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ABSTRACT

A new, simple, sensitive and rapid spectrophotometric method is proposed
for the determination of trace amounts of manganese(l1). The method is
based on the reaction at pH 11.5 between the synthesized reagent, N,N’-
Bis (2-aminobenzoyl) triethylenetetramine (BABTT) and manganese (II)
forming a brown coloured water soluble complex. The brown coloured
Mn(I1) —BABTT complex shows maximum absorbance at 400nm. At this
wavelength, the complex shows large absorbance while the reagent blank
shows negligent absorbance. Hence, the analytical study are carried out at
400nm at pH 11.5. Beer’s law is valid over the concent_rftion 1range 1.20-
16.86pgmL*, with molar absorptivity of 0.684x10°Lmol “cm . Thetoler-
ance limitsfor interfering ions are discussed. All variableswere studied in
order to optimize the reaction conditions. Though, a number of spectro-
photometric methods have been reported for the determination of manga-
nese, however, no reagent exhibits outstanding performancefor direct spec-
trophotometric determination of manganese(ll) in aqueous medium. The
efficacy of the proposed method is shown by the successful determina
tion of traces of manganese in its pure form, natural samples, alloys and
industrial effluents. © 2013 Trade Sciencelnc. - INDIA
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INTRODUCTION

A largenumber of industriesdischargemetal con-
taining effluentsinto air and water resources without
adequate trestment and one such metal that happensto
bethe current areaof concern contaminating the envi-
ronment ismanganese. Although manganesg¥ isan es-
sentid micronutrient, it isalsoarespiratory irritant and
adow systemic poison wheninhaed (asoxides) inex-
cessive amounts. M anganese al so occursin domestic
waste water and receiving systems. Manganeseisan
essentid tracedementwhichisusedin manufacture of

dry battery cdls, aloys, electric coilsetc. Manganese
isaco-factor in many enzymaticreactionsinvolvedin
phosphorylation. Fertiliserscontaining manganese cause
ar andwater pollution. At higher dosesit accumul ates
inthekidneys, liver and bonesand causes manganese
psychosiswhichisanirreversiblebrain diseasecharac-
terized by uncontrollablelaughter, euphoria, mutation
producing agent for bacterium E-coli and T4 bacte-
riophage. Theincreas ng use of themetal necessitates
devel opment of ragpid and sensitivemethodsfor thede-
termination of minutequantitiesof themeta. And, dso
new accurate and reliable methodsfor analysisof vari-
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ous objects contai ning traces of manganese should be
searched for thiselement.

Thereareseverd methodsavailablefor manganese
(I1) determi nati onincl uding atomi c absorption spectros-
copy (AAS), flow injection analysis (FIA),
spectrofluorimetryt? and spectrophotometry. Inroutine
anaysis, spectrophotometric methodsareversatileand
economica. Theoxidants, such aspotassum periodate
and ammonium persul phate are commonly used for
determination of manganesg(11) by spectrophotometryt®
7. Existing methods are complicated, require oxidation,
heating®, aretime consuming and arefrequently char-
acterized by poor sengitivity. Catalytic kinetic methods
haverece ved cond derabl e attention because of thesig-
nificant advantagesinthedetermination of many anaytes
at trace levels. At present, catalytic methods®*®! for
determination of manganese(ll) inwater systemshave
been frequently reported. Catal ytic- Spectrophotomet-
ricmethodsfor manganes(11) using periodate, dissolved
oxygen or hydrogen peroxide asthe oxidizing agent™
arenot directly applicableto manganese determination
inseawater because of the possibleinterferences caused
by organic substancesand variationin sdinity!®®. There-
fore, thereisaneed to devel op new analytical proce-
duresfor manganese determination and kegpingthisin
mind andinour continuation of thedevel opment of suit-
ablemethodsfor the determination of metd's, especidly
in natural sampled'¢¥ asimple, very sensitiveand
accurate spectrophotometric method has been proposed
for thedetermination of manganese(ll) initspureform,
natural samples, dloysandindustrid effluents. Though
anumber of spectrophotometric methods have been
reported for the determination of manganesd'*24, how-
ever, no reagent exhibits outstanding performancefor
direct spectrophotometric determination of
manganese(ll) in aqueous medium. Theuseof N, N’-
Bis(2-aminobenzoyl) tricthylenetetramine (BABTT) as
areagent for the sensitive and sel ective determination
of manganese(Il) isreported in the present work.

EXPERIMENTAL

Instruments

Theabsorbance and pH measurementsweremade
on aShimadzu UV-Visible spectrophotometer fitted
with 1.0cm Quartz cdlsand Systronicsdigital pH meter
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equipped with combined glass el ectrode respectively.
ThepH meter hasreproducibility of measurement within
+0.01 pH.

Reagentsand chemicals

Triethylenetetramine and isatoi c anhydride were
taken from SigmaAldrich, Co., Ltd. and Manganous
sulphate monohydratewastaken from E - Merck, In-
dia. All chemicasand solventsused were of anaytica
reagent grade, and doubly distilled water was used for
preparation of dl solutionsand experiments. Thework-
ing solutionswere prepared daily by diluting the stock
solutionto an appropriate volume.

Solution of N,N’-Bis (2-aminobenzoyl)
triethylenetetramine(BABTT) (1x102M) wasprepared
by adding triethyl enetetramineto ahot methanolic so-
lution of isatoic anhydridein 1:2 molar proportion until
aclear solution wasobtained®!. Lower concentrations
were prepared by diluting the appropriate volume of
thereagent solution.

Manganese(11) solution was prepared by dissolv-
ing manganous sulphate monohydrate (~0.46g) in
sulphuric acid (5mL, 0.1N) and then making up the
solutionto mark in astandard flask (250mL) withdis-
tilled water. The solution was standardised by titrimet-
ricmethod using EDTA™,

Buffer solution

Thebuffer solutionwasprepared by dissolving 3.89
of trisodium orthophosphate (0.01M) in 1 L distilled
water (pH 11.5). The pH of the solution was checked
with the above mentioned pH meter.

Deter mination of manganese(l1)

To measured aliquots of manganese(11)(0.06-
0.36mgmL ) solution placed inastandard flask, buffer
solution (2mL) and thereagent (BABTT) (3mL,1x10
2M) was added and the resulting brown col oured solu-
tionwasquantitatively diluted (25mL) withdigtilled water.
Theabsorbanceof the col oured solution was measured
at 400nm against areagent blank prepared inthe same
manner.

RESULTSAND DISCUSSION

Absor ption spectra

The absorption spectrum of manganese-BABTT
complex wasrecorded in therange of 300-700nm and
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the results showed amaximum absorbance at 400nm,
where the absorption of the reagent blank isamost
negligibleand henced the absorbance measurements
were carried out at 400nm.

Sability of thecomplex

Theformation of manganese-BABTT complex is
instantaneous and the absorbance of thebrown coloured
complex isstablefor morethan 12 hours.

Effect of pH

K egping the concentration of manganese(1l) con-
stant, the compl exati on reacti on between manganese-
BABTT was studied over the pH range 1.0-14.0. A
constant and maximum value of absorbancewasob-
tained inthe pH rangeof 11.0 - 11.5. Hence, the pH
wasfixed at 11.5 for further analysis, by use of triso-
dium orthophosphate buffer solution.

Analytical characteristics

The absorbanceisalinear function of concentra-
tion of manganese(Il) intherangeof 1.20-16.86ugmL-
1 a 400nm. Thedeterminationsfor manganese(ll) were
carried out intherange 2.41-14.45ugmL* of solution.
Theresultsof thedeterminationsaregivenin TABLES
1 and 2. The apparent molar absorptivity value ob-
tained 0.684x10°.mol-1cm—1. Thestandard deviation
and co-efficient of variation calculated for six replicate
measurementsarein good agreement with the standard
method. It wasfound that the order of addition of reac-
tants has no effect on the formation of the complex.

Effect of diverseions

Theeffect of diverseionson thedeterminations of
manganese(l1) wasstudied and theresultsareshownin
TABLE 3. Thesdectivity of the proposed method has
been determined by theandysisof samplescontaining
known amount (9.63ugmL*) of manganese(ll) inthe
presenceof variousamountsof diverseions. Theresults
showed that the studied anionsand most of the cations
do not interferewith the determination of manganes(l).
The main interferences were shown by iron(lll),
cobayt(I1), copper(l1) and nickel (11) solutionsand they
wereeffectively masked by using suitablemasking re-
agents. Iron(l11) wasmasked by the use of sodium fluo-
ride (1%ow/v, 5mL) solution, Cobdt(I1) with ammoniun
hydroxide(1% w/v, 5mL), Copper(Il) was masked us-
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ing thiourea(1%w/v, 5mL) solution and Nickel (1) with
theuseof sodium tartarate (1%wi/v, 5mL ) solution.

TABLE 1: Deter mination of manganese(l1).

BABTT method

Per sulphate method®”

|\?I. Mn(”) Mn(”) recovery error Mn(”) recovery error
o taken - found R0 oy UM o6y (o)
(pgmL ™) (ugmL™) (pgmL ™)
1. 241 242 1004 04 2.39 99.2 0.8
2. 482 4.80 99.6 04 477 99.0 1.0
3. 722 7.20 9.7 03 717 993 07
4. 9.63 9.70 100.7 0.7 9.55 99.2 0.8
5 1204 12.06 100.2 0.2 11.97 99.4 0.6
6. 1445 1441 99.7 03 1438 995 05
TABLE 2: Satistical comparison.
,\%_ method av. (gor)or* S.D* %V\O/;
e 0z 0. 0.1
2. Ammonium persulphate 0.73 0.160 0.161
*6 replicates

TABLE 3: Effect of diverseionson the deter mination of
manganese (11) Amount of manganese (I1) taken-9. 63

pomL .

Tolerance limit

Diverseions 1

_ (pgmL™)
Molybdate, iodide, bicarbonate and 1500
bromate
Nitrite, citrate and fluoride 1300
Tartarate and thiosul phate 1050
Hydroxide, oxalate, thiocyanate, 600
sodium and acetate
Potassium(l) and tin(I1) 500
Sulphate, tungstate, nitrate, chloride,
zinc(l), slver(l), nickel(11)*and 250
copper(11)°
Tertaborate, ammonium(l), iron(I11)° 150
and mercury(ll)
Barium(l1), strontium(l11) and lead(I1) 100
Carbonate, cadmium(l1), cobalt(l1)® 80

and calcium(I1)
amasked with sodium tartarate(1%w/v, 5mL); >masked with
thiourea(1%w/v, 5mL); “masked with sodium fluoride(1%w/v,
5mL); “masked with ammonium hydroxide (1%w/v, 5mL )

APPLICATION

Water and effluent samples

Water samples were collected from abore well,
effluent samplesfrom atannery and dyeing unit. All
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samples were filtered before analysis and known
amounts of manganese(l1) were added, asnoneof the
sampl es contai ned any amount of manganese(ll). The
sampleswere analysed for manganese(ll) by the pro-
posed method and therecoveriesareshownin TABLE
4 and 5. A close examination of thetablerevea sthat
the presently devel oped method can be applied for de-

TABLE 4: Deter mination of manganese(I1) in natur al water
sample.

gl. Mn(ll) added Mn(ll) found recovery

No.  (ugmLh) (ugmL~1) (%)
1 241 244 101.2
2. 4.82 4.87 101.0
3. 7.22 7.28 100.8
4, 9.63 9.70 100.7
5. 12.04 12.15 100.9
6. 14.45 14.57 100.8

TABLE 5 : Determination of manganese(ll) in effluent
samples(Tannery and Dyeing unit).

Mn(I1) . 'II'Iannery . Dlyeing Unit
3 (HZ‘::f‘f'l) found! recovry Foond Recovry
(pgmLd) (pgmL1)
1. 2.41 2.43 100.8 2.45 101.6
2. 4.82 4.85 100.6 4.89 101.4
3. 7.22 7.26 100.5 7.31 101.2
4, 9.63 9.68 100.5 9.72 100.9
5. 12.04 12.12 100.7 12.20 101.3
6. 14.45 14.49 100.3 14.58 100.9

TABLE 6: Determination of manganese(l1) in alloys.

Alloy ~ Amountof  Amount  Av.of
taken  Mn(ll)found of Mn(il) Mn(ll) SD

’ (p.gmL'l) (p.gmL'l) found (%) Found(%)

Sample S.
composition  °
%) No.

cV
(%)

1. 4000 5.80 1450
2. 60.00 9.17 1528
manganin
(Cu*-82, 3. 80.00 11.97 1496 1494 023154
Ni-3, 4 10000 14.98 14.98
Mn-15)
5. 120.00 17.87 14.89
6. 140.00 21.01 15.01
1. 2000 1.14 5.70
2. 2800 138 4.93
Manganese
Bronze 3 36.00 178 4.94 510 027528
(Cu*-95, 4 4400 221 5.02
Mn-5)
5. 5200 2.60 5.00
6. 60.00 3.02 5.03

*masked with thiourea

termination of manganese(1l) inthese sampleswitha
high degree of accuracy and precision.

Alloy samples

The method was applied for the determination of
manganese(I1) in manganin and manganese bronze by
the presently developed method and the results are
shownin TABLE 6. Theresult show that therecover-
iesarein good agreement with the certified values, in-
dicating that the proposed method can beused inrou-
tineanadysisof themetd inthesedloys.

CONCLUSION

From the above discussions, it can be concluded
that BABTT isapotential reagent for the spectropho-
tometric determination of manganese(l1). An exhaus-
tivesearchthroughtheliteraturereveaed that only lim-
ited methods are avail ablefor thedirect quantitative
determination of manganese, thereforethe devel oped
method attainshighimportanceasitisdirect, sengtive,
accurate, selective, specific, non-extractive, reproduc-
ibleand smple. Theresultsof theinvestigationswere
highly fruitful with aconsiderably highvalueof molar
absorptivity, accuracy and precison and it ishoped that
thismethod can be suggested for theroutineandysisof
manganese(ll) infreestate, environmental sample, ef-
fluent samplesand dloys.
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