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ABSTRACT

Two simple, rapid, economical and highly sensitive spectrophotometric
methods have been developed for the determination of benzidine(Bz)
present in its pure samples and in industrial effluents. The methods are
based on oxidation of benzidine either with cerium(1V)sulfate in sulfuric
acid medium(method A) or with electrolytically generated manganese
(111)(method B).Thecolored ion-pairsformed are measured at 430 and 410nm
for methodsA and B respectively. Beer’s law is obeyed in the concentration
range of 0.10-0.71(method A) and 0-4ugml-*(method B).The respective mo-
lar absorptivitiesare 6.27x10* and 3.52x 101 mol-*cmrtwith the correspond-
ing Sandell sensitivities values 0.0029 and 0.005ug/cm?.The stability con-
stants values of the complexes as determined by modified Job’s method are
2.11x10° and 4.23 x10*I mol respectively for methodsA and B. The new
methods have been applied successfully for the analysis of benzidine in
pure form or in industrial effluents with good accuracy and precision. The
results from the developed methods are in good agreement with the re-
ported method. The mechanism of benzidine oxidation either with
cerium(lV)sulfate or manganese(l11) is also proposed. The stoichiometry
between benzidine and cerium(1V)sulfate or manganese(l11) is1:2 for both
the methods. © 2009 Trade Sciencelnc. - INDIA
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spectrophotometry!?¢-33,

Benziding[1,1-biphenyl]-4,4-diamine, isclassfied
asacarcinogen’*3, foundintheenvironment either in
its free state (as an organic base), or as chloride or
sulfatesdts. Itisatoxic chemical but used extensively
inthe synthesis of dyes and wide range of organic
chemicalsand dsoasan anaytica reagent!>®,

Severa methodsareavailableintheliteraturefor
itsdetermination. Themethodsinclude, capillary zone
eectrophoresis¥, supercritical fluid chromatography™?,
gaschromatography-mass spectrometry!''2, gaschro
matography™, HPLC!423 mass spectrometry/
capillarygas chromato- graphy?4, voltammetry!® and

A few spectophotometric methods arealso avail-
ablefor thedetermination of benzidinebased onitsdia-
zotization followed by itscoupling ether with o-naph-
thol in acidic medium?® or with a-naphthol in presence
of 8-hydroxy quinoliné? or with sdicylicacid® or with
3-hydroxy-1, 2,3,4- tetrahydrobenzo(h) qunolinein
agueous ethanol solution' or by converting benzidine
into nitrobenzene and using Fe(l11) and 1,10 phenan
throline ascolor forming reagentd®. Itisalso deter-
mined by oxidation of benzidine either with perchlor-
atesfollowed by extraction of chromophoric compound
into chloroform®Y or with sodium perchlorate in
sul phuric acidi® medium. However, someof theexist-
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ing methods are appearing to be suffering from one or
the other disadvantages|like, pretreatment of benzi-
dine39 requiring extraction®Y, involve hazardous
chemical§°*3 and some require expensi ve sophi sti-
cated instruments®24, Literature survey revealsthat
various oxidants®*“ have been used for the determi-
nation of benzidine. Though, cerium(IV)sulfate*+ and
electrolytically generated Mn(111)552 are oxidizing
agents, it appearsfromtheliterature that they have not
been used for pectrophotometric determination of ben-
zidine. Therefore cons dering theimportance of benzi-
dine as an analytical reagent’>®, hazardous carcino-
geni*? and a so the limitati ons associated with there-
ported methodg'42632 | an attempt has been made
hereto develop simple, rapid, economical and sensi-
tive spectrophotometric methodsfor determination of
benzidineeither in pureformor inindustria effluents
employing cerium(1V)sulfateand el ectrolyticaly gener-
ated Mn(l11) asoxidants.

EXPERIMENTAL

Apparatusand reagents

UV-1700 Pharmaspec Spectrophotometer
(Shimadzu), spectrophotometer Elico SL 171 mini spec
(Hyderabad) with 1cm matched optical cellsand Plati-
num Electrodes (Arora-Mathey, Kolkatta) were used.

Benzidine (Sigma-Aldrich Chemie Gmbh,
Seinheim, Germany),cerium(lV)sulphate, sodiumnitrite,
manganes(ll)sul phate, magnesium sulphate, potassum
nitrate, sodium chloride, hydrochloric acid, sulphuric
acid, p-nitroaniline and p-anisidine (Ranbaxy Fine
ChemicasLtd, New Delhi, India) wereused. Millipore
water was used for preparing the solutions.

Prepar ation of cerium(1V) sulphate solution

It was prepared by dissolving 0.01011g of
cerium(1V)sulphatein 2M sulphuric acid and diluted to
250 ml with 2M sulphuric acid. The concentration of
the prepared solution was determined by reported
method*”! and the sol ution was found to be 5x10*M.

Preparation of Mn(l11) solution

A known volume, 10 ml, 2M manganese(l1) sul-
phate solution was diluted to about 100 ml with 5M
sulfuric acid in abeaker. It was subjected to € ectro-
Iytic oxidation using platinum e ectrodesfor about 2hr™,
Therosered Mn(l11) solution obtai ned was standard-
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ized by i odimetric method® and the solutionwasfound
tobe0.0163M. From thissolution; an diquot of 6.1ml
wasfurther diluted to 100 ml with 5M sulfuricacid to
obtain 0.001M solution.

Preparation of standard benzidinesolution

Accuratdy weighed amount of pure sampleof ben-
zidine (10.11mg) was taken in a beaker. It was dis-
solved in 5-10ml of ethanol and transferreditinto a
100ml volumetricflask. The beaker waswashed with
water and washingsweredsotrandferredinto theflask.
Then the solution was diluted to the mark with water.
From thissolution; an aiquot of 10ml wasfurther di-
luted to 100ml with water to obtain 5.54x10°M
solution.

Procedurefor deter mination of benzidine
Method A

A known but various volumes, 0.1-0.7ml of
5.54510°M benzidinesolutionweretransferred intoa
seriesof 10ml labeled volumetric flasks. To each flask,
ameasured volume, 0.1ml of 5x10“*M cerium(1V)
sul phate sol ution was added. The contentsof theflasks
weremixed well and the solutionin each flask wasdi-
luted to themark with 2M sul phuric acid. After 5min,
absorbance of each solution was measured at 430nm
against the reagent blank which was prepared under
identical conditions but without adding benzidine
solution.

Method B

A known but variousvolumes, 0.1- 4 ml of 5.54x
10°M benzidine solution weretransferred into series
of 10ml labded volumetricflasks. To eechflask, amea-
sured volume, 0.5ml of 0.001M Mn(I11)solution was
added. The contentsof theflasksweremixed well and
the solution in each flask was diluted to themark with
water. After 15min, absorbance of each solution was
measured at 410nm against the reagent blank which
was prepared under identical conditions but without
adding benzidine sol ution.

Procedurefor theassay of industrial effluents

A knownvolume, 100ml of anindustria effluent,
suspected to be containing benzidinewas extracted with
100ml chloroformintwo 50ml fractions. Thecombined
extract wastaken in a250ml beaker and evaporated
the contentsto dryness on awater bath. Theresidue
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obtained wasdissolved in 5ml ethanol and transferred
itintoa25ml volumetricflask. Thebeaker waswashed
withwater and transferred washingsintotheflask. Then
thesolution wasdiluted to themark withwater. Andli-
quot of 1ml solution wasandyzed by both themethods
for its benzidine content foll owing the recommended
procedures.

RESULTSAND DISCUSSION

Thereaction conditionsaswell asthevariousex-
perimental parameters affecting the development and
stability of thecolored product formedinboth the meth-
odswerecarefully investigated and optimized for the
Quantitetive determination of benzidinein pureformand
inindustria effluents. For acomparison of theresults,
benzidinewas a so determined separately by following
reported method?® for industria effluents. Theresults
obtained form the devel oped methods are in good
agreement with thereported method? involving dia-
Zotization, couplingwith a-naphthol inacidic medium,
and extraction of theviolet dyeformedinadkalinesolu-
tioninto 3-methyl-1-butanal.

Method A
Effect of cerium (IV) sulphate

Theeffect of cerium(1V) onthecolor intensity of
the chromophore at constant benzidine concentration
(0.408ugmlt) was examined with various volumes
(0.05t00.5ml) of 5x10*M cerium(lV) sulphate solu-
tion. The absorbance of each solution and the blank
(sameasthetest solution but without cerium(1V) sul-
phate) were measured against 2M sul phuric acid at
430nm. Theresults obtained areshownin (Figure 1)
accounting for the maximum absorbance value with
0.1ml of 5x10“M cerium (IV) sul phate sol ution but
abovethat theabsorbance of the solutionwasfoundto
be decreasing. Therefore, 0.1 ml of 5x10*M cerium
(IV) sulphate solution wasused inal further spectral
measurements.

Effect of different diluentson color stability and
intensity

Inorder to understand theeffect of different diluents
on color intensity of the solution containing benzidine
and cerium(1V), 0.4ml benzidine sol ution was pipetted
into each oneof the six labeled 10ml volumetricflaks.
To eachflask, 0.1 ml of 5x10*M cerium(IV)sulphate
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Figurel: Effect of cerium sulfateon color intensity
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TABLE 1: Effect of different diluentson color intensity

Diluent Absorbance
Method A Method B

H,O 0.137 0.146
0.5M H,S0, 0.135 0.139
1M H,SO, 0.138 0.137
2M H,S0O, 0.14 0.132
3M H,SO, 0.129 0.129
1M HCl 0.128 0.127

solution wasadded. Solutionin each flask wasdiluted
separately up to the mark with water, 0.5M sulphuric
acid, 1M sulphuric acid, 2M sulphuric acid, 3 M
sulphuric acid and 1M hydrochloric acid. The absor-
bance of each solution was measured at 430nm against
the respective blank solution. The absorbance values
obtained with different diluentsareshownin TABLE 1
indi catethat, the ol utions, which werediluted with 0.5M
sulphuricacid, 1M sulphuric acid, 3M sulphuric acid
and 1M hydrochloric acid werefound to behavinglower
absorbance val uesthan the sol ution that was diluted
with 2M sulphuric acid. The solution diluted with weater
was having the same absorbance value asthat of the
solution diluted with 2M sulphuric acid. Further, the
solution that was diluted with water wasfound to be
decreasingitscolor very rapidly withtimeand finally
discharged itscolor completely in about 20min. There-
fore, 2M sulphuric acid was used asadiluent through
out theexperimentd investigations.

Method B
Effect of different diluentson color intensity

Inorder to understand theeffect of different diluents
on color intendgity of the solution containing benzidine
and Mn(111),2.5ml benzidinesolutionwas pi petted into
each oneof the sevenlabeled 10ml volumetricflaks. To
each flask, 0.5 ml of Mn(l1) sulfate solutions was
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Figure 2: Absorption spectra (1) 5.54x10°M benzidine
solution; (2) 5x10*M Cerium(lV)sulphate in 2M
sulphuricacid; (3)2M sulphuricacid; (4) 0.4ugml-benzi-
dineand 5x10“M cerium(lV)sulphatein 2M sulphuric
acid solution
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Figure3: Absor ption spectra (1) 0.001IM Mn(l11) solution;
(2) 2ugml~Benzidineand 0.001M M n(l11) solutionin water

added. Solutionineach flask wasdiluted separately up
to the mark with water, 0.5M sulphuric acid, 1M
sulphuric acid, 2M sulphuricacid, 3M sulphuric acid
and 1M hydrochloric acid. The absorbance of each
solution wasmeasured at 410nm against therespective
blank solution. The absorbance values obtained with
different diluentsareshownin TABLE 1indicatethat,
the solutions, which werediluted with 0.5M sulphuric
acid, 1M sulphuric acid, 2M sulphuric acid, 3M
sulphuricacidand 1M hydrochloric acid werefoundto
be having lower absorbance valuesthan the solution
that wasdiluted withwater. Therefore, water was used
asadiluent through out theexperimenta investigations.

Absor ption spectra

The absorption spectraof benzidine chromophore
obtained from the reaction of benzidine either with
Ce(1V) or with Mn(111) shows maximum absorption at
430 and 410nm for method A and B respectively and
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their respective absorption spectra are shown in
(Figures2and 3).

Effect of timeon color

Thecolor sability of thechromophorewas studied
according to the recommended proceduresfor 0.4ml
of 5.54x10°M benzidine sol ution. The absorbances of
the solutions were measured at 430 and 410nm re-
spectively for method A and B at different intervals of
time. Theabsorbancevaluesindicate that, the system
attained maximum color intendity inabout 5and 15min
and are found to be stable for 30 and 25min respec-
tively for method A and B. Afterwards, the solutions
werefoundto be decreasing their absorbancesdlightly
withtimebut retained their color for about 2hrs. Though
the solutions prepared under specified experimental
conditions had shown atime dependent absorbance,
that were not affecting theresults of thebenzidinesince
the standard and the test solutions of benzidinewere
prepared almost at the sameintervalsof time.

Determination of stoichiometry and stability
constant

The composition between benzidineand Ce(1V)
(methodA) and benzidineand Mn(I11)(method B) were
studied by modified Job’s method of continuous varia-
tion*d, The concentration of aqueous solutions of
Ce(IV) or Mn(111) and benzidinewere 0.001M. Nine,
10ml volumetric flasks containing Ce(1V) or Mn(l11)
and benzidine solutionsin various molar ratioswere
prepared so that their volumeswere adways amounted
to 1ml. Then, the solutionswere diluted to the mark
with 2M sul phuric acid for method A and with water
for method B. The absorbances of the solutionswere
measured at 430 and 410nm respectively for method A
and B. Similarly, repeated the experiment with same
molar ratios of Ce(IV) or Mn(I11) and benzidine but
the solutionswerediluted to 25ml. Theresultsobtained
wereusedin plotting thegraphs(Figures4 and 5), which
indicate 1:2 stoichiometry between benzidine and
Ce(IV)or Mn(l11) respectively. The stability constant
of the complex was cal cul ated“® and were found to be
2.11x10° and 4.23x10*Imol respectively in methods
A andB.

Analytical data

Under the optimized experimental conditions, lin-
ear calibration graphs, obtained by plotting the absor-
banceva uesagai nst the concentration of benzidine. The
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Figure5: Determination of stoichiometry and stability

congtant (method B)

TABLE 2: Optical characteristicsand precision data

Parameters Method A Method B
Amax (NM) 430 410
Color stability 30min 25min
Beer’s law range (ng mi™) 0.10-0.71 0-4
'\("Lof]roﬁ?ior;?f)'v'ty 6.27x10" 352 x10"
Sandell’s sensitivity (ug cm™ per
0.001A) 0.0029 0.005
Regression equation (Y)*
Slope (M) 0.3426 0.1935
Intercept(c) -0.0004 0.0000
Correlation Coefficient(r) 0.9990 0.9978
RSD (%) (n=5) 0.95 1.04
Range of error (%) +0.51 +1.5
Stability constant (I mol™) 2.11x10° 4.32x10*
Stoichiometry[Benzidine: Oxidant] 1:2 1:2

*Y=m X+ ¢ where ‘X’ is the concentration of benzidine,
Oxidant=Mn(I11) or Ce(lV)

systems obey Beer’s law in the concentration range
0.102-0.714 and 0-4pugmi-* of benzidinewith molar
absorptivitiesof 6.27x10*and 3.52x10%L/mol/cmand
Sandell’s sensitivity values are 0.0029 and 0.005ug/
cn? respectively for method A and B. Theoptica char-

acteristicsand theresults of statistical anaysesof the
experimental datasuch aslinear regression equation
along with correl ation coefficient, dope and intercept
aresummarizedin TABLE 2. The correl ation coeffi-
cientsarefound to be 0.9990 and 0.9978 for methods
A and B, respectively, indicating thegood linearity of
both the calibration graphswith a most zerointercepts.

Precision and Accuracy

The precision and accuracy of the proposed meth-
ods (methodsA and B) wereevaluated by performing
fivereplicatedeterminationsof benzidinein pureform
at three different concentrationsfollowing therecom-
mended procedures. The precisionsof themethodsas
expressed by the calcul ated rel ative standard devia-
tionswerefoundto be 0.95% and 1.04%for benzidine
(0.31 and 2ugml-tin methodsA and B respectively),
whereasthe corresponding accuraciesas expressed by
the calculated relative error were found to be +£0.51
and +1.5% respectively for methodsA and B.

Reaction sequence

Asfoundinliterature benzidineisoxidized to ben-
zidinediimine, acolored radical cation, either with
chloramine-T and N-bromosuccinimide’® or with man-
ganese dioxide’® or with cobalt(l11) -perchlorate“.
Diimineisknownto show different colorsinacidic and
basic medid*. At pH lower than 3, yellow color dication
BZ?* isthe main gpeci es showing maximum absorption
in the region 400-440nm. And at pH =9 blue color
radical cation BZ* is the main species with A, __
600nm(“?, It istherefore believed that in these methods
a so cerium(1V)(method A) and e ectrolytical ly gener-
ated Mn(l11) (method B)#! oxidize benzidineto benzi-
dine diimine chromophorein acidic medium. Then,
Ce(111)#1 (method A) and Mn(11)5Y (method B) are
expected to form complex anions,[Ce(SO,),] and
[MN(SO,),]* respectively and formion-pairswiththe
chromophoric cation. Theion-pairsso formed, areap-
peared to be providing exceptiona color sability tothe
systemswith2, _ 430nm and 410nm respectively in
methodsA and B. Therefore, from theliterature back-
ground“®340 gnd a so on experimentd resultsobtained
here, thefoll owing reaction mechanismisgiven

Effect of foreignions

For understanding thereaction selectivity, interfer-
ence of commonions, which often accompany benzi-
dine, for example, K*, Na*, NO,, NO,", Mg*, SO,*
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TABLE 3: Effect of interference
Tolerancelimit in ppm

Foreign ion added

Method A M ethod B
Na 13.78 100
Mg** 0.195 50
NO, 0.081 0.01
S0,% 0.770 900
cr 8.928 150
NOs 20 30
K* 35 80
p-Nitroaniline 0.05 0.01
p-Anisidine 0.09 0.05

TABLE 4: Deter mination of benzidinein sandard and indus-
trial effluents

Amount found(ppm=+ SD¥)

Sample Reported
Method A Method B mgtpho e

Industrial

effluents

Textile 0.013+ 0.056 0.011+0.003 0.015+0.093
Paper 0.128 + 0.047 0.129+0.049 0.132+0.083
Dye 0.051+0.081 0.055+0.008 0.052+0.076

Standard taken

(Ppm)
0.202 0.197 + 0.228 0.198+0.208 0.199+0.228
0.404 0.406 + 0.311 0.402+0.051 0.401+0.230
0.607 0.586+ 0.134 0.599+0.114 0.593+0.182

* Average of five determinations

, Cl, p-nitroanilineand p-anis dine solutionswere added
andinvestigated for the determination of benzidineun-
der optimum conditions as described in the recom-
mended procedures. Thecriteriafor interferencewere
fixed at an error of lessthan+5%. The tolerance limit
of theforeignion tested for both themethodsaregiven
iInTABLE 3. Nitriteion, p-nitroanilineand p-anisidine
did not interfere up to 0.081, 0.05 and 0.09 ppm re-
spectively in method A and 0.01, 0.01 and 0.05ppm
respectively in method B. But when they wereat higher
levels cause a decrease in absorbance val ues as ob-
served in both the methods.

—— Fyll Peper
Application of themethods

Thenew methodswere applied for the determina
tion of benzidineinindustria effluentsand theresults
obtained are presented in TABLE 4. Theresults ob-
tained from both themethodsare highly reproducibl e,
reliable and arein good agreement with the reported
method@,

CONCLUSION

Thedeveloped methodsfor benzidinearefound
toberapid, smple, inexpensiveand moresendtivewith
low values of relative standard deviations 0.95 and
1.04% respectively for methodsA and B. The statisti-
ca parametersand recovery study dataclearly indicate
thereproducibility and accuracy of the devel oped meth-
odswithout invol ving critical mantenanceof experimen-
tal conditions. Thereproducibility and reliability of the
devel oped methodswere al so establi shed by compar-
ing the results of the new methods with that of are-
ported method?®. The new methods do not require
sophisticated instruments 24, extraction and pretreat-
ment!?5-31 of benzidineprior toitsanalysis. Thedevel-
oped methods are aso sensitive enough to enable
quantitation of benzidineat |ow concentrations. Hence,
the devel oped methodswere effectively employed for
the determination of benzidine present either in pure
formorinindustrid effluents.
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