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ABSTRACT

A <chiff base ligand derived from 4-(2-aminoethyl)phenol and 1-(-5 chloro-2- hydroxyl-4-methyl phenyl)ethanone
and its transition metal complexes with the metals Mn(Il), Co(ll), Ni(ll), Cu(ll), Zn(ll) and Cd(I1) have been
synthesized. The prepared Schiff base and their complexes have been structurally characterized by elemental
analysis, infrared spectroscopy, magnetic susceptibility measurements and thermogravimetric study. The analytical
data indicates 1:2 [M:L] stoichiometry. The thermal dehydration and decomposition of these complexes were
studied kinetically using both Freeman-Carroll and Sharp-Wentworth methods. It was found that the thermal
decomposition of the complexes follow first order kinetics. The thermodynamic parameters of the decomposition
have also reported.
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INTRODUCTION

Schiff base complexes of transition metals areasfigular interest to inorganic chemists becausieif structural,
spectral and chemical properties are often strodglyendant on the nature of the ligand structucardnation
complexes with substituted ketones have shown skvestructural and properties generating a varidty o
stereochemistry and a wide range of bonding intEnag. The interest in the construction of coortoracomplexes
by reacting transition metal ions with tetradentads been constantly growing over the past yea#§.[Within this
understanding lies an increased knowledge of midemelf-assembly [5-6], metal-ligand complexatj@rB] and
disposition of metal binding sites [9]. By masterithese areas, new improved systems related tdiglis of
catalysis and bioengineering can be achieved are tduthese applications of coordination complexes.
continuation of our earlier work, we are reportthg synthesis of Schiff base derived from 1-(5-otB-hydroxy-
4-methylphenyl)ethanone and 4-(2-aminoethyl)phefidle complexes of this Schiff base with Mn(ll), Gn(
Ni(11), Cu(ll), Zn(l1), Cd(ll) have been synthesid and characterised by elemental analysiSIMR, IR, magnetic
and thermal studies.

EXPERIMENTAL SECTION

All the chemicals were of A.R. grade and used aeived. 1-(-5 chloro-2- hydroxyl-4-methylphenyl)atione
[CHMPE]was prepared by known methods [10-13]. Tdlgents were purified by standard methods [14].

The *HNMRspectra of ligand was recorded in CB@t 300 MHz on a Bruker DRX-300 NMR spectrometethwi
TMS as an internal reference and elemental analysie obtained from SAIF, CDRI, Lucknow. Infrarqekstra of
the ligand and its complexes were recorded in Kéleps on FTIR-affinity-1, SHIMADZU instrument ifhé range
400-4000 crit. Magnetic susceptibility was determined by Gouyisthod at room temperature. Thermogravimetric
analysis was performed on TGS-2, thermogravematratyser with TADS computer system (PERKIN ELMER) i
air atmosphere at 20 min® heating rate.
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Preparation of Schiff base ligand [CHMPEAEP]

The Schiff base was synthesised by adding a etitasolution of [1-(5-chloro-2-hydroxy-4 methylphdhy
ethanone] (0.1 mole) to 4-(2-aminoethyl)phenol (@dle). The reaction mixture was then refluxed omager bath
for about 2 hours. The condensation product waesrdtl and recrystallized from ethanol. The produas dried
under vacuum to get light yellow precipitate (Yie8@%). The purity of the ligand was checked by eetal

analysis and TLC using silica gel.

Hay OH
reflux 2hrs
Cl N
4-(2-aminoethyl) phenol
HsC OH

1-(5-chloro-2 -hydroxy-4-methyl

phenyl)ethanone 1-(5-chloro-2-hydroxy-4-methyl

phenyl )ethanone 4-(2-aminoethyl)phenol

'H NMR (300 MHz, CDCL3 6 in ppm)

Ligand shows a multiple in the region 7.2 ppm du@henyl ring. The singlet observed at 6.72 pprsuiggested
phenolic OH group in ligand. The triplet at 3.803.ppm may be described to the proton from the @Hhe
ligand. The singlet observed at 2.13 ppm is suggete —N=C- group in the ligand.

Preparation of Metal complexes

To a ethanolic solution of Schiff base [CHMPEAEPRJD mole, 25 ml), a solution of respective metatates of
[Mn(11), Co(ll), Ni(ll), Cu(ll), Zn(ll), Cd(ll) ions] in ethanol (0.01 mole) was added drop wise wibmstant
stirring. The reaction mixture was refluxed for 46urs. The precipitated complexes were suctiderét, washed
with ethanol and dried over fused calcium chlorideld: 50.70%, 55.80%, 70.20%, 63.22%, 59.78%, 68.32% for
Mn(l1), Co(ll), Ni(Il), Cu(ll), Zn(Il) and Cd(Il) @mplexes respectively.

RESULTS AND DISCUSSION

The synthesized complexes are colored, stable anchygroscopic solids and are insoluble in watdramol and
methanol but soluble in DMF and DMSO. The analytd=ta indicates 1:2 (metal: ligand) stoichiomdtry all the
complexesAll the complexes are found to be non-electrolyfies16]. The time of reflux, colors and constitueit
elements are reported in Table 1.

Table 1: Analytical Data of CHMPEAEP and its Complees

S. Compound Time of Reflux Colour Elemental analysis % found (calcd).

N. in hours M C H N

1 | CHMPEAEP 2 Yellow - (;g:é;) (%.217) (gf)é)
2 | [Mn(CHMPEAEP).2H;0] 4 Dark Brown (g:ig) (23183) (%.%%) (2:18)
3 | [Co(CHMPEAEP).2H,0 6 Pinkish Brown (%.%%)) (23%) (g:g% (2:3)8)
4 | [Ni(CHMPEAEP).2H,0] 5 Pale Green (99'3%) (gg:gg) (%.%ZJ) é;%)
5 | [Cu(CHMPEAEP) 4 Dark Green (18188) (g?gg) (%.%03) (ﬁ%{i)
6 | [Zn(CHMPEAEP) 6 Yellowish White (18223) (23133) (%21%) (i.%%)
7 | [Cd(CHMPEAEP) 6 Opaque &;12)& (ggﬁgg) (i'.%fé) é'fa%)

IR Spectral Study

Comparison of IR spectra of Schiff base ligand titht of its metal complexes has been adopted terrdae the
co-ordinating atoms of the ligand to metal ion©orRiR spectrum of the ligand, the absorption bantba0 is due
to the absorption of imino group —CH=N- stretchir@H chelate stretching disappeared in ligand. ifhiae
stretching is shifted to lower frequencies in me@nplexes [17-18]. The ligand spectrum showed baid3300
cm’ assignable may be due to hydrogen bonded pherOlit stretching which was absent in the spectraef t
complexes. An intense ligand band at about 1259 @@henolic C-O) was shifted to higher frequencieshia
complexes. This suggests deprotonation of the given@H group after it's chelation with the metahi[18-20].
The appearance of a broad band around 3320 irpeetra of the complexes suggests the presenceoodinated
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water in Mn(Il) and Ni(ll) complexes while broadrzhat 3425 ci in Co(ll) may be due to lattice water in the
complex. New bands of week intensity at 583-669' amd 418-424 crhin the metal complexes were assigned to

thev(M-O) andv(M-N) modes, respectively [21-23].

Thermal study and Magnetic study

The thermogravimetric analyses (TGA) of the Sché$e ligand and its chelates is used to get infiomabout the
thermal stability of these new complexes. In thespnt investigation, heating rates were suitabhgrotied at 16C
min™ under nitrogen atmosphere, and the weight lossmessured from the ambient temperature up td@00he
presence of water molecule suggested from IR spécitonfirmed by TG analysis. Thermal decompasitiesults
reveal that all the metal complexes decompose gihduThe observed weight losses of Mn(ll) and Ni(l
complexes between 140-24C are 9.00% and 8.47% respectively could be cedlwith the removal of two co-
ordinated water molecules. The observed magnetimenod of Mn(ll) and Ni(ll) complexes found to be38.and
3.21 B.M., indicating octahedral environment arowedtral metal ion. The TG curve of Cu(ll), Zn(dipnd Cd(ll)
complexes show stable plateau upto 3@0indicating absence of coordinated or lattice watelecule from the
metal complexes. The magnetic moment value of Caflimplex is found to be 1.72 B.M which is well kit the
expected range of square planar complexes. Fot)@ufnhplex the magnetic moment value i.e. 2.42 Bsviower
than those expected for square planar geometrys Thirering in magnetic moment value shows subnormal
character of complex due to antiferromagnetic exgeg24]. Complete decomposition of metal takesegla two
steps. In the first step of decomposition in thagerature range 220-3%D) indicate the decomposition of free part
of ligand. In the second stage, major loss occateden 410-608C, due to complete elimination of organic ligand
molecule and subsequent slow oxidation. The remgimésidue of the complexes at 6001 @orresponds to
respective metal oxides [25].

The decomposition reaction of the anhydrous comgsydehydration step was excluded) was subjectatbe
isothermal kinetic studies. Various kinetic andrthedynamic parameters such as activation energy H&lf
decomposition temperature (DH), frequency factay, @htropy changeAS) and free energy changaH) were
calculated from TG data as shown in the Table 3Kihetic parameter i.e. energy of activation hasrbealculated
by Freeman-Carroll [26] and sharp-Wentworth [271hoes. The values of kinetic parameters obtainedbditi
methods are reasonable and quite consistent whitibaite the similar types of chemical changes ta&ee in all
complexes [28]. Generally with decreasing the vauE the value oZ increase and the higher value of activation
energy suggest the higher stability. Higher valti& gactivation energy) and lower valuesH{frequency factor)
favours the reaction to proceed slower than norfirtad. large negative values of entropy change aradl @suggest
that the transition state is in highly ordered estditan the individual reactants and the reactigrssbbwer than
normal [29]. Thermal stability of complexes follow®e order Cd(Il) > Co(ll) > Zn(Il) >Mn(Il) > Ni(li > Cu(ll).

TABLE 2: Thermal decomposition data of CHMPEAEP andits complexes

eff. E(kJmol™?) z -AS AF

SN. Compound DHIO) | Bwm) [Fc T SW] (S | K- mo) | (ka'mol
1. | CHMPEAEP 772 | 612 564 953p 21812 | 12525
2. | [Mn(CHMPEAER)2r,0] | 425 | 538 | 1830 1620 22110 23821 21791
3. | [Co(CHMPEAEP].2F,0 | 465 | 242 | 963] 813 16303 22232 13803
4. | [N(CHMPEAEP).2H,0] | 395 | 3.21 | 6.01] 498 16036  332.10 115.20
5. | [Cu(CHMPEAEP)] 370 | 172 | 9.99] 883 20036  200.10 170.68
6. | [zn(CHMPEAEP)] 450 —~ [ 1015| 9.35] 19578  242.30 142,58
7. [ [Cd (CHVIPEAEP)] 470 [ 17.80] 1528 22096 21412 389.89

F-C = Freeman-Carroll, SW = Sharp-Wentworth, DH - Half Decomposition temp.
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