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COBALT (II), NICKEL (IT), AND COPPER (IT) CHELATES OF N-ISONICOTINAMIDO-
SALICYLALDIMINE
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The 1:1 and 1:2 (metal to ligand) complexes of N-isonicotinamidosalicylaldimine with Co(II), Ni(II) and

Cu(II) have been prepared. Stoichiometry and stability of the complexes have been tested in solution using

clectronic spectral and conductometric methods. Characterization of the complexes has been accomplished by

elemental analysis, molar conductance, electronic and infrared spectral measurements. It is concluded that the

chelate formation takes place through the C=N and C=0 with 1:2 ratio and through the C=N and enol form with 1:1

complexes. The different bands observed in the electronic spectra of the complexes in DMF solutions have been

assigned to the T — 7 *, L — MCT and d-d electronic transitions.
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Introduction

The ligands pyridine-4 carboxaldchyde isonicotinoyl
hydrazone, pyridinc-2-carboxaldchydc isonicotinoyl
hydrazone and N-isonicotinamidosalicylaldimine are
expected to exhibit variable bonding and stercochemical
behaviour in their complexes because of the presence of
scveral alternate bonding donor sites and the possibility of
ketocnol tautomerism. Scveral studics were reported [1-3]
on the synthcsis and characterization of some complexes of
these ligands. The reported [3] study on the complexes of
N- isonicotinamidosalicylaldiminc sccms to be not
complete. Thercfore, the present paper aims to synthesis
and characterization the complexes of N-isonicotinamido-
salicylaldimine with Co(II), Ni(IT) and Cu(II) using scveral
tools ¢.g. clemental analyscs, molar conductance, electronic
and infrared spectral mcasurements. Morcover, the
stoichiometry and stability of the formed complexes in
solution were tested using clectronic spectral and conduc-
tometric titration mcthods.

Experimental

Rcagent grade metal salts and organic solvents were
uscd. The ligand N-isonicotinamidosalicylaldiminc, L was
prepared by refluxing isonicotinoylhydrazine and salicylal-
dehyde in 1:1 molar ratio in absolute cthanol. The solid
product was filtcred off and recrystallized from cthanol.
The purity was confirmed by clemcental analysis and
infrared spectra (Tables 1 and 2). The structure formula of
the ligand is given in Fig. 1.
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Fig. 1

The metal complexcs were prepared by adding an
cthanolic solution of the metal salt (CoCl,6H,0,
Ni(CH,C00),4H,0, and CuCL,2H,0) to an cthanolic
solution of the ligand, L in 1:1 and 1:2 mctal to ligand
molar ratios. The mixture was refluxed for ~ 3 hr. The solid
complex was [iltered off, washed with cthanol and stored in
a desicator over dry silica gel.

For spectral and conductance measurements, 1 x 1073
mol.dm™? stock solutions of the ligand as well as of the
mctal salts were prepared by dissolving the accurately
weighed amount of cach in absolute cthanol. More dilute
solutions of the rcagents were obtained as required by
accurate dilution. The mectal ion solutions were
standardized by rccommcnded methods of analysis [4].

The clectronic spectra were recorded with Cecil CE
599 recording spectrophotometer using 1em matched silica
cells. The infrarcd spectra of the ligand and its complexcs
were recorded on Perkin-Elmer 599 spectrophotometer as
KBr discs. Molar conductance and conductometric
titrations were performed with a WPA, Saffron Walden CM
25 conductivity meter.

Results and Discussion

The complexces isolated are given in Table 1. The
clemental analysis data reported in this Table rcveal that the
anion of the ligand, L (cnol form) is coordinated to the
metal ion for 1:1 ratio, while with 1:2 the neutral ligand
(kcto form) coordinated to the metal ion. The general
formula of 1:1 complexcs is [(L- H)MXH2O] and for 1:2 is
[(L),MIX, (H,0)n where M=Co (II), Ni (II) and Cu (ID),
X=Cl-or CH,COO".

Molar conductance values given in Table 1 in DMF
solutions lics in the range 32.46 - 39.00 for 1:1 complcxes
and for 1:2 lics between 128.47 - 189.99 ohmcm? mole™.
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It is reported [5] that 1:1 clectrolytes in DMF solutions
have molar conductance value in the range 65 - 90.
Accordingly, it can be deduced that the complexes 1:2 are
electrolytic i.c. the chloride is present as a counter ion. This
is in accordance within the formulae [(L),M]X,(H,0),
suggested before. In case of 1:1 complexes, the conducti-
vity results imply that [M(L-H)XH,O] dissociatcs partly to

[M(L-H)(dmf),]* in dimethyl formamide. This behaviour

can presumably be ascribed to the displacement of X and
H,0 (X=CI, CH,COO") by DMF molccules upon
dissolution.

Assignment of the important infrarcd bands, which
aids in undcrstanding of the bonding of the complexes are
presented in Table 2. The v, band [6] of the ligand appears
as a broad band at 3180 cm'. This is in consistcncy with
the expected involvement of this group with the azomethine
nitrogen through intramolecular hydrogen bonding. On
complexation, a broad band is appcarcd in the region

3010 - 3080 cm™. The increasc in bond order of N-H band
(~10-20 cm™) is strongly indicates that N-H group is not
involved in bonding in 1:2 complexes while the proton of
this group is involved in cnolization and is consequently
dcprotonated on coordination to the metal ions in 1:1
complexes. The strong band at 1610 cm™! in the IR spectra
of frec ligand is assigned [11] to C=N stretching frequency.
On complexation, this band in most cases is shifted to
lower frequency confirming the coordination of the
azomethine nitrogen, Such the structure of the diffcrent
complexes obtained can be represented in Fig. 2.
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Fig. 2 "

TABLE 1. ANALYTICAL DATA, COLOUR, DECOMPOSITION TEMPERATURE AND MOLAR CONDUCTANCE VALUES (Ohm-! ¢cm? mol™)

Dcomp. Molar Calc. (Found) %
Compound Colour Temp. conduc. o
p & C H N Cl
C,H,,N,O,L Pale yellow 250 64.73 4.59 17.42 —
(64.70) (4.80) (16.90) —
[(L-H) CoCI(H,0)] Brown 320 3246 4428 343 11.92 10.05
(44.80) (3.50) (11.70) (9.62)
[(L-H) Ni(CH,COO)(H,0)] . Brown 300 34.55 4792 4.02 11.18 —
; (48.10)  (4.50) (11.50) —
[(L-H) CuCI(H,0)] Brown 350 37.00 43.71 3.38 11.76 9.92
(43.50)  (3.30) (11.60) (10.80)
[(L),Co] CI,H,O Brown 347 166.67 49.54 3.83 13.33 11.25
(49.20) = (4.04) (12.96) (10.94)
i(L),Ni] (CH,CO0), Brown 360 128.47 54.66 4.28 12.75 —
(55.100 (3.70) (12.20) —
[(L),Cu] CLH,O Green 349 189.99 49.18 3.81 13.24 11.17
(48.80) (3.20) (12.90) (10.90)

3300 - 3500 cm™. This suggests that watcr molccules are
coordinated to the central metal ion. This is supported by
the results of clemental analysis of the synthcsized
complexces (Table 1). The C-O phenolic group (7,8] band of
the free ligand appeared at 1210 cm™. Upon complexation,
this band is practically unalfected indicating that the O-H
group is not involved in the bonding with the metal ions.
The band observed at 1675 cm™? in the IR spectra of free
ligand is assigned [9] to C=O streiching vibration. This
band is totally disappeared on chclation with 1:1
complexes, while with 1:2 type, the intensity of C=0 band
is decrcased and the position is unaffccted. On the other
hand, the C-H and N-H bands [9,10] arc observed at

TABLE 2. SoME INFRARED FREQUENCIES (cm™) OF THE LIGAND,
L AND 1158 COMPLEXES.

Compound Frequency(cm™)

VC=0 VC=N

zt)n(a'ﬂz) \)@981 ¥

Free ligand, L 3180 1675 1610 1210

Co(ID)-1(L-H) 3440b — 1605 1210
Ni(ID)-(L-H) 3420b — 1605 1210
Cu(ID)-(L-H) 3500b — 1610 1205
Co(I1)-(L), 3450b 1680 1610 1210
Ni(IT)-(L), — 1680 1600 1215
Cu(IT)~(L), 3480b 1680 1610 1210
b = broad ‘
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The spectrophotometric job’s continuous variation
mcthod [12] has been applied to detect the stoichiometry of
the complexes formed in cthanolic solution. In this method,
an cthanolic solution having the samec concentration of li-
gand as that of the complcx solution was uscd as blank. The
total concentration is 8.9 x 10* mol. dm?3, On plotting the
absorbance values at the sclected wavclength versus the
mole fraction of the ligand, the curves represented in Fig. 3
are obtaincd which exhibit a shoulder at 0.5 for Co(Il) and
Cu(Il) and at 0.6 for Ni(II) and a maximum at 0.7 for the
three metal ions. This indicates the possible formation of
the two types of complexes in solution with 1:1 and 1:2
stoichiometric ratios.

Determination of the apparent stability constant. The
stability of the complexes in solution was inspected by
determining their apparcent formation constant [13] valucs
using the results of continuous variation method. If the
equilibrium sets in solution are given as follows:

M= + nHL <= (M,nL)*™* + nH* ..orroereeeen. (1)
[(M,nL)*™*] [H*]"
B= e I o)
[M**] [HL]*
A/A, X
B= TRy T 3)
124
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m 4
2
3 081
S
4
<
064
041
024
mole fraction of L.

T ¢ T T T T

o1 03 05 07 09

Fig. 3. Job's continuous variation plots of the metal
complexes of ligand, L with a:Co(Il), A =400nm, b:Cu(II),
A =410nm, and c:Ni(I[), A 430nm. The total concetration is
8.9x10“ M.

where B = apparent stability constant, A = absorbance,
A _= absorbance at saturation, n= number of ligand groups
in the complex, and C,; is the concentration of the ligand.
The values of B obtained are given in Table 3 which are in
agrecment with the general order of stability of complexes
of Co(II), Ni (I) and Cu (IT) metal ions which is cstablished
before by Grinberg et al. [14] and Irving et al. [15].

TABLE 3. APPARENT FORMATION CONSTANT VALUES 3 OF
N-ISONICOTINAMIDOSALICYLALDIMINE COMPLEXES.

1:1 1:2
Co(ID) Ni(II) Cu(Il) Vv__(;o(ll) Ni(II) Cu(Il)
53.4x10° 72.8x10° 145.9x10° 1.99x10'' 5.55x10'! 2.82x10'?

The stoichiometry is also confirmed by conducto-
metric titration of 25 ml of 1x103M of each of the metal
ions with 5x10M of the ligand in absolute ethanol. As
shown in Fig. 4 the specific conductance - molar ratio
curves arc straight lincs for the majority of the points
recorded with breaks denoting the formation of 1:1 and 1:2
(M(I):L) types of complcxes. It is obvious that the conduc-
tometric titration cxperiments confirmed the Job’s plot
results for Co-L, Co-L,, Ni-L,, Cu-L but not for Ni-L and
Cu-L, which may be duc to an experimental errors.
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Fig. 4. Conductometric titration of 25ml of 1x103M metal
ions with 5x10*M ligand L.
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TABLE 4. ELECTRONIC SPECTRAL DATA OF THE LIGAND, L AND 118 CoMPLEX SoLUTIONS IN DMF,

A

max.,nm (*max.x10? mole! cm?)

=] CBinplcxcs

Ligand,
Ni(II)

Lo o

292(8.33) e 293b(2.58) —
304(8.33) — — —
335(8.80) 346sh(6.40) 369(2.38)
402(5.15) 439b(6.89) 412(2.02)

~ Cu@n

335(5.57)
422b(2.04)
454sh(190) 0 —  — —

1:2 Corf;f)'l/cx'cgd
~ONip Cu(ll)

295(10.33)
305(9.99)
338(9.76)
405b(3.59)

L oG
= 284b(13.89)

342sh(12.90)  330b(20.80)
426b(13.66) 411b(36.50)

b = broad and sh = shoulder

The UV-visible speetra of the DMF solutions of the
different complexes were recorded as shown in Fig.5 and 6.
The A, and € values of the dilfcrent absorption bands
observed are listed in Table 4. The spectrum of the ligand
shows absorption bands at 292, 304, 335 and 402 nm, The
first two bands arc assigned [4] to the m—r™ transitions of
the aromatic and pyridyl groups. The bands at 335 and
402 nm are¢ ascribed to an intramolecular charge transfer
transitions taking place within the ligand molecule. The
obscrved visible bands in the recorded spectra of the
diffcrent complexes in the range 330 - 454 nm can be
assigned to an charge transler transitions arising from
ligand-metal interactions, i.c. L—> MCT. This assignment is
cvidented from the observed high intensitics of these bands
as well as the fact that this type of clectronic transition is
expected to be casier in the complexed ligand duc to the
positive charge of the coordinated metal ion. Morcover, in
all the recorded spectra of the complexes, the longer wave-

b
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Fig. 3. UV-visible absorption spectra of DMF solutions of
1:1 L-H complexes with a:Co (1), 1x10*M, b:Ni (IT), 2.5x10M,
and c:Cu(Il), 3.33x10 ‘M.
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Fig. 4. UV-visible absorption spectra of DMF solutions of
1:2 L-complexes with a:Co(Il), 3.33x10°M, b:Ni(II),5.76x10°M,
and c:Cu(ll), 7.79x10 M.

length side of L — MCT band is associated with a low
energy broad shoulder which can be attributed to a d-d
clectronic transition within the coordinated metal ion. This
behaviour may suggest an tetrahedral structure for these
complexes. This suggestion is substantiated by previous
obscrvations described by Lever [16] and Satpathy et al.
[17] concerning the clectronic spectra of tetrahedral Co(II),
Ni(IT) and Cu(Il) complexcs.
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