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Summary--A rapid, highly selective and simple method has been developed for the quantitative 
determination of pyro-, tri- and orthophosphates. The method is based on the formation of a solid 
complex of bis(ethylenediamine)cobalt(III) species with pyrophosphate at pH 4.2~,.3, with triphosphate 
at pH 2.0 2.1 and with orthophosphate at pH 8.2-8.6. The proposed method for pyro- and triphosphates 
differs from the available method, which is based on the formation of an adduct with tris(ethylenedi- 
amine)cobalt(Ill) species. The complexes have the composition [Co(en)2HP2OT]4H20 and 
[Co(en)2H2P30~0]2H20, respectively. The precipitation is instantaneous and quantitative under the 
recommended optimum conditions giving 99.5% gravimetric yield in both cases. There is no interferences 
from orthophosphate, trimetaphosphate and pyrophosphate species in the triphosphate estimation up to 
5% of each component. The efficacy of the method has been established by determining pyrophosphate 
and triphosphate contents in various matrices. In the case of orthophosphate, the proposed method differs 
from the available methods such as ammonium phosphomolybdate, vanadophosphomolybdate and 
quinoline phosphomolybdate, which are based on the formation of a precipitate, followed by either 
titrimetry or gravimetry. The precipitation is instantaneous and the method is simple. Under the 
recommended pH and other reaction conditions, gravimetric yields of 99.~%100% are obtainable. The 
method is applicable to orthophosphoric acid and a variety of phosphate salts. 

Of all the condensed phosphates, sodium 
triphosphate (STP) (also known commercially 
as sodium tripolyphosphate) and tetrasodium 
pyrophosphate are of industrial importance. 
Owing to its extensive use in the manufacture 
of detergents, anhydrous triphosphate is also 
of great commercial importance. Because of 
complexities in controlling the conditions for 
thermal condensation of orthophosphate to 
triphosphate, the commercially available anhy- 
drous triphosphate is always contaminated 
with other phosphates, viz. orthophosphate, 
trimetaphosphate and pyrophosphate. ~ 

Chromatographic-' and infrared spectroscopic 
techniques 3-5 have been employed for the 
identification and for the estimation of phos- 
phate compounds. A method based on tri- 
s(ethylenediamine)cobalt(III) species forming a 
solid adduct with pyrophosphate and triphos- 
phate at pH about 6.5 and 3.5, respectively, is 
widely used for the quantitative estimation of 
these two compounds gravimetrically) Hexam- 
inecobalt(III) chloride has also been suggested 

*Author to whom correspondence should be addressed. 

as precipitant for use in the determination 
of pyrophosphate and triphosphate, 6 but this 
reagent suffers from nonselectivity when em- 
ployed to estimate an admixture of pyrophos- 
phate and triphosphate, and is hence not a 
very valuable reagent. In this paper, a rapid 
and simple method for the determination of 
pyrophosphate and triphosphate by forming 
a coordination complex with aqueous bis- 
(ethylenediamine)cobalt(III) species at pH 
4.2-4.3 and 2.0-2.1, respectively, is described. 
By physicochemical studies, it was found that 
the solid complexes formed correspond to [Co- 
( en )2HP2OT]4H20  and [Co(en)2HzP3Oio]2H20, 
respectively. 7 Gravimetric yields of 99.5% were 
obtained in the case of pure pyro- and triphos- 
phates. 

Various analytical methods for the determi- 
nation of orthophosphoric acid and phosphate 
salts have been reported. 8 They include direct 
titrimetric, ~ ~ complexo titrimetric, ~2 potentio- 
metric ~3 ~6 complexo gravimetric, ~'~7 colorimet- 
ric,~.~s_~ chromatographic22 27 and atomic 
absorption spectroscopic techniques. 2s Ortho- 
phosphates are also known to form complexes 
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with Co(III), Cr(III), etc. ,  containing other 
ligands such as ethylenediamine and 
ammonia. It was found that bis(ethylenedi- 
amine)cobait(III) species also forms complex 
with orthophosphate anion under specific 
pH and other reaction conditions. Several 
phosphato complexes of cobalt(III) of the 
type [Co(NH3)4PO4], [Co(NH3)sPO4] , 
[Co(NH3)4H20. HPO4] +, [Co(en)2PO4], 
[Co(en)2H20. HPO4] +, [Co(en)2OH. HPO4], 
[Co(en)2OH. PO4]-, [Co(en)2H20. H2PO4] 2+ 
and [Co(en)2H20.H3PO4] 3+ have been re- 
ported and characterized. Their hydrolytic 
properties have also been studied? 9 Although 
the synthesis of [Co(en)2PO4] was reported 
starting from transdichloro bis(ethylenedi- 
amine)cobalt(III) perchlorate, 3° it has not been 
exploited for the quantitative estimation of or- 
thophosphates. 

The above method for the estimation of pyro- 
and triphosphates is extended for the quantitat- 
ive estimation of orthophosphate based on the 
complex formation of orthophosphate anion 
with acidified solution of (carbonato)- 
bis(ethylenediamine)cobalt(III) chloride. The 
precipitation is quantitative between pH 8.2 and 
8.6 under the recommended reaction conditions. 
The solid complex formed corresponds to 
[Co(en)2PO4]. 7 The method is also applicable to 
salts such as NaH2PO4, Na2HPO4, Na3PO4, 
(NH4)2HPO4, KH2PO4 and other similar salts 
of orthophosphoric acid. Gravimetric yields of 
99.6-100% are obtainable in the case of or- 
thophosphoric acid and its salts. The method 
was employed for the phosphate estimation of 
commercial matrices such as tricalcium phos- 
phate, dicalciumphosphate, etc.  The cis-  and 
t rans  - dichlorobis (ethylenediamine) cobalt ( III ) 
chloride were also tried as alternative reagents 
for the quantitative determination of or- 
thophosphate anion. The results were not 
encouraging. 

EXPERIMENTAL 

R e a g e n t s  a n d  i n s t r u m e n t s  

(Carbonato)bis(ethylenediamine)cobait(III) 
chloride was prepared by a known method?' It 
was recrystallized and air-dried. The purity of 
the compound was checked by chemical analy- 
sis. This complex (75 mg) was acidified with I M 
hydrochloric acid (1 ml) to decompose the 
carbonate and obtain the aqueous bis(ethylene- 
diamine)cobalt(Ill) species which was used 
as the reagent for the precipitation reaction. 

Tris(ethylenediamine)cobalt(lll) chloride was 
prepared by a known method. 32 It was recrystal- 
lized and dried at l l0°C before use. A 4% 
aqueous solution was used for all the exper- 
iments. One drop of toluene was added to 
inhibit mold growth, cis-  and t r a n s - D i c h l o r o b i -  

s(ethylenediamine)cobalt(III) chloride were pre- 
pared by a known methodY These complexes 
are water soluble and 7% aqueous solutions 
were used as reagents. Sodium pyrophosphate, 
analytical reagent tetrasodium pyrophosphate, 
N a 4 P 2 0 7  . 10H20 (Koch-Light, U.K.) was 
used as a standard pyrophosphate. Sodium 
triphosphate, from the commercially available 
anhydrous sodium triphosphate (Ballarpur In- 
dustries Ltd, Karwar, India), its hexahydrate 
was prepared. 34 Sodium trimetaphosphate was 
prepared by thermal dehydration of NaH2PO 4 
under controlled conditions. The condensation 
polymerization was carried out between 500 and 
600°C for about 5 hr, followed by slow cool- 
ing. 35 From this product, the monohydrate was 
prepared by precipitating it from aqueous sol- 
ution with ethanol at 40°C and then air-dried. 
Orthophosphoric acid, analytical reagent grade 
orthophosphoric acid (E. Merck) was used. 
Orthophosphates, analytical reagent grade 
NaH2PO4.2H20, Na2HPO4, Na3PO4.12H20, 
KH2PO4 and (NH4)2HPO4 of BDH and Sarab- 
hai chemicals were used. Sodium acid pyrophos- 
phate (Na2H2P207) was prepared by a known 
method 36 by heating NaH2PO 4 to 250°C for 5 
hr. It was recrystailized from ethanol. Detergent 
powders, commercially available spray-dried 
premier detergent powders of Indian origin were 
employed. 

Model 3B Perkin Elmer double beam elec- 
tronic spectrophotometer, model 2380 Perkin 
Elmer atomic absorption spectrophotometer 
and a model 361 microprocessor pHmeter (Sys- 
tronics) were used. 

P r o c e d u r e  

A known amount of pure tetrasodium py- 
rophosphate (about 150 mg) Jn a 100 ml beaker 
was taken. Distilled water (15 ml) followed by 
15 ml of propanol was added, 2-3 ml of bi- 
s(ethylenediamine)cobalt(III) reagent was then 
added and precipitation occurred immediately. 
The pH of the solution was adjusted to between 
4.2 and 4.3 using lM sodium hydroxide and the 
contents of beaker were stirred for 10-15 min. 
The precipitate was filtered quantitatively 
through a G-3 sintered crucible. The filtrate was 
used for the complete transfer of the precipitate 
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to the crucible. The precipitate was washed with 
I: 1 ethanol. It was dried at 110c'C for I hr and 
weighed. The same procedure was used for the 
precipitation of triphosphate except that in this 
case, the pH was adjusted to between 2.0 and 
2.1. In the case of orthophosphate, the reagent 
requirement was 8 ml and the pH was adjusted 
to between 8.2 and 8.6. The precipitate was 
washed with absolute ethanol instead of i : l  
ethanol. Since this complex is hygroscopic, im- 
mediately after drying the crucible is kept in a 
vacuum desiccator and weighed as soon as it 
attains ambient temperature. 

Using the same procedure, cis- and trans- 
dichlorobis(ethylenediamine)cobalt(III) chlor- 
ide were used as precipitating agents for 
orthophosphates instead of the acidified sol- 
ution of (carbonato)bis(ethylenediamine)- 
cobalt(III) chloride. The use of the aquo 
complex of trans-dichlorobis(ethylenedi- 
amine)cobalt(III) chloride, obtained by the 
overnight aquation of the trans-dichloro bi- 
s(ethylenediamine)cobalt(III) chloride was also 
attempted. 

RESULTS AND DISCUSSION 

The electronic spectra of acidified solution of 
[Co(en)2CO3]Cl and the filtrates of the precipi- 
tation experiments showed an absorption maxi- 
mum at 494 nm. Stoichiometrically for each 
mole of pyro-, tri- and orthophosphates, one 
mole of bis(ethylenediamine)cobalt(III) species 
is required. It was also confirmed by the ratio of 
Co :P  obtained by the analysis of the respective 
precipitates. 
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Fig. I. Effect of pH on the estimation of pyrophosphate. 

precipitation and takes 30 min for the precipi- 
tation to go to completion in the case of pyro- 
and triphosphates. However, the addition of a 
non-aqueous solvent, preferably propanol, is 
needed in the described method. A few precipi- 
tations were carried out by adding excess water 
during precipitation and without adding 
propanol before precipitation, to study the 
effect of dilution and absence of propanol on the 
quantitative estimations. Precipitations were 
also carried out using methanol and ethanol 
instead of propanol. Dilution with water and 
absence of propanol in the reaction mixture 
during the precipitation gave lower yields. 
Although methanol and ethanol could be used, 
propanol is preferred for the best results. The 
completeness of  the precipitation was confirmed 
by the absence of  phosphate in the mother 
liquor. 

Effect of pH 

In a series of beakers, the same amount of 
pure pyrophosphate (about 150 mg) was taken 
and the precipitations were carried out at differ- 
ent pH. Similarly, the effect of pH on the 
precipitation of triphosphate and orthophos- 
phate were also studied. The plots of pH vs. 
mean yield values of pyro-, tri- and orthophos- 
phates are shown in Figs 1-3, respectively. The 
results indicate that pH 4.2-4.3, 2.0-2.1 and 
8.2--8.6 are optimum for the quantitative deter- 
mination of pyro-, tri- and orthophosphates, 
respectively, and maximum yields of 99.5 100% 
are obtainable under these optimum conditions. 
The advantages of the present method are that 
it is simple, rapid and more accurate than the 
available method. The available method re- 
quires buffering and seeding for initiation of 
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Fig. 2. Effect of pH on the estimation of triphosphate. 
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Determination of excess reagent 

Since the reagent, bis(ethylenediamine)- 
cobalt(III) is coloured, pyrophosphate and 
triphosphate were precipitated using a known 
amount of the reagent and then the excess 
reagent was measured spectrophotometrically. 
A calibration curve was made by diluting a 
known amount of the acidified solution of 
[Co(en)2CO3]Cl and measuring the absorbance. 
Similarly, the filtrates of  pyrophosphate and 
triphosphate precipitations were collected and 
diluted to a known volume with water. Ab- 
sorbances of all these solutions were measured 
at 494 nm using cells of  1 cm path length. From 
the calibration curve, the quantity of excess 
reagent in the filtrate and hence the net amount 
of the reagent consumed for complexation was 
determined. From the reagent consumption, 
condensed phosphate present in a given aliquot 
was calculated. 

The results of the spectrophotometric deter- 
mination of excess reagent are presented in 
Table I. Although the quantity of  pyro- and 
triphosphates could be calculated by determin- 
ing spectroscopically the quantity of the reagent 
consumed, the accuracy of the results obtained 
would depend upon the quantitative collection 
of  filtrate. However, the yield was calculated 

based on the quantity of precipitate in all fur- 
ther experiments. 

Effect of ortho-, trimeta- and pyrophosphates in 
triphosphate estimation 

Phosphate solutions of known concentrations 
were prepared and a known amount of it was 
added to a known quantity of triphosphate 
(for fractional volumes, microburette was 
used) so that the total phosphate in the aliquot 
was 150 mg. A series of precipitation exper- 
iments were carried out using the proposed 
procedure on binary and quaternary mixtures 
containing varying amounts of ortho-, trimeta-, 
pyro- and triphosphates to determine the inter- 
ference of these components and their effect 
on the estimation of triphosphate. Similarly, 
the effect of varying amounts of sodium sul- 
phate in triphosphate estimation was investi- 
gated. 

The results of interference of ortho-, trimeta- 
and pyrophosphates in the binary mixtures of 
each with triphosphate are shown in Tables 2-4. 
The results indicate that there is no interference 
up to 10% of orthophosphate in the mixture. 
However, as noted above, orthophosphate also 
forms a complex with the new reagent, the 
precipitation starts at pH 6.5, and it is quantitat- 
ive between pH 8.2 and 8.6. 
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Reagent in Reagent 
STP/pyrophosphate Reagen t  filtrate f rom consumed for STP/pyrophosphate 

Sample taken added  absorbance complexation found Deviation 
num ber (rag) (rng ) (rag) (rag) (rag) ( % ) 

I 150.00 (STP) 120.00 9.00 110.00 149.00 -- 0.66 
2 120.00 (STP) 120.00 27.00 93.00 124.00 + 3.30 
3 90.90 (pyro) 150.00 57.00 93.00 90.10 0.8~ 
4 87.20 (pyro) 150.00 58.00 92.00 89.10 + 2. I(! 

Table 2. Effect of orthophosphate in the estimation of triphosphate 

In the mixture Found* 
Triphosphate Orthophosphate 

Sample taken a d d e d  Triphosphate Orthophosphate 1 11 Mean 
number (rag) (rag) (%) (%) (%) (%) (%,) 

1 150.00 Nil 100.0 Nil 99.4 99.8 99.6 
2 148.50 1.50 99.0 1.0 99.4 99.6 99.5 
3 147.00 3.00 98.0 2.0 99.3 99.7 995 
4 144.00 6.00 96.0 4.0 99.4 99.9 99.6 
5 141.00 9.00 94.0 6.0 99.7 99.5 99.6 
6 135.00 15.00 90.0 10.0 99.8 100.0 99.9 

*Calculated as [Co(en)2H2P3Oi0]2H20. 

Tr imetaphosphate  also does not  interfere in 
the precipitat ion of tr iphosphate.  It is interest- 
ing to note that t r imetaphosphate  does not  
precipitate as a complex with an acidified sol- 
ut ion of bis(ethylenediamine)cobal t(III)  species 
at all pHs. The yields of t r iphosphate are quan-  
titative, if pyrophosphate  present in the mixture 
is less than 5%. When the pyrophosphate  pre- 
sent in the mixture is higher than 5%, owing to 
the co-precipi tat ion of pyrophosphate  complex, 
the yields were unrealistic, over 100%. This is 
contrary  to the observat ions made in the litera- 
ture method,  wherein the precipi tat ion is said to 
be incomplete at increased levels of pyrophos-  
phate. 6 

The results of  the studies on the interference 
of sodium sulphate in t r iphosphate est imation 
are presented in Table 5. It was found that 
sodium sulphate does not  interfere up to 10% in 
the binary mixture with triphosphate.  

The results of the determinat ion of triphos- 
phate in the qua te rnary  mixtures conta in ing  
ortho-,  trimeta- and pyrophosphates  are pre- 

Table 3. Effect of trimetaphosphate 

sented in Table 6. The results indicate that there 
is no interference from these up to 5% each of 
the components  in the t r iphosphate est imation,  
This study of the mul t i componen t  system was 
carried out keeping in view the composi t ion of 
the commercial ly available sodium triphos- 
phate. 

A ccura~3' 

The reproducibil i ty of the results by the de- 
scribed method was determined by carrying out 
five replicate determinat ions  of five different 
commercial  t r iphosphate samples and a stan- 
dard sample. Five replicate determinat ions  of 
t r iphosphate in all the six samples were also 
made using the known method. 6 Based on the 
results, mean and s tandard deviations have 
been calculated (Table 7). From the results, it 
is observed that s tandard deviat ions of the 
present method are lower than those of the 
available method,  showing that more accurate 
and precise results are obta inable  from the 
present method. 

in the estimation of triphosphate 

Triphosphate Trimetaphosphate 
Sample taken added 
number (rag) (mg ) 

In the mixture Found* 

Triphosphate Trimetaphosphate l 11 Mean 
(%~ (%) (%) (%) (%) 

I 150.00 Nil 
2 149.25 0.75 
3 148.50 1.50 
4 147.00 3.00 
5 145.50 4.50 
6 142.50 7.50 

100.0 Nil 99.7 99.3 99.5 
99.5 0.5 99.6 99.4 99.5 
99 0 1.0 99.4 99.4 99.4 
98.0 2.0 99.4 99.6 99.5 
97.0 3.0 99.5 99.5 99.5 
95.0 5.0 99.6 99.2 99.4 

*Calculated as [Co(en)_,H2P~Oi,]2H_,O. 
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Table 4. Effect of  pyrophosphate in the estimation of  triphosphate 

In the mixture Found* 
Triphosphate Pyrophosphate 

Sample taken added Triphosphate Pyrophosphate 1 II Mean 
number  (mg) (rag) (%) (%) (%) (%) (%) 

I 150.00 Nil 100.0 Nil 99.4 99.6 99.5 
2 147.50 2.50 98.4 1.6 99.6 99.6 99.6 
3 145.00 5.00 96.6 3.4 99.6 99.8 99.7 
4 142.50 7.50 95.0 5.0 99.9 100.1 I00.0 
5 140.00 10.00 93.3 6.7 102.0 102.3 102.1 
6 135.00 15.00 90.0 10.0 103.0 103.9 103.4 
7 120.00 30.00 80.0 20.0 107.4 107.6 107.5 
8 105.00 45.00 70.0 30.0 110.4 109.5 110.0 

*Calculated as [Co(en)2H2P3Oi0]2H,O. 

Table 5. Effect of  sodium sulphate in the estimation of  triphosphate 

In the mixture 
Sodium Found* 

Triphosphate sulphate Sodium ............... 
Sample taken added Triphosphate sulphate I II Mean 
number  (rag) (rag) (%) (%) (%) (%) (%) 

1 150.00 Nil I00.0 Nil 99.6 99.8 99.7 
2 150.00 3.10 98.0 2.0 99.5 99.9 99.7 
3 150.00 7.90 95.0 5.0 99.8 100.0 99.9 
4 150.00 16.60 90.0 10.0 99.7 99.9 99.8 

*Calculated as [Co(en)2H2P30~0]2H20. 

In the case of  orthophosphates, the repro- 
ducibility of the results by the described method 
was determined by carrying out six replicate 
determinations on six samples of analytical re- 
agent grade orthophosphate salts. The mean 
and standard deviations have been calculated 
and the results are given in Table 8. It shows 
that the standard deviations of the present 
method are low, demonstrating the precision 
and accuracy of the results obtainable by the 
described method. 

Since the total PO 3 content present in the 
aliquot is complexed, it is difficult to distinguish 
between various types of orthophosphates pre- 
sent in the admixture. However, in the case of  
a single component pure orthophosphate sys- 

tem, such as NaH2PO4, Na2HPO4, etc., it can 
be distinguished by the weight of  the complex, 
since different orthophosphates contain differ- 
ent weight percentage of  PO43 . 

In the case of trans-dichlorobis(ethylenedi- 
amine)cobalt(Ill) chloride and also its aquo form 
as complexing agent, the yields were about 98% 
for PO43- ion. The adjustment of pH was rather 
difficult owing to the gradual decrease of the pH 
of  the solution with time. The precipitates ob- 
tained in these cases were amorphous in nature 
and the filtration was extremely slow. The same 
situation was observed in the case of cis- 
dichlorobis(ethylenediamine)cobalt(III) chlor- 
ide. Hence, these reagents are not suitable for 
the quantitative estimation of orthophosphates. 

Table 6. Effect of  ortho-, trimeta- and pyrophosphates in the estimation of  triphosphate 

In the mixture 
Triphosphate Orthophosphate  Trimetaphosphate Pyrophosphate Found* 

Sample taken added added added Tri Ortho Trimeta Pyro mean 
number (rag) (rag) (rng) (rag) (%) (%) (%) (%) (%) 

1 150.00 Nil Nil Nil 100.0 Nil Nil Nil 99.6 
2 147.70 0.75 0.75 0.75 98.5 0.5 0.5 0.5 99.5 
3 145.50 1.50 1.50 1.50 97.0 1.0 1.0 1.0 99.9 
4 141.00 3.00 3.00 3.00 94.0 2.0 2.0 2.0 99.7 
5 136.50 4.50 4.50 4.50 91.0 3.0 3.0 3.0 99.8 
6 127.50 7.50 7.50 7.50 85.0 5.0 5.0 5.0 99.8 
7 123.00 9.00 9.00 9.00 82.0 6.0 6.0 6.0 100. I 

*Calculated as [Co(en)2 H_, Pa O,d2H_, O. 
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Table 7. Comparison of the present method with the available method for the determination of triphosphate 

Triphosphate content by 

Reported method 
Manufacturer 's  ........ 
code I II 1II IV V 
number (%) (%) (%) (%) (%) 

Mean 
(%) 

This method Reported metho& This method 

1 I1 111 IV V Mean Mean Standard Mean Standard 
(%) (%) (%) (%) (%) (%) (dev.%) (dev.%) (dev.%) (dev.%) 

1 86.5 86.2 89.1 86.9 87.5 
II 92.3 93.2 93.9 93.5 92.7 

Ill 88.9 91.2 92.9 90.0 92.0 
IV 87.7 89.9 89.9 88.6 89.6 

V 92.0 93.6 94.5 93.2 93.6 
VI* 76.6 76.0 76.9 76.2 76.8 

87.2 87.4 88.0 87.7 87.4 88.0 87.7 0.84 1.10 0.24 0.30 
93.1 94.9 94.3 95.2 94.3 95.3 94.8 0.50 0.63 0.40 0.48 
91.0 93.2 92.7 92.9 92.5 93.3 92.9 1.24 1.58 0.26 0.33 
89.1 90.0 89.4 90.0 89.5 90.1 89.8 0.80 0.96 0.28 0.32 
93.4 95.8 95.0 94.0 95.8 94.8 95.3 0.62 0.91 0.42 0.48 
76.5 77.2 76.9 77.0 76.9 76.7 76.9 0.30 0.39 0.12 0.19 

*Standard triphosphate namely Na~P~O~o6H,_O (77.3% 

Application of the method jor pyro-, tri- and 
orthopho,whates in commercial matrices 

Estimation qf triphosphate in commercial 
samples. The present method was employed for 
the estimation of triphosphate samples obtained 
from four different manufacturers spread over 
four different countries. The estimations were 
carried out in replicate using both the present 
and the reported methods. The results are 
given in Table 7. There are some differences in 
the results for the triphosphate content in the 
samples and they can be accounted for by the 
variations in the raw materials used and con- 
ditions for thermal condensation of orthophos- 
phate during the manufacture of triphosphate 
by different manufacturers. In all the determi- 
nations, the results obtained by the known 
method 6 are lower than the results obtained by 
the described method. This is also in agreement 
with the yield obtainable (98-99.5%) by the 
reported method. 6 

Estimation qfpyrophosphate. Under the opti- 
mum conditions recommended for the precipi- 
tation of pyrophosphate, it was found that the 
present method gives a yield of 99.5% which is 
in contrast to a maximum yield of 93% obtain- 
able by the known method. The absence of 
phosphate in the filtrate in all the precipitation 
experiments by the present method confirmed 
the completion of precipitation. Generally, com- 
mercial samples of pyrophosphate do not con- 

Na~P~Oio), 

tain triphosphate or any other polyphosphates. 
However, a series of experiments were con- 
ducted to study the effect of triphosphate up to 
30%, in the determination of pyrophosphate by 
the described method (Table 9). It is observed 
that with up to 5% of triphosphate, the yields 
were as expected. Furthermore, it was found 
that in the presence of 10, 20 and 30% of 
triphosphate, the yields were unrealistic, over 
100%. Above 30% of triphosphate, the precipi- 
tate was sticky in nature at room temperature. 
which upon cooling to 10C turned solid. The 
present method was also applied to the determi- 
nation of pyrophosphate in sodium acidpy- 
rophosphate (Na2H2P207) prepared by a 
standard method. 36 The results were tbund to be 
good. The replicate experiments showed the 
purity to be 99.4-99.8%. 

Determination oJ triphosphate in commercial 
detergent powders. The present method was 
utilized for the determination of triphosphate in 
premier detergent powders of Indian origin. 
Detergent powders, in general, are complex and 
multicomponent systems. The samples for the 
analysis were prepared by dissolving the deter- 
gent powder in 95% ethanol to remove anionic 
detergent. The alcohol insoluble phosphates were 
then dissolved in water and used for the esti- 
mation. ~ Determinations were made in triplicate 
for each sample, employing the known and the de- 
scribed methods (Table 10). It is observed that the 
results of both the methods are in good agreement. 

Table 8. Analysis of  orthophosphoric acid and its salts by the present method 

Purity of  sample obtained (in wt%) 
Mean Standard 

Sample I 2 3 4 5 6 dev. (%) de','. 1%1 

H~ PO 4 (85.0%) 84.8 84.8 84.9 85.3 84.6 84.9 0.15 0.25 
Nai l ,  PO42H20 99.9 99.8 99.6 99.6 100.0 100. I 0.16 0.21 
N a, H PO 4 100. I 99.7 99.5 99.9 100.0 99.6 0.20 0.24 
Na ~ PO412H, O 100. I 100.2 100.0 99.9 99.8 100. I 0. I l 0.15 
KH2 PO4 100.0 100.5 100.3 100.3 100.4 100.2 0.15 0.19 
(N H4), HPO4 99.7 99.9 99.5 100.2 99.9 100.0 0.17 0.25 
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Table 9. Effect of triphosphate in the estimation of pyrophosphate 

Sample 
number 

In the mixture 
Pyrophosphate Triphosphate Found* 

taken added Pyrophosphate Triphosphate Mean 
(mg) (mg) (%) (%) (%) 

125.00 Nil I00.0 0.0 99.4 
121.87 3.12 97.5 2.5 99.8 
118.75 6.25 95.0 5.0 99.8 
112.50 12.50 90.0 10.0 100.9 
100.00 25.00 80.0 20.0 102.3 
87.50 37.50 70.0 30.0 t 

*Calculated as [Co(en)2HP207]4H20. 
tThe yield could not be accurately determined owing to the sticky nature of the precipitate. 

Table 10. Comparison of the present method with the known method for the determination 
of triphosphate in commercial detergent powders 

Triphosphate content 

Reported method 6 This method 

Manufacturer's I II III Mean I II III Mean 
code number (%) (%) (%) (%) (%) (%) (%) (%) 

A 19.9 20.9 20.1 20.3 20.6 21.3 20.2 20.7 
B 27.9 27.9 27.0 27.6 28.5 27.5 27.3 27.8 
C 16.8 18.9 18.0 17.9 18.2 16.9 17.0 17.4 

Determination of  orthophosphate in commer- 
cial matrices. For this purpose, some commer- 
cial tricaicium and dicalcium phosphates were 
taken. Since these are water insoluble, acid 
extract of these samples were used for the 
estimation. It was found that calcium severely 
interferes. At the optimum pH, precipitation of 
calcium phosphate occurs preferentially over 
the precipitation of [Co(en)2PO4], resulting in a 
mixture of both the precipitates. Masking of 
calcium by EDTA followed by precipitation of 
the phosphate complex by acidified solution 
of (carbonato)bis(ethylenediamine)cobalt(III) 
chloride did not give the desired results. 
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