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ABSTRACT

      The Student will searching the University library and the known data base
on the internet for previous work on Synthesis and characterization of some
metal complexes and their comparison with those formed by the heavy metal
removal from water under the guidance of the supervisor. The chemical will be
collected according to the laboratory facilities. Some metal complexes will be
prepared in ethanol and alternatively in water with different concentrations of
metal  salt.  The  tendency  of  the  ligand  to  remove  heavy  metal  would  be
investigated according to the laboratory resources. A comparison between the
properties of the complexes formed by normal method and in the water medium
will  be  performed.  A small  article  will  be  written  to  be  submitted  to  the
chemistry department. 

ملخص

سيقوم الطالب بالبحث في مكتبة الجامعة وقواعد البيانات المعروف**ة عل**ى ش**بكة الن**ترنت ع**ن   
البحاث السابقة حول تحضير وتوصيف بعض المتراكب**ات المعدني**ة المعدني**ة ومقارنته**ا م**ع تل**ك
التي يتم تحضيرها ع*ن طري**ق إزال*ة المع**ادن الثقيل**ة م**ن المي**اه تح**ت ت**وجيه م**ن المش**رف. س**يتم
جم**ع ه**ذه الم**واد الكيميائي***ة وفق**ا لمكاني***ات المخت**برات. وس***يتم إع**داد بع**ض المتراكب**ات ف**ي
اليث**انول ث**م اع**ادة تحض**يرها ف**ي المي**اء ب**تركيزات مختلف**ة م**ن المل**ح المع**دني. وس**تقاس ق**درة
المترابط على ازالة العناصر الثقيلة تبعا لمكانيات المختبرات. سيتم إجراء مقارنة بين خصائص
المتراكبات التي حضرت بالطريقة المتبعة لتحضير هذا النوع من المتراكبات م**ع تل**ك المحض**رة

.في الماء. سيتم كتابة مقال صغير لتقديمه إلى قسم الكيمياء

IV



    Introduction

Schiff bases are the compounds carrying imine or azomethine (–C=N–) functional

group. These are the condensation products of primary amines with carbonyl com-

pounds and were first reported by Hugo Schiff  [1, 2]. Schiff bases have also been

shown to exhibit a broad range of biological activities, including antifungal, antibacte-

rial, antimalarial, antiproliferative, anti-inflammatory, antiviral, and antipyretic prop-

erties [3, 4]. Schiff bases have been utilized as synthons in the preparation of a num-

ber of industrial and biologically active compounds like formazans, 4-thiazolidinines,

benzoxazines, and so forth, via ring closure, cycloaddition, and replacement reactions

[5]. Schiff base derivatives in various processes promoted the researchers for design-

ing of novel heterocyclic/aryl Schiff bases for development of new environmental-

friendly technology [6]. In view of the importance of Schiff bases, in the present work

we  report  the  synthesis  of  a  novel  Schiff  base  ligands  (E)-2-((2-

phenylhydrazono)methyl)phenol,  (Z)-2-(2-hydroxybenzylidene)hydrazine-1-carboth-

ioamide and (E)-N-(4-nitrophenyl)-1-phenylmethanimine and their metal complexes.

   Review of Literature

The first preparation of imines was reported in the 19th century by Schiff (1864).

Since then a variety of methods for the synthesis of imines have been described [7].

The classical synthesis  reported by Schiff involves  the condensation of a carbonyl

compound with an amine under azeotropic distillation. Molecular sieves are then used

to completely remove water formed in the system [8]. In the 1990s an in situ method

for water elimination was developed, using dehydrating solvents such as tetramethyl

orthosilicate or trimethyl orthoformate  [9]. In 2004, Chakraborti et al.  [10] demon-

strated that the efficiency of these methods is dependent on the use of highly elec-

trophilic carbonyl compounds and strongly nucleophilic  amines. They proposed as an

alternative the use of substances that function as Bronsted-Lowry or Lewis acids to ac-

tivate the carbonyl group of aldehydes, catalyze the nucleophilic attack by amines, and

dehydrate the system, eliminating water as the final step [10]. Examples of Bronsted-

Lowry or lewis acids used for the synthesis of Schiff bases include ZnCl2, TiCl4,
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MgSO4-PPTS, Ti(OR)4, alumina, H2SO4, NaHCO3, MgSO4, Mg(ClO4)2, H3CCOOH,

Er(OTf)3 ,P2O5/Al2O3,  HCl  [10-14].  The use of  microwave irradiation  commenced

with the independent studies of Rousell and Majetich groups [15,16]. Microwave irra-

diation is less environmentally problematic than other methods because it abolishes

the excessive use of aromatic solvents and the Dean-Stark apparatus for azeotropic re-

moval of water. Another feature of this technique is that the reactions achieve high ef-

ficiency in a shorter period of time. Malaria is a neglected disease that still causes se-

rious public health problems. Every year, approximately 500 million people are af-

flicted by the disease, of whom around 1–3 million die, 90% of who in sub-Sahara

Africa are primarily children [17]. Malaria is currently found in more than 100 coun-

tries throughout Africa, Latin America, Asia, and Oceania. Human malaria is mainly

caused by four species of Plasmodium (P. falciparum, P. vivax, P. ovale, and P. malar-

iae). The female mosquito of the Anophelesgenus is the vector of Plasmodium [18].

The search for new drugs, vaccines, and insecticides to prevent or treat this disease is

clearly a priority. Schiff bases have been shown to be interesting moieties for the de-

sign of antimalarial agents. Ancistrocladidine (Figure 1) is a secondary metabolite pro-

duced  by  plants  from  the  families  Ancistrocladaceae  and  Dioncophyllaceae  that

present an imine group in its molecular scaffold. Compound1has been shown to be ac-

tive against P. Falciparum K1 and 3D7. The minimum inhibitory concentrations (MIC

values) of ancistrocladidine necessary to completely abolish P. falciparum K1 and 3D7

growth were 0.3 and 1.9lg/mL, respectively. Interestingly, compound1was 90- and 10-

fold more selective to P. falciparum K1 and 3D7, respectively than to rat skeletal my-

oblast L-6 cells [19].
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series of some novel 5-substituted Schiff and Mannich bases of isatin derivatives,

that  is,  7-(4-((3-(4-(substituted  benzylideneamino)  phenylimino)-5-fluoro-2-oxin-

dolin-1-yl)methyl)piperazin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydroquinoline-

3-carboxylic acid, 1(a–l), (Figure 2) were synthesized and characterized for in vitro

antibacterial activity. Antimicrobial activity of synthesized compounds was assessed

by minimum inhibitory concentration (MIC) in comparison with standard antimicro-

bial drugs, that is, ciprofloxacin and ketoconazole. Compound 1c was reported to be

more  active  than  both  of  the  standard drugs  against  tested  microorganisms  which

proves the significance of substituted electron-donating groups in improving the an-

timicrobial activity [20]. A novel series of pyrazole-based Schiff bases, 3(a–j), (Figure

2)  4-[(3-substituted-1H-pyrazol-3-yl)methyleneamino]-5-substituted-4H-1,2,4-tria-

zole-3-thiols, was synthesized and screened for antibacterial activity against the mi-

crobial strains of S. aureus, P. aeruginosa, B. subtilis, and E. coli. From the results,

compound 3f was found to be equally as active as standard drug ceftriaxone against P.

aeruginosa, B. subtilis, and E. coli and most active against S. aureus [21]. Synthesis of

new open (4–6) (Figure 2) and macrocyclic (7) (Figure 2) Schiff bases has been done

and evaluated for the antimicrobial activity. . Macrocyclic Schiff bases were reported

as  the  condensation  product  of  1,6-bis(2-formylphenyl)hexane  with  thiocarbohy-

drazide.  In order to test  the biological activity of the synthesized compounds,  four

microorganisms (K. pneumoniae, E. coli, S. aureus, and S. typhimurium) were em-

ployed. All the synthesized compounds were found to be moderate to strongly active

[22]. A few novel solid complexes, 8, (Figure 2) of La(III), Ce(III), Pr(III), Nd(III),

Sm(III), and Gd(III) with Schiff base, that is, 9,(Figure 2) 4-hydroxy-3-(1-[2-(2-hy-

droxybenzylidene)-amino-phenylimino]-ethyl)-6-methyl-pyran-2-ones,  were  synthe-

sized and screened for the antibacterial activity against S. aureus, E. coli, and Bacil-

lusspecies and antifungal activity against A. niger, Trichoderma ,and F. oxysporum.

Results revealed that the complexes were biologically active and have exhibited en-

hanced  antimicrobial  activity  than  the  free  ligand (Schiff  base)  [23].  Some  novel

Schiff  bases,  macrocyclic  tetradentate  nitrogen donor  (N4)  6,7,14,15-tetrahydroxy-

1,4,9,12-tetraazacyclohexadecane-5,8,13,16-tetrone  ligand-based  metal  complexes,

11, (Figure 2) from10, (Figure 2) were synthesized and screened for the in vitro anti-

fungal activity and toxicity studies. Minimum inhibitory concentration (MIC) along
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with  ergosterol  composition  assay against  C.  albicans  (ATCC 10261),  C.  glabrata

(ATCC 90030), and C. tropicalis (ATCC 750) was performed. The antimicrobial re-

sults indicated that all the synthesized compounds were found to be active against all

fungal strains. It was observed that Ni(II) complex and Co(II) complex drastically re-

duced ergosterol content of cell membrane followed by the Cu(II) complex and the

ligand itself [24].
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Figure 2 (Part 2) : A series of some novel 5-substituted Schiff and Mannich bases of isatin derivatives

A novel series of fluoroquinolone C-3 heterocycles (IV), that is, s-triazole Schiff

27(a–k) (Figure 2) and mannich bases derivatives of ofloxacin was synthesized and

evaluated for in vitro antitumor activity against a murine leukemia cell line (L1210), a

human leukocytoma cell line (HL60), and a Chinese hamster ovary cell line (CHO)

using the MTT assay. From the observed results it was concluded that a free phenol

group containing compounds 27c, 27g ,and 27h exhibited more potent activity than

5



the other test compounds [25]. A series of thirteen quinolin-2(1H)-one-derived Schiff

bases 28(a–m) (Figure 2) and their Cu(II) 29(a–m) (Figure 2) complexes was synthe-

sized. Selected compounds were screened for their in vitro anticancer and antifungal

activities. Human hepatic carcinoma cell line, Hep-G2 was employed for screening of

the anticancer potential.  Cisplatin was used as a standard drug for the comparison.

Screened compounds were found to be active antifungal agents and compound (7E)-7-

(3-ethoxy-2-hydroxybenzylideneamino)-4-methylquinolin-2(1H)-one was reported as

a potent cytotoxic agent which enlightened the good potential of Cu(II) complexes of

Schiff base ligands as therapeutic agents [26]. A series of three Schiff bases 4-(([3-(4-

substituted  phenyl)-1H-pyrazol-4-yl]  methylene)amino)-5-[(substituted

phenoxy)methyl]-1,2,4-triazole-3- thiol,30(a–c) (Figure 2) was evaluated for their in

vivo antitumor activity against  Ehrlich-ascites-carcinoma-(EAC-) bearing Swiss al-

bino mice. Schiff bases were used in two different doses, that is, 50 mg/kg and 100

mg/kg of the body weight of mice. Mean survival time (MST) and percentage increase

in lifespan (% ILS), that is, total number of days an animal survived from the day of

tumor inoculation were calculated.  Body weights of all  animals were measured on

days 0, 3, 5, 7, 10, 12, and 14 [27]. The results revealed that cisplatin (3.5 mg/kg, i.p.

single  dose)  significantly enhanced MST of  EAC-infected  mice.  Among the three

Schiff  bases  4-(([3-(4-fluorophenyl)-1H-pyrazol-4-yl]methylene)amino)-5-[(2-

methylphenoxy)methyl]-1,2,4-triazole-3-thiol,30c,atthedoseof 100 mg/kg body weight

was found to enhance the mean survival time of tumor-bearing mice. MST and devi-

ated hematological parameters of infected mice were found to be normal after treat-

ment with 30c. A series of substituted-N-[(1E)-substituted phenylmethylidene]benzo-

hydrazide analogs, 31(a–n) (Figure 2) was synthesized and evaluated for their in vitro

antioxidant, anti-inflammatory, and antimicrobial activities. The antioxidant activity

of all the synthesized compounds was evaluated by the phosphomolybdenum method.

Compounds 31c, 31d, and 31f were reported to show good antioxidant activity due to

presence of 4-nitro, 4-methyl, and 3-nitro groups, respectively, whereas31ahaving 4-

hydroxy group did not possess such activity. From the results, it can be concluded that

substitutions like nitro and alkyl lead to enhancement in antioxidant activity  through

one-electron transfer mechanism  [28]. A new Schiff base ligand N-(2-hydroxylace-

tophenone)-3-oxapentane-1,5-diamine  (HL),  32,  and  its  Ni  complex,  [Ni2

(L)2(NO3)2], 33, were synthesized and evaluated for antioxidation and DNA-binding
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properties. The complex showed inhibitory activity and the suppression ratio of OH

radical increases with increase in the concentration of the complex. Mannitol and vita-

min C were employed as the standard antioxidants for comparison. According to the

results  the  50%  inhibitory  concentration  (IC50)  value  of  33  was  found  to  be

8.1±0.078�M whereasIC50 for mannitol was 9.6�M and 32 was devoid of antioxidant

activity. Both 32and33bind to DNA in intercalation mode but the binding strength of

33was  found  to  be  better  than  32  [29].  A  series  of  3-(benzylideneamino)-2-

phenylquinazoline-4(3H)-one, 34(a–l) (Figure 2) was synthesized and evaluated for

their  cytotoxicity and antiviral  activity.  Compounds  having 2-hydroxy substitution

showed better antiviral activity [30]. A series of thiazolines and azetidinones was syn-

thesized by reaction of Schiff bases, 35(a–i), (Figure 2) (intermediate reaction) with

thioglycolic acid and chloral acetyl chloride, respectively. Schiff bases were evaluated

for antibacterial and antiviral (against HIV-I) potential. All the compounds were found

to be good HIV-I inhibitors  except  35f  and 35g  [31].  Schiff  bases  of  2-phenyl-3-

(amino substituted arylidene)quinazoline-4-(3H)-ones, 36(a-b) (Figure 2) were synthe-

sized and evaluated for antihyperlipidemic activity.  Hyperlipidemia was induced in

rats by atherogenic diet. After 45 days, levels of serum total cholesterol (TC) and LDL

cholesterol were recorded to be 231.6±1.435 mg/dL and 164.53 ±1.26 mg/dL which

were comparatively higher than normal rat serum TC (71.36± 1.195 mg/dL) and LDL-

C (100.66 ± 0.88 mg/dL) levels whereas serum HDL-C level was found to be lower

(19.012± 0.66 mg/dL) as compared to the normal level (50.66 ± 0.88 mg/dL). Results

revealed that36areduced TC and LDL-C levels to 172.41 ±41 mg/dL and 91.10±0.97

mg/dL and raised serum HDL-C level to 60.07 ±0.67 mg/dL whereas36b reduced-

serumTCandLDL-Clevelsto93.63  ±1.292  and  81.35±0.81  mg/dL and  raised  serum

HDL-C level to 59.40± 0.45 mg/dL at the dose of 200 mg/kg, p.o., once daily [32]. A

series of oxovanadium complexes with mixed ligands, a bidentate NN ligand, 37, and

a tetradentate ONO-donor Schiff base ligand, 38 (Figure 2) was synthesized and eval-

uated for protein tyrosine phosphate (PTP) inhibition. PTP1B has been identified as

key enzyme related to insulin resistance. Thus the inhibition of PTP1B has emerged

out as an important approach to enhance insulin sensitivity. The kinetic analysis re-

sults revealed that oxovanadium complexes displayed potent reversible competitive

inhibition PTP1B with IC50 values in low nanomolar range [33]. A series of twenty-

seven bis-Schiff base of isatin, 39 (i–xxvii) (Figure 2) was synthesized and evaluated

7



for their in vitro anti glycation activity. Compounds 39(xx) and 39 (xxi) substituted

with nitro groups at para and ortho positions, respectively, were found to be the most

potent antiglycation agents with IC50 (257.61 ±5.63�M) and 243.95±4.59�M better

than IC50 (294.46 ±1.50�M) of rutin which was employed as standard. The 3,4-dihy-

droxy analog 39 (vii) was found as the third most potent antiglycationa gent with IC50

(291.14±2.53�M) [34].

Figure 2 (Part 3): A series of some novel 5-substituted Schiff and Mannich bases

of isatin derivatives
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Figure 2 (Part 4): A series of some novel 5-substituted Schiff and Mannich bases

of isatin derivatives
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Figure 2 (Part 5): A series of some novel 5-substituted Schiff and Mannich bases

of isatin derivatives
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Experimental
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Experimental Part

          In this part the student started to learn by the synthesis of an already prepared ligand and

its metal complexes for comparison reasons [35] then the new methodology was used to pre-

pare the complexes and to test the ability of the ligand to remove heavy metal from water.

Materials

                 All the reagents employed for the preparation of the ligand and its complexes were of the

best grade available and used without further purification. Preparation of ligands:

Preparation of ligands

The Ligand, H2L1

                    Ethanol solution (10 mL) of 2-hydroxybenzaldehyde (1.00 g, 8.19 mmol) was added

dropwise to ethanol solution (10 mL) of phenylhydrazine (0.89 g, 8.19 mmol) over 15 min with

stirring and continue stirring for 0.5 h. The yellow precipitate (Figure 3) was then filtered off,

washed with methanol, and dried in a vacuum desiccator over P4O10 (1.23 g, 71% yield).  1H

NMR (400 MHz, DMSO): dD10.61 ppm [s, 1H, H(8)], 10.40 ppm [s, 1H, H(10)], 820 ppm [s,

1H, H(7)], 7.55 ppm [d, 1H, H(6)], 7.28 ppm [pst, 1H, H(2)], 720 ppm [t, 2H, JD7.6, H(12) and

H(16)], 7.01 ppm [t, 2H, JD7.6, H (13) and H(15)], 690 ppm [m, 2H, H(1) and H(3)], 6.80 [t,

1H, J D 7.6, H(14)]. 13C NMR (300 MHz, DMSO, 300 K): 155.67 C(8), 144.70 C(7) and

C(11), 137.36 C(2) and C(5), 129.35 C(6), 129.26 C(15) and C(13), 120.41 C(14), 119.35 C

(1),  115.98  C(3),  111.70  C(12)  and  C(16).  IR  (KBr):  n(OH)  3291  (br),  n(NH)  3281(Sh),

n(CHN) 1622(s), n(C-O) 1250 (m). Elemental analysis for C13H12N2O (212.25): Anal. Calcd.

C 73.56, H 5.70, N 13.20; Found C 73.61, H 5.92, N 13.09.

Figure 3: Preparation of the ligand H2L1
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            Preparation of metal complexes
Complexes 1 and 2:

A hot (60° C) methanol solution of the copper (lI) acetate or cobalt acetate was added

to a hot (60° C) ethanol solution of the ligand with molecular ratios 1:1 L/M (ligand /metal).

The reaction mixture was then refluxed for a 2 h. The precipitates formed were filtered,

washed with ethanol, then with diethyl ether and dried under vacuum over anhydrous CaCl2.

Complex 3:

          (150 mL) of distilled water and (0.472 g) of copper (11) acetate monohydrate was

added with stir until melted (blue color) to (0.5 g) of the ligand with stir and molecular ra-

tios 1:1 L/M . The reaction mixture was then refluxed for a 2 h (green color). The precipi-

tates formed (brown color) were filtered, and dried in oven (3.912 g), (the solution green

color).

Complex 4:

          (150 mL) of distilled water and (0.944 g) of (CH3COO)2Cu.H2O was added with stir

until melted (blue color) to (0.5 g) of the ligand with stir and molecular ratios 1:2 L/M . The

reaction mixture was then refluxed for a 2 h (green color). The precipitates formed (brown

color) were filtered, and dried in oven (4.031 g), (the solution green color).

Complex 5:

          (150 mL) of distilled water and (1.888 g) of (CH3COO)2Cu.H2O was added with stir

until melted (blue color) to (0.5 g) of the ligand with stir and molecular ratios 1:4 L/M . The

reaction mixture was then refluxed for a 2 h (green color). The precipitates formed (brown

color) were filtered, and dried in oven (4.70 g), (the solution green color).

Complex 6:

          (150 mL) of distilled water and (3.776 g) of (CH3COO)2Cu.H2O was added with stir

until melted (blue color) to (0.5 g) of the ligand with stir and molecular ratios 1:8 L/M . The

reaction mixture was then refluxed for a 2 h (bluish green color). The precipitates formed

(brown color) were filtered, and dried in oven (4.142 g), (the solution blue color).
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Complex 7:

          (150 mL) of distilled water and (4.72 g) of (CH3COO)2Cu.H2O was added with stir

until melted (blue color) to (0.25 g) of the ligand with stir and molecular ratios 1:20 L/M .

The reaction mixture was then refluxed for a 4 h (bluish green color).  The precipitates

formed (brown color) were filtered, and dried in oven (3.892 g), (the solution blue color).

Complex 8:

          (150 mL) of distilled water and (0.561 g) of nickel chloride extra pure was added with

stir until melted (green color) to (0.5 g) of the ligand with stir and molecular ratios 1:1 L/M .

The reaction mixture was then refluxed for a 2 h (green color). The precipitates formed

white color) were filtered, and dried in oven (3.997 g), (the solution green color).

Complex 9:

          (150 mL) of distilled water and (1.122 g) of NiCl2.6H2O was added with stir until

melted (green color) to (0.5 g) of the ligand with stir and molecular ratios 1:2 L/M . The re-

action mixture was then refluxed for a 2 h (green color). The precipitates formed white

color) were filtered, and dried in oven (4.152 g), (the solution green color).

  Complex 10:

          (150 mL) of distilled water and (2.244 g) of NiCl2.6H2O was added with stir until

melted (green color) to (0.5 g) of the ligand with stir and molecular ratios 1:4 L/M . The re-

action mixture was then refluxed for a 2 h (green color). The precipitates formed white

color) were filtered, and dried in oven (4.272 g), (the solution green color).

Complex 11:

          (150 mL) of distilled water and (0.588 g) of Cobalt(ll) Acetate tetrahyrate was added

with stir until melted (pink color) to (0.5 g) of the ligand with stir and molecular ratios 1:1

L/M . The reaction mixture was then refluxed for a 2 h (pink color). The precipitates formed

white color) were filtered, and dried in oven (3.942 g), (the solution pink color).
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Complex 12:

          (150 mL) of distilled water and (1.176 g) of Cobalt(ll) Acetate tetrahyrate was added

with stir until melted (pink color) to (0.5 g) of the ligand with stir and molecular ratios 1:2

L/M . The reaction mixture was then refluxed for a 2 h (pink color). The precipitates formed

white color) were filtered, and dried in oven 4.020 g), (the solution pink color).

Complex 13:

          (150 mL) of distilled water and (2.352 g) of Cobalt(ll) Acetate tetrahyrate was added

with stir until melted (pink color) to (0.5 g) of the ligand with stir and molecular ratios 1:4

L/M . The reaction mixture was then refluxed for a 2 h (pink color). The precipitates formed

white color) were filtered, and dried in oven (4.104 g), (the solution pink color).
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Results and Discussion
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Results and Discussion

In case of complexes 3-13, the addition of the ligand to the metal salt solution 

formed to phases. After vigorous stirring the color of the solution changed to pale and the 

yellow ligand started to become brown indicating the formation of complex. After filtra-

tions, the precipitate formed was brown and resemble the formed complexes in case of 

complexes 1 and 2. The samples formed were send for IR and elemental analysis (we did 

not obtain the results yet). The remaining solutions will be investigated for metal concen-

tration using ICP. Since the ligand and tow of its complexes are already published [35] by 

the supervisor the results may Be summarized as:

All the synthesized compounds are colored, solid, stable at room temperature, non-

hygroscopic, insoluble in water and parhly soluble in common organic solvents such as 

CHCl3, but soluble in MDF and DMSO. The proposed structure for complexes are summa-

rized in figure  4.

Infrared spectra:

IR  spectra  of  the  complexes  were  recorded  to  confirm  their  structures.  The

assignments of the characteristic vibrational frequencies of the complexes were made by

comparison with  the vibrational  frequencies  of  the  free  ligand.  The ligand behaved as

neutral  or  monobasic  bidentate  ligand coordinating through the imine  nitrogen and the

phenolic oxygen. In some complexes the signal of the imine group was shifted to lower

wave number accompanied by a decrease in its intensity while the signal due to phenolic

C-O  were  shifted  to  higher  wave  number,  indicating  they  are  involved  in  complex

formation. The two new signals in the 430–457 and 539–573 cm-1 ranges may be assigned

to ν(M-N) and ν(M-O) respectively. IR spectral studies reported on metal aceto complexes

indicated that the acetate ligand may coordinate to a metal center in either a monodentatc,

bidentate or bridging manner. The νasym.(CO2) and νsym.(CO2) of the free acetate ions are at

1560 cm-1  and 1416 cm-1, respectively. In monodcntatc coordination ν(C=O) is found at

higher  energy  than  νasym.(CO2)  and  ν(C-O)  is  lower  than  νsym.(CO2).  As  a  result,  the

separation between the two v(CO) bands is much larger in monodentate complexes than the

free ion.  The opposite trend is observed in bidentate aceto coordination;  the separation
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between ν(CO) is smaller than for the free ion. [36-37] Both complexes showed two new

bands in 1554-1566 cm-1 and 1344 cm-1, which may be attributed to nasym.(COO) and nsym.

(COO), respectively, with D > 210 indicating monodentate acetates. [36]

Electronic Spectra

The  copper complex  showed two bands at  540 nm and 610 nm,  which  can be

assigned to  the 2B1g→ 2B2g and 2B1g→ 2Eg transitions,  respectively indicating that

copper(II) have tetragonal distorted octahedral geometry. [37-38] Its magnetic moment was

1.95  B.M.,  which  falls  within  the  range  normally  observed  for  octahedral  copper

complexes. [39] The magnetic moments of the complex 3 is 598 BM, which is closer to the

spin only value indicating an octahedral structure for this complex [40] which was further

supported by the appearance of very week signals  at 540, 650 and 834 nm ranges which

can  be  assigned  to  the  transitions  6A1g→ 4A1g(G),  6A1g→ 4T2g(G),  and  6A1g→

4T1g(G) in an octahedral geometry. [40,41]

figure 4: The proposed structure for some complexes  
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Molecular Modeling
The Results of modeling the ligand are summarized as follow: 

1- Atomic Charges optimization: 
Center         ----  Spin Dipole Couplings  ----

                      3XX-RR        3YY-RR        3ZZ-RR
 --------------------------------------------------------
     1   Atom       -0.034282     -0.033962      0.068243
     2   Atom        0.017242      0.013740     -0.030982
     3   Atom       -0.039368     -0.042688      0.082056
     4   Atom        0.017588      0.017966     -0.035554
     5   Atom       -0.039864     -0.043439      0.083304
     6   Atom        0.021996      0.016925     -0.038920
     7   Atom       -0.084346     -0.087638      0.171983
     8   Atom        0.057354      0.045842     -0.103196
     9   Atom       -0.085891     -0.084137      0.170028
    10   Atom        0.042890      0.034035     -0.076925
    11   Atom       -0.093363     -0.100834      0.194197
    12   Atom        0.039741      0.039341     -0.079082
    13   Atom       -0.140403     -0.145735      0.286138
    14   Atom        0.119487      0.100633     -0.220120
    15   Atom       -0.520812     -0.532347      1.053159
    16   Atom       -0.045825     -0.049650      0.095475
    17   Atom        0.002522      0.000077     -0.002599
    18   Atom        0.002198     -0.000817     -0.001382
    19   Atom        0.004458     -0.003420     -0.001038
    20   Atom        0.000770      0.000706     -0.001477
    21   Atom       -0.007144      0.012172     -0.005028
    22   Atom        0.002644      0.001085     -0.003729
    23   Atom        0.005044     -0.002410     -0.002634
    24   Atom        0.012142     -0.010109     -0.002033
    25   Atom        0.000900      0.001784     -0.002684
    26   Atom       -0.010742      0.017832     -0.007090
    27   Atom        0.004364     -0.000240     -0.004124
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 --------------------------------------------------------
                        XY            XZ            YZ
 --------------------------------------------------------
     1   Atom       -0.000746      0.000009      0.000007
     2   Atom       -0.000870     -0.000007     -0.000009
     3   Atom       -0.002242      0.000021      0.000031
     4   Atom       -0.002142     -0.000007     -0.000007
     5   Atom       -0.000397      0.000011      0.000005
     6   Atom       -0.003457     -0.000006     -0.000012
     7   Atom        0.000205     -0.000047     -0.000061
     8   Atom        0.015224      0.000019      0.000031
     9   Atom        0.000205     -0.000064     -0.000037
    10   Atom        0.000218      0.000021      0.000026
    11   Atom        0.003939     -0.000043     -0.000074
    12   Atom        0.004700      0.000019      0.000030
    13   Atom       -0.006217      0.000155      0.000190
    14   Atom        0.001045     -0.000063     -0.000204
    15   Atom       -0.001449     -0.000115     -0.000527
    16   Atom       -0.000276      0.000128     -0.000026
    17   Atom        0.003657      0.000000     -0.000001
    18   Atom       -0.000252      0.000000      0.000000
    19   Atom       -0.005800      0.000000      0.000002
    20   Atom       -0.002030      0.000000      0.000000
    21   Atom       -0.000566     -0.000001      0.000005
    22   Atom       -0.011844      0.000001     -0.000003
    23   Atom       -0.000593      0.000001      0.000000
    24   Atom        0.011481      0.000005      0.000000
    25   Atom        0.003940      0.000001      0.000002
    26   Atom        0.002044      0.000002     -0.000005
    27   Atom       -0.000295     -0.000005      0.000003
 --------------------------------------------------------

2- Charge Distribution

 

3- Infrared:

 The resulted spectrum was almost identical to that obtained from the analysis. The spectra

can even by explained and assigned theoretically and also display force vector.      
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The signal at 1646 cm-1 is due to the vibration
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4- HOMO Molecular Orbitals

5- LUMO Molecular Orbitals
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6- Occupied Molecular Orbitals
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