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Simultaneous determination of orthophosphate
and pyrophosphate based on heteropoly blues
by means of absorption spectrophotometry.
Kousaburo Omnasui, Hiroyuki Nakazawa, Toshie
Enomoro and Katumi Yamamoro (Department of
Chemistry, Faculty of Science, Ibaraki University, 2-
1-1, Bunkyo, Mito-shi, Ibaraki)

The formation of heteropoly blue from pyrophos-
phate and the simultaneous determinations of ortho-
phosphate and pyrophosphate were studied spectrophoto-
metrically. The maximum and constant color develop-
ment was obtained in the perchloric acid concentration
range from 0.36 M to 0.40 M with 1.74x 10-2 M Mo(V)
and 3.84x10-3M Mo(VI) by heating the solution
for 30 min at 80 °C. The color development obeyed
Beer’s law in the pyrophosphate concentration range
from 2.00x10-¢ M to 2.80x 10-5 M. The molar extinc-
tion coefficient at 825 nm was calculated to be 2.82x
104 dm®*mol-1cm=-1. The absorption spectrum of
heteropoly blue from pyrophosphate was fairly different
from that of orthophosphate, so that separatory deter-
mination could be achieved. The procedure for the
simultaneous determination of orthophosphate and
pyrophosphate is as follows: The solution containing
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orthophosphate and pyrophosphate was heated with
the mixture of 1.74x10-3M Mo(V) and 3.84x10-3
M Mo(VI) in 0.40M HCIO, at 80 °C for 30 min.
The absorbances were measured at 700 nm and 750
nm. Orthophosphate and pyrophosphate were deter-
mined using the known molar extinction coefficients of
heteropoly blues from orthophosphate and pyrophos-
phate at 700nm and 750 nm. P,O;4- of (4.00x10-¢
~2.40x10-5)M and PO2- of (4.00x10-¢~2.40x%
10-5)M could be determined within 6 9 relative error.
Below 0.36 M HCIO, the solubility of heteropoly blue
from pyrophosphate was very small and heteropoly
blue precipitated quantitatively at 0.28 M HCIO, for
standing at 0 °C for 60 min. Based on this phenomenon
the method for the determination of orthophosphate
in the presence of pyrophosphate is also described.
(Received June 25, 1981)
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Fig. 1 Absorption spectra of PHN

A:pH 1.20; B:pH 6.88; C:pH 9.74; [PHN]:
8.1x10-5; Temp.: 25°C; Ionic strength : 0.1;
Reference : Reagent blank
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Fig. 2 pH-log[Base]/[Acid] plot for determining
acid dissociation constants of PHN
A : pKy curve, slope=1.0; B: pK; curve, slope=1.0
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Fig. 3 pH-log[Cu-complex]/[PHN] for deter-
mining pK' of copper complex
Ionic strength : 0.1
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Fig. 4 Color change in titration of copper with
EDTA using PHN indicator at pH 4.0
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Table 1 Results of visual titration

EDTA (titrant) Cu(Il)

gg?&?‘ \Yx(;l; Taken  Found ](E‘.gé); gs?aflt?:tix
0.01 1.18 1.02 1.15 +0.13 0.027
0.0l 3.35 2.03 2.13 +0.10 0.012
0.01 4.80 3.05 3.05 0.00 0.027
0.01 8.03 5.09 5.10 +0.01 0.020
0.01 16.06 10.17 10.20 +0.03 0.019
0.01 31.88 20.34 20.25 —0.09 0.038
0.001 1.65 0.102 0.105 +0.003 0.028
0.001 3.30 0.203 0.210 +40.007 0.028
0.001 4,93 0.305 0.313 +0.008 0.030
0.001 7.78 0.508 0.494 —0.014 0.031
0.001 16.15 1.020 1.026 +0.006 0.035
0.001 33.10 2.034 2.103 +0.069 0.039
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Fig. 5 Photometric titration curve

Copper : 1.91mg in 25ml; EDTA:0.01 M; A:
Absorbance at 482 nm; B : Absorbance at 700 nm;
Calculated volume : 3.0l ml
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Table 2 Comparison of some indicators used in titration of Cu(II) with 0.01 M EDTA

Indicator

CudIn PHN PAN TAN TAR
(mg) Cu(II) Standard Cu(II) Standard CudD Standard Cu(ID) Standard

found (mg) deviation found (mg) deviation found (mg) deviation found (mg) deviation
1.02 1.08 0.021 1.01 0.015 1.02 0.013 1.02 0.016
2.04 2.10 0.017 2.09 0.018 2.05 0.016 2.03 0.010
3.06 3.09 0.014 3.20 10.023 3.05 0.011 3.05 0.007
5.10 5.14 0.018 5.14 0.042 5.10 0.013 5.09 0.014
10.2 10.3 0.021 10.2 0.028 10.2 0.014 10.2 0.010
20.4 20.4 0.032 20.7 0.031 20.4 0.02¢ 20.4 0.030
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REELTHIAATESL L0y h ot £&tkE LT
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EIKRE o2, KA ¢ S CABRHETE
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PHN LRIGELTREBTS =o 71, 2.0, &
(D) e LD A A ORI XREERE I\ THD
BO (2~3) £ LTV T IE Lo &% &
&HY L. LaL, PHN 2o REL LCHV 58
B, ThbHAF VEEHOBECRITTEEC Wi
L, TOKRIX Table 3 wRT Loicin-t.

Table3 22640025 X 51, E0#EEYEX 5033t
FA 4 vin—& EDTA 2% 350 :Bbh, ch

Table 3 Effect of diverse ions

Added diverse ions Cu
Error
Ion Taken EIOD:VECl:l] Taken Found (mg)
(mg)  molar ratio  (mg) (mg)

Fe(III) 0.10 0.023 5.10 5.12 +0.02
Fe(I1II) 0.20 0.045 5.10 5.60 +0.50
Ni(II) 0.09 0.064 5.10 5.11 +0.01
Ni(II) 0.18 0.13 5.10 5.35 +0.25
Co(II) 0.38 0.08 5.10 5.08 —0.02
Co(II) 0.76 0.16 5.10 5.40 +0.30
Cd(1r) 0.31 0.035 5.10 5.12 +0.02
Cd(1I) 0.62 0.070 5.10 5.32 +0.22
Zn(II) 0.10 0.020 5.10 5.11 +0.01
Zn(II) 0.20 0.040 5.10 5.30 +0.20
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2-Pyridinealdehyde ~2'- hydroxynaphthylamine
as an indicator in complexometric titration of
copper (I). Kazuyo Isacar*, Kiyoharu Isacar and
Kazue Yamasakr** (*Saga Junior College, 1-8-3,
Kamizono, Saga-shi, Saga; **Faculty of Science and
Engincering, Saga University, 1, Honjo-machi, Saga-
shi, Saga)
2-Pyridinealdehydc—2'—hydroxynaphthy]amine(PHN)
which is hardly soluble in water but soluble in alcohol
has been used for the spectrophotometric determination
of copper(II). Since PHN forms water soluble, red-
dish-orange complex with copper(II) and the color of
this copper complex diminishes by addition of EDTA
solution, use of PHN as an indicator for the titration
of copper(II) with EDTA solution is proposed. At
first, the acid dissociation constants of PHN were
determined at 25 °C, p=0.1, and pX, and pK, were
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obtained to be 3.75 and 8.25, respectively. Also the
formation constant of the copper complex was estimated
as 5.0x 10°. Therefore, PHN can be used as an indi-
cator in the pH range 3.5~4.5. The color at the end
point in titration turns from reddish-orange to light
blue and the equivalence point was indicated sharply.
PHN may be used as an indicator like as the familiar
reagents such as 1-(2-pyridylazo)-2-naphthol(PAN),
1-(2-thiazolylazo)-2-naphthol (TAN) and 4-(2-thiazo-
lylazo) -resorcinol (TAR). The conditional formation
constants of copper PHN complex and copper EDTA
complex at pH 4 were evaluated as 1.8 105 and 2.3
x 1019, respectively. Using these values, the relation-
ship between the ratio of metal titrated and the change

KAGAKU Vol. 30 (1981)

in color was obtained. The result shows that color
change is visually sharp at the end point when 2 to
4 drops of 0.5 9, PHN solution in alcohol are added
to the sample solution. The order of interference by
diverse ions is iron>>zinc>cadmium>>nickel>>cobalt.
(Received May 11, 1981)

Keyword phrases
indicator as complexometric titration of copper(II);
dissociation constant of 2-pyridinealdehyde-2'-hydro-
xynaphthylamine; formation constant of 2-pyridine-
aldehyde-2'-hydroxynaphthylamine copper complex.
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