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Abstract

Coupling reaction of m-and p- amino acetop henone and p-amino benzoic acid with (L-
Histidine) gave the new bidentate azo ligands (L;, L, and L;). The prepared ligands were
identified by FT-IR, UV-Vis, 'HNMR and GC- mass spectroscopic technique. Treatment of
the prepared ligands with the following metal ions (Co", Ni", cu", Zn", Cd" and HgH) in
aqueous ethanol with a 1:2 M:L ratio and at optimum pH, yielded a series of neutral
complexes of the general formula [M (L), Cl,]. The prepared complexes were characterized by
using flame atomic absorption, FT-IR, UV-Vis and 'HNMR spectroscopic methods as well as
magnetic susceptibility and conductivity measurements. Chloride ion content was also
evaluated by (Mohr method). The nature of the complexes formed was studied following the
mole ratio and continuous variation methods, Beer's law obeyed over a concentration range

(1% 10™- 3 x 10"M). High molar absorbtivity of the complex solutions was observed. The

stability constant of the complexes have also been studied.

In addition the dyeing performance of the prepared ligands and some of their
complexes was applied on cotton fabric. The dyes were tested for light and detergent fastness.
Biological activity of the ligands and complexes against three selected types of bacteria was
also examined. Some of the complexes exhibit good bacterial activities.

Introduction

A great deal of interest has been simulated to the preparation and studies of organic
reagents in the previous years [1-3]. Many of these organic reagents have attracted much
attention as they are sensitive, chromogenic reagents in addition to being interesting
complexing agents[4,5]. The presence of substitution groups containing one or more donor
atom such as — OH, - CO,H, - SO;H, - NH, and — N= N-, provided coordination sites with the
metal ion, forming stable colored complexes[6,7].

Azo compounds with (- N= N-) group, are among the most profoundly explored
classes of organic reagent both from the theoretical and practical view point[8]. The presence
of an azo linkage in aromatic compounds makes them highly important in dyestuff industry[9-
11], pharmacy and dosimetry[12,13], and more recently[14], in the field of non- linear optics.
All these applications depend critically on the presence of intense absorption bands in the
visible or near- UV region.

In recent years [15-18] much studies have been devoted to heterocyclic azo dyestuffs
and their related compounds, in which the heterocyclic atom is at least formally involved in
coordination with metal atom.

By far many important groups of heterocyclic azo derivatives have been synthesized
and their applications have also been extensively studied [19-23].

In this respect an attempt has been made to synthesize and characterize three new azo

bidentate ligands (L;, L, and L), derived from m - and p- amino acetop henone and p- amino
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benzoic acid as diazo component, and (L- Histidine) as coupling agent. The complexes
of these ligands with some metal ions has also been studied and -characterized
physicochemically. The dyeing performance of the ligands and complexes was assessed. The
biological activities of all the ligands and complexes have also been studied.

Experime ntal
Instrumentation:

UV- Vis spectra were recorded on a (Shimadzu UV- 160A) Ultra Violet-Visible
Spectrophotometer. IR- spectra were taken on a (Shimadzu, FTI R- 8400s Fourier Transform
Infrared) Spectrophotometer (4000- 400)cm with samples prepared as KBr discs. The
'HNMR spectra were obtained on a (Jeol ExX270 MHZ, Brucker- 400 MHZ) University of
London and on (Brucker- 300 MHz Ultra Shield) University of Al- al- Bayt- Jordan using
DMSO as a solvent and (TMS) as a reference. Microelemental analysis (C, H, N) were
performed in Al- al- Bayt University- Jordan using (Euro vector EA 3000A Elemental
Analyser). Conductivities were measured for 10°M of complexes in ethanol at 25°C using
(Philips PW- Digital Conductimeter). Magnetic susceptibilities were performed by using
(Brucker Magnet B. M. 6) instrument at 25°C. Meling Points were obtained using (Stuart
Melting Point Apparatus).

Materials and Reagents

The following chemicals were used as received from suppliers; cadmium chloride
mono hydrate 98%, mercuric chloride 98% (Fluka); cobaltous chloride hexahydrate 98.8%,
nickel chloride hexahydrate 99.9%, copper chloride 98%, zinc chloride 99%, p- amino
acetop henone 99% (M erck); m- amino acetophenone 99%, p- amino benzoic acid 98.8%, L-
Histidine 99% (B. D. H).

The pH of the medium (4-9) was adjusted with ammonium acetate —ammonia — glacial
acetic acid buffer solution .

Solutions were made of L;, L, and L; (1X10'5-1X10'3M) in absolute ethanol and same
concentration range of metals salts in buffer solutions.

Preparation of the Ligands (L, L, and Lj)

0.002 mole of the appropriate amine (m- and p- amino acetophenone and p- amino
benzoic acid), was dissolved in a mixture of 2 ml sulphuric acid, 10 ml ethanol and 10 ml
distilled water, and diazotized at 5°C with sodium nitrite solution. The diazo solution was
added dropwise with stirring to a cooled ethanolic solution of 0.387g 0.002 mole of L-
Histidine. 25 ml of 1 M sodium hydroxide solution was added to the dark colored mixture.
The precipitate was filtered off and washed several times with (1: 1) ethanol: water, mixture
then left to dry. The reaction is shown in scheme (1), while (Table- 1) describes color, melting
point, % yield and weight of amine used.

NaNOz
NiNHSO‘.
HZS O4(Conc)

Hoex
QUIPSIH-T

Ly (A= - é CH;,B=H)
N— CHZCHCOOH
Lo (A= COOH B=H)

L3, (A=H,B=" C CH3)

S cheme (1): Preparation of Ligands (L;, L, and Ly)
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Preparation of Metal Complexes (general procedure).

An ethanolic solution of the ligand (2m mole) was added gradually with stirring to
(1m mole) of the metal salt dissolved in the buffer solution of the required pH. The mixture
was cooled until dark color precipitate was formed, filtered and washed several times with (1:
1) water: ethanol then with acetone. (Table-2) consists of the weight of metal salt and ligand
required, the pH of the solution and some of the physical properties of the prepared
comp lexes.

Dyeing Method

The dyeing properties of the prepared ligand and their complexes were tested on
"Hilla- Fine Textile State Company" using the "Azoic Dyes M ethod"[12] . Dyes were applied
on cotton fabric as (1% shade). The dyeing of the fabric was done at (15- 20°C) for 1 hr and at
pH=10.

S tudy of Biological Activity

Three selected types of bacteria were used including, Escherichia Coli (E. Coli) as
Gram Negative Bacteria, Staphylococcus Aurous (Staph. Aurous) as Gram Positive Bacteria
and Pseudomonas Aeruginosa (Ps. Aeruginosa) in Nutrient Agar medium, using (DM SO) as a
solvent and as a control, the concentration of the compounds in this solvent was 10°M, by
using disc sensitivity test. This method involves the exposure of the zone of inhibition toward
the diffusion of micro- organism on agar plate. The plates were incubated for 24hr. at 37°C.

Results and Discussion

The ligands (L;, L, and L;) were prepared by coupling L- Histidine with the
appropriate diazotate in alkaline solution. They are sparingly soluble in water but soluble in
organic solvents, stable toward air and moisture.

The synthesized ligands were characterized by FT IR, UV- Vis spectra; L; was subjected

to (IHNMR) while L, and L; were characterized by GC-mass.

The mass spectrum of ligand L, and of ligand L; (Fig- 1) shows peaks centered at
m/z 303 and 301 corresponds with (M+ ), Ci3H3sNsO4 and Ci4H sNsO5 respectively. The
general pattern for the fragmentation reveals more than one way for the cleavage, either by
losing the azo group as nitrogen molecule or by the cleavage of benzoic acid- azo bond, the
main fragments are summarized in (Table- 3), while scheme (2) shows the fragmentation
pattern of ligand L,.
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Scheme (2): Fragmentation Pattern of Ligand L,

The (IHNMR) spectrum of ligand (L;) in (DM SO) (Fig- 2) shows signal for (NH) of
imidazole at (6= 8.87 ppm). The multiplet signals at (6= 8.13-7.79 ppm) refer to aromatic
proton while the (CH) of imidazole shows signal at (6= 6.78 ppm). On the other hand, the
aliphatic (CH) and (CH,) appear as doublet and triplet signals respectively in the range (6=
3.37- 2.43 ppm). Whereas, the signal at (6= 1.23 ppm) is assigned to NH, and the signal peak
at (6= 2.5 ppm) referred to (DM SO)- d.

The three ligands (L, , L, and L;) were also characterized by UV- Vis spectroscopic
technique. The spectra of an ethanolic solution of the ligands (10'3 M) display mainly three
peaks, the first and second peaks were observed within the ranges (223- 245 nm) and (278-
310 nm) respectively. These two peaks were assigned to the moderate energy n- T tramsition
of the aromatic rings. The third peak (A 1,a) Was observed in the range (383- 405 nm) which
referred to the n- m transition of intermolecular charge- transfer taken place from benzene to
imidazole ring through the azo group (-N=N) [24].

Interaction of the metal ions (Co", Ni', Cu", Zn", Cd" and Hg") with the three
prepared ligands has been studied in solution; aqueous- ethanolic solutions were always

performed over wide molar concentration and acidity range. The colors of these mixed
solutions were varied from yellow or yellowish- brown to orange or red.
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The interaction of the metal ion with the ligand manifests itself in the absorption
spectra by the appearance of a peak in the range (431- 442 nm). A great bathochromic shift
in the visible region was detected in the complex solutions spectra with respect to that of the
free ligand. The high shift in the (A ,,,,) gave a good indication for complex formation. (Fig-3)
showed a comparison between the spectra of the ligand and (Cd"- L,) mixed solution.

From the wide studied range of molar concentration (10"5-10'3M) of the mixed
solutions, only the concentration of (10'4 M) obeyed Lambert- Beer's law and showed intense
color. A calibration curve was plotted on absorbance against molar concentration in the range

(1 x107*-3x10™ M). Best fit straight lines were obtained with correlation factor R> 0.998.

The optimum concentration which chosen for complex solution gave rise to a constant
(A max) @ different pH.

The influence of pH was also studied at pH range 4 to 9 and the absorbance- pH
curves for each metal ion measured at certain (A, ) were plotted. (Fig- 4) showed a selective
pH- absorbance curves. The plateau of the curves represented the completion of the reaction
and consequently represented the optimum pH.

The composition of the complexes formed in solution was established by mole ratio
and job methods. In both cases the results reveal (1:2) metal to ligand ratio. Chosen plots
were represented in (Fig- 5). (Table- 4) summarizes the results obtained as conditions for the
preparation of the complexes.

The apparent stability constant (K) of the (1:2) metal: ligand complex was evaluated
spectroscopically by using the following equations:

K — 1__ﬁ__ and pe_ A
gred g Ep

Where ¢ = the concentration of the complex solution in mole/ L
a = degree of dissociation,As= the absorption of solution containing a stoichiometric amount
of ligand and metal ion and Am= the absorption of solution containing the same amount of
metal and excess of ligand.
The As and Am were measured at (A ,,,) of solution. The values of  (As, Am, a, K and log
K) were tabulated in (Table- 5). The high values of K may reflect the high stability of the
prepared complexes [25].

The solid complexes were prepared by direct reaction of alcoholic solution of the
ligands with the aqueous solution of the metal ions at the optimum pH and in a (M: L) ratio of
(1: 2).

The (C. H. N) and chloride analysis with metal contents of these complexes were in
good agreements with the calculated values (Table-6). High melting points (> 360 °C) were
recorded for these complexes.

The molar conductance of the complexes as (10'3 M) in DMF and in methanol, lies in
the ranges (3.37- 17.53) and (2.12- 14.37) S.cm’.mol”! respectively, indicating their non-
electrolytic nature[26], therefore, the two (Cl) ions was considered to be coordinated with the

metal ion. The physical and analytical data of the prepared complexes were given in (Table-
7).

The effective magnetic moments of Co(Il) complexes lie in the range (3.45- 3.70)
B.M. This value refers to a paramagnetic (high spin) planar structure for these complexes. In
the case of Ni (II) complexes, the magnetic moments lie in the range (2.33- 3.08) B. M which
has been reported for most octahedral nickel (II) complexes[27]. The magnetic moments of
Cu (IT) complexes lie in the range of (1.62-1.86) BM. indicating the presence of an unpaired
electron and the complex is not a dimer.

The UV- Vis spectra of the prepared comp lexes dissolved in methanol (10'3 M) have been
measured and the data obtained were included in (Table- 7).Again the large
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bathochromic shift of the (Ay,y) assigned to (n- n*) transition of the ligand su ggesting
the involvement of the ligand in the bond formation with the metal ion.

In order to study the binding mode of the new ligands (L, L, and L;) with the metal
ions, a comparison was made for the FT IR spectra of the free ligands and those of the
prepared complexes and the data was tabulated in (Table- 8) The IR spectra of the three
ligands exhlblted three bands in the ranges (3460- 3406) cm , (3330- 3070) cm' "and (3260-
3070) cm’  which were assigned to the stretching modes of U(OH) v(- NH) of the primary
amine , and v(-NH) of the imidazole ring respectively[28,29]. Since no significant changes in
these bands were noticed, the possibility that coordination occurs via the donating atoms in
these groups were excluded. Strong band in the ligands spectra was observed in the range
(1639-1631) cm’ "ascribed to the v(C=N) for the imidazole ring [30]. Significant change was
observed in this band on coordination with metal ion, it is either disappeared or appeared as a
weak shoulder. This change may confirm the involvement of the imidazole nitro > gen in
bonding The strong characteristic band in the free ligand spectra at (1413- 1409) cm’ " which
was assigned to the (-N= N-) stretching [31,32] suffered a great change in the intensity and in
position, splitting to lower frequency was also observed on comp lexation with metal ion. This
may suggest the participation of the azo nitrogen in this complexation.

Two new stretching bands were noticed around (480- 418) cm™ which were assignable to the
V(M- N) of the azo group and the imidazole ring[33,34] Another weak new band was also
appeared around 410 cm which attributed to the v(M -Cl) mode.

The ( HNMR) spectra in DM SO (Fig-6),for one of the prepared complexes have been
measured for reason of comparison. The signal belongs to the (NH) of the imidazole was
shifted to higher region (lower frequency) (6= 8.38) with respect to that of the ligand (6=
8.87). Change was observed in the shape and position of the multiplet signals belong to the
protons of the benzene ring (0= 8.16- 7.46). These signals were observed in the ligand spectra
at (0=8.13 -7.79). The (CH) signal of the imidazole ring was shifted to lower region (6=7.13),
this was recorder at (0=6.78) for the free ligand. On the other hand, the triplet(6= 3.56,2.95
and 2.34) and the doublet (6= 2.21 and 2.14) refer to aliphatic (CH) and (CH,) and the
singlet(6= 2.33) belongs to (CHj;) protons of the acetyl group, were also undergo shift to
higher region, while the (NH;) proton signal(6= 1.23) stays nearly at same position as that of
the free ligand.

On the basis of these evidences, it is concluded that the ligands  (L;, L, and Lj)
behave as neutral bidentate molecules coordinating through the azo and the imidazole
nitrogen. Therefore, the suggested structure of the prepared complexes can be illustrated as in
(Fig-7).

The dyeing performance of the prepared ligand and some of their complexes was
assessed on cotton fabric. The dyes were tested for light and detergent fastness. Thus all dyes
showed very good dyeing propetties, they provided colors as orange, brown, red and finally
pink with good brightness and depth on the fabric. Some of the dyeing were shown on (Fig-
8).

Finally, the biological activities of the ligand and their complexes have also been
tested against selected type of bacteria.The results show that the Hg-complexes and Ni-L;
complex show a relatively strong activating capacity. Whereas, all the parents ligands
possessed no activity towards the same specimen of bacteria.
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Table (1): Physical Properties of the Ligands
Wt. of
Ligand Name Amine Color m.pc Yield%
(2)

2-(p-Acetophenone azo)-o.- Deep

L, amino- 1H- imidazole- 4- 0.337 140-142 81.85
propionic acid Brown

L, |2(p-Benzoicacid azo)-c-amino- | 340 [ YOS 00 o)
1H- imidazole- 4- propionic acid Orange
2-(m-Acetop henone azo )-a.- Orange

L; amino- 1H- imidazole- 4- 0.337 192-194 83.74
propionic acid Brown

Table (2): Reaction Conditions and Some Physical Properties of the Complexes

Complexes Wt. of Wt. of pH color Yield
Ligand (g) Metal Ion 0
%o
(€4
0.301 6.5 Reddish
[Co (L)), Cly] 0.118 Brown 72
[Ni (L)), Cly] 0.301 0.118 6.5 Brown 80
0.301 7 Deep
[Cu (L)), Cly] 0.085 Violet 82
0.301 6.5 Reddish
[Zn (L)), Cly] 0.068 Brown 77
[Cd (L)), Cly] 0.301 0.100 7 Orange 73
0.301 6 Reddish
[Hg (L])2 Clz] 0.135 Orange 65
[Co (L), ClLy] 0.303 0.118 6 Brown 76
. 0.303 7 Reddish
[Ni (L), Cly] 0.118 Brown 74
0.303 7 Yellowish
[Cu (L), ClLy] 0.085 Green 71
[Zn (L), Cly] 0.303 0.068 6.5 Yellow 84
0.303 6 Reddish
[Cd (L), ClLy] 0.100 Orange 79
[Hg (L), Cly] 0.303 0.135 7 Orange 70
[Co (L3), ClLy] 0.301 0.118 6.5 Brown 88
) 0.301 6.5 Dark
[Nl (L3)2 Clz] 0.118 Green 85
0.301 7 Dark
[Cu (L3), Cly] 0.085 Brown 89
0.301 6 Reddish
[Zn (L), Cly] 0.068 Orange 86
0.301 6 Reddish
[Cd (L), Cly] 0.100 Orange 78
0.301 6 Reddish
[Hg (L3)2 Clz] 0.135 Brown 89
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Table (3): Mass S pectral Data of the Ligands L, and L3
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Ly
Fragment m/z Relative abundance
Parent Ion 303 7
C;; Hi3 Ns™ 215 2
C9 H6 N4.T 170 5
CoH; N, 143 4
Cs H; N5 137 67
C,H,0," 120 88
CsHg N3y~ 108 4
C,H; N5 93 69
Cs Hg 78 13
C; HN,™ 65 65
Ls
Parent Ion 301 9
CsHs N3y~ 135 96
CgH,O" 120 92
Cs HuN;™ 106 4
Cs HoN5 ™ 92 100
CsHg 78 17
C; HN, " 65 85

Table (4): Conditions for the Preparation of the Complexes

Co(IT) Complexes Ni(IT) Complexes Cu(IT) Complexes
Optimum | Optimum | M:L [ Optimum | Optimum | M:L | Optimum | Optimum | M:L
Ligand pH molar Ratio pH molar Ratio pH molar Ratio
ConcA x10° Conczi x10° COH%XIO-
L, 6.5 2 1:2 6.5 2.5 1:2 7 1.5 1:2
L, 6 2 1:2 7 2 1:2 7 2.5 1:2
Ly 6.5 2 1:2 6.5 2 1:2 7 2 1:2
Zn(IT) Complexes Cd (IT) Complexes Hg (II) Complexes
Optimum | Optimum [ M:L | Optimum | Optimum | M:L | Optimum | Optimum | M:L
Ligand pH molar Ratio pH molar Ratio pH molar Ratio
Concé.t x10° Conc4 x10° Con%xIO'
L, 6.5 2 1:2 7 3 1:2 6 2.5 1:2
L, 6.5 2.5 1:2 6 2.5 1:2 7 2.5 1:2
L 6 2 1:2 6 2.5 1:2 6 3 1:2
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Table (5): Stability Constants of the Prepared Complexes
L

Complex Ag Am o K LogK
Co(Il) 0.112 | 0173 | 0352 1.080 x10° | g 033
Ni(II) 0.200 | 0.421 0.524 1.322x10 7.121
Cu(Il) 0.180 | 0.242 0.256 7.440%10° 8.871
Zn(1) 0.248 | 0.512 0.515 2.309%10’ 7.363
Cd(1) 0.148 0.280 0.471 1.430 x10’ 7.155
Hg(1l) 0.355 | 0.638 0.443 2.652 10 7.423

L,

Complex Ag Awm o K LogK
Co(Il) 0.195 | 0.302 0.354 9.228 x10° 6.965
Ni(II) 0.360 0.552 0.347 1.088x10 7.036
Cu(Il) 0.161 0.221 0.271 1.822x10’ 7.260
Zn(Il) 0.162 | 0291 | 0443 2.652x10 7.423
Cd(n) 0.394 0.798 0.506 1.543 10’ 7.188
Hg(Il) 0215 | 0422 0.490 1.758 x10’ 7.245

Ly

Complex Agq Aym o K LogK
Co(Il) 0.056 | 0.121 | 0537 1929 x107 | 7.285
Ni(II) 0.086 0.173 0.503 2.485x10’ 7.395
Cu(Il) 0.118 | 0.205 0.424 4.800 x10’ 7.681
Zn(Il) 0.154 | 0243 | 0366 9.057x10 7.956
Cd(1) 0.727 1.281 0.432 2.989 x10’ 7.475
Hg(1l) 0329 | 0.543 0.394 2.750 x10’ 7.440
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Table (6): Elemental Analysis Data for the prepared Complexes

Co (II) Complexes Ni (II) Complexes
Ligand [ " C% | H% | N% | M% | Cl% | C% H% N% | M% Cl%
L ] ] ] 8.05 | 9.70 ] ] ] 8.02 9.70
(7.80) | (9.37) (7.50) | (8.15)
19 - - - 80T | 9.65 - - - 797 9.64
(7.90) | (9.20) (7.50) | (8.51)
| 805 | 9.70 8.02 9.70
i i i (7.70) | (8.50) i i ) (7.86) | (9.22)
Ligand Cu (II) Complexes Zn (II) Complexes
C% | H% | N% | M% | Cl% | C% H% N% M% | Cl%
L ] ] ] 868 | 9.63 ] ] ] 8.81 9.62
(8.23) | (9.35) (8.43) | (9.22)
L, 864 | 959 | 4210 [ 3.50 | 1889 [ 876 | 9.57
i i i (8.34) | (9.20) | (43.08) | (3.19) | (18.60)| (8.49) | (9.15)
L; 48.95 | 4.10 | 19.00 9.62
' ' ' 8.68 | 9.63 ] ] ] 8.81 978
(48).95 (4.) 11 (19).33 31 | (850 (8.62) (9.28)
Ligand Cd (II) Complexes Hg (II) Complexes
C% | H% | N% | M% | Cl% | C% A% N% | M% | Cl%
b ] ] ] (11‘22370 9.04 ] ] ] 2290 | 8.13
)| ®73) (21.98) | (7.80)
Lo ] ] ] (11‘22101 900 | ] | 282 810
)| @D (22.63) | (7.80)
Ls ] ] ] (11‘22272 9004 | ] | 2290 | 8.3
) (8.75) (22.10) | (7.90)
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Table (7): UV- Vis, Magnetic Susceptibility and Conductance
Measurements Data

€ max X107 | pegr (BM) Am (S.cm’. mol™)
Compounds Amax) L. M(-)11 3
(nm) Cm InDMF | In Methanol
[c% LL]I)Z 455 0043 3.61 15.32 13.62
[NiC%]l)z 459 0.644 2.33 11.10 8.57
[clé LL]I)z 476 0.155 1.62 12.49 6.63
[Zrész]l)Z 461 0.282 - 9.53 6.52
[C‘é fZL]l)Z 475 0.415 ] 3.37 2.54
[H% %02 475 1.255 - 4.09 230
[c?j sz]z)z 458 0.512 345 527 3.43
[NiC%]Z)Z 463 0.624 2.42 6.12 4.83
[Cu (Ly), 471 0.248 1.86 20.3 13.36

Ch]




[Zn (Ly),

456

- 0.102 8.51 5.74
[C‘é &2)2 467 0.382 ] 4.87 2.12
[Hg LL]z)Z 444 0.279 - 4.85 2.80
[C% gis)z 519 0216 3.70 15.84 12.77
[Négis)z S12 0.212 3.08 16.52 14.37
[Clé LL]3)2 332 0.970 1.61 10.74 8.77
[21(1j sz]S)z 587 0.553 - 10.43 o 84
cd LL]3)2 522 1254 : 384 S
[He (Ly)s 527 0377 x 354 5 54

Cl]
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Table (8) :The Main Fre quencies of the Ligands and Their

1
Complexes(cm )
O(V-
Comp. | v (O-H) O(N-E) Prim (O 8(N-H) SI(N'.EI) L(N=N) Nam)
v(N-H) Imid v(C=N) prim ml v(M-
Nimid)
L, 3460 br. g%% brd 1631 s. 1587v.s | 1500w. | 1400 vs. -
[COC%]')2 3458 br. ] ] 1595s. | 1519w. | 1421m 430w,
[Né(f;]l)z 3444 vs. ] 1640 w.sh. 1595vs. | 1519w, | 1420m 466w,
[Cg(lg]'b 3460 brs. o0 | sha | 1637w 1598s. | 1500w, | Shos . 468 w.
[Zg(lL]l)z 3460 br. gf;g Shd 1635 w.sh. 1593s. | 1519 vw. 1‘3‘32 d 468 w.
, d. d.
[CdC(IL]')Z 3450 br. gfgg br.d. 1640 w.sh. 1589vs. | 1518vw. | 1411s. 2223'
, .
He ), 3740 | vwd 1376 sd. 370w,
& 3477 whr. 3240 : 1643 vw.sh. | 1595v.s. | 1519m 1426 7w,
L, 3406 m. 3070 br 1639s. 1595 s. 1504 v.s. 1413 s. -
[COC(IL]z)z 3406 m. 3100 br. 1645 m 1600 m. 1504 s. 11440%8 o q 433w.
, . .
[Né(llz‘]z)z 3406 br. 3100 br. 1629 sh. 1600 s. 1506 m 0 s.d. 435w,
[Cl(":(llz“]z)z 3406 br. 300 | bra 1642 sh. 1602s. | 1502m | 3es 433w,
[Zn(lff)? 3a04m. [T 1636 sh. 1598 vs. | 1508s. | 350 oow.
[Cd(llz-‘]z)z 3404 m. géggf};' q 1637 m 1595v.s. | 1508m | 1400 vs. ow.
[Hgﬁjz)z 3406 vw. 332017%9 brd | 1632 vav.sh. 159s. 1508 w. %‘3%2 .d. ﬁgg:
L, 3444s. ;gég sd 1633 s. 1595 v.s. 1514 m 1407 v.s. -
[COC(lLf)z 3355 br. 3330 br. 1637 w.sh. 159w. | 1514m 13(2’(7} ¥ :ﬁ’gz'
, . .
[Né(]Lfb 3365 br. 3330 br. 1640 sh. 1590 m 1512m }2“2‘? v q 3;83
, . .
[C‘(‘:(IL]3)2 3380 br. ] 1640 sh. 1593 m 1506 m {jﬁg md. ﬂgx
, .
[Zn(l0), 3363 1429 280w,
oL 3508 w. br. 3263 br.d 1638 h. 1598s. | 1508m 1429 o 480w.
3344
[CA(La)y | 3461 sbr. 3160 ShT | 1639 vw.sh. 1593 s. 1506 w. 1434 468 w.
1] Yoo 1396 md. 420w
Hely), 3260 1429 270w,
cl, 3458 s.br. 3100 sd. 1638 viw.sh. 1596 s. 1508 w. 1396 mad. 440w,

Prim = primaryamine , Imid=Imidazole, vs.=verystrong, m= medium, w=weak, br=broad,

d=doublet, sh=shoulder.
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Fig. (5): Mole ratio and Job Methods for Complexes S olutions
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Fig. (7) :The Suggested S tructure of the Prepared Complexes
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