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        Abstract



        
          Introduction:


          Copper is a very important metal because all forms of life require copper metals an essential micronutrient. Various biological processes, directly or indirectly are dependent on copper metal.

        


        
          Methods:


          Copper soaps are used as fungicides, bacteriosides, herbicides and insecticides. Copper complexes including heterocyclic compounds have attracted our attention in a magnificent way because of its utility in catalysis and biological functions. Their mechanism of synthesis, characterization and structural insight, are crucial for comprehending the criteria of the bonding and electronic interactions between the proximate metal center and chelating atoms. But still, there is a need to explore some of more biological properties for their wide applicability and significant usage in multiple fields because it is an untapped area with potentially tremendous value. Hence, in this paper, we report the synthesis and characterization of transition metal complex of N/S ligand by chromatographic, FT-IR, NMR, ESR, elemental analysis, conductometric and magnetic moment measurements.

        


        
          Results:


          The synthesized metal complexes namely copper palmitate with 4-nitrophenylthiourea and copper palmitate with 4-methoxyphenylthiourea were successfully investigated for biological activities against fungi Candida albicans and Trichoderma harzinum. Based on the results, we pronounced biocidal activities of the novel complexes.

        


        
          Conclusion:


          It is concluded that the activity of nitro phenylthiourea complex has greater antifungal activity than methoxy phenylthiourea complex against these test fungi. We can conclude that the antifungal activity of these complexes varies according to the nature of the groups attached to the ligands.
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      1. INTRODUCTION


      The present research is an important effort to understand the characteristic nature and biocidal application of copper complexes of nitrogen donor ligands. The treatment with copper complexes produces remarkable pharmacological effects which are not observed when the parent ligands or inorganic forms of copper are used [1, 2]. The use of transition metal complexes as therapeutic compounds has become more and more pronounced. The chemistry of substituted thiourea derivatives has attracted attention because of their potential use as reagents for the separation of metal ions and in medicinal chemistry. Thioureas are versatile ligands, able to co-ordinate to metal centers either as neutral ligands, monoanions or dianions. O, N and S donor atoms of thiourea derivatives provide a multitude of bonding possibilities [3, 4]. The role of benzoyl thiourea derivatives in co-ordination chemistry has been extensively studied and quite satisfactorily elucidated. New thiourea derivatives and their structures have received attention because of their wonderful complexation capacity [5]. Various physical properties i.e. density, viscosity, fluidity of the complexes in non -aqueous medium (Propanol + Benzene) have been investigated to determine critical micelle concentration [6]. These physical parameters are used to understand molecular interactions between the components of the mixture [7]. Information is also provided about solute–solute and solute-solvent interactions and structural insight of micelles. Present work generates new hopes in the pharmacological field [8]. Owing to the aforesaid applications of copper and heterocyclic compounds, we have synthesized copper complexes containing heterocyclic ligands. Out of them, various copper complexes have been reported to inhibit bacterial, fungal, yeast, algal, mycoplasma and viral growth as well as are to cause the death of these microorganisms [9, 10]. Copper complexes are also used as antitumor agents [11], anti-inflammatory [12], enzyme inhibitors or chemical nuclease [13]. The study and development of copper complexes could be helpful in the design and production of antiviral and antifungal materials. It is also able to deactivate HIV viruses and antibiotic-resistant bacteria [14]. In the present study antifungal activity was performed for the synthesized complexes CP(PTU)NA, CP(PTU)A, on Muller Hinton Agar against Candida albicans, Trichoderma harzianum Abbreviation of complexes as follows:


      CP[PTU]NA: Complex of Cu (II) Palmitate with 4-nitrophenylthiourea


      CP[PTU]A: Complex of Cu (II) Palmitate with 4-methoxyphenylthiourea

    


    
      

      2. EXPERIMENTAL


      
        

        2.1. Preparation of Substituted Phenylthiourea


        In this method, Arylamine was treated with ammonium thiocyanate to prepare phenylthiourea. For this purpose, 13.8 g/12.3 g (0.1 mol) p-nitroaniline / p-methoxy aniline was heated in a 250 ml three-necked flask with stirrer, dropping funnel and reflux condenser with a mixture of 9 ml (6N HCl) and 25 ml water at a temperature of 32°C on water bath till the aniline hydrochloride was formed. The solution now obtained is allowed to cool at room temperature and then 7.6 g (1 mol) ammonium thiocyanate was added to it. The reaction mixture was refluxed for about four hours on a water bath. After cooling the solid separated out was filtered, washed with cold water, dried and then recrystallized with ethanol (Schemes 1 and 2).


        [image: ]
Scheme 1

        Synthesis of phenylthiourea of from 4-nitro aniline.

        [image: ]
Scheme 2

        Synthesis of phenylthiourea of from 4-methoxy aniline.
      


      
        

        2.2. Preparation of Copper Palmitate Soap


        Copper palmitate was prepared by mixing 1g of palmitic acid into 25 ml ethyl alcohol, shake the mixture in hot water bath at about 50°C and then add one drop of phenolphthalein. Prepare a saturated solution of KOH in another beaker and add it drop by drop into the first beaker until the light pink color appears. Meanwhile, in another beaker prepare a saturated solution of CuSO4 (approx 3-4 g in 5 ml H2O) and mix it into the above solution with constant stirring till the blue coloured soap is formed. Filtered it and washed with warm water and 10% ethyl alcohol, then dried and recrystallized with hot benzene (Scheme 3).


        [image: ]
Scheme 3

        Synthesis of copper palmitate soap.
      


      
        

        2.3. Preparation of Complex Using Soap and Ligand


        Complexation of purified copper palmitate obtained from palmitic acid and substituted phenylthiourea was done by adding 0.001-mole copper palmitate with 0.002-mole phenylthiourea in 25-30 ml ethyl alcohol and the mixture was refluxed for about two hours with constant stirring (Schemes 4 and 5). After cooling, the solid separated out was filtered, dried and recrystallized with hot benzene.


        [image: ]
Scheme 4

        Synthesis of complex from copper palmitate soap and 4-nitro phenyl thiourea.

        [image: ]
Scheme 5

        Synthesis of complex from copper palmitate soap and 4-methoxy phenyl thiourea.
      

    


    
      

      3. CHARACTERIZATION


      The analytical and physical data of ligand, soap and complexes are summarized in Table 1. The synthesized complexes characterized by chromatography and spectroscopic techniques as follows:


      
        

        3.1. Chromatography


        TLC is probably the most versatile technique for the analysis of complexes and their mixtures. TLC is quite an effective technique for separation and identification of synthesized soap, ligand and their complexes in sub-microgram amounts using silica gel plates in various non-aqueous solvent systems. Rf of copper soap, ligands and the synthesized complexes in non-aqueous solvent systems has been determined. A thin layer chromatographic applicator was used for coating sorbent material on 20×3 cm glass plates to obtain an absorbent layer of 0.25 mm thickness [15]. The coated plates were developed in glass jars of 24×6 cm. A glass sprayer was used to spray chromogenic reagent on the plate to detect the spot. Silica gel G acted as stationary phase whereas the following solvent systems were used as mobile phase.


        
          	Acetone: Carbon tetrachloride


          	Acetone: Petroleum ether


          	Benzene: Acetone: Petroleum ether

        


        Silica gel G and double distilled water are mixed in 1:3 (w/v) ratio with constant mechanical shaking until the homogenous slurry was obtained to prepare the plates. Approx. 10μl of the test solution was applied on thin layer plates by using micropipette. The solvent ascent was fixed to 10-12 cm in all cases. When the development was completed, the plates are withdrawn from the jar and dried at room temperature. The spots were visible in daylight.

      


      
        

        3.2. Spectroscopy


        The spectral measurements (IR and NMR) and elemental analysis were carried out at the (RSIC, CDRI) Lucknow U.P. India. The IR spectra of the complexes were obtained as KBr discs in the range 400-4000 cm–1 on Perkin Elmer spectrophotometer. 1H NMR spectra were recorded at CDRI, Lucknow using CDCl3 as a reference. ESR spectra of the complexes were recorded at SAIF, IIT, Mumbai in the X-band region at microwave frequency 9.1 GHz and microwave power 5 mW under the magnetic field of strength 2000G at room temperature. (TCNE) was used as the standard. Magnetic susceptibility measurements were conducted at S.P. University, Vallabh Vidyanagar, Gujrat.

      


      
        

        3.3. Biocidal


        Step 1: Processing of the Sample.


        The unknown compound is suspended in DMSO in mass concentration (w/v).


        Step 2: Antimicrobial Susceptibility Testing (Kirby-Bauer and Stokes' methods.) [16].


        I. Hinton Susceptibility Test Agar


        Sabouraud Dextrose Agar is the only susceptibility test medium that has been validated by NCCLS. Mueller-Hinton agar should always be used for disk diffusion susceptibility testing, according to Fig. (1)


        II. McFarland turbidity standard


        A McFarland 0.5 standard should be prepared and quality controlled prior to beginning susceptibility testing. If tightly sealed to prevent evaporation and stored in the dark, the standard can be stored for up to 6 months. The McFarland standard is used to adjust the turbidity of the inoculum for the susceptibility test


        III. Preparation of inoculum


        Each culture to be tested should be streaked onto a no inhibitory agar medium to obtain isolated colonies. After incubation at 35°C overnight, select 4 or 5 well-isolated colonies with an inoculating needle or loop and transfer the growth to a tube of sterile saline or nonselective broth (Mueller-Hinton broth, Peptone water) and vortex thoroughly.


        IV. Inoculation procedure


        a. Within 15 minutes after adjusting the turbidity of the inoculum suspension, dip a sterile cotton swab into the suspension. Pressing firmly against the inside wall of the tube just above the fluid level, rotate the swab to remove excess liquid. Streak the swab over the entire surface of the medium three times, rotating the plate approximately 60 degrees after each application to ensure an even distribution of the inoculum. Finally, swab all around the edge of the agar surface.


        b. The Mueller-Hinton plate should be swabbed over the entire surface of the medium three times, rotating the plate 60 degrees after each application.


        V. Loading the plate with Positive, Negative Control and Sample


        a. The working supply of antibiotic (streptomycin, positive control) should be stored in the refrigerator (4°C). 50 µl of the antibiotic suspension was dispensed in the well labeled with C (control) to the plates as soon as possible, but no longer than 15 minutes after inoculation. Diffusion of the drug in the well begins immediately.


        b. 50 µl of the sample (S) and 50 µl of the reference (R, negative control) were dispensed in the well labeled with C (control) to the plates as soon as possible, but no longer than 15 minutes after inoculation.


        VI. Recording and interpreting results


        After the Loading of C, S, R on the plate, invert the plate and incubate at 35°C for 16 to 18 hours. After incubation, measure the diameter of the zones of complete inhibition (including the diameter of the well) and record it in millimeters. The measurements can be made with a ruler on the undersurface of the plate without opening the lid. The zones of growth inhibition should be compared and recorded as susceptible, intermediate, or resistant to each drug tested. Colonies growing within the clear zone of inhibition may represent resistant variants or a mixed inoculum. The distance from the colonies closest to the well to the center of the well should be measured and then doubled to obtain a diameter. The diameter of the outer clear zone should be recorded as well and an interpretation recorded for each diameter. The colonies inside the zone should be picked, re-isolated, re-identified, and retested in the well diffusion test to confirm the previous results. The presence of colonies within a zone of inhibition may predict eventual resistance to that agent.


        Note:


        • Dimethyl sulfoxide (negative control) does not show any activity against the test organism.


        • Antifungal Sensitivity (Itraconozole 5 mg/well) serves as a positive control.


        • Sample (unknown chemical compound) (5mg/ well (w/v))


        [image: ]
Fig. (1)

        Flow diagram for antimicrobial study.

        
          Table 1 Analytical and physical data of ligands, copper soap and complexes.


          
            
              
                	Compound

                	Mol. Weight

                	M.P. (°C)

                	Colour

                	% Found (Calculated)
              


              
                	Cu

                	C

                	H

                	O

                	N

                	S
              

            

            
              
                	C8H10ON2S

                	182.24

                	185

                	Grayish black

                	-

                	52.53

                	5.38

                	8.64

                	15.28

                	17.45
              


              
                	[52.67]

                	[5.48]

                	[8.77]

                	[15.36]

                	[17.55]
              


              
                	C7H7O2N3S

                	197.21

                	122

                	Mustard yellow

                	-

                	42.51

                	3.43

                	16.19

                	21.21

                	16.08
              


              
                	[42.59]

                	[3.54]

                	[16.22]

                	[21.29]

                	[16.22]
              


              
                	C32H62O4Cu

                	573.5

                	80

                	Blue

                	11.02

                	66.9

                	10.78

                	11.12

                	-

                	-
              


              
                	[11.07]

                	[66.95]

                	[10.81]

                	[11.16]

                	-

                	-
              


              
                	Cu2C78H138O12N6S2

                	1541.78

                	211

                	Mustard yellow

                	7.89

                	60.59

                	9.33

                	12.57

                	5.86

                	4.07
              


              
                	[8.24]

                	[60.76]

                	[8.95]

                	[12.45]

                	[5.45]

                	[4.15]
              


              
                	Cu2C80H144O10N4S2

                	1511.82

                	258

                	Chatt Black

                	8.04

                	64.33

                	8.95

                	10.47

                	3.77

                	4.4
              


              
                	[8.40]

                	[63.55]

                	[9.52]

                	[10.58]

                	[3.70]

                	[4.23]
              

            
          


        

      

    


    
      

      4. RESULTS AND DISCUSSION


      
        4.1. Chromatography


        The results were reproducible with in ±0.02 Rf unit values for various substituted compounds using the procedure for three solvent systems – the main part of the chromatographic studies was an attempt to obtain the standard conditions for their resolution and identification. The best shaped spots given by the solvents were considered to be suitable, and are A = Acetone = carbon tetrachloride, B = Acetone = Petroleum ether, C = Benzene = Acetone = Petroleum ether. In pure acetone spots run along with the solvent front hence could not be used [17]. The single spot was given by all compounds, uniform in shape in the present investigation, so all of them are chromatographically pure. The results of copper palmitate, substituted phenylthiourea and complexes are given in Table 2 [18].


        
          Table 2 Rf Values of ligands, copper soap and complexes.


          
            
              
                	S. No.

                	Molecular Formula

                	Solvent

                	Color of Spot
              


              
                	

                	

                	A

                	B

                	C

                	
              

            

            
              
                	1

                	C32H62O4Cu

                	54.3

                	52.1

                	51.7

                	Blue
              


              
                	2

                	[PTU]A

                	79.2

                	76

                	74.2

                	Grey black
              


              
                	3

                	[PTU]NA

                	78.9

                	74.6

                	73.7

                	Mustard yellow
              


              
                	4

                	CP[PTU]A

                	88.1

                	86.7

                	85.3

                	Chatt black
              


              
                	5

                	CP[PTU]NA

                	85.7

                	84.4

                	82.7

                	Mustard yellow
              

            
          


          
            A = Acetone = Carbon tetrachloride B = Acetone = Petroleum ether C = Benzene = Acetone = Petroleum ether
          


        


        
          Table 3 IR Spectral Data for Cu (II) Complexes.


          
            
              
                	S. No.

                	Absorption Bands

                	CP[PTU]A (cm–1)

                	CP[PTU]NA (cm–1)
              

            

            
              
                	1

                	CH3 and CH2, C-H antisym. stretching

                	2920

                	2915
              


              
                	2

                	CH3 and CH2, C-H sym. Stretching

                	2848

                	2845
              


              
                	3

                	N-H bonding

                	1595

                	1598
              


              
                	4

                	COO–, C–O antisym. stretching

                	1510.1

                	1508.9
              


              
                	5

                	COO–, C–O sym. Stretching

                	1470

                	1475.8
              


              
                	6

                	CH2, C-H Bonding (d) (twisting and wagging)

                	1360.9

                	1395.2
              


              
                	7

                	CH3, C-H rocking

                	1110

                	1110.8
              


              
                	8

                	CH2, C-H rocking

                	725

                	720.7
              


              
                	9

                	Cu-N stretching

                	555.8

                	570
              


              
                	10

                	Cu-O stretching

                	505.6

                	495
              


              
                	11

                	NH2, N-H stretching

                	3410

                	3475
              


              
                	12

                	Ar-C-NO2 stretching

                	-

                	1440
              


              
                	13

                	N-C=S stretching

                	1310

                	1315
              


              
                	14

                	C=S stretching

                	1170

                	1177
              


              
                	15

                	Ar-C-OCH3asym. stretching

                	1240

                	-
              


              
                	16

                	Ar-C-OCH3 sym. stretching

                	1025

                	-
              


              
                	17

                	C-H, Deformation ("oop")

                	825

                	835
              

            
          


        


        
          Table 4 NMR Spectral Data for Cu (II) Complexes.


          
            
              
                	Peak / Signal

                	CP[PTU]A (δ)

                	CP[PTU]NA (δ)
              

            

            
              
                	–CH3-CH2-R

                	0.88

                	0.90
              


              
                	–CH2-CH2-R

                	1.20

                	1.22
              


              
                	–NH2

                	3.70-3.78

                	3.65-3.70
              


              
                	Tautomeric –NH2

                	-

                	-
              

            
          


        


        
          Table 5 ESR Spectral Data for Cu (II) Complexes.


          
            
              
                	Complex

                	g||

                	g┴

                	gav

                	G
              

            

            
              
                	CP[PTU]A

                	2.35

                	2.05

                	2.15

                	5.018
              


              
                	CP[PTU]NA

                	2.37

                	2.08

                	2.012

                	4.122
              

            
          


        


        
          Table 6 Antifungal activity of the synthesized complexes against test fungi.


          
            
              
                	S. No

                	Microorganism

                	Sample

                	Zone of Inhibition (mm)

                	Mean Zone of Inhibition

                	Reference

                	Activity
              


              
                	Positive Control

                	Sample
              


              
                	Antifungal Sensitivity (Itraconozole 5 mg/well)
              

            

            
              
                	1.

                	Candida albicans

                	S1

                CP[PTU]NA

                	19

                	33

                	32

                	31

                	32

                	10

                	3.2
              


              
                	2.

                	Trichoderma harzianum

                	23.5

                	37

                	36

                	36

                	36.33

                	9

                	4.04
              


              
                	3.

                	Candida albicans

                	S2

                CP[PTU]A

                	19

                	10

                	10.5

                	10

                	10.17

                	10

                	1.02
              


              
                	4.

                	Trichoderma harzianum

                	23.5

                	14

                	15

                	14

                	14.33

                	9

                	1.59
              

            
          


          
            Note:Sample I : Sample (5 mg/ well (w/v)) Diameter of the zone of inhibition is given. Diameter of the well was 8mm. Dimethyl Sulphoxide (negative control)
          


        


        
          Table 7 ANOVA and descriptive statics results for antifungal activities of synthesized complexes


          
            
              
                	

                	Anova: Single Factor

                	

                	

                	

                	

                	

                	

                	
              


              
                	

                	SUMMARY

                	

                	

                	

                	

                	

                	

                	
              

            

            
              
                	Complex

                	Groups

                	Count

                	Sum

                	Average

                	Variance

                	Std. Deviation

                	Coff. variance

                	Std. Error
              


              
                	S1

                	Candida albicans

                	3

                	96

                	32

                	1.00

                	1.0000

                	0.0313

                	0.02
              


              
                	Trichoderma harzianum

                	3

                	109

                	36

                	0.333

                	0.5774

                	0.0159

                	0.01
              


              
                	S2

                	Candida albicans

                	3

                	30.5

                	10

                	0.083

                	0.2887

                	0.0284

                	0.02
              


              
                	Trichoderma harzianum

                	3

                	43

                	14

                	0.333

                	0.5774

                	0.0403

                	0.02
              


              
                	

                	ANOVA

                	

                	

                	

                	

                	

                	

                	
              


              
                	

                	Source of Variation

                	SS

                	df

                	MS

                	F

                	P-value

                	F crit

                	R2
              


              
                	

                	Between Groups

                	1495.22

                	3

                	498.410

                	1139.222

                	7.31264E-11

                	4.066

                	0.997
              


              
                	

                	Within Groups

                	3.5

                	8

                	0.4375

                	

                	

                	

                	
              


              
                	

                	Total

                	1498.72

                	11

                	

                	

                	

                	

                	
              

            
          


          
            SS= sum of squares, MS= mean square, df= degree of freedom, p < F (level of significance)
          


        

      


      
        

        4.2. Spectroscopy


        
          (1). IR Spectral studies:


          The IR spectra of the complexes with relative intensities/peaks are given in Table 3.

        


        
          (A). Cu (II) Palmitate:


          The IR spectrum of copper palmitate asymmetric stretching vibration of methyl and methylene group is observed at 2910 cm–1 whereas, the symmetric stretching vibration of the group occurred at lower frequency i.e. at 2840 cm–1. The disappearance of the characteristic bands of esters and appearance of the bands of carboxylate ion indicate the formation of copper palmitate soap. The absence of C=O band in the spectra of soap indicate that there is a resonance in the two C=O bonds of carboxylate group [19]. On comparing the IR spectra of palmitic acid and copper palmitate, it is found that the acid (palmitic acid) exists with dimeric structure through hydrogen bonding between carboxyl group of the two acid molecules whereas, copper palmitate soap is ionic in nature and the metal to oxygen bond has ionic character. The band in the region 485 cm–1 is due to copper to oxygen bond stretching vibration. This is called characteristic absorption of metal constituent of soap molecule [20].

        


        
          (B). CP[PTU]A: Complex of Cu (II) palmitate with 4-methoxy phenylthiourea


          The detailed infrared spectral investigation reveals that there are marked differences between the spectra of copper palmitate (soap) and free ligands than those of corresponding complexes.


          The absorption bands observed in the region 2920 cm–1 and 2848 cm–1 correspond to C-H symmetric and asymmetric stretching of methyl (-CH3) and methylene (-CH2) groups of the soap segment present in the complex. The band resulting from the methylene rocking vibrations, in which all of the methylene groups rocks in phase, appears near 725 cm–1 whereas absorption, due to methyl rocking vibrations is observed in the 1110 cm–1 region [21]. Absorption due to –CH2 twisting and wagging vibration is observed at 1360 cm–1. The carboxylate ion gives rise to two bands i.e. a weak asymmetrical stretching band near 1510.1 cm–1 and another symmetrical stretching band at 1470 cm–1. The band in the region 505.6 cm–1 is due to vM-O symmetric stretching. This is called characteristic absorption of metal constituent of soap molecule.


          The thiocarbonyl moiety of the ligand shows absorption in the 1170 cm–1 region. The complex contains C=S group which is attached to a nitrogen atom, shows an absorption band in the general C=S stretching region. In addition, several other bands in the broad region of 1510 cm–1 can be attributed to vibrations involving interactions between C=S stretching and C-N stretching. Complex has N-C=S group which is an essential structural feature responsible for various biocidal properties. N-C=S structure band occurs near 1310 cm–1. (Fig. 2)


          [image: ]
Fig. (2)

          IR Spectra of Complex:

          A: Copper (II) Palmitate with 4-Methoxy Phenylthiourea – CP[PTU]A

          B: Copper (II) Palmitate with 4-Nitro phenylthiourea – CP[PTU]NA

          The most prominent bands in the spectra of aromatic compounds occur in the low-frequency range between 900 cm–1 and 670 cm–1. These strong absorption bands result from the out of plane (OOP) bending of the ring C-H bonds, which is found in this complex at 825 cm–1. The N-H stretching vibration appeared near 3410 cm–1. The spectra of phenylthiourea complex contain Ar-O-CH3 group, which display an `asymmetrical stretching vibration at 1240 cm–1 and symmetrical stretching vibration near 1025 cm–1.


          The strong band at 1615 cm–1 is a characteristic feature of the N-H bending vibration of the NH2 group in the free ligand (4-methoxy phenylthiourea) but in this complex, it is shifted to lower frequency at 1595 indicating that the primary nitrogen is the coordinating site in this complex. The conclusive evidence of bonding of metal to ligand is indicated the appearance of band (vM-N) at 555.8 cm–1. These values are comparable with other reported complexes [22].

        


        
          (C). CP[PTU]NA: Complex of Cu (II) palmitate with 4-nitro phenylthiourea


          The asymmetric stretching vibration of methyl and methylene group is observed at 2915 cm–1 whereas the symmetric stretching vibration of the above group is observed at lower frequency 2845 cm–1. Two bands resulting from the methyl and methylene rocking vibrations appeared at 1110.8 cm–1 and 720.7 cm–1 region. The band appearing at 1395 cm–1 is due to methylene twisting and wagging vibrations. The spectrum shows two bands at 1508.9cm–1 and 1475.8 cm–1 attributed, respectively to v(C-O)antisymmetric and v(C-O) symmetric vibrations of carboxylate group. The bond in the region 495.0 cm–1 is due to v(Cu-O).


          Apart from these bands, the following bands were also found corresponding to ligand moiety. In case of CP[PTU]NA, a clear peak is observed at 1440 cm–1 corresponding to Ar-C-NO2 vibrations. The N-H stretching vibration region occurs at 3475 cm–1. The band near 1315 cm–1 may be due to the N-C=S symmetric vibration. The band appearing at 1177 cm–1 is due to v(C=S) stretching while other band at 835 is due to the v(C-H) deformation [23].


          The strong band at 1602 cm–1 is a characteristic feature of the N-H bending vibration of the -NH2 group in the free ligand (4-nitro Phenylthiourea) but in this complex, it is shifted to lower frequency at 1595 cm–1 indicating that the primary nitrogen is the coordinating site in this complex. The new band appeared in the region 570 cm–1which was absent in ligand may be due to formation of Cu-N bond. The above arguments indicate that the ligand behaves as monodentate and is coordinating with copper metal through a primary nitrogen atom of NH2 group.

        


        
          (2). NMR Spectral studies:


          The NMR parameters are given in Table 4.

        


        
          (A). CP[PTU]A: Complex of Cu (II) palmitate with 4-methoxy phenylthiourea


          The ligand to metal bonding is further supported by 1H NMR spectra. The complex showed broadened peak at δ 3.70-3.78 ranges due to the protons. This peak indicates the co-ordination through the –NH2 group of phenylthiourea segment to the metal (copper) atom of the soap segment. In addition to the above signal, resonances corresponding to CH3 and CH2 protons attached to -CH2-R groups are also observed in δ 0.88 and δ 1.20region.

        


        
          (B). CP[PTU]NA: Complex of Cu (II) palmitate with 4-nitro phenylthiourea


          The ligand to metal bonding is further supported by 1H NMR spectra. The complex snowed broadened peak at δ 3.65-3.70 ranges due to the protons. This peak indicates the co-ordination through the –NH2 group of phenylthiourea to the metal (copper) atom of the soap segment. In addition to the above signal, resonance corresponding to CH3 and CH2 protons attached to –CH2-R groups is also observed in δ 0.90 and δ 1.22 region.

        


        
          (3). ESR Spectral studies:


          ESR spectrum is characterized by the position, intensity and shape of the component lines. The position of ESR is referred to as g-values and is directly determined by the energy levels. The variation in g-value is interpreted in terms of first and second order spin-orbit interaction. The g-value for ESR signal is calculated by the formula [24]. The ESR parameters are given in Table 5.
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          Where


          v = Frequency of band in KHz


          B = Bohr Magneton


          H = Magnetic field


          h = Plank's constant


          On the basis of g|| and g| the values of gav and G were calculated using the following relations [25].
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          (A). CP[PTU]A: Complex of Cu (II) palmitate with 4-methoxy phenylthiourea


          The ESR spectrum of Cu(II) complex is recorded at room temperature. The g-tensor value of the copper complex can be used to derive the ground state. In octahedral complexes, the unpaired electron may lie in a thedx2-y2or dz2 orbital. The Spin-Hamiltonian parameters for the copper complex are calculated from the spectra are 2.35, 2.05, 2.15 etc. g-tensor values are g||> g┴> g0 suggest that complex has distorted octahedral geometry with unpaired electron lying in dx2-y2 orbital.


          The ESR parameters of the complex coincide well with the related systems, which suggest that the complex has octahedral geometry and the systems are axially symmetric. In the axial spectra, the g-values are related to exchange interaction coupling constant (G) by the expression [26].
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          According to Hathaway, if the value is larger than four, the exchange interaction is negligible because the local tetragonal axes are aligned parallel or slightly misaligned. If the value is less than four, the exchange interaction is considerable and the local tetragonal axes are misaligned. For the present copper complex, it is higher than 4, which misaligned suggests that the local tetragonal axes are aligned parallel or slightly misaligned and consistent with a dx2-y2 ground state.

        


        
          (B). CP[PTU]NA: Complex of Cu(II) palmitate with 4-nitro phenylthiourea


          The value of g||, g┴ and gav calculated is 2.37, 2.08, 2.012 and 4.122, respectively. The g tensor values are g||> g┴> g0. The order of g values obtained from ESR spectra indicated the presence of an octahedral environment around the copper (II) ions and a distortion from regular octahedron has taken place in the shape of the complex. It suggests that the unpaired electron lies predominantly in the dx2-y2 orbital of Cu (II) giving 2B1g as the ground state. Since the value of G is greater than four for a complex of copper palmitate with 4-nitro phenylthiourea; it is suggestive of negligible exchange coupling interaction between the two copper centers in complexes.

        

      


      
        

        4.3. Magnetic Moment Studies


        As is reported earlier, the presence of copper ion leads to a magnetic moment of 1.73 BM. Various scientists have reported subnormal values for the magnetic moment of copper soap and fatty acid, inferring that the soap exists as a binuclear molecule. This has been attributed to the formation of δ-bonds arising from inter-molecular exchange demagnetization through the lateral overlapping of 3dx2-y2 orbital on each copper ion. The studies also reveal that these values of magnetic moments in the range 1.92-2.08 BM is due to the sub-dispersion unit of soap/complex which retains its binuclear configuration even in solution. It may be suggested that sub-dispersion units are bound together by weak polar forces resulting from the interaction between 3dxy and 3dxz orbital of two copper atoms. The lower values of magnetic moments of copper ions in copper complex in benzene, as compared to those in solid state, reflect the terminals of binuclear molecules as [Cu2(RCOO)4L2] Where L represents the solvent molecule in solution but is replaced by the ligand on complexation [27].

      


      
        

        4.4. Conductivity Studies


        The nature of the complexes is found to be non-electrolytic as the molar conductance values in benzene, lies in the range of 3.9-6.14 mhos cm2mol-1 [28]

      


      
        

        4.5. Biocidal Studies


        The study aims to evaluate the bioactivity of synthesized complexes against test organisms (Fig. 3). Antimicrobial sensitivity was performed for synthesized complexes (Compound S1, S2) on Muller Hinton Agar against Candida abicans, Trichoderma harzianum by Kirby-Bauer Stokes' method [29]. Results obtained using Itraconazole (5 mg (w/v)) as antifungal agent control (C) and for negative reference, Ethanol/Methanol (R) are mentioned in Table 6 and Fig. (4)


        [image: ]
Fig. (3)

        Test disks presenting sensitivity of Candida albican fungi against complexes.

        A- Inhibition zone by fungi Candida albicans s against complex CP[PTU]A

        B- Inhibition zone by fungi Candida albicans against complex CP[PTU]NA

        [image: ]
Fig. (4)

        Plots presenting the comparative study of sensitivity of fungi against complexes.

        Activity index = zone of inhibition of sample[S]/zone of inhibition of reference [R] and the activity can be found out by


        Activity = Activity index x 10


        If the Zone of Inhibition is [30]


        < 13 = it means that the extract is inactive,


        13 – 18 = it means that the extract is bioactive,


        > 18 = it means that the extract is highly active


        The results of ANOVA [31] for the antifungal activities for all complexes are shown in Table 7. The predicted R2 are in reasonable agreement and closer to1.0. This confirms that the experimental data are well satisfied. The descriptive statics results of all complexes also confirm satisfactory results in triplet [32]. This work also coincided with Sharma et al. [33], Mathur et al. [34], Bhutra el al. [35] on fungicidal activities of copper surfactants derived from lauric acid, substituted complex of benzothiazole of copper palmitic acid and copper surfactants derived from fried oils treated and untreated at higher temperatures, respectively.

      

    


    
      CONCLUSION


      The newly synthesized copper (II) complexes have been tested on various biocidal field’s namely antifungal activities. This complexation can be used for innovating promising prospective antibiotic agents against some known pathogenic organism and can be used as marketed drugs. It is confirmed that the activity of complex of Cu (II) palmitate with 4-nitro phenylthiourea (S1) against Candida albicans and Trichoderma harzinum is greater than the activity of complex of copper palmitate with 4-methoxy phenylthiourea (S2) against these test fungi. We can conclude that antifungal activity of various complexes of copper palmitate varies according to the nature of the groups attached to the ligands which attached to soap. Copper complexes are recommended as therapeutic compounds. In the present study, the synthesized complexes are checked to inhibit the growth of various fungi and bacteria. The complexes explored have a wide array of applications. Such complexes are useful in the paint industry to avoid any fungal growth, in the textile industry to avoid infections and in many touches, surfaces to reduce the spread of infectious microorganisms. These complexes can be used in polymer industries efficiently.
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