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ABSTRACT

Novel method isproposed for spectrophotometric determination of chloram-
ine-B (CAB) invarious environmental water samples. Themethod isbased
on the reduction of CAB by electrophilic coupling reagent, 3-methyl-2-
benzothiozoline hydrazone hydrochloride hydrate (MBTH) and subse-
guent coupling of MBTH with trimipramine maleate (TPM) in acidic me-
diumto form blue coloured product having & at 630nm. The colour was
stable up to 24h and obeyed Beer’s Law. The optimum reaction conditions
and other important analytical parameters are established to enhance the
sengitivity of the proposed method. Interference due to various non-tar-
get ionsis also investigated. The proposed methods can be applied to the
analysisof CAB in different water samples. The performance of proposed
method can be evaluated in terms of recovery tests by standard addition
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method.

INTRODUCTION

Chloramine-B isan antiseptic agent derived from
combining chloramineand benzenesulfonamide. The
chemistry of N-haloarenesulfonamidates such as
chloramine-B (N-chlorobenzenesulfonamide sodium
salt hydrate) hasmadeno stridesindiversefieldsover
the past century. CAB is a good oxidant, efficient
hal ogenator and versatileana ytical and synthetic re-
agent. Itsimportance extendstowider scientificfields
andtechnology, asisevident fromitsgpplicationtowaste
water treatment, seed and grain protection, and the
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preparation of organic compounds. CAB isalso bio-
logically and medicindly important and isused asanti-
septic, disinfectant and fungicide. It isefficient against
wide number of pathogenic microorganismsincluding
Gram-positiveand Gram-negative bacteria, enveloped
and non-envel oped viruses, fungi and yeasts. Thetests
of activity against microorganismswere performedin
theaccredited |aboratories; they did not confirmresis-
tance of microorganismsto theeffect of chloramineB.
CAB isalsousedinwater quality of aquacultureand
poultry and enamel ware, milch cattlebreast, teat cup,
urinary tract and purul ent wound surface of livestock!?.
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Inindustry, they areusedin the dyeing and bleaching of
cellular fabrics, and in the production of polymer la-
texedy.

EXPERIMENTAL

Prepar ation of reagent solutions

Stock solution(1000ug mi) of chloramine-B was
prepared by dissolving aknown amount of chloram-
ine-B in 1litreof distilled water. Solutionsof required
strength were prepared by diluting thisstock solution
withdistilled water. Aqueous solution of MBTH(0.1%
wi/v) was prepared by dissolving 100 mg of the com-
poundin 100ml of ditilled water; thesolutionwasstored
inanamber bottleto protect from sunlight. TPM was
recelved asgift samplefrom Max Pharma, India. Fresh
solution(0.1%w/v) was prepared by dissolving 100mg
of thesamplein 100 ml of distilled water. Solutions of
diverseionswere prepared by dissolving their corre-
gponding salts. All other chemicalsused wereof Andar
grade.

Apparatusand spectral character stics
Specord 50 UV-Visspectrophotometer with 1.0cm
slicaquartz matched cell wasused for measuring the

TABLE 1. Spectral datafor thedeter mination of chloramine-
B by proposed method

THM
* Maleate
Parameters N _CHs
CH,—CH,—CH,—N
I \CH3

CHs
Colour Blue
Amax (NM) 630
Stability (h) 24
Beer'slaw range (ng ml™) 1.2-7.2
Recommended chloramine 35
B concentration (ug ml™) '
Molar absorptivity 3
(L mol™*em™) 8.72x10
Sandel I-2S sensitivity 0.0734
(ng cm™)
Regression equation®
Slope ‘@ 0.0304
Intercept ‘b’ 0.0581
Correlation coefficient ‘r’ 0.9654

@Regression curve: y = ax+b where x is the concentration of in
chloramine B in pg ml-tand y is absorbance
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absorbance. The absorption spectra of the blue
coloured complex showed awavel ength of maximum
absorption a 630nm. Thereagent blank showed negli-
gibleabsorptionat thiswaveength.

Procedure

Aliquotsof standard solution of CAB, 2.0ml of 5N
sulphuric acid, 1.0ml of 0.1%(w/v) MBTH, 1.0ml of
0.2%(w/v) TPM weretakenin aseriesof 25-ml cali-
brated standard flasksand kept for 20min a room tem-
perature. Blue col oured solutionswere obtained and
were made up to the mark with distilled water. The
absorbance was measured at 630nm against areagent
blank prepared under identical conditions but without
CAB. Concentration of CAB intest solutionswascal-
cul ated from theregression equation computed from
the Beer’s law data. Calibration graphs were con-
structed. The concentrations of CAB determined by
proposed methodsand other optical characteristicsare
presented in TABLE 1.

RESULTSAND DISCUSSION

Reaction mechanism and stability

Thechemical reactionin the spectrophotometric
study involvesthereduction of CAB by MBTH andits
(MBTH) subsequent coupling with TPM in agqueous
acidic mediumto form ablue coloured species, which
attai ned maximum absorbance at 630nm. At thiswave-
length thereagent blank showed practically negligible
absorbance. All the blue coloured derivativesunder the
optimized condition were stable up to 24h. Theabsor-
bance varied by + 2% over a period of 24 h. and the
reaction mechanismisrepresentedin SCHEME 1.

Sequenceof addition of reactants

During the course of study it wasobserved that the
sequence of addition of reactantsalso influencedtoa
great extent totheintensity and stability of thecolour.
Lessintense and unstabl e col our was observed when
wefollowed thesequenceof additioneitherin (i) TPM-
acid-CAB-MBTH orin (ii) CAB-acid-TPM-MBTH.
But, the sequencein (iii) CAB-acid-MBTH-TPM and
in(iv) MBTH-acid-CAB-TPM gavemoreintenseand
stable blue colour Thiswas expected asthe reactions
in (i) and (ii) produceradical cation, while, in(iii) and
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Rl =CH 2—CH—CH2—N(CH3)2 for TPM

SCHEME 1. Proposed reaction mechanism between MBTH
andPM

(iv) eectrophilic substitution reaction wasinvolved. We
selected order (iii) for further spectrophotometricin-
vedigdions.

Effect of temperature

The colour development wasindependent of tem-
perature in the range of 20-35°C and gave the most
useful resultsat room temperature. Therefore, the ex-
perimental work has been carried out at room tem-
perature.

Effect of reaction time

Experimentswere conducted to optimizethetime
inthedetermination of CAB. It wasfound that theblue
colour formed in the reaction was not affected after
20min and remained constant up to 24h. Therefore,
20min wasreasonablefor the absorbance study.

Effect of different acids

The stability and sensitivity of the blue coloured
sol ution depends on the nature and concentration of
the acid medium used. The colour was intense in
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sulphuric acid medium, wheressintensity of blue colour
waslessusing hydrochloric acid or acetic acid or phos-
phoric acid.

Optimization of analytical variables
Effect of sulphuricacid

Effect of different concentrationlevel sof sulphuric
acid onthe colour devel opment was studied by using
1-10N sulphuric acid. Maximum absorbance was ob-
served when 5N was used. Theeffect of different vol-
umes of 5N sulphuric acid was studied in the volume
rangeof 1.0-4.0 ml. Almost constant absorbanceval-
ueswereobtainedin 1.0-3.0ml range. Therefore, 2.0ml
of 5N sulphuric acid was selected for further study.

Effect of MBTH

Effect of different concentration levelsof MBTH
was studied in the concentration range of 0.01-0.15%
of MBTH. Bluecol oured solutions showed maximum
absorbancewhen 0.05% was used. Effect of different
volumesof MBTH was studied in thevolumerange of
0.5-3.0ml. Maximum absorbance was observed when
1.0ml of 0.05% MBTH was used.

Effect of TPM

Effect of different concentration TPM onthereac-
tion productswas studied in the concentration range of
0.025-0.20%. Constant and maximum absorbance
vaueswereobservedintherangeof 0.5-1.5%of TPM.
Therefore, 0.1% of TPM was considered asoptimum
concentration for reaction study. Likewise effect of
different volumesof TPM was studied inthevolume
range of 0.5-3.0ml. Maximum intense col our was ob-
tained throughout therange. Therefore, 1.0ml of 0.1%
was sel ected for further Beer’s law study.

Analytical data

Blue coloured solutions obeyed Beer’s law in the
concentration range of 1.2-7.2ug mi. Molar absorp-
tivity and Sanddll’s sensitivity values as calculated from
Beer’s Law were found to be 8.72x10°L/mol* cm?
and 0.0734ug cm? respectively. Regression analysis
of Beer’s Law revealed correlation coefficient value as
0.9654, Intercept value as 0.0581 and slope value as
0.0304. Theseare described by aregression equation,
Y =ax+b, whereY istheabsorbance of al-cmlayer, a
isthedope, bistheintercept and x isthe concentration
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TABLE 2: Maximum tolerancelimit of foreign ionson the
deter mination of 3.5ug ml* chloramine-B by proposed method

Foreign ions Tolerence
9 limit (ug mi™)

+ 2+ 2+ 2+ + 2-
Na’, Zn**, Hg*, Mg®, C&", SO,°, citrate, 1000
oxaate
Al** NO;’ Br’ NH,", Cos®, Cu?*, PO*, 00
Pb2+, M06+, -I—i4+ 5
S, As, TeM, CH,COO 100
Chlorine, Bromate, lodate, periodate,
Chloramine-T, N-bromosucinimide, N- 0.5

chlorosuccinimide, N-iodosuccinimide

TABLE 3: Determination of CAB invariouswater samplesby
MBTH-TPM method

CAB added CAB recovered Recovery

Sample pgml)  (ugmity (%)
Agriculture 1.00 0.98 99.0
land water
L ake water 2.00 1.96 98.0
Sewage water 3.00 2.94 98.0

@Aver age of three-deter minations
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Figure 1: Absor ption spectrum of thereaction product of

CAB (3.5ugml*)+H_SO,+MBTH+TPM and reagent blank

of the CAB in ug ml* by theleast squaresmethod. The
reproducibility was studied by replicateanalysisof a
standard CAB solution over a period of 24h. Other
important anaytical parametersare studied and pre-
sentedinTABLE 1.

Effect of diverseions

Inorder to establish theanaytical potential of pro-
posed method, the effect of somepossibleinterfering
ions, which often accompany CAB, wasexamined by
carrying out thedetermination of 3.5gml* of CABin
presence of number of other ions by the proposed
method. Anion was considered to beinterfered with
thedeterminationif the obtained absorbancevauesdif-
fered by morethan +3% from that of CAB alone. Met-
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adssuchasiron(ll), vanadium(V) manganese(VIl) and
chromium(V1) and, non metalssuch asbromate, iodate
and periodate, residual chlorine, chloramine-T were
foundto beinterfered severely and caused |ow recov-
ery of CAB. However, using gopropriatemasking agents
could diminatetheinterferencefromtheseions. During
theinterferencestudies, if aprecipitatewasformed, it
wasremoved by centrifugation. The possibleinterfer-
enceandthemaximum tolerableconcentrationaregiven
intheTABLE 2.

Applications

The proposed method was applied for the deter-
mination of CAB inenvironmentd water samplesfrom
variousoriginssuch asagricultureland water, lakewa-
ter and sewage water were collected and tested for
CAB. All the samplesweretested negativefor CAB.
CAB indoped sampleswas determined from solutions
prepared for the standard addition method. Resultsare
showninTABLE 3.

CONCLUSION

The proposed method, besdesbeingsimple, inex-
pensive, sendtiveand precisea so hastheadvantageous
of determinationwithout theneed for extraction or hest-
ing. Themethod doesnot invol vecomplicated reaction
conditions. The proposed oxidative coupling method
hass gnificant advantagesintermsof smplicity andfree
frommogt of theinterferingions. Statisticd andysisof
theresultsreveal ed that the proposed method yields
accurate and reproduci bleva uesin thedetermination
of chloramine-B invariousenvironmenta water samples.
Applications of the method in the determination of
chloramine-B in a variety of environmental water
samples havedemonstrateditspractical utility of the
method.
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