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The reaction between iron(III) and methylthymol blue has been studied spectrophotometri-
cally in an attempt to establish the optimum conditions for determining small amounts ofiron. De-
pending on the acidities of a solution, iron(III) reacts with methylthymol blue to form one of two
complexes. The l-to-1 complex, which has its maximum absorbance in the acidity range from 0.07
to 1.00 M with respect to perchloric acid, has an absorption maximum at about 580 my against
a reagent blank. The 1-to-2 (metal-reagent ratio) complex, which has its maximum absorbance in
the pH range from 4.5 to 5.5, has an absorption maximum at about 520 my against a reagent blank.
With either complex, Beer’s law is obeyed over the range from 5 to 50 pg. of iron(III) in 25 ml.
of complex. The apparent molar extinction coefficients of the two complexes at their absorption
maxima were calculated to be 15000 and 14000 respectively (the former, at 0.08 M HCIO; the
latter, at pH 5). According to Sandell’s notation, the sensitivities of the reactions are 0.004 pg.
of iron(IIT) per cm? at 580 myg and 0.005 pg. of iron(III) per cm? at 520 my respectively.
The effect of diverse ions was examined with a solution containing iron(III) and 25 cations.
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* This work was presented at the 12th Annual Meeting of the Japan Society for Analytical Chemistry, K , O , 1963,




426 Koichi ToNosakt

Methylthymol blue was first prepared by Kérbl
et al.”> It has since been widely used as a universal
metallochromic indicator in complexometric titra-
tions. The color reaction between this reagent
and such metal cations as zirconium(IV),2®
yttrium(III),% lanthanum(III),®> mercury(II),®
thorium(IV),5? and gallium(III)® has been studied
spectrophotometrically in determining these cations.

It has been found that, depending on the acidity
of a solution, iron(III) reacts with methylthymol
blue to form two complexes, with metal-ligand ratios
of 1 to 1 and 1 to 2, and that these reactions are
applicable to the spectrophotometric determination
of iron. The proposed metho dis very sensitive; it
is comparable in sensitivity with the method using
xylenol orange,® ferron,1> hydrazinophthalazine,!>
or salicylaldoxime.12

Experimental

Reagents.— The Standard Ferric Perchlorate Solution.—
This was prepared by dissolving the freshly-precipitated
ferric hydroxide in hot 4.5 M perchloric acid and then
diluting it with water to make the solution about 0.01 M
with respect to iron. The solution was standardized
by the complexometric titration!® using a-pyridyl-§-
azonaphthol as an indicator. Working solutions of
iron were then prepared by diluting the standard solu-
tion with distilled water.

Methylthymol Blue Solution.—A 1x 10~3 M methylthymol
blue solution was prepared by dissolving the Dotite MTB
reagent (disodium salt), which was used without further
purification, in distilled water.

An acetate buffer solution and nitric acid were used
for the adjustment of the pH values. Solutions of diverse
ions were prepared by dissolving the respective com-
pounds (all reagent-grade chemicals) in distilled water
in appropriate concentrations.

Apparatus.—A Hitachi spectrophotometer, model
EPV-2, was employed, with 1 cm. cells for all the absorb-
ance measurements. A Hitachi glass-electrode pH
meter, model EHP-1, was employed for all the pH de-
terminations.

Results and Discussion
Absorption Curves.—The absorption curves of
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the solutions containing iron(III) and methylthymol
blue at different acidities are shown in Figs. 1
and 2. These curves were obtained by measuring
the absorbance of the colored solutions against a
reagent blank which contained the same amount
of methylthymol blue.
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Fig. 1. Absorption curves of methylthymol blue
and its iron complex at various acidities.
Iron: 26.8 pg.; MTB: 1.96X10-4M
I: MTB vs. water at pH 0-6; 1I: Iron complex
vs. a reagent blank
HCI1O; concn.: II 0.30mM; IIT 0.20 m;
IV 0.15m; V 0.08m; VI 0.05m
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Fig. 2. Absorption curves of the iron-methyl-

thymol blue mixture at various acidities.
Iron: 26.8 pg., Reference: a reagent blank
pH value: T 2.5; II 3.0; III 4.0;

IV 4.5-5.5; V 6.5

When the concentration of perchloric acid is
0.05 to 0.20 m, the solutions give essentially identical
absorption curves, with an absorption maximum
at about 580 my. Above pH 2, the position of
the maximum absorption shifts toward shorter wave-
lengths with the increase in the pH value. The
curves obtained at pH 2.5 and 3.0 have a shoulder
at about 610 mg. Between pH 3.5 and 6.5,
however, the solutions give absorption curves with
an absorption maximum at about 520 myg. There-
fore, it may be concluded that, in the presence of
an excess of methylthymol blue, two complexes
are formed between iron(III) and the reagent.

The Effect of the Acidity.—The effect of the
acidity on the absorbance of the solution was
examined by measuring, at two wavelengths,
580 and 520 my, the absorbance of a solution con-
taining 26.8 pg. of iron and a 5- to 10-fold excess
of methylthymol blue. From the curves shown
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in Fig. 3, it may be seen that the maximum ab-
sorbance is obtained in the acidity range from 0.07
to 0.1 M with respect to perchloric acid when measur-
ed at 580 my, and in the pH range from 4.5 to 5.5
when measured at 520 mp.
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Fig. 3. Effect of acidity.
Iron: 26.8 pg.; MTB: 1.96x10-4m
Reference: a reagent blank

The Stability of the Color.—The color devel-
opment between iron(III) and the reagent occurs
instantaneously at room temperature. The color
intensity of the solution remained almost constant
for at least 4 hr. after preparation, either at the
acidity of 0.08 m or at pH 5.0.

Calibration Curves.—From the foregoing re-
sults, two optimum conditions for determining
iron were found. The procedure for preparing
the calibration curves for iron was as follows:
An aliquot of the standard iron(III) solution was
pipetted into a 25-ml. volumetric flask. The acidity
of the solution was then adjusted to 0.08 M in the
final concentration with perchloric acid or to pH
5.0 with an acetate buffer. To the solution, 2.5
to 3.5 ml. of a 1x10-2 M methylthymol blue solu-
tion was added, and the resulting solution was
diluted with water to the mark. After about 30
min., the absorbance of the solution was measured
at 580 or 520 my against the reagent blank.

The results shown in Fig. 4 indicate that Beer’s
law is followed by solutions containing up to at
least 50 pg. ofiron. The sensitivities of the methods
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Fig. 4. Calibration curves.
I: MTB 1.15x10-¢m; HCIO, 0.08 m; 580 mp
II: MTB 1.37x10-4m; pH 5.0; 520 my
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are 0.004 pg. of iron per cm? at 580 my and 0.005
pg. of iron per cm? at 520 mp.

The Effect of Diverse Iomns.—The effect of
diverse ions was examined with a solution contain-
ing 26.8 pg. of iron and diverse ions. The acid
concentration of the solution was adjusted to 0.08 m
with perchloric acid. Of the 25 cations tested,
such ter- or quadrivalent cations as bismuth,
gallium, indium, thallium, thorium, uranium,
vanadium, and zirconium gave a positive error,
while common divalent cations and some rare
earth elements did not interfere. The following
anions did not interfere under the conditions de-
scribed: chloride, nitrate and sulfate up to at least
100 g#mol., fluoride up to 5 gmol., tartrate and cit-
rate up to 50 gmol. and phosphate up to 30 pgmol.
Oxalate, nitrilotriacetate and ethylenediaminetetra-
acetate, however, inhibit the formation of the com-
plex, even when only trace amounts are present.

The Composition of the Complexes.—
The Complex with an Absorption Maximum at 580 mge.
—The method described by Frank and Oswalt'®?
was applied. This method is effective in the
identification of a 1-to-1 complex with a formation
constant of less than about 10%.

An attempt was made with solutions with a
given molar concentration of iron at a given
perchloric acid concentration, but with wvarying
methylthymol blue concentrations. If only a
I-to-1 complex is formed under the conditions,
and if the absorbance of the solution, A, is measured
against the reagent blank, the following relation-
ship may be derived:

ab/d = (a+b)/(ec — (¢0)u)
+ /(K" )u(ec — (c0)n) (1)

where a and b represent the total molar concentra-
tion of iron and that of the reagent respectively;
ec is the molar extinction coefficient of the com-
plex, and (eo)m is the apparent molar extinction
coefficient of the reagent at a given acidity. (K,')y
is defined as:

(Ky")n = x/(a — x) (b — x) (2)

where x represents the equilibrium molar con-
centration of the complex at a given acidity.

In Fig. 5 ab/A is plotted against (a+b) at 580
my. In these solutions, the concentration of iron
was 1.92x10-%m, while that of methylthymol
blue varied from 1.0x10-% to 1.2x10-3m; the
acidity was held constant at 0.02 M with respect
to perchloric acid. The good linearity of the
plots supports the assumption inherent in Eq. 1,
indicating that only a I-to-1 complex is found
under the conditions investigated. The molar
extinction coefficient was calculated to be 15000
at 580 my, and the value of (K,")y, to be 8.4 103,

14) H. S. Frank and R. L. Oswalt, J. Am. Chem. Soc., 69,
1321 (1947).



428
&
X
=
-
=
e
(a+b) x 104
Fig. 5. Plot of ab/A vs. (a+5) at 580 mp.

a: 1.92x10-35M; b:
HCIO;: 0.20M

1.0x10-4—1.2x10"3m

The Complex with an Absorption Maximum at 520m .
—The mole ratio of iron to the reagent was con-
firmed by the mole ratio method at pH 5.5. In
this work, each solution was 1.02x10-4M in
the total concentration of methylthymol blue.
The results are shown in Fig. 6, which indicates
that probably a 1-to-2 complex is formed between
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Fig. 6. Mole ratio method.
MTB: 1.02x10-4m, pH: 5.5

iron and the reagent. The wavelengths, 540 and
550 mp, were chosen because the reagent itself has
too high an absorbance at 520 mg. The molar
extinction coefficient of this complex was calculat-
ed to be about 14000 at 520 mp.
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