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ABSTRACT

A new kinetic spectrophotometic method for the determination of trace
amount manganese (I1) in Tea real samples has been described based on
it'sthe catalytic effect on the oxidations of barium diphenylaminesulfonate
by potassium bromate in sulfurique acid. The reaction is followed spec-
trophotometrically by measuring the decrease in the absorbance at 547.5
nm. Under the optimum conditions of 0.2 mol I sulfurique acid, 10+
mol I bariumdiphanylaminesulfonate, 0.011 mol I potassium bromate at
35°C, calibration graph in the rang of 0.001-0.06 pg I** manganese
(I1).Concentration was obtained with detection limit of 0.2303 g ml* by the
fixed-time method of 3.5 min. Therelative standard deviation for 0.05 pg
It manganese (I1) is%0.9. No seriousinterference was identified. The ap-
plicability of the method was demonstrated by the determination of the
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manganese (11) inreal samples.

INTRODUCTION

Manganeseisan essential microelement for thehu-
man body. In normal conditionsit playsan important
rolein boneand tissueformation (normal growth), nor-
mal reproductivefunctions, and carbohydrateand lipid
metabolism. Thediet isthebasic sourceof themetd. A
daily dietary intake of 2to 5 mgisestimated to be ad-
equatefor adults. Manganese deficiency inhumansis
related to delayed blood coagulation and hyper
cholesterolaemia. The metal may be considered toxic
when digtary intakeiss gnificantly higher!™. Hence, sen-
sitiveand selective methodsfor determination of man-
ganeseinfoodstuffs, drinking watersand drinksare of
gredt interes.
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There have been numerous spectrophotometric
methodsfor the determination of manganese. The oxi-
dation of manganese to permanganate and ameasure-
ment of the absorption of the charge-transfer band of
permanganate at 528 nm haslong been used asastan-
dard method for manganese determination; 1, 2 how-
ever, thismethod suffersfrom low sensitivity. Spec-
trophotometric methods based on complex formation
with chromogenic reagents providegood sengtivity, but
have showed seriousinterferencesfrom many cations
and anions despite the high detection limit of 0.05 ug
m|—1[2, 3]'

Numerous kinetic methods have been reported
based on the catal ytic effect of Mn?* onthe oxidation
of organic compoundswith suitable oxidants. Although
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these methods have shown good sensitivity, they are
time-consuming andirreproducible, sinceitisdifficult
to control thetiming of thereaction, whichisvariable
from one experiment to another**3 Some recent en-
hancements of themethod using aflow injection tech-
nique have been reported™+*¢ However, if thereaction
timeislonger than theflow rate, the method will not be
efficient and still irreproducible. Severd effortstoin-
creasethereaction rate by temperature have been re-
ported; however, either the sample degrades or
arbubbleswill devel opthat hinder theflow rate*"#,
Inthiswork, the catalytic effect of manganese (I1)
on the oxidation of bariumdiephenyl amino sulfunate
with potassium bromidein the presence of bariumdie
phenyl amino sulfunatewasinvestigated. A cata yticki-
neti ¢ spectrophotometric method for thedetermination
of manganese (I1) was developed. The proposed
methodisextremely sengitive, with higher selectivity and
isasimpler procedure than the three methods men-
tioned above. The method was applied successfully to
the determination of total manganeseinrea sample.

EXPERIMENTAL

Apparatus

A Shimadzu UV-Vis 160 spectrophotometer was
used to measurethe absorbance of solutios. A Metrohm
691 pH/Ion meter with acombined glassand calomel
el ectrode has been used for measurement and adjust-
ment of test solutionspH. The eva uation of ionscon-
tent were carried out on a Shimadzu 680 A atomic ab-
sorption spectrometer with ahallow cathodelamp and
adeuterium background corrector, at respectivereso-
nance line using an air -acetylene flame. A NBE
ultrathermostat (V EB Pr ufger”ate-Werk, Medingen,
Germany) was used to control thetemperature.

Reagentsand materials

All chemicals, except barium die phenyl amino
sulfunate, were prepared of the analytical grade pur-
chased from Merck Company, solution (Merck,
Darmgtadt, Germany). Thesolutionswere prepared with
doubly distilled water. The concentrations of the stock
solutionswere asfollows: barium die phenyl amino
sulfunate, 10*mol |, potassium bromide, 0.1 mol I
sulfuric acid, 3 mol I manganese (l1) sulphate, 1000
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Figure 1. The absorption spectra oxidation of product
barium diephenyl amino solfurnate
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Figure 2: The absorption spectra oxidation of product
barium diephenyl amino solfurnatein each 20min

mgl=.
Procedure

A typicd kinetic spectrophotometic method experi-
ment required thefollowing steps: 1 ml of Mn(11) solu-
tion equated to 0.01 ml gramswas added to the 10 m
volumetricflask. Then 1 ml gramof potassum bromide
(0.1 moal I'Y) and 1 ml of sulfuricacid solution (3moal 1)
was added. By adding thefirst drop of 1 ml barium
diephenyl amino solfurnateto thevolumetricflask, the
time of thereaction beginningisrecorded, after 5 sec
thesolutionismixedfor 30 sec, and thenitisvolumeby
addingthedidtilled water, asufficient amount of theso-
lutionwasaddedto alcm cell, thedifference between
thequantitiesof theabsorptioninawave ength equd to
547.5 nmin atimeinterval equal to 1-4.5 min was
measured by mean of spectrophotometer (AA). All
these stepswould be repeated for anon catal ytic reac-
tionwithout the presenceof Mn (1) asthecatayst ele-
ment (AA,), finally A(AA):AAbIank_AAsample isca-
culated. Bariumdie phenyl solfunate oxidationistraced
inthe acidic medium by potassium bromide, whichits
wavelengthis547.5 nm. The absorption spectrain an
aqueous solution areshowninfiguresland 2.
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Figure3: Theeffect of timeon thereactionrate
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Sulfuricacid (M)
Figure4: Theeffect of sulfuricacid concentration on the
rateof reaction

Pretreatment of real samples
water sample

Anaysisof wastewater samplefor determination
of Mn (1) content was performed asfollowing: 400 ml
of sample was poured in abeaker and 8 ml concen-
trated HNO, and 3ml of H,O, of (30%) for elimination
and decomposition of organic compound were added.
The samples, while stirring was heated to one tenth
volume. Inal of real and synthetic sampleamount of
Mn (1) ion wasfound by standard addition method.

Blood

Blood sample 20 ml wasweighed accurately and
ina200 ml beaker wasdigested in the presenceof an
oxidizing agent with addition of 120ml concentrated
HNO, and 2ml HCIO, 70% was added and heated for
1 h. The content of beaker was filtered through a
Whatman no. 40 filter paper into a250 ml calibrated
flask and its pH was adjusted to desired value and di-
luted to mark with de-ionized water. Inall of real and
synthetic sample amount of Mn (1) ionwasfound by
standard addition method.

Vegetables

All vegetable samples were purchased from
Gachsaran Iran. Afterwards, they weretakenin small
mesh. A 40 g vegetable sample was heated in silica
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cruciblefor 3h onahot plateand the charred materia
was transferred to furnace for overnight heating at
650°C. The residue was cooled, treated with 10.0 ml
concentrated nitric acid and 3 ml 30% H, O, again kept
infurnacefor 2 h at the same temperature so that no
organic compound tracesareleft. Thefina residuewas
treated with 3 ml concentrated hydrochloric acid and
2-4ml 70% perchloric acid and evaporated to fumes,
sothat al themeta schangetorespectiveions. Inal of
real and synthetic sampleamount of Mn (1) ion was
found by standard addition method®4,

RESULTSAND DISCUSSION

Theeffect of timeon thereaction rate

Asit wasexpressed in the method, to obtain opti-
mum timeof thereaction, 1 ml Mn (11) 0.01 mgl* so-
lution, 1 ml potassium bromide0.1mol I, 1 ml sulfuric
acid solution3mol I*and 1 ml barium diephenyl amino
sufunate 103 mol It are added to the volumetric flask
10 ml and by adding distilled water. Absorption of so-
lutionswas measured inthe 0-11 mininterval of time.
Theabove mentioned operation wasrepeated for blank
solution (the solution without Mn (11)). Changesin ab-
sorption based on the time at 30 centigrade degrees
temperature are shown in figure 3. 4.5 min was se-
lected asthe optimum time.

Theeffect of sulfuricacid concentration onther ate
of reaction

Asit wasexpressed in the method, to obtain opti-
mum sulfuric acid concentration of thereaction, 1 ml
Mn (11)mg I solution, 1 ml potassium bromide0.1 mol
I, Lml sulfuricacid solution 0.1to 1 mol I, and 1 ml
barium die phenyl amino sufunate 10*mol I-*areadded
to thevolumetric flask 10ml and by adding distilled
water. Absorption of solutionswas measured after 4.5
min. Theabove mentioned operation wasrepeated for
blank solutions (the solution without Mn (11)). Asitis
showninfigure4, the0.2 molar concentration of sulfu-
ric acid hasthemost changesin the absorption, sothat,
it was sel ected asthe optimum concentration of theacid.

Theeffect of barium die phenyl amino sulfunate
on thereactionrate

Toingpecting Theeffect of barium diephenyl amino
—  Analytical CHEMISTRY
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Figure5: Theeffect of barium diephenyl amino sulfunate

onthereactionrate
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Figure6: Theeffect of barium diephenyl amino sulfunate
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Figure7:Theeffect of temperatureon thereactionrate
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Figure8: Theeffect of lonic power onthereactionrate

sulfunateonthereactionrate, L ml Mn (1) 0.01 mg|*
solution, 1 ml potassium bromide 0.1 mol I, 1 ml sul-
furicacid solution2mol I*and 1 ml bariumdie phenyl
amino sufunate at different concentrations25x107 to
1.56x10* areadded to the volumetric flask 10 ml and
by adding distilled water. Absorption of solutionswas

measured after 4.5 min. The above mentioned opera
tion wasrepeated for blank sol utions (the sol ution with-
out Mn (I1)). The results are shown in and figure 5,
based on those results 1x10 was sel ected asthe de-
sired concentration.

Theeffect of potassum br omide concentration on
thereactionrate

Toinspecting theeffect of potass um bromidecon-
centration, 1 ml Mn (1) 0.01 mg I solution, 1ml po-
tassum bromideat different concentrations0.05t0 0.3
mol I, Iml sulfuric acid solution 2 mol I, and 1 ml
barium die phenyl amino sufunate 1x10- mol | are
added to thevolumetricflask 10 ml and by adding dis-
tilled water. Absorption of solutionswasmeasured af-
ter 4.5 min. The above mentioned operation wasre-
pested for blank sol utions (the solutionwithout Mn (11)).
Results are shown in figure 6, based on that resullts,
potassium bromideat aconcentration of 0.011 mol |2
was sel ected asthe desired concentration.

Theeffect of temperatureon thereactionrate

Atfirgt put thecellsincluding: Mn, potassium bro-
mide, sulfuric acid, barium die phenyl amino sulfunate,
distilled water and volumetric 10 ml flasksinthether-
mostat to reach to the desired temperature. After they
goto theequilibrium temperature, 1 ml Mn (11) 0.01
mg It solution, 1 ml potassium bromide0.11 mol I, 1
ml sulfuric acid solutionmol 11 ,and 1 ml bariumdie
phenyl amino sofunate 1x10° mol | *areadded tothe
volumetric flask 10 ml and by adding distilled water.
Absorption of solutionswas measured after 4.5 min.
Theabove mentioned operation wasrepeated for blank
solutions (the solutionwithout Mn (11)). Asitisshown
infigure7, 35 centigrade degree was sel ected asthe
desired temperature.

Theeffect of ionic power onthereaction rate

Theeffect of ionic power of themediumwasalso
Inspected; potassium bromide and potassium nitrate
were used for thispurpose. 1 ml Mn (1) 0.01 mg |1
solution, 1 ml potassium bromide0.11 mol I, Iml sul-
furicacid solution2mol |2, and 1 ml barium die phenyl
amino sufunate 10*mol I areadded to the volumetric
flask 10ml and by adding distilled water. Absorption of
solutionswas measured after 4.5 min. aswecanseein
figure 8 results show that the effect of ionic power on
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Figure9: Calibration graph for manganese(l1)

TABLE 1: Specification of method at optimum conditionsfor
manganese(I1)

Parameter Mn (11)
Linear range (ug mL™) 0.001-0.06
Detection limit (ug mL™) 0.23
RSD % 0.9

TABLE 2: Effect of foreign ionson thedeter mination of man-
ganex(l1)

M aximumtolerableion

Foreign ion
amount

COZ+ Ca2+ Pb2+ Cd2+
M92+ Zn2+ Cu2+ K*
APt cr¥* NHj,NO; 1000

22— — _ -
PO ,F,NO3,Cl
COZ",BrO3z,CH;CO0™S,0%"
Na® WO NiZ" so2- 750

) 2 ) 500
Ba“",Fe>*,S05,10; 100
Agt,17,Br” 50

TABLE 3: Recovery gudiesof manganese(I1) inreal samples
(N=3)

Sample Added Found RSD % Recovery %
0 64.1 1.9 -
River water
100 164.3 11 100.2
0 61.8 13 -
Tap water
100 161.9 11 100.1
0 103.3 1.8 -
Waste water
100 203.8 12 100.5
0 127.4 17 -
Vegetable
100 228.2 2.7 100.8
0 67.4 17 -
Blood
100 169.6 2.3 102

thereactionrateisneglectible, and can beignored.

—— Fyll Peper
Calibration graph and reproducibility

Reaching to the standard curve of Mn (1) inthe
reaction, the system went into the desired condition.
So different volumes of Mn (11) (100 ug mi-t), 1 ml
potassium bromide0.11 mol I, 1 ml sulfuricacid solu-
tion2mol I, and 1 ml barium diephenyl amino sufunate
10*mol I areadded to thevolumetric flask 20 ml and
by adding distilled water. Absorption of solutionswas
measured after 4.5 min. the above mentioned opera-
tion wasrepeated for blank solutions. The examina-
tion/test wasdone at 35 centigrade degrees. Results
areshownin TABLE 1 andfigure8.

Effect of foreignions

In order to assessthe potential analytical applica-
tions of the proposed kinetic reaction, theinfluence of
foreignionson the determination of manganese (I1) was
investigated. Thetolerated limitsfor theions assayed
areshowninTABLE 2 (withrelativeerrorslessthan
5%). As can be seen, the proposed method is highly
sHective.

Application

The proposed method was applied to the determi-
nation of total manganesein water, blood, and Veg-
etablessamples. INTABLE 3theresultsobtained are
shown, and compared with those obtained by atomic
absorption spectrophotometry.

CONCLUSION

The proposed method isvery smple, highly selec-
tive, sendtiveand reproduci blefor thedetermination of
manganese. Themethod a so exploitslow-cost instru-
mentation and overcomesthe problemsassociated with
previoudy reported spectrophotometric methodsfor the
determination of manganese. Themethod toleratesmost
foreignions morethan any other method.
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