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     Abstract 
Complexes of Mn(II), Co(II), Ni(II), Cu(II), Ti(III), Cr(III), Fe(III), Zr(IV) and UO2(VI) with a 

Schiff base ligand derived from 2-hydroxy-5-methyl-3-nitroacetophenone and 2-hydroxybenzo-

hydrazide have been prepared. The complexes have been characterized on the basis of 

elemental analysis, IR and electronic spectra, magnetic moment and thermogravimetric analysis. 

From the analytical data, the stoichiometry of the complexes has been found to be 1: 1 (metal: 

ligand).The physicochemical data suggest octahedral geometry for all the complexes except 

Cu(II). The Cu(II) complex shows square planar geometry. The thermal data of prepared 

compounds have been analyzed and various kinetic parameters have been evaluated according 

to the Horowitz-Metzger method. The solid- state electrical conductivity of synthesized 

compounds has been measured in pellet form and the complexes are found to have a 

semiconducting nature. The ligand and its complexes have also been tested for their 

antimicrobial behavior against E. coli, S. typhi, P. aeruginosa and S. aureus by the disc diffusion 

method. The Scanning electron micrograph (SEM) of the ligand and its Cu(II) complex have 

been studied. The Mn(II) complex has been studied by means of powder XRD and was found to 

be crystalline.  

Keywords: Hydrazone Schiff base; TGA; Electrical Conductivity; Antimicrobial 

Activity; SEM measurements; Powder XRD measurements. 

Introduction 
Coordination chemistry is a wide field to produce a large variety of bioactive 

substances.[1] The parameters of the chemical structure, the physical and electronical 

characteristics of the molecule are determining factors in the manifestation of its 

bioactivity.[2,3] Hydrazones and Schiff bases were the subject of many interesting 

studies due to their important applications in much synthetic areas especially in 

indicators chemistry. Hydrazones are being extensively used in the detection and 

quantitative determination of several metals, for the preparation of compounds having 

diverse structures and in analytical chemistry for the identification and isolation of 

carbonyl compounds. [4] However, the most valuable property of hydrazones is 

perhaps 
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their great physiological activity. It is well known that the hydrazone group provides a 

wide range of applications in biological and pharmaceutical fields. Therefore, a number 

of hydrazide-hydrazone derivatives have been claimed to possess interesting 

antibacterial-antifungal, anticonvulsant, anti-inflammatory, antimalarial and antituber-

culosis activities.[5-7] In view of the importance associated with hydrazones, here, we 

report the synthesis and characterization of new hydrazone Schiff base 2-hydroxy-1-

(2-hydroxy-5-methyl-3-nitrophenyl)ethylidene]benzohydrazide ligand and its complexes 

with Mn(II), Co(II), Ni(II), Cu(II), Ti(III), Cr(III), Fe(III), Zr(IV) and UO2(VI). 

Experimental  
All the chemicals and solvents used as starting materials for the synthesis of 

ligand and its metal complexes were of analytical grade procured from SD’s fine 

chemicals and Qualigens Chemicals. The metal salts used for the preparation of 

complexes, i.e. manganese acetate dihydrate, anhydrous ferric chloride, cobalt acetate 

dihydrate, nickel acetate dihydrate, copper acetate dihydrate, titanium(III) chloride, 

chromium chloride hexahydrate, zirconyl oxychloride octahydrate and uranyl acetate 

dihydrate were commercially available and used as received.  

Synthesis of ligand (L) 

A hot solution of 2-hydroxybenzohydrazide (3.04 g, 0.02 mol) in absolute 

ethanol (25 mL) was added to a solution of 2-hydroxy-5-methyl-3-nitroacetophenone 

(3.9 g, 0.02 mol) in hot absolute ethanol (25 mL). The reaction mixture was refluxed 

with continuous stirring on a water bath for 5 h. The reaction mixture was then allowed 

to cool overnight to room temperature. The resulting yellow colored product was 

separated. It was filtered off, washed with hot ethanol, diethyl ether followed by 

recrystallization from DMF and finally dried in vacuo. Yield 64%, m.p. 295C. Elem. 

Anal.: Found: C, 57.94; H, 4.79; N, 12.65 % - Calcd.: C, 58.36; H, 4.59; N, 12.76%; 1H-

NMR:  2.34 (3H, s, Ar-CH3); 2.48 (3H, s, -CH3, imine); 6.99-7.99,(6H, m, aromatic 

proton); 11.02, (1H, s, OH); 13.59 ppm (1H, s, OH). 
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2-hydroxy-1-(2-hydroxy-5-methyl
-3-nitrophenyl)ethylidene]benzohydrazide

2-hydroxy-5-methyl-
3-nitroacetophenone 2-hydroxybenzohydrazide

 

Synthesis of Complexes 

Equimolar quantities of the appropriate metal salt and the ligand were dissolved 

separately in the minimum quantity of hot methanol and DMF, respectively. The 

solutions were filtered and mixed in hot conditions with continuous stirring. The 

reaction mixture was then digested on a sand bath for 2-4 h. 
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2 L + 2 M  [M2(L)2(2X)2] 

M:Mn(II), Co(II) and Cu(II) 

L + M  [M (L) X Y] 

M/X/Y: Ni(II)/--/3H2O, Ti(III)/Cl2/ H2O, Cr(III)/Cl2/ H2O, Fe(III)/Cl2/ H2O,  

U(VI)/CH3-OH/ =O,=O 

 In the case of Zr(IV) complexes, zirconyl oxychloride octahydrate (0.64 g, 0.002 

mol was dissolved in methanol (15 mL) and to this, a methanolic solution of anhydrous 

sodium acetate (0.32 g, 0.004 mL in 15 mL) was added and stirred for 5 min. The 

separated sodium chloride was filtered off. The respective ligand was dissolved in 

minimum quantity of hot DMF. To this solution, the solution containing oxozir-

conium(IV) diacetate was added with continuous stirring and the mixture was refluxed 

on a sand bath for 5 h. The colored solid Zr(IV) complex obtained was filtered and 

washed with methanol, DMF and finally with petroleum ether. The products were dried 

in air at room temperature and stored in desiccators over CaCl2. yield:60-75 %. 

L + Oxozirconium(IV) diacetate  [Zr(OH)2(L).CH3OH] 

Physical measurements 

The microanalyses of carbon, hydrogen and nitrogen were carried out on a 

Carlo Erba 1108 C-H-N-S analyzer. The infrared spectra of the ligand and its 

complexes were recorded in the region 4000-400 cm-1 using KBr pellets on a Perkin-

Elmer-RX-I spectrophotometer. The 1H-NMR spectrum of the free ligand was recorded 

using a mixture of deuterated chloroform and dimethyl sulfoxide with TMS as an 

internal standard on a Bruker DRX-300 NMR Spectrophotometer. Molecular weight 

measurements were carried out according to Rast’s method.[8] The magnetic 

susceptibility of the metal complexes was measured at room temperature by Gouy’s 

method using mercury(II) tetra thiocyanatocobalt (II), Hg [Co(SCN)4], as a calibrant. 

Thermogravimetric analysis of the compounds were performed on a simple manually 

operated thermobalance set up in our laboratory by heating 50-60 mg of sample up to 

700C in an air atmosphere. The calibration of the TG instrument was performed by 

heating a sample of copper(II) sulphate pentahydrate from room temperature to 700 C 

at a heating rate of  10C min-1. The solid state d.c. electrical conductivity of the 

complexes was measured as a function of temperature (room temperature to 403 K) 

by the voltage drop method using a microvoltmeter. The ligand and its complexes were 

tested for their antibacterial activity by the disc diffusion method against E. coli, S. 

typhi, P. aeruginosa and S. aureus bacterial strains. The media used were nutrient 

agar and nutrient broth. The plates were inoculated with 24 h cultures. The compounds 

were tested at a concentration of 500 ppm in DMSO by measuring the zone of 

inhibition of growth of the microorganisms in millimeter. SEM image of the Cu(II) 

complex as a representative case was recorded at VNIT, Nagpur, India. The XRD 
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measurement of the complex was recorded with a Bruker AXS, D8-ADVANCE 

equipped with θ/θ goniometer and a Lynv Eye detector at Dr. Reddy’s Lab, Hyderabad. 

Results and discussion 
All complexes are colored solids and were found to be air stable. The complexes 

were found to be insoluble in water or in most of the common organic solvents but 

soluble in DMF/ DMSO. All the complexes show very low molar conductance values in 

DMF/DMSO indicating their non-electrolytic nature. The analytical data along with 

some physical properties such as color, electrical conductivity, and activation energy of 

the complexes are presented in Table 1. The elemental analyses show 1: 1 (metal: 

ligand) stoichiometry for all the complexes. 

Infrared Spectra 

The diagnostic IR bands of the ligand and the respective complexes are shown 

in Table 2. The IR spectrum of the ligand exhibits a medium intensity band at 2927cm-1 

due to intramolecular hydrogen bonded hydroxyl group.[9] Absence of this band in the 

spectra of metal complexes indicates the breaking of the hydrogen bond and 

coordination of oxygen atom to the metal after deprotonation. Moreover, the strong 

band at 1286 cm-1due to the (C-O) (phenolic) stretching in the ligand has been shifted 

to the 1294-1310 cm-1 region upon complexation. This shift towards higher absorption 

in the complexes indicates also coordination through the phenolic oxygen.[9] The 

ligand shows a strong band at 1623 cm-1 and 987 cm-1 due to the azomethine (C=N) 

and (N-N) modes, respectively. The (C=N) band shifted to lower values by 9-21 cm-1 

while the (N-N) band shows a blue shift by 20-30 cm-1, implying thereby the 

coordination of azomethine nitrogen to the metal ion.[10,11] The spectra of Mn(II), 

Co(II), Ni(II), Cu(II), Zr(IV) and UO2(VI) complexes do not show the bands due to (N-

H) and (C=O) frequencies indicating the coordination of the ligand in its enol form to 

the metal.[12,13] The downward shift in (C=O) by 6-11 cm-1 in the spectra of Ti(III), 

Cr(III) and Fe(III) complexes indicates the involvement of the carbonyl oxygen in the 

complex formation. The above facts reveal that the ligand behaves as a dibasic 

tridentate in the Mn(II), Co(II), Ni(II), Cu(II), Zr(IV) and UO2(VI) complexes while it is a 

monobasic tridentate in the Ti(III), Cr(III) and Fe(III) complexes. The coordination of 

H2O in the Mn(II), Co(II), Ni(II), Ti(III), Cr(III) and Fe(III) complexes is indicated by the 

appearance of bands at 3217-3386, 1517-1548 and 827-854 cm-1 assignable to (OH), 

(H2O) and w(H2O) modes, respectively. The UO2(VI) complex exhibits a strong band 

around 988 cm-1 indicating the presence of methanol group. The UO2(VI) complex also 

shows a band at 917 cm-1 due to the asym(O=U=O) stretch and this indicates the trans- 

UO structure of the complex. The bands observed in the far-infrared regions at 514-

537 and 444-489 cm-1 are assignable to the (M-O) and (M-N) vibrations, 

respectively.[14] 
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Table 1: Analytical data of ligand and its complexes 

Sr. No. Proposed composition of the 
complexes Color 

Mol. wt. 
/ found 
(Calcd.) 

Molecular 
Formula 

Elemental Analysis % Found 
(Calculated) Electrical 

conductivity 
-1 cm1 

Activation 
Energy 

(eV) M C H N 

1 Ligand (L) Yellow 322.15 
(329.30) C16H15N3O5 -- 57.94 

(58.36) 
4.79 

(4.59) 
12.65 

(12.76) 
-- -- 

2 [Mn2(L)2(2H2O)2] 
Brown 

 
833.84 

(836.52) C32H34Mn2N6O14 
13.26 

(13.13) 
46.08 

(45.95) 
4.31 

(4.10) 
10.16 

(10.05) 2.23 x 10-12 0.082 

3 [Co2(L)2 (2H2O)2] Terre Yellow 839.54 
(844.51) C32H34Co2N6O14 13.84 

(13.96) 
45.43 

(45.51) 
4.12 

(4.06) 
9.86 

(9.95) 2.39 x 10-10 0.118 

4 [Ni(L)3.H2O] Dark Brown 431.84 
(440.03) C16H19N3NiO8 

13.32 
(13.34) 

43.54 
(43.67) 

4.21 
(4.35) 

9.42 
(9.55) 3.98 x 10-12 0.137 

5 [Cu2(L)2] Dark Amber -- C32H34Cu2N6O14 
16.39 

(16.26) 
49.11 

(49.17) 
3.10 

(3.35) 
10.64 

(10.75) 8.70 x 10-07 0.193 

6 [Ti(L)Cl2.H2O] Yellow 459.54 
(465.08) C16H15Cl2N3O6Ti 10.03 

(10.29) 
41.17 3.16 9.18 

(9.03) 3.54 x 10-11 0.239 (41.32) (3.47) 

7 [Cr(L)Cl2.H2O] Black Mist 461.24 
(469.21) C16H15Cl2CrN3O6 10.93 

(11.08) 
40.84 

(40.96) 
3.24 

(3.44) 
8.75 

(8.96) 1.38 x 10-08 0.426 

8 [Fe(L)Cl2.H2O] Gray 468.49 
(473.06) C16H15Cl2 FeN3O6 

11.69 40.47 
(40.62) 

3.34 
(3.41) 

8.76 
(8.88) 1.14 x 10-08 0.286 (11.81) 

9 [Zr(OH)2(L).CH3OH] Bold Khaki 478.26 
(484.57) C17H19N3O8Zr 18.72 

(18.83) 
42.04 

(42.14) 
3.67 

(3.95) 
8.54 

(8.67) 7.07 x 10-08 0.174 

10 [UO2(L).CH3OH] Brown 622.34 
(629.36) C17H17N3O8U 37.89 

(37.82) 
32.26 

(32.44) 
2.57 

(2.72) 
6.49 

(6.68) 1.07 x 10-12 0.071 
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Table 2: Infrared Spectral Data (cm-1) of the Ligand and its Complexes. 

Sr. No. Ligand / Complex 
(OH) C-O 

Phenolic C=N N-N N-H C=O C-O 
enolic M-N M-O H2O 

1 Ligand(L) 2927 1286 1623 987 3203 1670 -- -- -- -- 
2 [Mn2(L)2(2H2O)2] -- 1304 1602 1009 -- -- 1219 482 516 3394, 1517, 828 
3 [Co2(L)2(2H2O) 2] -- 1294 1611 1017 -- -- 1223 471 537 3282, 1537, 831  
4 [Ni(L).3H2O] -- 1299 1609 1013 -- -- 1207 444 520 3217, 1548, 827 
5 [Cu2(L)2] -- 1310 1613 1011 -- -- 1214 489 531 -- 
6 [Ti(L)Cl2.H2O] -- 1304 1603 1010 3209 1659 -- 452 518 3386, 1540, 832 
7 [Cr(L)Cl2.H2O] -- 1300 1613  1015  3212 1662 -- 476 517 3372, 1523, 854 
8 [Fe(L)Cl2.H2O] -- 1302 1611 1010 3210 1664 -- 470 520 3351, 1532, 831 
9 [Zr(OH)2(L).CH3OH] -- 1304 1614 1009 -- -- 1207 470 514 -- 

10 [UO2(L).CH3OH] -- 1308 1609 1007 -- -- 1210 482 518 -- 
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In the case of dimeric Mn(II), Co(II) and Cu(II) complex, bridge (M-O) are assigned in 

the region 475-430 cm-1 in view of report [15]. 

Electronic spectra and magnetic properties 

The electronic spectral data and the magnetic moment values have been 

studied to obtain the geometry of the metal complexes. The Mn(II) complex exhibits 

three bands in the range 16920, 22779 and 26385 cm-1 which may be assigned to the 
6A1g

4T1g(4G), 6A1g
4T2g(4G) and 6A1g  4Eg transitions, respectively, of 

an octahedral structure. The observed magnetic moment of Mn(II) complex is 6.09 

B.M. at room temperature which is slightly greater than the spin only value (5.92 B.M.). 

However, the value is in the limits of spin free values for five unpaired electrons 

indicating that the complex is high spin octahedral.[16,17] This data show that a 

structure could be suggested through dimerization with the oxygen atoms acting as 

bridges, as shown in Figure 1. The Co(II) complex shows three bands at 10395, 16393 

and 23923 cm-1, due to 4T1g(F) 4T2g(F), 4T1g(F) 4T1g(P) and 4T1g(F)
4A2g(F) transitions, respectively, in an octahedral environment around the Co(II) ion.[16] 

The ligand field parameters, Dq, Racah interelectronic repulsion parameter (B'), 

nephelauxetic ratio () and 2 /1 of metal-ligand bond have been calculated for the 

Co(II) complex, and the values for Dq, B', and 2 /1 are 533 cm-1, 608 cm-1, 0.62 

and 1.57, respectively. The interelectronic repulsion parameter B' for the Co(II) 

complex is 608 and it is found to be lower than the free Co(II) ion value (B’) of 971cm-1, 

which indicates orbital overlap and delocalization of d-orbitals. The magnetic moment 

value for the Co(II) complex is found to be 4.88 B.M., which is in good agreement with 

high spin octahedral geometry. Since spin only value for three unpaired electrons is 

only 3.99 B.M., the slightly higher value in the present case may be attributed to orbital 

contribution. The Ni(II) complex exhibits three bands at 10615, 16949 and 25974 cm-1 

due to the spin allowed transitions 3A2g(F) 3T2g(F), 3A2g(F) 3T1g(F) and 
3A2g(P) 3T1g(P), respectively, in an octahedral symmetry.[18] The ligand field 

parameters, Dq, Racah inter electronic repulsion parameter (B'), nephelauxetic ratio 

() and % covalency of the metal-ligand bond have been calculated for the Ni(II) 

complex and the values for Dq, B', 2 /1 and % covalency are 1061.5 cm-1, 738.53 

cm-1, 0.71, 1.59 and 28.44, respectively. The value of  observed for the complex is 

lower than the Ni(II) free ion value which indicates the covalent character of the metal-

ligand bonds. The reduction of the Racah parameter (B’) value upon chelation in 

comparison to the free ion value indicates the appreciable degree of covalent 

character in the metal-ligand bond. The 2 /1 ratio for Ni(II) complex is 1.59 and this 

lies in the usual range reported for the majority of octahedral Ni(II) complexes. The 

Ni(II) complex has a magnetic moment of 3.09 B.M. which lies in the normal range 

expected for magnetically dilute octahedral complexes of Ni(II) ion. The Cu(II) complex 

shows three bands at 15576, 17482 and 20040 cm-1 corresponding to 2B1g 2A1g, 
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2B1g
2Eg and charge transfer transitions, respectively, assignable to square 

planar geometry of the Cu(II) complex.[19] The Cu(II) complex exhibits a magnetic 

moment of 1.25 B.M. which is the less than the range (1.80-2.2 B.M.) expected for 

magnetically dilute copper(II) complexes, indicating thus antiferromagnetic exchange 

interaction. The molecular weight measurements of Mn(II), Co(II) and Cu(II) complexes 

indicated their dimeric nature. Thus we suggest a dimeric structure with octahedral 

geometry for Mn(II) and Co(II) complexes and a square planar geometry for Cu(II). The 

ligand contains both phenolic and enolic oxygen atoms and any one of the above types 

of oxygen atoms may be involved in the bridging in the structure [20]. The Ti(III) 

complex shows a broad band around at 17889 cm-1 due to the 2T2g
2Eg transition 

in an octahedral geometry around the Ti(III) ion. The magnetic moment of Ti(III) 

complex is found to be 1.53 B.M. corresponding to one unpaired electron in an 

octahedral environment. The Cr(III) complex in the present study exhibited three 

characteristic bands at 18148, 24330, and 39215 cm-1 which may be assigned to the 
4A2g(F) 4T2g(F), 4A2g(F) 4T1g(F) and 4A2g (F) 4T1g(P), transitions, 

respectively, in an octahedral environment around the Cr(III) ion. The ligand field 

parameters, Dq, Racah interelectronic repulsion parameter (B'), nephelauxetic ratio () 

and % covalency of metal-ligand bond have been calculated for the Cr(III) complex 

and the values for Dq, B', 2 /1 and % covalency are 1814 cm-1, 606 cm-1, 0.658, 

1.34 and 34.2, respectively. The Racah inter electronic repulsion parameter ') is 606 

cm-1 for the Cr(III) complex and is found to be lower than the free ion values (918 cm-1) 

suggesting delocalization of electron on metal into molecular orbital covering both the 

metal and the ligand corresponding to an appreciable covalent character of the metal 

ligand bond (% covalency = 34.2).[21] The ratio 2 /1  is found to be 1.34 which is 

very close to the value of 1.42 obtained for pure octahedral Cr(III) complexes.[22] The 

observed magnetic moment of 3.88 B.M. is an additional evidence for towards 

octahedral geometry around the Cr(III) ion.[23] The Fe(III) complex exhibits three 

bands at 13736, 17825 and 22471 cm-1 assignable to the 6A1g
4T1g(G), 6A1g

4T2g(G) and 6A1g
4Eg, 4T1g(G) transitions, respectively, in an octahedral 

symmetry around the Fe(III) ion.[24] The magnetic moment of Fe(III) complex is found 

to be 5.90 B.M. which is in the expected range for Fe(III) complexes in high spin 

octahedral geometry. The Zr(IV) and UO2(VI) complexes are found to be diamagnetic 

as expected from their electronic configuration and the geometry is octahedral for both 

complexes.[25] The tentative structures of the complexes are shown in Fig.1. 

Molecular weight measurements of the Cu(II) complex were not possible due to the 

insolubility in common non coordinating organic solvents but such measurements of 

the Mn(II) and Co(II) complex indicated their dimeric structure with octahedral 

geometry for Mn(II) and Co(II)complex (Fig.1).[15] 
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Figure 1: Geometrical Structures. 

Thermogravimetric Analysis 

In the order to investigate the thermal stability of the complexes, TG analysis of 

the complexes was carried out. The TG curves of the Mn(II),Co(II), Ni(II), Ti(III), Cr(III) 

and Fe(III) complexes show a well-defined three-stage decomposition pattern while the 

Cu(II), Zr(IV) and UO2(VI) complexes show a two-step decomposition (Fig. 2). The 

Mn(II), Co(II), Ni(II), Ti(III), Cr(III) and Fe(III) complexes lose their weights in the 

temperature range 170-220°C, corresponding to the loss of four coordinated water 

molecules for Mn(II) and Co(II), three coordinated water molecules for Ni(II) and one 

coordinated water molecule for Ti(III), Cr(III) and Fe(III) complexes [% wt. loss, 
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obs./calcd., Mn(II): 7.80/7.65; Co(II): 7.76/7.57; Ni(II): 12.44/12.27, Ti(III): 3.98/3.87; 

Cr(III): 3.95/3.83; Fe(III): 3.92/3.80 ].[26] The negligible weight loss up to 260°C in the 

case of Cu(II), Zr(IV) and UO2(VI) complexes indicates the absence of any water 

molecules in these complexes. The Mn(II), Co(II), Ni(II), Cu(II), Ti(III), Cr(III) and Fe(III) 

complexes exhibit also a rapid weight-loss in the range 320-400°C due to the 

quantitative elimination of the ligand followed by a gradual weight loss up to 660°C due 

to the complete decomposition of coordinated ligand. The thermal degradation of the 

Cu(II), Zr(IV) and UO2(VI) complexes show a gradual weight-loss in the range 320-

650°C due to the loss of ligand molecule. Above 650°C, the curve is almost horizontal 

indicating the formation of corresponding metal oxides [% residue, obs./calcd., Mn3O4: 

18.35/18.23; Co3O4: 19.16/19.00; NiO: 17.08/16.97; CuO: 20.98/20.82; TiO2: 

17.51/17.17; Cr2O3: 16.27/16.19; Fe2O3: 16.69/16.87; ZrO2: 25.57/25.42; and U3O8: 

44.83/44.59]. From the thermal decomposition data various kinetic parameters have 

been evaluated using the Horowitz-Metzger method. The negative values of ΔS 

suggest a more ordered activated state than the individual reactants and may be 

possible through the chemisorption of oxygen and other decomposition products. No 

definite trend in the values of Ea is observed. The activation energies of decomposition 

are found to be in the range 18.51-32.65 kJ mol-1.The thermal decomposition data of 

the compounds is given in Table 3. 

Table 3: Thermal decomposition data of the ligand and its complexes 

Sr. 
No. Compound 

Activation 
Energy 'Ea' 
(kJ mol-1) 

Frequency 
factor 'Z' 
(sec-1) 

Entropy 
Change 'S' 
(J mol-1K-1) 

Free 
Energy 
Change 

'G' 
(kJ mol-1) 

1. Ligand 20.54 3.87 x 10-2 -199.43 203.53 
2. [Mn2(L)2(2H2O)2] 18.51 8.36 x 10-2 -194.57 189.43 
3. [Co2(L)2(2H2O)2] 28.46 6.78 x 10-3 -228.34 200.34 
4. [Ni(L)3H2O] 29.l6 4.24 x 10-2 -190.46 177.47 
5. [Cu2(L)2] 32.65 4.98 x 10-4 -180.55 176.31 
6. [Ti(L)Cl2.H2O] 30.74 4.34 x 10-4 -220.36 184.53 
7. [Cr(L)Cl2.H2O] 28.46 9.45 x 10-4 -208.78 170.52 
8. [Fe(L)Cl2.H2O] 19.53 4.46 x 10-4 -190.35 180.41 
9. [Zr(OH)2(L).CH3OH] 21.77 3.76 x 10-2 -184.64 190.34 
10. [UO2(L).CH3OH] 25.32 2.19 x 10-2 -205.68 166.45 
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Figure 2: Thermograms of the ligand and its complexes. 

Electrical Conductivity 

The solid-state electrical conductivity of the complexes was measured at 373 K 

in compressed pellet form. The electrical conductivity and the activation energy values 

of the complexes are given in Table 1. The solid state d.c. electrical conductivity of the 

complexes was found to increase with increasing the temperature (Fig.3). The 

electrical conductivity () varies exponentially with the absolute temperature according 

to the following relationship:  

 = 0exp [-Ea / kT]   ---------  (1) 
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Figure 3: Temperature dependence of log  of the ligand and its complexes. 

where the symbols in above equation have their usual significance.[27] It was 

observed that for all complexes the electrical conductivity has a positive temperature 

coefficient, i.e. with the increase in temperature, the electrical conductivity increases 

exponentially. The increase starts when the charge carriers have enough activation 

energy. Also, upon increasing the temperature, the mobility of these carriers increases. 

This is the typical behavior semiconductors.[28] The electrical conductivity of the 

complexes lies in the range1.07 x10-12 to 8.70 x10- 7 -1 cm-1.  

Antibacterial Activity 

The ligand and its metal complexes were screened for their antibacterial activity 

against the bacteria E. coli, S. typhi, P. aeruginosa and S. aureus by the disc diffusion 

method.[29] DMSO was taken as a control. In order to check the potency of the 

complexes, solutions were prepared with 500 ppm concentration in DMSO. Whatmann 

filter paper No.1 paper discs having a diameter of 10 mm were soaked in the solutions 

prepared. These discs were kept on the previously seeded Petri plates for incubation 

at 37°C for 24 h. The diameters of the zones of inhibition were measured in millimeter. 

The results of antibacterial screening indicate that the ligand is more active against P. 

aeruginosa, than E. coli, S. aureus and S. typhi. The Co(II) and Fe(III) complexes are 

moderately active against E. coli and S. aureus. The Co(II), Ni(II) and Fe(III) 

complexes exhibit a good zone of inhibition against P. aeruginosa whereas the Ti(III), 

Fe(III) and Zr(IV) complexes against S. aureus. The growth of S. typhi is more inhibited 
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by Cr(III) and Fe(III) complexes. The Fe(III) complex is found to show good activity 

against all the bacterial species.  

In general the results reveal that, the activity of the ligand was found to be 

enhanced upon complexation with metal ions. It has been observed that the metal 

complexes show enhanced antibacterial activity as compared to the free ligand against 

the same organism under identical experimental conditions. This is because of the 

chelation. According to Tweedy’s chelation theory,[29] the chelation reduces the 

polarity of the metal atom mainly because of the partial sharing of its positive charge 

with donor groups and possible π electron delocalization over the whole ring.[30, 31] 

This increases the lipophilic character of the metal chelate which favors its permeation 

through the lipid layer of bacterial membranes and results in activity enhancement. The 

toxicity increases with the increase in the complexes concentration.  

Scanning Electron Micrographs:  
Surface analysis is used to understand the surface features of the material. The 

morphology and particle size of the Schiff base metal complexes have been 

investigated by SEM. The Scanning electron micrographs (SEM) of the ligand and its 

corresponding Cu(II) complex indicate the presence of well-defined crystals free of any 

shadow of the metal ions on their external surface. Figure 4 a-b depicts the SEM 

micrograph of the synthesized ligand and its Cu(II) complex. There is a uniform matrix 

of the synthesized complex in the pictograph, which leads to the conclusion of dealing 

with a homogeneous phase material. A single phase formation of the ligand having 

fiber morphologies in the form of a bundle with particle size 1.14-12.24 µm[32] and ~ 

10 µm pore size is displayed in Figure 3a. The Cu(II) complex shows rock like 

morphology with 2-4.6 µm particle size and ~ 3 µm pore size (Fig. 3b). 

 Powder XRD Study: 

The XRD pattern of [Mn2(L)2(2H2O)2] complex (Fig. 5) exhibits sharp peaks 

indicating the crystalline nature of the complex. The XRD pattern has been recorded 

with Cu-Kα X ray tube in the range 2= 4-35o with = 1.5406 Å. All the main peaks 

have been indexed using appropriate methodology with help of the computer program 

PowdMult, Version 2.3. The indexing is confirmed on the basis of the correction 

obtained between observed and calculated values. The 2 values and the relative 

intensities corresponding to the prominent peaks have been listed in table 4. The unit 

cell lattice parameter of [VO L3] H2O complex are a = 11.6164 Å, b = 12.7326 Å, c = 

10.7906 Å,  = 113.655.  = 105.0o,  = 101.950o, Volume (V) = 1322.04 Å3, therefore 

the system is Triclinic. 
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[a] 

 
[b] 

Figure 4: Scanning electron micrographs of (a) the ligand and (b) its Cu(II) complex.  
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Figure 5: X-ray Diffraction pattern of [Mn2(L)2(2H2O)2] complex. 
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Table 4: The parameters of unit cell and observed and calculated X-ray diffraction data of [Mn2(L)2(2H2O)2] complex.  

   System: triclinic a 11.6164Å,                    b 12.7326Å,                c 10.7906Å     =113.655   =105.0o = 101.950o            V 1322.04Å3 

Peak no. d(Obs.) d(Cal.) 2(Obs.) 2(Cal.)  (h k l) 

1 10.919 10.919 8.09 8.09 0 0  1  0 

2 10.505 10.505 8.41 8.41 0 1  0  0 

3 9.659 9.659 9.15 9.15 0 0 -1  1 

4 9.398 9.398 9.4 9.4 0 -1  1  0 

5 8.74 8.74 10.11 10.11 0 -1  0  1 

6 5.873 5.873 15.07 15.07 0 1  0  1 

7 5.309 5.2525 16.69 16.87 -0.182 0  0  1 

8 5.206 5.1981 17.02 17.04 -0.02 0 -1  2 

9 4.9 4.9338 18.09 17.96 0.13 1  0  2 

10 4.385 4.37 20.23 20.31 -0.08 -2  0  2 

11 4.327 4.3374 20.51 20.46 0.05 1  1  1 

12 4.129 4.1338 21.5 21.48 0.02 0 -3  1 

13 3.886 3.8875 22.87 22.86 0.01 -1  3  0 

14 3.758 3.7507 23.66 23.7 -0.04 -2 -2  1 

15 3.16 3.1609 28.22 28.21 0.01 1 -4  1 

16 3.137 3.1327 28.43 28.47 -0.04 -3  3  0 

17 3.045 3.0454 29.31 29.3 0.01 0  0  3 

18 2.992 3.0015 29.84 29.74 0.1 1 -3  3 
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    System: triclinic a 11.6164Å,                    b 12.7326Å,                c 10.7906Å     =113.655   =105.0o = 101.950o            V 1322.04Å3 

Peak no. Peak no. Peak no. Peak no. Peak no. Peak no. Peak no. 

19 2.908 2.9133 30.72 30.66 0.06 -3  0  3 

20 2.781 2.781 32.16 32.16 0 -4  0  2 

21 2.7 2.704 33.15 33.1 0.05 -3  1  3 

22 2.656 2.6586 33.72 33.69 0.03 2  2  1 

23 2.517 2.5206 35.64 35.59 0.05 - 4  0  3 

24 2.481 2.4769 36.18 36.24 -0.06 4 -1  1 

25 2.316 2.3166 38.85 38.84 0.01 4 -4  1 

26 2.194 2.198 41.11 41.03 0.07 3  2  1 

27 2.165 2.1687 41.68 41.61 0.07 2  2  2 

28 2.057 2.0572 43.98 43.98 0.001 -6  1 2 
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