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ABSTRACT

Cadmium (II) acetate complexes of some heterocyidiands like 2,2' — bipyridine (bipy) and 1,10 —
phenanthroline (phen)were synthesized. These cerpleere characterized with the help of elementalyses,
i.r. spectral studies, molar conductance measurgéraad thermal analyses studies. They were fourlthte@ the
formulae:

[CAL(0AY, ]2 H C and [Cd L5(OA),]. H,O where L'=2,2* bipyricine(bipy), L =110~

phenanthrolile and OAc = acetate ion. From the thal analyses, thermodynamic parameters suchEa3

(activation energy),AH (enthalpy change) and\S (entropy change) for the dehydration and decomjmwsit
reactions of the complexes, were evaluated usingesstandard methods. The order of stability ofahkydrous
complexes, was found to be of the following indreperder:

[ Cd( pher),( OA}, <[ C¢ bipy( OAg]

Key words : Cadmium (Il) acetate,heterocyclic ligands, elemleamtalyses, infrared spectra and thermal analyses.

INTRODUCTION

On extensive literature survey, it was found thatks on 2,2'- bipyridine and 1,10 — phenanthrolooenplexes of
cadmium (Il) acetate, was very rare. To the besnpfknowledge, no one had reported thermal invattigs of
thecadmium(ll)acetate complexes of 2,2'-bipyridaned 1,10 — phenanthroline in detail. Besides thesé¢ two
complexes were not reported except some similastyp-11].

The present aim of the work is to synthesize cadini(ll) acetate complexes of 2,2-bipydine and 1,10
phenanthroline and to carry out thermal investayati(both TGA and DTA) by pyrolyticheating of thesmmplexes

under non- isothermal conditions and to evaluateniodynamic parameters such as Ea* (activationgghefAH

(enthalpy change) and\S (entropy change) of dehydration and decompositieaction of complexes using
standard methods [12 -14].

Thermalstability order of the complexes are to bmpared.
EXPERIMENTAL SECTION

Cadmium(ll)acetate (AR grade), 2,2'-bipyridine (ARade) and 1,10 — phenanthroline (AR grade), wees was
received. Ethanol and diethylether were dried utfiegstandard procedure [15].
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Syntheses of Metal complexes:
| Cd(bipy), (OAC), |.2H,0(1):

15 ml of ethanolic solution of 2,2 — bipyridine (dmol) was added drop by drop to 25 ml of cadmillinacetate
solution (8mmol) in ethanol with constant stirrifigp the resulting mixture dry ether was added drgpirop with
vigorous stirring and thereby white shiny compleparated out immediately. It was, then, filteredshed with dry
ether and dried over fused calcium chloride in ssaeator. Yieldca 80%.

[ Cd(phen), (OAc), ] .H,0(2):

This complex was also prepared in the same wahatsof complex (1) mentioned above. Here, the aotdithe
complex is also white.Yielcca. 85%

Cadmium was estimated gravimetrically using thend#ad procedure [16]. C,H and N analyses were dpne
Perkin — EImer 240C and Carlo Erba 1106 elememtalyaers. Thermal investigations (both TGA and DTWere
carried out on a Shimadzu Thermal Analyzer DT-3@arma dynamic nitrogen atmosphere with a heatitgy o&
10°C min® anda -alumina as the standard reference substance.

Activation energy (Ea*) was evaluated from TGA asing the equation of Horowitz and Metzger [1i&] from
DTA curve using that of Borchardt and Daniels [Y8H{ was evaluated from DTA curve using the relation][13
AH = KA, where K is the heat transfer co-efficient (celhst@nt or calibration constant, here the cell &ipum
crucible and its constant, K was evaluated usirdjuin metal as calibrant) and A is the total aredennthe
particular DTA curve measured with a compensatifegimeter with optical tracer of Fuji corona 02VS was

calculated from the relation [14\S = ?_—H , Tm being the DTA peak temperature in kelvin.
m

Infrared and far i.r. — spectra were recorded B#itkmann IR20A and Perkin Elmer 783 SpectrometeksHr and
polythene powder discs. Conductivity measuremehtecomplexes in DMF at the concentrator of M were
recorded at room temperature with PC 5T@Rd conductivity bench meter (Eutech).

RESULTS AND DISCUSION

The complexes (1) and (2) were not reported eaifieth are white in colour. The complexes were ab@arized by
elemental analyses, infrared spectral data, theamallyses data and molar conductance measureméielg were

found to have the formuIaEECd (bipy)z( OA()2].2 HO (1) and [Cd ( pher)z( OA%]. HO (2)

respectively.

Elemental analyses data and Molar conductance valse

Elemental analyses data of complexes (1) and (2pl€l) prove that both the heterocyclicligands 2'-2,
bipyridine(bipy) and 1,10-phenanthroline(phen) amordinated with cadmium metal in their correspagdi
complexes.

TABLE - 1 : Elemental Analyses data and molar condctance values of 2,2’-bipyridine (bipy) and 1,10-penanthroline (phen)
Complexes of Cd(ll).

Elemental Analyses:Found (Calcd.) Po A
Complex compounds Colour Yield (%) M
cd ¢ H N | (ohniten?mot?)
1 . 19.48 49.80 4.42 9.70
@ [CdL3(OAQ, |2 H,O| whie | 80% G0 | 4979 | @49 | (067 10
2 . o 18.50 55.23 3.74 9.44
) [Csz( OA(jz]. H,C | white 85% | 1ga6) | 3518) | (3.94) | (9.19) 8

Here, I’=2,2’ — bipyridine (bipy) and =1,10 — phenanthroline (phen).
Their molar conductance values are too low (as shiotable-1) showing that these complexes (1) &)di(e non-

electrolytic in character [17-18]. Such non-elelgtiobehaviour of complexes (1) and (2), furthepgarts their
octahedral geometry.
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Infrared Spectral Studies:
The key IR spectral data of complexes (1) and (2)shown in table—2. In case of complexes (1) &)dthe

V(OH) bands appear at 3460¢nand 3420 cil respectively (table-2), showing the presence tifcka water
molecules [19].Presence of such lattice water nubdsc is further supported by the appearancé_()HOH)
bands at 1600 cthand 1660 cm for complexes (1) and (2) respectively, (COO_)for both the complexes (1)

and (2) appear at 1715 ¢and that oﬂ/s( COG) appear at 1460 cf

TABLE — 2: Key IR Spectral bands (cm") of Metal Complexes

Metal Complexes V(OH) O(HOH) Va(COO) v,(coo) | Av | v(cd-N) | v(cd-0)
N [CdLé(OA()z].ZI-gC 3460(br) | 1600(vs)  1715(s) 1460(s) 2 i‘ég((k‘)"g 3% %

) [CdL;(OA@ZJ. H, C | 3420(r) | 1660(w)| 1715(ms)|  1460(s) 255 i?é%((ww)) 320 %

[¢)]

5

Here, v=very, s=strong, m=medium, w=weak, and brodua.

The difference betwedn, (COO’) and (COO’) ji.e., AV for each of the complexes is found to be 255'cm

which is very high and establishes the fact thatabetato grOL(rCHSCOU) acts as unidentate ligand by linking
one donor O-atom with cadmiumin both the compldf¢@snd (2) respectively [19 -20].

Further, appearance M(Cd - N) bands for both the complexes (1) and (2) in thgeai0 — 450 cthsupports

the coordination of both 2,2'-bipyridine and 1,18epathroline with cadmium through their N-donomasain their
corresponding complexes [21-22].

Again, appearance df(Cd - O) bands for both the complexes (1) and (2) in thgeaB60-265cr, proves the

coordination of aceta(<£H3 COO') group with cadmium through their O-donor atoms hritt corresponding
complexes [21].
Thermal Analyses Studies:

When complex (1) is heated under non-isothermatiitiom, mass loss in its TGA curve in thetempemtamge 93-
132C (as shown in Fig.1) corresponds to the loss ob tattice water molecules forming the complex

[Cd ( bipy)2 ( OA()ZJ (step 1(a)).

For this step 1(a), DTA curve shows an endothepeiak at 102 andvalues ofAH andA S are 44 KImot and
117JK'mol*respectively (as shown in table 3).

On further heating[Cd ( bipy)z( OA()ZJ is converted intoCd(OAegYia the intermedia eCd(bipy)( OA()z]

as shown as in steps 1(b) and 1(c) for which threesponding temperature ranges are 132Q5%hd 250-30°%C
respectively. The endothermic DTA peak temperatofesteps 1 (b) and 1 (c) are 228and 308C respectively.
And the values of Ea* (from TGA) for these two stepe 80 KIJmdland 206KJmot respectively (Table — 3).
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Fig.1.  Thermal curves of [Cd(bipy}E(Oﬁc}ﬂ-ZHao (1) t——) somple mass 9.6mg
sample moss 9.6 mg and [Cdlphen}z(oﬂclaj Hp0 { 2){—— } sample mass

15.0 mg.

TABLE — 3: Thermal parameters of 2,2"-bipyridine (L*) and 1,10 — phenanthroline (£) complexes of Cd(ll) (values are to the nearest
whole number)

DTA peak Ear Enthalpy change| ENtropy change
Dehydration and Decomposition Temperature tem%erature (K Jn?orl)a AH AS
reactions of Metal complexes. range {C) ("C) (KJmoFl) (JK‘lrrdl)
Endo Exo | TGA| DTA

1(a)
[Oﬂ L2 OAQ :' 2 H O—»[ Q:Hz( O%] 93-132 102 44 117
[Cd I-z OA() :' [ Cd L( OA).E:' 132-250 228 80 -
©) [Cd Lt (OA()ZJ - Cd( OA@t2 250-303 300 206

2(a)
[cn 2 :I lj Z)_)I: Cni( 099] 102-123 113 24 62
(b) [Cd OA() ] - Cd( OA¢ 123-396 253| 99| 69 136 259

In some cases thermodynamic parameters are neibfto evaluate due to some irregular naturé®ffGA and

DTA curves.

Again, when the complex (2) is heated under nothiemal condition, mass loss in step 2 (a) of TGAthe
temperature range 102-123(fig.1) confirms the presence ofone moleculeattide water in complex (2).

And corresponding DTA endothermic peak temperaisirel3C (table- 3).The values dAH and A'S are found

to be 24KJmot and 62JKmol™respectively (as shown in table-3).

The complex[Cd( pher)z( OA%] which is formed in step 2(a), undergoes decommositeading to the

formation oi’Cd(OA(:)2 in a single step (step 2(b)) along with the congkxpulsion of 1,10-phenanthroline, in
the temperature range 123-896 For this step 2(b), DTA shows an exothermic peta®53C (fig.1). The values of
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Ea* for this step 2 (b) are 99 and 69 KJthfilom TGA and DTA respectively. The correspondirejues of AH
and A'S for this step 2 (b) are 136 KJrifahnd 259JKmol™ respectively (table -3).

From the above discussion, the less stability efddxmple{Cd( pher)2 ( OA%]than[Cd ( bipy)z( OAQZJ

, may be attributed to more pronounced steric effepulsive force) between acetato (CIDO) groups and more
bulkier phenanthroline groups around the large s@hmium ion.

CONCLUSION

Cadmium (ll) acetate forms octahedral complexe$ ®&iR’-bipyridine and 1,10-phenanthroline respestiv And
the thermal stability order of the anhydrous formi€admium (1) acetate complexes of 2,2’-bipyrigiand 1,10 —

phenanthroline, follows the trer{cf:d( pher)z( OA):2]<[ C(i bip))é( Oﬁ)g]
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