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ABSTRACT KEYWORDS
Mononuclear transition metal complexes with ONS donor phenyl- Complexes,
hydrazoethylacetoacetate thiosemicarbazone ligand (H,L) were prepared. IR;
Onthe basis of the results from various physico-chemical and spectral stud- ESR spectra;
ies the ligand behaves as tridentate in all complexes. The solid state ESR Magnetic properties;
spectrum of [Cu(HL)CI]H,O complex shows an axial type symmetry with dx?- Conductivity;
y2 ground state and an essentially square — planar geometry around the Synthesis.

Cu(I1) ionwhereasfor [Co(HL)Cl]H,O characteristic of tetrahedral geometry.
TGA and DTA showed that the complexes are thermally stable decomposed

above250°C. © 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Thiosemicarbazones and their metal complexes
present a wide range of bioactivities*2,
Thiosemicarbazonesareanimportant potentia binding
stesavailablefor awidevariety of metal iond®. The
presence of various donor atomsand ability to change
thedenticity depending on the reaction conditionsand
starting reagents makethi osemi carbazones of various
aldehydes and ketones a special category among or-
ganicligandg®. Transition metal complexesof these
compoundshavebeen screened for their medicind prop-
ertied” because they possess some degree of cyto-
toxic activity®® and possessaranges of biological ap-
plicationsthat include antitumor™® antifungal ™%, antivi-
ratl, antibacterial and antimd arid activities'?*. The
complexesinvolving thiosemicarbazones have brown
and orange coloursresulting from the coordination of
sulfur tothemetal 4.,

Inthispaper we describethe synthesis, character-
ization and thermal (TGA and DTA) studiesof some
divaent metal ion complexesbased on Schiff basede-
rived from condens ng phenyl hydrazoethyl acetoacetate
withthiosemicarbazed (H,L).

EXPERIMENTAL

All compoundsand solventsused were purechemi-
casfromBDH or Aldrich and used asreceived.

The ligands used in the present investigation is
phenyl hydrazoethyl acetoacetate thi osemicarbazone
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Scheme1: Thestructureof theligand
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(H,L) itsformulagivenin Sheme 1

Preparation and characterization of the metal
complexes

Metal chloridesof thedivalentionsCu(ll), Ni(ll),
Co(ll), Hg(ll), Fe(I11), Zn(I1), Mn(I1) and Cd(Il) or
AgNO, weremixed together in (1:1) moleratioswith
the prepared ligand in absol ute ethanol. Thereaction
mixture wasrefluxed on awater bath for 4 hours. The
formed complexeswerefiltered off, washed severa
times with pure dry ethanol and dried in vacuo over
anhydrous CaCl...

M easur ements

Elemental analyses(C, H, N, Cl and S) were car-
ried out at themicroandytical Unit of the University of
Cairo. Metal ionswere determined using atomic ab-
sorption with aPerkin EImer (model 2380) spectro-
photometer. The IR spectrawere measured as KBr
discsusing aPerkin-Elmer 1430 infrared spectrom-
eter (4000-200) cnmrt). Electronic absorption spectra
inthe 200-900 nm region were recorded on aPerkin-
Elmer 550 spectrophotometer. Thethermal analyses
(TGA and DTA) werecarried out on aShimadzu TG-
50 and DT-30 thermal analyzers in the 27-800°C
range at aheating rate of 10°C. min™. The magnetic
susceptibilities were measured at room temperature
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using the Gouy method with mercuric
tetrathi ocyanatocobal tate(11) as magnetic susceptibil-
ity standard; diamagnetic correctionswere made us-
ing Pascal’s constants™. All solid ESR measurements
at room temperature were carried out using Joel spec-
trometer model JES-FE 2X G equipped with an E101
microwave bridge. DPPH was used asastandard ma-
terial. A Bibby conductimeter M Cl was used for con-
ductance measurements.

RESULTSAND DISCUSSION

Char acterization of themetal complexes

Theanaytica dataof the prepared complexeswith
some physica propertiesare summarizedin TABLE
1. Theanalytical dataconfirmswell the genera for-
mula [M(HL)CIJH,O where M = Cu(ll), Ni(ll),
Co(ll), Fe(I11), and Hg(l1), [M(H,L),] Cl, where M=
Mn(l1) and Cd(l1). The zinc(l) complex hasthefor-
mula[Zn(H,L)Cl,.H,O] whereasthe complex of sil-
ver hasthefollowingformula[Ag(HL)H,O]. Thecom-
plexes are insoluble in most common solvents but
solublein DMF and DM SO. Molar conductancein-
dicates that the complexes have the formula
[M(H,L),]Cl, whereM =Mn(Il) and Cd(Il) are elec-
trolytesTABLE 1.

TABLE 1: Elemental analysesof theligand (H_L ) and itscomplexes

Found (calc.)%

No. Compound Colour M.P.°C ﬁg c " . Y S S o I?l:lel\f/fl
1 HlL Orange 210 5 (g(l):é) (g:g) é%) (%i)
2 [CUHUCIHO  Brown 265 0 olg (0 025 @6 (79 @4 @3 8
& INi(HLCIHO Eisvn 24015 é?;i,) (j:g) (12%) (ﬂg) (;:é) (g:g) (j:g) dia
4 [CoHLCIHO - Brown 265 30 é;g) (i:g) &21% (ﬁ% (673:2) (gig) (jé) 36
> Rl Orange 230 32 ég:g) (228) (g:g) (ggig) (?g) (gig) . dia
& [FHLCd Brown 230 80 (ggig) (gii) (%:2) (gig) (;é) (1222) . B2
7~ [2n(HL)ClHO0] - Orange  >300 26 (ggig) (Z&) (1212) (ﬁg) (g:g) (122?1) éjg) dia
& IMn(HL)ICl. Eracl)svn >230 180 (j%) (iﬁg) (igié) (;:?1) (222) (g:é) . 58
% [CdRLMC,  Orange 250 170 (gg:;) (i:g) (g:é) éﬁ) (228) (513) " Dia
10 [AgHLHOl  Brown 160 10 (ggi) (Z:g) (1212) ég:g) (;Zj) (iig) 16
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‘Hnmr and IR spectra

The ‘Hnmr spectraof theligandin DM SO show
peaksat 13.0, 9.6 and 9.0 ppm which may beassigned
to NH——O, NH and NH_***¢. These peaks disap-
pearedin D,O spectra. Also multiplet bands appeared
at 7-7.8 ppm may be dueto aromatic ring protong*7.
Thetriplet and quartet signalsappeared at 2.2 and 3.8
ppm are assigned to CH,, and CH, of the ester group
and asinglet peak appeared at 2.4 ppmisassigned to
CH, group.

ThelR spectrafor thefreeligand differ from those
of their complexesand providesignificant indications
regarding the bonding sites of theligand. IR spectral
assignmentsof theligand and thecomplexesarelisted
in(TABLE 2). ThelR spectraof theligand show strong
band at 3300 and 3260 Cm* duetov,,,and v, re-
spectively. Thebandat 1700 Cm*isassignedto v _
o1 A strong band at 1580 Cm* correspondsto v,
vibration™! but v__. appeared at 1040 Cm*. The band

appeared at 900 cm* isassigned to v, vibration,

TABLE 2: Important I.R. spectral bandsof theligand (H,L ) and itscomplexes

VsH

No. Compound VoH WH2 Wi Ve=o  Ve=n Ves=s WnN Wo WnN Vs Wi
1- HoL 3420 3235(‘))(?“ ) 1700(s) 1580 1040() 900(m)
2- [CU(HL)CI]H,0 3340 () 1685() igggg 920(w) 510(m) 450(m) 375(s) 350(w)
3- [Ni(HL)CI]H,0 313075(()&) 3300 () 1695(s) igégg 915(w) 510(w) 570(s) 375(s) 330(w)
4 [Co(HL)CIH,0 3440(s) 3370(s) 1695(s) ggg 915(m) 510(m) 470(m) 385(s) 330(m)
5 [Hg(HL)CI] 3440(s) 3260(s) 1695() ﬁégg 910(m) 510(m) 460(m) 420(m) 385()
6- [Fe(HL)CI]Cl 3430(s) 3260(s) 1695(s) igégg 915(m) 510(m) 470(s) 375(s) 330(m)
7- [ZN(HoL)ClpH,0] ngg(()br) 3280(s) 3160(s) 1695(s) 1620(s) 1070(s) 915(m) 510(m) 470(m) 390(s) 320(m)
8 [Mn(H.L);|Cl, 3430(s) 3260(s) 1690(s) 1590(s) 1040(s) 910(m) 510(w) 470(s) 385(s) 330(m)
9- [Cd(H,L),]Cl, 3440(s) 3260(s) 1690(s) 1610(s) 1040(s) 910(m) 510(w) 470(m) 420(m) 380()
10- [Ag(HL).H,O] 313075(()&) 3260(s) 1680(S) igggg 915(m) 510(m) 450(w) 375(s)
s: strong m: medium w : week br : broad
EtO n = 0 for Cu, Ni, Co and Hg
_ oH = 1 for Fe
d—NH—N=C \Ag/ X = 0 for Hg and Fe
\C= 2N = 1 for Cu, Ni and Co
/
Me lll C-NH, Inthe spectraof the Cu(ll), Ni(11), Co(Il), Fe(lIl),
[Ag(HL)H,O] and Hg(I) complexes, theband assigned to v __ of
- £ - thefreeligand disappears providing strong evidence
N for ligand coordinated around the metal ioninits
Ve \ / deprotonated form (HL")?. ThevC = Oisshiftedto
¢ NH—N=C o \ nCIxH,0  higher wavenumber and thevC=N isshifted to lower
TN | l frequency. Theseresultsindicate that themetal ions
i Me N C-NH,| are bonded to the ligand molecul e through coval ent
IM (HL) CI] H,0 bonding and coordination bond to the azomethineni-
? trogen and carbonyl oxygen in the complexes?224,
Where This denotes that the hydrazone acts as monobasic
M = Cu, Ni, Co, Hg and Fe tridentate towardsthe Cu(l1), Ni(I1), Co(ll), Fe(l11),
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EtO
\ =0
¢—NH—N=C_ cl—zn—cl
N 7N
i
Me HN C-NH,

[Zn (HzL)Clz Hzo]

Bl HZN_lCSl EH_C/Me
c=o0 A\
_/ \l/ =N- NH¢
¢—NH-N=C Mw<o _ /
\ 7 N_T0=¢
C=—N S \
ve I OEt
HN C~NH,
[M(H,L)ICl»
M = Mn and Cd

and Hg(l1) complexes. In the spectra of the Mn(I1)
and Cd(Iand Zn(I1) complexes, the band assigned
tov__, of thefreeligand areshiftedto higher frequency
indicating that these group coordinated to the metal.
Thebandsof v, appeared at higher frequency inall
complexescompared to thefreeligand confirming the
coordination to the metal. Medium bandsat Ca510
cm* corresponding tov,, 1* and the bands at 470-
450 cm* and 390 — 375 cm! in the spectra of the
complexeswere attributed tothe v and v . vi-
brationsg?®, Hencetheinfrared spectraindicate coor-
dination throughthe N-Schelating system. Inthe spec-
traof Ag(l)and Zn(11) complexesthe presence of water
moleculesisconfirmed by the presence of the broad
bands at 3454-3400 cm*dueto vOH of water mol-
ecul esassociated with the complex. Theband at 3340
cnmrt and the two weaker bands around 840 and 720
cmr, which can be assigned to OH rocking and wag-
ging modesof vibrations, confirm the coordination of
water moleculesto themetal ions.

Electronicabsor ption spectraand magnetic moment

Thee ectronic absorption spectraof thecomplexes
under study are summarized in TABLE 3. The elec-
tronic spectra of thiosemicarbazone show bands at
41,000 and 31,740cm-1 assignable to w-rr+and n-m
transitions respectively?”). These bands are dlightly
shifted upon complexation. The shift of the -+ bands
to longer wavel ength region in complexesistheresult
of the C=Sbond being weakened and the conjugation

—= Fyll Poper

system enhanced on complexation??, Then-r+ bands
inthe complexeshas shown ablue shift dueto donation
of lone pair of electrons to the metal and hence the
coordination of azomethine with areduction of inten-
sity. The band in the 27,000 -20,760 cm™* range in-
volves phenoxy O->M (Il) transitions®*?. The
Cu(1),Co(11),Ni(Ihand Fe(l11) complexeshas abroad
d-d combination bandin therange 15,000- 17,000 cn?
and appearsasashoulder ontheintraligand and charge
transfer bands. For asquare planar complex withd 2y2
ground state, threetransitionsarepssibleviz, d d
d,,-d andd, —d_d,

22, 7 x2-y2 x2-y2 xz?

TABLE 3: Electronic spectral assgnmentsof theligand and
their complexes

x2-y2 o

Compounds T n-r’
H,L 41,000 31,740
[Cu(HL) CIJH,0 43650 31,980 26,970
[Ni(HL) CI]H,0 42,060 31,410 27,000
[Co(HL) CIJH,O 39,390 32,010 26,860
[Hg (HL) Cl] 41,760 31,290 25,705
[Fe(HL) CI]CI 43290 31,650 26,520
[Zn(H.L) Cly.H,0] 43240 31,260 25,670
[Mn(HsL)5]Cl, 42,300 31,800
[Cd (HoL),]Cl 42,400 31,380
[Ag (HL) H,O] 41,760 31,830 20,760

Theroom temperature magnetic momentsper meta
alomaregivenin TABLE 1. Thevaluesof . for for
cupper complexe 1.8 B.M are expected for square-
planar geometry but for cobat complexeequle3.6 B.M
indicating thetetrahedral structure. Thevauesof p eff
showed that thenickd complexeisdiamagnetic, smilar
to thered square-planar dimethyl gl yoxi mate complex
of nicke (I1). Thevauefor Fe(l11) complexearethose
expected for square planar geometry but for Mn(I1)
complexeare octahedral.

Thee.s.r spectra

Thee.s.r spectrum of asolid complex [ Cu(HL)CI]
H,O at R.T showsan axial typesymmetry with dx*—
y? ground state and an essentialy square-planar geom-
etry around the Cu(ll) ion®%32 whichisin agreement
with electronic spectrum data. Theg] |- valuefor this
complex shows considerable covalent bond charac-
ter®, Theg-valuesare

9 gL Oiw
2.19 2.04 2.09
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Thee.sr spectrum of thecomplex [Co(HL)Cl] H,O
characteristic of amonomeric species, highspind’ con-
figuration-Eight lineswereobserved inthe highfield
region from the hyber fineinteraction of theunpaired
electron spin>*Co (I = 7/2, 100% aboudant) theline
width saveani sotropic. The spectrum exhibitstwo fea-
turesassignedtog|| = 2.4 withA |=135Gand gl =
2.03withAl > 25G characteristic of tetrahedra™ ge-
ometry, g|| > gl >2.0023, indicating dx? - y? ground
statel®4,

Thermal analysesDTAand TGA

Thermal behaviour of theligand and Cu(l1),Co(ll)
and Zn(ll) complexes were investigated by
thermogravimetric studiesTABLE 4. Phenylhydra-
zoethylacetoacetate thiosemicarbazoneisthermally
stable up to 210 °C, the sharp endothermic peak at
220 °Cisdueto melting. The content of acomponent
inacomplex changeswith itscomposition and struc-
ture. Thuse, the content of such component can be
determined base on the mass | osses of these compo-
nentsin thermogravimetric plots of the complex®,
Therefore, the thermogravimetric analysis
(TGA,DTA)(50-800) for prepared complexeswere
recorded to distinguish between the coordinated and

TABLE 4: Thermal analysesTG and DTA of theligand and
some complexes

t.g. dt.a
Compund % wi Assignment
Temp.c | " peak Temp.c
0ss
oL 250 85.89 Endo. 220 Meélting
: 550-650 6 Endo. 500 Decomposition
50-150 5 Exo. 50-150 Dehydration
150-330 46.28 Endo. 246 Melting
[Cu(HL)CIH0
400-650 20.47 EXxo. 550 Decomposition
Exo. 600 Decomposition
50-150 5 Exo. 120  Dehydration
Endo. 230.76
Exo. 260
[Co(HL)CIH0
150-330 61.32 Endo. 320 Decomposition
400-660 18.78 EXxo. 400 Decomposition
Exo. 600 Decomposition
Lossof one
150-250 4.5 Exo. 150-200 coordinated water
[ZN(HaL) Clo.H,0] Endo. 255 Lossof chlorine
250-300 19 Exo. 340 Decomposition
400-550 10 Exo. 650

hydrated water and to give aninsightinto the thermal
stability of the studied complexes. TheDTA curvesin
the 50-150 °C range show that Cu(ll). and Co(ll).
complexesarethermally stableup to 50 °C when de-
hydration begings, thisfact characterized by endot-
hermic peakswithin 50-150 °C rang corresponding
tothelossof hydrated water" In Zn(I1) complex the
endothermic beak was observed at 150-250 °C cor-
responding to theloss of coordinated water. The de-
composition proceeds above 300 °C when the or-
ganic constituentsof the complexes start releasing at
400-600 °Cfinally leaving metal oxide.

CONCLUSION

Themolecular structures of the materid areeva u-
ated. theligand behaves astridentatein al complexes.
ESR spectrum of [ Cu(HL)Cl]H,O complex showsan
axia type symmetry with dx?-y? ground state and an
essentially square— planar geometry around the Cu(ll)
ionwhereasfor [Co(HL)CI]H,O characteristic of tet-
rahedral geometry. TGA and DTA showed that thecom-
plexesarethermally stable decomposed above 250 °C.
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