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ABSTRACT

Present investigation deals with synthesis and attarization of Mixed ligand complexes of transitimetals such
as Mn(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and Zn() using Schiff base prepared by condensing salidghyde with
ethylenediamine and 8-hydroxyquinoline. The Symbdscomplexes have been characterized using ctwidyic
measurements, room temperature magnetic propeatidspectral methods such as IR, UV and NMR spsipy.

The synthesized complexes were also screeneddiorbiblogical activities such as antibacterial amatifungal.

The studies made are indicating towards octahedealmetry for these complexes.

Keywords: Mixed ligand complexes, Transition metals, Specsaldies, Magnetic moments, Antimicrobial
activity.

INTRODUCTION

The concept of mixed ligand complexes is alwaysifeging to the chemistry community. Interest imthyesis of
mixed ligand complexes is because of their easgmthesis and generally less time requirementifeséd reactions
to occur than normal complex formation reactiomgsiynthesized ligand and metal salt. These fante hrompted
many researchers to publish their research wotlignfascinating and interesting area of reseatef [

8-hydroxyquinoline is used in many processes fergheparation of mixed ligand complexes from yg&as$3]. Its
ability to get bonded with metal with its phenotigygen and ring nitrogen results in forming statielates with
metals in combination with some other ligands, tpusducing stable mixed ligand complexes. Schifdzaare
important in the area of research concerning tahoetmplex formation owing to their ease of prefiara binding
ability, versatility they produce in the synthesiziigands by changing the reactants with substituiees and
various applications of the metal complexes syntieglsusing Schiff bases. Application of Schiff bader the
synthesis of mixed ligand complexes is known froangnyears. [14-18].

Present investigation deals with synthesis of mikgahd complexes of transition metals such as NinHe(lll),

Co(ll), Ni(ll), Cu(ll) and zn(ll) using Schiff basprepared by condensing salicylaldehyde with etigdgamine and
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8-hydroxyquinoline. The synthesized complexes Haaen characterized by molar conductance, room teinye
magnetic properties and spectral methods such,d$\VRind NMR spectroscopy.

MATERIALSAND METHODS

All the chemicals such as salicylaldehyde, ethydésmmine, 8-hydroxyquinoline, metal chlorides alonigh the
solvents used in the present investigation weigoofl quality.

Analytical methods and measurements

The IR spectra were recorded as KBR pellets in région 4000-200 cth on a THERMO NICOLET 380
spectrophotometer from Vishnu Chemicals pvt Ltddetabad. ThéH-NMR spectra was recorded in DMSO-d6 on
a bruker 300MHz using TMS as a reference from SAEnpjab University. Conductance measurements were
performed in DMSO solutions using Equiptronics aaetivity meter with inbuilt magnetic stirrer (Modglq-664)

at room temperature. Magnetic susceptibility valuere measured at 26 by the Guoy’s method using Copper
(I1) sulphate as calibrant. The complexes were ldelin DMSO and DMF but are insoluble in other coomm
organic solvents and water.

Antimicrobial assay of mixed ligand metal complexes:

Antimicrobial activity is determined using test miorganisms vizCandida albicangATCC 14053),Aspergillus

niger (MTCC 1781),Staphylococcus aurel & TCC 10832) andEscherichia coli(ATCC 33684). The microbial
cultures were purchased from National Collectionnafustrial Microorganisms, NCL, Pune (India). Thacterial

cultures were subcultured and maintained on Nutagar, whereas fungi on Potato dextrose agar mediu

The agar well diffusion method [23] was used tcedmine the antifungal and antibacterial activitynoked ligand
metal complexes. 0.1 ml of bacterial suspensioh ¥110° cfu/ml) of 24 hrs old activated culture of &ureusand

E. coli were swabbed separately on nutrient agar plaiilé8ly 0.1 ml of activated fungal culture @ albicans
and A. nigerspread on to each potato dextrose agar plates: idfteulation plates were incubated forl5 min for
adsorption and wells were prepared into the seadad plates by using sterile cork borer (10 mm dizm). Wells
were loaded with a 100l (1000 pg/ml) of mixed ligand metal complexes, Schiff basel 8-hydroxyquinoline
compound reconstituted DMSO. The standard Tetraoy¢R00ug/ml) and Amphotericin B (20Qg/ml) was used
to compare the antibacterial and antifungal agtivéspectively with mixed ligand metal complexefieTplates
were incubated at 3G and measured the zone of inhibition around thi¢ afer 24-48 hrs for antibacterial assay
and 48-72 hrs for antifungal activity. All experinie were performed in triplicate plates for eaayaoism.

Preparation of Schiff base:
The Schiff base used in the present investigatias prepared by condensing two equivalents of daldashyde
with one equivalent of ethylenediamine by usingphecedure reported  earlier [19, 20].

CHO N N
/j EtOH CH/ Scn
2 NH NH,
+ 2 ?  Reflux
OH 60-65 °C
OH HO

Step 1: Preparation of Schiff base

Preparation of Mixed ligand metal complexes:

Hot methanolic solution (20 mL) of 8-Hydroxyquinmdi (0.05 mmol) was added to a hot methanolic soiu{20
mL) of schiff base (0.05 mmol) in two necked rousattom flask. Metal chloride solution (10 mL, 0.68n0l) in

methanol added dropwise to above reaction mixtditee resulting solution was refluxed with conststinting for 6

hrs. The progress of the reaction was checkedinylayer chromatographic technique using solvestesn 8:2
(Pet-ether + Ethyl acetate). After 6 hours refhgxiwas stopped, the reaction mixture was cooledotom

temperature for about half an hour. The dark ca@duwrecipitate appeared was then filtered, wash#dmethanol
first then with acetone and dried in vaccum desarc& he solid complex obtained was recrystalizenf absolute
ethanol.
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+ + MX2
HO

N_———j OH N/ \

MeOH Reflux 6 hrs

— e} X 74 N—-j—-— o X 74
N \ ,\l,, o \ And \'\L/N \ N
\
N— o/ )l(\ N— o/ >|< o
M=Co(I1),Ni(1I),Cu(II),Zn(II),Mn(II) M=Cr(I1I), Fe(1II)
X=Cl X=Cl

Step 2: Preparation of Mixed ligand complexes
RESULTSAND DISCUSSION

All the mixed ligand complexes synthesized are e@d, non-hygroscopic and air stable solids. Theytleermally
stable indicating a strong metal-ligand bond. Alke tsynthesized complexes are characterized usingr mo
conductance, magnetic moments and spectral dagaphiysicochemical data collected for the complégeshown

in Table 1.

Table 1: Physico-chemical data of the mixed ligand metal complexes

Sr. No M olegl?lr:rpflg)r(mula Colour Melting Point (°C) | Yield % Molar :(nggc’\i/luctance M agnetic moments e B. M.

1 Co6H23C1,CrN;Os Dark black >300 65 108.0 4.10

2 CZGH23C|2MnN303 Brown 280 72 22.0 5.91

3 CoeH23ClFeN;O5 Dark green 275 68 134.0 5.90

4 GoeH2:CL,CoN:O3 Green 260 75 20.0 4.72

5 GCoeH23CLNIN 305 Light green 263 71 18.0 2.83

6 GoeH2:CLCUN;O; | Light green 270 62 12.0 1.95

7 GoeH23CLZNN;O5 Yellow 272 68 13.0 Diamagnetic

Molar conductance measur ements:

Molar conductance values for all the synthesizadplexes were measured in DMSO €10) at room temperature.
The low values of molar conductance obtained fotlsgsized mixed ligand complexes of divalent mietas such

as Mn(ll), Co(ll), Ni(ll), Cu(ll) and zn(Il) indicte towards their nonelectrolytic behavior. The eslwbtained for
Cr(lll) & Fe(lll) indicate towards 1:1 electrolyticature.
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Thin layer chromatography:

TLC of the all mixed ligand metal complexes wasf@ened by using silica gel G in polar solvent systeet-ether
and ethyl acetate (20%) and iodine vapors as theysgagent. At the end of the reaction startingen was
disappeared and all the complexes appeared agla spot.

Magnetic properties:

All the complexes show magnetic moment values exgefor octahedral geometry. The magnetic momehteva
for Cr(Ill) complex is 3.90 B. M. indicating towasdhree unpaired electrons close to spin only ydareMn(ll) and
Fe (lll) complexes the value is 5.91 and 5.90 B.réspectively, which is close to that expectedhigh spin state
indicating five unpaired electrons. For Co(ll), Mi@nd Cu(ll) the values are 4.72, 2.83 and 1.9%/Bindicating
towards 2, 2, 1 unpaired electrons. Zinc complediasnagnetic in nature.

Solubility:

Solubility of all the synthesized mixed ligand mMetamplexes along with 8-hydroxyquinoline was crextky
using different solvents. The synthesized complexessoluble in DMF, DMSO, partially soluble in MEQEtOH,
Chloroform and insoluble in Acetone, Acetonitriéand water except for few complexes being partisdijuble. The
solubility of all the synthesized complexes is esygnted in (Table 2).

Table-2: Solubility of mixed ligand metal complexes

Sr. No Complexes EtOH | MeOH | Acetone | Acetonitrile | Chloroform | Water | DMF | DMSO
1 GogH22ClL.CrN;O5 PS PS IS IS PS IS S S
3 Ca6H2:Cl.FeNsO3 P< P< IS IS PS IS S S

4 GogH2:ClL,CoN:O3 PS PS PS PS PS IS S| S
5 GogH23ClNiN3O5 PS PS IS IS IS IS S S
6 GogH2:CLCUN;O3 PS PS PS IS PS IS S S
7 GogH2:CLZNN;O5 PS PS PS PS PS IS S| S

*|=Insoluble, PS= partially soluble, S= Soluble
IR Spectra:

The important infrared spectral bands and theiigassents for the synthesized ligands and complexese
recorded as KBr discs and are presented in Tabl#8.IR spectra for free ligands and its metal dexgs were
recorded within the IR range 4000-400 nm.

An important feature of infrared spectra of the ahebmplexes with 8-hydroxyquinoline is the abseotband at
3440 cm' due to the O-H stretching vibration of the free Ggtdup of hydroxyquinoline [21]This observation
leads to the conclusion that complex formation sakéace by the deprotonation of hydroxyl group bé t
hydroxyquinoline moiety.

Charles et. al [22], reported that for several mesanplexes with HQ, V(C-O) band is observed atQtgi*. The

position of this band undergoes variation dependinghe metal complex under study. A strong v(Cba@d is

observed in the range 1103-1112 ‘cindicating the presence of oxine moiety in the ptExes coordinating
through its nitrogen and oxygen atoms as uninegdtidentate ligand.

Table 3: IR Spectra of Synthesized complexes

v(C=N) | v(C-0)

lﬁro.. Complex V(C-H)Ar | v(C=C) o 8-hydroxyquinoline v(M-0)
1 Co6H23Cl3CrNsO5 3060 1467 1500 1109 529
2 CoeH23CLMNN3O3 3080 1480 1500 1106 525
3 CoeH23ClaFeNsOs 2977 1467 1500 1103 524
4 Co6H23CL,CoNs O3 3047 1465 1499 1108 508
5 CoeH23CloNIN3O5 3015 1460 1500 1106 599
6 CoeH23CLCUN:Os 2977 1466 1502 1112 514
7 Co6H23CloZNnN3O3 3048 1468 1499 1109 505

The v(C=N) mode in oxine occurs at 1499-1502'émthe spectra of metal complexes. This band sepked in the
spectrum of the ligand in the higher region (1580'F A negative shift in this vibrational mode on qulexation
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indicates the coordination through tertiary nitnogdonor of HQ. The in plane and out of plane rimjodmation
modes are observed at 505 and 787 ecespectively, confirming coordination through thiogen atom of HQ
with metal. The M-O stretching is observed in thege of 508-599 Cth

NMR Spectra:

The 'H NMR spectra of the complexes in DMSQO sblvent gave well resolved multiplet a 7.00-7.5 ppm

corresponding to 14 aromatic protons in mixed liyametal complexes. The singleté&8.2 ppm observed for two
protons. In complexes the singlet observed 8t0-3.7 ppm can be assigned to the proton of @idups in Schiff

base.

Electronic absor ption spectra

The electronic spectra of the mixed ligand metahglexes have been measured in DMSO solution between
range 200-800 nm at room temperature. The spedatal of the mixed ligand metal complexes are tabdlan
Table 4. In the spectra of the mixed ligand metahplex the absorption band observed at 270 nm assigned to
benzendl M transition and the band at 345-380 nm were asdighee to n- M’ transition associated with Schiff
base azomethine moiety and new band observed 420:d85 nm can be assigned ta M Charge transfer band.
On the basis of spectral data octahedral geomeasyohen proposed for all mixed ligand complexek [17

Table4: Electronic spectra: UV visible spectra of mixed ligand metal complexes

Electronic spectra (nm)

Sr. No. Compound n-n non LM
1 GoeH23ClsCrN; O3 240 375 470
2 Q6H23CI2MnN303 230 380 430
3 GosH23ClsFeNsOs 280 345 485
4 CoeH23Cl,CoNsO3 240 370 465
5 Co6H23ClNiIN 305 235 385 450
6 Co6H23Cl,CUN;O5 275 360 430
7 Co6H23Cl,ZnN3 05 280 350 420

Antimicrobial activity of mixed ligand metal complexes:

8-Hydroxyquinoline, schiff base and their mixedaligl complexes of transition metals were screened fo
antibacterial and antifungal activity. The entiested compound exhibited variable antibacterialviagtand
antifungal activity as shown in (Fig.3) Among mixkégand metal complexes, the Cu complexgt:Clo,CuN;Os)
showed efficient antibacterial activity agairg&t aureusandK. aerogene with zone of inhibition 18 and 16 mm
diameter respectively (Fig.3.A).
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Figure 3: The antibacterial activity of mixed ligand complexes of transition metalsagaing S. aureus E. coli, S. typhimurium and K.
aerogene
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The Cu complex also exhibited good antifungal astiwith zone of diameter 18 and 16 mm agai@stalbicans
andA. nigerrespectively [13, 11Fig.3.B).
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Figure 3B: The antifungal activity of mixed ligand complexes of transition metalsagainst C. albicansand A. niger.

The Co complex (&H23:Cl,CoN;O3) also exhibited good antibacterial as well asifamgal activity with zone of
diameter in the range of 14-20 mm against theddsaeterial and fungal pathogen as shown in (figO8her metal
complexes viz. Cr(lll), Mn(ll), Fe(lll), Ni(ll) an&n(ll) also exhibited moderate antibacterial antdfangal activity
as shown in (fig 3). It was found that the negatemtrol DMSO exhibited very limited antimicrobiaktivity

against the bacterial and fungal microorganismse $tandard Tetracycline and Amphotericin B wereduas
positive control in order to compare the antimi¢abbactivity of mixed ligand metal complexes (fig.38-

Hydroxyquinoline and schiff base also exhibitediraidrobial activity but activity was found to bewer than the
mixed ligand metal complexes as shown in (fig 3).

The antimicrobial activity of mixed ligand metalroplexes indicated the strong antibacterial andangal activity
than the 8-Hydroxyquinoline and schiff base. Thenpunced antimicrobial activity of the metal comple
compounds was may be due to the according to tegane’s concept and Tweedy’s chelation theory.

CONCLUSION

The complexes were obtained as colored powderedrimat and were characterized using IR spectiaNMR
spectra electronic spectra and magnetic measursncentiuctance. The compounds were completely soliabl
DMF and DMSO .From thén vitro antifungal and antibacterial activity data it issebved that the complexes
exhibit higher activity than the ligands
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