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Abstract 

 

A new transition metal complexes of Cu (II), Co (II) , and Ni (II) were 

synthesized from the Schiff base (2-Furalidene-1-phenylsemicarbazide SB) and the 

organophosphorus Schiff base (2-Furalidenediphenylphosphate-1-

phenylsemicarbazide OPSB). The ligands were characterized from their metal 

analysis, IR, UV-Vis, NMR, and XRD spectral studies. The structural features of 

complexes were obtained by their elemental analyses, magnetic susceptibility, molar 

conductance, IR, UV-Vis spectral, and molar ratio studies. The data showed that these 

complexes have the composition of ML2 for SB ligand and ML for OPSB. According 

to the UV-Vis, magnetic  susceptibility data the octahedral geometry was suggested for 

all complexes. From XRD results, the practical size of ligands and SB complexes were 

in the nano range with crystallinity structure. The ligands and their metal complexes 

have been screened for their antioxidant, antibacterial and antifungal activity. 
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1. Introduction 
 

 Schiff bases are compounds characterized by the azomethine group (>C=N–), 

as described by Hugo Schiff in 1864 [1]. The Schiff base compounds are commonly 

used as ligands in the  synthesis of coordination compounds. These compounds have  an 

important role due to their physiological and pharmaceutical  activities [2]. In biological 

chemistry, Schiff bases have elucidation a wide range of biological activities, including 

an antifungal, antibacterial, antiviral and recently anticancer effect that has been 

provided [3-6]. A survey of the literature reveals a work devoted to the synthesis, 

characterization, and biological activities of many metal complexes of Schiff base from 

2-Furaldehyde [7-11]. Furthermore, the coordination of organophosphorus compounds 

with transition metal ions has been the subject of several studies since complexes of 

such compounds exhibit biological activity [12-16]. This paper explain the preparation 

and characterization of Schiff base of 2-Furaldehyde with 1-phenylsemicarbazide and 

organophosphorus Schiff base followed by studying their complexation with transition 

metal ions which have been the subject of several studies because these ligands and 

their metal complexes exhibit different biological activity. 

 

 

2. Experimental 

2.1. Materials 

A high purity chemicals were used from many companies. These chemicals 

were listed in Table 1: 

Table1: The used chemicals 

 

 

 

 

  

 

 

 

 

 

2.2. Preparation of ligands 

At the beginning, the Schiff base (SB) was prepared by condensation between 

an ethanolic solution of amine (1-phenylsemicarbazide) (7.55g, 0.05 mole) with an 

ethanolic solution of aldehyde (2-Furaldehyde) (4.80g, 0.05 mole) (Scheme 1). The 

product separated out on cooling. It was filtered, washed several times with ethanol, 

ether, then recrystallized by ethanol to give the corresponding Schiff base. Secondly, 

the organophosphorus Schiff base (OPSB) was prepared by condensation between a 

Substance Company 

1-phenylsemicarbazide (C7H9N3O) Riedel-dehaen 

2-Furaldehyde (Furfural) (C5H4O2) Aldrich 

Diphenyl Chlorophosphat (C10H12PO2Cl Riedel-dehaen 

Copper chloride dihydrate (CuCl2.2H2O) Riedel-dehaen 

Nickel chloride hexahydrate (NiCl2.6H2O) BDH 

Cobalt chloride hexahydrate (CoCl2.6H2O) BDH 

Triethyl amine (C6H15N) BDH 

Ferric chloride (FeCl3) BDH 

Bipyridine (C10H8N2) Aldrich 

Ascorbic acid (C6H8O6) BDH 

Sodium acetate trihydrate (C2H9NaO5) BDH 

Glacial acetic acid (C2H4O2) BDH 

Solvents BDH,  Aldrich 
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solution of Schiff base (3.43g, 0.015 mole) in dry benzene (50 ml) with a solution of 

diphenyl chlorophosphate (3.69g, 0.015 mole) in dry benzene (50 ml) in 1:1 molar ratio 

in presence of triethyl amine (Scheme 2). After complete addition, the reaction mixture 

was heated under reflux for 2h. The formed solid (triethyl amine hydrochloride) was 

filtered and the product was obtained after evaporation on a water bath.  

 

 

 

 

 

 

 

 

 

 

  

  

 

 

 

 

2.3. Preparation of metal complexes 

2.3.1. Preparation of Schiff-base metal complexes 

 

A hot ethanolic solution of metal chloride was added dropwise to an ethanolic 

solution of Schiff base (2L:1M) molar ratio. The mixture was refluxed on a hot plate 

with stirring for 2–3h. After evaporation of the solvent, the solid product was washed 

several times with ethanol and dried over anhydrous CaCl2. 

 

2.3.2. Preparation of organophosphorus metal complexes 

A solution of metal chloride in 20 ml absolute ethanol was added dropwise to 

the solution of organophosphorus Schiff base in warm absolute ethanol (1L:1M). After 

the addition, the mixture was heated under hot reflux for three hours. The solution was 

evaporated and the solid complexes were collected by using ether. 

 

2.4. Physical measurements 

The elemental C, H, N analysis was carried out using a Vario EL Fab. CHNP 

Nr, at Central Laboratory, Faculty of Science, Cairo University, Giza, Egypt. The metal 

nylsemicarbazide phe-1-uralidenef-Scheme 1: Preparation of base 2 

Furaldehyde-2 phenylsemicarbazide-1 

phenylsemicarbazide-1-uralidenediphenylphosphatef-Schiff base 2 organophosphorusScheme 2: Preparation of  

diphenylchlorophosphate SB 
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content was measured using Perkin-Elmer 2380 flame atomic absorption 

spectrophotometer [17] at the central lab of the Ministry of Oil, Sana'a - Yemen. The 

molar conductance (10-3M) of the metal complexes in DMF solvent was measured on 

Jenway conductivity meter model 4510. All the measurements were taken at room 

temperature on freshly prepared solutions by applying relation [18]: 

  

 

Where, L is the specific conductivities of solution, C is the concentration and 

Ʌm is the molar conductance. 

The infrared spectra of the ligands and their complexes were performed on 

(FT/IR-140, Jasco, Japan) spectrophotometer with KBr disc (4000–400 cm-1), at 

Sana'a University. The NMR spectra of ligands were performed at (varian FT-300 

MHz spectrometer) in d6-DMSO solvent using TMS as internal standard, at Cairo 

University, Giza, Egypt. UV–vis spectra were performed by (specord200, Analytilk 

Jena, Germany) in the range 200-900 nm, at Sana'a University. Magnetic 

susceptibilities measurements were measured using Gouy's method [19] by a magnetic 

susceptibility balance from Johnson Metthey and Sherwood model. The effective 

magnetic moment (μeff) values were obtained using the following equations (1, 2 and 

3): 

Xg= 
M

)RL (RCBal

9

0

10

−
                       (1) 

Where, Ro=Reading of empty tube, L=Sample length (cm),  M=Sample mass (gm), R=Reading  

for tube with sample, CBal=balance calibration constant = 2.086 

                    XM=  X g x  M . W t                        (2) 

The values of XM as calculated from equation (2) are corrected for the  diamagnetism 

of the ligands using Pascal's constants then used in Curie's equation (3). 

μeff = 2.84 TxX M  (3) 

  Where T= t (°C) + 273 
 

All melting points reported for the compounds are measured in glass capillary 

tubes in degrees Celsius. Chloride was determined gravimetrically by silver nitrate 

[17]. The amount of coordinated and uncoordinated water molecules was determined 

gravimetrically using the weight loss method [20]. The XRD patterns were obtained 

using XD-2 (Shimadzu ED-720) powder X-ray diffractometer at a voltage of 35 kV 

and a current of mA using CuK(α) radiation in the range of 5o ˂ 2θ ˂ 70o at 1o min-1 

scanning rate and a wavelength 1.54056 Ao, at Yemen Geological Survey and Mineral 

Resources Board. 

 

2.5.  Determination of the stoichiometry of the formed complexes of molecular 

structure (Molar ratio method) 

The molar ratio of complexes was described by Molar ratio method [21]. The 

concentrations of metal ions (Cu2+, Ni2+ and Co2+) were kept constant at ( 1×10-3 M ) 

in methanol, and the concentration of ligands (SB and OPSB) were regularly varied in 

methanol. The absorbance of the prepared solutions was measured at a constant 

wavelength (λmax). The absorbance values were plotted versus the molar ratio [ligand] 

/ [metal ion]. The intersections of the obtained straight lines indicate the molar ratio of 

the stable complexes. 

 

 

Ʌm =1000× L / C 
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2.6. Crystallinity and particle size from XRD 

The percentage of crystallinity, XC (%) was calculated based on the integrated 

peak areas of the principal peaks [22]. The crystallinity of the complexes is calculated 

relative to the crystallinity of the ligands as a ratio: 

 

 

 

where Acomplex and  Aligand are the areas under the principal peaks of the complex and 

ligand sample, respectively. 

 

X-ray diffraction was also used to determine the average particle size (D) which 

was estimated by the Scherrer equation [23, 24]: 

 

 

 

 

where K  is Scherrer constant and equals 0.94,  λ  is the X-ray wavelength of Cu-Kα  

radiations (1.5405 AO),  β  is full width at half maximum (FWHM) and θ is Bragg 

diffraction angle in degrees. 

 

2.7. Antioxidant activity 

 

 Free radical liquidation activity of the compounds has been studied using 

Ferric-bipyridine reducing capacity of total antioxidants (FBRC) [25]. The fixed 

reaction time and fixed state measurement method were used to find out the antioxidant 

activity of these compounds in methanol as a solvent. All spectrophotometric 

measurements were measured using UV-Vis Spectrophotometer (Specord200, 

Analytikjena, Germany) at Sana'a University. 

 

2.8. Antimicrobial activity 

 

The prepared ligands and their metal complexes were evaluated for their 

antimicrobial activity in the Laboratory of microbiology at Sana'a University. They 

germinated four types of Bacteria (Staphylococcous aureus, Bacillus subtilis, 

Escherichia.Coli and Pseudomonas aeruginosa) and one fungi (Candida albicans) on 

Nutrient agar and sabouraud agar solid media respectively. Using the filter paper disc 

method [26], it was prepared one concentration from each compound (1000µg/ml) in 

DMSO. Then added (100µl) from each prepared solution on a filter paper disk 

(Whatman No.l filter paper, 5 mm diameter) which contained the bacteria with agar 

solid media, all the Petri-dishes were put in an incubation period at 37 oC for 24 hour. 

Gentamicin 120 μg/ml was used as a reference substance for bacteria and Mycostatin 

30 μg/ml for fungi. The results were registered by calculating the diameter of the 

inhibition zone (mm). 

 

3. Results and discussion 

 

The Schiff base ligand was prepared by the condensation of 1-

phenylsemicarbazide with Furfural (SB) in the molar ratio 1:1. The phosphorus Schiff 

base ligand was prepared by the condensation of Diphenyl chlorophosphate with the 

prepared Schiff base (SB) in the molar ratio 1:1 to form (OPSB). The ligand ratio of 

XC (%) = (Acomplex)/ (Aligand) x 100 
 

D = K λ / β cosθ 
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(SB) with Cu(II), Ni(II) , and Co(II) complexes was found to be 1:2, and The ligand 

ratio of (OPSB) with Cu(II), Ni(II) , and Co(II) complexes was found to be 1:1 . 

 The ligands are insoluble in water but soluble in all organic solvents. All the 

synthesized complexes are stable, can be stored for long periods at room temperature, 

and are highly colored. The ligands are in soluble in water but soluble in the organic 

solvents. The complexes of SB are insoluble in water and common organic solvents 

but soluble in polar solvents such as DMF and DMSO. The complexes of OPSB are 

slightly soluble in water and soluble in common organic solvents. The molar 

conductance values in DMF for the complexes indicate that the complexes of SB are 

non-electrolytes [27,28] and the complexes of OPSB are of type 1ː1 electrolytes in 

nature [27,29]. Two chloride ions were found in all the complexes of SB. They were 

found inside the coordination sphere by a simple silver nitrate test. No precipitation 

was first observed upon the addition of silver nitrate to the solution of the complexes. 

However, after digestion with nitric acid, the silver nitrate test gave a positive result 

suggesting the presence of the chloride ions. Concerning the complexes of OPSB, the 

precipitation was observed upon the addition of silver nitrate to the solution of the 

complexes [20]. 

Physical, elemental, spectral, and  XRD data were listed in Tables 2-7 which 

agree with proposed structures (Figures 1 and 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where M = Cu2+, Ni2+ or Co2+ 

Figure 2: Proposed structure  of  OPSB complexes Figure1 : Proposed structure  of  SB complexes 

where M = Cu2+, Ni2+ or Co2+ 
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3.1 Nuclear magnetic resonance spectral studies 

3.1.1 1HNMR Spectra of the ligands                      

             Figures (3 and 4) showed 1HNMR spectra of the ligands SB and OPSB 

respectively. The azomethine proton appeared as a singlet signal at 7.947 ppm (s, 1H) 

in SB [30, 31] and this signal disappeared in the OPSB spectrum due to a replacement 

reaction on this group with eliminated HCl  and forming P-C bond. The multiple signals 

around 6.752-7.670, and 6.711-7.592 ppm are ascribed to aromatic and furan ring 

protons of SB and OPSB respectively [32]. The peaks at 6.132, 6.726 and 5.972, 6.685 

ppm were assigned to (N-H) groups in SB and OPSB respectively [29, 33]. 

 

 

3.1.2 13CNMR spectra of the ligands 

 

Figures (5 and 6) showed 13CNMR spectra of the ligands SB and OPSB 

respectively. They were characterized by the presence of a signal at 160.747 and 

160.353 ppm of the carbonyl carbon C=O of SB and OPSB respectively [34,35]. Also,  

the spectra showed two peaks at δ 149.501 and δ149.630 ppm that attributed to 

azomethine carbon C=N [29]. The number of peaks between (112.265 - 129.164 and 

112.174 129.051) ppm attributed to aromatic and furan ring carbon in SB and OPSB 

respectively [34,36]. 

 

 

 

 

 

 

 

 

 

Table 2:  Some physical properties and elemental analysis of the ligands and their complexes 

 

Compound 

 

Color 

(Yield) 

M.P. 

(C0) 

Ʌm 

(Ω-1 cm2 

mol-1) 

F. Wt. 

(g/mole) 

Element Analysis 

Calculated% (Found) 

C H N P M 

C12H11N3O2(SB) 
Gray 

87% 
177 - 229.24 

62.87 

(62.51) 

5.22 

(5.09) 

18.33 

(17.82) 
- - 

C23H10N3O5P(OPSB) 
brown 

88% 
148 - 439.32 

62.88 

(62.04) 

2.29 

(2.33) 

9.56 

(9.20) 

7.05 

(6.89) 
- 

[Cu(SB)2Cl2].2H2O 

Reddish 

brown 

33% 

140 11.90 628.96 
45.83 

(46.12) 

4.16 

(4.30) 

13.36 

(13.75) 
- 

10.10 

(9.87) 

[Ni(SB)2Cl2].2H2O 
Dark red 

45% 
270 9.14 624.11 

46.18 

(46.43) 

4.20 

(3.94) 

13.46 

(13.58) 
- 

9.40 

(9.22) 

[Co(SB)2Cl2].2H2O 
Brown 

37% 
175 14.61 624.35 

46.16 

(45.84) 

4.19 

(3.79) 

13.44 

(13.85) 
- 

9.43 

(9.76) 

[Cu(OPSB)Cl.(H2O)2].Cl 
Dark brown 

23% 
160 70.95 609.80 

45.30 

(44.97) 

2.31 

(2.50) 

6.89 

(6.91) 

5.07 

(5.19) 

10.42 

(10.35) 

[Ni(OPSB)Cl.(H2O)2].Cl 
red 

28% 
108 80.75 604.95 

45.66 

(45.61) 

2.33 

(2.39) 

6.95 

(7.20) 

5.12 

(4.09) 

9.70 

(9.61) 

[Co(OPSB)Cl.(H2O)2].Cl 
Dark red 

20% 
112 76.72 605.19 

45.64 

(45.33) 

2.33 

(2.12) 

6.94 

(7.15) 

5.11 

(4.05) 

9.30 

(9.60) 
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SBHNMR spectrum of OP1: 4Figure  

Figure 5: 13CNMR spectrum of SB 

HNMR spectrum of 1: 3Figure 
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3.2 Infra-red spectra of the ligands and their complexes 

The main IR absorption bands of the ligands and their complexes are 

summarized in Table 3 and Figure 7. IR spectrum of ligand SB showed bands at 1656 

cm-1 and 1600 cm-1  assigned to υ(C=O) and υ(C=N), respectively [37]. The strong 

bands of υ(NH) in this ligand were found at 3335 and 3398 cm-1 [38]. The bands  were 

noticed at 3046 , 2928 and 1240 cm-1 that belong to of aromatic υ(C-H), aliphatic υ(C-

H), and υ(-C-N) stretching modes of vibrations respectively [39].The band at 1505 cm-

1 in its spectrum is able to be appointed to υ(C-O-C) of the furan ring [32].  

The IR spectra of the metal complexes of ligand SB (Figure 7) have been 

studied in accord for the estimate of their structure. The shift of azomethine vibrations 

to the lower  frequency indicates the  coordination of nitrogen with metal ions. The 

bands of υ(NH,NH) disappeared in complexes due to the broad bands of water. New  

vibrations at 400-600 cm-1  that  are not present in the free are attributed  to the existence 

of υ(M-N) and υ(M-NH) [40]. The broad bands have been seen (3322-3423) cm-1 

which correspond to the water molecules in the complexes formation [41]. All of these 

IR data confirm that a bidentate ligand is coordinated in Cu, Ni, and Co metal 

complexes.  

Although the present evidence of υ(M-Cl) could not be brought in the  IR data 

due to instrumental limitation, the insolubility of SB complexes in water and their non-

electrolytic nature evinced that 2Cl-  coordinated with metal in SB complexes. 

In the ligand OPSB presence bands at 1662 cm-1and 1625 cm-1   that assigned 

to υ(C=O) and υ(C=N), respectively [37]. The IR spectrum (Figure 8) exhibited 

characteristic bands at 1191 cm-1 and 1082 cm-1 assigned to υ(P=O) and υ(P-O-C) 

respectively [15].  

The bands between (3354-3386) cm-1 confirmed the presence of coordinated 

water with metal ions in Cu, Ni, and Co complexes respectively [28]. The IR spectra 

of the metal complexes of ligand OPSB (Figure 8) proposed that this ligand tridentate 

with the amine-nitrogen, azomethine-nitrogen , and phosphoryl-oxygen due The shift 

in the position of υ(NH), υ(P=O) and υ(C=N) (Table 3). 

  

Figure 6: 13CNMR spectrum of OPSB 
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Table 3 :   The main IR absorption bands of the ligands and their complexes 

Compound 

 

υ(H2O) 

 

υ(NH, 

NH) 

υ(C-O-

C) 
υ(C=N) 

υ(P=O) 
υ(P-O-

C) 

υ(M-

N) 

υ(M-

NH) 

C12H11N3O2(SB) - 
3335 

3389 
1505 1600 - - - - 

C23H10N3O5P(OPSB) - 
3253 

3390 
1525 1625 1191 1082 - - 

[Cu(SB)2Cl2].2H2O 3322 
3425 

3322 
1500 1580 - - 592 473 

[Ni(SB)2Cl2].2H2O 3423 - 1502 1571 - - 518 415 

[Co(SB)2Cl2].2H2O 3358 - 1494 1576 - - 524 410 

[Cu(OPSB)Cl.(H2O)2].Cl 3354 - 1509 1604 1169 1076 549 467 

[Ni(OPSB)Cl.(H2O)2].Cl 3386 - 1599 1599 1171 1069 537 439 

[Co(OPSB)Cl.(H2O)2].Cl 3366 - 1510 1609 1165 1079 509 431 

Figure 7: Infrared Spectra of SB and its complexes 
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and its complexes Figure 8: Infrared Spectra of OPSB 
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3.3. Electronic spectra and magnetic measurements 
Electronic spectral data and magnetic moments of the ligands and their 

complexes were presented in Table 4. The electronic absorption spectra were recorded 

in DMSO in the range 200 – 900 nm. 

The electronic spectrum of SB (Figure 9) showed two bands at 35714.29 cm-1 

of (π → π*) and 31250 cm-1  of (n → π*). Also, the electronic spectrum of OPSB 

(Figure 10) exhibited two bands at 37037.04 cm-1 of (π → π*) and 32258.06  cm-1 of 

(n → π*) transitions [42]. In the metal complexes of Cu(II), Ni(II), and Co(II) the bands 

of n → π* transitions were shifted to a higher or lower wavelength upon ligands 

coordination with metals (Figure 9). These results due to the coordination between 

azomethine and amine groups with metals in SB and between azomethine amine, and 

phosphoryl groups.  

 The broad bands at 11904.76 and 13333.33 cm-1 in  the Electronic spectra of 

the Cu(II) complexes with SB and OPSB (Figures 9,10) have been observed for the 

transition 2Eg→2T2g, the broadness of these bands is due to the Jahn-Teller effect 

[43]and the measured magnetic moment were 1.67 and 1.78. The octahedral geometry 

for Cu (II) complex has been suggested from these parameters [44]. 

 In Ni(II) complexes with SB and OPSB (Figures 9,10), the bands were 

observed at (18867.92, 178571.42) and (20000-16393.44) cm-1 respectively, due to 

transitions 3A2g → 3T1g(P) and 3A2g → 3T1g(F) [43]. The two complexes are 

paramagnetic and measured magnetic moments are 2.77 and 2.89 which is compatible 

with these complexes having an octahedral structure [45]. 

 The electronic spectra of Co(II) complexes with SB and OPSB (Figures 9,10) 

showed three bands at (20833.33, 19607.84, 16393.44) and 

(22727.27,1818.81,1515.51) cm-1 respectively, have  been assigned to 4T1g→ 

4T1g(P), 4T1g→ 4A2g and  4T1g→4T2g(F) transitions [44] and their magnetic 

susceptibilities are 4.66, 4.74B. M., respectively, this means the complexes have an 

octahedral structure [46].  

 

 

 

 

 

 

 

 

 

 

Figure 9: UV-Vis spectra of SB ligand and its complexes Figure 10: UV-Vis spectra of OPSB ligand and its complexes 
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3.4. Molar ratio (stoichiometry) of the studied complexes  

 A study of the molecular structure of the complexes formed between the 

metal ions of (Cu2+, Ni2+, and Co2+) with ligands SB and OPSB in methanol using molar 

ratio detected the formation of SB complexes (2:1) (L:M) and (1:1) (L:M) for OPSB 

complexes. The results are depicted in Tables 5 ,6 and Figures 11,12.  

 
Table 5: Molar ratios for determination of 

stoichiometry of the SB complexes in methanol 

 

 

 

 

SB Absorbance of complexes 

[L]/[M] Cu(II) Ni(II) Co(II) 

0.5:1 0.251 0.233 0.363 

1:1 0.392 0.345 0.456 

1.5:1 0.595 0.430 0.512 

2:1 0.629 0.480 0.600 

2.5:1 0.625 0.486 0.605 

3:1 0.640 0.482 0.619 

3.5:1 0.647 0.489 0.629 

4:1 0.667 0.501 0.650 

Table 6: Molar ratios for determination of 

stoichiometry of the OPSB complexes in 

methanol 
 

OPSB Absorbance of complexes 

[L]/[M] Cu(II) Ni(II) Co(II) 

0.25:1 0.075 0.111 0.047 

0.5:1 0.102 0.156 0.079 

0.75:1 0.134 0.200 0.123 

1:1 0.171 0.225 0.163 

1.25:1 0.180 0.220 0.165 

1.5:1 0.189 0.218 0.162 

1.75:1 0.191 0.223 0.164 

2:1 0.195 0.221 0.165 

 

      

  

Table 4: Electronic Spectral and Magnetic moment data of the ligands and their 

complexes 

Compound µeff 

(B.M.) 

(π→π )* 

(n→π*) transition 

d-d transition 

band (cm-1) 

Assignments 
Supposed 

structure 

C12H11N3O2(SB) - 
35714.28 

31250.00 
- - - 

C23H10N3O5P(OPSB) - 
37037.03 

32258.06 
- - - 

[Cu(SB)2Cl2].2H2O 1.67 
34482.75 

29411.76 
11904.76 2Eg→2T2g 

Distorted 

Octahedral 

[Ni(SB)2Cl2].2H2O 2.77 
37037.03 

34482.75 

18867.92 

178571.42 

3A2g → 3T1g(P) 
3A2g → 3T1g(F) 

Octahedral 

[Co(SB)2Cl2].2H2O 4.66 
35714.28 

34482.75 

20833.33 
19607.84 

16393.44 

4T1g→ 4T1g(P) 
4T1g→ 4A2g 

4T1g→4T2g(F) 

Octahedral 

[Cu(OPSB)Cl.(H2O)2].Cl 1.78 
37037.03 

34482.75 
13333.33 2Eg→2T2g 

Distorted 

Octahedral 

[Ni(OPSB)Cl.(H2O)2].Cl 2.89 
37037.03 

34482.75 

20000.00 

16393.44 

3A2g → 3T1g(P) 
3A2g → 3T1g(F) 

Octahedral 

[Co(OPSB)Cl.(H2O)2].Cl 4.74 
37037.03 

33333.33 

22727.27 

1818.81 

1515.51 

4T1g→ 4T1g(P) 
4T1g→ 4A2g 

4T1g→4T2g(F) 

Octahedral 
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Figure 11: Molar ratio plot for the complexes between metal ions of  (a)Cu, (b)Ni 

and (c)Co with SB in methanol 

Figure 12: Molar ratio plot for the complexes between metal ions of  (d)Cu, (e)Ni 

and (f)Co with OPSB in methanol 
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3.5 X-ray diffraction 

          Figures (13 – 16) represent the XRD patterns for SB and its complexes. From 

these Figures, a remarkable shift of the principal peak toward higher diffraction angles 

(Table 7) is observed for the complexes, suggesting the reduction of the unit cell 

dimensions and consequently contracting the crystal lattice [47]. In addition, the 

significant changes in intensities of the main peaks of SB complexes are observed in 

these figures attributed to the reduction in crystallinity. The crystallinity calculations 

are based on the ratio of the principal peaks area of the complex sample to that of the 

ligand sample obtaining a relative crystallinity [22]. The results in Table 7 show 

significant changes in crystallinity between SB and its complexes that exhibit low 

relative crystallinity (14.914%, 2.950%, 3.149%). In literature, the range between 1-

100 nm is reported to be nanoparticle size [48]. so the particle size of the complexes 

obtained  from XRD shows effects on their nanoparticle size (7.598 and 7.752 nm) due 

to complexation in case [Cu(SB)2Cl2].2H2O and [Ni(SB)2Cl2].2H2O, but no change on 

nanoparticle size of  [Co(SB)2Cl2].2H2O. 

          

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Compound 2θ β D (nm) Mean D XC (%) 

SB 

 

7.141 

14.120 

16.001 

19.300 

20.700 

22.560 

 

0.226 

0.439 

0.221 

0.369 

0.632 

0.290 

 

6.419 

3.323 

6.616 

3.980 

2.329 

5.091  

4.626 100 

OPSB 

5.360 

12.080 

22.259 

24.519 

0.329 

0.219 

0.250 

0.260 

 

4.406 

6.649 

5.903 

5.696 

 

5.663 100 

[Cu(SB)2Cl2].2H2O 

16.260 

22.041 

28.999 

34.160 

0.235 

0.215 

0.177 

0.171 

6.224 

6.861 

8.450 

8.858 

7.598 14.914 

[Ni(SB)2Cl2].2H2O 

16.341 

21.117 

31.703 

33.361 

0.196 

0.194 

0.203 

0.177 

7.463 

7.592 

7.415 

8.540 

7.752 2.950 

[Co(SB)2Cl2].2H2O 

16.620 

18.639 

20.940 

31.700 

33.561 

 

0.633 

0.255 

0.272 

0.293 

0.290  

2.311 

5.754 

5.413 

5.137 

5.215 

4.766 3.149 

Table 7: XRD spectra data of the principal values of intensity of the ligands and SB complexes 



144 

JQUS: Vol. 1, Issue 1, pp 129-153 
 

 

About the OPSB ligand, its particle size was found within the nano range (5.663nm) 

(Table 7), nevertheless its complexes appeared as amorphous characters in figures (18 

– 20). From this change, it is expected to improve the properties of OPSB complexes 

as compared with the OPSB ligand [49]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13:  XRD pattern of SB  Figure 14:  XRD pattern of SB(Cu) 

Figure 15:  XRD pattern of SB(Ni) Figure 16:  XRD pattern of SB(Co) 

Figure 17:  XRD pattern of OPSB Figure 18:  XRD pattern of OPSB(Cu) 
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3.6 Antioxidant activity  

         The ligands and OPSB complexes were investigated using (FBRC) technique to 

determine the antioxidant activity [25]. It was taken (1 ml, 10-2 M FeCl3.6H2O) to a 

10 ml volumetric flask different volumes of the standard antioxidants Ascorbic acid 

(0.1g/L) were added (0.01 ml, 0.02 ml, 0.04 ml, 0.06 ml, 0.08 ml, 0.1 ml, 0.2 ml). This 

was followed by 2.0 ml 0.3M acetate buffer (pH 4) and 1.0 ml bipyridine (6.4×10-3 

M). The volume was completed to the mark with deionized water. After 10 min of 

incubation at room temperature, the absorbance was recorded against a blank at 535 

nm. The absorbance values were plotted against the concentration of the various 

antioxidant solutions (Figure 21). 

Similarly, 0.02 ml of (0.1mg/ml methanol) of each tested compound was 

reacted with 1 ml, 10-2 M FeCl3.6H2O solution, (6.4×10-3 M) bipyridine and 2.0 ml 

0.3M acetate buffer (pH 4). This mixture was diluted to 10 ml with deionized water for 

the antioxidant assay. 

Fe(II)-bipyridine complex produced by the reaction of Fe(III) with antioxidant 

followed by bipyridine exhibited maximum absorption at 535 nm (Scheme 3). Total 

antioxidant activity is based on the redox reaction between compounds and Fe(III) at 

room temperature. The initial antioxidant concentration is indicated by the 

concentration of the oxidizing Fe(III). 

 

 

 

 

 

 

Figure 19:  XRD pattern of OPSB(Ni) Figure 20:  XRD pattern of OPSB(Co) 

Scheme 3: Stoichiometry outline of FBRC method 
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      From the results in Table 8, we found that these compounds posse a potent 

antioxidant activity better than the standard antioxidant Ascorbic acid (vitamin C) due 

to the presence of a combination of donor sites such as amide oxygen and imine 

nitrogen [50]. 

3.7 Antibacterial and antifungal screening: 

    The ligands and their metal complexes have been screened for their antibacterial and 

antifungal activities using well diffusion method [23] against four types of Bacteria 

(Staphylococcous aureus, Bacillus subtilis, Escherichia.Coli and Pseudomonas 

aeruginosa) and one fungus (Candida albicans) on Nutrient  agar and sabouraud agar 

solid media, respectively. The results obtained were presented  in Table 9. From these 

results, it was observed that: 

1- No inhibition zone was observed for ligands and their metal complexes against 

the fungus (Candida albicans). 

2- The metal complexes are more potent bactericides than the ligands. 

3- The Co(SB) complex exhibited higher antibacterial than the rest compounds 

except with  Escherichia.Coli. 

FBRC 

mg/L 
sample 

0.0223 ± 0.0002 SB 

0.0218 ± 0.0002 OPSB 

0.0188 ± 0.0001 [Cu(OPSB)Cl.(H2O)2].Cl 

0.0176 ± 0.0003 [Ni(OPSB)Cl.(H2O)2].Cl 

0.0171 ± 0.0001 ].Cl2O)2[Co(OPSB)Cl.(H 

Table 8: FBRC values express as (mg/L) for prepared compounds 
 

Figure 21: Calibration curve of ascorbic acid with Fe-Bp complex 
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4- The order of antibacterial activity for the compounds with Bacillus subtilis was 

Co(SB) > Cu(SB) = Cu(OPSB) > OPSB > SB > Ni(SB) = Ni(OPSB) = 

Co(OPSB), with Staphylococcous aureus was Co(SB) > Co(OPSB) > Cu(SB) 

> Ni(OPSB) > SB = OPSB = Ni(SB) = Cu(OPSB), with Escherichia.Coli was 

Cu(OPSB) > Cu(SB) > Ni(OPSB) > Ni(SB) > SB = OPSB= Co(SB) = 

Co(OPSB) and with Pseudomonas aeruginosa was Co(SB) = Co(OPSB) > 

Ni(SB) > Cu(SB) > Cu(OPSB) > OPSB > SB> Ni(OPSB). 

In general, the complexes showed good antibacterial compared to the free 

ligands. Based  on the chelation theory [51], the increased inhibition activity of the 

metal complexes may be explained on the basis that their structures mainly possess 

C=N bonds. Besides, the coordination decreases the polarity of the metal ion due to the 

partial sharing of its positive charge with donor groups and possible π- electron 

delocalization inside the chelate ring-shaped during coordination that makes the 

complexes more lipophilic. This increased lipophilicity enhances the penetration of the 

metal complexes into lipid membranes, blocks the metal binding sites in the enzymes, 

and limits the further development of the organisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

Figure 22: Antibacterial activity of the ligands and their 

metal complexes against gram-positive bacterium 

Bacillus subtilis  

Figure 23: Antibacterial activity of the ligands and their 

metal complexes against gram-positive bacterium 

Staphylococcus aureus 

aureus 

Figure 24: Antibacterial activity of the ligands and 

their metal complexes against gram-negative 

bacterium Escherichia coli 

  

Figure 25: Antibacterial activity of the ligands and 

their metal complexes against gram-negative 

bacterium Pseudomonas 

aeruginosa 
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Table 9: Biological activities of the ligands and their metal complexes against bacteria 

and fungus (zone of inhibition in mm) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusions 
In the present study, we reported the preparation of new ligands (2-Furalidene-

1-phenylsemicarbazide SB), (2-Furalidenediphenylphosphate-1-phenylsemicarbazide 

OPSB) and their metal complexes. These compounds were characterized by various 

spectral physicochemical  methods. The UV-Vis, magnetic susceptibility results led to 

the conclusion that the metal complexes assumed the octahedral geometry via (NH) 

and (C=N) nitrogen in SB ligand, (NH), (C=N) nitrogen and P=O oxygen in OPSB 

ligand. remarkable changes of XRD patterns of the free ligands and their complexes 

were observed and the nature of crystanilly was observed with ligands and SB 

complexes, but in case the complex of OPSB showed amorphous nature. Ligands and 

OPSB complexes posed high antioxidant activity compared to standard antioxidant 

Ascorbic acid. The results of the antibacterial activity showed that, the complexes 

exhibited inhibition activity better than the ligands . 
 

  

Compound 

(1000µg/ml) 

Bacteria Fungi 

gram-

positive 

gram-

negative 

C
a

n
d

id
a

 a
lb

ic
a
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s 

B
a

ci
ll

u
s 

su
b

ti
li

s 

S
ta

p
h

yl
o

co
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s 

a
u
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E
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ri

ch
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co
li

 

 
P

se
u
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o

m
o

n
a

s 

a
er

u
g

in
o

sa
 

SB 4 0 0 3 0 

OPSB 6 0 0 4 0 

[Cu(SB)2Cl2].2H2O 9 10 9 8 0 

[Ni(SB)2Cl2].2H2O 0 0 6 9 0 

[Co(SB)2Cl2].2H2O 12 14 0 15 0 

[Cu(OPSB)Cl.(H2O)2].Cl 9 0 13 7 0 

[Ni(OPSB)Cl.(H2O)2].Cl 0 6 7 0 0 

[Co(OPSB)Cl.(H2O)2].Cl 0 12 0 15 0 

Gentamicin (120 μg/ml) 29 25 23 28 - 

Mycostatin (30 μg/ml) - - - - 18 
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