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 Sodium alizarin-3-sulfonate, commonly 
known as the dye Alizarin Red S (ab-
breviated as ARS), has been widely used 
in the determination of aluminum1), and 
has also found application in the analysis 
of zirconium and hafnium2). Raghava Rao 
and coworkers3) have suggested the use 
of the reagent in the colorimetric deter-
mination of uranium and thorium and 
Rinehart4) for the estimation of rare earths. 
In a recent communication Mukherji and 
Dey5) reported the formation of colored 
lakes of various metals with Alizarin Red 
S and suggested that the reagent might 
be of use in other determinations as well. 

 In further communications Mukherji and 
Dey have reported the spectrophotometric 
study of alizarin sulfonate chelates of 
cupric6) and lead7) and have also discussed

the structure of alizarin sulfonate

chelates of bivalent metals8). It has been

found that copper forms a 1:1 chelate

with sodium alizarin-3-sulfonate with λmax

at 500 mμ. In this paper we are reporting

ourobservations on the possibility of

using the reagent for the colbrimetric

determination of bivalent copper on a

micro-scale.

 Experimental

 Solutions of cupric sulfate (BDH Analar) 

and of Alizarin Red S (BDH Indicator) were 

prepared in carbon-dioxide free water and 

standardised as usual. The spectrophotometric 

measurements were carried out in an air condi-

tioned room maintaining a constant temperature 

of 25•Ž. 

 Absorption spectra of the chelate.-The 

absorption spectra of the reagent using 0.0002M 

solution and the chelate (1:1 mixture of the 

reagent and cupric sulfate of the same concen-

tration) were studied at different wave lengths. 

The optical densities were measured with an SP 

500 spectrophotometer, manufactured by Unicam 

Instruments Ltd. The thickness of the solution 

was 1cm. in glass cells supplied with the instru-

ment. pH of both solutions was 4.3. The results 

are plotted in Fig. 1. 

 Conformity to Beer's law.-To fixed volumes 

of ARS solution were added varying volumes of
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Fig. 1. Absorption spectra studies. 
 Curve A: Sodium alizarin-3-sulfonate 

 0.0002 M; Curve B: 1: 1 mixture of 
 sodium alizarin-3-sulfonate and cupric 
 sulfate (0.0002M).

cupric sulfate solution, keeping in view that 
the amount of the chromophoric agent remained 
in large excess as compared to cupric sulfate. 
The total volume was kept constant by the addi-

tion of water. The optical densities of lcm. 
thickness of the solutions were measured with 
the spectrophotometer. The observations were 
repeated at three wave lengths as noted in 

Table I:

 TABLE I

Concn. of Cupric Sulfate =1.0 × 10-4M

Concn. of ARS =1.0×10-3M

Volume of ARS taken =10ml.

Total Volume =50ml.

Fig.2. Conformity to Beer's law.

 Curve A,450 mμ; Curve B,500 mμ;

 Curve C,550 mμ.

 The results in Table I are represented graphi-

cally in Fig. 2. It may be seen that the calibra-

tion curves have a curvature, which is probably 

due to the colloidal nature of the reagents). 

 Stability of the color at room temperature. 

-A mixture of solutions of 0 .0002 M of cupric 

sulfate and 0.001 M of ARS (pH of mixture 4.0) 

gave the same optical density even after 72 hours 

of standing at room temperature, showing that 

the color is stable enough for colorimetric 

measurements. 

 Influence of temperature.-The color inten-

sity remains constant over a temperature range 

20•‹ to 35•Ž, as may been in Table II: 

 Influence of pH.-The intensity of color is 

stable between pH 3.20 to 7.50, as may be seen 

in Table III: 

 Sensitivity of the reagent.-The smallest 

amount of cupric ion that can be detected with 

Alizarin Red S is 6.4 p. p. m., when absorbance 

measurements are done in 1cm. cells.

 TABLE II 

Concn. of cupric sulfate =0.0002 M 

Concn. of ARS =0.001 M 

pH of mixture =4.00

TABLE III

Concn. of cupric sulfate =0.00005M

Concn. of ARS =0.0002 M

Temperature =25℃

9) Idem., Kolloid-Z., in press.
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TABLE IV

Concn. of cupric sulfate =0.0002 M(12.7 p. p. m.)

Concn. of ARS =0.001 M

pH of the mixture =4.00±0.50

Temperature =25℃
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 Influence of foreign ions.-The effect of a

large number of cations and anions on the color

intensity was studied with the help of the spec-

trophotometer. The tolerance limits were quanti-

tatively determined. The tolerance limit repre-

sents the concentration of a foreign ion, which

would affect the optical density of the solution

under investigation by less than ±2%. The

results are given in Table IV.

 Recommended Procedure

 For the determination of copper, a solu-

tion is prepared and treated to separate

the interfering substances as usual1,10).

The pure copper salt solution thus ob-

tained, is treated directly or with an

aliquot portion with a ten-fold molar ex-

cess of a freshly prepared aqueous solu-

tion, of the reagent. The pH of the solu-

tion is adjusted between 4 and 6. The

optical density of the solution is then read

at 500 mμ, in an absorption cell of suit-

able thickness. The color intensity can

also be measured with a photoelectric

colorimeter with an appropriate filter. The

temperature of observation should prefer-

ably be 20～30℃.

Summary

 The formation of a 1:1 copper chelate

with sodium alizarin-3-sulfonate, having

λmax at 500 mμ has been reported. The

color formation has been applied to the

colorimetric determination of copper on a

micro-scale. The color has been found to

be stable between pH 3.20 and 7.50, at tem-

peratures 20～30℃. The sensitivity of the

reagent is 6.4 p.p.m. of the copper ion. The

interference by a large number of cations

and anions has been studied and the toler-

ance limits are quantitatively determined

spectrophotometrically. It has been re-

commended that the reagent is suitable

for the colorimetricdeterminationof

copper(II)on a micro-scale and the con-

ditions have been prescribed.
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