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INTRODUCTION

The theory of metal based mixed valence complexes
(MBMV) is well documented[1,2]. The synthesis of hy-
droxy coumarins[3] remains of great interest due to the
wide application as chelating agents to metal ion. Hy-
droxy coumarin derivatives forms complex with V, Ti
(IV), Zr (IV), Ca, Pr, Na, Sm, Gd, etc,[4-8].

The physico chemical studies of the coumarins with
chelating groups at appropriate positions and their metal-
complexes reveal that the ligands could be potential ana-
lytical reagents[9-13].

The present communication deals with synthesis of
HMCPP [1-(4�-hydroxy-8�-methyl coumarin-3�-yl)-5-

phenyl-2, 4-pentadiene-1-one], HMCPP complex with
metal ion, this may be used as an analytical reagent. It
belongs to chalcone series[14]. Chalcones are the com-
pounds which are obtained by the condensation of aro-
matic ketone with an aldehyde; this is reacting with
Ni(II). The ligand is found to form complexes with above
metal ion in different pH ranges. The absorbtion spec-
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tra of the complex were recorded and the effects of pH
on the absorbtion values were studied. The composi-
tion of complex was determined by Yoe and Jones mole
ratio and job�s method of continuous variation[15,16]. This
has also been supported from thermo gravimetric analy-
sis[17].

The structure of the synthesized compounds and
complexes were assigned on the basis of 1H NMR, IR
spectra data and spectrophotometric study.

EXPERIMENTAL

All chemicals used throughout this work were of
analytical grade. The absorbance measurements were
done on a Shimadzu-UV-160-A Spectrophotometer.
The pH of the solutions were measured on EQUIP
TRONICS 614 pH meter and solutions of required
pH were obtained using sodium-acetate-acetic acid,
sodium acetate-HCl, NH

3
-NH

4
Cl or Borax-HCl buffer

of suitable concentration. The stoichiometric ratios of
metal to reagent in the complexes were determined by
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ABSTRACT

In the present investigation, 4-Hydroxy-8-methylcoumarin derivatives and
metal complexes were synthesized and studies for chelate formulation with
a metal ion Ni(II) using spectrophotometric method. 4-Hydroxy-8-
methylcoumarin chalcones [1-(4�-hydroxy-8�-methyl coumarin-3�-yl)-5-phe-

nyl-2, 4-pentadiene-1-one] with Ni(II) complex was determined by mole ra-
tio and job�s method of continuous variation. The complexes of metal formed

with coumarin derivative were compared with standard reagents.
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Job�s method of continuous variation, Yoe and Jones

mole ratio method and gravimetric method. The entire
practical were done at room temperature.

Preparation of 4-hydroxy-8-methyl coumarin[18-28]

O-Cresol (10.8 g, 0.01mol) and malonic acid (10.4
g, 0.1mol) were added to a mixture of phosphorus oxy-
chloride (40 ml) and anhydrous zinc chloride (30 g).
The reaction mixture was heated on a waterbath at 70
°C for 18-20 hrs. The content was cooled and decom-

posed with ice-water giving solid, which was filtered
and washed with water. It was then treated with so-
dium carbonate solution and filtered. The filtrate was
acidified with dilute hydrochloric acid. The precipitate
was washed with water and crystallized from metha-
nol. Yield 75%, M.P. 225°C.

Synthesis of 3-acetyl-4-hydroxy-8-methyl
coumarin[29-34]

4-Hydroxy-8-methyl coumarin (1.56 g, 0.01mol)

was dissolved in mixture of acetic acid (5 ml) and
phosphorus oxychloride (4 ml) and refluxed it on
waterbath for half an hour. The reaction mixture was
poured into ice-cold water; the product was isolated
and crystallized from ethanol. Yield 85%, M.P.
110°C.

Synthesis of 1-(4�-hydroxy-8�-methyl coumarin-3�-
yl)-5-phenyl-2, 4-pentadiene-1-one (HMCPP)

A mixture of 3-acetoacetyl-4-Hydroxy coumarin
(1.98g, 0.01mol), cinnamaldehyde (1.06g, 0.01mol)
and piperidine (1 ml) as a catalyst in chloroform (50
ml) was refluxed for 6 hrs on a water bath. The excess
chloroform was distilled off and the residue was washed
with methanol and crystallized from dioxane. Yield 68%,
M.P.120°C. 1H-NMR (CDCl

3
), äppm: 2.41(s, 3H, Ar-

CH
3
), 6.41-8.00 (m, 8H, Ar-H); IR (KBr, cm-1): 3112,

3030, 2939, 2839, 1724, 1604, 1442, 1342, 1261,
1195, 760; Molecular Formula : C

21
H

16
O

4
.

Preparation of standard solution of Ni(II)

Stock solution of Ni(II) (0.05 M) was prepared
by dissolving 3.208 g of NiSO

4
.5H

2
0 in distilled wa-

ter and little acid and diluting it to 250 ml. This solu-
tion was standardized volumetrically using EDTA. Ex-
perimental solutions of required concentration were
prepared by appropriate dilution of the above stock
solution.

Reaction of HMCPP with Ni(II)

1.0 % solution of the reagent in dioxane was used
in all detection and gravimetric determination. IR (KBr,
cm-1): 3041, 3030, 2923, 2852, 1732, 1593, 1442,
1341, 1261, 1203, 768.

Reaction of HMCPP with Ni(II) at different pH
values

5 ml HMCPP solution was added to 2 ml of stan-
dard 0.05 M Ni(II) solution at different pH. The results
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TABLE 1 : Reaction with Ni(II) at deferent pH values

pH Buffer Observation 

7.0 NaOH + KH2PO4 
Small amount of light green 

precipitate 
7.5 NH3 + NH4Cl Light green precipitate 

8.0 NH3 + NH4Cl Light green precipitate 

8.5 NH3 + NH4Cl Light green precipitate 

9.0 NH3 + NH4Cl Light green precipitate 

9.5 NH3 + NH4Cl Light green precipitate 

10.0 NH3 + NH4Cl Light green precipitate 
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are tabulated in TABLE 1.

Stability of chelate

The light green Ni(II) chelate is insoluble in water
and ethanol, while it is soluble in chloroform, dioxane,
DMF, ethyl acetate. The solution of the chelate was
stable and could be kept for long time without any de-
composition.

Gravimetric determination of Ni(II) with HMCPP

A 1.0 % solution of the reagent in dioxane was used.
Nickel sulphate solution (0.05 M, 10 ml) taken in a clean
beaker was diluted to about 100 ml with distilled water
and pH of the solution was adjusted to 7.5 to 8.0 by
using ammonia � ammonium chloride buffer. The solu-

tion was warmed at 60 °C and small excess of reagent

HMCPP was added (1%, 25 ml). A light green precipi-
tate obtained was digested on water bath for 60 min-
utes at 60°C. The precipitate was filtered through a pre-

viously weighed sintered glass crucible (G4) and washed
with warm water, followed by dioxane to remove ex-
cess of the reagent which might have precipitated on
dilution. The chelate was dried to constant weight at
110-115 °C in hot air oven, cooled and weighed.

The experiment was repeated at different pH of
solution. The experiment was also repeated with differ-
ent aliquots keeping the optimum pH to evaluate its ap-
plicability. The results are given in TABLE 2.

Verification of Beer�s Law

To 6 ml of solution (0.01 M) of the reagent HMCPP,
varying amounts of the metal ion solution (0.005 M)
were added and the pH was adjusted to 8.5 using NH

3

� NH
4
Cl buffer. The insoluble complex precipitated was

extracted in chloroform using three 5 ml portions of
chloroform and final volume of the chloroform extract
was adjusted to 25 ml. The absorbances of these solu-
tions were measured at 450 nm against chloroform as
the blank. Absorbance values were plotted against the
metal concentration expressed in ppm. A straight line
passing through the origin, indicating the obeyance of
Beer�s law as was obtained upto 30.22 ppm of Ni(II).

The standard graph thus obtained may be used for the
determination of nickel in an unknown solution using
HMCPP reagent. The results are tabulated in TABLE
3. The graph is shown on Figure 2.

TABLE 2 : Gravimetric estimation of Ni(II) using HMCPP
ligand (Cu: 0.02950 g)

Error 
pH 

Ni (II) 
Complex 

In (g) 

Ni (II) 
found 
In (g) In(g) % 

7.5 0.2750 0.02923 -0.00027 -0.91 

7.5 0.2759 0.02933 -0.00017 -0.59 

8.0 0.2768 0.02942 -0.00007 -0.23 

8.0 0.2776 0.02951 -0.00001 -0.03 

8.5 0.2781 0.02956 -0.00006 -0.20 

8.5 0.2785 0.02961 +0.00011 +0.37 

9.0 0.2792 0.02968 +0.00018 +0.61 

9.0 0.2801 0.02982 +0.00032 +1.08 

9.5 0.2807 0.02988 +0.00038 +1.28 

9.5 0.2815 0.02992 +0.00042 +1.42 

10.0 0.2823 0.03001 +0.00051 +1.72 

10.0 0.2831 0.03009 +0.00059 +2.00 

soluble in chloroform, dioxane, benzene, carbon tetra-
chloride, DMF, ethyl acetate. This enabled to verify the
Beer�s law and its application for spectrophotometric

determination.

Absorption spectra

To record the absorption spectra, 5 mg of chelate
was dissolved in 25 ml of dioxane and absorbance of
this solution was measured at different wave length in
the range of 350-600 nm.

The absorbance was plotted against wave length
to get absorption spectra. It was observed that the ab-
sorbance of the coloured solution of chelate increases
continuously towards the shorter wave length. A shoul-
der is observed at 450 nm and hence all the measure-
ments were carried out at 450 nm. Absorption Spectra
of Ni(II)-HMCPP complex is shown on Figure 1.
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Figure 1 : Absorption spectra of Ni(II)-HMCPP complex

Spectrophotometric study of Ni(II) complex

The Ni(II) - HMCPP chelate has been found to be
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Molar absorptivity calculated from Beer�s law plot

was found to be 2.1  102 lit mol-1cm-1 for Ni(II)-
HMCPP reagent at 450 nm.

Composition of chelate

The composition of Ni(II) chelate with the reagent
HMCPP has been determined on the basis of Job�s
method of continuous variation and Yoe and Jones mole
ratio method.

Composition of Ni(II)-HMCPP complex by Job�s
method of continuous variation

A 0.005 M solution of Ni(II) was prepared by suit-
able dilution of the standard solution. The solution of
reagent (0.005 M) was prepared in dioxane. The solu-
tion of metal salt and the reagent were mixed in varying
proportions as under:
Metal ion solution : 0, 1, 2, 3, - - - - 11, 12 ml
Reagent solution : 12, 11, 10, 9, - - - - 1, 0 ml
pH of the solution was adjusted to 8.5. The precipi-
tated complex was extracted with three 5 ml portions
of chloroform and final volume of chloroform extract
was adjusted to 25 ml. The absorbance of chloroform
extracts were measured at 450 nm. The results are tabu-
lated in TABLE 4.

Yoe and Jones mole ratio method

In this method, equimolar solutions of the nickel
(II) and the reagent (0.005 M) were used. A series of
solutions were prepared, keeping the reagent solution
(6.0 ml) constant while varying the amount (from 1 to
8.0 ml) of 0.005 M metal solution.

pH of the solutions were adjusted to 8.5. The re-
sulting precipitate was extracted in chloroform and final
volume of chloroform extract was adjusted to 25 ml.
Absorbance were recorded at 450 nm and plotted
against the ratio of concentration of metal ion to re-
agent. The results are tabulated in TABLE 5 and Graph
shown on Figure 4.

It is evident from the graph that absorbance gradu-
ally increases upto molar composition of metal to the
reagent and after that it becomes constant indicating
1:2 stoichiometry of the complex.

TABLE 3 : Verification of Beer�s law at 450 nm

Ni (II) solution 
taken in ppm. 

Ni (II) on taken 
in ppm. 

Absorbance 

0.3 3.78 0.022 

0.6 7.59 0.040 

0.9 11.32 0.064 

1.2 15.18 0.082 

1.5 19.01 0.101 

1.8 22.80 0.119 

2.1 26.50 0.137 

2.4 30.22 0.155 

0

0.05

0.1

0.15

0.2

3.78 7.59 11.32 15.18 19.01 22.8 26.5 30.22

Verification of Berr's  Law : Ni (II) - HMCNP Complex
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Figure 2 : Verification of Beer�s law

From the graph is shown on Figure 3, it has been
found that maximum occurs at 0.58 ratio of metal ion
concentration to the total metal and ligand concentra-
tion indicating the formation of 1:2 (M : L) complex.
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Figure 3 : Result of Job�s method of continuous verification

TABLE 4 : Data obtained from Job�s method of continuous
verification

Metal ion 
solution ml. 

Ligand 
solution ml. 

Cm/Cm 
+CL 

Absorbance 

1. 11 0.08 0.550 

2. 10 0.17 0.695 

3. 9 0.25 0.710 

4. 8 0.33 0.740 

5. 7 0.42 0.745 

6. 6 0.50 0.772 

7. 5 0.58 0.856 

8. 4 0.66 0.484 

9. 3 0.75 0.463 

10. 2 0.83 0.440 

11. 1 0.91 0.410 
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RESULT AND DISCUSSION

In the current paper, 4-Hydroxy-8-
methylcoumarin was synthesized by the condensation
of o-cresol with malonic acid. 4-Hydroxy-8-
methylcoumarin was acetylated and subjected to fries
migration to give 3-acetoacetyl-4-hydroxy-8-
methylcoumarin. The acetyl coumarin was condensed
with o-nitro benzaldehyde to yielded compound 1-
(4�-hydroxy-8�-methyl coumarin-3�-yl)-5-phenyl-2,

4-pentadiene-1-one.
In the present study the reagent HMCPP form com-

plexes with Ni(II) in the various range of pH.
The composition of complexes determined by mole

ratio and job�s method of continuous variation, was

found to be 1:2 (M: L), this has also supported by gravi-
metric analysis. The synthesized reagents are quite stable
at room temperature for long time without showing any
sign of decomposition. The reagents are well suited as
gravimetric reagents.

CONCLUSION

From the finding, we are concluded that, coumarin
derivatives as an analytical reagent has found extensively
used in analytical determination of various metal ions.
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