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a b s t r a c t

A simple, selective, and sensitive kinetic spectrophotometric method is described for the determination
of trace amounts of phenylhydrazine, which is based on its inhibition effect on the reaction between
meta cresol purple (MCP) and periodate in the presence of bromide ions. The reaction was monitored
spectrophotometrically by measuring the change in absorbance of MCP at 525 nm. The calibration graph
was linear in the range of 1.0–10.0 �M. The detection limit (3�) was 0.020 �M. The relative standard
vailable online 30 November 2008
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deviations for 10 replicate measurements of 3.0, 5.0 and 7.0 �M of phenylhydrazine were 2.0%, 1.4%, and
0.90%, respectively. The potential interfering substances were studied in the presence of phenylhydrazine.
The proposed method was applied to the analysis of water samples.

© 2008 Elsevier B.V. All rights reserved.
nduction period
henylhydrazine

. Introduction

Phenylhydrazine, hydrazine, and their derivatives are used
orldwide mainly as a chemical intermediate in the pharmaceuti-

al, agrochemical, and chemical industries [1]. There is only limited
nformation available on the toxicokinetics of phenylhydrazine.
henylhydrazine is readily absorbed by the inhalation, oral, and
ermal routes of exposure.

Adverse health effects on people living near hazardous waste
ites caused by hydrazine and its derivatives have been described
2]. Contact with phenylhydrazine irritates skin and eyes [3]. In
ddition, some studies have suggested that exposure of laboratory
nimals to phenylhydrazine, hydrazine and their derivatives pro-
uces toxic effects [4]. Some data suggest that these substances
re also carcinogenic [5]. Thus there has been an increasing trend
or highly sensitive methods for determination of phenylhydrazine
n various samples such as water and industrial or environmental
amples. Different classical and instrumental methods have been
eported for determination of phenylhydrazine in various samples.
hese include spectrophotometry [6–10], titrimetry [11], and gas

hromatography [12]. These methods either lack sufficient sensi-
ivity or are time consuming.

Due to their high sensitivity, kinetic spectrophotometric meth-
ds are of interest for trace determination of some species. A few

∗ Corresponding author. Tel.: +98 273 3335441.
E-mail address: marab@shahroodut.ac.ir (M. Arab Chamjangali).

304-3894/$ – see front matter © 2008 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2008.11.078
kinetic procedures have been reported for determination of phenyl-
hydrazine. Some of these procedures include determination of trace
quantities of phenylhydrazine on the basis of its inhibition effect
on the decolorization of methyl orange and Victoria Blue 4-R by
bromate [13,14], the simultaneous determination of hydrazine and
phenylhydrazine based on their reactions with p-(demithylamino)
benzaldehyde (DAB) [15], and the simultaneous determination of
hydrazine and phenylhydrazine using the H-point standard addi-
tion method (HPSAM) [16].

MCP has been used as an indicator for the catalytic determi-
nation of bromide [17], nitrite, nitrate [18], and thiocyanate [19].
However, there has been no report on MCP as an indicator for the
kinetic determination of phenylhydrazine. In this paper we report
the development of a kinetic spectrophotomtric method for deter-
mination of phenylhydrazine on the basis of its inhibition effect
on the catalytic oxidation of MCP by periodate in hydrochloric acid
media.

2. Experimental

2.1. Reagents and solutions

Analytical-reagent grade and doubly distilled water were used.

A 5.0 × 10−3 M stock standard solution of phenylhydrazine was
prepared by dissolving 0.0723 g of phenylhydrazinium chloride
(Merck) in distilled water and diluting it to 100 mL. Working
solutions were prepared by appropriately diluting the stock stan-
dard solution. A 100 mL–0.022 M potassium bromide solution was

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:marab@shahroodut.ac.ir
dx.doi.org/10.1016/j.jhazmat.2008.11.078
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experimental parameters were studied in order to obtain an opti-
mized system. In the one-at-a-time optimization procedure, the
absorbance changes for the uninhibited reaction (without phenyl-
hydrazine) and the inhibited reaction (with phenylhydrazine) at
02 M. Arab Chamjangali et al. / Journal o

repared by dissolving 0.2618 g of KBr (Merck) in distilled water
nd diluting it to mark in a 100 mL volumetric flask. A 2.6 × 10−4 M
CP solution was directly prepared by dissolving 0.0100 g of MCP

Merck) in 20 mL ethanol and diluting it with distilled water in a
00 mL volumetric flask. A 100 mL periodate ion solution (0.050 M)
as prepared by dissolving 0.4278 g of NaIO4 (Merck) in water.
ydrochloric acid solution (1.0 M) was prepared by diluting a
nown volume of its concentrated solution (Merck) and was stan-
ardized against sodium carbonate.

.2. Apparatus

A Shimadzu UV–vis spectrophotometer model UV-160 with a
.0 cm optical path quartz cell was used for the spectrophotomet-
ic measurements. A water bath thermostat (n-BIOTEK, INC, model
B-301) was employed to control the reaction temperature. A stop-
atch was used for recording the reaction times.

.3. Recommended procedure

The reagent solutions and water were kept at 20.0 ◦C in the
hermostatic water bath for 30 min. A suitable aliquot of standard
henylhydrazine or sample solution with the concentration range
f 1.0–10.0 �M was pipetted into a 10 mL volumetric flask, and then
.0 mL of 1.0 M hydrochloric acid, 1.0 mL of 2.6 × 10−4 M MCP, and
.0 mL of 0.022 M potassium bromide solutions were sequentially
dded. After dilution to the mark and mixing, exactly 2.0 mL of this
eaction mixture was transferred into the spectrophotometer cell
nd then 100 �l of 0.050 M NaIO4 was added to the cell using a cali-
rated micropipette. The chronometer was turned on immediately
fter addition of the last drop of the periodate solution to the cell.
fter mixing, the cell was placed inside the spectrophotometer and

he absorbance changes were recorded at 525 nm against water for
he first 10–200 s from the initiation of the reaction. Absorbance
hanges of the blank solution were recorded as described above,
ut in the absence of phenylhydrazine. A calibration graph was
onstructed by plotting the reaction induction period (tip) versus
he phenylhydrazine concentration in a series of working standard
olutions.

. Results and discussion

Preliminary experiments show that the oxidation reaction of
CP with periodate in acidic media is very slow. On the other

and, the oxidation reaction is fast in the presence of bromide as
catalyst; the absorbance of the dye decreases rapidly at 525 nm

Fig. 1(a)). The catalytic cycle of this reaction can be shown as fol-
ows:

O−
4 + 7Br− + 8H+ � 4Br2 + 4H2O (1)

Br2 + MCP(colored) � 8Br− + MCP(colorless) (2)

It was found that phenylhydrazine has an inhibition effect on
he catalytic reaction due to possible perturbation in the catalytic
ycle via reaction by Br2, periodate, and/or other reaction interme-
iates. Fig. 1 shows the absorption spectra for the reaction system,
hich were taken sequentially with scan time intervals of 15 s (a-h).
s shown in Fig. 1(b), in the presence of phenylhydrazine, reaction
ate decreases and an induction period appears. Fig. 2 shows that an
ncrease in the phenylhydrazine concentration causes an increase

n the induction period of the reaction due to the increasing inhibi-
ion ability of phenylhydrazine with concentration. A graph of the
nduction period versus phenylhydrazine concentration was linear
ver a certain range of phenylhydrazine concentration. Therefore,
he induction period, evaluated from the absorption-time curves
Fig. 1. Absorption spectra of reaction system. Conditions: HCl, 0.10 M; MCP,
2.6 × 10−5 M; NaIO4, 2.5 × 10−3 M; KBr, 2.2 × 10−3 M and temperature of 20.0 ◦C with
scan time intervals of 15 s: (a) in the absence of phenylhydrazine and (b) in the
presence of 10.0 �M phenylhydrazine.

of the reaction mixture at �max = 525 nm was used as an analytical
signal in the measurement of phenylhydrazine.

3.1. Optimization of variables

In order to maximize the sensitivity, the influences of various
Fig. 2. Absorbance change profile. Conditions: same as Fig. 1 with phenylhydrazine
concentrations of (a) 0.00, (b) 2.0, (c) 4.0, (d) 6.0, and (e) 8.0 �M.
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curve) under the optimum condition was studied using sodium
nitrate (1.0 M). The results showed that the induction period was
independent from the ionic strength up to 0.2 M of sodium nitrate
(maximum value tested).
ig. 3. Effect of HCl concentration. Conditions: MCP, 2.6 × 10−5 M; NaIO4,
.0 × 10−3 M; KBr, 2.00 × 10−3 M; phenylhydrazine, 10.0 �M and temperature of
0.0 ◦C.

fixed time of 10–100 s were measured and labeled as �Ab and
As, respectively. The difference between absorbance changes of

he uninhibited and inhibited reactions (�A = �Ab − �As) was used
s an analytical signal.

Preliminary investigation showed that the inhibition effect
ould be observed in acidic media and thus some efforts were made
or choosing the best type of acid as the reaction medium. Sulfuric,
ydrochloric, and nitric acid with the same concentration of 0.15 M
ere tested. The obtained results show that hydrochloric acid has a
etter sensitivity. The low sensitivity in the presence of nitric acid

s due to the oxidizing nature of nitric acid, which decolorizes the
CP as the indicator reagent. A sulfuric acid medium shows a lower

ensitivity compared with the hydrochloric acid medium. This can
e attributed to the fact that sulfuric acid produces a higher proton
oncentration than hydrochloric acid with the same concentration
f 0.15 M. Thus hydrochloric acid was selected as the best reaction
edium.
The effect of the hydrochloric acid concentration was studied in

he range of 0.020–0.14 M. The results show that an increase in the
ydrochloric acid concentration caused a decrease in the induction
eriod and an increase in both absorbance changes for the unin-
ibited (�Ab) and inhibited (�As) reactions. As shown in Fig. 3, the
ifference between the absorbance changes for the uninhibited and

nhibited reactions has a maximum value at 0.10 M. Therefore, the
oncentration of 0.10 M was selected as the optimum concentration
or hydrochloric acid.

The dependence of sensitivity of the method on the potas-
ium bromide concentration was studied in the range of 4.0 × 10−4

o 2.8 × 10−3 M bromide under the optimum concentration of
ydrochloric acid and sodium periodate. Fig. 4 shows that both �Ab
nd �As increase with increasing KBr concentration, and their dif-
erence (�Ab − �As) reaches a maximum value at 2.2 × 10−3 M. The
ncreases in �Ab and �As with increasing KBr concentration could
e attributed to the catalytic nature of the reaction in the presence
f bromide ion as the catalyst. According to the results, the KBr con-
entration of 2.2 × 10−3 M was chosen as the best concentration for
urther studies.

Effect of the sodium periodate concentration on the analyti-
al signal (sensitivity) in the range of 1.0 × 10−3 to 5.0 × 10−3 M
s shown in Fig. 5. This result shows that with increase in the

eriodate concentration, the absorbance changes for the unin-
ibited (�Ab) and inhibited (�As) reactions increase due to the

ncreasing oxidation ability of periodate with concentration; also
he analytical signal increases and reaches a maximum value at
.5 × 10−3 M, and above this, decreases slightly. Thus the concen-
Fig. 4. Effect of potassium bromide concentration. Conditions: HCl, 0.10 M; MCP,
2.6 × 10−5 M; NaIO4, 5.0 × 10−3 M; phenylhydrazine, 10.0 �M and temperature of
20.0 ◦C.

tration of 2.5 × 10−3 M was selected as the optimum concentration
for periodate.

The effect of MCP concentration on the sensitivity in the range
of 5.2 × 10−6 to 3.7 × 10−5 M is shown in Fig. 6. The sensitivity
increased as the concentration of MCP increased from 5.2 × 10−6 to
2.1 × 10−5 M, and then it remained constant. Therefore, the concen-
tration of 2.6 × 10−5 M for MCP was chosen for the recommended
procedure.

The effect of temperature on the rates of the catalyzed and
inhibited reactions was studied in the range of 5.0–30.0 ◦C at the
optimum reagent concentration. For each experiment, at a desired
temperature, the reagent solutions and water were kept at the
selected temperature in the thermostatic water bath for 30 min. The
results in Fig. 7 show that 20.0 ◦C is the best temperature because
at a higher temperature the inhibition effect of phenylhydrazine
decreased. Therefore, 20.0 ◦C was used throughout the study.

The influence of ionic strength on the reaction induction period
(the analytical signal used in the construction of the calibration
Fig. 5. Effect of sodium periodate concentration. Conditions: HCl, 0.10 M; MCP,
2.6 × 10−5 M; KBr, 2.2 × 10−3 M; phenylhydrazine, 10.0 �M and temperature of
20.0 ◦C.
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Fig. 6. Effect of MCP concentration. Conditions: HCl, 0.10 M; KBr, 2.2 × 10−3 M;
NaIO4, 2.5 × 10−3 M; phenylhydrazine, 10.0 �M and temperature of 20.0 ◦C.
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Table 2
Determination of phenylhydrazine in spiked water samples by the proposed method.

Sample Added (�M) Found (�M) RDS% (n = 6) Recovery (%)

Tap water 3.00 2.90 1.97 96.7
5.00 5.02 1.83 100.4
ig. 7. Effect of temperature. Conditions: HCl, 0.10 M; MCP, 2.6 × 10−5 M; NaIO4,
.5 × 10−3 M and KBr, 2.2 × 10−3 M.

.2. Calibration graph, detection limit, reproducibility, and
ccuracy

Once the optimum parameters for the analysis are chosen, a
alibration could be made. As shown in Fig. 2, an increase in the

henylhydrazine concentration causes an increase in the induc-
ion period of the reaction, and a linear graph of the induction
eriod versus phenylhydrazine concentration could be constructed
ver a certain range of phenylhydrazine concentration. A cal-

able 1
nterferences for the determination of phenylhydrazine (5.0 �M).

oreign species Tolerated ratio Wspecies/WPhenylhydrazine

a+, K+, Ba2+, Ca2+, Cd2+, Pb2+, Co2+,
i2+, Mg2+, SO4

2− , Zn2+, WO4
2− , SO3

2− ,
N− , NO3

− , Acetate

1000a

l3+, F− 800
r3+, C2O4

2− , CO3
2− , NO2

− 500
e3+, MoO4

2− , PO4
3− 100

g2+ 50
u2+ 10
e2+, S2O3

2− 1

a Maximum ratio tested.
Mineral water
(Damavand)

2.00 1.91 1.80 95.5

4.00 4.14 1.47 103.5
6.00 5.94 1.20 99.0

ibration graph for the determination of phenylhydrazine was
prepared under the optimum conditions of 0.10 M hydrochlo-
ric acid, 2.5 × 10−3 M sodium periodate, 2.2 × 10−3 M potassium
bromide, and 2.6 × 10−5 M MCP at 20.0 ◦C. The equation of the
calibration graph for 1.0 to 10.0 �M of phenylhydrazine was
tip= 8.99 Cphenylhydrazine + 0.227, with r = 0.9992 (n = 10), where
Cphenylhydrazine is the phenylhydrazine concentration in �M and tip is
the reaction induction period in seconds. The induction period was
measured mathematically from the regression equations of the lin-
ear parts of the absorption-time graphs. The regression equation for
the first linear part of the graph is A = a1 + m1t, and for the second
linear part is A = a2 + m2t. By equating these equations, the induction
period was calculated as:

tip = a2 − a1

m1 − m2
(3)

The experimental 3� limit of detection was 20.0 nM. In order
to examine the accuracy and precision of the method, standard
solutions of 3.0, 5.0, and 7.0 �M of phenylhydrazine were analyzed
using the recommended procedure. Ten replicate determinations
of each concentration gave relative standard deviations (RSD) of
2.0%, 1.4%, and 0.90%, respectively. The results showed that at the
95% confidence level there was no systematic error in the proposed
method.

3.3. Selectivity

In order to assess the possible analytical application of the
described method, the effects of various substances present in the
real samples on the determination of phenylhydrazine were inves-
tigated. A synthetic mixture of a solution containing 5.0 �M of
phenylhydrazine and various excess amounts of diverse ions were
analyzed. The tolerance limit was defined as the concentration of
the added ions causing a change in the induction period more than
±5%. The results are given in Table 1. Many substances did not inter-
fere in 1000-fold excess than phenylhydrazine. Thiosulfate caused
positive error because it could also inhibit the indicator reaction.
Iron(II) interference was negative because it accelerated the indi-
cator reaction. The interference of iron(II) could be reduced (up to
150-fold) in the presence of 0.0010 M EDTA.

3.4. Analysis of samples

Because of the lack of suitable real samples, analyses of water-
spiked samples were used to assess the accuracy of the proposed
procedure. Replicate determinations were made on mineral and tap
water samples spiked with various amounts of phenylhydrazine
using the standard addition method. The results are listed in Table 2.
These results show the validity of the proposed method in the deter-
mination of phenylhydrazine in water samples.
4. Conclusion

The results presented clearly demonstrate the inhibition effect
of phenylhydrazine on the catalytic oxidation of MCP by periodate.
The results were applied to develop a simple methodology for the
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etermination of phenylhydrazine at trace level. The validation of
ethod was made by comparing the results obtained using the pro-

osed method and the known spiked amounts in water samples.
o statistically significant errors were found. The detection limit
f the proposed method was in the nanomolar range. The method
as found to be accurate, reproductive, sensitive, and selective.
lso the method is simple and can be performed with available
nd cheap chemicals. Therefore, the method could be proposed for
nvironmental and toxicological analyses.
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