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between p-Phenylendlamme and

Hydrogen’ Peroxide* |

Hidehiro GOTO and Shin SUZUKI

The Research Institute for Iron, Steel and Other Metals
(Received June 3, 1951)

Synopsis

Applying the catalytic action of iron to the reaction between p-phenylendiamine and
hydrogen peroxide, the relation between the time required for the development of the brown '
color and the amount of iron added was studied with Duboscq’s colorimeter, which rendered.
it possiple to determine 0.5~/57 of iron by the time measurement under the same condition,
The condition of the solution and influénces of some diverse ions on the determination were
studied.

I. Introduction

. Applying the catalytic action of osmium to the reaction between p-phenylen-
diamine and hydrogen peroxide, the m1crodeterm1nat10n of osmium was investi-
gated(), asreported in the preceding paper, by measuring 'the time required for the
development of the brown color in a certain concentration with Pulfrich’s photometer.
It hasalready been found that iron also has the catalytic action on the same reaction.
Using Duboscq’s colorimeter, the microamount of iron was determined by the
~ similar method.

1I. Experiments and results ‘ -

1. Apparatus and reagents .
An usual lamp was used as the hght source of the Duboscq S colonmeter

* The 643rd report of the Research Institute for Iron, Steel and Other Metals.

ThlS is abstracted from the paper pubhshed in the Journal of the Chemical Society of Japan,
' 71 (1950), 7

(1) T. Sh:okawa., Sci. Rep. RITT, A2 (1950}, 293,
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Para-phenylendiamine solution was prepared by dissolving the reagent in redistilled
water every day. : ‘ \

Hydrogen peroxide solution was standardlzed with 0.1 N potassium per-
manganate solution every day, and its concentratlon was adjusted at about 0.5%.
A standard ferric solution was prepared by dissolving ferric chloride in redistilled
water and its stock solution contained about 1 mg Fe/ml, which was determined

. by the liquid amalgan method

2. Experimental procedure ;
A definite amount of redistilled water was taken in a small Erlenmeyer flask -
in which the final volume of the solution became 8 ml, and then the reagents were
addedinit. Itwasshakenand transferred to the cell which was fixed ajthe position
of 20 on the scale. {The cell of a standard color solution was kept at the position of
25 on the scale. When the coloration of the sample solution became just the same
color, the time measurement with a stop watch was started. The cell of the
standard solution was transferred rapidly to the position of 60 on the scale.
" By measuring the time required until the brown color of the sample solution
- became deep and then matched with the color of the standard, some relations were
found between the time measured and the amount of iron which might be applicable
to the determination of microamounts of iron. Experiments were carried out at
‘room temperature, 5°~10°C, with the exception of specially mentioned cases.

3. ~Standard color solution ,
The standard color solution was prepared by mixing 0.3 ml of potassium dichro-

mate 10 mg/ml solution, 3 ml of chromium nitrate 8.4 mg/ml solution with 10 ml
of water, and 8 ml of it was used in every measurement.

4, Concentration of hydrogen peroxide
: ’ Various volumes of 0.5%, hydrogen
g peroxide solution were used against 2.5
min L A - mlof 0.29%, p-phenylendiamine, water
and 5 y of iron in 8 ml of the total
solution, and the time was measured.
As shown in Fig. 1, the reaction ve-
locity was not affected by varying
0.5%, hydrogen peroxide contents from
3.2 up to 4.75ml. Therefore, 4.0 ml
of 0.5%, hydrogen peroxrde was used
T3 7 5 P hereafter.
—> Concentration of H,0,

Fig. 1

Tithe Measured

5. Concentration of .p-phenylendi-

amine .

Experiments were made by adding various volumes of p-phenylendiamine
. g
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under the condition in which the

total volume of the solution was 8 ml 6
containing 4 ml of 0.5% hydrogen min
peroxide and 5 y of iron. As shown ' .

" in Fig. 2, the reaction velocity was 5 4|
not affected by varying 0.2% p- §
phenylendiamine contents from 0.25 %
up to 3.00 m! and this constant ve- & 2
locity was the largest. Hence, 2.7 \ ‘[ ‘

- ml of 0.2% p-phenylendiamine was

. . . ' 2 3 4 ml
. gsed in the following experiment. Concentration of CoH{NH),

6. Effect of pH Fig. 2
~ The experiments were made on , .
the influence of pH, keeping the other conditions constant. Results obtained at
~several values of pH from 4.2 up to 5.2, which were adjusted by acetic acid-
sodium acetate buffer solution, are shown in Table 1. pH was further changed
from 5.8 up to 7.2 by the potassium .dihydrogenphosphate-disodium hydrogen
'phosphate buffer solution, and from 7.0 up to 9.0 by the borax-boric acid buffer
solution but the reaction velocity was very slow in all cases and so it could not be
- applied to the determination of iron. Therefore any buffer solution was not used
in the determination of iron.

Talbe 1.
. CH;COOH CH;COONa Time measured
0.5N (ml) 9% (ml) PH Fe 57 (mean of twice) (min)
0 _ -0 4.2 - none a.bout"70 »
” » ” added : 1.65
1.75 0.25 4.0 : none 10.69 :
. » » . added 0.68 '
1.00 1.00 4.6 " none 9.55
Vs » ” added 0.66
0.50 1.50 ‘ 5.2 none . 6.43
v - . ” . added 0.79

7. Relations between amount of iron and reaction velocity

Under the most suitable condition found in the preliminary experiments, in
which 4.0 ml of 0.5%, hydrogen peroxide and 2.7 ml of 0.2%, p-phenylendiamine
were contained in 8 ml of the total solution, the time measurements were made with
various amounts of iron at 10°C. ]

As shown in Fig. 3, the relations between the reciprocals of the time and the
amounts of iron were linear. This linear relation was represented by the following
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——>  Amount of Iron
| - Fig. 3 ,
lead, chloride of mercury and manganese, and potassium salts of sulfate, nitrate
and chloride and the results are shown in Table 2,3,4,5 6and 7. The ex-
periments were made by adding respectively various amounts of these compounds
in the presencé of 5 y of iron, keeping the other in the suitable conditions. The

5

/

equation ¢ \ -
Q0=6/T—1.2 Q: amount of

iron (y); T: time measured

(min). Therefore; by measuring

‘the time under the same con-

ditions, the unknown amount of

iron can be determined from

this graph or equation.

8. Effects of other substances
Effects of organic acid and
other ions were studied with ‘the
following reagents: formic, tar-
taric, acetig and citric acids, sul-

" fates of aluminium, chromium

and zinc, nitrates of. {nickel,
cobalt and cadmium, acetate of

Table, 2.
. Time measured (mean of twice) (min)
- Organic substances used (ml)

Alcohol "~ Aceton
0 1.62 1.62
. - 0.1 1.68 1.60
) 0.5 1.66 1.54
1.0 1.56 1.71

Table 3. -

Organic acids used

Time measured (mean of twice) (min)

(mD) Formicacid0.2N|  pH " | Acetic acid IN pH .
0 1.56 4.2 175 - 4.2
0.1 1.63 3.6 — —
0.3 2.05 2.6 — —
0.5 — — 1.71 3.2
1.0 5.01 8 1.77 , 3.0
1.5 — — 1.86 .28
2.0 — — 179 . 28
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Table 4.

Organic acids used

Time measured (mean of twice) (min)

(mg) Tartaric acid pH Citric acid PH

0 -1.56 42 1.67 4.2

0.05 - — — - 12.96 4.2

0.1 3.16 40 — —

05 3.50 3.8 ‘ _— \ —

1.0 3.96 .. 3.6 —_ —_—
Table 5.

* Tons used (mg)

Time méasured (mean of twicé) (min)

AlF++ Pb++ Cr+++  Mn++ ‘
0 1.27 . 118 1.20 ' 1.46 |
0.1 1.28 099 - 1.20 _ — \
0.2 L — 0.71 —_ _

0.5 1.25 — ‘ 1.14 ’ - 1.30

1.0 1.17 o= 1.10 1.09

2.0 0.77 — Co—_ -

3.0 — —_ 1.20 0.75

Table 6.

Ions used (mg)

Time measured {mean of twice) (min)

0 1.24 1.21 1.26 1.26
0.1 1.12 1.14 1.27 1.08
0.5 097 . -~ 0.93 1.18 0.66
1.0 0.82 ' ©0.74 1.15 —_

- Table 7.

Tons used (mg)

Time measured (mean of twice) (min)

Cd++ Cl- S04~ — ~ NO;~
0 1.20 . 1.20 1.16 . 1.28
0.5 1.16 1.20 , 1.20, —
1.0 1.20 1.19 1.14 1.21
5.0 1.19 1.07 ~ 1.01 1.19
10.0 1.17 0.87 0.72 '0.88

reaction velocity was not affected by the addition of 1 ml of alcohol or acetone and
2ml of 2N acefic acid, but it became slow by the addition of formic, tartaric

and citric acids, especially the effect of citric acid was remarkable.

N

.
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The reaction velocity was not affected by the addition of other metallic ions
in the range from several tenfold to several thousand times, but Co*+ and Pb++had
a considerable influence.

Summary

(1) Applying the catalytic action of irom to the ‘reaction between p-phenylen-
diamine and hydrogen peroxide; the microamounts of iron were determined using
Duboscq’s colorimeter. '

(2) By measuring the time required until the brown coloration of the sample
solution changed from a certain color concentration to the another, some relations
between the time measured and the amount of iron were found, which were
applicable to the determination of microamounts of iron. ‘

(3) The standard color solution was prepared by mixing potassium dichromate
‘with chromium nitrate solution. .

(4) The suitable concentration of the reégents and the suitable condition were
discussed. ' A

(5) Influences.of some diverse ions on the determination were examined.



