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Abstract  
 

A sensitive and selective spectrophotometric method for rapid 

simultaneous determination of copper and manganese is proposed. 

The method is based on the ternary metal complexes with alizarin 

complexone (alizarin-3-methylamine-N,N-diacetic acid , AC) and 

fluoride, and the use of zero-crossing and derivative ratio spectra 

techniques. The range 2.54 – 12.7 µg ml
-1

 copper could be 

determined in the presence of 2.19 – 10.9 µg ml
-1

 manganese and vice 

versa. The developed methods were applied for the simultaneous 

determination of copper and manganese in their binary mixtures and 

were found to give satisfactory results. 
 

Keywords : Copper(II) , Manganese(II) , Alizarin complexone , 

Fluoride , Derivative spectrophotometry. 
 
  

1. Introduction 
  

            Copper is an important trace element in animal 

metabolism. The major concentration of copper in human body 

is in liver and bones. Blood contains number of copper proteins 

and it is necessary for the synthesis of hemoglobin. Though 

copper is essential for human metabolism, it becomes hazardous 

when present in excess. Higher levels of copper(II) are toxic and 

severe oral intoxication will affect mainly the blood and kidneys. 
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Although numerous organic reagents[1-6] have been proposed 

for spectrophotometric determination of copper(II), none of these 

methods are completely satisfactory.  

The most widely used methods for the spectrophotometric 

determination of manganese are based on the oxidation of an 

organic reagent by hydrogen peroxide, catalyzed by 

manganese(II)[7-11]. Use of selective reagents for direct 

spectrophotometric determination of manganese is particularly 

difficult and several methods have the draw-back of 

interferences from many cations and anions. Much work has 

been discussed for overcoming these interferences[11] .  

Derivative spectrophotometry has been shown to be more 

versatile than classical spectrophotometry for solving analytical 

problems. The zero-crossing method developed by O'Haver[12] 

and the derivative ratio spectra developed by Salinas et al. [13] 

have been widely used for the simultaneous determination of 

metal ions in their binary mixtures through the formation of 

complexes with the same organic ligands [13,14].  

Alizarin complexone (alizarin-3-methylamine-N,N- diacetic 

acid, AC) is one of the most commonly reagents used for 

spectrophotometric determination of metal ions[15-20]. Fluoride 

ion is a unique ligand in that it shows almost pure electrostatic 

interactions with metal ions in solutions. The formation 

constants of a series of the mixed ligand complexes MLF were 

determined[15,18,21]. Therefore, a rapid, sensitive and 

inexpensive method for the simultaneous determination of 

manganese and copper in mixtures by first derivative 

spectrophotometry using zero-crossing and derivative ratio 

spectra techniques has been reported. The methods are based on 

the coloured ternary complexes that both manganese and copper 

form with alizarin complexone and fluoride in 40% ethanol - 

water medium. The proposed methods have been applied for the 

simultaneous determination of manganese and copper in some 

synthetic mixtures. 
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2. Experimental  

2.1. Instruments  
 

            Ordinary absorption and first derivative spectral 

measurements were made on a T80+ (England) double beam 

UV-Vis spectrophotometer using 10-mm matched quartz cells. 

The first derivative spectra were recorded at a scan speed of 240 

nm min
-1

, ∆λ=5 nm and a slit width of 2 nm. The smoothing and 

differentiation calculation are based on a least-squares 

polynomial convulation function using 17 data points.  

The pH values of solutions were measured using AD 1030 

pH/mV pH meter equipped with a Radiometer combined glass 

electrode. The pH meter was calibrated regularly before use with 

standard buffer solutions and the pH values in water- ethanol 

medium were corrected as described elsewhere[22].  
 

2.2. Chemicals and Solutions 
  

           All chemicals were of analytical reagent grade and doubly 

distilled water or absolute ethanol was used for preparation of 

solutions .  

A 2×10
-3

 mol L
-1

 stock standard solution of alizarin complexone 

was prepared by dissolving an accurately weighted amount of 

sigma pure grade reagent in absolute ethanol.  

Solution of concentration 2×10
-3

 mol L
-1

 sodium fluoride (Merck 
) was daily prepared.  

A 2×10
-3

 mol L
-1

 stock standard solutions of copper(II) sulphate 

and manganese(II) chloride were prepared by dissolving the 

requist amounts of the analytical pure reagents in   bidistilled 

water.Copper and manganese solutions were standardized 

volumetrically[23].  

           Other solutions included, sodium perchlorate (1 mol L
-1

), 

standard solutions of sodium hydroxide and perchloric acid. 

Solutions of diverse ions used for interference studies were 

prepared from AnalaR products of nitrates, acetates or chlorides 

of the metal ions and potassium or sodium salts of the anions to 

be tested. The ionic strength of solutions was maintained at a 
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constant value of I = 0.1 mol L
-1

 (NaClO4). All measurements 

were made in 40% (v/v) ethanol at 25°C. 
 

2.3. procedures.  

2.3.1  Zero-order spectrophotometric determination of 

copper and manganese.  
 

         Transfer an aliquot of a sample solution containing 

copper(II) (up to 300 µg) or manganese(II) (up to 275 µg) 

into a 25 ml calibrated flasks. Add 5 ml of 2×10
-3

 mol L
-1

 

Alizarin complexone solution and 5 ml 2×10
-3

 mol L
-1

  fluoride 

solution. Add 5 ml of absolute ethanol to ensure a final ethanol 

content of 40% (v/v). Adjust the pH to 5.0 using 1×10
-2

 mol  L
-1

 

HClO4 while keeping the ionic strength constant at 0.1 mol L
 -1

 

(NaClO4). Dilute to volume with doubly distilled water and 

record the normal spectra from 400 - 700 nm against a reagent 

blank as the reference. Measure the absorbance of the solutions 

at 507 or 520 nm to determine copper(II) or manganese(II) 

respectively.  
 

2.3.2 Simultaneous determination of copper(II) and 

manganese(II) in their binary mixture.  

2.3.2.1 Zero- crossing method .  
 

          For the normal spectra of Cu-AC-F and Mn-AC-F systems 

containing different concentrations of the analyte, stored 

previously in a computer, record the first derivative spectra to 

detect the zero-crossing points of each analyte. By the same way 

record the first derivative spectra of Cu-AC-F and Mn-AC-F in 

their binary mixtures. The concentrations of copper and 

manganese can be determined by measuring the first derivative 

signal D
1
 at 520 nm (zero-crossing point of manganese complex) 

and at 507 nm (zero-crossing point of copper complex) 

respectively.  
 
 

2.3.2.2 Derivative ratio spectra methods:  
            Record the ratio spectrum of a binary mixture containing 

copper and manganese-AC-F complexes, using Mn-complex as a 

divisor, for the obtained ratio spectrum, record the first 
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derivative spectrum, copper can be determined using the 

absolute value of the first derivative divided spectrum (
1
DD) at 

545 nm. By the same way but with the use of Cu-complex as a 

divisor, manganese can be determined the absolute value of the 

first derivative divided spectrum (
1
DD) at 610 and 638 nm. 

  

3. Results and discussion. 
 

3.1. Acid-base properties of AC.  

            In ethanol water mixtures containing 40% (v/v) ethanol 

and at pH 3.2 - 10.5, AC exists in five different forms, (LH4, 

LH3
-
, LH2

-2
, LH

-3 
and L

-4
), exhibiting the absorbance maxima at 

270, 335, 423, 525 and 580 nm, respectively. The mean pKa 

values of the reagent are pKa1 (LH4/LH3
-
) = 4.5, pKa2 (LH3

-
/LH2

-

2
) = 5.0, pKa3 (LH2

-2
/ LH

-3
) = 5.4 and pKa4 (LH

-3 
/ L

-4
) = 8.5 (I = 

0.1 , 25 °C)[19]  
 

3.2. Absorption spectra and optimum pH.  
 

           The visible spectra of alizarin complexone (AC, 2×10
-4  

mol L
-1

) show an absorption band at 423 nm within the pH range 

4.8 - 5.2 The spectrum of fluoride ion (2×10
-4  

mol L
-1

) exhibits 

no measurable absorbance in the visible region and there are no 

significant changes in colour or absorbance in the presence of 

Cu(II) or Mn(II) ions. However, the solution containing AC and 

F
-
 undergoes an observable change in colour from yellowish 

brown to violet when mixed with Cu(II)  or Mn(II) ions. The 

spectrum of the reaction mixture against a blank solution 

containing the same concentration of the two ligands exhibits a 

new band at 507 and 520 nm for solutions containing Cu(II) or 

Mn(II) respectively. The latter bands are unambiguously due to 

the formation of mixed-ligand complexes of Cu(II) and Mn(II) 

with AC and fluoride ion, with maximum colour development at 

pH= 5.0 (Fig. 1.). 
  

3.3. Spectrophotometric determination of Cu(II) and 

Mn(II). 
   

          A standard solution of copper(II) or manganese(II) 

containing  30 - 300 µg of copper (or 30 – 375 .µg of manganese) 
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was introduced into a 25-ml calibrated flask, then 6.25 ml of ( 

2×10
-3 

mol L
-1

)  AC and 5 ml of F
-
 ion (2.5×10

-3 
mol L

-1
) were 

added . Dilute perchloric acid was added to adjust the pH at 5.0 , 

2.5 ml of 0.1 mol L
-1

 NaClO4 were added and the solution was 

diluted to volume with doubly distilled water and the request 

amount of ethanol (40% v/v). After thoroughly mixing the reaction 

mixture, the absorbance was measured at 507 nm or 520 nm to 

determine Cu(II) or Mn(II) respectively , against a reagent blank 

similarly prepared but containing no metal ions. 
  

3.4. Calibration graphs and reproducibility.  
 

           Under the optimum conditions cited above, a linear 

calibration graph for Cu(II)-AC-F system was obtained up to a 

concentration of 15.8 µg ml
-1

 copper with a molar absorptivity 

of  3.2×10
4
 L mol

-1
 cm

-1
 at 507 nm. Also a calibration graph for 

Mn(II)-AC-F system was obtained up to a concentration of 13.7 

µg ml
-1

 manganese with a molar absorptivity of 2.5×10
4
 L mol

-

1
 cm

-1
 at 520 nm. Ring boom plots showed that the optimum 

working range for the determination of copper was 2.54 - 12.7 

µg mL
-1

, while that of manganese was 2.19 - 10.9 µg mL
-1

. 

The calculated relative standard deviation (RSD) for ten 

determinations each having 5.08 µg ml
-1

 copper or 4.39 µg 

ml
-1

 manganese was found to be 0.75 for copper and 0.85% for 

manganese. 
  

3.5. Stoichiometry of the complexes 
  

          Job's method of continuous variation [24] was applied to 

establish the composition of the ternary Cu(II)-AC-F and Mn(II)-

AC-F complexes. The molar fractions of two of the components 

were varied continuously, keeping their combined concentration 

constant, and keeping the third component in a large excess for 

all solutions in the series. Under these conditions, the ternary 

system was modified to a quasi-binary system. The results 

shown graphically in (Fig.2 a,b) indicate that the over-all Cu(II)-

AC-F and Mn(II)-AC-F composition is 1:1:1 at the pH used. 

Taking into account the pKa values of alizarin complexon and 
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the stoichiometric composition of the mixed ligand complexes , 

the complexation equlibria will proceed according to the 

following reaction:   

M2++H2L2-+F- = MLF3-+2H+  

(M2+ = Cu2+or Mn2+)  

The stoichiometry of the ternary systems were also determined 

by applying the molar ratio method[25] .  
 

3.6. Simultaneous determination of copper and manganese in 

mixtures.  

3.6.1. Absorption spectra:  
          The absorption spectra of Cu(II)-AC-F and Mn(II)-AC-F 

complexes are shown in Fig.3. The total absorption spectra of a 

mixture of copper and manganese complexes is given. Due to the 

fact that absorption spectra of copper and manganese complexes 

overlap, the determination of copper and manganese in their 

mixtures by zero-order spectrophotometry is frequently difficult. 

The procedure for the simultaneous analysis, which involves the 

measuring of the total absorbance of the mixture at the two 

wavelengths  of maximum absorption followed by simultaneous 

equations, was investigated. However, results of poor accuracy 

and reproducibility are obtained. This disadvantage has been 

overcome by use of derivative spectrophotometry.  
 

3.6.2. Derivative spectra.  
          Appropriate parameters were selected to record the first-

derivative spectra using the zerocrossing method and the 

derivative ratio method to select suitable wavelengths for 

obtaining linear analytical calibration graphs.  
 

3.6.2.1 Zero- crossing method  
          Zero-crossing method developed by O'Haver[12] is based 

on the measurements of the absolute value of the total derivative 

spectrum of the mixture at an abscissa value (wavelength) where 

the intensity of one component of the mixture goes to zero. At 

this wavelength the intensity is directly proportional to the other 

component.  
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          The reproducibility of zero-crossing wavelengths of 

derivative spectra was checked by recording the first derivative 

spectra of Cu(II)-AC-F and Mn(II)-AC-F systems (pH=5.0) at 

different concentrations of the analytes (Fig.4. a,b). The zero-

crossing wavelengths of copper and manganese are obtained at 

507 and 520 nm , respectively.  

(Fig.5.) shows the first derivative spectra of two series 

containing increasing amounts of copper or manganese ions. 

Copper and manganese can be determined using the absolute 

value of the total derivative spectrum at a wavelength 

corresponding to the zero-crossing points of the other 

components. The heights h1 (Fig.5a) and h2 (Fig.5b) 

corresponding to values taken at 520 nm (zero-crossing points of  

Mn complex) and at 507 nm (zero-crossing points of Cu 

complex)  are proportional to copper and manganese 

concentrations , respectively.  
 

3.6.2.2. Derivative ratio method  
          Derivative ratio method developed by Salinas et al [13] is 

based on the use of the first derivative of the ratios of the spectra. 

The absorption spectrum of the mixture is obtained and divided 

(amplitude by amplitude at appropriate wavelengths) by the 

absorption spectrum of a standard solution of one of the 

components (previously stored in a computer), and the first 

derivative of the ratio spectrum is obtained. The concentration of 

the other component is then determined from a calibration graph.  

(Fig. 6) shows the derivative ratio spectra of two a series of 

binary mixtures, the first one containing increasing amounts of 

copper, using Mn-complex as a divisor. Copper can be 

determined using the absolute value of the total first derivative 

divided spectrum (
1
DD) at proper wavelengths. The height h3 

(Fig. 6a) , corresponding to the values taken at 545 nm is 

proportional to copper concentration.  

        By the same way, the derivative ratio spectra of a second 

series of binary mixtures but containing increasing amounts of 

manganese, and using Cu- complex as a divisor, are recorded . 

Manganese can be determined using the absolute value of the 
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total first derivative divided spectrum (
1
DD) at suitable 

wavelengths. The heights h4 and h5 (Fig.6b), corresponding to 

the values taken at 610 and 638 nm are proportional to 

manganese concentration.  
 

3.7. Calibration graphs and statistical analysis of the results.  
          The calibration graphs, prepared by plotting the first 

derivative value (
1
D) or the first derivative divided value (

1
DD) 

versus copper or manganese concentration, gave a straight lines 

passing through the origin, confirming the mutual independence 

of the derivative signals of the two complexes ,the calibration 

graph obtained by the recommended methods were linear over a 

range of  2.54 – 12.7 µg ml
-1

 of copper in the presence of  2.19 

– 10.9 µg ml
-1

 of manganese, and vice versa. A critical 

evaluation of the proposed methods as obtained by statistical 

analysis of the experimental results are giving in (Table 1).  

           In order to test the accuracy and precision of the methods, 

five successive measurements were carried out with standard 

solution containing 6.35 µ g ml
-1

 of Cu(II)  and 5.49  µg ml
-1

 

of Mn(II) . Relative standard deviations for zero-crossing and 

derivative ratio spectra methods of Cu(II) were 1.5 and 1.1 

respectively and those for Mn(II) were 1.3 and 0.85% , 

respectively. The detection limits (at the 95% confidence level) 

of the proposed methods for the mean of four analysis (N1) were 

calculated. The minimum detectable amount, ∆ xmin , is given 

by[26].   
  

                             
Where the subscript b refers to the blank determination. The 

statistical parameter t= 2.36 for seven degrees of freedom and 

95% confidence. The calculated detection limits are 75 ng ml-for 

Cu(II) and 64 ng ml-1 for Mn(II) using zero-crossing technique 

and 92 ng ml-1 for Cu(II) and 81 ng ml-1 for Mn (II) using 

derivative ratio spectra technique.  
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3.8. Effect of diverse ions  
           Effect of the presence of diverse ions in the simultaneous 

determination of copper and manganese as their ternary 

complexes with alizarine complexone and fluoride was studied 

under optimum conditions. Absorbance measurements in zero- 

crossing and derivative ratio spectra techniques proved useful in 

overcoming interferences in a number of cases where the use of 

a masking agent could not help. The tolerance of the method to 

foreign ions was investigated with solutions containing 0.20 mg 

of Cu and 0.15 mg of Mn per 25 ml and various amounts of 

foreign ions.  

        The simultaneous determination of Cu and Mn was possible 

in the presence of  Li
+
 , Na

+
 , K

+
 , Cs

+
 , NH4

+
  , Cd

2+
 , Ba

2+
 , 

SO4
2-

 , SO3
-2

 , NO3
-
 , Cl

-
 , Br

-
 , I

-
 and B4O7

--
 (25 mg) , Co

2+
 , Ni

2+
 

, Hg
2+

 , pb
2+

 , and Ag
+
 (10 mg) , Ca

2+
 , Mg

2+
 and Sr

2+
 (5mg) Fe

3+
 

, Zr
4+

 , Mo
6+

 and Al
3+

 (2.5 mg) Cr
3+

 , Y
3+

 and CN
-
 (0.5 mg) , Zn 

2+
. EDTA and HPO4

2- 
interfered

 
seriously even when present in 

amount of 0.25 mg. The interference of Zn
2+

can be eliminated by 

the simultaneous use of zero-crossing and derivative ratio spectra 

techniques.  
 

3.9 Applications  
          To confirm the usefulness of the proposed methods, 

copper and manganese have been determined simultaneously in 

some synthetic samples. The results obtained (Table 2) are in a 

good agreement with the certified amounts. Simplicity, 

sensitivity, large range of linearity besides accuracy and 

precision are the main advantages of the proposed methods.  
 

4. Conclusion  
          The proposed method allows the simultaneous 

determination of Cu (II) (2.54 - 12.7 µg ml
-1

 ) and Mn(II) (2.19 

– 10.9 µg ml
-1

) in their binary mixtures using zero-crossing and 

derivative ratio spectra techniques. This work illustrates the 

potential of derivative spectrophotometry as a simple , rapid and 

accurate tool for simultaneous determination of Cu(II) and 
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Mn(II) in synthetic mixtures relative to zero order 

spectrophotometric technique [ 6 , 27 , 28] .  
 

 

Table 1 :- Statistical analysis of the determination of copper 

and manganese in mixtures as their (Cu - and Mn-AC–F) 

ternary complexes using zero-crossing and derivative ratio 

spectra methods.  

  

Metal ion Method λnm 
Regression 

equationb 

Correlation 

coefficient 

Cu 

Zero- crossing 520a 
1 

D = 0.021 Ccu+ 0.002 
0.9995 

Derivative ratio 

spectra 
545a 

1 

DD = 0.094 Ccu+ 0.04 
0.9991 

 

Mn 

Zero- crossing 507a 
1 

D = 0.022 CMn+ 0.04 
0.9998 

 

Derivative ratio 

spectra 

 

610 a 

 

638 

1 

DD = 3.72 CMn+ 5.42 
 

1 

DD = 3.43 CMn+ 12.3 

0.9855 
 

 

 

0.7823 

  

a: recommended procedures . 

b:  ( C )  concentration  ( µg ml
-1

 ). 
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Table 2 Application of the proposed methods to simultaneous 

determination of copper and manganese in some synthetic 

mixtures.  
 

 
 

              

 
Figure 1. Absorption spectra of Cu(II) – and Mn(II)-AC-F 

ternary complexes in 40% ethanol [Cu(II)] =[Mn(II)]= 2×10
-4

 mol 

L
-1

 , 1) AC spectrum or AC-F spectrum both give the same 

spectrum , 2) 1:1:1 Cu(II)-AC–F , 3) 1:1:1 Mn(II)-AC-F (versus 

reagent blank) -1 40% ethanol , 0.1 mol L (NaClO4) , pH=5.0.  
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Figure 2. Jop plots of a) Cu-AC-F ternary complex 1) Cu(II)-

AC (in the presence of excess fluoride), 2) Cu(II)-F (in the 

presence of excess AC) and b) Mn-AC-F ternary complexes  

1) Mn(II)-AC (in the presence of excess fluoride), and 2) 

Mn(II)-F (in the presence of excess AC)  40% ethanol , 0.1 

mol L
-1

 (NaClO4) , pH=5.0.  
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Figure 3. Absorption spectra of 1) Cu(II)-AC-F ternary 

complex, 2) Mn(II)-AC-F ternary complex and 3) mixture of 

Cu(II)- and Mn(II)-AC-F ternary complexes. [Cu(II)]= 2.54  

µg ml
-1

, [Mn(II)]= 2.19  µg ml
-1

,  [AC]=[F
-
]= 5×10

-4
 mol L

-1
, 

40% ethanol , 0.1 mol L
-1

 (NaClO4) , pH=5.0 .  

 

 

 

 

 

  

400 450 500 550 600 650 
0.00 
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Figure 4. First-derivative spectra of a) Cu(II)-AC-F and b) 

Mn(II)-AC-F ternary complexes [Cu(II)]= 1) 1.27,  2) 2.54,  

3) 3.81,  4) 5.08,  5) 6.35,  6) 8.25,  7) 10.16,  8) 12.7 9) 15.8 µg 

ml
-1

 , [Mn(II)]= 1) 1.09,  2) 2.19,  3) 3.3,  4) 4.39,  5) 5.49,  6) 

7.13,  7) 8.78,  8) 10.9, 9) 13.7 µg ml
-1

, [AC]= [F]= 5×10
-4 

mol 

L
-1

, 40% ethanol , 0.1 mol L
-1

 (NaClO4) , pH=5.0 .  

450 400 500 550 600 650 
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Figure 5.  First-derivative spectra of 
 
 (a) mixture of Mn(II)-

AC-F complex and an increasing concentrations of Cu(II)-

AC-F complex (a) [Mn(II)]=5.49 µg ml
-1

, [Cu(II)]= 1) 3.175,  

2) 6.35,  3) 9.5,  4) 12.7,  5) 15.8  µg ml
-1 

and (b) a mixture of 

Cu(II)-AC-F complex and an increasing concentrations of 

Mn(II)-AC-F complex  [Cu(II)]= 6.35 µg ml
-1 

, [Mn(II)]= 1) 

2.75  2) 5.49,  3) 8.23,  4) 10.9,  5) 13.7  µg ml
-1 

 , [AC]= [F
-
]= 

5×10
-4

 mol L
-1

,   40% ethanol , 0.1 mol L
-1

 (NaClO4) , pH=5.0
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Figure 6.  First-derivative of ratio spectra of binary mixtures 

of Cu(II)- and  Mn(II)-AC-F complexes a) a series containing  

increment amounts of Cu(II) , [Cu(II)]= 1) 3.175,  2) 

 6.35,  3) 9.5,  4) 12.7,  5) 15.8  µg mL
-1 

, [Mn(II)]= 5.49 µg 

mL
-1

, [Mn(II)]= 3.29 µg mL
-1 

as a divisor b) a series 

containing  increment amounts of  Mn(II) , [Mn(II)] = 1) 2.75  

2) 5.49,  3) 8.23,  4) 10.9,  5) 13.7  µg mL-1, [Cu(II)]= 6.35  µg 

mL-1, [Cu(II)]= 3.81 µg mL-1 as a divisor, [AC]= [F-]= 5×10-

4 mol L-1, 40% ethanol , 0.1 mol L-1 (NaClO4) , pH=5.0 .  
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 مصر.ى–اسووطىى-جامعهىاسووطىىىى-آلوهىالعلومىى-قسمىالكومواءىـى1

 .مصرى–بنىىسووفىى–جامعهىبنىىسووفىى–آلوهىالزراصهىى–قسمىالوراثهىـى2
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