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INTRODUCTION

A variety of sensitive spectrophotometric and
spectrofluorometric methods are available for the de-
termination of phosphorus as orthophosphate in envi-
ronmental, clinical and agricultural samples. Mostly
they are based on various modifications and improve-
ments in yellow molybdophosphate and molybdenum
blue methods. A variety of cationic dyes such as mala-
chite green', rhodamine B™", ethyl violet'', methyl-
ene blue', Ravanol®, bis[2-(5-chloro-2-pyridylazo)-
5-diethyl(amino) phenolate] cobalt (II1) chloride,
phenosafranine'* and crystal violet'®'” are used for
ion-association of molybdophosphate anion.

The resultant ion-pairs are either extracted into
organic solvent or floated on the surface of interface of
aquecous and organic phases and then dissolved or
extracted with the help of another organic solvent or a
mixed solvent system, or pre-concentrated by mem-
brane filtration, flow injection or stopped flow time
difference analysis. The absorbance of resultant col-
oured phase is measured at a wavelength of maximum
absorbance. Some of these methods*? are claimed to
be suitable down to ppb phosphorus level.

In the present communication, a floatation-
spectrophotometric method for the determination of
orthophosphate phosphorus has been described. Bril-
liant green, a cationic dye, has been used as ion-pairing

reagent for molybdophosphate anion. This dye has

been reported for the determination of perchlorate'®
and iodide"?.

The molybdophosphate (P) anion, formed as a
result of reaction between orthophosphate and
molybdate anions in acidic media, is floated in the
form of ion-pair with brilliant green (BG) at the inter-
face of aqueous-diethyl ether phase. After washing
with hydrochloric acid to remove excess of BG, floated
brilliant green-molybdophosphate (BG-P) ion-pair in
diethyl ether is dissolved in methanol and absorbance
is measured at 625 nm. The method is successfully
applied for the determination of phosphorus at ppb
level in natural water samples. This method has the
advantage over some reported ones’ in removal of
excess of ion-pairing reagent from diethyt ether phase
with chloroform and equally compatible® in using a
less toxic hydrochloric acid (over chloroform) for this
purpose. Various experimental parameters are studied
to evaluate the usefulness of the method.

EXPERIMENTAL
Equipment

Perkin Elmer Lambda 3B UV-VIS Spectro-
photometer with matched 10 mm glass cells was used
for all absorbance measurements. A Corning pH meter
with a combined glass electrode was used for pH
measurements.
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Reagents
alytical-grade reagents from

icals were an . ot
All chemica rther purification. Distilled

Merck and used without fu

water was used throughout.

1000 pg/m! standard stock solution of phosphorl'ls
was prepared by dissolving 4.394 g of KH,PO, In
water and making up the volume to one litre. 1:0 make
0.2 M ammonium molybdate solution, .3.33lg gf
(NH,) Mo,0,,. 4H,0 (MW 1235.9) was dissolved in
100 ml water. 1.255 g of BG(C,,H,,N,0,S, MW
482.64. 96%) was dissolved in 250 ml water to make
0.01M solution and stored in amber bottle. It was
prepared freshly every week and diluted as rquired.
H,SO, (95-98%) and HCI (37%) were appropraa.tely
diluted with water to make 3.0 M and 1.0 M solutions
respectively and stored in polyethylene bottles.

Recommended Procedure

Take sample solution containing upto 1ug of phos-
phorus in a 50 ml beaker and add 5 ml of 3.0 M
sulphuric acid, 7 ml of 0.2 M ammonium molybdate
and 5 ml of 1.2 x 10* M BG solution. Dilute the
mixture upto 20 ml with water, mix well and let stand
for 20 minutes at 30-35°C to ensure the reaction to
occur. Transfer the solution into a 100 ml separating
funnel, add 10ml of diethyl ether, shake thoroughly for
2 minutes to float the BG-P ion-pair and discard the
aqueous-phase. Remove the excess of BG extracted
into diethyl ether by shaking the funnel for 1 minute
with 25 ml of 1.0 M hydrochloric acid. Again discard
the aqueous phase and add 15 ml of methanol to the
organic phase and mix well for 30 seconds to dissolve
the floated ion-pair. Transfer the solution into a 25 ml
measuring flask, make up the volume with diethyl
ether and measure the absorbance at 625 nm against
methanol. Follow the same procedure for standards
and reagent blank containing no phosphorus.

RESULTS AND DISCUSSION
Selection of Solvent and A

A nu -
mber of organic solvents such as benzene,

cyclohexane, amyl alcohol, chloroform and (;
Icthy|
Cthey

were studied for the extraction/floatagjgp

pair. Dicthyl ether gave satisfactory res:r;' t[}G-l: ion.
ion-pair because excess of BG extracte d? O flogieg
ether was easily removable by shakin Mo dicgp,
hydrochloric acid. & With |\

Dissolution of floated ion-pair was eXamine :
acetone, methanol, butanol, benzyl alcohol ang C";d in
tetrachloride. Methanol gave better resyjts andr‘bf)n
chosen for its easy handling and comparatively Izds
toxic nature. Maximum and minimum absorbance f(s)s
the ion-pair and reagent blank respectively wqs obf
served at 625 nm. It was found to be independen of
various reagents employed in aqueous system,

Selection of Acid and Effect of its Concentraton

To adjust the acid concentration in aqueous media
for BG-P ion-pair formation, commonly used acids
(HNO,, HCl, HCIO, and H,SO,) were examined. Max-
imum absorbance was found with sulphuric acid.

Effect of concentration of sulphuric acid was stud-
ied by the sequence described in the procedure and
varying the concentration of the acid (5 ml, 1.5-4.0
M). Maximum difference in absorbance intensity of
the ion-pair and reagent blank was observed when acid
concentration of aqueous phase was adjusted to 0.75

M.
Molybdate Concentration

The effect of the concentration of molybdate onthe
ion-pair formation is shown in Fig.1. A constant and
maximum absorbance is observed at molybdate con-
centration above 5x102M in aqueous phase. An opti-
mum concentration, 7x102M, was maintained by 7ml
0f 0.2 M molybdate solution.

Brilliant Green Concentration

Effect of the concentration of BG on the absorp”
tion intensity of BG-P ion-pair is given in Fig.2- The
absorption intensity becomes constant and maximum
above 2.4x10-*M BG concentration in aqueous media.
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Therefore, concentration ofBGina
adjusted to 3.0 x 10-M.

B

s . Removal of Excess of BG
‘ In order to remove excess of BG extracted into
- A diethyl ether phase, water and various concentrations
of hydrochloric acid (0.5 - 3.5 M) were examined.
1.0 M hydrochloric acid (20 ml) gave better absorption
. intensity for the ion-pair and lower absorption for
reagent blank. To study the effect of volume of 1.0 M
hydrochloric acid on the removal of excess of BG prior
to the dissolution of BG-P ion-pair, various volumes of

queous phase was

<

ABSORBANCE

1.0 M acid (10 - 50 ml) were employed. The results in
Fig.3 show that better removal is obtained with
20-30 ml aliquots of the acid. Therefore, 25 ml portion

0.1 ] . .
of 1.0 M hydrochloric acid was used to remove the
excess of BG.
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Fig.2 Effect of the concentration of BG on the absorption Jissolution of BG-P ion-pair.

intensity of BG-P ion-pair.
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Spectroscopic Characteristics

of a series of standard solu-
phosphorus (0.05 - 3ug) was

measured as described in proccdure. Thc calibration
graph was linear upto 1 ng with a relative standard
deviation of 3.2% at 0.3 pg of phosphorus for. 7
determinations. The highest apparent molar absorptiv-

ity as calculated from the slope was 1.25 x .IO"I
cm-' at 625 nm. The calculated detection limit
rd deviation of reagent blank,

Absorption intensity
tions oforthophosphate

mol!
was twice of the standa

ie.2.5pngl"
Effect of Foreign Ions

The effect of foreign ions on the determination of
0.3 ug phosphate-phosphorus by the proposed method
is summarized in Table 1. From the data, it appears
that a large number of anions and cations do not show
significant interference. Many ofthem can be tolerated
upto equivalent amount of phosphorus taken. Tartrate

Table 1
Effect of foreign ions on the determination of 0.3 g
phosphorus
lon Added As Amount Phophorus
_ Taken/pg Found/pg

None - 0.30
K* KClI 0.3 0.32
Na* NaCl 0.3 0.29
Mg MgCl,.6H,0 0.3 0.28
Co* CoCl,.6H,0 0.3 0.32
Al KAI(SO,),.12H,0 0.3 0.29
As*  NaHAsO,.7H,0 0.3 0.50
Fe* Fe,(SO,),xH,0 0.3 0.26
cr CrCl,.6H,0 0.3 0.27
e KOno, 0.3 0.30
Tartrate  Na,C,H,0,2H,0 0.3 0.24
Citrate  Tri-Sodium Citrate 0.3 0.42
HCO,~ NaHCO, 0.3 0.32
NO,~  NaNoO, 0.3 0.28
SO~ NasSO, 0.3 0.40
Si0f~ NaSio, 03 0.28

F= Nal 0.3 0.27

= KI 03 0.26
clo”  Kcio, 03 0.26

by supprcssing and arsenic (V), citrate an
enhancing the absorption ol system j Sulpha h
y . . Interfere Seye y
while Cr(I11), Fe(I). fluoride. iodide and m} Crels,
’re

g,
interfere slightly by suppressing the absorptig h_'()ralf:
sity. Mintey,

Determination and Recovery OfPhOSpha(c_p
phorus in Natural Waters hos.

Orthophosphate phosphorus contents in some nat
ural water samples collected from Northern areyq (,f
Pakistan were determined by the proposed mclhod
using a 2 ml aliquot. Standard addition technique wys
used for accurate measurements. The results are given
in Table 2. The range of recoveries of phosphorus in
natural water samples is 85 - 112% which is satisfac-

tory.
Table 2

Recovery of phosphate-phosphorus in some natural
water samples

Sample ) P/ug Recovery % Ethyl violet
Added Found method"
) (P/ug)
I. Gomal Water - 0.60 - 0.61
0.2 0.80 100 -
0.5 1.35 110 -
2. Nilter River - 0.80 - 0.82
0.2 0.98 90 -
0.5 1.32 104 -
3. Hunza River s 2.60 - 2.50
0.2 2.78 98 -
0.5 3.11 102 -
4. Glacier Water - 0.96 - 1.00
(Hunza Valley)
0.2 1.20 112
0.5 1.48 104
5. Kaghan Water - 2.60 - 2.70
0.2 2.79 95 -
0.5 3.10 100 -
6. Spring Water - 1.00 - 0.97
0.2 1.17 85 -
05 148 9% -

Water samples were also analysed with ethyl violet
method"". The results (Table 2) were in good agree-
ment to that of the proposed method.
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CONCLUSION

The proposed method is sensitive down to ppb

[evels of orthophosphate-phosphorus. Excess of ion-
pairing reagent is easily removable with 25 ml portion
of 1.0 M hydrochloric acid. The method compares well
with Rhodamine B-Phosphate ion-pair method” in these
aspects. It has the advantage over others”® which em-
ploya comparatively toxic solvent, chloroform, for the
extraction of excess of ion-pairing reagent. The pro-
posed method may be applied to natural water sam-
ples.
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