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Synopsis

It has been known that tropolone reacts with iron to give green and brownish red
complexes. It was found that the green complex is formed in the presence of excess iron,
while the latter, in the presence of excess tropolone. The green complex shows a broad
absorption band with its maxima at 435 and 582mu. The maximal color develops over
the acidity range from 0.05 to 1N. The formation of the brownish red one is complete
over the pH range from about 1.3 to 8.5 and it shows the absorption peaks at 425, 550
and 595 my.

The composition of the green complex is 1:1. That of red one is considered to be
1:3. The formation constant of the green complex is evaluated to be 1.0x 10!,

These complexes are utilized in the mutual determination of iron and tropolone.
Beer’s law is valid for both complexes at the wavelength of maximum absorbancy and
iron and tropolone have been determined up to 0.07 y/ml and 1.0 x10-5 M/1 respectively.

I. Introduction

Iron added to tropolone makes a characteristic color development which has
been used for the detection of tropolone. However, the coloration of green or
red in certain cases under different conditions, tends to result in confusion and little
has been known about its chemical nature. It was confirmed by the authors that
the green color is obtained in the presence of excess of iron, whereas it turns
red as the concentration of tropolone increases. Even in an excess of tropolone,
however, the solution gives a green color in rather strongly acidic solution.

The coloration can be used for a photometric determination of iron (III) and
tropolone. In particular, for the determination of the former, tropolone has proved
to be as sensible as the Nitroso-R salt. ‘

An investigation was therefore made to study the variables involved in the
determination of iron and tropolone. The compositions of the two complexes and
the formation constant of the green complex were also evaluated from the photo-
metric data.

Spectrophotometers used were Hitachi EPB-U and EPU-2 type. All pH measure-
ments were made by means of Beckman glass electrode assembly.

II. Absorption spectra of tropolone-iron (III) complexes

The green complex is soluble in water, whereas the brownish red one is soluble
in benzene or alcohol and gives a stable solution, but is difficultly soluble in water.

# The 98th Report of the Research Institute of Mineral Dressing and Metallurgy.
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Figure 1 <shows the spectral absorption curves of green complex in aqueous
solution. The absorption maxima were found at 582 and 435 mg in the visible
range. Green complex was stable over the wide range of acidity covering from
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Fig. 1. Absoption spectra of green complex
Fe(Cl0Og)3 : 3.7x103M/1
Tropolone : 2.8x107¢
Curve I —0O— HCI0;4:0.52N, —x— HCI104:0.05N
I —O— HCI:04N

2.0

~
Oy

~
<

Absorbancy

05

\/l\
400 500 600
Wave length in mu

Fig. 2. Absorption spectra of brownish red complex
Fe(Cl0g);3: 1.4x10~4¢M/1, HCIO, : 0.05N
Curve I Tropolone 1.68x10~¢M/1
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0.05 to IN. In hydrochloric acid
or perchloric acid solution, the
color intensity differed from each
other. It may be considered that
this discrepancy is due to a differ-
ent kind of co-ordinated ligands to
iron atom besides a tropolone mole-
cule. In hydrochloric acid ‘solution,
absorption band of ferric chloride
was observed to overlap in a range
below 440 mg.

When the molar ratio of iron

 to tropolone was five, the forma-

tion of the green complex was
completed. Thus, absorbancy re-
mained constant until 13.3 times
of iron (III) was added to tropo-
lone.

The absorption spectra of the
brownish red compex in benzene
solutions is illustrated in Figure 2.
The absorption maxima were found
at 425, 550 and 595 my in the visible
range. As is shown in the figure,
each curve at various molar ratios
of tropolone to iron (from 1.2 to
18) showed a good similarity. Ac-
cordingly, it may be concluded
that there is only one kind of the
complex to exist.

The readings on benzene solu-
tion remained constant within the
pH range from 1.3 to 8.5. Hydrogen
ion concentration was adjusted
after the tropolone was added so
as to avoid the hydrolysis of iron
(1II).

Asis described above, the green
complex is soluble in water and
is not extracted with benzene,
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whereas the brownish red one is extracted in benzene and is difficultly soluble in
water. Fortunately, since both complexes were soluble in 40 per cent alcoholic
solution, this medium was used for the determination of the composition of two
complexes by a molar ratio method. The concentrations of ferric perchlorate and
perchloric acid were kept at 1.4x107*M/1 and 0.05N respectively. With an increase
of the concentration of tropolone, absorbancy increased linearly until a molar ratio
reached 1:1. Above there curved line was obtained and thus the composition
of the complexes could not be determined.

Consequently, iron and tropolone was made to react in an aqueous solution at
various ratio. Then the brownish red complex was extracted with benzene after
the equilibrium in the solution
was attained. The results are
shown in Fig. 3.

In the figure, the absor- 460 mu
bancy in an aqueous phase R
increased linearly until the 2
molar ratio was 1:1, whereas !
that in a benzene phase first
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appeared when the ratio ex- g / 550mu
ceeded 1:1. From this fact & I3 /,——”i-X """"""""""""" T
the composition of the green o4r Q§ / /X ) G SYSmu . .
complex may be considered to SN e
be 1:1. The mark @ in the 02y 1/ af /,4)‘ 390 mu
figure is the data obtained from Lot/ 560 mu j £
the calibration curves in Fig. 0 M/ 3 $ 47 <Ii /> /29
6, assuming the corresponding Moles tropolone per mole Fe
amount of tropolone was con- Fig. 3. Effect of ratio of tropolone to iron
verted entirely to the green Fe(Cl04)3: 1.4x 1074 M/1, HCIO; : 0.05N

—— ananentic nhaca  sceceane h
complex. These marks took aqueous phase, benzene phase

their positions on straight lines of I, II and III. In case tropolone added was 6
times as much as iron in a molar ratio, full color was not obtained in benzene
phase and the existence of the green complex was observed. At the molar ratio
above 11, any increasing amount of regent cannot produce further change in
color intensity.

The points of crossing of tangent lines of the curves (I, II’ and III’) were
obtained at the ratio 3.4~3.6. Taking into consideration the coordination number
of iron (III), it may be considered that the composition of the brownish red
complex is 1 to 3.
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III. Formation constant of the green complex

Basing on the principle of McConnell and Davidson, and Kruh, etc®, the for-
mation constant of the green complex was evaluated.

As mentioned above, the green complex is formed according to the following
equation as the first step:

Fet*+ + HT 2 FeT** + H* (1)

and then this 1:1 chelate reacts with more tropolone to form a brownish red
one. When an excess of iron (III) ion was added, the brownish red complex thus
formed returned to the green complex.

The equilibrium constant, K;, of eq. 1 is given by

K = (FeT**) (HY)
' [Fett*J[(HT)

(2)

Let the concentration of the green complex formed be xM/1 in a solution initially
aM/l in iron (III) and &M/l in tropolone.
Then equation 2 leads to

K, = x(H")
(@~x)(b—x)
If @ and b are chosen to be a = b, then K, may be rewritten as follows:
K = = 3
= (3)

Let epo and e, represent the molar absorption coefficients of ferric salt and green
complex, and A the total absorbancy of the solution, it follows

A =cr(a—x)tegx (4)
so that
_ (A=A
ko= (%)

where A’ is the absorbancy of ferric salt first taken, i. e.,
A, = dEtre

From equations 3 and 5 it becomes

AfA, - eg-lsFe " { (53_51Fe) ‘K }llz{ ffl}f}l’ }1/2 (6)

Now, within the wavelength range measured, cp, was substantially equal to zero.
Therefore, equation 6 is reduced to

4w Gir) ) ()

g

1) H. McConnell, N.Davidson : J. Am. Chem. Soc., 72(1950), 3614.
P. S. Farrington : ibid.,, 74(1952), 966.
R. Kruh : ibid., 76(1954), 4865.
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Thus, if the composition of the green complex is 1:1, a plot of a/A against

((H*)/A)" should be a straight line, the intercept being 1/¢, and the slope < Kl-s >m.
K, can be evaluated from the intercept and the slope. v

Then, by changing acidity from 0.7N to 1.8N and keeping the molar ratio of
iron (III) to tropolone at 1:1, the equilibrium constant of the green complex was
determined from the absorption of an aqueous solution. Ionic strength of the
solution remained constant at 2.00 with NaClO,. The measurement was made at
19.5~19.7°C. Under the condition the green complex is formed exclusively without
any formation of the brownish red one. The
absorption spectra of these solutions were quite /5
similar to that of the solution containing large
excess of iron (III).

A plot of a/A against [ (H*)/A)"? are given
in Fig. 4 in which a linear relationsip is seen
at each wavelength. The equilibrium constant
K, of the green complex was evaluated graphic-
ally. It is given in Table 1. As a mean value
of K, 1.0x10* was obtained, each value in
Table 1 being in accord with one another.

ap x10*

5 L
Table 1. Equilibrium constant of the
green complex (1)
A (m/l) K, 0 L I I
0 / 2 3
435 1.0 x 104 %
440 1,0 x 104 (“%)
4
égg igi i84 Fig. 4. Graphical determination of K,
Fe(ClOy)3: 2.8x104M/1
aver. 1.0x104 Tropolone : ” ”

pH 20

Next, the color development was made by adding 10 times as much of ferric
perchlorate to tropolone in molecular ratio and by changing the concentration of
perchloric acid from 2.7 to 4.3N. From the absorbancy of the green complex the
equilibrium concentration of each component was obtained and the equilibrium
constants were calculated and are given in Table 2. The average value obtained

Table 2. Equilibrium constant of the green cdmplex 2

(Fe**+) added (HT) (HCIO.) (FeT+t) K

(x 10-3M/1) (x 10-4M/1) D (X 10~4M/D) 1
1.40 1.40 2.69 1.25 1.8 x104
", " 3.20 1.13 1.0 x10¢
2.80 2.80 3.31 2.44 0.88 x 104
,, ” 4.34 1.96 0.40 x 10¢

aver, 1.0x104
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was also 1.0 x10*. But the individual constants in Table 1 are in better accord with
one another than those in Table 2.

Then substituting in eq. 2 the value of the dissociation constant of tropolone,
which is 1.0x10772, at 20°C and that of K;, the formation constant according to
the eq. 9 can be calculated and 1.0 x10!" was obtained as it.

Fett* + T— 2 FeT*t (8)

by = _ (FeTH)

9
(Fet™* ] (T7] (%)

IV. Mutual determination of iron (III) and tropolone

Next, it was examined whether these complexes were utilized for the determina-
tion of iron (III) and tropolone.

Iron from 207 to 196y as ferric perchlorate was taken and 6.4 mg of tropolone
was added. After the pH was adjusted to about 2, the solution was diluted to 50
ml. Then the solution was shaken with 50 ml of benzene. The transmittancy of
the brownish red complex in a benzene layer was measured. The result is shown
in Fig. 5.

L2 2r
0.9 09
Q 2
S S
< 3
kN ~Q
S Py
2 0.6 S 06F
<t -Q
<
03 03F
0 o ] 1 1 1 1 _a
0 / 2 3 q 0 A/ 20 3.0 4.0 S8.0 x/0
Concentration of iron (¥/ml) Concentration of tropolone (M/)
Fig. 5. Absorbancy vs. concentration Fig. 6. Absorbancy vs. concentration of
of iron tropolone

The correlation between the absorbancy and the concentration of tropolone was
next examined. Spectrophotometric measurements in an aqueous phase were made
over a concentration range from 5.25x107°M/l to 5.25 x 10~*M/l of tropolone.
Concentration of perchloric acid and ferric perchlorate was kept to 0.5N and 2.81 x

2) J. W. Cook, A. R. Gibb, R. A. Raphael, A. R. Somerville : J. Chem. Soc. (1951), 503.
P. L. Pauson: Chem.Rews. 55 (1955), 15.
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10~% M/l, respectively. The results are shown in Fig. 6. Both complexes were
found to obey Beer’s law at each wavelength within the range of experiment.

An error, in the measurement, of 0.1 % at 80 9% transmittancy reading causes
the relative error of about 0.5 9 in the determination. Therefore this will be a
limit of accuracy.

If this is the case, as little as 0.3 v/ml of iron and 4.5x10~° M/l of tropolone
may be determined satisfactorily.

The authors wish to thank Prof. Tetsuo Nozoe and his colleagues for their
generous supplies of tropolone used in this study. They are also indebted to
I. Makino and staff of the Hitachi Works for their endeavour in arranging the
photometer which they used.



