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ABSTRACT

Copper (l1) acetate and copper (ll) dichloroacetatmplexes of 2/2bipyridyl (L*) and 1, 10- phenanthroline {L
were synthesized. They were characterized b-y statr@nalyses, IR spectra, thermal analyses, magmedbment
measurement and electronic spectral data.

They were found to have the following compositions:

[CuLL(OAc)]-2H,0, [CULZ(OAc)]-4H,0, [CuLi(DCA)]-2H,0 and [CIL3(DCA)]-2H,0 where E=2,2~
bipyridyl (bipy), = 1, 10- phenanthroline (Phen), OAc = acetate an@/D= dichloroacetate respectively.

The complexes were found to be six co-ordinatedpmssess octahedral geometry. Thermal parametens as
activation energy (Ea*), enthalpy changdH) and entropy changedg) for dehydration and decomposition
reactions of the complexes, were evaluated. Therastistability of the complexes (with respect &F)Bvas also
compared.
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INTRODUCTION

On extensive literature survey, it was found thatrks on 2,2bipyridyl and 1,10-phenanthroline complexes of
copper () salts such as copper (I) acetate amgbper (I1) dichloroacetate, were very less. Althbwgmilar types of
works on copper (II) complexes of the above memtibligands had been reported earlier [1-8], indiesent cases
the compositions of complexes differ from that aflier ones.

Till now, to the best of my knowledge, no one hasealthermal studies (investigations) of these cewgd in the
solid state in detail.

The main aim of the present work is to synthesizé eharacterize the copper (Il) acetate and cofifedichloro
acetate complexes of 2Bipyridyl and 1,10-phenanthroline and further &org out thermal studies (both TGA and
DTA) of these complexes in solid state and als@vtaluate thermal parameters like activation endrgia*),
enthalpy changeAH) and entropy changeA$) with the help of standard methods [9-11]. Sigbibrder of
complexes with respect to Ea* (from TGA curve) haeen drawn.

EXPERIMENTAL SECTION

Copper (II) acetate (AR Grade) was used as recei@pper (II) dichloro acetate was freshly prepabgd
nutralizing dichloroactic acid (AR Grade) with cappoxide and on subsequent crystallization of titteate
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obtained at room temperature. "2Bipyridyl (AR Grade) and 1,10-phenanthroline (ARa@e) were used as
received.

Ethylalcohol and ether were dried by using stangaodedures [12].

Synthesis of Metal complexes :

[Cu(bipy) > (OAC),]- 2H,0 (1) and [Cu(phen) (OAc),]- 4H,0 (2):-

In order to synthesize complex (1), 25 ml ethanstitution of copper (1) acetate (4 mmol) was adteed5 ml of
ethanolic solution of 2,2 bipyridyl (8 mmol) with constant stirring. Thes@lting mixture was treated with ether
and thereby the complex existed in oily state whigds separated out in light blue coloured solidnfaafter
vigorous stirring with a glass rod. It was filteredashed with dry ether and dried over fused caiocdlloride in a
dessiccator. Yieldca.75%.

Complex (2) was also synthesized in the same wayetgioned in case of complex (1). However, hereaise of
complex (2), the light blue complex separated puhediately just after the adolition of ether. Yiekl80%.

[Cu(bipy) 2 (DCA),]- 2H,0 (3) and [Cu(phen) (DCA),]-2H,0 (4) :

Complex (3) was obtained by mixing 35 ml ethanstitution of Cu(DCA) (3 mmol) with 20 ml ethanolic solution
of 2, Z-bipyridyl (6 mmol). When ether was added drop bppdto the resulting blue coloured solution with
constant stirring, light blue complex separatediouhediately. It was filtered, washed with eitheidadried over
fused calcium chloride in a dessiccator. Yiald:85%.

Complex (4) was also synthesized in a similar manhevas obtained as light blue coloured complermpound.
Yield : ca:85%

Copper was estimated gravimetrically using stangaodedure [13], and C, H and N analyses were tigriéerkin-
Elmer 240C and Carlo Erba 1106 elemental analy§asults of elemental analyses have been showabla-i.
Thermal investigations (both IGA and DTA) were @adrout on a Shimadzu Thermal Analyzer DT-30 unaler
dynamic nitrogen atmosphere, with a heating rat28€ min* anda- alumina as a standard reference substance.
Activation energy (Ea*) was evaluated from the T@dve using the equation of Horowitz and Metzgdrgd@ed
from the DTA curve using that of Borchardt and 4i[10]. AH was evaluated from the DTA curve using the
relation [10],AH = KA, where K is the heat transfer co-efficieogl{ constant or calibration constant, here theisel
platinum crucible and its constant, K was evaluateidg indium metal as a calibrant), and A is thtaltarea under
the particular DTA curve measured with a compengaplanimeter with optical tracer of Fuji Corora70AS was
calculated from the relation [11AS =AH/Tm, Tm being the DTA peak temperature in Kellinfrared and far-i.r.
spectra were recorded with Beckman IR 20A and Refkiner 783 spectrophotometers in KBr and polythene
powder discs. Electronic spectra were recorded ®ébkman DU-6 spectrophotometer using dimethylforioce
(DMF) as reference solvent. The effective magnetioments were evaluated from magnetic susceptibility
measurements with EG and G PAR 155 vibrating samglgnetometer at room temperature.

RESULTS AND DISCUSSION

From elemental analyses, magnetic moment valueglacttonic spectral data (Table-1), IR spectréhd@able -2)
and thermal analyses data (Table-3), it has beerfiroed that both copper (Il) acetate and coppé)y (I
dichloroacetate form complexes with 2t#pyridyl (bipy) and 1,10-phenanthroline (phen)vimg the formulae :
[Cu(bipy), (OAc),]-2H,0 (1) and [Cu(phen)(OAc),]-4H,0 (2), [Cu(bipy} (DCA),]-2H,0 (3) and [Cu(phen)
(DCA),]- 2H,0 (4) respectively (as shown in Table — 1). Altlidm possess octahedral geometry.

Elemental analyses, Magnetic moment and Electrongpectra:

Elemental analyses results of complexes (1) toa@shown in table -1, prove that the bidentatentiga?, 2-
bipyridyl and 1,10-phenanthroline are co-ordinatéth copper in their corresponding complexes. Thaegnetic
moment values of the complexes ranges from 2.00.14 B.M., which supports their octahedral geomé§tdj.
Further, the electronic spectral data (Table-19 algpports their octahedral geometry [15].

Infrared Spectral Studies :

The Key IR spectral data of complexes (1) to (4¢, shown in table-2. In case of complexes (1) Yo tifev(OH)
bands appear in the range 3370-3510"amhich supports the presence of lattice water miéecin all the
complexes [16]. For complexes (1) to (4),(COQ) (overlapped witld(HOH)) appear in the range 1510-1772 cm
'and that ofvs (COO) appear in the range 1390-1455t(iable -2).
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TABLE - 1 Elemental analyses, magnetic moment andetronic spectral data of 2,2-bipyridyl (bipy) and 1,10-phenanthroline (phen)
complexes of Cu(ll).

Elemental Analyses: Found (Calcd.)%

Complex compounds Colour T C N Heit (B-M.) | Amax (NM)
(1) [CuL%(0Ac)]-2H,0 | Lightblue | 12.20(11.98] 54.43 (54.35) 4.89(4.91) .610(10.57) 2.12 666
(2) [CuLZ(OAc)]-4H,0 | Lightblue | 10.50(10.34)| 54.83 (54.73) 4.78(4.89) 9.02(9.12)  042. 685
(3) [CuL3(DCA),]- 21,0 | Lightblue | 9.48 (9.51) | 4323(43.12) 3.25(3.20)  8.40(8.39) 203 672
(4) [CuL5(DCA)]-2H,0 | Lightblue | 8.81(8.87) | 46.89(46.93] 3.003.0f) 7.78(7.83) 2.0

Here, [} = 2,2~ bipyridyl (bipy), |2 = 1, 10- phenanthroline (phen), OAc = Acetate &@A = dichloroacetate.

TABLE - 2 Key IR Spectral data (cm?) of Metal Complexes

&(HOH)
Metal complexes v(OH) + Vs (COO) | v(Cu-N) | v (Cu-O)
v, (CO0)
1 3510 (br)| 1510(ms) 523(w) | 310(s)
(1) [CuL2(0ACK]-2H0 | 3370(br) | 1570 (5) | 1390US) | a99(w) | 2950w)
2 1772(mw) 520(br) | 300(w)
(2) [Cu L: (OAC),)-4H,0 | 3420(br) f;(}g(% 1455(ms) 505(w) 292(w)
1710 450 350
(3) [Cu L3 (DCA)]-2r0 | 3440(01) 1640((352) 1450(s) 410% 290%
(@) [cuL3(DCAY]-2H,0 | 3430(br) igg (E(;; 1430(5) | 50000 | 365(W)
2(DCA)]-2H; 1500 (] 400 (w) | 340(w)

Here, v=very, s=strong, m=medium, br=broad and weak

Appearance 0f(M-O) in the range 290-365chfor the complexes (1) to (4), establishes the tfiaat both acetato
(CH;COOQO) and dichloroacetato (&2HCOO) groups are directly co-ordinated with the coppéwsm in their
corresponding complexes [17]. Again, for the comete(1) to (4), th&(Cu-N) bands appear in the range 400-523
cm?, which supports the co-ordination of both 2,pyridyl and 1,10-phenanthroline through theidbinor atoms
with the copper atom in their corresponding comesepd 7-19].
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Fig. 1: Thermal curves of [Cu(bipy} (OAc),]- 2H,O (1) (-) sample mass 12.2 mg and [Cu(pherfPAc),]- 4H,O (2) (—) sample mass 11.7
mg.
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Thermal Analyses Studies :

When the complex (1) is heated under non-isothegoatition, mass loss in the TGA curve correspdiodsvo
molecules of lattice water and it occurs in the gerature range 52-198 (Fig. 1) showing the presence of two
lattice water molecules in complex (1). The coroegpng DTA curve is endothermic in nature and #alpappears
at 76°C. On further heating, the anhydrous complex [GuB{OAc),] is converted into Cu(OAg)in the
temperature range 118-2&8 (Fig. 1).

The corresponding DTA curve shows two peaks — gmothermic and other exothermic in nature and appea
195 and 228C respectively (Fig. 1). The values &H andAS for dehydration are 41 KJmband 117 Jmol*
respectively. For the second step of decompositlumyalue of Ea* from TGA curve is 110 KJrilas shown in
table- 3.

On heating, complex (2) loses the four lattice watelecules in two steps in between 35-f@8and 108-212C

and each step corresponds to two molecules of wates establishes the fact that complex (2) costdour
molecules of lattice water. The DTA peaks are emelohic and appear at 102 and 9@3(Fig. 1). On further
heating, the complex [Cu(phe(PAc),] is converted into Cu(OAg)in two steps via the formation of the
intermediate [Cu(phen) (OA4)in the temperature ranges 214-285and 285-478C. The corresponding. DTA
peak for the step 2(c) appears at Z3&nd is exothermic in nature (Fig. 1). The intediae complex [Cu (phen)
(OAc),] was isolated by keeping the rate of heatingat iin* and characterized by usual procedure. The values
of Ea*, AH andAS for the step 2 (c) and Ea* (from TGA) for thatet2(d) are evaluated and given in table-3 as
shown below.

TABLE-3 Thermal parameters of 2,2 - bipyridyl (L %) and 1, 10- phenanthroline () complexes of Cu(ll)
(values are to the nearest whole number).

DTA peak Ea*(KJmol~ Enthalpy?®
- ' Temperature temperature °C) e change, Entropy? change,
Decomposition reactions . PR
range CC) Endo o | TeA | DTA | BH (I1<)Jmol AS(IK™ mol™)
1(a)[Cul(OAc)] 2H0 —»
[Cu L3(0AC)] 52-118 76 - - - 41 117
(b) )[Cu Lz (OAc)] — 118-288 195 228 | 110 - - -
Cu (OAc)
2(a)[CuL3(0AC)]- 4H,0 —»
[Cu L%(OAc)]-2H,0 35-108 102 - - - - -
(b)[CuL3(0AC)]- 2H,O —»
[Cu 12(0A)] 108-214 143 - - - - -
(©ICu L2 (0Ac)] —> 214-285 - 233 119 | 64 102 202
[Cu L= (OACc)]
(@[CuL? (OA)] 285-476 - - 128 - - -
Cu(OAc)
3(@)[Culi(DCA)] 2H,0 —
[Cu 12 (DCA) 24-135 87,107 - - - 31 86
(b)[Cu L3(DCA)] —> 135-205 154 - 177 - 32 75
Cu (DCA),
4(a)[Culs(DCA),]-2H,0 —»
[Cu L3(OCAY] 25-150 150 - - - - -
(b)[Cu L= (DCA)] —> 150-330 288 167 | 51 - - -
Cu (DCA),

#1n some cases thermodynamic paremeters are neifj@$o evaluate due to some irregular naturenef TGA and DTA curves.
® DTA peak temperature used for the evaluation ttbepy change.

On heating, the mass loss in the TGA curves ottmplexes (3) and (4), corresponds to two molecofegater in
each case. This also proves the presence of ttiwelavater molecules in each of complexes (3) @dThe mass
loss occurs, for complexes (3) and (4), in the eargg-135°C and 25-158C respectively. Endothermic DTA peaks
for steps 3(a) and 4(a) appear at 87,°0@nd 158C respectively (Fig. 2).

The enthalpy and entropy changes for dehydraticstegf 3(a) are 31 KJmbland 86 JE mol* respectively (Table-
3). On further heating under non-isothermal cooditithe complexes [Cu(bipfPCA),] of step 3 (b) and
[Cu(phen)(DCA),] of step 4(b) are converted into Cu(DGAh a single step with the loss of two molecules of
ligands in the temperature ranges 135%D%nd 150-338C respectively. The corresponding endothermic DTA
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peaks appear at 182 and 288C respectively and exothermic DTA peak for step) 4fpear at 16°C. Activation
energy for the decompositions steps 3(b) and 4@ a7 and 51 KJmdlrespectively andH andA S values for the
step 3(b) are 32KJmbland 75 J®mol* respectively as shown in table-3.
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Fig 2: Thermal curves of |Culbipy)a(DCA)y].2H0 (3) I ) sample mass
S.4mg and [CU(D!‘ISH)E(DCA)QJ‘EHQO (4} (-—-—) sample mass 120mg.
o ) ] step 1)
From the values of activation energy (Table-3) floe conversions [Cu(bipyOAc),] ——— Cu(OAc) and
step 2ic) step 2(d)

[Cu(phen)(OAc),] —— [Cu(phen)(OACc)] — Cu(OAc), it has been found that compound
[Cu(bipy)(OAc),] is less stable than compound [Cu(ph&DAc),] showing that bipy is a weaker ligand than phen.
This is in conforming with the spectrochemical esriHowever, the reverse trend is observed in casthe
decomposition of dichloroacetato copper (II) compkewith bipy and phen. That is, in these compléipg serves
as a stronger ligand than phen, which is evidarhfthe values of activation energy (with resped¢h®mexpulsion of
ligands)- 177 and 51 KJmbffor the steps 3(b) and 4(b) respectively. This faydue to the steric effect caused by
the presence of more bulkier phenanthroline andigtioacetate groups.

CONCLUSION
Copper (Il) acetate and copper (Il) dichloroacefaten octahedral complexes with 2,2'- bipyridylg) and 1,10-
phenanthroline (phen). Further, the thermal stgbdider (w.r.t. Ea* of TGA) of the anhydrous form&copper (II)
acetate complexes of 2,2'- bipyridyl and 1,10-phémaline follows the trend:
[Cu(phen)(OAc),] > [Cu(bipy)(OAc),].

However, the thermal stability order of the anhydrdorms of copper (ll) dichloroacetate complexath\2,2'-
bipyridyl and 1,10-phenanthroline, is found to baireverse trend:

[Cu(bipy,(DCA),] > [Cu(phen)(DCA),]
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