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ABSTRACT

spectrophotometric method is developed for the determination of phos-
phate in sugar cane juice, water and detergent samples. The method is
based on the formation of phosphomolybdate with added molybdate fol-
lowed by its reduction with sodium sulphide in agueous sulfuric acid me-
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dium. The system obeysLambert-Beer’s law at 715 nm in the concentration
range 0.3-12.24 ppm. Molar absorptivity, correlation coefficient and Sandell’s
sengitivity valueswerefound to be 6.1x103 mol-1 cm,-1 0.999 and 0.0156 mg
cm-2 respectively. The results obtained were reproducible with acceptable

standard deviation 3.7% and rel ative error 3.4%.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Phosphorusisthee eventh most abundant e ement
onthe surface of theearth and ismost commonly found
asphosphate. It playsanimportant rolein biochemical
processes and isakey factor in the eutrophi cation of
surfacewater™™ Increased phosphate concentrationsare
linked withincreasingrates of plant growthid. Theana
Iyticd chemistry of phosphorusisveryimportantin many
fields, for example, medica and clinical science, agri-
culture, metdlurgy and environmentd science®. More-
over, inrecent yearslarge quantitiesof phosphate have
been usedin beverages”, detergents?, fertilizers® and
asoinsugar industries™.

Theliterature™ gives theimportance of phos-
phate during the sugarcanejuiceclarification leading
to cane sugar manufacture. Inthiscontext, the chemi-

cal action of phosphate during clarification of sugar-
canejuiceassumessignificant role particularly when
thejuiceisdeficient in natural phosphate content in
therange of 300-350 ppm asP,O, whichis essential
for good clarification. In case of |ess phosphate con-
tent in sugarcanejuice, soluble phosphate additionis
theonly dternativeto achievethetarget va ue by add-
ing orthophosphoric acid, single super phosphate or
triple super phosphate. Therefore, it becomesvery
important to determine the amount of phosphatein
sugarcanejuice. Asaconseguence, various phosphate
determination procedures have been reported'®22
which include for example, titrometry19,
complexogravimetry™®¥, colorimetry2*3l, atomic ab-
sorption spectroscopy!™¥, flow injection analysis™®,
HPLC* and spectrophotometry methods!*’-22,
Among such methods spectrophotometry involving
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molybdovanadate?® and ammonium molybdate® are
most commonly used!*®l, In ammonium molybdate
spectrophotometric method, different reductantshave
been employed such astin(l1) chloride’?*?, ascorbic
acid® and 1-amino-2- naphthol-4-sulfonic acid@?,
Some of these methods al so involve complicated and
expensi ve equipments*® and need extraction proce-
dure?°23 and such techniques are usually not avail -
ablein common laboratories. Thoughtherearelarge
number of methods'*?2 availablefor the determina-
tion of phosphate but such methods used in sugar cane
juicefor phosphate determination are unread, instead
only afew methods®9%32% have been used. There-
fore, it becomes very important!”# to determine the
phosphatein sugar canejuice” and sodium sulphide
isfound to beavery effective reducing agent!?® but
not commonly used for phosphate determination.
Considering theimportance of phosphate and itsde-
terminationin sugar canejuicean attempt ismadehere
to devel op the simple spectrophotometric method
whichisbased ontheformation of phosphomolybdate
with added molybdate*624 followed by itsreduction
with sodium sul phide? in aqueous acidic medium.

EXPERIMENTAL

Elico spectrophotometer model SL 171
(Hyderabad, India) with 1 cm matched quartz cells,
Sartoriusdigital balance readable0.0001g were used.

Reagents

All thechemical reagents used were of analytica
grade and thewater used wasdistilled water. Weighed
amount of ammonium molybdate, 1.7081 gwasdis-
solved in about 150 mL of warm water?”; slightly
milky solution obtained was cooled to room tem-
perature. It wasthen transferred into a250 mL volu-
metric flask and diluted to the mark with water. 0.05g
of sodium sul phidewastransferred into aclean 100
mL beaker. It was dissolved in about 50 mL of wa-
ter and then the solution was transferred into a 100
mL volumetric flask. The beaker was washed 3-4
timeswith water and washingswereal so transferred
into theflask and the solution was diluted to the mark
with water. The solution was standardized
iodometrically'?® before use. 0.1145 g of disodium
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hydrogen phosphate wastransferred into a150 mL
beaker?, |t was dissolved in water, then; the solu-
tion wastransferred into a250 mL volumetric flask
and diluted to mark with water. The working solu-
tionswere prepared by diluting 5 mL of thissolution
to 50 mL with water. Sulfuric acid (0.25N) was pre-
pared by diluting the concentrated sulfuric acid
(»36N) with water.

Recommended procedure

A seriesof 10 mL volumetricflaskswerearranged.
To each flask 0.5 mL of 0.387M ammonium molyb-
date, 3mL of 0.25N sulfuric acid and aliquots of diso-
dium hydrogen phosphate corresponding to 0.3-12.24
ppm (0.1, .2,0.3,0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, and
4.0 mL) were added. Finally, to each flask, 1 mL of
2.0833x10-3 M sodium sul phide sol ution was added.
Then, each solution was| et at room temperature for
about 20 min. Theabsorbances of solutionsweremea:
sured at 715 nm against water.

Sugar canejuice sampleprepar ation

Sugarcanes were collected from the sugar cane
fiddssituated around Mysore. Sugar canejuicewas
extracted from such sugar canes by laboratory
crushert®; the obtained juice was collected and stored
inaseparate reagent bottle. The samejuiceof 5mL of
that was diluted to 100 mL with water and filtered to
separate any suspended particles?®.

Deter gent sampleprepar ation

5g washing powder of Indian originwasplacedin
an oven for about half an hour at about 350 OC, the
obtained ash wastakenin a150mL bedgker. It wasdis-
solvedin about 50 mL water and the sol utionwas made
acidic by adding dilute sulfuric acid. It was heated on
water bath for about 10 min. to expel the hydrogen
sulphide, nitriteetc. It wasfiltered and thefiltratewas
transferred into 2100 mL volumetric flask and diluted
tothemark with water, later it was used for its phos-
phateanayss.

Water sample

Water sample was collected from Gaurishanker
Lakewhichislocated in Bhavnagar city. Samplewas
filtered through acdllulose membranefilter, thefiltrate
containing orthophosphate, condensed phosphate
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(Pyro, Metaand poly phosphate) and organicaly bound
phosphorous, all of which may bepresent in soluble
formandin suspension. Asiswell known that only or-
thophosphate can be determined directly by
phosphomolybdate procedures, pyro, tripoly and poly
phosphate are compl etely hydrolyzed to orthophosphate
by acidification and heating (30 min.) and it was used
for itsphosphateanalysis.

RESULTSAND DISCUSSION

The developed method is based on the forma-
tion of phosphomolybdatel**17232% dueto the reac-
tion between molybdate and phosphate fol lowed by
itsreduction with sodium sul phidein aqueous sulfu-
ric acid medium. Under optimized experimental con-
dition, with fixed concentration of molybdateand re-
ducing agent, the colour intensity wasfound to be
proportional to the amount of phosphate presentin
disodium hydrogen phosphate, sugarcane juices,
water and detergent samples. The reaction condi-
tionsaswell asthevariousexperimenta parameters
affecting the devel opment and stability of the coloured
complex were carefully investigated and optimized
for quantitative determination of phosphatein vari-
ous samplesanalyzed. The experimental variables
such as concentration of ammonium molybdate, con-
centration of sulfuric acid, concentration of sodium
sulphide, order of addition of the reagentsand also
colour stability of the complex were optimized for
the effective determination of phosphate. The stabil-
ity constant and composition of the systemwerea so
determined and valueswere found to be 1.992x106
L mol-1and 1:1 with respect to molybdate and phos-
phate. For acomparison of theresults, phosphate
present with those various samples was al so deter-
mined separately following the officia method®!. The
results obtained for phosphate both by the proposed
and official method®! are shownin TABLE 1and 2
which account for the complimenting nature of the
results from both the methods. Therefore, the pro-
posed method could be either a substituteto an offi-
cial method®! or it could also be an independent
method for the determination phosphate in the sug-
arcanejuice samples.
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TABLE 1: Phosphatedeter mination from sugar canejuices

Sample Phosphatemg/l  Phosphate mg/l
Developed method Official method
Sugarcane juice-1 160 165
Sugarcane juice-2 180 175
Water sample-1 35 40
Water sample-2 20 25

TABLE 2: Phosphatedeter mination from deter gent power

Company Phosphate (%) Ph9sphate (%)
Developed method Official method

A 18 19

B 28 275

C 185 19

200
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Figurel: Comparison between official method and developed
method

Optimization

Effect of concentration of ammonium molybdate
Firgt 5.528x10-3M ammonium molybdatesolution

was prepared?®3l, Three series, each series having

threelabeled 10 mL volumetric flaskswere arranged

.Toeachflask of thefirst series0.1 mL of 5.528x10-3

M molybdate sol ution was added. To each flask of the

second series 0.3 mL of 5.528x10-3 M molybdate so-
lution was added. To each flask of thethird series0.5
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mL of 5.528x10-3 M molybdate sol ution was added.
Totheflasksof each series, measured but variousvol-
umes (0.2, 0.5, 1.0 mL) of phosphate (30 ppm) solu-
tion, 1 mL of 2.0833x10-3 M sodium sulphide solu-
tionswereadded. All the solutionswerediluted to the
mark with water. The absorbance of the solutionswere
measured a 715 nm . Thefirst series solutions contain-
ing 0.1 mL of molybdate showed absorbance 0.01,
0.02, and 0.05 for 0.2, 0.5,1.0 mL of phosphate. It
yidded astraight line, but ran amost parale tox-axis,
indicating low sensitivity. A second seriesof solutions
containing 0.3 mL of olybdate solutions showed absor-
bance value 0.02, 0.03 and 0.05 for 0.2, 0.5and 1.0
mL of phosphaterespectively. Thisdsoyidded adraight
linebut indicated low sensitivity when the absorbance
isplotted agai nst concentration of phosphate. A third
series of solutions containing 0.5 mL of ammonium
molybdate sol utions showed absorbancevauesof 0.07,
0.09, and 0.15for 0.2, 0.5 and 1.0 mL of phosphate
respectively . Theabsorbancevalueswerefoundtoin-
creasewith concentration of phosphate and the colour
of the solutionswere stable up to 2h. Therefore, 0.5
mL of ammonium molybdatewas more preferred than
itsvolumeusedinthe earlier two setssolutionsfor the
determination of phosphate.

Effect of concentration of sulfuricacid

Theeffect of concentration of sulfuricacid onab-
sorbance wasinvestigated to achieve high absorbance
viataking various volumes (1-3 mL) of 0.25 N of
sulfuric acid, 0.5 mL of ammonium molybdate, 1 mL
of phosphate (30 ppm) and 1 mL of 2.0833x103 M
sodium sul phide solutions were added to the 10 mL
volumetricflasks. Then, the solutionswerediluted to
themark with water. A bsorbance of each solution was
measured at 715 nm. The absorbance of the solutions
were0.02, 0.05 and 0.15 respectively for 1,2 and 3
mL of 0.25 N sulfuric acid . The absorbance values
indicated that the solution containing3mL of 0.25N
sulfuric acid appeared to be more sensitive. There-
fore, it was used throughout the experiment to deter-
minethephosphate.

Effect of foreignions

Theeffect of foreignionswereexamined by using
3 ppm of phosphate and theresults obtained areshown
iINTABLE3.
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TABLE 3: Effect of foreign ionson the deter minatin of
phosphate

ION Salt added Tolerancelimit in ppm
Na Nacl 100
K KCl 180
Mg MgSO, 350
Fe Fe(NH,)2(SO4)2 15
Ni NiSO, 15
Cu CuSO, 10
Cd CdsO, 170
Zr ZrOCl, 10
CONCLUSIONS

The proposed method isworking on simpleand
straight forward principles of the reduction of
phosphomol ybdate by sodium sul phideleading to mo-
lybdenum bluewhichwas monitored at, max 715 nm
The devel oped method found to be having thefoll ow-
ing advantages over the reported methods. (i) It is
more sensitive when compared to the reported
method*™. (ii) The preparation of reducing agentin
thismethod isvery ssmplewhen comparedto that in
theofficial method. (iii) It neither involves extraction
nor sophisticated instrumentslikeHPLC, flow injec-
tion spectrophotometer and atomi ¢ spectroscopy, nor
requires strict control of pH or temperature or heat
treatment. Asthe method is observed to be working
satisfactorily for the determination of phosphatein
various samplesgiving theresultswhich arenot only
comparablewith theresults of phosphate determined
separately from an officiad method and a so reproduc-
ibleasrevealed by theva uesof statistical parameters
like standard deviation, 3.7% and relativeerror, 3.4%.
Therefore, themethod could be employed for the de-
termination of phosphate as an independent or acom-
plimentary oneto the officia method.
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