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ABSTRACT KEYWORDS
A simple and highly sensitive spectrophotometric method for the determi- VitaminC;
nation of ascorbic acid is described. The developed method is based on a Redox reaction;
redox reactioninthat Mn(l11) generated electrolytically istaken in excess, Mn(111);
whichisoxidizingaknown but aless quantity of vitamin C and the unreacted o-Tolidine;
oxidant will oxidizefurther o-tolidineto produce aorange yellow quinonedi Spectrophotometry.

imine absorbing cation(Amax. 455nm). Therefore, in principle, the decrease
in colour intensity of the absorbing systemis proportional to the concen-
tration of vitamin C. The stoi chiometry between Mn(I11) and o-tolidine and
stability of the complex were determined by Job’s method, the correspond-
ing values obtained were 2:1 and 1.58x10° Imol-*. The system wasfound to
be obeying Lambert-Beer’slaw intherange, 0.08-0.8mg I* of ascorbic acid.
Molar absorbtivity, correlation coefficient, and Sandell’s sensitivity val-
ueswerealso cal culated and found to be 4.4359x 103, 0.9987 and 0.0397 g/
cnr?respectively. The reliability of the new method was tested by parallel
determination of ascorbic acid in standard, pharmaceutical and fruit samples
using a standard method. The results of vitamin C obtained from both the
methods were comparabl e with one another and the reliability and repro-
ducibility of the new method were concluded by F and t test values. There-
fore, the new method could be employed effectively for the determination
of ascorbic acid in standard and other samples either as an independent
high sensitive spectrophotometric method or a complimentary method to
officia method. © 2007 Trade Sciencelnc. - INDIA

INTRODUCTION skin®, It participatesin avariety of biological events

concerning e ectron transport reaction, hydroxylation

Vitamin C, known by itschemical nameascorbic  and the oxidative catabolism of aromatic amino acids
acid, isan essentia water solublenutrient requiredfor  with antioxidant properties, which prevent scurvy.
optimal health!¥ with daily recommended intake 70  Vitamin C occursnaturaly in different concentrationsin
mg?. Itisalso considered essential for thedevelop- most fresh fruits¥ andisadded during the manufacture
ment and regeneration of muscles, bones, teethand  of juices and soft drinks®. It is added to the several
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pharmaceutica productsasan essentid ingredient, for
example, astabilizer for vitamin B complex andadso as
an antioxidant’®. Asaconsequenceof itsdesirable f-
fectd, itiswidely used inthetreatment of certaindis-
eases such as scurvy, common cold, anemia, haemor
rhageic disorders, wound healing and eveninfertility.
Vitamin C degrades quickly and therefore, thereis
aspecid concernregarding theshdf lifeof thoseforti-
fied foodd®, and d so considering itsimportance™?49,
several anaytical methods are being reported fre-
guently®®2 whichindude, titrimetry®9, spectrophotom-
etryl1®19 chromatography!*®l, HPL C!', polarogrphy
(18 fluorimetry!*¥, voltammetry?, chemilumines-
cence?Y, and potentiometry'?, Among such meth-
0dg>1, most frequently used method isatitrimetry in-
volving 2,6 dichlorophenolindophenol™® astitrant, the
method claimed to be rapid but the reagent is un-
stabl€™®. The most sensitive methods for it include
chemiluminescence!®, fluorimetry®, and HPL C*217,
however, the equipments cost restrict the practice of
such methods. Hence, the spectrophotometric method
involving 2, 6-dichlorophenolindophenol® 2.3 js gp-
peared to be most commonly used. However, asthe
reagent(®223 jsadye, obvioudy requiring strict control
of pH, and colour is appeared to be stable only for
about 20min. In addition, themethod a so recommends
the storage of thereagent in arefrigerator®3l. Asacon-
sequence'®?2 and a so considering theimportance
of ascorbic acid®” and al so the limitations associated
with reported methodd*1%9 particularly in the spec-
trophotometric method?® %! and also encouraged
by earlier work with Mn(I11)3Y a new spectrophoto-
metric method isdevel oped herefor the determination
of ascorbic acid. Themethod isbased on aredox re-
actionintha Mn(l11) generated e ectrolytically®*®lis
taken in excess, oxidizing aknown but alesser quantity
of vitamin C and theunreacted oxidant will oxidizefur-
ther o-tolidineto produce an orangeyelow, quinonedi
imine absorbing cation??. Therefore, in principle, the
decreasein colour intensity of theabsorbing systemis
proportiond to the concentration of vitamin C.

EXPERIMENTAL

Apparatusand reagents

== Pyl Paper

Spectrophotometer: ELICO SL 171mini. Spec.
with 1cm matched quartz cellswere used for absor-
bance measurements.

Ascorbic acid(E, Merck India), sulfuric acid, so-
dium thiosul phate, potassiumiodideand starch, man-
ganous sul phate(SD finechemicals, Boisar India), o-
toliding(Sigma-Aldrich chemieGmbh, Steinheim, Ger-
many), were used.

Prepar ation of manganese(l11) solution

10ml of 2M manganese(I1) sul phate solution was
diluted to about 1200ml with 5M sulfuricacid and elec-
trolyzed the solution for about 2hi4?1, Concentration
of the prepared Mn(ll1)solution was determined
iodometrically? and the solution was found to be
0.015M with respect to Mn(l11). Fromthis, anadiquot,
1.3ml wasfurther diluted to 100ml inavolumetricflask
with 5M sulfuric acid, the solution so obtained was
0.0002M(cdl.).

Preparation of ssandard o-tolidinesolution

Accurately wei ghed amount, 20mg of o-tolidine
samplewasdissolved inaclean beaker containing about
10ml of ethanol and the solution wastransferredinto a
100ml volumetricflask. The beaker waswashed with
water and washingsweredsotrandferredinto theflask.
Then, the solution wasdiluted to the mark with water.
The prepared solution was0.001M(cal ), fromthisso-
lution; an aiquot of 10ml wasfurther diluted to 50ml
with water to obtain 0.0002M (cal.) solution.

Sandard samplepreparation

Ascorbic acid solution(20mg/lit) was prepared by
dissolving 0.020g of ascorbic acid in 100ml of water.

Phar maceutical sample prepar ation!?”

A knownweight of finely ground powdered tablet
equivaent to 100mg of ascorbic acid (500mgfor celien)
was stirred for 2-3minuteswith about 50ml distilled
water. Themixturewasfiltered through aWhatman No.
1filter paper, then, thefiltered solution wastransferred
into a250ml volumetric flask and diluted to themark
with digtilled water. Thissolutionwasfurther diluted by
transferring 2.5ml into 2100ml volumetric flask and
made up tothe mark with distilled water. Then, andli-
quot of 0.2ml, that sample solution was analyzed as
described under genera procedureand aso by thestan-
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dard method®. Theresultsobtained by both the meth-
odsaregiveninTABLE 2.

Syrups/Juices?

An accurately measured, 0.5ml of thesolution was
transferred into a250ml volumetric flask and made up
to mark with distilled water. Thissol ution wasfurther
diluted by transferring 2.0ml into a100ml volumetric
flask and madeup tothemark with distilled water. Then,
an aliquot of 0.4ml of that sample solution was ana-
lyzed as described under general procedure and also
by the standard method®. Theresults obtained by both
themethodsaregivenin TABLE 2.

Fruitg®

About 5g portion of each samplewas squeezed or
homogenized mechanigtically for about fiveminutesand
extracted into distilled water. Extract wasfiltered into
100ml volumetric flask and made up tomark with dis-
tilled water. Then, an aliquot of thesamplesolutionwas

TABLE 1: Optical parameters

Parameters Values
Wave length (nm) 455
Beer’slaw limit (ppm) 0.08-0.8
Molar absorptivity(10® | mol/cm™) 4.4359
Sandell’s sensitivity (g cmper 0.001A) 0.0397
Slope 0.3270
Intercept -0.0425
Correlation coefficient 0.9987
Stoichiometry, talidine : Mn(lI1) 1.2

Tabulated values at 95% confidence limit are 2.365 and 6.39 for
t-test and F-test, respectively; *Mean value +standard deviation
(n=5).

TABLE 2: Determination of ascor bicacid in different samples
Amount* found in pgml™ by

Sample Proposed Standard ~ F-test t-test
method method

Pharmaceuti cal
Celine 0.195(+ 0.008) 0.197 (+0.007) 1.306 0.40
Limcee 0.196(+0.009) 0.198(+0.007) 1.600 0.20
Cecon 0.160(+0.007) 0.162(+0.009) 1.600 0.39
Fruits:Apple 0.200 (£0.020) 0.190(+0.020) 1.000 1.00
Orange 0.430 (+0.040) 0.400(+0.030) 1.910 0.91

TABLE 3: Effect of foreign ion experimental solution con-
taining 0.4ppm of ascor bicacid

Interferon Tolerance Interferon Tolerance
limit(ug ml™) limit(ug ml™
Caffeine 300 Ca'” (CaCly) 200
Vitamin-B 100 Mg(MgSO,) 300
Glucose 130 Na'(NaCl) 270
Fructose 130 Pb"2Pb(NO,), 023
Formaldehyde 015 Zn*"3(ZnS0,) 100
Hydrogen 150 Fe*? (FeSO,) 020
sulphide(Na,S) ] Fe}(FeS0.,), 003

andyzed for vitamin C both by the new method through
the described generd procedure and a so by the stan-
dard method?. The results obtained from both the
methodsaregivenin TABLE 2.

Procedure
Construction of thecalibration graph

A seriesof [abeled 10ml volumetricflaskswerear-
ranged. 1.0ml of 0.0002M Mn(111) solution was added
to each flask. A known but variousvolumes, 0.1-1.5ml
of standard ascorbic acid (8ppm) solutionswereadded
to each flask and the solutionswere kept asidefor about
2minto ensurethe compl etion of reaction. Then, 1.0ml
of standard o-toliding(0.0001M) sol ution was added
to each flask and the sol ution in each one of them was
diluted tothemark withwater. Thesolutionsweremixed
well and kept asidefor about 10min. The absorbance
of each solutionwasmeasured at 455nm against water.
The calibration graph obtained from thevalueswasas
giveninfigurel.

RESULTSAND DISCUSSION

The method is based on aredox reaction in that
Mn(l11) generated €l ectrolytically!?*# takenin excess,
isoxidizingaknown but alesser quantity of vitaminC
then the unreacted oxidant will oxidizefurther o-toli-
dineto produce an orange yellow, quinonediimine ab-
sorbing cation®. Therefore, in principle, the decrease
in colour intensity of the absorbing system ispropor-
tiond to the concentration of vitamin C. The colour of
the system was found to be stable for more than 2h.
The stoichiometry between the o-tolidineand Mn(l11)
was determined by Job’smethod?® and thevaueswere
found to be 1:2 with respect to o-tolidineand Mn(111).
Thegtability constant of the systemwasaso caculated
andfoundto be 1.58x10°| mol . Theproposed method
was applied for the determination of ascorbic acid
present in standard, pharmaceutical samples, andaso
present infruit juices. Theoptica characteristic param-
eterswere cal cul ated from experimental dataand are
givenin TABLE 1. Thereliability of the method was
tested by pardlel determination of ascorbicacid using
astandard method . Thereliability and reproducibil-
ity of the new method was concluded by F and t test
vauesasgivenin TABLE 2. A probablereaction mecha-
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Figure?2 : Determination of stoichiometry and stability

constant

nismof themethodisalso given.
Effect of foreignions

Tolerancelimit of thecommon foreignionson ex-
perimenta sol ution containing 0.4ppm of ascorbicacid

lon-Pair

wastested by studying the effects of these on the ab-
sorbance of theexperimental solution. An error of less
than £5% in the absorbance valueswas considered to
betolerable. Thetolerancelimit of theforeignionstested
isgiveninTABLE 3

Deter mination of stoichiometry and stability con-
Stant

The composition between Mn(111) and o-tolidine
was studied by modified Job’s method of continuous
variationi®, The concentrations of agueoussolutions
of Mn(I11) and o-tolidine both of them were 0.0001M.
Nine solutionswere prepared in 10 ml flasks contain-
ing Mn(111) and o-tolidinein variousmolar ratio’s so
that their volumeswereawaysamounted to 5ml. The
results obtained were used in plotting the graph, figure
2, that accountsfor 2:1 stoichiometry between Mn(l11)
and o-tolidinerespectively. Similarly, theexperiment was
carried out for other set of solutionfollowing theabove
procedure but with thesolutionsdiluted to 25ml instead
of 10ml. Theresults obtained were used for the con-
struction of the graph, figure 1, which again accounts
for 2:1 stoichiometry between Mn(l11) and o-tolidine
respectively. The stability constant of thecomplex was
cd culated® and found to be 1.58x 10° mol L.

CONCLUSION

The devel oped new method was empl oyed effec-
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tively for thedetermination of ascorbic acidin the stan-
dard solution, pharmaceutical ssmplesand dsoinfruit
juices. Electrolytically generated manganese(111)[242)
wasfound to be stablefor morethan onemonth . The
developed method issimple™?2, rapid and highly sen-
sitive®3 and yieldsreproducible and accurate results
without involving critical maintaince of experimental
condition. Thereproducibility of the new developed
method was established by comparing theresultsof the
new method with those of astandard method®. The
standard deviation aswell as cal cul ated t-test and F-
test valuesreved that the accuracy and precision are
affordabl €% by themethod. Therefore, thenew method
could serveeither asan aternative or aparald tothe
strandard methodsfor the determination of ascorbic
acid.
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