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Abstract 

The reaction of 5-(X-phenylazo)-8-hydroxyquinaldine derivative [X=m-

NO2(I) and  p-NO2 (II)] with In
+3 

ions in solutions  showed that 1:1 and 1:2 

complexes were formed. The formed complexes were found to be a suitable 

method for direct spectrophotometric micro determination of indium ion .  

Beers law was obeyed over the range (2-16) and  (2-14) ppm of In
+3

 with 

complexes (I) and (II) respectively. The molar absorptivity is 14000 and 35000 

mol
- 1

 cm
-1

 for (I) and (II) respectively. 

The stepwise stability constants of complexes were calculated by applying 

the corresponding solutions method 

The melting point of complexes were measured [(158-160)C
0
 for I and 

(201-203)C
0
 for II] respectively, and the infrared spectra of the formed complexes 

were measured using (KBR) disk.  

  Key wards:Absorption, Sequence of addition, Isopestic point, Stoichiometry, 

Colman's graphical method and Stability constants.     

List of symbols and notations: 

In
+3

: Indium ion 

A: Absorbance 

a: Specific absorptivity  

 : Molar absorptivity 

S: Sandell sensitivity 

 : Wave length 

M: Metal 

L: Ligand 

CM: Metal concentration 

CL: Ligand concentration 

n : Complex formation function 

E: Ethanol 
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5-(X-NO2 phenylazo )-8-
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Introduction

An investigation deals with spectrophotometric determination of 

Al(III) , Ga(III) and In(III) ions with azodyes 5-(p-hydroxyphenylazo)-8-

hydroxyquinoline (L) and  the determination of stability constants in 

methanolic solution was done by Ali and Al-Issa (1994). 

 

 

 

The spectrophotometric studies of complexes of 5-(p-

hydroxyphenylazo)-8-hydroxyquinoline with some group (III A) metal ions 

were also studied. Some azodyes which are derived from 8-

hydroxyquinaldine can prepared by Ali (1997) and which have the 

following general structure: 

 

 

 

where X represents the substituted  group ,namely, –H, –Br, –COCH3, –

CH3, and –OH. The analytical studies of these azodyes and their complexes 

with zinc ion has been done. The Infrared spectra of formed complexes 

reveal that the bonding of zinc ion with any of investigated dyes takes place 

through the formation of two bonds.   

The spectrophotometric studies of complexes of 1-(o-

Carboxyphenylazo)-2-Naphthol with Cobalt (II) and Iron (III) were done by 

Abed Al-Kareem (1996). 

The spectrophotometric analysis of - and -Naphthol mixtures 

applying partial least-squares method was studied by Revilla (1999), and the 

Kinetic spectrophotometric determination of nanogram levels of manganese 

(II) by azodye potassium periodate-1,10-phenanthroline system was studied 

by Mutaftchiev (2002).  
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The reaction of 5-(o- phenylazo)-8- hydroxyquinaldine with  In
+3 

 

ions was studied by Ali (2006) 

Experimental: 

All reagent were of analytical reagent grade solutions. A 0.01 M 

indium (III) stock solution was prepared by dissolving 0.304 g of 

In 2 (SO 4 ) .3
5H 2 O in 50 ml. The indium calibration solution were prepared 

from the stock solution, Ali (2006). The absorption spectra of the azodye 

complex with In
+3

 ions was measured with the range (360-650 nm) in 

ethanol using the [LKB (Biochrom) ultraspec II 4050 UV/Visible]. 

The Ethanol used to recrystallize the formed complexes and then the 

melting point of complexes were measured [(158-160) I and (201-203) II] 

respectively. 

 The infrared spectra of complexes recorded in the rang (600-4000) 

cm
-1

 by using Potassium Bromide (KBr) disk.  

Procedure:                                                                                                                                                                                                       

The solutions of azodyes with concentrations (0.001 M) was 

prepared by dissolving weight (0.023 g) in 75 ml Ethanol. The complexes 

formed was recrystallize in Ethanol and the melting points of complexes 

were measured. The two series of complexes solutions were prepared to 

studied the maximum wavelength ,in the first series the ratio [1:1] 

complexes of In
+3 

ions with azodye (4×10
-5 

M), and the [1:2] complexes 

[4×10
-5

 M(In
+3

): 8×10
-5 

M(L)] were prepared by  using ethanol and ligand as 

blanks respectively. In molar ratio method the series of complexes solutions 

were prepared with In
+3

 ion of constant concentration (1.5×10
-5 

M) and 

variation in azodyes concentrations in the range[(0.45×10
-5

)-(5×10
-5

) M] 

and the absorption spectra of the complexes was computed using ligand as a 

blank. In continuous variation method the series of the complexes solutions 

with variation concentration of In
+3 

ions in the   range [(0.2×10
-5

)-(1.41×10
-

5
) M] and variation concentration of azodyes in the range  [(0.6×10

-5
)-

(1.8×10
-5

) M], the total concentration of complexes remains un changed, 

using ligand as a blank.                                                                                                                            
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 The sequence of addition effect was studied by preparing the 

following complexes    [(M,L,E), (M,E,L), and (L,E,M)]. The complexes  

(4×10
-5 

M) was prepared to study the time effect during (0.5-120) minutes. 

To know the number of absorbing species  in solution mixture of  

complexes, the solution of  In
+3

 ions (1.5×10
-5 

M) was prepared, as well as 

the variation concentration of azodyes (I) and (II) respectively was also 

prepared at the rang (0.9×10
-5

 - 3.9×10
-5

 M )in complexes.    

The stability constants of formed complexes were calculated by 

preparing two series of complexes solutions. In the first series a constant 

concentration (1.5×10
-5 

M) of In
+3 

ions, while variation the concentration of 

dyes solutions (I) and (II) in the range [(0.45×10
-5

)-(5×10
-5

) M], the second 

series a constant concentration at (0.8 ×10
-5

 M) of In
+3 

 ions, and variation 

concentration of dyes solutions (I) and (II) was prepared in the range  

[(0.4×10
-5

) -(3×10
-5

) M]. The spectra of the complexes solutions were 

computed using ligand solution as a blank.                       

The formed complexes recrystallize in the Ethanol and the melting 

points of complexes were measured. The infrared spectra of complexes were 

investigated using (KBr) disk.  

 

Results and discussions 

The absorption spectra of the complexes was recorded  the range 

 =(350-600) nm, it was found that the complexes have an absorption broad 

band with maxima at [(420 nm) for complex (I) and (460 nm) for complex 

(II)] (Fig. 1). These pond in complexes I and II seems to be belong to ( - 


*
) transition. The effect of time was studied (table 1), it was found that the 

complexes is almost formed instantaneously and remain stable for more 

than 24 hours. 

The sequence of addition (Table.2) was studied, it was found that the 

complexes of   In
+3 

ions  with azodyes (I) and (II) respectively remain stable 

by using sequence dye, ethanol and metal. 

The stoichiometry was investigated using the molar ratio method Ali 

and Al-Issa (1994) and the continuous variation method Budesinsky (2007), 
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the results indicates the formation of [1:1] and [1:2] [M:L] complexes is 

noticed, (Fig.2) and (Fig.3) respectively.  

The presence of that complexes was confirmed by calculating the 

number of absorbing species using Colman
’
s graphical method Boella 

(2005), as applied to the results of the molar ratio method for the complexes. 

This method shows that three species exist, (Fig.4).  

Beer’s law was obeyed to the complex under investigation for the 

spectrophotometric determination of indium, it was found that Beer’s law is 

satisfactorily obeyed up to 16.06 ppm(I) and 13.78 (II), (Table.3). A better 

results and higher values were obtained by applying the optimum blank 

compensation technique Ali and Al-Issa (1994), i.e. using amount of 

unreacted  dye as the blank from the knowledge of the stoichiometry of the 

complexes (Fig.5). 

lists the molar absorptivity ε, , specific absorptivity Boella (2005), (a 

correspond to the absorbance of 1 ppm in a cell with optical path length of 1 

cm), and Sandell function for sensitivity Sandell (1959), (represents the 

number of micrograms of the determined matter per ml of solution having 

an absorbance of 0.001 for a cell with path length of 1 cm), were given in 

(Table.3). 

The number of absorbing species in solution mixture of In
+3 

ions 

with azodye is determined using Coleman s graphical method based on the 

data obtained by the molar ratio method. The number of absorbing species 

obtained confirm the formation and molecular structure of the complexes as 

indicated by the stoichiometric studies, (Fig.4). 

By the corresponding solutions method Ali and Al-Issa (1994), the 

stability constants of the complexes of In
+3 

ions with  dyes (I) and (II) were 

calculated using half values method. This method required two series of 

solutions of total metal In
+3 

ions concentration C1M and C2M of each of the 

complexes (Fig. (6-a)), and of varying legands [dyes (I) and (II)] 

concentrations C1L and C2L. The corresponding solutions method is that 

having the same absorbance at different ligand concentration from the 
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absorbance-CLplots many pairs of C1L and C2L consequentlyn  (complex 

formation function ) and [L] can be determined:        

 

 

 

 

By using the half value method, log1 and log2 are obtained by  

ploting n  against PL, (Fig.(6-b)), it was found that log1 of ( I )=5 and 

log1 of ( II) =5.2,   log2 of (I) =10.2 and log2 of (II) =10.25. 

To know the natural bonding of the azodyes with In
+3 

ions the 

infrared spectra of complexes were recorded in the range (4000-600) cm
-1

, 

(Fig.7).This spectra shown the differences between azodyes spectra and  

complexes spectra  which can be represented  by the absorption bands which 

are related to   O-H group where disappearance of the analogues bands of 

the stretching vibration can be expected at 3300 cm
-1

 and the analogues 

bands of the bending vibration out the plane in the range (825-850) cm
-1

, but 

the possibility of entered of  Ethanol molecules in formed complexes 

structure make the band at 3300 cm
-1

 appears in complexes spectra .But the 

different is seemed to be clear in the relative strength of the bending 

vibration bands to O-H bond which appear in the range (1120-1080) cm
-1

, 

where  the relative strength of this band related to the O-H group is 

increased when it is moved from azodye to the complex.          

Furthermore, it is expected to occur a shift in the position of the 

analogues band of the bond C=N in the quinaldine part as a consequence of 

connecting C=N with metal. On the other hand the absorption positions of 

the –N=N- group in the complexes are effected, as well as shifts occur for 

them towered the minimum frequency in range (10-45) cm
-1

.   

It can also be noted that there are two bands appeared in the spectra 

of the quinaldine molecule at 1590 cm
-1

 and 1560 cm
-1

 in spectra of 

complex and ligand, but when it is moved to the spectra of the analogues 

complexes, we see that  the band at 1590 cm
-1

 remain without big change, 

while it is occur a shift towered the minimum frequency in the position of a 
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second band in range (10-30) cm
-1

, which can be approximately expressed 

as the occurrence of a coordination pond between nitrogen atom of  C=N 

group and metal, and such a shift coincide with the values that mentioned in 

the literature Silverstien (1998). On the other hand the absorption positions 

of the group –N=N– are effected in the complex and a general shifts for 

them are occur toward low frequency in the range (10-45)  cm
-1

. 

 

Table 1: The time effect . 

AII AI Time (min.) 

0.298 0.2050.5 

0.2980.2051 

0.2990.2063

0.3000.2105 

0.3010.209 10 

0.3000.21015 

0.3010.21030 

0.302 0.21145 

0.3010.21060 

0.3030.209120 

0.2990.2091440 

 

Table 2 : Sequence of addition 

AIIAISequence of addition

0.286 0.206 E+dye+M

0.316 0.282 Dye+E+M

0.293 0.208 M+E+dye 
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Table 3 : The data obtained from Beer's law for the complexes  at 

max [420 nm (I)] and [ 460 nm (I)] respectively. 

ppm 

up to 

sMg. cm
-2

a. g. cm
-1

ml  ε.  cm
-1 1mol . l  Complex In

+3 
_L

16.06 0.008 0.12 14000 In
+3 

_ I

13.78 0.003 0.30 35000 In
+3 

_ II

 

Table 4 :The data obtained by applying the Coleman's graphical 

method. 

Absorption 

Wave 

length 

(nm) 

i Number of dye solution ( j )

76 5 4 3 2 1

AI 

0.610.60 0.51 0.49 0.30 0.22 0.13 410 1 

0.63 0.61 0.50 0.53 0.35 0.26 0.14 420 2 

0.68 0.66 0.56 0.49 0.31 0.25 0.10 430 3 

AII 

0.8880.795 0.712 0.813 0.594 0.507 0.249450 1 

0.89 0.80 0.72 0.82 0.60 0.51 0.25 460 2 

0.86 0.78 0.70 0.62 0.53 0.45 0.18 470 3 
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Fig. 1: Absorption spectrum of  complexes I and II. 

 

 

 

 

 

 

 

 

 

Fig. 2: Molar ratio method for the determination of the 

complexes ( M:L I ) and ( M:L II). 
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Fig. 3: Continuous variation for the determination of the 

 complexes ( M:L I ) and ( M:L II). 

 

 

 

 

 

 

                       

 

 

Fig. 4: The Coleman's graphical method to determined 

 number of absorbing species of the complexes. 

 

 

 

 

 

 

 

 

 

 

Fig. 5: Calibration curve of the complexes I and II at 420 nm  

and 460 nm respectively. 
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Fig. 6-a: Absorbance curve (1×10
5
) M

 
– Azodyes concentration(1×10

-3 

M).  C1L , ▲C2L [(I) and (II) respectively]. 

 

 

 

 

 

                                                                                               

                

  

 

Fig. 6-b: Half value method for calculation the complexes 

 (I) and (II) formation constants. 
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Fig. 7: The infrared spectra of complexes ( I and II ) in  

the range(600-4000) cm
-1

 . 
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