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A simple and selective colorimetric method was developed for quantitative determination
_of aromatic diamines; p-phenylenediamine, N,N-dimethyl p-phenylenediamine and N,N-diethyl-
p-phenylenediamine. The method is based on the reaction of sodium sulphide with an aqueous
solution of the diamine in presence of an oxidant at ambient temperature to form a methylene
blue or ethylene blue like dyes. Absorption maxima of 597, 665 and 670 nm were obtained for
the three compounds; respectively. Different oxidizing agents were tried e.g. Ce(IV), Fe(ll)
and N-bromo-succinimide (NBS). The color was developed within 5 minutes and remained
stable for at least 24 hours. Linear calibration graphs with very small intercepts were
obtained. The proposed method was applied successfully for determination of aromatic
diamines in spiked water samples and in presence of other aromatic amines and excellent
recoveries were obtained. Reaction products have been isolated and identified using
microanalysis, UV and IR spectrometric methods.

INTRODUCTION

p-Phenylene diamine (PPDA), and its alkyl
derivatives; N,N-dimethyl-p-phenylenediamine
(N,N DMPPDA) and N,N diethyl-p-phenylene
diamine (N,N, DEPPDA) are valuable chemicals
in many areas of industry.’ In addition these
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compounds are used as reagents for hydrogen
sulphide, uric acid, acetone and for peroxide
determination.’

The physiological activities of these
compounds make them of interest in biological
field. Several of diaminic constituents present in
hair dyes have been toxic and even




carcinogenic.’ The effects and analysis of these
compounds have been extensively studied.*
Water pollution by these compounds is possibie
(from industrial sewage or traditional effluents)
and necessitates a rapid and sensitive method for
their analysis. Among the methods used for their
analysis are titrimetric,” spectrophotometric®’
and chromatographic®®® techniques. In addition
chemiluminescence methods of analysis were
used for determination of these compounds.™
Most of these methods suffer from interference
of other amine constituents.

N,N-Dimethyl-p-phenylenediaminehasbeen
used before for the determination of sulphide
and sulphide producing compounds in the
presence of Fe(Ill) through formation of
methylene blue dye.”? In this work the
applicability of the principle of this reaction for
the determination of aromatic diamines using
sodium sulphide and Fe(IlI), Ce(IV) or NBS as
oxidants was investigated. As a result, a rapid,
sensitive and selective method for determination
of those compounds was developed.

EXPERIMENTAL

Apparatus

(a) A Varian Model DMS100 UV-Visible
spectrophotometer, connected to
Varian/Model DS15 data station, connected
to Hewlet Packard 82905B printer.

(b) FTIR spectrophotometer Model 1500,
equipped with data station, printer plotter
Model PPI and central processing unit
1502, all by Perkin Elmer Co.

(c) Elemental microanalysis was performed by
Perkin Elmer, 2400, CHNO Elemental

Analyzer.

Materials and Reagents

PPDA sulphate (Riedel De Haen Hanover),
N,N DMPPDA dihydrochlorides (BDH,
Chemicals Ltd, Poole, England), N,N DEPPDA
(Koch-Light Laboratories Ltd. Poole, England),
o-phenylenediamine  sulphate  (Koch-Light-
Laboratories Ltd., England), m-phenylene
diamine (BDH, Poole, England); the purity of
the compounds was checked using TLC testing
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where only one spot for each diamine was
produced; N-bromosuccinimide; (Merck,
Darmstadt, Germany). All other chemicals and
solvents were Analytical Reagent grade.
Distilled water was used throughout this work.

Reagent solutions

(a) Sodium sulphide 1% (w/v) aqueous
solution. _

(b) Fe(lll) S% (w/v) aqueous solution. -

(c) CedV) 1% (w/v) solution in SM H,SO,.

(d) NBS 1% (w/v) aqueous solution.

Standard preparation

Weigh accurately 0.1 gm of each diamine
and dissolve in a separate 100 ml flask with
distilled water. Complete to volume with the
same solvent. Further dilutions were made to
obtain 50 ug/ml of each compound. The
solutions have to be protected from light in a
refrigerator.

General assay procedure

Transfer 5 ml of each diamine into a 50 ml
volumetric flask. Add 5 ml sulphide solution
followed by 5 ml Fe(Ill), Ce(IV) or NBS
aqueous solution. Stopper the flask and shake for
about 30 sec. Allow to stand for 5 minutes and
dilute to the volume with distilled water. Allow
to stand for further 15 minutes and measure the
absorbance at 597, 665 and 670 nm for PPDA,
N.N DMPPDA and N,N DEPPDA,

respectively.

Preparation and identification of the
chromogen

Prepare about 500 ml of the colored
product of N,N DMPPD with sodium sulphide
and Fe(lll). To this solution add portionwise
saturated aqueous solution of picric acid or
perchloric acid and stir the mixture vigorously.
Keep the mixture in a refrigerator for 24 hours.
Filter the precipitated picrate or perchlorate salt
and wash with water several times. Recrystallize
from aqueous ethanol. Dry in vacuum desiccator
over calcium chloride and subject to
microanalysis and IR identification. |




Microanalysis data
Are shown in Table 1.

RESULTS AND DISCUSSION

Spectral characteristics

The absorption spectra of the reaction
products of PPDA, N,N DMPPDA and N,N
DEPPDA with sodium sulphide in the presence
of an oxidant e.g. Fe(IIl) are shown in Figure 1.
In addition, Table 2 shows A_, and molar
absorptivities of the three compounds using
Fe(Ill), Ce(IV) and NBS as oxidants. From the
figure and the table it is clear that the absorption
maxima are red shifted with alkyl substitution
(665 nm and 670 nm) while the é__ . are slightly
changed.

Table 1: Microanalysis data of the studied compounds.

T T T —— . S - ——

Effect of sodium sulphide concentration

The effect of changing sodium sulphide
concentration on the absorption intensities of
solutions containing 5 ug/ml diamine was
studied. The absorbances of the produced colors
were measured at 597, 665 and 670 nm for
PPDA, N,N-DMPPDA and N,N-DEPPDA;
respectively. The results are shown in Figure 2
using Fe(IlI) as representative example of
oxidants. The color Iintensity was initially
increased with increasing sulphide concentration
reached maximum upon using 0.015% sodium
sulphide for PPDA and 0.01% sodium suiphide
for both NN DMPPDA and N,N DEPPDA.
Similar results were obtained with other
oxidants. Therefore, these concentrations were
used 1n all subsequent work.

Systomatic |  Molecular | %H
Names Formula weight | a1 | Found Found Found
3, 7-Bis(dimethyl- | C,;H,CIN,O,S | 383.5 | 50.06 | 50.67 | 469 | 471 | 10.95| 10.98

amino)-Phenothia-
zine~ perchlorate

amino)-Phenothia-

3,7-Bis(dimethyl- | C,;H;CIN,O,S | 383.5 | 50.06 | 49.65 | 4.69 472 | 10.95 | 10.84
amino)-Phenothia-
zine™ perchlorate
3,7-Bis(dimethyl- 512.0 | 51.56 | 5091 | 3.90 3.80 | 16.40 | 16.24

zine™ picrate

* Methylene blue authentic sample.
** Dye resulting from the interaction of N,N-DMPPDA with sodium sulphide and Fe(Ill) reagents.

Table 2:

A..., and molar absorptivities of the reaction products of the diamines with sodium

sulphide and Fe(1II), Cerium (IV) or NBS reagents.

A

Molar absorptivities

(nm) Fe(III) Cerium (IV) NBS
PPDA 597
N,N-DMPPDA 665
N,N-DEPPDA 670
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Fig. 1: Absorption spectra for the reaction products
of 5 ug/ml: 1) PPDA, 2) N,N-DMPPDA
and 3) N-DEPPDA, with Na,S and Fe(IIl)
reagents.
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Fig. 2: Effect of vanation of Na,S concentration on
the absorption intensity of the reaction
product of 5 ug/ml: 1) PPDA, 2) N,N-
DMPPDA and 3) N-DEPPDA, with Na,S
and Fe(lll) reagents.

Effect of sulphuric acid concentration

The acid concentration is very important for
methylene blue reaction.” To find the optimum
acid concentration, the reaction was carried out
for N,N DMPPDA as representative example
using ferric as oxidant with different acid
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concentrations. Figure 3 shows that 1 M
sulphuric acid gave maximum color intensity for
N,N DMPPDA. On the other hand optimum
color intensity was obtained upon using 0.15 M
sulphuric acid solution for both PPDA and N,N
DEPPDA. -
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Fig. 3: Effect of variation of sulphuric acid
concentration on the absorption intensity of
the interaction product of 5 ug/ml N,N-
DMPPDA with Na,S and Fe(lll) reagents.

Effect of oxidants concentration

Different concentrations of each oxidant
were dissolved in optimum acid concentration
and the reaction was carried out in series of 50-
ml calibrated flasks containing 5 pug/ml diamine
solution and 5 ml sulphide solution (0.015% for
PPDA and 0.01% for both NN DMPPDA and
N,N DEPPDA). Figure 4 shows that the
optimum concentration of Fe(IlI) for maximum
color development was 0.8% in 0.15 M H,SO,
for both PPDA, and N,N DEPPDA, and 0.6%
in 1 M H,S0, for NN DMPPDA. Similarly,
other oxidants concentration effect was tested.

Effect of temperature and the reaction time
Optimum reaction time was determined by
following the color development of the reaction
products of diamines with sodium sulphide and
an oxidant at room temperature and in
thermostatically controlled water bath at
different temperatures. The flasks were removed
at different periods ranging from 5-50 minutes,




0.7

oe //‘\~\_ |

05

o
>

Absorbance
o
L ¥ ]

o
e
ol

O
i

0.0
0.2 3.4 ¢f 0.8 .0 .2 1.4

Fe U111) Concentration %{w/Av)

Fig. 4: Effect of variation of Fe(Ill) concentration
on the absorption intensity of the reaction
product of 5 ug/ml: 1) PPDA, 2) N,N-
DMPPDA and 3) N-DEPPDA, with Na,S
and Fe(lll) reagents.

then cooled and diluted to the volume. The
absorbances were measured against a reagent
blank treated similarly. It was found that the
reaction is very rapid at higher temperature,
reached maximum within few seconds.
However, the color fades rapidly with time,
most probably due to loss of H,S at higher
temperature. While at room temperature the

Table 3:

el e——"p—a ———p—— g . —p————r

Solvent

597.2

Distilled

water

Isopropanol 603.2
Ethanol 602.2
Methanol 598.2
DMSO 606.8
Dioxane 603.1

* Average of three determinations.

color increased gradually and reached maximum
after five minutes. Hence this reaction time at
room temperature 1s recommended all over the
work.

Effect of solvent variation

Dilution of the colored reaction product by
difterent solvents showed no effect on A, while
absorption intensity is influenced slightly. The
obtained data using Fe(III) as oxidant are shown
in Table 3. Any of the polar solvents listed in
Table 3 could be used for the dilution of the
reaction product. However, distilled water was
used throughout this study.

Color stability

After dilution of the colored solution with
distilled water, a gradual increase in absorption
intensity was observed throughout the first 10
minutes and then remained constant for > 24
hours. Therefore standing time of 10 minutes is
recommended.

Order of reagents addition

The order of reagents addition was very
important as the sulphide solution had to be
added to the sample and finally the oxidant.
Changing the order of addition produced low
results in case of Fe(ll) and Ce(IV) and
produced no color in case of N-
bromosuccinimide.

Effect of diluting solvents on the absorption intensity for the reactions product of § ug/ml
diamine with sodium and Fe(lll) reagents.

PPDA N,N-DMPPDA N,N-DEPPDA

Ao
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Quantification

Under the proposed experimental
conditions, linear response between the
absorbance and concentration was observed over
the concentration ranges given in Table 4 (a,b
and c¢), correlation coefficient, intercept and
calibration data are listed in the table.
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Specificity

o-Phenylenediamines, monosubstituted
aromatic amines and aliphatic amines produced
completely different colors under the described
experimental conditions most probably due to
oxidation of the diamine. Thus, the method
could be considered selective for p-phenylene-

diamines.

Table 4a: Comparative summary of some statistical data for diamines analyzed by sodium sulphide

and Fe(Ill) reagents

Concentration
range (ug/ml) -

PPDA - 0.11
N,N-DMPPDA 0.09
N,N-DEPPDA | - 0.08

Table 4b: Comparative summary of some statistical data, for diamines analyzed by sodium sulphide

and cerium(IV) reagents.

Concentration
range (pg/ml) -

PPDA

N,N-DMPPDA 2-7
N,N-DEPPDA 2-7

Table 4c: Comparative summary of some statistical data, for diamines analyzed by sodium sulphide

and NBS and NBS reagents.

Concentration
range (ug/ml) -

PPDA

N,N-DMPPDA 2-3
N,N-DEPPDA 2-8
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Determination of p-phenylenediamines in
spiked water samples

Water from River Nile was first tested for
aromatic diamines. The water was found to be
free from aromatic diamines. Hence, synthetic
samples, were prepared by adding known
amounts of N,N DMPPDA and analyzing these
samples by the proposed method using the
standard addition technique. Excellent recoveries
were obtained confirming the validity of the
proposed method for the determination of
aromatic diamines in polluted water; the results
are shown in Table 5.

Table §:
reagents.

Investigation of reaction mechanism

The reaction product of NN DMPPDA
with Fe(Ill) and sodium sulphide could be
1solated as picrate or perchlorate salt and
subjected to TLC, UV-Vis and IR identification
tests. The absorption spectrum of the isolated
product in methanol shows a single peak at 652
nm which is identical with that of perchlorate
salt of methylene blue authentic sample. In
addition the IR spectra of both perchlorate and
picrate salts of the isolated products compared
with those of methylene blue authentic are
shown in Figure 5. From the microanalysis data,
UV and IR spectra a mechanism of the reaction
could be suggested (Scheme 1).

Determination of diamines in spiked water sample using sodium sulphide and Fe(IIl)

Added PPDA N,N-DMPPDA N,N-DEPPDA
(ng/ml) %Recovery +£S.D. | %Recovery +S.D. % Recovery +S.D.

96.67+0.9
99.8710.5

100.14+1.5
101.144+0.9
102.00+0.8

N £ W ) e

4
6
7
8

101.6040.7
101.50+£0.7

96.33+0.7
97.5610.5
100.33+0.8
100.571+0.8
101.124+0.9

100.73+0.8
98.144+0.8
96.03+0.7
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Fig. S: IR spectra of picrate salt of 1) MB authentic sample and 2) that resulting from the reaction of N,N-

DMPPDA with Na,S and Fe(IIl) reagents.
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