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ABSTRACT

Co(ll) complexes of Schiff base 2-amino-4-nitrophéttsalicylidene with some amino acids were sysittezl. The
Schiff base and its mixed ligand complexes, in géne/ere non-hygroscopic and stable solids. Thecstral
characterization of Schiff base and cobalt compdexsere done on the basis of their melting paotubility,
elemental analyses, conductivity measurements, GC-MTIR, NMR, UV-Visible spectroscopy, magnetic
susceptibility, and X-ray diffraction studies. Thwrphology of mixed ligand Co(ll) complexes wadish by
scanning electron microscopy. The compounds webestied to simultaneous thermogravimetric analysistudy
their decomposition mechanism and thermal stabilitye Schiff base and mixed ligand complexes wetargnary
scanned against various strains of microbes toysthdir biological effect

Keywords: Synthesized, Non-hygroscopic, Microscopy, Thermeaignatric analysis, Biological effect.

INTRODUCTION

Schiff bases are a significant class of ligandaordination chemistry and find extensive purposdifferent field
[1]. Schiff bases derived from pyridoxal and amaeids are considered very important ligands froentiiological
point of view. Transition metal complexes of sufahds are important enzyme models. The rapid dpwent of
these ligands resulted in an enhanced researchityadti the field of coordination chemistry leadirtg very
interesting conclusions [2, 3Jixed ligand complexes have been found to act aactine catalyst in reactions of
industrial importance including hydrogenation, hyfdrmation, and oxidative hydrolysis of olefins and
carboxylation of methanol. These complexes have sl®wn catalytic activity in various oxidation ctians of
environmental and biological importance [4-9]. Mixégand complexes containing amino acids as ars&ny
ligand are of significance as they are potentiatiet® for enzyme-metal ion substrate complexes [7-10

The lot of attention is being given to the studyraked ligand complexes of Schiff bases contairsalicylaldehyde
and amino acids separately. Main aim of this stweg to establish research topics where these teasarould be
combined in a novel way. To fulfill this Schiff lm&-amino-4-nitrophenol-N-salicylidene was sele@ed starting
point and the mixed ligand Co(ll) complexes werepared by introducing the various amino acids (alanine,
phenylalanine, valine, cysteine, leucine and glitaanid) with Co(ll) ions.
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EXPERIMENTAL SECTION

Chemical

Water used in present investigation was redistille@d glass distillation assembly. The glass déstilwater was
having pH of about 6.98 to 7.00. A.R. grade hydlodt acid used was purchased from s. d. fine Chahiitd,
Mumbai. All solvents used for synthesis and chamzation experiments were high performance liquid
chromatography grade and analytical reagent. 8tdhaich as ethanol, dimethylsulfoxide (DMSO) wauechased
from Merck India Ltd. and s. d. fine Chemical LMumbai and were used without purification.

Metal salt cobalt sulphate (Cos8,0) was purchased from s. d. fine Chemical Ltd, Maimdnd used without
purification. All Amino acids were purchased frong®a-Aldrich Ltd and used without further purificat. 2-

amino-4-nitrophenol of AR grade was purchased fMf8 Fluka Chemicals and used without purificatibuitrient

broth, nutrient agar, Sabouraud’s broth and straptin, bacterial and fungal subcultures were oletiklimedia
India Ltd.

All glassware used were made of Pyrex or cornirggl The burettes, pipettes, and standard flaskes eadibrated
by the method described by Vogel [11]. An anagjtizalance of 100ug sensitivity was used for weiglsamples.

I nstrumentation

For the determination of metal content, a knowmant of metal complex (about 300-500 mg) in 250Cbedker
was decomposed by using the acid mixture (2 ml cbi@, 2 ml Conc. HN@ 2-3 drops of HCIQ). The solution
was evaporated almost to dryness repeatedly 8llddcomposition was complete. The residue wasetteaith
conc. HCI and the solution was evaporated neartiryaess. It was extracted with dilute HCI and w@itito 100 ml
with distilled water. The metal content was estdaby Atomic Absorption Spectrophotometry (AAS) J1AAS
studies were done on PerkinElmer Analyst 200, Atondibsorption Spectrophotometer. The elemental
microanalyses of C, H, and N were carried out witihomas and Coleman Analyser-Carlo Erba 1106.gitadli
conductometer, model ELICO LI-120 was used for cmtance measurement and the measurements wereatade
the range of 1® M concentration at room temperature using DMSQ@ aslvent. Melting points were uncorrected
and determined by capillary tube method. A digitdl meter, model ELICO LI-120 was used for pH measent.
Room temperature magnetic susceptibility measuresrfen all the mixed ligand Co(ll) complexes repattn the
present study were made by the Guoy’s method usgi@o(SCN) as calibrant. Effective magnetic moments were
calculated after applying diamagnetic correctiomsthe ligand components using Pascal’'s constdi®s PV-Vis
Spectra in DMSO were measured on Shimadzu UV-2be@teophotometer. FTIR spectra were recorded on a
Perkin-Elmer 1600 series FTIR spectrophotometétBrsdiscs.'H NMR spectra were recorded on a Bruker AMX-
300 spectrometer in CDZDMSO and chemical shifts were reporteddrppm values relative to the internal
standard tetramethyl silane (TMS). The mixed ligaswmplexes of ANPS with various amino acids were
characterized for its crystalline behaviour by X-@iffraction technique. The experiment was carried using
Rich-Seifert (Model ISO-Debyeflex 2000) diffractorme The XRD pattern was obtained using Guidiation that
was monochromatised with a curved Graphite cryst@hochromator and nickel filter. Samples were sedrat a
scanning speed of 3°/min in thé eange 0° to 80°.The crystallite size has beenutatied from its relationship with
peak width at half maximum. Scanning Electron Msoapy (JEOL 6320FV Field-Emission High ResolutidiVg

of the films on Si substrates determined the cordtion of successful pattern transfer. Electronrogicaphs were
obtained on Cameca (France) model SU-30 ScanniegtrBh Microscope. Thermolysis of compounds was
performed with Perkin-Elmer / Pyris Diamond to abtd G-DTA assembly curves. The crystallite size of
complexes was evaluated with X-ray powder diffraatiDiffraction patterns were obtained using an RFEPRO
diffractometer (PAnalytical) with a radius of 24GrmMolar mass of ANPS was determined by ShimadzeMSY
QP-2010.

Synthesis of the Co(l1) complexes

The 2-amino-4-nitrophenol-N-salicylidene [ANPS] wasthesized as per procedure reported [8, 13,Sallition

of amino acids (viz. alanine, phenylalanine, valiogsteine, leucine and glutamic acid) (0.5 gm)ppred in 10 ml
0.1M HCI were mixed with aqueous solution of Colmltphate (CoSg¥H,O) ( 0.5g, 2.0 mmol) and warmed
ethanolic solution of Schiff base (2.0 mmol). Thixtore was stirred vigorously. The pH of the reastimass was
adjusted to 10.0-11.0 by using 0.1M NaOH solutidime dark brown coloured precipitation occurred. The
precipitate was then digested on water bath forT3te precipitate obtained was then cooled, filtesad washed
with warm water followed by 50 % ethanol and driiedacuo at 70-80°C.

1414



J. Chem. Pharm. Res., 2012, 4(2):1413-1425

Kamini J. Donde et al
200
] o
1 CAN i
4 OH
100 No, 258
! ‘l" ] ‘: L N i S ]),i'._; L B L L
230 - 260 290 3200 350 380 410 440
m/z

50 80

110 140

170~ 200

Figure 1: Mass Spectrum of ANPS
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Figure 2: NMR Spectrum of ANPS

Characterization of Metal Complexes

RESULTS AND DISCUSSION

The elemental analyses data indicate that the nBagdl) ligand complexes of ANPS with amino aciéyrbe in

V)

1:1:1 stoichiometry. The synthesis of the mixedtid Co(ll) complexes of ANPS may representedhygeneral

formula LM

insolubility of the complexes in water and dilutdkali solution.

L>
M + Ll + Lz‘_- LlMLz

In the process of complexation, ANPS form an ami@piecies by deprotonation of —OH functional grang then
form metal complex. Similarly the amino acid alsonfi anionic species by deprotonation of 4\NHinctional group

and combine with metal ion by formation of covaléonhd. The complex formation was further suppotigdhe
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The ANPS and its mixed Co(ll) ligand complexesg@ameral, were non-hygroscopic and stable solitis. ANPS
was easily soluble in many organic solvents, whasehe complexes were having limited solubilityoirganic
solvents. The complexes were dark brown in colowr thermally stable (Table 1), indicating a stromgtal-ligand
bond. The elemental analyses data (Table 1) ah#ital complexes were consistent with their gerferatulation as
shown in equation (I).

Cy3H100,N, C1gH1704N;Co
ANPS [ Co(ANPS)(Glu)]
H
CH
@ 170 - 360 °C N 45 - 640 9C
OH | 40.584% (41.085%) 29.618% (32.905%)
Endothermic Process NO,| Endothermic Process
[ C6H,O3N, ] [ C1,H;150:NCo ]
H
CH H,N—CH—C=0
N 360 - 645 °C @ + H 640 -1010°C
59.416% (58.915% ) o | 2 50.432% (50.873%)
NO, | Endothermic Process CH, Endothermic Process
) OOH
No Residue CoO
0.00% (0.00%) 19.950% (16.222%)

Figure 3: Proposed thermal decomposition patternsfoANPS and [Co(ANPS)(Glu)]
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Figure 4. SEM Image of ANPS

The metal content of all the Co(ll) complexes wsisneated by the AAS methods reported in the litea{11,15].
The low molar conductivity values of the complexesDMSO at 10°M concentration in the range 0.062-0.075
Ohmi* cn? mol™* indicate their non-electrolytic nature [16]. Theight obtained from the mass spectra was 258,
which was in good agreement with the value obtaifnech its molecular formula. The molecular weighbfsthe
Co(ll) complexes were calculated by using the wa weight of the ANPS, amino acid and the stradt
formula of the complexes suggested by the geontlitigussed later in FTIR, UV-Visible, Magnetic Systdaility,
TG-DTA studies. The mass spectrum of ANPS is shiowigure 1

Infrared spectra
The FTIR spectra of compounds were quite complex tdupresence of numerous bands with varying iitteas
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making the task quite difficult. Attempt howeverdhlaeen made to assign some of important bandseohasis of
reported spectra of several mixed ligand compld8ed4, 17]. The significant feature of the infrdrepectra of
ANPS was presence of band at 1642.07 which was assign to frequency of C=N gr¢iig]. This suggested the
formation of ANPS by reaction of salicylaldehydeld& amino-4-nitrophenol. The broad band obserie&8655.65
cmin the spectrum of ANPS was assigned for stretckibgations of —OH group. The presence of phene®H
was also confirmed by another band in the FTIR specat 1377.49 cth The band observed at 1599.30"cwas
assigned for stretching vibrations of -pfonctional group in the ligand [17, 18].

100.0um

[(ANPS)(Phe)

Det | Mag

" [Co(ANPS)(Leu)]
Figure 5: SEM Images of Co(ll) complexes.

g HV
LFD|1000x|20.0 kV| 5.1

The FTIR spectrum of mixed ligand Co(ll) complex®wed the broad and moderate band centered iratige
3428.10-3437.15 cihdue to —OH vibrations of the phenolic —OH groupe3e vibrations are reported to occur
around 3500 cfhfor the compounds containing free —OH functionabugr [18,19]. The appearance of —OH
vibrations in Co(ll) complexes were slightly lomtban the vibrations of —OH in the spectrum of ANA his may
be due to involvement of one of the —OH groupshim metal ligand bonding. The presence of one fhenglic —
OH group was confirmed by another band observethénrange 1384.96-1397.31 ¢niThis indicated that the
ANPS form covalent bond with metal ion by deprotioraof one —OH group.
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Figure 6: Proposed general structure of mixed ligad Co(ll) complexes

The other two bands observed in the range 3069088-95 crit and 3015.02-3069.95 chwere assigned for —-NH
asymmetric and —NH symmetric stretching vibratiohsNH, group. For free amino acid these values are regort
around 3040 cifand around 2960 chrespectively. These values were shifted to highavewnumbers in the
spectra of Co(ll) complexes, suggesting coordimatibthe amino group through nitrogen with the Qo(bn [14,
17,19].

Literature survey reveals that an asymmetric vibrgt and symmetric vibrations due to free aminad aaie
observed at around 1590 ¢rand 1400 cm respectively. These values were shifted to higisre numbers in the
spectra of cobalt complexes igsymcoo-)in the range 1732.85-1756.89 'E:andusyn(COO) in the range 1701.05-
1740.25 crit indicating the covalent bond formation via depratibon of the carboxylic acid group during the
complexation [19].

The strong band observed in the range 1611.03-48&#" was assigned for C=N vibrations. These vibrations
were observed in the lower wave number as comparéuk vibrations in the ANPS. This indicated tlo®rlinate
bond formations through the nitrogen atom of C=Nugr[17,19]. The band due to —N®as observed at 1599.30
cm’in the spectrum of ANPS remain unchanged in thiRFSpectra of mixed Co(ll) ligand complexes of @p(l
suggesting non involvment of —N@roup in the bonding. This band was obtained eénringe 1574.74 — 1589.90
cmtin the IR spectra of Co(ll) complexes [17, 19].

The [Co(ANPS)(Cys)] complex show small weak ban@%649.80 crit which is assigned for stretching frequency
of -SH group in the cystein. The literature valoethe -SH vibrations is in the range of 2550-2680". Therefore
in the [Co(ANPS)(Cys)] complex the band observedhis range was assigned for stretching frequericysbl

group

In FTIR spectra of Co(ll) complexes, some new Isaoflweak intensity observed in the regions arot#8.80-
649.01 crit and 515.18-516.32 cmmay be ascribed to the M-O and M-N vibrations regiely. It may be noted
that these vibrational bands are absent in thanedr spectra of ANPS as well as the amino acids][2420]. Some
of the important IR bands and their tentative assignts are shown in Table 2
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Table 1: Physicochemical studies of compounds

Empirical vield Mol. Cond Elemental Analyses
Compound Formula % Colour pH (Ohm’l'cmz mbl'l) M.P (°C) Found (Calc.) %(calculated) B. M. (Mef)
(formula wt.) C H N S ®) Co
mps | GOl T or | vatow |1s| oon | e | @R[EEIBETTEGT T

C16H1506N:Co 47.40 | 3.98 | 1045 23.57 | 14.60

[Co(ANPS)(Ala)] (403.93) 92 Dark brown| 10.56 0.066 215* (47.53) | (3.71) | (10.40) - (23.77)| (14.59) 2.22
C2:H1506N:Co +~| 55.10 | 3.90 8.78 ) 19.92 | 12.30

[Co(ANPS)(Phe)] (479.33) 94 Dark brown| 10.62 0.069 250 55.01) | (3.96)| (8.75) (20.00) | (12.28) 2.30
C1sH1606N:Co 49.78 | 4.65 9.87 22.20 | 13.50

[Co(ANPS)(Val)] (431.93) 92 Dark brown| 10.57 0.062 230 (50.01) | (4.40)| (9.72) - (22.23)| (13.64) 2.23
C16H1506N3SCo 43.85 | 3.70 9.69 745 | 21.79 | 13.52

[Co(ANPS)(Cys)] (436.00) 89 Dark brown| 10.7Q 0.075 205 (44.04)| (3.44)| ©63) | (7.35)| (22.02)| (13.51) 2.25
C19H2106N:Co 50.99 | 4.96 9.47 21.33 | 13.25

[Co(ANPS)(Leu)] (445.93) 93 Dark brown| 10.60 0.070 215 (51.13) | (471) | (9.42) - (21.53)| (13.21) 231
C1sH170sNsCo «~ | 46.60 | 3.95 9.10 ) 27.68 | 12.67

[Co(ANPS)(Glu)] (461.93) 91 Dark brown| 10.61 0.065 265 46.76) | (3.68)| (9.09) @771 | (12.76) 2.27

* = Decomposition Temperature, Ala, Phe, Val, Qyes) and Glu represent secondary ligands alaninengtalanine, valine, cysteine,leucine and glutamic
acid, respectively.

Table 2: FTIR absorption data

Vnn (Asymm) | van (Symm) (A;%m) (Svycr(;;;m) (svycr:qu) VoH VNO Vs
Compounds Vor Amino Amino Amino Amino Schiff (Phenolic-OH) | (Stretch) | (Stretch) ymo VN
acid Acid ] )
acid acid Base
ANPS 3555.65(b) - - - - 1642.07(b)) 1377.49(s 150%) - - -
[Co(ANPS)(Ala)] | 3431.93(b)]  3080.95(w) 3069.95(W) 3B715(w) | 1712.69(w) 1611.47(S 1388.85(s 158900(s - 648.80(w)| 516.20(w)
[Co(ANPS)(Phe)]| 3435.49(b 3069.85(W 3041.25(W) 34B5(w)| 1701.05(w) 1613.96(s 1384.96(s 1580025(s - 648.50(w)| 515.90(w)
[Co(ANPS)(Val)] | 3428.10(b))  3079.50(w) 3025.89(W) 5P710(w) | 1740.25(w) 1617.47(S 1390.85(s 1576)62(s - 649.01(w)| 516.30(w)
[Co(ANPS)(Cys)]| 3437.15(b 3070.58(w) 3045.20(}) 568B9(w) | 1736.56(w)| 1614.89(s 1392.50(s 1578)42(8569.80(w)| 645.80(w) 515.80(w)
[Co(ANPS)(Leu)] | 3432.02(b 3069.05(w) 3015.02(W) 485B0(w)| 1706.65(w) 1615.10(s 1397.31(s 1574)74(s - 649.01(w)| 515.18(w)
[Co(ANPS)(Glu)] | 3432.50(b 3070.30(w) 3035.10(W) 50725(w)| 1731.02(w)] 1611.03(s 1391.15(s 157717(s - 648.50(w)| 516.32(w)

b-broad, s-strong, w-weak
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Table 3: UV-visible spectral data of Compounds

Solution spectra

v Q)
nm (Cm?) oD
210 (47,619)] 0.758 | n—n*

ANPS 255 (39,215)| 0.393 | n—n*

324 (30,864)| 0.215| non*

212 (47,169) 0.640 | n—on*

257 (38,910)| 0.373 | n—n*

325 (30,769)| 0.240 | n—n*

[Co(ANPS)(Ala)] | 370 (27,027)| 0.265 | C.T 2Ag—°Bau [yz—L(n*)]
402 (24,875)| 0.302 | C.T 2Ag—?B,u [xz—L(n*)]
501 (19,960)| 0.298 | 2Ag—?Bag (xz—Xy)

660 (15,151)| 0.197 | *Ag—?Big (C-y*—Xxy)
211 (47,393) 0.600 | n— n*

256 (39,062)| 0.370 | n—on*

324 (30,864)| 0.250 | n—n*

[Co(ANPS)(Phe)]| 371 (26,954)| 0.270 | C.T 2Ag—°Bau [yz—L(n*)]
402 (24,875)| 0.315 | C.T 2Ag—?B,u [xz—L(n*)]
500 (20,000)| 0.300 | *Ag—?Bag (xz—xy]

657 (15,221)| 0.205 | *Ag—?B.g (X-y*—xy)
212 (47,169) 0.635| n—n*

255 (39,215)| 0.372 | n—n*

325 (30,769)| 0.253 | non*

[Co(ANPS)(Val)] | 370 (27,027)| 0.284 | C.T 2Ag—>Bau [yz—L(n*)]
401 (24,937)| 0.365 | C.T 2Ag—?B,u [xz—L(n*)]
500 (20,000)| 0.323 | 2Ag—?Bag (xz—Xy)

660 (15,151)| 0.198 | *Ag—?Big (C-y*—xy)
210 (47,619)] 0.650 | n—n*

257 (38,910)| 0.375 | n—n*

325 (30,769)| 0.241 | n—n*

[Co(ANPS)(Cys)] | 370 (27,027)| 0.265| C.T Ag—°Bsu [yz—L(n*)]
402 (24,875)| 0.315 | C.T 2Ag—?B,u [xz—L(n*)]
501 (19,960)| 0.310 | *Ag—Bag [xz—xY]

664 (15,060)| 0.205 | *Ag—?Big [X-y*—xy]
211 (47,393) 0.650 | n—on*

255 (39,215)| 0.375 | n—n*

326 (30,674)| 0.254 | n—n*

[Co(ANPS)(Leu)] | 372 (26,881)| 0.301 | C.T Ag—°Bsu [yz—L(x*)]
400 (25,000)| 0.384 | C.T ?Ag—?B,u [xz—L(n*)]
498 (20,080)| 0.310 | 2Ag—?Bag [xz—Xxy]

660 (15,152)| 0.204 | Ag—?B.g [x*-y*—xy]
210 (47,619)] 0.601 | n—n*

257 (38,910)| 0.380 | n—n*

325 (30,769)| 0.238 | n—on*

[Co(ANPS)(Glu)] | 370 (27,027)| 0.264 | C.T 2Ag—>Bau [yz—L(n*)]
401 (24,937)| 0.330 | C.T 2Ag—?B,u [xz—L(n*)]
500 (20,000)| 0.317 | 2Ag—?Bag [xz—Xy]

667 (14,992)| 0.210 | *Ag—?Big [Py —xy]
C.T - Charge transfer band

Compound Assignments

'H NMR spectra

The NMR signals were obtained in the raregé.336-8.450 ppm Figure 2 [14, 17, 21]. The Singletained ab
4.336 ppm was due to two protons of two —OH group#NPS [17]. Due to the effect of similar chemical
environment around these —OH groups, only one kigaa observed for these groups. The signal obdaimeange

8 6.951-6.962 ppm was assigned for doublet due ooterpof aromatic ring of aldehyde group. The sligizsained

in ranged 7.124-7.399 ppm was assigned for triplet due an#op of aromatic ring of aldehyde group. The signa
obtained in rang® 7.502-7.508 ppm was assigned for doublet due ootom of aromatic ring of 2-amino-4-
nitrophenol in the ligand. The signal obtainedanges 7.635-7.663 ppm was assigned for triplet due anéop of
aromatic ring of aldehyde group in the ligand. Bignal obtained in rangg 7.857-7.878 ppm was assigned for
doublet due one proton of aromatic ring of aldehgdmip in the ligand.
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Table 4: Thermal analysis data of the Compounds

Compound/ Dissociation D-I;eAn? eak -rr:? % f:ﬁﬁf?ct:g)lig) Decomposition Residue
M.F/ Mol.Wt. stages ,Cp' ocg % assignment remained
ANPS/ Stage | 265 170-360 | 40.58 (41.09) | -C/HeN2O [CeH4OsNy
C1:H1cN;04/258 Stage |l 620 360-645 | 59.42(58.92) | -CeH.OsN, No residue
Stage | 315 30-420 23.41 (22.03) | -C/Hs [CoH10N30:Co]
[CCO}gANF’g)éﬁ'/i)(]B g3 | Stagell 600 420-780 | 37.37 (37.63) | -CsHaN,Os [CsHsNO5Co]
16TSNE : Stage Il 1000 780-1040 | 20.09 (21.79) | - CsHeNO, CoO
Stage | 375 235-550 | 27.11(28.75) | -CsHJNO; [C16H15N205C0]
[C(:O}SANPS)&?E]Q 33 | Stagell 580 550-750 | 23.90 (21.88) | -C;HsNO [CoH10NO-Co]
220196 : Stage Il 925 750-1050 | 29.59 (30.84) | -CoHiNO CoO
Stage | 360 60-650 38.24 (38.20) | -C;HsN,0; [C11H1NOsCo]
gOLANNPg)(CV;Tgl g3 | Stagell 720 650-820 | 14.11 (17.59) | -CeHa [CsH10NO5Co]
18TNE : Stage Il 925 820-1040 | 24.49 (26.86) | -CsHi1cNO, CoO
[CCO}gANF’g)géﬁ)] Stage | 510 30-615 32.02 (34.86) | -CsHiN2Os [C10H12NOsSCoO]
4:1;6 650 -6 Stage Il 720 615-1030 | 48.04 (47.95) | -C;H1:NO,S CoO
Stage | 350 30-420 18.76 (19.96) | -C/Hs [C12H16N306CO]
[Co(ANPS)(Leu)] Stage |l 540 420-625 | 14.94 (12.78) | -CiHo [CeH/N3OsCo]
CiH21N30:Co/ 445.93 | Stage Il 725 625-805 | 16.64 (16.37) | -C:HsNO;, [CeHaN20,Co]
Stage IV 905 805-1010 | 32.99 (34.09) | -CsHaN,0s CoO
[Co(ANPS)(Glu)] ) -CeHiN20s3 [C12H13NOsCo]
CreHoNLOCol 461,03 | Stage | 345 45-640 29.62 (32.90) CothNOs Coo

Table 5: Crystallite size of the Compounds

Crystallite size in A)
20 of max. int. peak 0 Cos# 0.9
Compound B -

(Degrees) Degrees Bcosd

ANPS 15.14 5.57 0.991 0.260 5.38

[Co(ANPS)(Ala)] 77.47 38.74| 0780 0.192 9.25
[Co(ANPS)(Phe)] 30.60 15.80 0.96R 0.187 10.51
[Co(ANPS)(Val)] 34.07 17.04| 0.956 0.040 36.44
[Co(ANPS)(Cys)] 32.28 16.14| 0.961 0.040 36.27
[Co(ANPS)(Leu)] 32.06 16.03 0.961 0.148 08.57
[Co(ANPS)(Glu)] 31.90 15.95| 0.961 0.101 14.22

Table 6: Results of antimicrobial activities in ppm

Compound Antibacterial activity | Antifungal activity
a b c d e

ANPS 100 100 200 100 200
[Co(ANPS)(Ala)] 50 50 100 50 50
[Co(ANPS)(Phe)]| 12.5| 12.5 50 25 25
[Co(ANPS)(Val)] 25 125 100 100 50
[Co(ANPS)(Cys)] 25 25 100 100 100
[Co(ANPS)(Leu)] 25 50 50 100 100
[Co(ANPS)(Glu)] | 100 25 50 100 100
Standard 25 12.5 124 25 125

a. S. typhi, b. S.aureus, c. A. Niger, d. Cashij e. S. cerevisiae,
Standard: Ampiciline for anti bacterial activitieStreptomycin for antifungal activities.

The signal obtained in randge8.016-8.025 ppm was assigned for doublet due oot of aromatic ring of 2-
amino-4-nitrophenol in the ligand whereas anotligna obtained aé 8.068 ppm was assigned for one proton of
aromatic ring of 2-amino-4-nitrophenol in the lighat was expected that these two signals woulelesl at same
position but due to the effect of electro negayivf neighboring two nitrogen atoms later was obsérat higheb
value than previous signals. The signal obtainexi&at50 ppm was assigned for singlet due one prote@H=N
linkage in the ligand. This confirms the formatiomfsimine ligand. This observation was also supgery the
FTIR data of the ligand discussed earlier. The N&pRctral data of ANPS was compared with the spetata for
the similar ligands reported in literatures [22].2Bue to the limited solubility in the solvent €y and DMSO the
NMR spectra of mixed ligand Co(ll) complexes lgadnoisy base line, a broadening of the signals giddhot
yield 'H NMR spectra to satisfactory quality.
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Magnetic susceptibility

Room temperature magnetic susceptibility measurésmiedicate that the mixed ligand Co(ll) complexesre
paramagnetic in nature. The dark brown Co(ll) clexgs exhibit a paramagnetic moment in the rang2-2.31
B.M. as given in Table 1. Kalia et.al has found iEmrange of magnetic moment values for Co(ll) pdemes
dithiocarbazate derived from isonazid [24]. Accaglio Kalia et al. these values lie in the rangeesponding to
one unpaired electron for square planar stereoatignaround Co(ll), Hcomplexes. Literature survey also reveals
that the Co(ll) complexes showing the magnetic mwanvalue in the above mentioned range suggeséedhare
planar stereochemistry around Co(Ilj,admplexes [25-27]Therefore the square planar stereochemistry foechix
ligand Co(ll) complexes of ANPS with amino acidsswaoposed.

Electronic Absorption Spectra

The electronic absorption spectrum of ANPS in DM&vent in the showed three peaks. The high intgibsind
was observed at 210 nm (47,619 9nThe second of low intensity band was observezbatnm (39,215 ci) and
the third band was observed at 324 nm (30,864)cithe data obtained was compared with the liteeatlata of
several Schiff bases and their mixed ligand congsd8]. The electronic absorption for ANPS in the DMSO may
occur due to the transitions of the electrons flomer molecular orbital to higher molecular orbitérom the
nature and position of the transition in the sggdtrwas assigned for intra-ligand transitions.

The Shivankar et al has recorded then* at 48,543-38,760 cth for the aromatic chromophore in the ligand 8-
hydroxyquinoline. In addition, the band observedhie UV-Visible spectrum of 8-hydroxyquinoline tine range
29,762-29,717 cthwas reported for-pn* transition [19]. For the present study, the freqcy of first two bands
was in range of 210-255 nm (47,619-39,215"crience by comparing with the literature valudégse transitions
observed in the UV spectrum of ANPS were assigmedr-fn* transition for the aromatic chromophore in the
ligand ANPS [8, 19, 21-23]. Similarly the third whobserved at 324 nm (30,864 tnwas assigned for-a n*
transition of C=N group in the ligand [19].

In the metal complexes, the inner ligand transgtiarere common due to presence of C=N and C=C grioufhe
ligand structures. These bands remain as it isnbut band in the range 370-377 nm (27,027-26,525) evas
observed, supporting the formation of strong méigdnd bonds. This band is reported for the chargesfer band
[22]. In the solution, electronic absorption spaotf Co(ll) complexes, the seven signals were afeskrOut of
which the three signals were indicative of intgahd transitions of ANPS, while other three signwedse indicative
of D,, symmetry for the Co(ll) Gsquare planar complexes. A well defined strongdb@sturring in the range 657-
667 nm (15,221-14,992 ¢th was assigned for the transitio?vsgeZBlg (x* —-y*— xy) and the another band
observed in the range 498-501 nm (20,080-19,960) cmas assigned fo?Ag—>ZB3g, (xz— xy). Another band
around 400 nm (25,000 ¢thand a shoulder around 370 nm (27,000'cmere assigned for metal to ligand charge
transfer bands. These bands were assigned toAthe’B,, [xz— L(n*)] and 2Ag—°Ba, [yz— L(n*)] transitions
respectively. In general, Co(ll) in square plageometry absorb in the regions 25,000'¢0,000 crif, 15,000-
14,000 crit [24]. The spectral data is shown in Table 3.

Thermal studies

The thermograms (TG) of the compounds have bearded in flowing nitrogen atmosphere at the heatatg of
10°C/min on approximately 10 mg samples. The Cafhplexes investigated showed similar behavidhér TG
and Differential Thermal Analysis (DTA) studies.

The ANPS undergo two step decomposition proceddesfirst step was started at 170°C and complet&6@°C
showing weight loss of 40.584%. This was attributethe loss of aldehyde moiety. While the secdeg sccurred
in the range 360-645°C corresponds to the weigsg BD.416%. This may be attributed to weight lass © 2-
amino-4-nitrophenol moiety. The thermogram of ANgt®wed 100% weight loss.

The TG of Co(ll) complexes showed that they wéerrmally more stable to varying degree. The congdeshow
the gradual loss in weight due to decompositiorfragmentation with increasing temperature up tdaberextent,
after that no significant weight loss was observeuls indicated that, expected decomposition proeas cobalt
oxide Co(ll) in all the cases. The similar obséiores were recorded for all the Co(ll) complexedicating their
high thermal stability [28], but for [Co(ANPS)(Alaand [Co(ANPS)(Leu)] the expected decompositioadpict
was accompanied by some part of chelate strucithis observation indicated that, the [Co(ANPS)(Alajpd
[Co(ANPS)(Leu)] are thermally more stable than ott@balt complexes.

The [Co(ANPS)(Cys)] and [Co(ANPS)(Glu)] undergo twsiep decomposition process. The first step of
decomposition process was started in the range530-4nd completed in the range 615-640°C which was
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accompanied by a weight loss in the range 29.6182226. This may be attributed to the loss of sormg pf
ANPS. The second step started in the range 6153%40d completed in the temperature range 1010°1&Mich
was accompanied by a weight loss of 48.040-50.43M8is may correspond to the combined weight loss tu
remaining part of ANPS and amino acid moiety [28].

The [Co(ANPS)(Ala)], [Co(ANPS)(Phe)] and [Co(ANPS#()] undergo three step decomposition process. The first
step was started in the range 30-235°C and congpietthe range 420-650°C which was accompanied Wwgight

loss in the range 23.408-38.240%. This may bebated to the loss of some part of ANPS. The sectep was
observed starts in the range 420-650°C and congpietthe range 750-820°C which was accompanied Wwgight

loss in the range 14.109-37.369%. This may cormdpdo the loss of remaining fragment of ANPS. Tl step

of decomposition process was started in the raB@e820°C and completed in the range 1040-1050°Chwhias
accompanied by weight loss in the range 20.0899284% This may correspond to the loss of amino awiikety
[11].

The [Co(ANPS)(Leu)lindergo four step decomposition process. Thedtegi was started at 30°C and completed at
420°C which was accompanied by a weight loss o73B%. This may be attributed to the loss of some gl
ANPS. The second step was started at 420°C angletad at 625°C which was accompanied by a weiagd bf
14.941%. This may correspond to the loss of somie gfaamino acid. The third step of decompositimecess
occurred in the range 625-805°C which was acconaplaby weight loss of 16.638%. This may correspanthé
loss of remaining fragment of amino acid moiety][IThe fourth step of decomposition process occlirethe
range 805-1010°C which was accompanied by weig# &f 32.985%. This may corresponds to the [0SNPS
moiety.

In general, the final decomposition product inthé Co(ll) complexes was found to be their respeatobalt oxide
accompanied. Therefore 100% weight loss was neg¢reled for the Co(ll) complexes [19]. This indichtbat the
thermal stability of increases on complex formati®he data of thermal analyse are summarized ineTabrhe
proposed decomposition mechanism for ANPS and [G&3)(Glu)] are illustrated in Figure 3.

X-ray diffraction study

The X-ray diffractogram of the complexes of ANP8aeled in the range 0-80°. Each diffractor was wedblved
into sharp reflux suggesting highly crystallineuratfor the mixed ligand complexes [29-36]. Thepdeing of the
crystalline part of the compounds was calculatédguthe Bragg equation. The widtf' ‘at half the maximum of
crystalline peak was measured and the crystallite was calculated using the Deby-Scherrer relafféve result
showed that the crystallite size of the mixed lij&@o(Il) complexes ranges from 5.38-364% From the Table 5
it is clear that, all mixed ligand complexes showvd#fflerent crystallite size. The X-ray diffractognaof all mixed

ligand complexes also showed that, the natureseakp are well resolved, sharp, with very good isitgn No

noticeable broadening area under the peaks wasveloséHence the all mixed ligand Co(ll) complexgsthesized
in present investigation were crystalline in nature

Scanning Electron Microscope

The scanning electron micrographs revealed the nadogy of Schiff base and Co(ll) complexes. Thensdiag
electron micrographs were taken at 20kV accelegatoitage and magnification was fixed accordingnéed from
150x to 1000x. In SEM image macroscopic phase aéiparin dense layer was noticed. The domain sizbout
10um with void spaces were observed in all the systefhe void spaces are certainly due to the result o
macroscopic phase separation [37]. In scanningreleenicrograph of ANPS (Figure 4), the morpholaiowed
that the surface wasspongy and soft with large as@apic phase separation. This phase separatiomimasized
after formation of mixed ligand complexes. Also 8pongy and softness was reduced due to introduofionetal
ion. The similar observations were reported for tbeuction in phase separation and softness obuiniace on
complexation [38]. From SEM images (Figurg B was clear that there was a strong change imphwogy of
Schiff base on complexation [39].

Biological Activities

The compound synthesized in the present investigatias been subjected to various antimicrobial esing
programs based on their structural features s@ asdertain their activity against different miarganisms. The
various screening programs conducted have bedmeiim tvitro study by the serial tube dilution technique [9, 14
40,41]. The solvent used was DMSO, and the sample contemsawere 200, 100, 50, 25, 12.5 ppm. The test
results obtained are listed in Table 6. Antibaeleaind antifungal data fampiciline and Streptomycinare also
included in this table for the purpose of compariso
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It has been observed that the compounds showedgeay antibacterial and antifungal activity at 125, 50, 100
and 200 ppm. The results have been expressed aenfege inhibition. The results of preliminary stuoin
antimicrobial activity indicated that most of thenspounds were highly and few were moderate actjainat both
organisms. In comparison with the activity of ANRSivity of the metal complexes was more. Thisdated that
activity increases with introduction of metal idfhe activity of mixed ligand complexes with ligatmhe’ showed
higher activity as compared to other complexes. presence of bulky substituents may be responsivleéhe
enhancement of biological activity [14, 42, 43].iGmared to standard compounds [44, 4Bjpiciline for anti
bacterial activities an&treptomycirfor anti fungal activities, the present compoungse similar effect against the
selected strains of microorganisms.
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