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Abstract 

The effects of several solvents (DMF, DMSO, Ethanol and Water) on the U.V. 
spectra were considered by using spectrophotometer from the wave length ranges (190 – 800 
nm). The results showed that most of the absorptions happened in the U.V. region, and that 
main electronic transitions are related to n –π*, π – π*. Also the results showed that there is 
an effect of the considered solvents on the λ max of the L-Tryptophan and their complexes. 
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Introduction 
  

The absorption values in different solvents are influences by solvation and/or 
dielectric constants of the solvents P

[1]
P. Studied the solvent effect on infrared spectroscopy of  

5-methyl-7-methoxy-iso-flavone in 20 several pure organic solvents to investigate the 
solvent–solute interactions and to relate solvent properties such as the Kirkwood-Bauer-
Magat (KBM) equation, the solvent acceptor number (AN) and the linear salvation energy 
relationships (LSER), respectively, with the infrared band shift. Little linear relation between 
dielectric constants and the frequencies appeared that the KBM relationship was unsuitable 
for the complicated molecules P

[2]
P. The maximum absorption of ligand at UV region was found 

in several solvents with different polarities (ethanol, DMF, dioxane, DMSO, and 
chloroform)P

[3]
P. The aim of this study was to calculate and investigate of the chosen solvents 

on the considered amino acid Tryptophan and its chelates by measuring the λmax of 
absorption. This was considered from two perspectives viewpoints: 1) solvation influences on 
the structure of the complex; 2) solvatochromic effects on the UV/Vis spectra. Coordination 
and solvent effects may lead to significant changes in the d–d transitions (square planar ↔ 
octahedral)P

[4] 
Pand to a large change in the ligand-field parameters of the complexes in 

solution. The solvents chosen for study were water, DMF, DMSO and ethanol. 
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Solvent effects 
 

The solvent effects on the electronic absorption spectra are used to consider the 
chemical properties of the excited state and to identify the electronic transitions in a 
molecule. One of the most basic methods for recognizing detecting such effects is the shift of 
the position of the maximum absorption this can be related to the various properties of the 
solute and the solvent P

[5]
P. The interpretation of solvent effect is frequently made difficult, 

since they are small and not simple to measure precisely and also because several individual 
effects, superimposed on one another, contribute to the observed changes P

[6]
P observation 

maxima wave numbers Solvent effect on absorption spectra has both qualitative and 
quantitativeP

[7]
P. Quantitatively, the spectra shifts to the refractive index whereas the qualitative 

and comprehensive treatment of solvent effect have been looked for to interpret spectra shift 
in terms of combination of dipole polarization of solute molecule and hydrogen bonding 
effect P

[6]
P. The solvent polarizability tends to move the absorption maximum towards lower 

energy, due to the stabilization of the excited state by the actuated induced dipole interaction 
between the transition moment and the solvent molecule. Moreover, the frequency shift of the 
spectra bands from the vapors P

[8]
P state to solution may be related to salvation stabilization 

energy of the excited and ground states depending on the different types of intermolecular 
interaction. In common, the functional groups with high bond moments are included in H-
bond formationP

[9]
P. The non-polar solute in non-polar solvents leading approximate equal 

salvation energies of both ground and excited state is due to scattering depending mainly on 
the solvent refractive index, similar situation was found for the non-polar solute in polar 
solvents but with more H-bonding molecule with the increase of solvent cage molecules, the 
behaviour of the polar solute in the non-polar or polar solvent was found to depend on the 
dipole moment of the solute (decreased or increased during excitation). The process of the 
reaction within the to begin with case leads to a blue shift of the maximum absorption and in 
the second case a red shift happens. It is expected that in the presence of polar solvents, 
accumulation of H-bonding forces happens depending on many factors: The magnitude of the 
charge in dipole moment during the electronic transitions, the solvent dipole moment value, 
and the size of solvent and solute molecules P

[10]
P. Many observational single-solvent polarity 

parameters have been presented and have had varying degrees of success correlating solvent-
dependant data. These have been reviewed by Richardt and Dimorth P

[11]
P. All things 

considered, little effort has been devoted to studying the different parameters in connection to 
each other. Katritzky et al P

[12]
P had undertaken a comprehensives study of the effectiveness of 

the  better known solvent polarity parameters over a wide  variety of solvent – subordinate 
phenomena (spectroscopic, kinetic and equilibrium) with the aim of determining the most 
successful measure of solvent "polarity". Since it transpires that no single parameter can deal 
effectively with all the types of phenomenon which vary with sol P

[3]
P.  

 The Frank-Condon principleP

[9]
P clarified the spectral shifts when the solute molecule is 

excited where the most stable arrangement of the solvent molecules in the ground state is not 
essentially. The most stable arrangement in the excited state happened when the excited 
solute molecule is surrounded by a solvent cage In polar or hydrogen bonding solvents with  
permanent dipole moment for polar solute, blue shift happens of λmax. with increasing 
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solvent polarity with the presence of "Frank Condon" phenomena. If the excited state – 
dipole moment is less than that of the ground state, blue shift of λmax occurs with increasing 
solvent polarity. This clarifies the shift of n―π* transition on hydrogen bonding, relative to 
hydrocarbon solvents P

[3]
P. The polar solvents and those which can form hydrogen bonds tend to 

interact electrostatically with various chromophores P

[13]
P. This change is due to the charge 

distribution in the molecule and result in increased delocalization. For π-π* transitions both 
the ground and excited states are stabilised and absorption towards longer wavelengths P

[14]
P. 

For n-π* transitions, the ground state in hydrogen bonding includes one electron of lone pair, 
the other having been promoted to an upper energy level. The hypsochromic shift with 
increasing solvent polarity i.e. ethanol → methanol → water is a useful means of recognising 
n-π* transitions. During the present study also n-π* transition and π-π* transition both are 
blue shifted with increasing solvent polarityP

[15]
P.  

 
Material and Methods 
 
Ligand 
 

L-Tryptophan the amino acid which used as ligand, and its structure is shown in the 
following Figure: 

 
Figure (1): L-Tryptophan  

 
10P

-3
PM stock solution was prepared by dissolving 0.204 gm of L-Tryptophan in 250 ml 

distilled water, more diluted solutions were prepared by diluting the stock. 
Different solvents with different polarities:- (ethanol, DMF,  DMSO, and water). 
 
Synthesis of Zn (II),  Co (II) and Cd (II)  complexes 
 

The complexes under investigation were prepared by mixing 25cm P

3
Pammonium 

solution of the Tryptophan (0.02 moles; 4.08 g) with the same amount of ammonium solution 
of the metal salts (0.02 mole); Zn(NOR3R)R2R.3HR2RO (4.86g), Co(NOR3R)R2R.HR2RO (5.82 g) and 
Cd(NOR3R)R2R. 4HR2RO 4 (6.1 g). The obtained mixtures were refluxed with stirring for 1.5 hours, 
the mixture leaving in darkened place even of two day. The obtained products were filtered, 
and dried in desiccators over anhydrous CaClR2R under vacuum. The yield ranged from 60-75% 
and the melting points of all complexes are above 350 P

°
PC. 
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Absorption spectra analysis of L-Tryptophan and their complexes  
 

The spectrophotometric investigation of the dilute solution of the synthesized 
compounds was  done in each of the solvents, in the concentration  range of (10 P

–3
P – 10P

-4
P) M 

using Perkins–Elmer Lambda 3D double beam UV – visible spectrophotometer. One of the 
pair of matched quartz cuvettes contained in the reference compartment of the 
spectrophotometer and the other in the sample compartment contained dilute solution of 
known concentration. The optical excitation was done with deuterium lamp as light source in 
the UV region and tungsten light in the visible region. The spectra were scanned at 25 P

o
PC in 

the range of 220 – 500 nm for both the solution and the solvent whose absorption serve as 
blanks or base lines for the solution absorption bands. 

 
Results and Discussion 
 

The absorption spectra for the studied metal ions (Zn P

+2
P, CoP

+2
P and CdP

+2
P), with the 

Ligand L-Tryptophan in some solvents (DMF, DMSO, Ethanol and HR2RO), were showed in Figures 
of (2-13), respectively, and the values of λRmaxR are collected in Table (1). The results showed that, the 
electronic spectra of the studied complexes in DMF showed the following λRmaxR (365, 364 and 305  
nm), respectively, while in the solvent of DMSO showed λRmaxR at (307, 367 and 306). On the other 
hand, in the solvent of ethanol showed λRmaxR (224, 341 and 383), respectively. Additionally, in water 
solvent showed λRmaxR at ( 224, 294 and 277), respectively. Only one main band is observed in different 
solvent (DMF, DMSO, Ethanol and HR2RO). This band many be assigned as being of the n―π* type 
electronic transition. By comparing the effect of organic solvent with water as solvent the results 
indicated, in ZnP

+2 
Pion the band is strongly red shifted in presence of water solvent to be at 365 and 307 

nm in presence of DMF and DMSO, respectively, but Such band is not changed in ethanol solvent. 
On the other hand, In CoP

+2 
Pion  also the  band is strongly red shifted in presence of water solvent  to be 

at 364, 367 and 341 nm in presence of DMF, DMSO and  ethanol respectively. Finally, in CdP

+2
P ion, 

this band  is strongly red shifted in presence of water solvent to be at 305, 306 and 383 nm in presence 
of DMF, DMSO and ethanol respectively.  

 
Table (1): Effect of solvents on λRmax R of L-Tryptophan and their complexes.  

 
 
 
 
 
 

Compounds λmax 
DMF DMSO Ethanol HR2RO 

Zn P

+2
P  complex 365 307 224 224 

Co P

+2
P  complex 364 367 341 294 

CdP

+2
P  complex 305 306 383 277 
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Figure (2): The effect of solvent DMF on the 

electronic spectra of Zn+2 complex. 

 
Figure (3): The effect of solvent DMSO on the 

electronic spectra of Zn+2 complex. 

 
Figure (4): The effect of solvent ethanol  on the 

electronic spectra of Zn+2 complex. 

 
Figure (5): The effect of solvent water on the 

electronic spectra of Zn+2 complex. 
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Figure (6): The effect of solvent DMF on the 
electronic spectra of Co+2 complex. 

Figure (7): The effect of solvent DMSO on the 
electronic spectra of Co+2 complex. 

Figure (8): The effect of solvent ethanol  on the 
electronic spectra of Co+2 complex. 

Figure (9): The effect of solvent water on the 
electronic spectra of Co+2 complex. 
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Figure (10): The effect of solvent DMF on the 
electronic spectra of Cd+2 complex. 

Figure (11): The effect of solvent DMSO on the 
electronic spectra of Cd+2 complex. 

Figure (12): The effect of solvent ethanol on the 
electronic spectra of Cd+2 complex. 

Figure (13): The effect of solvent water on the 
electronic spectra of Cd+2 complex. 
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