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SUMMARY

A new rapid and accurate method for the spectrophotometric microdetermination of nic-
kel and copper ions using p-nitro-(la), p-methoxy-(Ib) and p-ethoxy phenylazo-Schaffer acid
(Ic) is given. The optimum conditions favouring the formation of the complexes are extensively
investigated. The molecular structure of complexes and their ocbeyence to Beer’s law as well
as their stabilities are also studied, a spectrophotometric titration method for Ni and Cu with
EDTA using Ia, Ib or Ic as indicators is also given.

INTRODUCTION

The free electron pairs of suitably disposed oxygen and nitrogen
ligand atoms in hydroxy azo dyes coordinate with the metal ion, for-
ming stable five or six membered chelate rings. Absorption spectra stu-
dies show a shift in absorption maximum due to the formation of these
rings. This change lies within the practical limits reached by change
of pH; that is to say that protonation and chelation have the same ef-
fect.

Hence, these properties were used to form metal indicators in acid-
base determinations. The behaviour of these indicators was studied spect-
rophotometrically using established different methods®

The acid -base properties of arylazo Schaffer acid were investiga-
ted in aqueous medium. The pKa values were correlated to molecular
structure®. The effect of organic solvents of pKa values of some p-
substituted phenylazo-Schaffer acid was studied. The results were corre-
lated to substituent effect and solvent polarity®.
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The present investigation is a systematic spectrophotometric study
of Ni and Cu ions complexes with some substituted phenylazo-Schaf-
fer acid (I).

SO,H
x = p-NO,(a), p - OCH, (b) and p-OC,H; (c).
EXPERIMENTAL

The water used was always twice redistilled from all glass equip-
ment. The chemicals were all of highest purity available. The dyes we-
re prepared by coupling the corresponding amines in sodium hydroxi-
de mediam®. The resulting dyes were recrystallized from the aprop-
riate solvent. The purity of the prepared dyes was confirmed by ele-

mental analysis.

The 0.001 M solutions of Ni2* and Cu2t (BDH, England) were
prepared by diluting a previously standardized stock 0.05 M solutions®.

The 0.001 M solutions of Ia, Ib and Ic were prepared by dissolving
the accurate weights of dyes in water.

Solutions containing 1 mg anion or cation for testing the interfering
effect were prepared as recommended. The modified Britton and Ro-
binson universal, acetate and hexamine buffer solutions were prepared

as mentioned before®,

RESULTS AND DISCUSSION

The optimum conditions for the spectrophotometric determinati-
on of Ni2* and Cu?* using Ia, Ib and Ic as indicators are studied. Mea-
surements have shown that the optimum pH values for developing
the red complexes of Ni-Ia and Cu-Ia and the yellow-brown complexes
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of Ni-Ib Ni-I¢, Cu-Ib and Cu-Ic are 9 for Ni-Ia, Cu-Ia and Cu-Ib and
Cu-Ic and 9.5 for Ni-Ib and Ni-Ic complexes. The Britton universal
buffers were the most suitable media. The absorption spectra of Ia,
Ib and Ic and their complexes at the recommeneded pH values against
water and against ligand show that each complex has one band at lon-
ger wavelength than that of the corresponding ligand. Representative
curves are shown in Fig (1). The sequence of addition buffer-metal-
dye gives best results in the case of Ni-Ic, whereas it has no effect on
the formation of Ni-Ta and Ni-Ib complexes. Similarly, the Cu.-Ia comp-
lexes demonstrate best behaviour for the sequence dye -buffer-metal,
while for Cu-Ib the most favourable is dye -metal-buffer. Experiments
on the effect of time showed that all complexes are formed instantane-
ously and remain stable for at least three hours. then suffer a slight dec-
rease in absorbance; except in the case of Cu-la where it remains stab-
le for about 60 minutes after which precipitation starts.
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Fig (1) Absorption Spectra of Cu-la complex at pH 9.0
a— 3 X 10-° M Ia water as blank

b- 1.5 X 10-° M Cu-Ia (1:2) water as blank

c— b using a as blank,
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Investigation of the molecular structure of the complexes in the
light of the results obtained by the molar ratio”’ continuous variati-
on® and slope ratio methods® reveals the formation of 1:2 Ni-Ia;
1:1, 1:2 and 1:3 Ni-Ib and 1:1, 1:2 and 1:4 Ni-Ic; 1:1 and 1:2 Cau-Ia;
Cu-Ib and Cu-lc.

The logarithmic values of the stability constants of the complexes
as calculated from the molar ratio and continuous variation methods">*)
are listed in table (I). The values for the 1:2 complex follow the order
Ta < Te << Ib which is in agreement with the substituent effect and
the electron density on the azo linkage. The effect was very clear in
case of Ni complexes than in case of Cu-complexes.

Table 1
The apparent stability constants of Ni and Cu ions complexes
Molecular molecular
Complex ratio n log Bn Complex ratio n log Bn
Ni-Ia 1:2 2 9.76 Cu-Ta 1:1 1 7.15
. 1:2 2 11.261
Ni-Ib 1:1 1 5.95
1:2 2 11.54 Cu-1b 1:2 2 11.79
1:3 3 14.69
Ni-ie 1:1 1 6.67
1:2 2 10.77 Cu-Ic 1:2 2 11.46
1:4 4 19.92

A systematic study of the influence of foreign ions can be summa-
rized as follows:

(1) For nickel complexes: Li*, Nat, K+, Rb*, Be2", Mg2*, Ca¥, CdzT,
Fet, Zn*t, Th*+, Zr*+, C1-, Br-, I-, NO,-, ClO,-, PO}-, oxalate, tart-
rate, SO, acetate and phthalate do not intefere when present in 20
folds the amount of nickel. On the other hand, T1+, Mn?*t Pb**, Ba’*,
Fe3t+, Cu?t, Bi*t, Cr*+, CN-; benzoate and EDTA interfere.

(2) For copper complexes: Lit, Nat, K+, Mg, Ca’f, Fext, Zn?t,
Cd*+, U0+, AP+, Th*F, Zr*+, Cl-, Br-, I-, NO,~, Ci0,-, CH,CO0-,
SO~ Oxalate tartrate, citrate and phthalate do not interfere (20
folds), while, Ba?+, Cr’+, Pb?t, Fe*t, Bi**, Mn?*, T1+, Nixt, EDTA
and CDTA interfere. CN- up to 10 folds does not interfere.
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Microdetermination of nickel and copper ions:

(i) Procedure:

On using Ia as the chromophoric indicator, solutions containing
up to 47.2 and 51 ug of Ni and Cu respectively are used, in case of Ib,
35. 4 and 58 ug of the two cations respectively are used, while on appl-
ying Ic, solutions containing up to 29.5 and 51 ug of these ions are used.
Add to each solution 6 ml Britton and Robinson universal buffer of the
recommended pH value and 2 ml (10-3 M dye), dilute all solution mixtu-
res up to 10 ml with water and then measure their absorbance values
at 550 nm for Ni-Ia and Cu-Ia, 350 nm for Ni-Ib and Ni-I¢ and 360 nm
for Cu-Ib and Cu-I¢ complexes against a blank containing the same ing-
redients except the metal ion. Compute the concentration from standard
calibration curve prepared in the same manner.

Table (II) lists the limits of obeyence to Beer’s law and molar ab-
sorption coefficient (¢, 1 mole-! em-!). The values of spesific absorp--
tivity (a, ml g-! cm-!)(10 and sandell sensitivity (S, ug cm-?)(D are
also given, the results indicate the high sensitivity of the methods and
its applicability in the micro determination of Cu and Ni jons.

Table II
Nickel and Copper Complexes data.

up to

Ligand M .nm ppm M e* a S

Ia Ni 550 4.70 5.25 0.089 0.0112
Ib 350 3.50 8.26 0.140 0.0071
Ic 350 3.00 8.70 0.148 0.0067
Ia Cu 550 5.10 11.10 0.175 0.0057
Ib 360 - 5.80 10.90 0.171 0.0058
Ie 360 5.10 10.90 0.171 0.0058

*: ex107% (Lmole™! em™)
a: Spesific absorptivity (ml g=! em™!).
S: Sandell Sensitivity (ug em™2).

The present method affords a new means for the rapid spec-
trophotometric microdetermination of Ni and Cu in pure solutions
or in the presence of a variety of cations and anions which do not in-
terfere with such determinations with fair accuracy, high precision
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and reproducibility. The standard deviation in determining 47.2, 35.4
and 29.5 ug nickel using Ia, Ib and Ic (18 determinations) amounted to
0.0070, 0.0032 and 0.0028 respectively indicating high reproducibility.

(i) Spectrophotometric Titration of Ni and Cu with EDTA, using Id,
Ib or Ic as Indicator:

Each of the above metal ions is determined by direct spectropho-
tometric titration with EDTA using Ia, Ib and Ic as indicators. The
conditions for such determinations are summarized in Table (III). To
carry out the titration, prepare a series of solutions containing 2ml
1073 M dye, the metal ion within the optimum concentration range,
6 ml Britton and Robinson universal buffer of the recommended pH
value and successive amounts of 0.001 M EDTA, complete with water
up to 10 ml and finally measure the absorbance at 550 nm in case of
Ni-Ia and Cu-Ia, 350 nm in case of Ni-Ib and Ni-Ic and at 360 nm in
case of Cu-Ib and Cu-Ic complexes. Representative titration curves

Table I1I

Optimum Conditions for the Spectrophotometric Titrations

Optimum concentration range
Metal Indicator pH /10 ml (ug)
Ni Ia 9.0 29.5—47.2
Ib 9.5 17.7—-35.4
Ie 9.5 17.7—29.5
Cu Ia 9.0 19.2—51.2
Ib 9.0 19.2—57.6
Ie 9.0 19.2—51.2

are shown in Fig (2). All titration curves show a sharp end point inter-
section. By the aid of the present method Ni** or Cu’* can be deter-
mined accurately.
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Fig (2) Spectrophotometric tiitration of Cu with EDTA using Ia (a), Ib (b) and Ie(c).
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