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The series of mixed ligand chelates of Co(Il), Ni(IT) and Cu(ll) ions
with some ligands, such as 8-hydroxyquinoline [L,], anthranilic acid [L,]
and o-aminophenol {L;] acting as bidentate ligands have been prepared
and characterized by various physico-chemical analyses, such as elemental
analysis, infrared spectra, molar conductance measurements and electron
paramagnetic resonance. Elemental analysis data show the formation of |
:1:1 [M:L:L'] chelates. The molar conductance measurements of the
chelates exhibit the non-electrolytic nature of the chelates. Infrared spectra
display that the coordination occurs via oxygen and nitrogen atoms.
Electron paramagrnetic resonance spectra show the presence of paramag-
netic phenomena and supported the geometrical structures of the chelates,
that indicate the presence of either square-planar, tetrahedral or octahedral

geometries.

Key Words: Svnthe‘;!s Mixed hgand chelates, Co(Il), Ni(II}, Cu(ID),
8- Hydmxyqumohne, ‘Anthranilic acid, o-Aminophenol.

Although mixe
of the chemists, th

INTRODUCTION

d ligand chelates of transition metals have long held the interest
ey remained confined to the category of ligands® capabil ity and

reactivities to be exchangeable for a period of time. The ligands™ interaction with
the metal ions either as monodentate or polydentate led to the development of a
variety of procedures using different types of ligands. The chemistry of ligand-

ligand exchange h

has a considerable growth and continues to expand along with

the devek)pmen[ of a variety of techniques for analysis and identification.
Das' reported his results for a study of mixed ligand chelates of Co(1l), Ni(I1),

Cu(ll) and Zn(II)
chelates through

with four substituted salicylates. The resulting chelates were
the carboxylic and phenolic hydroxyl groups. The stability

sequence for the different metal ions has the order Cu > Ni > Co > Zn.
Purohit and Rao® prepared the mixed ligand complexes of copper(ll) ions of

the type Cu(dte)(c

x) and Cu(B-dik)(ox), where dtc = dithiocarbamate, ox = oxime

and B-dik = B-diket(gne are the ligandls used. Such complexes were imnvestigated
by different techniques, in particular elemental analysis, molar conductance

Infrared, electron

¢ and electron paramagnetic resonance spectra. The resulting

complexes ha,vc‘squa're-planar geometry.
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Abou Sekkina et al.> studied the magnetlu moments and elecironic spectra of
some copper (I) complexes with pyrxdyl acid amides in correlation with molecular
structures. The magnetic moments and the spectral data show the formation of
distorted octahedral geometry :

New series of mixed ligand complexes of some divalent transition metals with
ligands, such as o- phenylenedlamme anthranilic acid, phthalic acid and L-alanine
have been prepared and charactenzcd and proved to have octahedral and
squar: e—pianar oeometly :

Our studies in this paper concern with the synthesis and physical charac-
terization of some mixed ligand chelates ‘of Co(IT), Ni(Il) and Cu(ll) 1ons with
8- hydroxyqumolme [L;], anthranilic acxd [Lz] and o-aminophenol {L] to estab-
lish their geometrical structures. :

HO —"

L | = e L
. EXPERIMENTAL

All chemicals were reagent grade and pm(,hased either from BDH or Aldrich
as well as the organic solvents which were used in this investigation. Some of
the solvents were redistilled. Water was always used as doubly distilied.

Synthesis of the mixed ligand chelates: The mixed ligand chelates were
synthesized by stepwise addition of the two ligands to a solution of the metal ion
as shown in eqns. (D and (2).

M+L ML ML (1)

M+ iy MLV———% ML'L (2)
The chelates of divalent Co, Ni and Cu ions with mentioned ligands were
~obtained by mixing equal amounts of hot saturated ethanolic solutions of 0.01
mol of the metal salts [COC]') 6H,0, NiCl,-6H,0 and CuCl, 2H'}O} {0.01 mol)
with saturated ethanolic solution of the first ligand (0.01 mol) The mixture was
refluxed for 1 h and then the second ligand was added in the same ratio to the
mixture and refluxed for three extra hours. A few drops of dilute ammonia solution
were added slowly unil pH 6-8 was Attained; at this point the chelates were
separated. The chelates formed thus were collu:ted and washed several times with
hot ethanol to remove traces of unreacted starting material. The chelates were
then dried in air and stored in a desxccator over anhydrous CaCl,. The vields of
products were in the range of ()5 80% and their punty was tested by TLC and
elemental analysis. ~
The pxepdred ct “xddtes wczc sub eued toel ememcﬂ analysis atthe Mmmm}\m
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cal Center, Ras-Lanouf Company, leya Infrared spectra were obtained by using
KBr disk techmaue on IFS- 25 DPUS/IR spectrometer (Bruker) in the range
4000-500 cm™. Electron paramagnetic resonance spectra were obtained by using
EMX EPR spectrometer (Bruker, 1998). Both analyses were done at the Advanced
Laboratory of Chemical Analysis, Al-Fateh University, Tripoli, Libya. Conduc-
tivity measurements were carried out in DMF and DMSO using conductivity-
meter model CMD 650 dlgltal

RESULTS AND DISCUSSION

The analytical data of the prepared rmxed hoand chelates are shown in Table-1.
The metal-ligand interaction gave rise to chelates of the type
[MLL'(H,0),]-nH;0, in which M stands for Co(IT), Ni(lI) and Cu(II) ions, L and
L’ represent ligands under mvestlgatlon and n, x represent the number of water
molecules in a way to be equal to 0, 1, 2, 3 etc. depending on the data obtained.
The results obtained are in good. agreement with those calculated for the proposed
tentative formulae. All mixed ligand chelates were coloured, fairly stable under
normal atmospheric condmons and soluble in DMSO. The chelates melted and
decomposed at relatively hmh temperature ( > 300°C).

The molar conductance values of the synthesized chelate (1 X 107 M)
solutions in DM%‘O given in Table 1 display the presence of non-electrolytic
chelates in the same so}unons

 TABLE-]
LLFMENTAL ANALYSlS MOLAR CONDUCTANCES AND COL OURS OF

§- HYDROXYQUINOLINE 0-AMINOBENZOIC ACID AND
~0-AMINOPHENOL WITH METAL ION CHELATES

P Analysis

i i ol H N
Ligands/Chelates LW, e ghe MC Colour
1 Caled. Found | Caled. - "Found | Caled. Found

[CoLiLy]-2H 0 [375.25) 51.21 5179 | 430 392 | 747 782 | 1.00 |Pale orange
[CoLiL3 Hy0 13292215472 5530 | 429 431 | 851 7.35 | 1.00 |Brownish-orange
[Colala}  l30318] 5150 51330 399 370 | 924 842 | 1.00 | Pale brown
[NiLyLo] 133897] 5669 56.97 357 0378 1 826 821 | 1.00 |Pale green
[NiL; L3} H50 392898 54.77 5530 | 429 430 | 852 736 | 1.00 | Yellowish-green
[NiLsL3) 30294 5154 51.25| 3.99 397 | 925 840 | 400 |Pale brown

{CuliL2(H20)21-3H20 141791 45.99;"45.16 531498 1 670 6.14 | 3.00 |Greenish-gray
(CuLiL3(H20)2]3H20 |405.891 4439 4489 | 546 521 | 690 600 | 3.00 |Brownish-green
[Culga)]HO0  [32581]47.92 47.42| 433 374 | 860 7.67 | 3.00 |Durk Green

MC = molar conductivity (ohm"I cm’ mo’l"x)
The infrared Spectral;data of the mixed ligand chelates are presented in Table-2.
The data show that the ligands under investigation act as bidentate species and
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their coordination was through the oxygen atom of hydroxyl or carboxyl group
- and the nitrogen atom of the amino group. The infrared spectra of the ternary
 chelates display a broad band in the range 3450-3300 em™ which is not present
in the free li gands due to the existence of V(OH) of the hydrated and coordinated
water”®. The spectra of thesé‘cfhtzlates‘ show the absence of §(OH) and v(C-—OH)
bands at 1346-1120 cm' and 850-740 cm™! respectively’. The disappearance of
these bands and appearance of a new band in the range 650-512 ¢cm' which is
attributed to v(M-O) vibration suggest the involvement of —OH of the
phenolic group in coordination with the metal ion®'°. The presence of water
- molecules in the ternary chelates is also supported by elemental analysis data as
shown in Table-1 in the ternary éhela‘,tes“ of the types [CoL,L,]-2H,0, and
[Cul,1L,(H,0),]-3H,0, ‘wh'elrei‘:/‘Lf‘l“;r;eprpsent‘s*8~hydr0xyquinoline and L, repre-
sents anthranilic acid. :
S TABLE-2. |
INFRARED SPECTRA AND ELECT’RON PARAMAGNETIC RESONANCE OF 8-
~HYDROXYQUINOLINE, O-AMINOBENZQIC ACID AND O-AMINOPHENOL
~ ~ WITH METAL IONS CHELATES

_R(em™) EPR

U0 Ligands/Chelates

V(CV:N)";V(C%Q)'V’(NHZV)! ~y(OHW> Y(M—0) vM—N) (2]

(CoLill2H0 1538 1620 3300 3425 513 428 2.158
(COLILA) H20 CIST2 - overlap 3350 650 500 2.158
{ColoLa] = 16000 3000 - sl0 413 2150
NiLibo) 1538 1608 3300 - 513 425 2013
CNILILSPH0 0 IST2 - ovedap 3325 644 500 2,011
MNilglal o fses 3300 - 524 430 2011
[ColiLa(Hp0)23H20 1538 1610 3268 3450 513 425 2123
{CULILA(H20)213H,0 1578 = overlap 3425 620 500 2.110
[Culaly)lH0 = 1596 3275 3425 512 430 2122
IR ='infrared; EPR =Elecuon Paxamagneuc Rkesionakncé; W . of water molecule

The spectra exhibit a band at 1538 em™, which is assigned to the ring (C=N)
which appeared at 1610 "cm"‘l‘k‘in the spectrum of the free ligand (L;). This band
is shifted to lower frequency by 72 ¢m™ suggesting that this group is involved
in coordination with the metal jon'?, o ' '

- Inaddition, the spectral data of the free ligand (L) show a band at 1677 cm™!,
~which is assigned to the (Cf,::;(;))foyf theycarb(')xyl,group.”' 2 and shifted to lower
frequency in the spectra of the chelates by 57 cm™. The band of the bonded OH

“of the COOH group at 3400-2500 cm™' wdisappeared on coordination with the
metal ion. b S : :

~The infrared spectra of [CoL,Ls], [NIiL,Ls] and [CuL,L;] display a disap-

pearance of OH band of the phenolic group, which appeared at 3300 cm ™! in the
free ligands indicating the ~part~icipati0n‘f10f~OI-{ group in chelation with the metal
ion. With regard to [CoL,L;]-H,0, [NiL;L3]-H50 and [CuL,Ls(H,0),]-3H,0
complexes, the band which attributed to cyclic (C==N) appeared at 1610 cm™ in
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the free ligand (L) and shifted to lower frequency in the range 1572-1578 cm™
in the infrared spectra of these ternary chelates, also suggesting the involvement
of this band in complexation'”.

The complexation site that can take part in the chelates of the formulae
[CoL,Ls], [NilsL3] and [CuL2L3] 2H,0] is the COOH group. The strong evidence
for the involvement of this group comes from the shift in the frequency of the
(C==0) vibration of COOH group in the spectrum of the chelates as compared to
the free ligands. The band for —OH of the carboxyl group disappeared on
complexation' 3.

The mfrared spectra of most ternary chelates exhibit a band in the range
3300-3268 cm™ that is assigned to the presence of NH, group which appeared at
3380 cm™ in the spectra of hgands This peak is shifted to lower frequency,
suggesting that the NH, group participated in coordination'.

On the other hand, the same band of the NH, group could not be distinguished in
the spectra of the chelates of the formula [Col,;L;]-H,0, NilL,L; and
[CuL,L3(H,0),]-3H,0 because it coincided with the v(OH) band of water
molecules. It is known that the involvement of NH, group in complexation can be
supported by the appearance of new band in the range 500413 cm™ due to
v(M—N) vibration, that is not present in the free ligands.

The electron paramagnetic resonance‘spectyra of the mixed ligand chelates
display geq values in the range of 2.011-2.158. We can notice the increase in
these values as compared with the values ot the free electron (2.0023) that results
from the partial ionic characters of the covalent bond between the metal ions and
the ligands. The data have been summarized in Table-2. The obtained information
indicates that [ColjL,]- 2H,0 and [CoL;1]-2H,0 chelates' have a tetrahedral
geometry and {NiL;L;], [NiL,L: ] ’7H70 [NiL,Ls], [CuyL3]-H,0 complexes have
a square planar  geometry.'S  Meanwhile [CuLlLv(HqO) -3H,0  and
[Cul{L3(H;0),]-3H50 chelates have an octahedral ge:ometly15

From the above data and their analysis, we may summarize the expected
chemical structures for the mlxed ligand Chelates prepared in this work as shown
in Fig. 1.

\M/ zg o
AN =
: O
[Colgla] - : : ’NiLILZ

Fig: 1.  “Proposed structures of m'eml chelates (Contd.)
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Fig. 1.+ Propo’sed s'tr'uckt‘m'es‘ of metal chelates
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