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ABSTRACT 

A 4-acylpyrazol-5-one Schiff base with isoniazide moiety; 4-[4-pyridinecarboxylic) diamino]-4-
chlorobenzoyl)-3-methyl-1-phenylpyrazol-5-one was synthesized by condensation of 4-chlorobenzoyl-3-
methyl-1-phenylpyrazol-5-one with pyridinecarboxylic acid hydrazide. The ligand was characterized on 
the basis of elemental analysis, infrared (IR), 1H and 13C NMR data. Ni (II), Cr (III), Cu (II) and Co (II) 
complexes of the ligand were also synthesized. The metal complexes were characterized by elemental 
analysis, molar conductance, magnetic measurements, IR and electronic spectral studies. All the 
synthesized compounds were screened for their in vitro antimicrobial activity against some Gram-positive 
and Gram-negative clinical bacterial strains. Antimicrobial activity test results revealed that the 
compounds showed better activity against the Gram-positive bacterial strains. 
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INTRODUCTION 

It is well documented that 4-acylpyrazol-5-ones are bidentate oxygen donor ligands1-6. 
In the last few decades considerable efforts have been made by various research groups to 
isolate derivatives with more potential coordination sites. Consequently a number of               
4-acylpyrazol-5-one Schiff bases and their metal complexes have been synthesized by some 
workers7-15. 4-acylpyrazol-5-one Schiff bases have been reported as viable reagents in 
biological16,17, clinical and analytical applications18-21. The tendency for 4-acylpyrazol-5-one 
derivatives to exist in various tautomeric forms also makes for an interesting study, because 
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of several possible coordination modes that could be observed. Meanwhile, pyridine-
carboxylic acid hydrazide and its derivatives are well known for their bactericidal action22,23. 
Pyridoxal isonicotinoyl hydrazone has been shown to mobilize iron from cells in vitro and in 
vivo24-27, hence serves as a good iron chelator in biological system. In this report, we present 
a potential ONO donor 4-acylpyrazol-5-one Schiff base and some of its metallic derivatives. 
The antimicrobial activity of the ligand and its metal complexes is also discussed. 

EXPERIMENTAL  

4-chlorobenzoyl-3-methyl-1-phenylpyrazol-5-one was synthesized according to 
literature method3.  All chemicals and solvents used were of analytical grade. 1-phenyl-3-
methylpyrazol-5-one, 4-chlorobenzoylchloride and pyridinecarboxylic acid hydrazide were 
purchased from Fluka. Elemental analyses of C, H and N were performed using Carlo Erba 
Elemental analyzer EA 1108. Melting point was measured with a Fisher john melting point 
apparatus. IR spectra were recorded on a Perkin Elmer spectrum BX using the software 
package U.2.O. The molar conductance of the complexes was measured using Innolab 
conductivity meter Level 1. Magnetic moments of the metal complexes were done on a 
magnetic susceptibility balance-Sherwood Scientific Cambridge, Model No. MK-I. The % 
metals in complexes were determined using an Agilent KP-MS7500Ce. 1H and 13NMR were 
obtained from a Bruker AV 500 MHZ for 1H and 125 MHZ for 13C using a 5 mm Quadra 
Nuclei Probe (QNP).  

Synthesis of 4-[4-pyridinecarboxylic)diamino]-4-chlorobenzoyl)-3-methyl-1-phenylpyra- 
zol-5-one (ClBepINH)  

A solution of 4-chlorobenzoyl-3-methyl-1-phenylpyrazol-5-one (3.31 g; 0.01 mol) in 
30 mL ethanol was mixed with a solution of pyridine carboxylic acid hydrazide (1.36 g; 0.01 
mol)  dissolved in 20 mL ethanol, the resulting mixture was then refluxed for 2 hr. On 
cooling the resultant reddish solution, reddish product was obtained, filtered and 
recrystallized in ethanol to obtain reddish crystals. 
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Fig. 1:   Synthesis of ClBepINH 
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Synthesis of Ni (II), Cr (III), Cu (II) and Co (II) metal complexes of ClBepINH 

To a dioxane solution (20 mL) of 4-[4-pyridinecarboxylic) diamino]-4-
chlorobenzoyl)-3-methyl-1-phenylpyrazol-5-one (0.43 g, 0.001 mol), ethanolic solution         
(10 mL) of metal chloride (0.001 mol) was added with constant stirring. The coloured mixture 
was then refluxed for 4 hr. The resulting metal complex was filtered hot, washed several times 
with hot ethanol and hot water, drained under suction and kept in vacuum over CaCl2. 

Antimicrobial test 

Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus 
aureus and Bacillus subtilis were collected from clinical samples. The Gram positive and 
Gram negative bacteria were identified using bio-chemical methods28. Antimicrobial activity 
was studied by Agar well diffusion method29. Colonies of each test bacterium were 
suspended in sterile normal saline and adjusted to match 0.5 Macfarland turbidity standard. 
Each bacterial suspension was used to spread onto the surface of sterile Mueller Hinton agar 
plates. The surface of the plates were allowed to dry and a sterile cork borer of 6 mm 
diameter was used to bore wells in the agar plates. 50 μL of dilute solution (20 mg/mL) of 
each synthesized compound was delivered into each well. The plates were allowed to stand 
for 30minutes to aid diffusion and then incubated at 37oC for 24 hrs. After incubation the 
zones of inhibition were measured and the mean recorded.     

RESULTS AND DISCUSSION 

All the complexes are coloured, soluble in dimethyl sulphoxide, dimethyl formamide 
and anhydrous ethanol but insoluble in hexane and carbon tetrachloride. Analytical and 
physical data of all the synthesized compounds are tabulated in Table 1. The molar 
conductivities of the complexes are in the range 6-13 Ohm-1cm2mol-1 in DMSO, suggesting 
that the complexes are non-electrolytes in DMSO30-32. 

FT-Infrared spectra 

The relevant stretching frequencies are tabulated in Table 2. The bands in the region 
~ 3000-3270 cm-1 in the spectral of the ligand and the metal complexes have been assigned 
to NH stretching vibrations. Two strong v (C=O) bands are observable; one assignable to         
v (C=O) of the lateral chain comprising the hydrazide moiety and the other to the v (C=O) of 
pyrazolone ring33-37. These strong vibrational bands (cm-1) have been presented as follows; 
1610, 1585 (ClBepINH), 1590, 1574 (CuClBepINH), 1600, 1575 (NiClBepINH), 1598, 
1561 (CoClBepINH), 1595, 1574 (CrClBepINH). The bands shifted to lower frequencies in 
the metal complexes, suggesting that the carbonyl oxygens are involved in coordination to 
the metal ions in the complexes38-40. 
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Table 2:  Relevant IR band assignments for the ligand and metal complexes 

Compound ν N-H ν C=O ν N-N ν M-O ν M-N 
ClBepINH 3056 1610        

1585 
1140 - - 

CuClBepINH 3185 1590        
1574 

1088 514 435 

NiClBepINH 3266 1600        
1575 

1055 511 460 

CoClBepINH 3223 1598        
1561 

1060 521 488 

CrClBepINH 3238 1595        
1574 

1050 514 447 

The bands in the region ~ 1050-1140 cm-1 in the ligand and the metal complexes 
have been assigned to ν (N-N). Bands in the range 511-521 cm-1 in the metal complexes 
were assigned to ν (M-O) while bands in the range 435-488 cm-1 were assigned to               
ν (M-N)41-44. 
1H and 13C NMR spectra 

A number of tautomeric forms are possible for the study compound (Fig.2). The keto 
forms I-III, the keto-enol forms IV-VI and the enol form VII.  The absence of peak 
assignable to vOH in the IR spectral of the compound coupled with absence of bands 
downfield around the region 12-14 ppm in the 1H NMR spectra7 eliminates any of the enol 
forms as the possible isolate. Jensen3 reported that recrystallization of crude 4-
acylpyrazolones in aqueous solvents often result in the keto form of the 4-acylpyrazolone.  
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Fig. 2: Possible tautomeric forms of ClBePINH 

Spectroscopic evidence in the present study suggest that the study compound was 
isolated in the keto-amine form (I) and reacted with the metal salts as a neutral molecule. 
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Fig. 3: Structure of ClBePINH 
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Assignments done by workers on related studies5,45-48 have been considered in 
assigning the 1H and 13C NMR of the ligand. In the 1H NMR spectrum the 3-methyl protons 
signal was observed as  singlet up field at 2.50 ppm, The absence of signal assignable to 
pyrazolone ring C-H further substantiate the existence of the compound in the keto form. 

The phenyl protons appeared as multiplets in the range 7.15-8.02 ppm while the 
signal due to –NH was observed at 8.80 ppm. The 13C NMR spectrum of Cl Bep INH 
exhibited 17 carbons comprising 16 sp2 and one sp3 (-CH3) carbons,   the signal at δ 16.06 
has been assigned to carbon of 3-methyl.  Carbons of benzene rings are present at δ 118.47-
165.18. The most deshielded carbons have been assigned relevant signals downfield. The 
assignments are as follows C1= 128.87, C2 = 124.56, C3= 162.13, C4 = 124.56, C5 = 128.87, 
C6 = 130.35, C7 = 153.07, C8 =165.18, C9 = 147.79, C10 = 139.23, C11 = 150.66, C12 = 
150.66, C13 = 139.23, C14 = 16.06, C15  =161.22, C16 = 148.13, C17  = 164.21, C18=163.22, 
C19  = 118.47, C20  = 129.28, C21 = 121.58, C22 = 129.28, C2 3 = 118.47 ppm. 

Electronic spectra and magnetic studies 

The significant electronic absorption bands in the spectra of the ligand and the metal 
complexes recorded in DMSO solution are presented in Table 3. The ligand show high 
frequency bands at 32, 258, 30, 113 and 28, 169 cm-1 which were assigned to n → π* and          
π → π* transitions49-51. The electronic spectral of Cr (III) complexes in an octahedral 
environment will show three spin allowed d-d transitions 4A2g (F) → 4T2g (v1), →  4T1g (v2) 
and 4T1g (P) (v3). The v2 and v3 bands have been observed above 25,000 cm-1 52,53. Cr (III) 
complex show bands at 20, 354, 22, 722 and 25, 364 cm-1 assignable to 4A2g (F) → 4T2g (F), 
4A2g (F) → 4T1g (F) and 4A2g (F)→ 4T1g (P), respectively54. The observed magnetic moment of 
3.72 BM suggests an octahedral geometry55. Octahedral Cu2+ complexes have either D4h or 
C4v symmetry, the ground state 2D in the electronic spectral is split into 2Eg and 2T2g  which 
are further split into B1g, A1g, B2g and Eg levels. Three spin allowed transitions are expected 
in the visible and near IR region which are often difficult to resolve because of the low 
energy difference between them. The Cu (II) complex studied here show bands at 15, 338, 
12, 823 and 21, 175 cm-1 which have been assigned to 2B1g → 2A1g, 2B1g → 2B2g and 2B1g → 
2Eg transitions, respectively56-60. The observed magnetic moment of 1.97 B.M. is suggestive 
of an octahedral geometry for Cu (II) complex56, which is expectedly distorted as a result of 
symmetry-lowering Jahn-Teller effect61. The ground state for Ni (II) with d8 configuration in 
an octahedral field has a ground state of 3F and the excited state of 3P, which is not split and 
designated as 3T1g (P). 3F state is split into three states 3A2g, 3T2g and 3T1g(F). The Ni (II) 
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complex display three bands at 24, 292, 14, 674 and 12, 735 cm-1 assignable to 3A2g → 3T2g (F), 
3A2g → 3T1g (F) and 3A2g → 3T1g (P) transitions, respectively62. The magnetic moment of 3.02 
B.M. for Ni (II) complex is an indication of its octahedral geometry. The three bands 
observed at 21, 502, 14, 651 and 10, 454 cm-1 for Co (II) complexes have been assigned to 
4T1g (F) → 4T1g (P), 4T1g (F) → 4A2g and 4T1g → 4T2g (P) transitions, respectively56. The 
magnetic moment of 4.75 B.M and the observed electronic transitions indicate high spin 
octahedral geometry of the complex.  

Table 3: Electronic spectra data of ligand and metal complexes 

Compounds 
Bands (cm-1)        

(ε, Lmol-1 cm-1) 
Assigned transition 

ClBepINH 
30, 113 (4360) 
30, 169 (3184) 
28, 169 (3184) 

n → π* 
n → π* 
π → π* 

CoClBepINH 
21, 502 (154) 
14, 651 (235) 
10, 454 (175) 

4T1g(F)→4T1g (P) 
4T1g(F) → 4A2g 

4T1g(F) → 4T2g (P) 

CrClBepINH 
20, 354 (135) 
22, 722 (255) 
25, 364 (351) 

4A2g(F)→4T1g (F) 
4A2g(F) → 4T1g (F) 
4A2g(F) → 4T1g (P) 

NiClBepINH 
24, 292 (351) 
14, 694 (178) 
12, 735 (185) 

3A2g → 3T2g(F), 
3A2g → 3T1g(F) 
3A2g → 3T1g(P) 

CuClBepINH 
15, 338 (172) 
12, 823 (134) 
21, 175 (147) 

2B1g →2A1g, 
2B1g →2B2g 
2B1g →2Eg 

Antimicrobial activity 

All the synthesized compounds were tested in vitro for their antimicrobial activity 
against Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, Staphylococcus 
aureus and Bacillus subtilis 
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Table 4: Antimicrobial data of synthesized compounds (zone of inhibition in mm) 

Compound K. pneumonial E. coli P. aeruginosa S. aureus B. subtilis 

ClBepINH + + + +++ +++ 
CoClBepINH + + + +++ +++ 
CrClBepINH + + + +++ ++ 
NiClBepINH + + + ++ ++ 
CuClBepINH + + + ++ ++ 

+ low activity (inhibition zone 2-5 mm), ++ moderate activity (inhibition zone 6-14 mm), 
+++ high activity (15-30 mm) 

The results of antimicrobial screening showed that the synthesized compounds 
exhibited better activity against Gram positive S. aureus and B. subtilis compared to the low 
activity observed against Gram negative K. pneumonia, E. coli and P. aeruginosa. In order 
for these compounds to exert their bacteriostatic or bactericidal actions, they must access 
intracellular targets63. The observed variation in activity may be attributed to the protective 
lipopolyssacharide (LPS) in the outer membrane of the cell walls of Gram negative bacteria, 
which protects the sensitive inner membrane and the cell wall from drugs and dyes64.  
Therefore in Gram negative bacteria, drugs must cross the outer membrane, a substantial 
permeability barrier and thus a major determinant of antimicrobial resistance in these 
bacteria65. These protective lipopolyssacharide is absent in Gram positive bacteria64.  Cr, Ni 
and Cu complexes showed moderate activity against B. subtilis, while Ni and Cu complexes 
showed moderate activity against S. aureus. 
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Fig. 4: Proposed structure of the metal complexes 
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On the basis of microanalytical data, magnetic moments, conductivity measurements 
and spectral analysis, the above structure has been proposed for the metal complexes. 

CONCLUSION 

A pyrazoloimine and some of its metallic derivatives have been synthesized and 
characterized. The spectra data showed that the ligand exist in the keto-amine form, and 
coordinated as a neutral tridentate ONO donor ligand. The analytical data show that the 
metal: ligand ratio is 1:2 in all complexes studied. The electronic data and magnetic 
moments are in favour of octahedral geometry for all the complexes. The compounds 
exhibited better antimicrobial activity against Gram positive bacterial strains studied. 

ACKNOWLEDGEMENT 

JNA is thankful to the University of Nigeria, Nsukka for granted permission for a 
research visit to Adnan Menderes University, Turkey and for the sponsorship through 
Nigerian Education Trust Fund (ETF). The assistance of Zeynep Tasci of Department of 
Inorganic Chemistry, Edger University, Izmir, with magnetic moment measurements is also 
acknowledged.  

REFERENCES 

1. E. C. Okafor, P. U. Adiukwu and B. A. Uzoukwu, Synth. React. Inorg. Met-Org. 
Chem., 23(1), 97-111 (1993). 

2. B. A. Uzoukwu and P. U. Adiukwu, Synth. React. Inorg. Met-Org. Chem., 27(4), 509-
518 (1997). 

3. B. S. Jensen, Acta. Chemica Scand., 13, 1668-1670 (1959). 

4.  B. A. Uzoukwu and P. U. Adiukwu, Spectrochim Acta Part A, 51, 2589-2590 (1995). 

5. E. C. Okafor, Spectrochim. Acta., Part. A, 40(5), 397-401 (1984). 

6. E. C. Okafor and B. A. Uzoukwu, Synth. React. Inorg. Met-Org. Chem., 21(5), 825-
844 (1991). 

7. N. J. Parmar and S. B. Teraiya, J. Coord. Chem., 62(14), 2388-2398 (2009). 

8. Li, Zhang, Xu,  Guan-Cheng, L. Lang, L. Guang-Fei and J. Dian-zeng, J. Chem. 
Crystallogr, 38, 151-155 (2008). 

9. Li, Zhang, L. Lang, J. Diangeng, Xu Guan-Cheng and Yu Kaibei, Inorg. Chem. 
Comm., 7, 1306-1310 (2004). 



 J. N. Asegbeloyin et al.: Synthesis, Characterization and…. 1890 

10. D. S. Raj, N. J. Parmar and J. R. Shah, Synth. React. Inorg. Met-org. Chem., 34(4), 
697-711 (2004). 

11. P. Bang-hua, L. Guang-Fei, L. Lang and J. Dlan-zeng, Tetrahedron, 61, 5926-5932 
(2005). 

12. Xu. Gang-Cheng, Li. Zang, L. Lang, L. Guang-Fei, and J Dian-zeng, Polyhedron, 27, 
12-24 (2008). 

13. B. A. Uzoukwu, K. Gloe and H. Duddeck, Synth. Reaction. Inorg. Met-org. Chem., 
28(5), 819-831 (1998). 

14. A. S. Thakar, K. K. Singh, K. T. Joshi, A. M. Pancholi and K. S. Pandya, E-J. Chem., 
7(4), 1396-1406 (2010). 

15. Y. F. Sun and Y. P. Cui, Acta. Cryst. Section E. 64, Part 4 (2008). 

16. Z. Y. Yang, R. D. Yang, and F. S. Li, Synth. React. Inorg. Met-Org. Chem., 29(2), 
205-214 (1999). 

17. Z. Y. Yang, Synth. React. Inorg. Met-Org. Chem., 30(7), 1265-1272 (2000). 

18. N. J. Parmar, H. A. Barad, B. R. Pansuriya and R. A. Patel, J. Coord. Chem., 64(4), 
688-698 (2011). 

19. M. F. Iskander, L. El-Sayed, A. F. M. Hefny and S. E. Zayan, J. Inorg. Nucl. Chem., 
38, 2209 (1976). 

20. G. H. Havanur and V. B. Mahale, Ind. J. Chem., 26A, 1063 (1987). 

21. H. Adams, D. E. Fenton, G. Minard, E. Mura and M. Angelo, Inorg. Chem. Commun., 
3, 24 (2000). 

22. N. Georgieva and V. Gadjeva, Biochemistry (Mosc), 67(5), 588-591 (2000). 

23. M. B. Vasudevachari and A. Anthony, Antiviral Res., 2(5), 291-300 (1982). 

24. P. Ponka, R. W. Grady, A. Wilczynska and H. M. Schulman, Biochim. Biophys Acta, 
802, 477-489 (1984). 

25. E. Baker, M. I. Vitolo and J. M. Webb, Biochem. Pharmacol., 34, 730-732 (1985). 

26. B. K. Sharma, A. S. Tavill, L. N. Louis, E. Wiesen and A. W. Varne, Hepatology, 10, 
579 (1989).   

27. B. K. Sharma, A. S. Tavill, L. N. Louis and A. W. Varnes, Hepatology, 8, 1240 (1988). 

28. M. Cheesebrough, District Laboratory Practice in Tropical Countries, Part 2, 
Cambridge University Press (2004) pp. 125-267 



Int. J. Chem. Sci.: 10(4), 2012 1891

29. C. Perez, M. Pauli and P. Bazergue, Acta Biologiae et Medicine Experimentalis, 15, 
113-115 (1990). 

30. R. C. Aggarwal and T. R. Tao, Current Science, 46(18), 625-628 (1977). 

31. B. S. Garg and I. Kapur, Inorg. Chem. Acta., 123, 223-227 (1990). 

32. R. Sreekala and K. K. M. Yusuf, Synth. React. Inorg. Met. Org. Chem., 24(10), 1773-
1788, (1994). 

33. L. Zang, L. Lang, J. Dianzeng and Y. Kaibei, Struct. Chem., 15(4), 327-331 (2004). 

34. N. Raman, A. Kulandaisamy, K. Jeyasubramanian Trans. Met. Chem., 26, 131 (2001). 

35. G. Xu, L. Zhang, L. Liu, G. Liu and D. Jia, Polyhedron, 27, 12-24 (2008). 

36. Z. Y. Yang, R. D. Yang, F. S. Li and K. B. Yu, Polyhedron, 19, 2599-2604 (2000). 

37. M. F. Iskander, C. El-sayed, N. M. H. Salem, W. Haase, H. J. Linder and S. Foro, 
Polyhedron, 23, 23 (2004). 

38. R. Rajavel, M. S. Vadivu and C. Anitha, E-Journal of Chem., 5(3), 620-626 (2008). 

39. M. Thaukamouy and K. Mohanan, Ind. J. Chem., 46A, 249 (2007). 

40. N. R. Paramanik, S. Ghosh, T. K. Raychaudhuri, S. Chaudhuri, M. G. B. Drew and S. 
S. Mandal., J. Coord. Chem., 60(20), 2177-2190 (2007).  

41. P. B. Sreeja and M. R. P. Kurup, Spectrochimica Acta Part A, 61(1-2), 331-336 
(2005). 

42. A. P. Mishra and L. R. Pandey, Indian J. Chem. A, 44(9), 1800-1805 (2005). 

43. K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination 
Compounds, Part A and Part B, John Wiley & Sons, New York (1998). 

44. R. M. Silverstein, G. C. Bassley and T. C. Morrill, Spectroscopic Identification of 
Organic Compounds, 5th Ed., John Wiley & Sons, New York (1991). 

45. K. A. Kana, N. R. Parek, H. Dabhi and S. S. Nadkarni, E-J. Chem., 6(3), 747-752 
(2009). 

46. E. C. Okafor, Spectrochimica Acta, 37A(11), 939-944 (1981). 

47. E. C. Okafor, Spectrochimica Acta, 37A(11), 951-955 (1981).  

48. H. W. Dudley and F. Ian, Spectroscopic Methods in Organic Chemistry, 4th Edition, 
McGraw-Hill Int. Ltd. United Kingdom (1989) pp. 63-148.  

49. A. N. El-tajory, M. M. El-Ajaily and A. A. Maihub, Pure & Applied Sci. J. Sebha 
University, 5(10), 106-123 (2006). 



 J. N. Asegbeloyin et al.: Synthesis, Characterization and…. 1892 

50. A. S. Munde, A. N. Jagdale, S. M. Jadhav and T. K. Chondhekar: J. Korean Chem. 
Soc., 53(4), 407-414 (2009). 

51. G. M. Gehad, M. M. Omar and A. M. Hindy, Turk. J. Chem., 30, 361-382 (2006). 

52. K. K. Nurang, V. P. Singh and D. Bhattacharya, Synth. React. Inorg. Met. Org. 
Chem., 28(1), 37-49 (1998). 

53. W. M. Hosny, Synth. React. Inorg. Met. Org. Chem., 27(2), 197-220 (1997). 

54. E. A. Elzahany, K. H. Hegab, S. K. H. Khalil and N. S. Youssef, Australian J. Basic 
Appl. Sci., 2(2), 210-220 (2008). 

55. N. S. Youssef and K. H. Hegab, Synth. Reac. Inorg. Met. Org. Nano-metal Chem., 35, 
391 (2005). 

56. S. Chandra and A. Kumar, Spectrochimica Acta, Part A, 66, 1347-1351 (2007). 

57. U. L. Kala, S. Suma, M. R. P. Kurup, S. Krishnan and P. J. Rohith: Polyhedron, 26, 
1427-1435 (2007). 

58. V. V. Pavlishchuk, S. P. Koloyilov, A. W. Addisou, R. J. Butche and E. Sinu, J. 
Chem. Soc., Dalton Trans., 335 (2000). 

59. M. A. Mokhles, Spectroscopic J. Chin. Chem. Soc., 48, 153-158 (2001). 

60. C. J. Ballhauseu, An Introduction to Ligand Field Theory, McGraw Hill, New York 
(1962). 

61. A. B. P. Lever and E. I. Solomon, Inorganic Electronic Structure and Spectroscopy, 
Vol. II, Applications and Case Studies, John Wiley and Sons, INC (2006) p. 75. 

62. J. D. Lee, Concise Inorganic Chemistry, 5th Edition, Blackwell Science Ltd, Oxford 
(1996) pp. 713-853, 954-970. 

63. K. Poole, J. Appl. Micro. Symposium Supplement, 92, 55-64 (2002). 

64. H. Nikaido, Prevention of Drug Access to Bacterial Targets: Permeability Barriers and 
Active Efflux, Science, 264, 382-388 (1994). 

65. K. Todar, Bacterial Resistance to Antibiotics, Todar’s Online Textbook of 
Bacteriology (2011). 

 

Revised : 28.10.2012 Accepted : 30.10.2012 


