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Abstract:

The preparation and spectral characterization of complexes for Co(ll), Ni(ll),
Cu(ll), Cd(1r), Zn(11) and Hg(ll) ions with new organic heterocyclic azo imidazole
dye as ligand 2-[(2 -cyano phenyl) azo ]-4,5-diphenyl imidazole ) (2-CyBAl) were
prepared by reacting a dizonium salt solution of 2-cyano aniline with 4,5-diphenyl
imidazole in alkaline ethanolic solution .These complexes were characterized
spectroscopically by infrared and electronic spectra along with elemental analysis,
molar conductance and magnetic susceptibility measurements. The data show that the
ligand behaves a bidantate and coordinates to the metal ion via nitrogen atom of azo
and with imidazole N3 atom. Octahedral environment is suggested for all metal
complexes.
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Introduction:

Imidazole is ubiquitous in biology Material and Methods:
and chemistry[1]. This has encouraged 1-Apparatus and material
the design of molecules with imidazole All chemicals and solvents were
as one of the ligand platforms. In an highest purity obtained from Fluka,
effort towards the design of an Merck and BDH. The melting points
imidazole containing azo system, we were determined on a Electro thermal,
have synthesized arylazoimidazoles[2] meltaing point 9300. Elemental
. These ligands bear a pacidic azoimine analysis(C.H.N) were obtained using
(-N=N-C=N-) function and have been 1108 C.H.N elemental analyzer. IR
utilized for the isolation of transition speatra were recorded using KBr discs
metal complexes of lower oxidation in the range (4000-400) cm™on FTIR
states[3-7]. The p-acidity of the Teast scan Shimaduz model 8400S
chelating function is largely dependent while the UV-Vis. Spectra recorded in
on the nature of the heterocyclic, the absolut ethanol on Shimaduz model
ring size, number of hetero atoms and 1650PC. The IHNMR
substitutions in the aryl group[8]. spectrophotometer (solvent DMSO-d°)
The present study reports the were recorded on Bruker DMX-500
preparation and spectral spectrophotometer-300 MHz
characterization of new azo imidazole spectrophotometer with TMS and the
ligand (2-CyBAI) and some of its CNMR spectrophotometer (solvent
metal complexes. DMSO-d®) were recorded on Bruker
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DMX-500 spectrophotometer -300
MHz spectrophotometer. Mass
spectrophotometer agilent technologies
5975 at 70C and MSD energy. Molar
conductance  measurements  were
determined in ethanol at room
temperature by suing conductivity

bridge model 31A and the pH
measurements were carried out using
aphilips pw 9421 pH  meter

(pH0.001). The metal contents of the
complexes was measured by using
atomic  absorption techingue by
shimadzu AA-160. Magnetic
susceptibilities were measured by
using Faraday method blance magnetic
MSB-MKI was used for this purpose
and diamagnetic corrections for the
ligand were calculated using pascal’s
constant.

2-Preparation of the
CyBAl)

The hetero cyclic azo ligand was
prepared according to the general

ligand (2-

method [9] by dissolving
(3.49gm,0.01 mol) of 2-
Aminobenzonitrile in 2ml of

concentrated hydrochloric acid, 10ml
ethanol and 10ml distilled water. To
this mixture a solution of 10% of
sodium nitrate in dissolved distilled
water was added dropwise at (0 to -5)
°% and left to stand 15min. This
diazonium  solution was added
dropwise into a 1000ml beaker
containing (2.2gm, 0.01mol) of 4,5-
diphenyl imidazole dissolved in
(150ml) ethanol and (50ml) sodium
hydroxide (10%) solution at (0-5) °c,
the mixture was stirred in ice-bath and
allowed to stand over night and
acidified with dilute hydrochloric acid
to pH=6. The precipitate was filtered
off, washed with distilled water and
recrystallized from hot ethanol and
dried in oven at 60 °c for 24 hour. The
yield was 69% of reddish orange
crystals the procedure was seen in

CN
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NaNO,
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PhIN\>
N
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NC
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Scheme(1) :-Preparation of the ligand (2-CyBAl)

3-Preparation of complexes

The metal complexes were
prepared by dissolved (0.698gm, 0.002
mol )from ligand in ethanol (5ml) and
added dropwise with stirring to
(0.001mol) of 1:2 (metal:ligand) molar
ratio of Cu(ll), Co(Il),Ni(I),Zn(l1),
Cd(1) and Hg(Il) chlorides salts
dissolving in buffer  solution
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(ammonium acetate) at optimal pH for
each metal ions. The solid product thus
formed was filtered off from the ice-
cooled reaction mixture, washed with
10ml hot ethanol to remove the
remaining unreacted substances and
left to dried at room temperature.
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Result and Discussion:

The reaction of heterocyclic azo
ligand(2-cyBAI) with the metal ions
mentioned above different color
crystals depending on the nature of

metal ion. The complexes insoluble in
water but soluble in most organic
solvents. The analytical and physical
data of the ligand and it's complexes
are given in table (1) .

Table (1): Analytical data and physical properties of the ligand (2-CyBAl) and

it's complexes.

. . . %Element analysis
[0)
No. | Compound | M.wt Opt:_r|na| Color TCP Y(')/eld Metal analysis % Calc. (Found)%
P ° Calculate | Found C H N
L=(2- Reddish 188- 75.69 | 429 | 20.00
1 CyBAl) 349 6 orange 190 69 * * (77.86) | (4.7) | (19.47)
[CuL.Cl] Dark 160-
2 H,0 55 violate | 162 | %8 [ e B e
[Co L, Cly] Dark 156-
3 H,0 7 brown 158 80.5 6.96 7.12 — — —
[Ni L.Cl] . 188-
4 H 8 Bright reed 190 71 6.94 6.68 — — —
[Zn L, Cl;] Dark 202-
> .H,0 75 brown 204 0 759 740 * * *
[Cd L, Cl,] 6.5 Bright 204-
6 .H,0 9.5 orange 206 7 12.38 12.06 _ _ _
[Hg L. Cl;] . . 198-
7 H,0 55 Bright reed 200 78.5 — — — — —
1 -
3.1- Mass, 'HNMR and “*CNMR and *CNMR spectrum, figures (2) and

spectrum of new ligand (2-CyBAl) :
The mass spectrum of (2-CyBAl)
a number group of peaks, figure(1) and
scheme (2) , centered at (m/z) 320 and
116 for these peaks appears to be
corresponds  with  CyHisN3*  and
C7HuN," " respectively , while'HNMR

(3), showed the following data (7.0-
8.2(m,15H,aromatic proton and NH)
and (118-138(C=C, aromatic carbons),
153and 150( C=N, C=N, HN=C-Ph))
respectively.

128.1 1331 152.1

1784 1901
N M
T

Abundance Average of 0.803 to 2.245 min.:
21

2052 268.1
2342 _ o
! |. | 2372257 \‘\ 2793 2933

IAHMUDABD(L2) Didata ms.
2

3002 |y 3362 |I 3664 3833 395

1
| T T T T T T T T T T T T T T T I T T
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Fig. (1): Mass spectrum of new ligand (2-CyBAl).
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Scheme(2): Fragmentation pattern of ligand(2-CyBAl).
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Fig.(2): The "THNMR spectrum of ligand (2-CyBAl).
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Fig.(3): The *CNMR of ligand (2-CyBAl).
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3.2- Effect of pH and concentration:
The studied molar concentration of the
prepared solution were within the
range 10°-10° molar , while the pH
range was between 4 to 11. These
concentrations are not all suitable in

regard to the spectroscopic
measurements.

The molar concentration that obey
Lambert-Beers law and showed a clear
intense color was 1x10®° M, while the
optimum pH values, figures (4), have

been studied in buffer solution.

——Cu(l)
~—Co(ll)
—&— Ni(ll)

Absorbace

4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115
pH

——20(l)
—e—cd(l)
—o—Hg(l)

Absorbace
o
2

4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115

pH

Fig.(4): Effect of pH on absorbance at (Ayax) for (2-CyBAI) complexes at
optimum concentration.

3-Metal:ligand ratios

Composition of chelate complexes
were investigated by mole ratio
method at fixed concentration of metal
ion and increasing concentration of

ligand at optimum pH and Amex. This
method indicated that. The more
probable structure of complex was 1:2
for all complexes as shown in figures
5 - 10.
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Fig.(5): Mole ratio plot for ligand
Cu complex solution.

Fig.e(6): Mole ratio plot for ligand
Co complex solution.
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Fig.(7): Mole ratio plot for ligand
Ni complex solution.
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Fig.(8): Mole ratio plot for ligand
Zn complex solution.
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Fig.(9): Mole ratio plot for ligand
Cd complex solution.
4-Determination of the metal
complexes stability constants
Stability constant (B) values are
obtained spectrophotometrically by
measuring the absorbance of a mixture
of ligand and metal solution at fixed
wavelength (max )and optimum pH
values. The degree of formation of the
complexes are obtained from the
relation ship [10], p=(1-a Aa’c?) for
1:2 metal complexes and B=(1-a /°C)
for 1:1 metal chelate and o=Am-As /
Am where As and Am are the
absorbance of the partially and fully
formed complex respectively at

Fig.(10): Mole ratio plot for ligand
Hg complex solution.

optimium concentration. The
calculated B and log B values for the

prepared complexes are given in
table(2).
5-Molar conductivity

The data obtained from the

measurement of molar conductance of
the complexes are shown in table (2)
were carried out in ethanol (10°M) at
room temperature. The values indicate
that the chelate complexes of Co(ll)
Ni(I), Cu(Il) and Pd(Il) ions are non-
electrolytes nature, where the values
suggest that no anions outside the
coordination spheres. [2]

Table (2) : metal :ligand stability constant values molar conductivity optimal
concentration and wavelength with (€) of chelate complexes.

7 —
Complexes | (Anw)nm | | GRG0 | fye | Logp | MO R

CuL 467 8.6300 3.314 x 10* | 16.520 1.92

CoL 518 4.7900 1.387 x 10 | 15.142 0.88

NiL 476 7.7900 2.174 x 10" 15.337 1.98

ZnL 473 5.2700 9.99 x 10* 14.999 1.46

CdL 460 7.5600 5.335 x 10™ | 14.727 7

HgL 469 8.4000 3.2980 x 10" | 14.518 1.75

6-FT-IR spectra

Infrared spectra data (KBr disk) of
ligand (2-CyBAl) and its complexes
are summarized in table (3). The
comparison between spectrum of the
ligand with those of the coordination
complexes have, table (3), figures (11-
17) revealed certain characteristic
differences. The most significant
information on the geometry of these
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complexes comes from the analysis of
the C=N group of imidazole, the azo
bridge absorption regions.

1. The FT-IR spectra of the ligand 2-
CyBAI show bands in the range (3226)
cm? corresponding to v(OH). This
band showed, sometimes, a remarkable
change in the intensity and broadening
upon complexation.
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2. The spectra also show weak bands
located in the regions (3056 and 2989)
cm*which were assigned to the
aromatic and aliphatic (C-H) stretching
vibrations, respectively.

3. Bands were observed within the
range (1582) cm™, this band was
attributed to v(C=N) spectra. On
complexation a small shift with change
in shape were observed for this band.
That changed may be a result of
coordination of metal ions through the
nitrogen of imidazole (C=N) group.

4. Bands characteristic of the azo
bridge vibrations have been attributed
to the positions [(1400), (1442) and
(1456)] cm™ |, 1180 cm™ and [(831)
and (881)]cm™ .The first three group
band positions were assigned to the
v(N=N) while the second group
represents the vibrations of
v(C—N=N=C) + y(N=N) while the
third group band positions represents
v(CTN=N=C) + y(C=N) On

complexation , a small shift were
observed for the v( N=N) stretching
vibrations, while shifting or splitting
was recommended for the bands
represents the v(C—N=N—-C) +
v(N=N),

5. Significant changes were also
observed for the thrid bands
v(C—N=N=C) + y(C=N) , indicating
the engagement of those groups in the
coordination with the metal ions.

6. A group of bands located at (1099)
cm™ and [(732),(752)and (765)] cm™
assigned to the Benz.R.Deff. and
Imi.R.Deff. frequency respectively.
Those bands effected on complexation
through splitting, shifted or changing
in their shapes.

7. New band assigned to v(M-N) in the
range (474-486) cm™ appeared on
complexation, which proved the
coordination of metal ions with ligands
through nitrogen atom.

so—‘.‘ e Y o '| I

STI - PRRENGS. B2 3 208

102

Fig. (11): IR- spectrum of ligand (2-CyBAl) .
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Fig.(12): IR- spectrum of [Cu (2-CyBAl), Cl;] .
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Fig.(14): IR- spectrum of [Ni (2-CyBAl), Cl] .
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7-Electronic spectra and magnetic
properties

The electronic spectra data and the
magnetic  moment of  prepared
complexes,figures(18-24), the ligand is
characterized by three absorption
bands in UV-visible. These bands are
appearing at the position 203nm, 281
nm and 449nm. The first one can be
attributed to a m— transition with in
hetrocyclic imidazole ring[11] while
the second UV band observed at a

105

longer wavelength can be ascribed to
the excitation of the m-electrons of the
phenyl system.[12] . The third peak
may be attributed to the n— w*
transition resulted from the presence of
groups containing double bond , in
addition to the presence of hetero
atom carrying a lone pair of electrons
such as (=C=N—) in addition to
intermolecular charge-transfer taken
place from benzene ring to the hetro
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imidazole ring through the azo
group( —N=N—) [13] This band
showed at a red shift on coordination
with a metal ions.[14]
The magnetic
measurements show that :
1. The magnetic values of Cu(ll)
complexes were (1.8)B.M., which
indicated the paramagnetic properties
of single electron for these complexes
that have octahedral configuration
.These result were comparable to the
theoretical value of spin
moment(1.73)B.M., which confirm the
absence of spin-oribt coupling with

susceptibility

theoretical spin moment (4.1-5.2)B.M.
of high spin octahedral complexes
(t.g°> eg?) which indicated spin-oribt
coupling in other hand there is no
change in cobalt oxidation state from
Co(Il) to Co(lll).

3. The magnetic susceptibility
measurements of Ni(ll) complexes
were (3.1)B.M., which belong to the
two unpaired electrons of Ni(ll), the
excess in magnetic values attributed to
distorted octahedral configuration.

4. All  the magnetic values of
group(l1B) divalent complexes of (Zn,
Cd and Hg) behave as diamagnetic

tetrahedral configuration of Cu(ll) complexes which confirm there is no
complexes. change in mercury oxidation state.
2. The Co(ll) complexes give According to these results the structural of
magnetic values (4.23) B.M., those these complexes may by proposed in this
values were consistent with the figure :
Cl Ry
Ph Ph
HN.
\Q\ /F\N R
"IN /J\NH H,0
g J=l
Ph Ph
R Cl
2 R3 i

L=

CN H
M(Il) = Cu, Co, Ni, Zn, Cd, Hg

nnnnn

s000  ewo0 =000

Fig.(18): UV-Vis spectrum of
[Cu (4-SuBAl), Cl].
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Fig.(19): UV-Vis spectrum of
[Co (4-SuBAl), Cl,].
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Fig.(20): UV-Vis spectrum of
[Ni (4-SuBAl); Cl,].

Fig.(21): UV-Vis spectrum of
[Zn (4-SuBAl), Cly].

21l
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Fig.(22): UV-Vis spectrum of
[Cd (4-SUBA|)2 C|2]

Conclusions:

We have synthesized and structurally
characterized complexes of Cu(ll),
Cu(I),Ni(11), Zn(I1), Cd(11) and Hg(ll)
metal chloride with aryl azo imidazole
ligand (2-CyBAl) p-acidic ligand.

The  spectroscopy analysis and
other techniques show that the
coordination of all metal ions with (2-
CyBAI) ligand are octahedral
structural through the Nj; atom of
imidazole and another nitrogen atom of
azo group .
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