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Synthesis, spectral characterization and thermal sidies of Ti (l11), Cr (IlI)
and Mn (11) complexes derived from 2-Chlorobenzohylrazone schiff's base
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ABSTRACT

Tridentate Schiff's base ligand, ,IH(1-(1-hydroxynaphthalen-2-yl)ethanone-2-chlorab®rihydrazone) and their
metal complexes with Ti (lll), Cr (lll) and Mn (Jlions have been synthesized and characterizeddmyeatal
analysis,"H NMR, IR, electronic spectroscopy, magnetic susiiifty and molar conductance. From analytical
and spectral data, the stiochiometry of complexes theen found to be (1:1) (metal:ligand). The ptochemical
data suggest octahedral geometry for Ti (lll), @H)(complexs and square pyramidal geometry for Kim)
complex. Thermal stabilities of the complexes Heeen studied by thermogravimetric analysis.
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INTRODUCTION

Hydrazones are important class of ligands and plage important role in the development of coordorat
chemistry as they readily form stable complexed wibst transition metals [1, 2]. Hydrazones —-NH-REC(R

and R = H, alkyl, aryl) are versatile ligands due toithapplications in the field of analyticf8] and medicinal
chemistry [4]. Hydrazones are versatile class garnids which have been studied for a long time dengial

multifunctional ligands with various coordinationodes [5-7]. Hydrazones are used as plasticizersstaiilizers
for polymers polymerization initiators, antioxidar&nd etc. they act as intermediates in preparetigenistry. They
also find applications as indicators and spotrestients [8].

If hydrazones posseses a phenolic group at ortsiiqo to aldehyde/ ketone part, it involves bomdimith metal

leads to an ONO coordination mode [9, 10]. The wonkONO hydrazone complexes of divalent metal imns
general has been well reported in a great numbeeadnt literatures [11, 12]. However, studies pfifazone

complexes of ONO ligand of o-hydroxyketones withrengalent metal ions are not so numerous.

Thus, the aim of present work is to synthesize @ratacterize Ti (III)Cr (1l1l) and Mn (Ill) hydrazone complexes
with newly synthesized Schiff base 1-(1-hydroxyrtaplen-2-yl)ethanone-2-chlorobenzoylhydrazong ¢

MATERIALS AND METHODS

All the chemicals used were of analytical grade JARacetyl-1-naphthol [13] and 2-chloro benzohydtfas [14]
are synthesized from literature procedure. Titanimichloride (TiCk), Chromium chloride hexahydrate (CsCl
6H,0) salts were of S.D.fine chemicals. Mn(OAc2H,O was prepared by oxidation of Mn(OA@H,O using
Christensen’s method [15].

The metal and chloride contents were determingaeasd/ogel’s procedure [16]. The IR spectra of lidgamd their

complexes were recorded in KBr disc in the rangd0gf0-350cnt. The electronic spectra of the ligands and metal
complexes were recorded on an Elico SL - 159 dobbten UV-Vis spectrophotometer in the range of 200-nm
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in DMF(10°M) solution. *H NMR spectra of ligand was recorded in DMSO-d6 Bruker 400 MHz
spectrophotometer, using TMS as an internal stahddolecular weight measurements were carried ocoraing

to Rast’'s method [17]The magnetic susceptibility of the metal complewes measured at room temperature by
Gouy’s method using mercury (ll) tetra thiocyanatoalt (11), Hg [Co(SCN)4], as a calibrant. Molarnzhuctivity
measurements were recorded on a Elico CM-180 caivitydridge in DMF (10° M) solution at room temperature.
Thermogravimetric analyses of metal complexes werdormed on TG Instrument, model — SDT Q 600 of
temperature rang ambident to 800°C with heating 0&20°C/min.

Synthesis of ligands, H_

To hot ethanolic solution (15ml) of 2-chlorobenzoydrazide (0.01mol), hot ethanolic solution (15wif)2-acetyl-
1-naphthol (0.01mol) was added with continuousietirand reaction mixture was heated under refloxwater
bath for 3-4 hr. After cooling, the yellow coloursdlid obtained was filtered off, washed with etblaand dried
under vaccume of Caglit was finally recrystallized from DMF-ethanol xture (1:4 v/v).

oH
SO ‘i*
Ethanu:ul

2-acetyl-1-naphthol 2-chlorobenzoylhydrazide Benzovl hydrazone

Fig 1: Synthetic route for the preparation of HL

(H.L): % yield = 72%, m.p. = 211°GH NMR: § 14.4 (1H, S, -OH)311.6 (1H, S, -NH)$7.598.3 (10H, m, Ar-H),
$2.53 (3H, S, -Ch).

General Synthesis of Ti (1), Cr (lll) and Mn (lll ) complexes

To a hot DMF solution (20 ml) of organic ligand @@mol), hot ethanolic solutions (20 ml) of the nhetalts
(0.01mol) are added under continuous stirring. Témulting mixture was refluxed on sand bath forh6-8he
reaction mixture was digested to half of its volymalid product was obtained on cooling was washitl ethanol
followed by petroleum ether and dried at room terapee (Yield = 65-68%).

RESULTS AND DISCUSSION

The complexes synthesized are coloured, stablerdtswair and moisture at room tempreture. The coxeglare
generally insoluble in water, slightly soluble ith@nol and methanol, while completely soluble in Bahd DMSO
solvent. The analytical data of the ligands and mlemes are given in table 1, which reveals thatcthraplexes are
of 1:1 metal to ligand stoichiometry. The molar doatance values of the complexes afMidn DMF fall in the

range of 9.2 - 18 ohfienm’mol™ indicating the non electrolytic nature of the cdexes [18].

Table —1. Analytical and Physico-Chemical data ofte Schiff's base ligand (HL*) and its Metal Complexes

Molecular Formula| Molecular | colour Elemental Analysis %found (cal.) e

Ligand/ Complexes| weight C% H% N% M% Cloo | (BM) | A™
67.03 | 4.40 | 8.18 10.38

[Ti(L)CI ..H0] 474.56 Current] 46.00 | 3.34 | 5.76 10.00 | 22.34 1.42 18

(46.09) | (3.40) | (5.90) | (10.09) | (22.41)

Dark 47.56 3.27 5.49 10.38 22.08

Brown | (47.67) | (3.37) | (5.85) | (10.86) | (22.22)

Black 53.67 3.54 5.65 11.46 7.34

Mn(L)(OAC)HO] | 468.76 | pov | 53581)| (3.87) | (5.98) | (11.72)| (7.36)
* Molar conductance values in ofhent mole™.

[Cr(L)Cl..HO] 478.69 356 | 125

442 | 9.2
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Fig 2: '"HNMR of ligand H,L

IR Spectral studies

The bonding modes of ligand to metal in complexescampared with free ligand, by study of IR spe¢irable 2).
IR bands foro (N-H), v (O-H+N-H), v (C=0),v (C=N) and phenoli® (C-O) are observed at 3190, 2995, 1653,
1587 and 1288 cthrespectivelyn free ligand. However, in the o-hydroxy Schiéfde this band is generally moved
to lower frequency (Table 2) due to the presence sifong intramolecular hydrogen bonding (O—H...NfX9). In
complexes the band dueddO-H) of free ligand, disappeared which indicétes coordination of phenolic oxygen
to metal ion via deprotonation which was confirniydupward shift of phenolio (C-O) frequency 1321-1382 ¢m
compared to ligand with frequency 1288tii20]. Stretching frequency af (C=N) in free ligand shift to lower
value by 16-20 cihin complexes. This indicates coordination of azthime nitrogen to metal ion in complexes.
Presence of(C=0) andv (N-H) vibrations in the spectra of Ti (lll) and Qtl) complexes indicated that hydrazone
ligand is in keto form. Which confirmed monobasgicdéntate nature of ligand in Ti (1ll) and Cr (Ilomplexes.
While in case of Mn (lll) complex, absence of badds tov(C=0) andv (N-H), indicates dibasic tridentate nature
of ligand in Mn (lll) complexes. It was further sagrted by presence of enoliqC-O) andv (-C=N-N=C-) bands in
spectra. An additional two absorption bands in MP ¢omplex was appeared at1615¢mand 1415 ci which
may be assigned due tg,, (OCO) andvs, (OCO) frequency, respectively. This indicates mamadte nature of
acetate group [21]. All complexes show bands irioregt 3442-3337 cif) 1620-1616 cr and 794-744 crh
assignable to (OH), § (H,O) andpw (H,O) modes, respectively. The bands observed inahifrared regions at
565-572 and 410-418 chare assignable to the(M-O) andv (M-N) vibrations, respectively [22].

Table-2. Assignments of the IR spectral bands of H and its complexes in crit

Ligand/ v(OH)+v(NH) | v(NH) | v(C=0) | v(C=N) | v(N-N) | v(C-0O) | v(C-0O) | v(M-0O) | v(M—N)
Complexes| phe eno phe

H,L 2995 3190 1653 1587 1020 - 128 - -
Ti(llny — 3255 1620 1577 1043 — 1321 565 418
Cr(lln — 3257 1645 1568 1022 — 1348 572 410
Mn(ll1) - - 1620 1570 1024 1232 1323 569 441

Magnetic Moment and Electronic Spectral studies

The electronic spectra of the Ti (Ill), Cr (lll) @Mn (lll) complexes were recorded in freshly pneggth DMF
solution (10°M) at room temperature and their magnetic momehiegare given in Table-1. Ti (Ill) complex
shows one broad band at 18789 cassigned t6ng — ZEg transition [23]. The observed value of magnetiowmeat
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for Ti (1) complex is 1.42 B.M. which confirms tahedral geometry of complex. The magnetic momahtesfor
Cr (1l1) was found to be 1.56

B.M. and in electronic spectra of Cr (lll) compleRree transitions are observed at 18682, 2487438885 crit
assignable t8T,4(F) — “Tog(F), “Tog(F) — “Ti4(F) and*To(F) — “T14(P) transitions respectively, suggestlng
octahedral geometry [24]. Weak d-d bands are obseiv Mn (Ill) complex at 13984, 17136 and 20524 'cm
assigned t6B,— °B,, °B;— °A; and °B,— °E transitions respectively [25]. The electroniesipa of Mn(lll)
complex shows band at 28589 cm-1 attributed toLMET transition and magnetic moment value is 4.4RMB
corresponds to square pyramidal geometry of complex
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Fig 3: IR spectrum of ligand H,L
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Fig 4: IR spectrum of Cr (lll) complex

Thermogravimetric Analysis

Thermal behaviors of metal complexes were investdy TGA technique. The thermogravimetric anadyfe
complexes were carried out within temperature ragdiom room temperature to 800°C at heating r&@0eC per
min. The thermogram of metal complexes indicates tire complexes Ti (IIl), Cr (Ill) and Mn (lll) hews a three
stage decomposition pattern. All polychelates shegligible weight loss up to 90-1%0 indicating the absence of
any lattice water molecules in these complexes.Wéight loss in temperature range 150-203°C [26jesponds to
loss of one coordinated water molecule for all clexgs. The presence of water molecule in all corgde
suggested from IR spectra is confirmed by the wdigds observed in first decomposition step of clexgs. The
gradual weight loss in first step ranging from 2ZZ8B°C corresponds to loss of two coordinated ctiéoions in Ti
(1) and Cr (lll) complexes [27]. The rapid weightss in the range of 300-550°C is due to the dtaivie
elimination of ligand. Thereafter compound showedradual decomposition upto 800°C and onwards thepvi
behind their respective metal oxide.
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Fig 5: TGA curve of (a) Ti (lll) and (b) Cr (Ill) c omplexes
CONCLUSION

The bonding of ligand to metal was confirmed by d@nalytical, IR, electronic, magnetic and therntaties. From
the present investigation it has been observedS3bhiff base KL was monobasic tridentate towards Ti (lll), Cr
(Il and dibasic tridentate towards Mn (Ill). Awgical and physicochemical studies reveals thatdt&hedral
geometry was assigned for Ti (III) and Cr (lll) colexes while square planer for Mn (Ill) complex.
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