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Spectrophotometric and Electrical
Conductance Studies
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Abstract

‘The composition and stability of aluminium-alizarin 3-sulphonate chelate has been stu-
died by spectrophotometric and electrical conductance measurements. The red coloured
chelate (1,,, 470 my) has a composition 1:2 (metal: chelating agent). The chelate is stable
between pH 2.5 and 4.5. The values of log K as calculated by two different methods are
7.2 4 0.3 and 7.54- 0.2 at 25°C (pH 3.5 £ 0.2). Suggestions have also been made about
the position of the chelate ring in the metal chelate.

Sodium alizarin 3-sulphonate, commonly known as Alizarin Red S, is
a member of the hydroxy anthraquinone group of dyes and has the follow-

ing structure:
O OH

)l

\/\/\/\SO N

0
Alizarin Red S

In a number of publications from these laboratories, metal chelates
with sodium alizarin 3-sulphonate have been described. Thus, the compo-
sition and stability of chelates involving copper?), lead?), uranium3), thor-
ium?), hafnium, molybdenum?), vanadium?$), tungsten?) and chromium?3)
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have been reported. Alizarin Red S has been known as a colorimetric
reagent for aluminium since a long time?®). In spite of the wide application
of the aluminium alizarin 3-sulphonate in analysis!?), details of its compo-
sition and stability have not been fully worked out. This paper records
our work in this direction

Experimental

Materials used

Standard solutions of aluminium sulphate (BDH AnalaR} and Alizarin Red S (BDH
indicator, abbreviated as ARS), were prepared in double distilled carbon dioxide free water
and standardised by the usual methods. Other chemicals employed were of the reagent
grade.

Absorbance and Electrical Conductance Measurements

Absorbance measurements were carried out with a Unicam SP 500 spectrophotometer,
operated by a Doran Mains Unit connected to 220 V/50 cycles a. c. mains, further stabilised
by a constant voltage transformer. 1 em. thickness of the solution was employed in all the
cases by using matched glass cells supplied along with the instrument. All absorbance measu-
rements were noted against a distilled water blank.

The electrical conductance measurements were done with Leeds and Northrup Kohl-
rausch Slidewire with an audio-frequency oscillator in the circuit, operated on the same mains
and using a dip type measuring cell having a cell constant of 0.580.

Hydrogen-ion concentrations were measured with Leeds and Northrup direct reading
pH indicator operated on the same mains. The electrode system was glass-calomel supplied
by the same manufacturers.

All experiments were carried out in an airconditioned room maintained at 25° -+ 1°C.
The total volumes of all the mixtures prepared for the measurements were kept at 50 ml.
The individual sclutions and mixtures were kept immersed in a Townson and Mercer's Pre-
cision thermostat maintaining a temperature of 25° 4 0.01°C, for about two hours, a time
which was sufficient for acquiring equilibrium and for attaining the temperature of the bath.
pH of the solutions and mixtures was adjusted to 3.5 4 0.2 by the addition of suitable
amounts of hydrochloric acid.

The composition of the chelate has been studied by (i) the method of continuous varia-
tions using absorbance and electrical conductance measurements, (ii) mole ratio method
and (iii) the slope ratio method.

Evaluation of the Stability Constant

The apparent stability constant was calculated from the absorbance data by the method
of Anderson and coworkers!l) as modified by Dey and associates1-8). For this, the method of
continuous variations is employed using equimolecular solutions and the total volume is kept
constant. The absorbance of the mixtures is measured at the wavelength of maximum absor-
bance of the complex and is plotted against [M1/[M] -+ [Ke], (where [M] is the concentration
of the metal ion and [Ke] that of the chelating agent). Metal ions, mostly being colourless
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at high dilution, the absorbance of the mixtures is due to the colour of the chelate and the
reagent only. With the progressive increase in the concentration of the metal ions, [Ke]
decreases and in the descenting portions of the curves, where [M] is in excess, the whole of
the reagent may be assumed to be bound up in the complex. Thus, the absorbance in these
portions is due to the chelate alone. When a number of curves are plotted, then at the same
value of absorbance the respective amounts of the complex formed in each case are identical.
The concentration of the chelate can be calculated from the following precedure. In an
equilibrium of the type, involving a metal ion and a chelating agent in the ratio of 1:2,

M + 2Ke == M(Ke),,
the stability constant is given by
x

K*(a“x)( b—2x)z " ().

Taking two concentrations having the same absorbance, i. e., the same value of x, we have
X X ..

et e Hie ey i N § 1))

(a,— %) (b, — 2x)F (8 — %) (b, — 2X)?

or 4x%{(a, + b ) —(a, + bl)] +x [b§ - b? + 4 (a, by, — a2, b))} + (al b? — &y bé)

K =

_ —[B3—b?+4(aghy—a,b,)] 4 V[bE— bf -+ 4(ayb,—a; by) F-16[(a, + by) — (a5t by)](a b —ab3)
8 [(ay + by) — (ay + by)]

Kncwing the value of x from (iii), the value of K can be found out in the equation (i) by

substitution. The stability ccnstant has also been calculated from the mole ratio method

through a calculation of the degree of dissociation.

Results und Discussion

Nature of the Complexes Formed

The method of VosruraH and CooPEr 12) was followed to determine the
nature of the complexes formed in solution. Mixtures containing varying
proportions of 1/, AL(SO,);: Alizarin Red § (1:1, 2:1, 1:2, 1:3 and 1:4),
were prepared and the absorbance in each case was measuved at suitable
intervals between a range of wavelength from 350 mp to 650 mp. The
results are graphically plotted in Fig. 1. It may be seen that the reagent
has its maximum absorption at 420 my. as is evident from curve A. In curves
B, C, D and E the wavelength of maximum absorbance shifts to 470 mg.
However, in curve F it lies at 440 my owing to the presence of a large
excess of the reagent. This indicates that only one complex is formed in
solution under the conditions of study.

Stoichiometry of the Components
The composition of the chelate was established by all the methods.
A large number of observations were taken and some of the typical results
are plotted in Figs. 2 to 11.
12) W, C. VossurcH and G. R. Coorer, J. Amer. chem. Soc. 68, 437 (1941).
16%
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The following table summarises the results on the composition .as arri-
ved at from the examination of Figs. 2 to 5, when the method of continuous

g-70

Absorbance

¥ T

Cspr T T k0 500

Wavelength in Millimicrons

Fig. 1. Absorption spectra studies of mixtures of Aluminium sulphate and Alizarin Red S
(pH 3.5 4 0.2). Curve A, Alizarin Red § 4.00x10 ¢M; Curve B, ¢ = 8.00x10* M,
p = 0.50; Curve C, ¢ = 4.00x10~*M, p = 1.00; Curve D, ¢ = 2.00x10-* M, p = 2.00;

Curve E, ¢ = 1.33x10¢ M, p = 3.00;
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Fig. 2. Determination of the compo-
sition from absorption spectra studies
of equimolecular solutions at 470 my
(p=1; pH3.5+ 0.2). Curve A,
¢ = 10.00x104%M; Curve B, c¢=
6.66 < 10~*M; Curve C,c = 5.00x 10 M

Curve F, ¢ = 1.00x 10~ M, p = 4.00
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Fig. 3. Determination of the compo-
sition from absorption spectra studies
of equimolecular solutions at 490 my.
(p = 1.0); Concentrations and pH
same as in Fig. 2
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variations was employed using absorbance measurements. In the table,
¢ represents the concentration of § Al,(SO,); and p, the ratio ¢[e, ¢’ being
the concentration of Alizarin Red S.
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Fig. 4. Determination of the compo-
sition from absorption spectra studies
of non-equimolecular solutions at
470 myp. (pH 8.5 4 0.2). Curve A, ¢ =

0 W0 20 W4 0
Volume of %Al, (S0,); in m!

Fig. 5. Determination of the compo-

sition from absorption spectra studies

of non-equimolecular solutions at

490 my. Concentrations and pH same

5.00x10—* M, p = 2.00; Curve B, ¢ == as in Fig. 4
6.66x10~¢ M, p = 1.50
Table I
! ! { :
\[ ¢x 104 ! A { Peak occurs at iComposition of the
Figare | Curve P | (my | volumeof Ichelate AI(IIL): ARS
: . 1 |} AL (80,), (ml)
! i
se A 1000 | 10 470 ! 16.7 1:2
4.4 B | 666 1.0 470 16.7 | 1:2
44 c ' 500 1.0 470 16.7 ‘ 1:2
4.5 A 1000 1.0 490 16.7 ! 1:2
15 B 66.6 1.0 490 16.7 ; 1:2
4.5 C 500 | 1.0 490 16.7 1:2
4.6 A 500 | 20 470 | 25.0 ! 1:2
4.6 B 6.66 | 15 470 | 215 | 1:2
4.7 A 5.00 | 20 490 ! 25.0 1:2
4.7 B 666 | 15 490 | 21.5 | 1:2

The results of the method of continuous variations using electrical
conductance (Figs. 6—7) are summarised below.

It is clear from the above tables that the ratio of aluminium to Alizarin
Red S in the chelate is 1:2 and hence, it may be represented as Al (ARS),.
Results obtained by the other methods also, viz., the mole ratio method
(Figs. 8 and 9) and the slope ratio method (Figs. 10 and 11) corroborate
the same eomposition of the chelate.
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Fig. 6. Determination of the compo-
sition from electrical conductance
studies of equimolecular solutions.
{p=1). Curve A, ¢ = 6.66x102 M;
Curve B, ¢ = 5.00x10-* M; Curve C,
¢c=4.00x10—*M
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Fig. 7. Determination of the compo-
sition from electrical conductance
studies of non-equimolecular solutions.
Curve A, ¢=5.00x10~¢t M, p = 1.33;
Curve B, ¢ = 6.66x10~* M, p = 0.75;
Curve C, ¢ = 4.00 X102 M, p=1.2b
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Table I1
. cx10t Peak oceurs at  |(lomposition of the
Figure | Curve (M) P volume of  |shelate Al(IIT:ARS
3 AL, (S0,), (ml)
6 A 6.66 1.00 16.7 1:2
B 5.00 1.00 16.7 1:2
C 4.00 1.00 16.7 1:2
i A 5.00 1.33 20.0 1:2
B 6.66 0.75 13.7 1:2
C 4.00 1.25 19.2 1:2
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Fig. 8 and Fig. 9. Determination of the composition from absorbance studies by the mole
ratio method at 470 my (Fig. 8) and 490 mp. (Fig. 9) respectively, pH 3.5 4 0.2.
Concentration of ARS, A = 4.0x10*M; B = 3.2x104 M
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Absorbance

0§ W B 0 2%
Volume of the variable component
m ml
Fig. 10. 20 ml of {1.00x10-3M excess
eomponent + x mlof 2.00 x 10—* M variable
component -+ (30 — x) ml H,0
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Fig. 11. 25 ml of 1.00%x10-3 M excess com-
ponent + x ml of 2.50x10~* variable com-
ponent -+ (26 — x) ml H,0

Fig. 10 and Fig. 11. Determination of the composition from absorbance studies by the slope
{ratio method. @ 470 my, A 490 my, pH 3.5 + 0.2

Effect of Hydrogen-ion Concentration on the Stability of the Chelate

The absorbances of mixtures containing } Al,(SO,); and Alizarin Red
S in the ratio 1:2 (¢ = 2.00 10t M, ¢’ == 4.00 x10~* M) at different pH

Absorbance

A T T
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Fig. 12. Variation in colour intensity
with change in pH at 470 myp.
c=2.00x10~*M, p = 2.00
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Fig. 13. Variation in the region of maxi-
mum absorption of the chelate with change
in hydrogen-ion concentration.
¢ = 2.00x10-* M, p = 2.00

were measured at various wavelengths. Fig. 13 shows the results where
it is clearly seen that the A max of the chelate which is 470 my holds good
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from pH 2.5 to 4.5 showing thereby that the chelate is stable in this range
of pH. Fig. 12 shows the variation in colour intensity of the chelate with

change in pH at 470 my.

Evaluation of the Stability Constant

The values of log K as determined by two different methods (Figs. 8,
9 and 14) are given in the following table. The particular value of pH is
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Fig. 14. Determination of the stability
constant from absorbance data at
470 mye.

Concentration and pH same as in Fig. 2

also mentioned. The free energy change
of formation has also been calculated
with the help of the expression:

AF°® = — RT InK,

the terms having their usual meaning.

It is clear from the above table that
the values obtained by both the me-
thods are in close agreement with each
other.

Suggestions on the Structure of the Chelate

The metal ion may be chelated in
two alternative positions viz., (i) be-
tween a pair of phenolic oxygens and
(ii) between the quinoid oxygen and
the adjacent phenolic oxygen. It is
suggested that in the present case,

chelation ocems between the phenolie oxygens, as shown below :

0 0-—Al2

-
NN
|
\\/'\H/ EVANTY

0O

This yields an anionic complex which has been confirmed by the adsorp-
tion of the complex by ion exchange resin Amberlite IR 45 (OH).

Table 111
I
Method employed pH log K AR at 25°C
| ‘ (K. cals)
. | {
Method of DEY ot al | 85402 72403 | - 99404
Mole ratio method ‘ 3.5 4 0.2 7.5+ 0.2 103 4+ 03
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