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Abstract 

 

     Zn-Schiff-base Complexes(II) have been synthesized. The Schiff-bases prepared and their 

complexes were identified by IR, UV-Visible and elemental analysis (CHN). These experiments 

show that transition  metal can form complexes with Schiff base in the ratio 1:2[M:L]. The 

Schiff-base(I,II) and their complexes(III,IV) were studied by quantum chemical methods, the 

optimized structures of the compounds(I,II,III,IV) were obtained by the semi-empirical PM3 

method. The value of  total energy for complexes as found (III,IV) is less than Schiff base ligand  

(I,II), which strongly indicates the stability of the complexes. Also  the dipole moment of 

complexes  high values as compared with Schiff base ligand. The changes of the bond lengths in 

complex (IV) indicate the presence of π-conjugation in the  aromatic system for aromatic ligand 

(II) if  compared with aliphatic ligand(I). The mean  distances N-Zn and O-Zn in the complex(IV) 

an decreased compared with the complex (III))because of the complex (IV) have high  

electrostatic attraction. 
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 المستخلص

تممتحتيرممليكانلات قكاحد كفممقحقممتح لزنممقكاحكاة مم حكاعقلممقومحمحد كفممقحقممتح لزنممقكتختحكاليرمميوحق  مماح ت ممت قكتحل لت لمم ح     
لممملحكاز ت ممميحكاقدلنممم حم يمممقوحكاتن لمممتاح  مممت قلاحا  ممملن ححات لمممل حكلاقمممز حتيممماحكايلممميكاح كلاقمممز حكالينلممم ح  ممم  حكا    مممعل ح تيتا

الات مممق(محح-(  نممة1:2كاتيالمماحكاالللممتنتحانت ت مم محكاتن لممتاح لل مماحك حكا نممةحكلا تنممتاتحلامم  حلزنممقكاحلمم)حكانتفممقوحقممتح   مم  حح 
لأ لحلممميوحمحل كنلممم حكاتيكالممماحك عمممةاح  يلنممم حكاقممم  ححكاي مممت تاحكا ةيلممم حان كفمممقحقمممتح لزنمممقكتختحدمممقحقي ممماح  ك ممم  حالللمممتاحكاامممت

محكاقيك  حكةخياح  حكا تد حكاانل حانلزنقكاح دل  اثيحك تنيكي(حل حكا تد حكاانل حانلات مقكاحد كفمقحPM3 تعيل ل حكال ت ىحكاثتاث
تح ل ماحكاي مت تاحك حترلميكاحقت,حاقا حكةخياحكاقيك  حكانلل حكازتال حازمةتحث متنتحكان ماحانلزنمقكاحلنتي م حلم)حكانلات مقكتخت,ح الم

 تح   كلحكلا ك يح   ختح ةمتتح متفح متحكا ةمتتحكلا يلمتتتححانلات مقحكلا يلمتتتحلنتي م حلم)حكانلات مقكلاال تتت,حالمتحك رمياحكاقيك م ح
  مم احكاتعممتقاحكلاحااتي  ممتتت حح(III)حكد مميحلمم ح ةليتخممتح ممتحكالزنممقحح (IV) ممتحكالزنممقO-Zn  ح N-Zn ك ح مم لحكلا مميوح

 م(IV)كالزنقحححكازتاتح ت

 

mohamad
Typewritten text
Website: http://jsci.utq.edu.iq                                             Email: utjsci@utq.edu.iq



 

 

 
 

69 

   J.Thi-Qar Sci.                          Vol.2 (4)                              Feb./2011 

Introduction 

 

       Schiff base derived from an amine and  

aldehyde  are important class of ligands that  

coordinate  to metal ions via azomethine  

nitrogen and have been  studied 

extensively
(1)

. Schiff base complex are 

important for designing metal complex 

related to synthetic and natural oxygen 

carriers
(2)

 . The complexes  

make these compounds effective and 

stereospecific catalysts for oxidation, 

reduction and hydrolysis and they show 

biological activity, and other transformations 

of organic  

and inorganic chemistry
,
 It is well know that 

some drugs have higher activity when 

administered as metal complexes than as 

freeligands
(3,4,5).                                                                                                                                                                                        

 

Computational chemistry is a new discipline, 

its advent and popularity have  paralleled 

improvements in computing power during 

the last several decades, as with other 

disciplines, computational chemistry uses 

tools to understand chemical reactions and 

processes. Scientists use computer software 

to gain insight into chemical processes
(6,7)

. 

The challenges for computational chemistry 

are to characterize and predict the structure 

and stability of chemical systems, to 

estimate energy differences between 

different states, and to explain reaction 

pathways and mechanisms at the atomic 

level and bond geometries, angles, torsion, 

atomic charges
(8,9)

. One of software tools for 

computational chemistry is HyperChem 

computational chemistry 

program,HyperChem is a versatile molecular 

modeler and editor and a powerful 

computational package. It offers many types 

of molecular and quantum mechanical 

calculations
(10-11)

                                                                          

       In the present study ,Zn-complexes of 

Schiff base were prepared, characterized by 

IR, UV-visible and elemental analyses and   

we have  investigated the structural 

properties and relative stabilities  for the first 

time theoretically by performing semi-

empirical PM3 calculation.                                                 

Experimental 

A - Chemicals 

                                                                          

      Ethanol , methanol, salicylaldehyde, 1-

amino propane from ( Fluka Co), acetic 

acid, ether,aniline, chloroform, metal 

chloride (Merck Co), were purified before 

using
(12 )                  .                  

 

B - Instruments                                                     

  IR- Infrared spectrophotometer from 

made by Buck Scientific Model 500 in the 

range (4000 – 600) cm
-1

. U.V–Visible 

spectrophometer, Model–U-1500- HITACH 

Melting Point, Model – Electro thermal 

melting point 9300. The CHN analyses were 

carried out in Micro Analytical Center/ 

Faculty of Science, Cairo University/ Egypt                                                                                        

Method 

Synthesis of the Ligand ( I )
 (13)

      

       0.04mol (3.20ml )of the propyl amine 

and 0.04mol (4.20ml) salicylaldehyde were 

dissolved in 100ml absolute ethanol with a 

few drops of acetic acid as a catalyst. The 

solution was then refluxed for 2 h. the ligand 

was obtained as yellow micro crystals, and 

washed with 20ml of cold absolute ethanol 

and then recrystallized for several times 

from ethanol – chloroform (1:3,v/v) 91% 

yield, m.p.102-103 0C. Schiff bases have 

been characterized by elemental analysis and 

IR, UVspectra ,Figure1.   
                                                                                                                             
Synthesis of Ligand (II)

 (14)  
      The methanolic solution 50ml of aniline 

3.65ml (0.04mol)  with the methanolic 

solution 50ml of salciylaldehyde  4.20ml ( 

0.04 mole) in equimolar ratio with a few 

drops of acetic acid as a catalyst. The 

mixture was refluxed with stirring for 3h , 

the condensation product was filtered, 
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washed from ethanol, recrystalised with 

ethanol, and dried under reduced pressure 

over anhydrous CaCl2(10). The resulting red 

product, 89% yield , m.p. 53-54 0C. The 

Schiff bases have been characterize  by 

elemental analysis and IR, UV spectra, 

Figure 1.                        

 

                                             

 

 

 

 

 

 

 

 

  

 

 

 

Synthesis Complexes (III ) (13)
     

      A mixture of ligand I6.5g (0.04mol), 

and metal chlorides 2.7g (0.02mol) in  

100ml ethanol. The mixture of reaction was 

refluxed on a water- bath for 10 h. The 

solution obtained was left at room 

temperature. The precipitate was filtered , 

washed with ethanol and recrystallized from 

ethanol – chloroform (1:3,v/v). dried over 

anhydrous CaCl2, dark black solid, 86 % 

yield , m.p >300. Characterized by elemental 

analysis and IR, UV spectra. The structure 

was showed in the Figure 2  

Synthesis Complex ( IV ) (14)
      

   5.9g (0.03mol) ligand( II ) , and 2g  

( 0.015mol) metal chloride were mixed with 

100ml ethanol and heated under refluxed for 

2h. On cooling a crude product was formed, 

filtration and washed with mixture ethanol – 

water 

( 3:1,v/v). dried over anhydrous CaCl2, 

brown solid, 84% yield, m.p. >300. 

Characterized by elemental analysis and IR, 

UV spectra. The structures are showed in the 

Figure2. 
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Study of Electronic Properties 

Computational  Methods 

    Electronic structure methods provide 

useful information on the molecular 

structure and charge distribution, so they are 

useful to understand and describe systems 

where electronic effects and molecular 

orbital interactions are dominant. Depending 

on the theoretical assumptions used for 

calculations, electronic structural methods 

belong to one of two fundamental groups: ab 

initio and semi-empirical
(15)

 . Semi-empirical 

methods use parameters derived from 

experimental values that simplify theoretical 

calculations. These methods usually do not 

require long computation times,and lead to 

qualitative descriptions of molecular 

systems. In particular, the semi-empirical 

PM3 method makes uses of an accurate 

procedure to predict chemical properties, 

through a simplified Hartree-Fock (HF) 

Hamiltonian
(16,17).

 Based on the above 

considerations, the following methodology 

was chosen for our computer simulations. A 

full quantum mechanical geometry 

optimization with no symmetry restrictions 

was performed at the semi-empirical PM3 

level of theory. 

   Two Schiff base ligands and their Zn- 

complexes were optimized by the semi-

empirical PM3 method. All calculations 

were performed on the Pentium (R)4/IPM-

PC- CPU 3.00GHz, 2.00GB of RAM. 

 

Result and Discussion 

     In this paper, we describe the synthesis 

of Zn(II)-Complexes(III,IV),  were formed 

in  good yield, the ligands and its complexes 

are stable at room temperature and  are 

nonhygroscopic.The elemental analysis data 
suggest that the complexes have ratio 1:2 ( 

metal – ligand ) stoichiomtry. Based on the 

elemental chemical analysis has been 

suggested, for complexes(III,IV) the formula 

ML2. The analytical and physical data for 

the ligands and their complexes are listed in 

Table 1. 

 

UV Spectra
(18,19)

      

    The electronic absorption spectra of the 

Schiff-base ligands(I, II) and its 

complexes(III, IV) were recorded at room 

temperature using DMF as solvent. The 

essential absorption of prepared compounds 

were appeared red shift ( Bathochromic ) 

comparing with free ligand. The absorption 

band at 285nm, 305nm respectively is 

observed in the spectrum of the free Schiff-

bases(I, II), suggesting the presence of (π-

π*)transition. For Zn- complexes(III,IV), the 

spectral data display two bands at 

350,410nm and 330,370nm respectively. 

The first band is due to (π-π*)transition, 

which can be assigned to electron 

delocalization over whole molecule on 

complexation, the second band is attributed 

to (d-d)transitions due to transfer  of 

electrons from nitrogen – oxygen to the 

empty d-orbitals of the metal atom( donors 

and acceptor). The all bands were show in 

Figures( 6,7,8,9). 

Table (1).       

                                                               

          IR Spectra
(20,21)

      

      The Schiff-base and their complexes 

were identified by IR spectroscopy in the 

range (4000–600)cm
-1 

as KBr discs are 

shown in Figures 10,11,12,13. The OH 

group in ligand(I,II) was appeared in  the 

range 3010 – 3405 cm-1 and 3110 – 3480 

cm-1  respectively, while it disappeared in 

the IR-spectra of the Schiff-base 

complexes(III,IV) which may be attributed 

to deprotonation  and formation of the metal 

ion M-O. The absorption bands at 1645, 

1625 cm-1 in Zn-complexes(III, IV) 
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respectively are due to ν(C=N) vibrations while corresponding bands in the free 

ligands 1610- 1625 cm-1, this fact can be 

taken as an evidence of the coordination of 

azomethine nitrogen and oxygen to metal 

atom, and this can be explained by the 

donation of electrons from nitrogen – 

oxygen to the empty d-orbitals of the metal 

atom . The(C-H) stretching bands in ligand 

(I ,II) appear in the region  2885-2960 cm-

1and 3010-3095 cm-1 respectively, while in 

complexes(III, IV) appear in the region  

2811-2925 cm-1 and 3050 cm-1 respectively. 

The(C-H) bending bands(out of plane) in 

ligand (I ,II) appear in the region  620 and 

620 cm-1 respectively, while in 

complexes(III, IV) appear in the region  710-

700 cm-1 respectively. The new of bands in 

Zn-complexes(III, IV) at the range 735-720 

cm-1 and at the range 624-611 cm-1 

respectively, have tentatively been assigned 

to νM-O and νM-N respectively. The all 

mentioned bands were shown in Table (2) 
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Table- 1-  Analytical and physical data of the ligand (I,II) and their complexes (III,V). 
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HyperChem Calculation  

      To calculate the properties of a 

molecule, we need to generate a well-

defined structure, a calculation often 

requires a structure that presents a 

minimum on a potential energy. 

HyperChem contains several geometry 

optimizers to do this. We are calculate 

properties of a molecule and use the 

optimized structure as a starting point 

for subsequent calculations. Such as 

total energy(ev) , dipole moment, heat 

of formation(kcal/mol) , electronic 

energy(ev), core-core repulsion(ev), 

symmetry.bond distance(A0) and bond 

angles
(22,23)

     . The optimized structures 

to Two Schiff base ligands( I, II ) and 

their Zn-complexes   (III,IV) are 

visualized in (Figs 3  ,I , II, III, V 

sequence) and selected parameters of 

their structural data are summarized in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table3.In both complexes (III,IV), the 

ligands can coordinate to the Zn(II) 

through the phenol oxygen and 

azomethine  nitrogen. In complex 

Zn(L2)2(IV) the distance between [d(N-

Zn) =1.92 A0] and the distance between 

[d(O-Zn) =1.85 A0]  are shorter than in 

complex Zn(L1)2(III)- [d(N-Zn) =2.01 

A0], [d(O-Zn) =1.97 A0] due to 

presence of π-conjugation in the 

coordinated anion with aromatic ring 

(phenyl) in ligand (L2)(II) and shorter 

than the average values in 

corresponding structures because of 

electrostatic attraction between both 

oxygen and nitrogen and zinc  

cation
(24)

. On the other hand, the π-

conjugation causes the decrease of Schiff 

base bond length in complex Zn(L2)2(IV) 

[d(C-N) =1.27 A0],compared with the 

Table – 2-  IR data for prepared compounds 

 



 

 

 
 

011 

   J.Thi-Qar Sci.                          Vol.2 (4)                              Feb./2011 

complex Zn(L1)2(III) [d(C-N) =1.31 A0], 

this behavior reflects the strong electrostatic 

attraction between the amino group and the 

zinc cation
(25)

. In complex Zn(L2)2(IV) the 

distance between [d(C-O) =1.36 A0] are 

shorter than in complex Zn(L1)2(III) the 

distance between [d(C-O) =1.30 A0]  while 

the distance between [d(C-O) =1.36 A0] in 

ligands are equilibrium The computed heat 

of formation, total energy, electronic energy, 

core-core repulsion energy, ionization 

potential and their other computed results  

(for compounds I-IV) on the basis of  PM3 

method are given in the Table 3. Variation of 

total energy for compounds I-IV is shown in 

the Table.4. The computed total energy 

values for Schiff base complexes ( III, IV ) 

are less than Schiff base ligand (I,II) which 

indicates the stability of Schiff base 

complexes (III, IV)
 (26)

. The dipole moment 

plays a key role in establishing the active site 

of the ligand, for complex formation and 

hence these values are also given in the  

Table (4) for Schiff  bases . The dipole 

moment for the compounds (I – IV) (Table 

4) shows that this parameter has the 

appreciable high values for complexes 

compared with its Schiff base ligand, which 

also supports the fact that these Schiff bases 

prove to be effective ligands for the purpose 

of complex formation
(27,28)

. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3:  Molecular descriptors of observed compounds. 
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L1 ( I ) L2 ( II ) 

Zn-(L1)2 ( III ) Zn-( L2)2 ( IV ) 

Figure 3:  PM3 geometry of the compounds 
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Table 4: Selected structural parameters of the optimized compounds, bond 

distance (A
º
) and bond angles in (º) as obtained from PM3 method 

Figure   6:  UV-Visible spectra of ligand ( I ) 

in DMF (1 x 10
-5

) M 

Figure 7:   UV-Visible spectra of ligand ( II ) 

                     in DMF (1 x 10
-5

) M   
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Figure 8: UV-Visiblespectra of Zn-complex 

(III) in DMF (1 x 10
-5

) 

Figure 9:  UV-Visible spectra of Zn-comlex 

(IV) M in DMF (1 x 10
-5

) M 

Figure 10:  IR-spectrum of Ligand I. 
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Figure 11:  IR-spectrum of Ligand II 

 

Figure 12: IR-spectrum of Zn-complex III 
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:Conclusions 

    In complex Zn(L2)2 (IV) the distance N-

Zn and distance O-Zn are shorter than in                         

complex Zn(L1)2 ( III) because of π-

conjugation with aromatic ring (phenyl) in 

ligand (L2)(II) and shorter than the average 

values in corresponding structures because 

of electrostatic attraction between both 

oxygen and nitrogen and zinc cation. This 

behavior reflects the strong electrostatic 

attraction between the amino group and the 

zinc cation. Total energy for Complex (III, 

IV) less than Schiff base ligands ( I, II), 

strongly indicates the  stability of complexes 

( III, IV ) .  Dipole moment have maximum 

values for complexes compared with their 

Schiff base lgiands . This high dipole 

moment may make the complexes attractive 

for the interaction  with other systems                            
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