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ABSTRACT 
The synthesis, structure, physico-chemical investigation and antimicrobial biological studies of some 
Mn(II), Co(II),Ni(II),Cu(II) Rh(II) and Pd(II)  complexes of 2,2'-{1,1'-bi(ferrocene-2,4-dien-1-yl)-2,2'-

diylbis [nitrilo (E) methylylidene]} bis(4-chlorophenol) compounds are described. Organometallic schiff 

base compounds, which are defined as metal complexes containing at least one direct, covalent 
metal−carbon bond. Several types of Organometallic Schiff base compounds have been prepared and 

characterized by using some physical techniques, in terms; elemental analysis, TGA/DTA, electronic 

spectra, ESR, Electron spin resonance and SEM. The elemental analysis data exhibit the formation of 1:2 
[M: L] complexes. The molar conductance values reveal a non- electrolytic in nature.  These complexes 

were also tested for their in vitro antimicrobial activities against some bacterial strains to assess their 

inhibiting potential and the activities shown by these complexes were compared with bacteria. 

 

Keywords:  Organometallic Schiff bases compounds, antimicrobial activity, IR, TGA/DTA, Electronic 

Spectra, ESR and SEM. 

 ______________________________________________________________________________ 

 

INTRODUCTION 

 
Organometallic chemistry to basic issues related to sustainability, i.e. energy processing and environmental 

remediation [1]. The coordination chemistry of simple unfunctionalized ligands is mature and but 

complexes of functional ligands is filled with opportunities, inspired by supramolecular chemistry, 
organocatalysis and nanoscience [2-5]. Nature makes good use of organometallic chemistry for 

transformations of the energy-relevant substrates CO and H2[6-8]. We would like to describe a new 

concept for the preparation of Organometallic Schiff bases derivatives via a totally different mechanism 
than those previously cited above. This new formation of organometallic Schiff bases derivatives is based 

on the complexation of unsaturated compounds with some transition metal ions. Early transition metal 

complexes show both types of reactivity and thus, in addition to their utility either as a carbanion source or 

as a synthetic reagent based on transition metal behavior, it is possible to utilize them for synthetic 
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transformations based on the characteristic Numerous methods for the preparation of organometallic 
compounds are known in the literature [9] and can be mainly divided into four categories. The first and 

probably the most important one, is the reaction between an organic halide or pseudo halide and a metal 

such as the classical oxidative metalation or the halogen–metal exchange, have recently been found to be 
promising anticancer drug.  [10]. the second category also very popular and recently reviewed, concerns 

the exchange reactions between acidic hydrogen’s and basic organometallic derivatives, namely the 

metalation reactions. The third category concerns all the transmetalation reactions, whereas the fourth is 

related to the hydro- and carbometalation reactions across unsaturated systems. The growth of Schiff base 
organometallic Chemistry is gathering much interest in the multinuclear metal complexes owing to the 

oxidation- reduction reactions and photo-reactive metal centers coupling electronically through an 

unsaturated bridging ligand. The investigators in the area of Schiff base organometallic ligand are 
concentrating on their biological activity like potent inhibitors and variable bonding [11-15]. The thermal 

stability and the strong bonding of the ligand to the d- block elements have made the complexes more 

interesting. The pharmaceutical companies are targeting on the synthesis of the Schiff base organometallic 
complexes and their heterometallic and heterobimetallic complexes due to their improved potency and 

wide specificity like antitumor and anticancerous properties [16]. 
 

MATERIALS AND METHODS 
 

Diamino Ferrocene (Merck) 1.87g and 1.2g of 5- chloro salicyldehyde dissolved in butanol separately and 

mixed with 1:1 ratio in round bottom flask. This solution was reflux for~ 5hrs using water condenser at 80 

ºC.  After refluxing solution was cooled at room temperature, solid separates, washed with butanol and 
dried at 60ºC in oven to overnight.  The variety of metal complexes have been prepared with Mn(II), 

Co(II), Ni(II), Cu(II), Rh (II) & Pd(II)metal. These organometallic Schiff base complexes are characterized 

by IR, UV-VIS, TGA/DTA, SEM and antimicrobial studies. 

 

Reaction : 

Ferrocene +2(5 chloro-2-hydroxybenzaldehyde)2,2'-{1,1'-bi(ferrocene-2,4-dien-1-yl)-2,2'-diylbis[nitrilo 

(E) methylylidene]} bis(4-chlorophenol) 
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3D view of the Schiff base Organometallic Ni complex 

Instrumental techniques: The C, H, N of Schiff base organometallic compound and its metal complexes 
were determined by using micro analytical methods. IR spectra of the organometallic Schiff base 

compounds and their complexes were carried out by using KBr pellets by using Perkin Elmer 

spectrophotometer. SEM recorded at TIFR Mumbai. The electronic spectra were recorded using DMSO 

and water as a solvent. TGA/DTA spectra were carried on Mettler Toledo Star system in the temperature 
range of 20-800 °C. Melting points of the ligand and decomposition temperature of complexes were 

determined in our laboratory. 

RESULTS AND DISCUSSION 

The physical and analytical data are given below in table 1. The metal contains are estimated by 

volumetrically using EDTA and Iron metal estimated by gravimetrically[17a].  
 

Table 1 . Physical and Analytical data 
 

Ligand/ Complexes % 
yield 

D.P/MP 
oC 

C% H% N% Fe% M% 

 (C17H14FeClNO) 78 255-257 60.07* 04.12* 04.13* 16.63* -- 

59.72 03.84 03.88 16.21  

[Mn(C34H28FeCl2N2O2).2H2O] 58 232-234 53.11 03.90 03.64 07.35 07.15 

52.85 03.72 03.49 07.22 06.92 

[Co(C34H28FeCl2N2O2).2H2O] 67 224-226 52.84 03.62 03.64 07.31 07.63 

52.52 03.15 03.42 07.12 07.47 

[Ni(C34H28FeCl2N2O2).2H2O] 52 215-217 52.83 03.61 03.62 07.30 07.60 

52.58 03.14 03.39 07.12 07.42 

[Cu(C34H28FeCl2N2O2).2H2O] 55 209-212 52.52 03.60 03.59 07.27 08.18 

52.35 03.32 03.27 07.09 08.92 

[Rh (C34H28FeCl2N2O2).2H2O] 59 205-207 49.99 03.43 03.41 06.92 12.60 

49.71 03.22 03.18 06.77 12.39 

[Pd(C34H28FeCl2N2O2).2H2O] 57 201-203 49.77 03.41 03.40 06.89 12.98 

49.59 03.12 03.15 06.72 12.77 
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Complexes are colored, stable at room temperature, soluble in dimethyl sulfoxide and dimethyl 
formamide. They are decomposed in the range 201-234˚C. The melting point and decomposition point 

reported in open capillary and are uncorrected. The molar conductivity conductivity values of the 

complexes are observed in dimethyl sulfoxide in 10 
–3

 molar solution [17b] and it is non-electrolytic in 
nature. 

 

Infrared Spectra: The IR spectra provide valuable information regarding the nature of functional group 

attached to the metal atom.  The bonding mode of in the organometallic Schiff base metal ion complexes 
and their assignments are listed in table 2. The Infra red bands assignments of all organometallic Schiff 

base metal complexes exhibit broad bands in the range of 3395 to 3480 cm 
-1

 indicating the presence of 

two coordinated water in sphere. [19-20]. A band at 1680 cm
–1

 in organometallic Schiff base is due to νC = 
N vibration. The shifting of this group at lower frequency in the range 1625-45 cm

-1
 in the metal 

complexes, when these values compared to organometallic Schiff base. Hence it suggests that the bonding 

through   metal ion with nitrogen atom of azomethine group [21].  The coordinate bonding of nitrogen to 
the central metal atom which reduces the electron density in the azomethine link and thus lower the –

HC=N absorption. 
 

Table 2. The Infrared spectra of organometallic Schiff base and its complexes. 
 

Ligand/complexes v(OH)cm
-1

 v(C=N)cm
-1

 v(M-

O)cm
-1

 

v(M-N)cm
-1

 (H2O) cm
-1

 

(C17H14FeClNO) 3340 1680 --- -- -- 

[Mn(C34H28FeCl2N2O2) .2H2O] - 1645 595 470 3395,3480 

[Co(C34H28FeCl2N2O2) .2H2O ] - 1625 572 457 3384,3472 

[Ni(C34H28FeCl2N2O2) .2H2O] - 1638 558 442 3380,3455 

[Cu(C34H28FeCl2N2O2) .2H2O] - 1655 584 435 3375,3448 

[Rh(C34H28FeCl2N2O2) .2H2O] - 1642 578 459 3388,3458 

[Pd(C34H28FeCl2N2O2) .2H2O] - 1647 552 428 3390,3455 

  

A band at 3340 cm
-1

 is assigned to Ar-OH frequency in the spectrum of organometallic Schiff base, but in 

the complexes this bands does not appears means it indicates that involvement of oxygen atom of hydroxyl 
group of Ar-OH group in bonding with metal ions [22] .New bands are observed in the metal ion 

complexes, but bands are not present in the spectrum of organometallic Schiff base.  The spectra of 

complexes in the range of 552-595 cm
-1

, corresponding to metal- nitrogen bonding and 428-470 cm
-1

 

corresponding to metal-oxygen vibrations respectively. The appearances of vM-N and vM-O vibrations 
support the involvement of N and O atoms in complexation with metal ions under investigation [23-25]. 

The νC-O (Phenol) stretching frequency of organometallic Schiff base has seen at 1355 cm
-1

 gets shifted to 

a lower frequency region in the complexes in the range of 1318-1335, it indicates that bonding through 
phenol –Oxygen. Therefore the infrared spectral data indicates that the coordination sites of the metal ions 

are -C=N and Ar-OH. 

 

Mass spectra: Mass spectroscopic techniques have been successfully used to check the molecular ion 
peaks of free organometallic Schiff base compound. The pattern of mass spectrum gives an impression of 

the successive fragmentations of the organometallic Schiff base compound with the series of various peaks 

corresponding to the different patterns and their intensities. Their intensity gives an idea about stability of 
fragments. The mass spectrums of organometallic Schiff base compound have a prominent base peak at 

336(99% m/z).  In Ni (II) complex of organometallic Schiff base compound base peak at 768(99% m/z) 

indicates [M
+2

] respectively. The mass spectra of organometallic Schiff base (ligand) and complex are 
assigned in figure 1. 
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Figure 1. Mass spectra of (a) ligand(C17H14FeClNO) & (b) complex [Ni(C34H28FeCl2N2O2) .2H2O] 

Electronic spectra: The electronic spectral data of the Schiff base organometallic compounds and its 
complexes were recorded in DMSO and Ethanol. (0.002 Mole L

-1
) the nature of electronic spectra of all 

the complexes indicates an octahedral geometry around the central metal ions in the complexes. The Ni 

(II) & Co (II) complexes. This indicates that the all complexes of 6-coordinate and probably octahedral. 
Bonding parameter (b 

1/2
), Nephelauxetic parameter (β) Angular covalency (η) and Sinha’s covalency 

parameter (δ %) [26-29] have been calculated % are given in table 3. 

Table 3. Electronic spectral assignments and parameters 

Complexes  Bands(cm-1) Assignments Parameters 

 

[Co(C34H28FeCl2N2O2) .2H2O ] 

8723 

13450 

21750 

3A2g (F)3T2g (F) 

3A1g (F)2T2g 

3A2g (P)3T2g (P) 

β =0.9711 

b1/2=0.0851 

δ % =1.5035 

η = 0.01482 

 

[Ni(C34H28FeCl2N2O2) . 2H2O] 

6290 

8820 

20570 

4A2
4T2 (F), 

4A2 
4A2 (F) 

4A2
4T1 (P). 

β =0.9648 

b1/2=0.0938 

δ % =1.8449 

η = 0.01822 
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Electron Spin resonance :The ESR spectra of Co (II) and Ni (II) complex recorded in atmospheric 
nitrogen ,  when they compared with samples of  room temperature  exhibiting all the hyperfine lines. The 

calculated Values and parameters [30-33] of are shown in table 4 and spectrum is shown in figure 2. 
 

Table 4. Electron spin resonance spectra parameters  

 

 gII gI   gav   Ao   AII   AI  K 

Ni(II) 2.12 1.97 2.07 131 179 100 0.98 

Cu(II) 2.02 1.94 1.99 128 192 88 0.90 

 

 
Figure 2.  Electron spin resonance spectra of Cu(II) complex 

SEM: The morphological characterization of nanoparticles synthesized from the organometallic Schiff 

base complexes were done by SEM (figure 3). SEM image shows size, shape and distribution of 
nanoparticle. It illustrates that nanoparticle as well as number of aggregates and it illustrates the particles 

are predominantly spherical in shape with uniformly distribution. Similarly monodispersed nanoparticle 

was reported by using the crystal of [Rh (C34H28FeCl2N2O2).2H2O] and [Pd (C34H28FeCl2N2O2) .2H2O]. 
The   crystal size will be 100nm. 

 

Thermal analysis: The thermal analysis [Rh (C34H28FeCl2N2O2) .2H2O] complex is given in table.5 It is 

found that from the figure 4 heating rates were suitably controlled at 20 °C min
–1 

under nitrogen 
atmosphere. The weight loss was measured from the ambient temperature upto 800°C. Thermogram of Rh- 

complex indicated a total weight loss of 79% up to 800°C, which is observed in four steps, in first stage, 

the weight loss in the range of 30°C – 130°C which is assigned to loss of water molecule which is present 
in the co-ordination sphere. In second stage, the weight loss in the range between 130-280 °C is 

attributable to the loss of both coordinated water molecules with some part of the ligand. In third state, 

most of the part of ligand wills losses in the range of 300-450 °C. 

 

Figure 3. SEM image 
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In the fourth stage, it can be assigned to complete decomposition of ligand moiety around the metal ion 
[34] respectively .Finally the complex is converted into its metal oxide i.e rhodium oxide [35]. The 

presence of water molecules is further confirmed by the endothermic bands observed in respective DTA 

curve in the temperature region where TGA curves indicate loss in weight. 
 

 

Figure 4. TGA /DTA of Rh(II) complex 

Table 5. Thermo gravimetric analysis data of the complex 

 

Complex 

Temp.Range 
(°C) 

Calculated value 
(%) 

Experimental 
value (%) 

Possible leaving 
groups 

[Rh(C34H28FeCl2N2O2) .2H2O] 

30-130 4.89 4.94 H2O,C4N 

130-280 15.88 15.03 C10H8NCl. H2O, 

300-450 12.78 11.25* C8H10N 

450-800 52.12 53.12 Rh oxide 

 

APPLICATIONS 
 

Antimicrobial activity: The invitro anti bacterial activity [36]
 
of the ligand and its complexes have been 

carried out against the gram negative Escherischia Coli and gram positive staphylococcus aureus using 
disc diffusion method by taking DMSO as solvent. A comparative study of the growth inhibition zone 

values of organometallic Schiff base and its complexes indicate that metal complexes  exhibits higher  

antibacterial activity than the free ligand and the same is indicated from the results given in the below .  
This is probably due the greater lipholic nature of the complexes. Such increased activity of the metal 

chelates can be explained on the basis of over tone’s concept and Tweed’s chealation theory [37-38].
 

According to over tones concept of shell permeability the lipid membrane that’s around the cell favors the 
passage of only lipid soluble materials due to which liposolubility is considered to be an important factor 

that controls the antimicrobial activity. On chealation, the polarity of the metal ion will be reduced to a 

greater extent due to the overlap of the ligand orbital and partial sharing of positive charge of metal ion 

with donor groups[39-41]
 
. Future it increases the delocalization of the  electrons over the whole chalate 

ring and enhances the lipohilicity of the complex. This increase lipohilicity enhances the penetration of the 

complexes into lipid membrane and thus blocks the metal binding sights on enzymes of microorganisms 

[42]. These metal complexes also disturbed the respiration process of the cell and thus block the synthesis 
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of proteins, which restricts future growth of the organism [43-45]. The variation in the activity of different 
complexes against different organisms depend either on the impermeability of the cells of the microbes or 

difference in ribosomes of microbial cells. The detail values are given in table 6. 
 

Table no.6: Antimicrobial activity of ligand and complexes. 
 

Complexes/ ligand Micro organism 

S. Aureus P.aeruginosa Salmonella Sp. Pathogenic fungi E. Coli 

[Mn(C34H28FeCl2N2O2) .2H2O] +++ ++ ++ + +++ 

[Co(C34H28FeCl2N2O2) .2H2O ] ++ ++ ++ + +++ 

[Ni(C34H28FeCl2N2O2) .2H2O] +++ + ++ + +++ 

[Cu(C34H28FeCl2N2O2) .2H2O] +++ ++ ++ + +++ 

[Rh(C34H28FeCl2N2O2) .2H2O] ++ + ++ + +++ 

[Pd(C34H28FeCl2N2O2) .2H2O] +++ ++ ++ + +++ 

(C17H14FeClNO)  + + - - - 

(Highly active = +++ (inhibition zone > 20 mm); moderatively active = ++ (inhibition zone > 15 mm); 

slightly active = + (inhibition zone > 10 mm) 

 

CONCLUSIONS 
 

Organometallic schiff base compounds and their metal ions complexes are prepared, on the basis of 

elemental analysis and mass spectra confirm that they having 1:2 metal-ligand ratio. From Infrared spectra 
of the complexes indicates that, the bonding between metal-nitrogen and metal-oxygen.the size of the 

crystal will be 100nm. 

 

ACKNOWLEDGEMENTS 

 
The Author thanks to, Director TIFR, IIT-Mumbai for providing instrumental facilities. Finally thanks to 

my friends, collogues, family members for their co-operation and help. 

 

REFERENCES 
 

[1] C. S. Letko, Z. H. Heiden, T. B. Rauchfuss, Inorganic Chemistry, 2011, 50, 5558-5566. 
[2] C. S. Letko, Z. M. Heiden, T. B. Rauchfuss , European journal of Inorganic  Chemistry, 2009, 

4927-4930. 

[3] M. Royer, T. B. Rauchfuss, D. L. Gray, Organometallic, 2009, 28, 3618-3620. 
[4] J. L.Boyer, T. R. Cundari, N. J. DeYonker, T. B. Rauchfuss, S. R. Wilson, Inorganic Chemistry, 

2009, 49, 638-645.  

[5] T. B. Rauchfuss, K. Severin, J. Atwood, J. Steed, Supramolecular Architectures Based on 

Organometallic Half-sandwich Complexes, eds. Wiley-VCH., 2008, 179-201.  
[6] Z. M. Heiden, T. B. Rauchfuss, Homogeneous Catalytic Hydrogenation of Dioxygen: a Step 

toward an Organometallic Fuel Cell, 2007, 129, 14303-14310.  

[7] M.Salmain, A. Vessieres, P. Brossier, G. Jaouen, Analytical Biochemistry, 1993, 208, 117–120. 
[8] N.Fischer-Durand, M. Salmain, B. Rudolf, A. Vessieres, J. Zakrzewski, G. Jaouen, 

Chem.BioChem., 2004, 5, 519–525. 

[9] P. J. Craig, Organometallic Compounds in the Environment, WileyChichester, 2
nd

 ed., 2003. 



Manohar V Lokhande et al                 Journal of Applicable Chemistry, 2013, 2 (6):1711-1720  

 

1719 

www. joac.info 

 

[10] E. Negishi, Organometallics in Organic Synthesis, Wiley-Interscience, John Wiley & Sons 
Canada, 1994.  

[11] A.Wolfgang, Herrmann, Synthetic Methods of Organometallic and Inorganic Chemistry: 

Catalysis and For a recent review Furstner (Ed.), Active Metals, VCH, 1996, Pp186-195. 
[12] M. Schlosser, Organoalkali reagents in organometallics Synthesis, Wiley, 1994. 

[13] B. Ekka, Journal of Organic Chemistry, 2007, 72(18), 6924-6937. 

[14] R.D.A.Hudson, J. Organomet. Chem., 2001, 637, 47. 

[15] L.Tang, W.Jia, Z.Wang, J.Chai, J. Wang, J. Organomet. Chem., 2001, 637, 209-215. 
[16] W.Bauer, K.Polborn, W.Beck, Journal of Organometallic Chemistry, 1999, 579(1), 269-279. 

[17] a) A.I. Vogel, A textbook of Qualitative Inorganic Analysis 5
th
 edn. (Longman. - London) 2003: 

Sarkara A, Pal S, Inorganic Chim. Acta., 2008,361,2296-2304.:b) A. Saxena, J. P. Tandon, K. C. 
Molloy, J. J. Zuckerman, Inorg. Chim. Acta., 1982, 63, 71–74.  

[18]  

[19] B. Jezowska-Trzebiatowska, J. Lisowski, A. Vogt, P. Chmielewski, 1988, 7, 337. 
[20] K. Mounika, B. Anupama, J. Pragathi, and C. Gyanakumari, J. Sci. Res, 2010, 2 (3), 513-524. 

[21] K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compoundes, Wiley-

Interscience, New York, 1977.  

[22] M. M. Mostava, A. M. Shallaby, A. A.Asmy, Journal of Inorganic and Nuclear Chemistry, 1981, 
43(11), 2992-2995.  

[23] K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Compound, Wiley, 

New York, 1978.  
[24] M. Thomas, M. K. M. Nair, P. K. Radhakrishnan, Synth. React. Inorg. Met Org. Chem., 1995, 25, 

471., N. Raman, S. Syed Ali fathima, J. Dhaveethu Raja, J. Serb. Chem. Soc., 2008, 73 (11) 

1063–1071. 

[25] A.K. Jain, R.N. Goyal, D.D. Agarwal, Journal of Inorganic and Nuclear Chemistry, 1981,43( 9), 
2005–2009. 

[26] M. A. Pujar, B. S. Hadimani, S. Meonakumari, S. M. Gaddad, Y. F. Neelgund, Current 

Science,1986, 55(7), 353.  
[27] A.B. R. Lever, Crystal Field Spectra: Inorganic Elec- tronic Spectroscopy, Elsevier, Amsterdam, 

1968, 249- 360.  

[28] P. Fleteher, Practical Methods of Optimization, Wiley, New York, 1990.  
[29] F. A. Cotton,G. Wilkinson,Advanced Inorganic Chemistry,Wiley,New York, 5

th
 Ed.,1988.  

[30] M. F. E. Mabbs, D. Collison, Electron Paramagnetic Resonance of d Transition Metal 

Compounds, Elsevier, Amsterdam, 1992. 

[31] K. George Abraham, M. V. Lokhande and S.R. Bhusare, Journal of Chem., Bio. and Phy. Sci., 
2011, 2(1), 137-144. 

[32] B.K. Rai B. K. Rai, J. Ind. Council Chem, 2009, 26(2), 121-124. 

[33] B. B. K. Rai, A.Kumar, Oriental journal of Chemistry, 2013, 29(3), 1187-1191. 
[34] B.K.Rai, J. Ind. Council Chem., 2008, 25(2), 137-141. 

[35] A. Kriza, L. Viorica, N. Cioatera, J. Serb. Chem. Soc, 2010, 75 (2), 229-249. 

[36] A.Nagajothi, A.Kiruthika, S.Chitra, K.Parameswari, Int. J. Pharm and Biomedical Sci., 2012, 
3(4), 1768-1778. 

[37] M,M.Ferri, C.G.Hartinger, A.A. Nazarov, W. Kandioller,  Appl. Organometallic Chemistry., 

2008, 22, 326–332. 

[38] I.Ott , B.Kircher,R. Dembinski, Expert Opin. Ther. Pat., 2008, 18, 327–337. 
[39] G.B.Jones, J.E.Mathews, Bioorganic Med. Chem. Lett., 1995, 5, 93–96. 

[40] M.Patra, G. Gasser, A.Pinto, K.Merz, I.Ott, J.E.Bandow, Chem.Med.Chem., 2009, 4, 1930–1938. 

[41] V.D.Reddy, D.Dayal, S.C.Cosenza, M.V.R.Reddy, W.C.Pearl, Journal Organometallic 
Chemistry, 2009, 694, 959–967. 

[42] National Committee for Clinical Laboratory Standards, Methods for dilutionantimicrobial 

susceptibility tests for bacteria that grow aerobically. Approvedstandard M7–A3, PA., 1993. : 

http://www.ingentaconnect.com/content/els/0022328x;jsessionid=19grd4stlqoi0.alice
http://www.sciencedirect.com/science/article/pii/S0277538700804805
http://www.sciencedirect.com/science/article/pii/S0277538700804805
http://www.sciencedirect.com/science/article/pii/S0277538700804805
http://www.sciencedirect.com/science/article/pii/S0277538700804805
http://www.sciencedirect.com/science/article/pii/0022190281805374
http://www.sciencedirect.com/science/article/pii/0022190281805374
http://www.sciencedirect.com/science/article/pii/0022190281805374
http://www.sciencedirect.com/science/journal/00221902
http://www.sciencedirect.com/science/journal/00221902/43/9


Manohar V Lokhande et al                 Journal of Applicable Chemistry, 2013, 2 (6):1711-1720  

 

1720 

www. joac.info 

 

National Committee for Clinical Laboratory Standards, Reference method forbroth dilution 
antifungal susceptibility testing of conidium-forming filamentous fungi: Proposed standard M38-

A, NCCLS, Wayne, PA, USA, 2002. 

[43] I.Ott, B.Kircher, C.P.Bagowski, D.H.W.Vlecken, E.B.Ott, Angew. Chem., Int. Ed., 2009, 48, 
1160–1163. 

[44] M. M. H. Arief, M. H. M. Ahmed, A. A. Said, N. M. M. Selim, International Journal of Basic 

and Applied Sciences, 2013, 2 (2), 153-159. 

[45] C.D.Sergeant, I.Ott, A. Sniady, S.Meneni, R. Gust, A.L.Rheingold, R.Dembinski, Org. Biomol. 
Chem., 2008, 6, 73–80. 

 


