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ABSTRACT  
1-phenyl-1-hydrazonyl-2-oximino propane–1, 2– dione (HPHOPD) was synthesized and employed to 
develop an extractive spectrophotometric method for the determination of Cu (II). The reagent 
forms a complex with Cu (II) and can be quantitatively extracted in n-butanol at pH = 9.4. The 
extracted species showed an absorption maximum at 345 nm with molar absorptivity of 0.35 ×10

3
 L 

mol
−1

 cm
−1

. A systematic study of the extraction was carried out by varying the parameters like pH, 
reagent concentration, different solvents and equilibration time. The method has been successfully 
applied for the determination of copper in synthetic mixtures, alloy samples, water sample and 
pharmaceutical samples. 
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INTRODUCTION  

Copper is widely present in nature in the 
elemental state, in sulfides, arsenites, chlorides, and 
carbonates. The marked concentration of copper in 
shales and sandstones suggests that copper in the 
lithosphere exists largely as adsorbed ions, fine grained 
particles or as one of many discrete sedimentary copper 
minerals.  

Copper is an essential metal for human system. 
Copper jewelry worn directly on skin has been used for 
a hundred years or more as a remedy for many 
ailments, including arthritis. Copper bracelets are used 
to ease joint and arthritis pain. Copper deficiency can 
result in gray hair, skin wrinkles, crow's feet, varicose 
veins and saggy skin. Otherwise presence of unusable 
Copper in body is treated as toxin. In the vicinity of 
copper mines or smelting works, where the water and 
pasture have been shown to be contaminated with 
copper. The reaction of soft water with the copper pipes 
that are used in some household plumbing systems 
contributes to the copper levels in water at the tap. 
Gastrointestinal irritation, seldom serious, can result 
following the drinking of carbonated water or citrus fruit 
juices which have been in contact with copper vessels, 
pipes, tubing or valves. Such beverages are acidic 
enough to dissolve irritant quantities of copper. 

As modern researches continue to investigate 
the role of copper in the functioning of the human body, 
a method to explore the separation of Copper is 
essential. In a typical scenario, solvent extraction 

technique is widely used in a separation process. Metal 
forms complex with the complexing agents, a large 
number of metal ions can be separated by liquid - liquid 
extraction by selecting proper complexing agent at 
suitable conditions. The extractive spectrophotometric 
method (Tekale 2010) is simple and rapid, hence 
beneficial in the separation process. A 
spectrophotometric extractive method for the 
determination of Cu (II) was developed in the present 
study. 
 
MATERIALS AND METHODS 
 All chemicals and solvents used in this study 
were A. R. grade from s. d. fine. The stock solution of Cu 
(II) was prepared from Copper sulphate salt and was 
standardized by diethyldithiocarbamate method (Vogel 
1964).  
 A digital pH meter, (Elico Private Ltd, India) 
with a combined glass and calomel electrode (Toshniwal 
- Mollar, India) and UV 2100 spectrophotometer 
(Shimadzu) with glass cells of path length 1 cm was 
used. 
 
Synthesis of 1-phenyl-1-hydrazonyl-2-oximino propane 
– 1,2 – dione (HPHOPD) reagent 
 To prepare the reagent HPHOPD, a reaction 
between iso-nitrosopropiophenone and 85 % hydrazine 
hydrate (Figure 1). The purity of the product was 
checked by melting point and GC-MS technique (Tekale 
2010).
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Chemical reaction: 
 

 
                               iso-nitrosopropiophenone                 1-phenyl-1-hydrazonyl-2-oximinopropane–1,2–dione  

 
Fig. 1 Synthesis of 1-phenyl-1-hydrazonyl-2-oximinopropane–1,2–dione (HPHOPD) reagent  

 
Extraction Procedure 

10 cm
3
 aqueous solution containing 0.1mg of 

Cu (II) and 0.14 M of 1-phenyl-1-hydrazonyl -2- oximino 
propane -1,2- dione (HPHOPD) reagent was equilibrated 
with 10.0 cm

3
 of n-butanol for 1 min. After separation of 

the phases, the absorbance of the Cu (II) : HPHOPD was 
directly measured at 345 nm. 
 
RESULTS AND DISCUSSION 
a) Absorption Spectrum:  
 After extraction, Cu (II): HPHOPD complex 
present in organic phase was scanned from 300 nm to 
600 nm against reagent blank (Figure 2). Maximum 

Absorbance value was observed at 345 nm. Therefore 
345 nm was selected for the absorbance measurement 
throughout the experiments.  
 
b) Effect of pH  

 In order to obtain the optimum conditions for 

the extraction of copper, the extraction has been 

studied over the pH range 1.0 -10.0 (Figure 3). It was 

observed that the extraction was increased upto 9.4 pH 

and decreased beyond 9.4 pH. Therefore, pH 9.4 was 

used further for all experiments. 

 

  

Fig. 2 Absorption Spectrum of Cu (II): HPHOPD Complex    Fig. 3 Effect of pH    

c) Effect of HPHOPD reagent concentration 

 The concentration of HPHOPD reagent was 

varied from 0.02 M to 0.2 M (Figure 4). It was observed 

that as the reagent concentration increased percent 

extraction increased. Maximum extraction was observed 

at 0.14 M concentration of HPHOPD reagent. Therefore, 

0.14 M HPHOPD was used for extraction. 
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d) Effect of different solvents 
 Different organic solvents like n-butanol, ethyl 
methyl ketone, chloroform, ethyl acetate, toluene, 
hexane, carbon tetrachloride were tried for extraction.  
n-Butanol was found to be most suitable solvent as it 
gave better and quick phase separation. Therefore, n-
butanol was used for further extraction studies. 
e) Effect of equilibrium time  
 The complex Cu (II) : HPHOPD from aqueous 
phase was extracted at 0.5, 1 and 2 minutes. The 
corresponding percent extraction were 93.9, 99.99 and 

99.99 respectively, indicating 1.0 minute was sufficient 
equilibration time for maximum extraction. Therefore, 1 
minute was used for all experiments.  
f) Calibration plot  
 A calibration plot (Figure 5) of absorbance 
against concentration of Cu (II) : HPHOPD complex gave 
a linear and reproducible graph in the concentration 
range of 0.1- 1 ppm

 
(Figure 4). The Beer’s law is obeyed 

in this range. The molar absorptivity was found to be 
0.35  X 10

3
 L mol 

–1
cm

-1
. 

 

  

Fig. 3 Effect of pH        Fig.4 Effect of HPHOPD reagent concentration 

g) Effect of diverse ion concentration 

 Extraction of Cu (II) was carried out in 

presence of different ions (Table1). The tolerance limit 

was set to that amount of foreign ion causing ± 2%  

error in recovery of copper. It was observed that 

anions do not interfere in the prescribed method of 

extraction. Cations like Zn
+2

, Mg 
+2

, Ca 
+2

, Pb 
+2

, Cd
+2

 

and Ba
+2

 showed low tolerance limit. 

 

  

Fig. 5 Calibration plot 
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Table1. Effect of diverse ion concentration Copper (II) concentration: 10 ppm 

Sr. No. Ion Tolerance limit (ppm) 

   

1. Li
+1

 20.0 

2. Na 
+1

 20.0 

3. K
+1

 20.0 

4. Zn
+2

 12.0 

5. Mg 
+2

 12.0 

6. Ca 
+2

 12.0 

7. Ba 
+2

 15.0 

8. V 
+5

 30.0 

9. Al 
+3

 15.0 

10. Pb 
+2

 11.0 

11. Bi 
+2

 12.0 

12. Cd
+2

 12.0 

13. Fe
2+

 15.0 

14. Anions like CN
-
, Cl

-
, Br

-
, SO4

2-
, ClO4

1-
 100.0 

 
Table 2. Determination of Cu (II) using HPHOPD from Synthetic Mixtures 
 

Sr. No. Synthetic Mixtures Recovery of Copper(%) 

1. Cu (II) + Zn (II) 99.67 
 

2. Cu (II) + Fe(II) 99.45 
 

3. Cu (II) + Cd (II) 99.60 
 

4. Cu (II) + Fe (III) + Al (III) 98.97 
 

5. Cu (II) + Zn (II) + Cd (II) 98.85 
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Table 3. Determination of Cu (II) using HPHOPD from Alloy samples 
 

Sr. No. Synthetic Mixtures Recovery of Copper (%) 

1. Brass 96.67 
 

2. Monel metal 95.05 
 

 
Table 4. Determination of Cu (II) using HPHOPD from Water samples 
 

Sr. No. Sample Recovery of Copper (%) 

1. Tap water 99.01 
 

 
Table 5. etermination of Cu (II) from Pharmaceutical Samples 
 

Sr. No. Synthetic Mixtures Recovery of Copper (%) 

1. (Multivitamin Capsule) 
 

98.64 

2. Suparadyn 97.98 
 

 
 
APPLICATIONS OF THE EXTRACTIVE 
SPECTROPHOTOMETRIC METHOD 
a) Recovery of Copper from Synthetic mixture and 
alloys 
 Extraction of copper was carried out from 
synthetic mixtures (Table 2) and alloys like Brass and 
Monel metal samples (Table 3). The prescribed method 
was successfully applied for determination of Cu(II) from 
synthetic mixtures and alloys. 
b) Determination of Cu (II) from Water Sample 
 Extraction of Cu (II) was carried out from water 
(Municipal tap) (Table 4).  It was found that there was 
presence of Cu (II) in water.  
c) Determination of Cu (II) from Pharmaceutical 
Samples 

Multivitamin tablets from Meyer Organics 
private limited and Suparadyn from Nicholas Piramal 
were analyzed by present method (Table5). The copper 
content obtained by standard method is in close 
agreement with that obtained by proposed method. 
Conclusions 
 An extractive spectrophotometric method was 
developed for estimation of Copper (II). 1-phenyl-1-
hydrazonyl-2-oximino propane –1,2– dione (HPHOPD) 
was synthesized and successfully used for quantitative 
extraction of Copper (II) at pH 9.4. Since the 
equilibration time is very less, the method is very quick. 
The method is applicable for determination of Copper 
(II) from alloys, water and pharmaceutical samples
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