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ABSTRACT

Cu(ll) complexes of some heterocyclic ligands sast?,2'-bipyridyl and 1,10 —phenanthroline, werathgsized.
The complexes were characterized by elemental seslyhermal analyses, IR spectra, electronic spegtagnetic
moment measurement and conductivity measuremehéy Were found to have the following compositions:

[cutcy ][ cutch].[cul,Br,].2H,0 and [cul?,Br, ].3H,0, where L* =2, 2'-bipyridyl(bipy) and
L?=1,10- phenanthroline(phen). The complexes which are tmordinated, appear to possess square planar
geometry while the six coordinated complexes hsterted octahedral geometry. Thermodynamic parareetech

as activation energy (Ea*), enthalpy chan@éH ) and entropy changéAS) for dehydration and decomposition

reactions of the complexes, were evaluated usingesstandard methods. The order of stability ofdcbmplexes
(with respect to thermal decomposition temperaand Ea* from TGA curve) follows the trend: phenipyb

Keywords: Cu(ll), 2,2-bipyridyl, 1,10—phenanthroline, thermal analyses thermodynamic parameters.

INTRODUCTION

The ligands 2,2'bipyridyl(bipy) and 1,10— phenotime (Phen) act as bidentate and chelating agdéitsough
works on similar Cu(ll) complexes of the above nmmtd ligands had been reported earlier [1-7]him present
cases the compositions differ from that of earlier.

Till now, to the best of my knowledge, no one hasealthe thermal investigation (analyses) and steeical
changes of these complexes in the solid state taild@he main aim of the present work is to systhe and
characterize the copper () complexes of -Bjpyridyl and 1,10-phenanthroline and to carry dhermal
investigations of the complexes in solid state $twdying stereochemical changes, and also to eealtee

thermodynamic parameters like activation energy)Eanthalpy change(AH) and entropy changéAS) with
the help of some standard methods [8-10].

Stability order of complexes with respect to thdrel@composition temperature and Ea* (from TGA Cuirvave
been drawn.
EXPERIMENTAL SECTION

Copper(Il)Chloride (ARGrade) and Copper (II) bromigdure were used as received. Both 2,2'-bipyriddl 510 —

phenanthroline were of AR grade and were usedaeswed. Ethanol and diethylether were dried usihegstandard
procedure [11].
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Preparation of Metal Complexes:
[Cu(bipy) CL](l) and [Cu( pher) CJ](Z) .- Complex (1) was prepared by adding 15 ml etlian
solution of 2,2’-bipyridyl (3mmol) to 20ml of Coppd)chloride solution (3mmol) in ethanol with cdast stirring.

Fine bluish-green complex separated out immediatelwas filtered, washed with and dry ether anctdirover
fused calcium chloride in a dessiccator. Yielda80%.

Complex (2) was prepared in the same way. Hereucabthe complex is green and yielccs85%.

[Cu( bipy)2 BﬂZ HO(3 and [Cu( Pher)2 B[]B HO( 4):- Complex (3) was obtained when 30 ml ethanolic

solution of CUBE (3 mmo) was mixed with 25ml ethanolic solution d?,2'- bipyridyl (6mmol). After a

prolonged vigorous stirring of the resulting mixurdeep green coloured complex separated out. 8t then,
filtered, washed with dry ether and dried over tusalcium chloride in a dessiccator. Yieldda 80%.

Complex (4) was prepared in the same manner asianedtabove. Here the colour of the complex is yraed
yield isca 80%.

Copper was estimated gravimetrically using thedsdath procedure [12]. C,H and N analyses were dgriedokin-
Elmer 240C and Carlo Erba 1106 elemental analy3drarmal investigations (both TGA and DTA) wererit
out on a Shimadzu Thermal Analyzer DT-30 underradyic nitrogen atmosphere with a heating rate 8€1in®
and @ - abumina as the standard reference substance.

Activation energy (Ea*) was evaluated from the TGArve using the equation of Horowitz and Metzgdrdgd
from the DTA Curve using that of Borchardt and Rési[9]. AH was evaluated from the DTA curve using the
relation [9], AH = KA, Where K is the heat transfer Co-efficient (CellnSant or Calibration Constant, here the

cell is platinum Crucible and its constant, K waalaated using indium metal as Calibrant), and #estotal area
under the particular DTA Curve measured with a censating planimeter with optical tracer of Fuji Goa 027.

: H : . .
AS was calculated form the relation [1&\S =_|_— , Tm being the DTA peak temperature in Kelvin.
m

Infrated and far i.r-spectra were recorded with degnn IR20A and Perkin Elmer 783 spectrometers Bn &nd
polythene powder discs. Electronic spectra werertkxd with the help of Beckmann DU-6 spectrophotemesing
ethanol and dimethylformamide (DMF) as the refeeesalvents. The effective magnetic moments weréueted
from magnetic susceptibility measurements with B@ & PAR 155 vibrating sample magnometer at room
temperature. Conductivity measurements of the cexasl in DMF at the concentration of °M, were carried out

at room temperature with conductivity bridge 30%t&ynics (India) using a dip-type cell. Solid regd, obtained
after pyrolysis, were identified with the help afajitative analysis.

RESULTS AND DISCUSSION

From elemental analyses, magnetic moment valuesl@uotionic spectral data (Table -1), IR spectesdTable-
2), thermal analyses (Table-3), conductance measwuedues and qualitative analysis, it has beerficnad that
both copper (ll) chloride and Copper (II) bromider complexes with2,2'"- bipyridyl(bipy) and 1,10 —

phenanthroline(phen)  having the formulae:[C u(bipy) C g] (1),[ Cu( pher C2|] (2),

[Cu(bipy)2 BE]Z HZO(S) and [Cu( pher)2 B{}.S I-£C(4) respectively (as shown in Table 1).

Complexes (1) and (2) possess square planar geombile complexes (3) and (4) possess distortedhmatral
geometry. Complexes with phenanthroline are foanolet more stable than that of bipyridyl.

Elemental analyses, Magnetic moment and Electrongpectra:
Elemental analyses of the complexes (1) to (4) IEdb prove that the ligandg, 2 -bipyridyl (bipy) and 1,10 —

phenanthroline (phen) are coordinated with coppetheir corresponding complexes. Their magnetic emm
values (Table-1) ranges from 1.85-1.88 B.M. whibbvgs the mononuclear nature of all the complex&$ §hd

also further supports square planar geometry [h4tdse of complexes (1) and (2) but distorted betdcl

geometry in case of complexes (3) and (4). Thetmleic spectral data (Table-1) also, further, sufpdhe

geometries of the complexes [15].
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TABLE -1: Elemental analyses, magnetic movement anelectronic spectral data of2, 2' bipyridyl (bipy) and 1,10 — phenanthroline

(phen) complexes OCU( I )
Elemental Analyses: Found (Calcd.)%

Compounds Colour o c o N Mo BM) | A, (nm)
) [CuI}CIz] Bluish Green| 21.93(21.85) 41.13(41.32) 2.71(2.y7)24@.63) 1.86
@) [CuL2 CI2] Green 20.20 (20.18) 45.69(45.80) 2.45(2.56) 8.50(8 1.85 712
(3) [Cu I_12 Brz] .2H,O | DeepGreen| 11.16(11.11) 41.73(41.98) 3.10(3}49) 6(9.99) 1.88 750
(4) [Cu LZ2 Br2] .3H,0 Green 10.00(9.96)| 45.25(45.16) 3.11(3.44) 8.84§8[78 1.87 740

Here, L' = 2, 2= bipyridyl (bipy) and L* =1,10- phenanthrolind phe})

Infrared Spectral studies:
The key IR spectral data of complexes (1) to (4@, shown in Table 2. In case of complex (1)C@Cl) bands
appear at 281 and 300 ¢mespectively showing the cis position of t@b-atoms in this complex [16]. And the

V(Cu— N) bands appear at 427 and 485 amspectively [7,17-19]. Similarly in case of compig), the two

v(Cu— N) band appear at 404 and 435 craspectively and that df(Cu— Cl) bands appear at 293 and 318

cmi* respectively showing the occupation of two cis-fioss by twoCl-atoms. Such cis — position of tv@-toms
in complexes (1) and (2) supports their squaregslgeometry.

In case of complexes (3) and (4), tb{e(Cu— N) bands appear in the range 423-493'17-19] and that of

V(Cu— BI’) bands appear in the range 245-307*¢i6]. Appearance oV(Cu— BI’) bands at 254 and 292 tm

! for complex (3) indicate the at 245 and 307dor complex (4) indicate linkages of tvr-atoms in cis-position
in each case[16].

Further, appearance M(OH) bands and5( HOH) bands for both complexes (3) and (4) in the rarBg&® —

3525 cni and 1603 - 1650 chrespectively indicate the presence of lattig® kholecules in case of the complexes
(3) and (4) [16,18].

TABLE -2: Key IR spectral bands (cm®) of Metal Complexes

sencomones | v(0H) | 8(HOH) | v{Cu=N) | v{Cu-C)iv(Cu- B}
w[cutcy] me izm
o |ty
slesozne | o] | oy |
ofeuselano Telr) S L L

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

Molar Conductance measurements:
The molar conductance values of the complexes irFPiere found to be of very low values as they werthe
range 15-20 ohifen?mol™. This shows their non — electrolytic nature [1@]. Further this establishes the fact that

the halide ions(CI_ and Br_) are directly coordinated with the copper metadlirthe complexes.
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Thermal Analyses Studies:

When thermal investigation of complex (1) has bearried out under non-isothermal condition, it skosne
exothermic peak in DTA at 286 but the corresponding TGA curve shows no mass (Bi. 1). The peak is
probably due to some phase transition. The enthatp) entropy changes for the phase transition Heeen
evaluated and found to be 47 KJ thoand 84 JKmol® respectively. On further heating, the complex

[Cu(bipy) CL] loses one bipyridyl molecule in the temperatunegea293-39%C. The corresponding DTA

curve shows one exotherm at 867 The values of Ea*/AH and AS for this step are 122 (64 from DTA), 71
KJImol* and 111J¥mol™ respectively (Table-3). The probable mechanissithf decomposition is shown in the
Scheme 1.

On heating, the complex (2) undergoes decomposdiath is converted int(CuCE via the formation of the

intermediate[Cu( pher)ol5 CJ] in the temperature ranges 300-518 and 518@3%he corresponding DTA

curve shows endothermic peaks which appear at 848120, 47X (Fig. 1). The activation energy, enthalpy and
entropy changes for the first and second step adm@ositions are given in Table 3. The probablehanistic path
of decomposition is also shown in the Scheme 1.

TABLE -3: Thermal parameters of 2,2 = bipyridyl (Ll) and 1,10- Phenanthroline{ ?_) complexes ofCU( ||)

(Values to the nearest whole number)

Ea*
DTA peak -1\3  Enthal
Temperatur temperature °C) ( KJmol l) cha:g:eaApyH Entropy Change,
Decomposition Reactions e range - AS( JK*? morl)
c) ( KJmol )
Endo | Exo| TGA| DTA
1(a)
[cultcl |OfPEe- [ CukcL] | - - |ass | - | - 47 84
() [CULlClz] - CuCl, 293-393 - 367 | 122 | 64 71 111
2(a) [CULZCIJ - [CuI_ZOISCIZ] 300-518 318 - 130 - 25 42
b) | Cul®,.Cl, | - CuC
® [ 03 2] : 518-634 | 420472 | - | 202 | 102 190 274
3(@)
[cut,Br,].2H,0 - [ Cut,Br] | 2 R 2 o
(b) [Cul_l2 Br2] - [Cul_l Bg] 90-225 225 - 95 65 146 293
1
© [CUL BE] ~ CuByg 235372 | 288,343 | - 94 | 65 143 255
4(a)
[Cul?,Br,].3H,0 ~ [ Cul,Bg]| 27115 | 105 | - | - | - 20 53
®) [CULzz BrJ - CuBp 115-588 - - 66 - -

n some cases thermodynamic parameters are notgp@s$s evaluate due to some irregular nature & WGA and DTA curves.
PDTA peak temperature used for the evaluation abegtchange.
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Fig. | Thermal curves of 'ECu(bipy)Ciz] (1) (——) sampte moss 7.!mg ond
[CutphenlCiz] {2} (-—=) somple mass 14.3 mq.

On heating, the complex (2) undergoes decomposdiath is converted int(CuCE via the formation of the

intermediate[Cu( pher)ol5 CJ] in the temperature ranges 300-518 and 518@3%he corresponding DTA

curve shows endothermic peaks which appear at 84820, 472C (Fig. 1). The activation energy, enthalpy and
entropy changes for the first and second step admeositions are given in Table 3. The probablehanistic path
of decomposition is also shown in the Scheme 1.

The complex (3) on heating loses two molecules aifice water in the temperature range 2890The
corresponding DTA curve shows an endothermic pe&6’€ (Fig.2). The values of enthalpy and entropy cleang
for the dehydration process were 23KJmand 64JKmol* respectively. On further heating, the complex

[Cu(bipy)2 Bg] is converted intdCUBL, via the intermediattECu(bipy) Bg] in the temperature ranges 90-

235°C and 235-37°C. [Cu(bipy) Bg] has been isolated by keeping the rate of heatiagaut £C min* in the

step 3(b) and is characterized by the usual praeedror the steps 3(b) and 3(c) the DTA peaks adothermic
and appear at 225 and 288, 333The activation energy for both the steps has lbetulated from TGA and DTA
and the values are 95 and 65 KJmidr step 3(b), and 94 and 65 KJmdbr step 3(c) (Table 3). The enthalpy
changes are calculated and the values are 1464sKJmol" or the steps 3(b) and 3(c) respectively. The frtesba
mechanistic paths of decompositions are also shiowre schemel.
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The complex (4), on heating under non-isothermaldi@n, first loses three molecules of lattice evain the
temperature range 27-1%5and the corresponding DTA curve shows one endutla@d the peak appears at 405
(Fig.2). The enthalpy and entropy changes for tiep €(a) are 20 KIJmoland 53JKmol™* respectively. The

anhydrous comple{Cu( pher)2 Bﬂ on further heating, is converted infBUBL, in the temperature range

115-588C by losing two molecules of phenanthroline. Theivation energy from the TGA curve has been
evaluated and its value is 66KJMolThe probable mechanistic path of decompositiascgss is shown in the
Scheme 1.

CONCLUSION

CUCE and CuBY, form square planar and distorted octaludral corgslerespectively with2, 2'- bipyridyl as
well as 1,10 — phenanthroline, in which the haligands are in cis- positions.

Further, the stability order of the complexes am Ibtlasis of their therm al decomposition temperadmc: Ea* (from
TGA) follows the trend:

1,10-phenanthroline complex2, 2 -bipyridyl complex, which is also the trend in Spechemical series.
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