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Synthesis and Determination of Metal-ligand-metal Ratio of a New Chromogenic Reagent 
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Abstract: This study investigates the complexing property of a new reagent as a chromogen for metal
ion determination spectro-photochemically.  The synthesis was via the addition of amino derivatives to
carbonyl compounds.  The use of stoichiometry method was employed for the determination of metal-
liqand-ligard ratio. Its spectro-photometric activities were studied by using five transition metals.  The
absorbance at maximum wavelength (λmax) of all the metal complexes were ascertained using Jenway
uv/vis spectrophotometer (double beam) model 6505,  the results so far collected show the new reagent
will be of tremendous use for heavy metals determination in our environment.
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INTRODUCTION

Metals are ubiquitous in our environment, the
problem of metal toxicity arises from their
concentration through a number of routes by human
activities [1] One of the most spectacular nature of
complex formation is the change of spectral properties
[2]. There are many solution properties whose changes
are [3] measurable as a result of complex formation. 
Among the various experimental methods available for
the determination of metal complex stability, is the
mole ratio, which has been adopted for these studies [3]. 

The synthesis of chromogenic reagents is becoming
an object of growing interest, especially in the
spectrophotometer determination of metal ions and their
applications have been reviewed [4]. Carbonyl
compounds especially aldehydes in gene5al react with
primary base, to form condensation products of the
RC= NR’, known as shiff base [4].  Current studies
have confirmed the condensation between aromatic
aldehyde and aromatic amine to be having high stable
yield.[5]

Ar’CHO + Ar2NH2  ------- 6 Ar’ CH(OH)NHAr2  ------
---6   Ar’CH= NAr2 

Experimental: All reagents and chemicals for these
studies were of analytical grade purity and distilled
water were used throughout.  All glass wares were
washed with detergent before rinsing with enough
water and drying in the oven.  All weighing were
carried out on a Gallenkamp Mettler balance model
H30.

Synthesis Procedure of the chromogenic reagent:
The method used was that of schilt, A.A. and Case

F.H. (1980).  The reaction proceeded readily by
reacting dioxallic dihydraxide in ethanol with 2-
thiophene carboxal dehyde.

The whole reacting mixture was refluxed for 7
hours.  The resulting crystalline product was separated
on cooling, filtered and re-crystallized from aqueous
alcohol to give crystal clear yellowish substance.

Studies of Nitrogen content of the product:
Preliminary investigation of the chemical and elemental
constituents present in the product was carried out. 
The studies of the Nitrogen content in the product was
carried out using the Kjeldal method.

Spectrophotometric studies of the reagent with some
metal: To locate the wavelength of maximum
absorbance of the resulting complexes, following the
addition of the metal ions to the reagent separately. 
8.0x10-5 M of the reagent dissolved in ethanol was
mixed with 1.0x10-4 mole dm-3 of each metal ion
separately.  The solution of each metal complex was
now scanned on the Jenway vu/vis spectrophotometer
(DOUBLE BEAM) model 6505, the reagent alone was
used as blank, before scanning the mixture of reagent
and metal ions.

Stoichiometric determination of metal liqard –metal
ratio: The stoichiometric method was employed for
this study understanding its simplicity. The use of
Jenway uv/vis spectrophotometer (single beam) model
6305 was employed for the determination of
absorbance at varying concentrations of reagent.  Lead
(II) metal was selected (at random) for the study.  Its
optimum concentration that gave the highest absorbance
was mixed with the varying concentrations of the
reagent from 2x10-5 – 10 x 10-3M.
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Study of the optimum concentration of metal-ions
complex of Pb (II): The study was carried out using
different concentrations of the Pb (II) ions with the
reagent. These vary from 0.5x10-5 mole dm-3 to 10x10-5

mole dm-3. The scanned results showed a particular
concentration of the metal ion with highest absorbance. 
Also, here a known concentration of the reagent is
used as blank before the scanning of the known
reagent concentration with varying concentration of Pb
(II).

RESULTS AND DISCUSSION

A yellowish crystals about 2.17g (85%) was finally
crystallized out using ethanol as solvent with melting
point 287oC. 

Physical and Spectrophotometric Parameters: Infra-
red spectra analysis of the reagent had absorptions at
frequencies 1567 cm-1 (C=N), 3328 cm-1 (NCH) and
1680 cm-1 (C=O).  The nitrogen content determination
gave 7.32% in the sample, while the calculate value is
6.98%.  The sample had, melting point of 287oC.

The various metal-complexes show the wavelength
(λ max) and absorbance as shown in table 1. 

The optimum concentration of Metal -ion complex
Pb (II) is shown in table 2 below.

The absorbance at constant various concentration
of reagent at varying concentrations of Pb (II) ion are
given in table 3 below:

Table 1:  λ max and Absorbance of metal-reagent complexes.
Metal ions λ max Absorbance
Cr (IV) 360 0.541
Co (II) 390 0.28
Hg (II) 385 0.390
Cu (II) 290 0.886
Pb (II) 295 0.245

Table 2: shows the absorbance of various concentration of Pb (II)
complex.

Concentration of Pb Absorbance
2.0x10-5 mole dm-3 0.186
2.0x10-5 0.230
4.0x10-5 0.212
6.0x10-5 0.200
8.0x 10-5 0.189
10x 10-5 0.180

Table 3: shows the absorbance of the Pb (II) metal complexes at 
different concentration of Pb (II) ion.

Concentration Fo Pb Absorbance
2.0x 10-5M 0.256
4.0x 10-5M 0.260
6.0x 10-5M 0.240
8.0x 10-5M 0.250
10x 10-5M 0.215
 

Conclusion: The compound dioxallic dithiophenyl
azomethine dihydrazine (DDAH) is a yellowish
crystalline substance, with melting point 287oC.  The
Pb (II) DDAH complex is in the ratio 1:1 i.e metal
–ligard-metal ratio of one to one, following the
closeness between the values of absorbance of Pb
concentration at 2.0 and 4.0 x 10-1M.  The reagent will
equally be of remarkable significance in the
spectrophotometric determination of metal ions.  Its
comparative studies with any of the existing
spectrophotometric reagent will soon be advanced.

REFERENCES

1. WPI, Environmental Biotechnology Lab: Guide to
T r a d i t i o n  m e t a l s
inwater.http://www,wpi.edu/Academics/Depts/Bio/
Env./wtmetals. html.

2. Stafiloz, T. and K. Cundeza, 1998. J. Talanta, 46:
1321.

3. Kaytal, M. and Y. Dutty, 1975. J. Talanta 32, 151
4. Case, F.H., 1971. Journal of Heterocyclic

chemistry, 46: 992-996.
5. Muhittin, A., 2003. Journal of Analytical Science, 

19.
6. Vartkes Migrdichian, 1957. Org. Synthesis, 1: 151.

Pub., Reinhold, N.Y.
7. Alfred, S. and C.H. Francis, 1979. J. Talanta, 27:

55-58.
8. Hui, Z., 1990. Anal. Science, 15: 1129.
9. Schilt, A.A. and F.H. Case, 1980. Electro-chemical

Acta, 31: 1457-1465
10. Chriswell, C.D. and A.A. Schilt, 1974. J.

Analytical chemistry, 46: 992-996.
11. Roger Adams, 1942.  Org. Reactions, John Willey

and Sons, 1: 99.

1013


