiccator at room temperature.
The FTIR analysis of the Schiff base ligand (L2) and its complex with Pd(Il) shows significant variations in IR stretching frequencies.
Substantial change was observed in stretching frequencies of C=N from 1630-1640 cm™ in the free ligands to lower values of 1603-1609
cm™ in the Pd(11) complex. It indicates the co-ordination linkage of azomethine (nitrogen atoms) to the central palladium metal ion.
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This substantial variation of C=N stretching frequencies occurs as the electron pairs on a nitrogen atom is involved in bond formation with
the palladium ion. The C=N stretching frequencies of pyrazine falls from 1454-1461 cm™ to 1426-1439 cm™ due to the coordination linkage
of lone pair of nitrogen with Pd(Il) ion.

2.2.3(a) Synthesis of L3: The Schiff base ligand L3 was prepared by the condensation reaction between equimolar proportions of 3-(3-
nitrophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde (0.01 mol) with o-amino phenol (0.01 M) in 30 ml of ethanol. The mixture was then
refluxed for 8hrs at 70-80°C under inert atmosphere of nitrogen and the resultant product was poured over crushed ice. The solid product was
separated and filtered. It was further washed with cold saturated solution of sodium bisulphate and recrystallized with ethanol. The orange
color product of (E)-2-((3-(3-nitrophenyl)-1-phenyl-1H-pyrazol-4-yl)methyleneamino) phenol was obtained (Fig. 5).

The physical properties and analytical data of the L3 ligand is given below:

Empirical formula: C,,HysN,Os, formula weight: 384.388 gmol ™, yield: 88%, melting point: 142°C.

'H-NMR (ppm): 9.23 (s, 1H, Phenolic), 8.71 (s, 1H, azomethinic).

BC-NMR (ppm): (22 C); 196(C=N), 157(Phenolic C), 152.23, 150.95, 150.48, 139.06, 137.17, 130.15, 129.78, 129.33, 126.95, 126.68,
122.75, 121.80, 120.05, 119.94, 119.06, 118.50, 118.23, 115.55, 115.30, 114.32.

IR data- The IR spectrum of the free Schiff base ligand shows bands of intensity as:

Schiff base free ligand: 3415-3423 v (OH), 1653-1658 v(C = N), 1045-1055 v (N - N) cm™.

Schiff base Complex: 3290-3350 v (H,0), 1588-1598 v(C = N), 1065-1090 v (N - N), 490-540 v (M-N), 420-428 v (M-O) cm™.
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Fig. 5: Schematic diagram of preparation of L3
2.2.3(b) Synthesis of Metal-L3 complex: Metal complexes of Fe, , Ni, Co, Cu and Zn were synthesized with the synthesized Schiff base
ligand L3 using the following methodology. Precisely weigh 0.01 mol of metal salt and added drop wise to the 0.02 mol of Schiff base (L3)
in 20 ml of ethanol. The mixture was kept at 70-80°C under inert atmosphere of nitrogen and refluxed for 48 hours. The solid product formed
was allowed to cooled, filtered and washed several times with warm ethanol until washing becomes colourless. The product was further
dried in air and kept in desiccator over anhydrous CaCl, The coloured metal complexes, thus formed were found to be stable in air and
moisture (Fig. 6).
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Fig. 6: Schematic diagram of preparation of Metal complex with L3

The FTIR analysis of the Schiff base ligand (L3) showed strong IR stretching frequencies at 1653-1658 cm™ and 3415-3423 cm™ which
corresponds to the specific band of azomethine (-HC=N-) and phenolic (-OH) group respectively. Substantial decrease was observed in
stretching frequencies of C=N from 1653-1658 cm™ to 1588-1598 cm™ in the spectral data of metal complexes suggesting the linkage of
nitrogen atom of the azomethine group to the central metal ion through coordinate bond. All the metal complexes shows a characteristic
broad band in the region of 3250 to 3450 cm™ that was attributed to the v (-OH) that specifies the existence of lattice or coordinated water
molecules. The data also reveals that the metal was linked to the Schiff base ligand molecule through imino nitrogen 490-540 v (M-N), and
phenolic oxygen 420-428 v (M-O) cm™.

2.3. Preparation of Test Matrix:

Test medium API-RP 38 (API) was used is a strictly anaerobic bacterial culture that was recommended by API to use as standard
for monitoring SRB’s in oil and water systems. It contains nutrients such as Sodium lactate USP (4 ml), Yeast Extract (1.0 g), Ascorbic acid
(0.1 g), MgSQO,4 «7H,0 (0.2 g), anhydrous K,HPQO, (0.01 g), NaCl (25 g), ferrous ammonium sulphate Fe(NH,),(SOg4), (0.2 g per 100 ml) ),
Distilled Water (1000 ml) exclusively articulated to facilitate the growth of SRB [16, 17].
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2.4. Antibacterial activity:

The antibacterial activity of the synthesized ligands (L1, L2, and L3) and their complexes (ML1, ML2, ML3) was determined
against strains of SRB bacteria at 200-1000 ppm by most probable number (MPN) method [18-20]. It was observed that the most probable
number (MPN) is far more sensitive and consistent enumeration procedure than SRB colony counting using plate cultures for the
determination of extremely low cell counts (Xu and his co-workers) The MPN method is a standard procedure in oil and gas fields to
determine the presence of anaerobic bacteria like SRB that are comparatively slow growing in comparison to the aerobic heterotrophs. In
comparison to the colony count technique, the MPN method has been shown to be more fast, reliable and accurate in assessing SRB counts.
The used SRB contaminated water was obtained from pigging sample of well fluid line on Mumbai high asset of ONGC (India). The test had
been conducted using 10 ml of clean serum bottles that was filled with 9 ml of hot broth (test medium). One ml of pigging sample (that
contains SRB) was taken in pre-sterilized disposable syringe and inoculated in serum bottle. Precaution were taken to avoid any ingress of
air and the inoculated bottle turned upside down 3-4 times for mixing the contents for first dilution (10™%). Another sterile syringe was used to
withdraw 1 ml contents form the bottle and injected to the next dilution bottle for second dilution (107%). Similar repetition of inoculation was
carried out for the third dilution (10®). The serum bottles of various dilutions were kept in incubator for 28 days for SRB growth and
temperature was varied from 20 to 80° Celsius. The same set of experiments was repeated in the presence of Schiff base ligand and their
metal complexes at 200, 500, 750, and 1000 ppm. Effect of parameters such as pH and turbidity were also examined at various intervals.

I1l. RESULTS AND DISCUSSIONS

The synthesized Schiff bases and their metal complexes were examined for their antibacterial behavior. Anaerobic serum vials
containing API-RP 38 medium was used for SRB culture. In the present study, effect of turbidity, pH and optimized dose of Schiff base
ligand and their metal complexes required as antibacterial agent were studied. UV-VIS spectroscopy was used to determine the dry weight of
SRB bacteria.
Figure 7 displays the monitoring of SRB growth in vials. The occurrence of black colour in the various diluted vials confirms the presence of
SRB. The black color corresponds to the iron sulphide that develops after the generation of H,S gas due to the SRB activity.

Fig. 7a: Monitoring of SRB growth kept in incubator Fig. 7b: Shows the occurrence of SRB in third dilution
in vials in control experiment.

Effect of Turbidity:

Turbidity is a measurement of the degree of transparency of a solution. It provides an indication about the presence of suspended particulates
and growth of microbes. Turbidity measurements were carried out on Turbidity meter Equiptronics EQ 811. The sample was diluted prior to
turbidity determination. 10 ml of test sample was filled in a clean glass cell and diluted with 30 ml of distilled water and shaken the contents
for mixing. Precaution was taken to avoid formation of air bubbles as it may lead to errors. The glass cell was inserted in the turbidity meter
and turbidity of various samples was measured in NTU (Table 1).

Table 1: Turbidity measurements at different temperatures vs incubation period

Incubation Period Turbidity at temperature
(in days) (inNTU)
20°C 37°C 60°C 80°C
7 2.32 3.22 0.75 0.55
14 1.93 3.68 0.52 0.48
21 2.15 2.35 0.58 0.38
28 1.98 2.58 0.62 0.39
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Fig. 8: Graph showing Turbidity measurements with incubation time at different temperatures.

The graph in fig. 8 was plotted against the data in table 1 and shows that the turbidity of the samples that were kept at 37° C was found
to be high. This suggested that SRB growth rate was also high at 37° C corresponding to the elevated turbidity. The turbidity was also
measured for ligands and their complexes at constant temperature of 37° C at various intervals of 0, 7, 14, 21 and 28 days and are
summarized in the Table 2:

Table 2: Turbidity for Ligands and M-complexes at various intervals after SRB inoculation

Turbidity for various Schiff bases and their metal complexes at 37° C with SRB inoculation

Incubation [L[l I\-T—L}
Period Ligand L1 & its complexes at 500 ppm Ligand L2 & its complexes at 500 ppm Ligand L3 & its complexes at 500 ppm

(in days) : : :
11 | Wi Co | Pd | Mn| Zn | L2 | Ni Co | Pd | Cd | Zn | L3 | Fe | Co | Ni Cu | Zn
0 292 | 297 | 299 | 288 | 291 | 287 | 286 | 295 | 301 | 312 | 307 296 | 2985 | 313 | 307 | 2098 | 302 | 305

7 317 | 308 | 312 | 306 | 304 | 315 | 353 | 344 | 346 | 35 | 341 | 335 | 303 | 323 | 306 | 315 | 298 | 333
14 326 [ 311 | 318 | 308 | 255 | 322 | 361 | 348 | 332 | 351 | 340 | 343 | 288 | 315 | 308 | 309 | 289 | 329
1 287 | 284 | 273 | 284 | 255 | 268 | 281 | 302 | 2585 | 306 | 289 | 284 | 287 | 289 | 282 | 293 | 236 | 304
28 268 | 261 | 263 | 259 | 264 | 234 | 262 | 283 | 277 | 279 | 268 | 272 | 278 | 283 | 285 | 296 | 281 | 293

The graphical representation of the data in Table 2 illustrates that the turbidity initially increases slightly up to 14 days and then decreases.
This can be attributed towards the early growth of SRB as shown in Figure 8a and 8b. The increase in turbidity is not as high due to the
presence of Schiff base or their metal complex which functions as antibacterial agent and slows down or inhibits the growth of the SRB’s.
However, the turbidity seems to be almost remains constant as shown in Figure 8c where ligand L3 and their complexes were used. The blue
line corresponding to Cu-L3 founds to be a straight line that indicates that the presence of this compound even does not allow to developing
any growth of SRB microbes.

The above experiment aims to determine the antibacterial activity of synthesized Schiff base ligand and their metal complexes against SRB
strains. The optimum concentration of various ligands and their metal complexes required as bactericide was determined by anaerobic vial
culture test and by using Hitachi UV-VIS U 1900 spectrometer in the range of 1100-190 nm.

Dry weight of SRB growth was logged by spectrophotometric measurements at 420 nm at the time of inoculation and subsequently at an
interval of every 7 days for a period of 28 days. Sterile serum bottle was used as control for the spectrophotometric determination. The dry
weight of bacteria (SRB) was calculated using the formula [21, 22].

Dry weight of bacteria (g/lI) = — 0.02 + 0.5 x Absorbance at 420 nm

Existence of SRB were tested by anaerobic vials tests in various diluted serum bottles (10, 10, and 10®) at 0, 200, 500, 750 and 1000 ppm
of synthesized ligands i.e. L1, L2, & L3 for optimized dose. The test data was recorded in Table 3. It was observed that all Schiff bases
shows antibacterial activity. The effective dose rate of Schiff base ligand L1 & L2 was found to be above 750 ppm, while the Schiff base
ligand L3 found to be very effective at dose rate above 500 ppm.
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Fig. 8a: Graph showing Turbidity measurements at various intervals for Ligand L1 and their complexes against SRB growth
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Fig. 8b: Graph showing Turbidity measurements at various intervals for Ligand L2 and their complexes against SRB growth
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Fig. 8c: Graph showing Turbidity measurements at various intervals for Ligand L3 and their complexes against SRB growth

Table 3: SRB anaerobic vial test with Ligands L1, L2 & L3 at various concentrations at 37° C

Parameters SRB VIAL TEST SRB VIAL TEST SRB VIAL TEST
(concentration WITH LIGAND L1 WITH LIGAND L2 WITH LIGAND L3
in ppm) (*1000/ml) (*1000/ml) (*1000/ml)

10t 102 10° MPN 101 1072 103 MPN 10? 102 10° MPN

0 +VE +VE +VE 25 +VE +VE +VE 25 +VE +VE +VE 25
200 +VE +VE +VE 17 +VE +VE +VE 17 +VE +VE -VE 15
500 +VE +VE -VE 9 +VE +VE -VE 11 +VE -VE -VE 7
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750 +VE  -VE -VE 3 +VE -VE -VE 5 -VE -VE -VE <1

1000 -VE -VE -VE <1 -VE -VE -VE <1 -VE -VE -VE <1

Determination of absorbance of the liquid growth medium has been used earlier to observe the SRB growth. The SRB growth was measured
at peak on 7" day and started diminishing after 14 days of inoculation (Table 4).

Table 4: Weight determination of SRB at 420 nm

Parameters Dry weight of SRB after inoculation
(@500 ppm) o/ltr (in days)
0 7 14 21 28
Control 0.0097 0.614 0.635 0.429 0.258
Ligand L3 0.0095 0.325 0.311 0.174 0.131
Fe-L3 0.0091 0.295 0.286 0.155 0.126
Ni-L3 0.0086 0.293 0.275 0.161 0.118
Co-L3 0.0069 0.285 0.263 0.175 0.119
Cu-L3 0.0058 0.192 0.097 0.084 0.064
Zn-L3 0.0089 0.312 0.293 0.167 0.128

This occurrence was may be due to the nutrient restrictive environments arrived after 14 days of inoculation and also attributed due to the
inhibitory effect of the metabolites produced by bacterial in the growth media.

In the present study, it was observed that the dry weight of bacteria was reduce to 0.258 g/L during the growth period of 28 days after
attaining a peak value of 0.635 g/L on 7" day in control experiment. The incorporation of the Schiff base L3 at 500 ppm reduces the growth
of SRB’s and hence dry weight was only limited to 0.325 g/ml on 7™ day. However the SRB growth was further diminutive when metal
ligand complex with Schiff base L3 was used. The Schiff base complex with copper (Cu-L3) was found to be most effective at 500 ppm that
limits the peak growth of SRB to 0.192 g/ml.

Effect of pH:

Literature reveals that SRB’s can easily grow in wide range of pH from 5.5-10 [23]. The same set of experiments were carried out by
adjusting the pH from 5.5-10 to determine the effectiveness of the Schiff base and their complexes against pH variation. Figure 9 displays
the monitoring of antibacterial effectiveness of Schiff base and their metal complexes against variation in pH. It was observed that all the
compounds were found to possess good antibacterial character from pH 5.5-10 where optimum growth of SRB was recorded. However, there
is decline in the dry weight of SRB at 7.5 pH which indicates that the Schiff base behaves as an excellent antibacterial agent at this pH.
Similar curve showing decline in dry weight of SRB was obtained for Copper complex with L3 ligand. This decline in dry weight for this
curve is attributed towards exceptional antibacterial character for Cu-L3 complex.

Dry weight of SRB @ 300ppm of Schiff base ligand and

Coppeér complex on 28th day

md 13 Cu-1.3 Co-1.3 Fe-.3 e——Ni-

Fig.9: Monitoring of effectiveness of Schiff base and their complexes against pH

IV. CONCLUSION:

Schiff base ligands (L1, L2, and L3) and their metal complexes were synthesized and analyzed for their antibacterial behavior
against strains of sulphate reducing bacteria. The maximum growth rate of SRB was observed at 37° C in control experiment using API1-RP
38 as growth medium. All the synthesized ligands possesses antibacterial activity. The antibacterial activity of the ligands was found to be in
order: L3>L1>L2 and the metal complexes of Schiff base ligands shows enhancement in their antibacterial activity. The copper complex
with ligand L3 was found to be highly active and follows the order: Cu-L3>Co-L3>Ni-L3~Fe-L3> Zn-L3. The variation can be attributed to
the nature of metal ion and the complexity of the microbes (SRB). The advanced bioactivity of the metal complexes as compared to that of
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the Schiff base ligands was due to the reduction in the charge localization of the metal ion that leads to more fat solubility across cell
membrane. The enhanced antibacterial activity of Cu complexes was due to the chelate formation with Schiff base ligand L3. This can
reduce the polarity of Cu ion to a greater extent due to the overlapping of ligand orbitals along with partial sharing of positive charge on the
metal ion. It was also concluded that all the compounds were exceptional antibacterial agent for a wide range of pH 5.5-10 where optimum
growth of SRB was recorded.
V. ACKNOWLEDGEMENT

The authors would like to offer his gratitude towards Qil and Natural Gas Corporation Ltd for granting permission to carry out the
research work and to support necessary requirements needed for this research work.

REFERENCES

[1] Gudasi KB, Patil MS, Vadavi RS, Shenoy RV, Patil SA, Nethaji M. X-ray crystal structure of the N-(2-hydroxy-1-
naphthalidene) phenylglycine Schiff base. Synthesis and characterization of its transition metal complexes. Transition Metal
Chemistry. 2006;31(5):580-585.

[2] Bairagi S, Bhosale A, Deodhar MN. Design, synthesis and evaluation of schiff’s bases of 4-chloro-3-coumarin aldehyde as
antimicrobial agents. Journal of Chemistry. 2009;6(3):759-762.

[3] Sharma A, Shah M. Synthesis and characterization of some transition metal complexes derived from bidentate Schiff base
ligand. Journal of Applied Chemistry. 2013;3:62-66.

[4] Malik S, Nema B. Antimicrobial activities of Schiff Bases: A review. International Journal of Theoretical & Applied Sciences,
Special Issue-NCRTAST. 2016;8(1):28-30.

[5] Preetha JP, Karthika K. International Journal of ChemTech Research. CODEN (USA): IJCRGG ISSN.0974-4290.

[6] Prakash A, Adhikari D. Application of Schiff bases and their metal complexes-A Review. Int J Chem Tech Res.
2011;3(4):1891-1896.

[7] Selvaganapathy M, Raman N. Pharmacological activity of a few transition metal complexes: A short review. Journal of
Chemical Biology & Therapeutics. 2016.

[8] Joseyphus RS, Nair MS. Synthesis, characterization and biological studies of some Co (1), Ni (1) and Cu (Il) complexes
derived from indole-3-carboxaldehyde and glycylglycine as Schiff base ligand. Arabian Journal of Chemistry. 2010;3(4):195-
204.

[9] Hamilton WA. Metabolic interaction and environmental microniches: implications for the modeling of biofilm process.
Biofouling and Biocorrosion in Industrial Water Systems, 2nd edition, CRC Press Inc, Boca Raton, FL. 1994:27-36.

[10] Hamilton WA. Sulphate-reducing bacteria and anaerobic corrosion. Annual Reviews in Microbiology. 1985;39(1):195-217.

[11] Rasol RM, Noor NM, Din MM. Effect of temperature in SRB growth for oil and gas pipeline. Indian Journal of Science and

Technology. 2015;8(13).
[12] Costerton JW, Boivin J. Biofilms and corrosion. Biofouling and Biocorrosion in industrial water systems: Springer 1991, p.
195-204.

[13] da Silva CM, da Silva DL, Modolo LV, Alves RB, de Resende MA, Martins CV, et al. Schiff bases: A short review of their

antimicrobial activities. Journal of Advanced research. 2011;2(1):1-8.

[14] Uppal M, Singh G. Synthesis and Uses of Ni (1) Complex with Schiff Base [Benzene-1, 2-Diyldimethylylidene] Dicarbamic

Acid. Journal of Advanced Electrochemistry. 2016:103-106.
[15] Uppal M, Singh G. Evaluation of Electrochemical and Biological Characteristics of Schiff Base N, N'-Benzene-1, 2-Diylbis
[1-(Pyrazin-2-yl) Methanimine] Complex of Palladium (I1). Journal of Advanced Electrochemistry. 2015:29-31.

[16] Tanner RS. Monitoring sulfate-reducing bacteria: comparison of enumeration media. Journal of microbiological methods.

1989;10(2):83-90.

[17] Zamora AC, Malaver N. Methodological aspects for the culture and quantification of heterotrophic sulfate-reducing bacteria.

Revista de la Sociedad Venezolana de Microbiologia. 2012;32(2).

[18] Cochran WG. Estimation of bacterial densities by means of the" most probable number". Biometrics. 1950;6(2):105-116.

[19] Hurley MA, Roscoe M. Automated statistical analysis of microbial enumeration by dilution series. Journal of applied

bacteriology. 1983;55(1):159-164.

[20] Loyer MW, Hamilton MA. Interval estimation of the density of organisms using a serial-dilution experiment. Biometrics.

1984:907-916.
[21] Bhagobaty RK. Culture dependent methods for enumeration of sulphate reducing bacteria (SRB) in the Oil and Gas industry.
Reviews in Environmental Science and Bio/Technology. 2014;13(1):11-16.

[22] Bhagobaty RK, Nihalani M. Paper No. CIWT-01. 2015.

[23] Hu A. Investigation of sulfate-reducing bacteria growth behavior for the mitigation of microbiologically influenced corrosion
(MIC). Ohio University, 2004.

JETIR1810491 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 635


http://www.jetir.org/

