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Abstract: The reactions of Zirconium (IV) and Hafnium (IV) with uramildiacetic acid (UDA) reagent have been studied
spectrophotometrically and the stoichiometries of the ternary complexes have been determined. The method has been applied for direct
determination of Hf (1V) and Zr (IV) with UDA in acidic medium. The absorption has been measured between 450 - 540 nm. Beer’s law
is obeyed for Zr and Hf concentration of 0.1 - 5.0 pg per ml. The molar absorbitivities of aqueous Zr and Hf complexes were 1.80 x 10°
and 3.1 x 10 ~®molL "~ em. This method is simple, fairly accurate, rapid and free from interference from most common metal ions. The
accuracy and precision have exhibit to be adequate for zirconmatrices.
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1. Introduction

Several spectrophotometeric methods have been reported for
the determination of metals. None of them is, however,
applied to uramildiacetic acid (UDA) [1], in presence of
glycine and other metal ions. The method proposed here is
based on complex formation between UDA and ferric ions.
Glycine also complexes with ferric ion [1, 2] but its
interference can be eliminated by proper choice of pH and
wavelength. Other metal ions do not interfere.

Various reagents have been proposed for the calorimetric
determination of Zr (1V) and Hafnium (IV) but few reagents
have been studied in details: such as arsenazo (llI),

chromeazchols, 6, 7, dihydroxy, 2, 4 diphenyl
chromanmethyl thymol blue and xylenol orange, (1
pyridylazo) resorcinol, PAR was investigated for

determination of Zr (IV) and Hf (1V). [3 - 6]. The reactions
of Zr (IV) And Hf (1V) species with 4 - (2 - pyridylazo) - 2 -
(PAN), arsenazo Ill, 4 - (2 - pyridylazo) resorcinol (PAR), 2,
4 - dihydroxy benzaldehyde isonicotinoyl hydrazone [7 and
salicyl fluorine [8]were reported. The 2, 2x, 3, 4 -
tetrahydroxy - 3x - sulpho - 5x - carboxazobenzene reagent
and Janus green dye were also proposed. Actually, most of
thesemethods suffer from low sensitivity and selectivity.
Other reagents suggested are 5, 7 dichoro 8 hydroxy methyl
quinoline, cyclopentanone 2carboxyanilide and 8 hydroxy
quinoline. [9 - 10].

In this paper uramil - N, N diacetic acid (UDA: 5 amino 2, 4,
6 trioxo - 1, 3 perhydrodiazine - N, N diacetic acid) is
proposed for the UV spectrophotometeric determination of
zirconium and Hafnium. The method developed is unusual
in that, compound of the EDTA type is employed for a direct
evaluation of zirconium and hafnium [11 - 13]. In acidic
medium [14 - 16], the complex formed shows peak
absorbance at 450 - 460nm [18]. Hafnium also forms a 1: 1
complex with UDA; in acidic medium this complex shows
an absorption maximum at 520 nm. [17 - 18]

A series of synthesized reagents were tried for availability of
Zr (IV) and Hf (IV) determination. This work presents a new
synthesized reagent to be used for direct determination of Zr

(IV) and Hf (IV) in aqueous solution. To develop the
reagent, the parameters (pH, absorption spectra,
concentration of dye, etc.) that affect Zr (1V) and Hf (IV)
analysis have been investigated to provide optimum
conditions [19 - 20] for their determinations.

2. Experimental

Appratus: Spectrophotometric analysis of Zr and Hf
elements by Unicam UV 2100. The concentrations of other
elements including (silica, total iron, etc.) were determined
using the standard methods of analyses.

The zirconium standard solution was prepared by direct
dissolution of ZrOCl,-8H,0 (99.5%, Riedel - de Haen) in 2
mol L' HCI.

The hafnium standard solution was prepared from hafnium
oxide (HfO,, Spec pure, Johnson, Mathey). The oxide was
dissolved in a HF-H,SO, (1: 1 v/v) mixture and completed
to 100 ml with distilled water. The stock solution was
diluted with water to give working solution of 40 ug/ml of
Zr and 45 pg/ml of Hf.

Uramildiaceticacid solution: Prepare an aqueous solution
by adding 0.1 M sodium hydroxide dropwise to a suspension
of the pure compound in water and standardize the solution
by titration with zinc (I1) solution. Prepare more dilute
solutions as required.

For the reagent solution (0.07 % wi/v), dissolve the pure
reagent in water with the aid of 0.1 M sodium hydroxide.

Buffer solutions of pH 4.0 and 4.5 were mixed to the
appropriate amounts of 0.2 M sodium acetate and 0.2 M
acetic acid. All other reagents were of analytical grade.
Deionised distilled water was used.

Recommended procedures: Transfer 5.0 ml of sample
solution containing sufficient Zr (IV) to give a final
concentration of 0.5 - 2.2 microgram per ml to a 25 ml
volumetric flask. Add 2.0 ml of 0.07 % UDA reagent and 10
ml of buffer pH 4.5 solutions. Dilute to the mark with water.

Volume 12 Issue 7, July 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR23626085943

DOI: 10.21275/SR23626085943

1139


mailto:dr.sanjayasthana@gmail.com

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

Measure the absorbance at 460 nm against a reagent blank
prepared simultaneously. [21 - 23]

For the determination of Hf (1) proceed similarly, but use
sufficient sample solution to give a final concentration of 0.4
- 6.3 pg/ml. and pH 5 buffers, and measure the absorbance at
520 nm and use the optimal concentration ranges, pH
intervals and A max mentioned below.

3. Results and Discussion

Absorption spectra
The absorption spectra of (Zr (1V) and Hf (IV)) complexes
of UDA in U. V. range at different pH values is shown in

Absorbance

fig.1. For the zirconium (IV) complex, the absorption
maximum is at 460 - 465 nm in the pH range 3.2 - 5.2
absorbances become negligible at high pH values. For the
Hafnium (IV) complex, the absorption maximum is at 520
nm in the pH range 4.5 - 6.4; again the complex decomposes
at high pH. The behaviour of some other metal—UDA
chelates is similar in the U. V. range. Fig.1. Absorption
spectra for the Zirconium (IV) —UDA system.0.51ug Zr
mL*. + pH3.2;0,pH 4.2; 0, pH 5.2.

450

Effect of experimental variables Tests were made with
solutions containing 0.50 pg mL ~* Zr or 4.0 pg mL "' Hf.
When the pH of the mixtures was adjusted with hydrochloric
acid or sodium hydroxide, constant absorbance was found
over the pH ranges 3.5 - 45 (Zr) and 4 - 6 (Hf); the
absorbance decreased rapidly outside these ranges.

The volumes of 0.05 % UDA solution required to react with
the above concentrations of metal ion were 0.5 and 1.0 ml,
respectively. To ensure complete formation of the chelates
over the specified ranges, 2.0 ml of UDA solution is
recommended. The reactions are immediate, and the order of
addition of the reagents is not critical.

GO0

absorbance

(b) Hafeasn(IV)-UDA complet & 530 3m Vs eagent Bk, (HEIV)4.5x1

M; () UDA # 535 am vswater, [UDAJ= 45X 10" M
The Zirconium (1V) and the Hafnium (1V) complex could
be heated at high temperature without the absorbance being
affected, and the Hafnium (IV) complex to 100 °C. The
stability of the complexes was excellent, the absorbance
being unaffected by standing for up to 3 d and 2 d,
respectively.

Beer's law, molar absorptivity and sensitivity:
Beer's law is obeyed over the ranges 0.1 - 5.0 ug mL " of Zr
and 0.2 - 10.0 pg mL ~* Hf ug mL " *. For 10 - mm optical
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cells, the optimal concentration ranges are 0.5 - 2.0 ug mL " *
Zr and 0.5 - 6.5 pg mL ~ * Hf. Under the recommended
conditions, the molar absorptivities and Sandell sensitivities
are 1.80 x 10 "°L mo1"* cm ™" and 0.005 L mo1 ™' cm * for
the Zirconum (1V) complex, and 3.0 x 10 ° L mo1 ' cm™*
and 0.010 pg cm ~ 2 for the Hafnium (IV) complex. The
reproducibility is good; the standard deviation is about 1 %
for the range 0.150 - 0.500 absorbance unit (10
determinations each of four metal ion concentrations over
the range).

Effect of foreign ions. Various amounts of foreign ions
were added to solutions containing 0.5 pug Zr mL~* or 5.0 pg
Hf mL™, and the recommended procedures were followed.
Chloride, bromide, iodide, acetate, citrate, phosphate,
perchlorate, arsenate and oxalate in 100 - fold amounts, and
nitrate, nitrite, thallium (1) and chromium (111) in 10 - fold
amounts do not interfere in the Zirconium determination.
The tolerances are the same in the Hafnium determination,
except that oxalate interferes at 10 - fold concentrations, and
thallium (1) and chromium (I1I) interfere at concentrations
greater than 10 % that of cobalt. Tungstate, dichromate,
zinc, cadmium, nickel, manganese (Il), iron (Il1), cerium
(1V), vanadium (V), lead (1), palladium (II) [24 - 25] and
uranyl ions interfere with the Zirconium determination if
present in concentrations greater than 20 % that of
Zirconium and interfere with the Hafnium determination if
present in concentrations exceeding 10 % that of cobalt.
Because the tolerances for these metal ions are so small,
prior separations are essential.

The isolation of the metals before their determination can be
achieved by ion exchange or by solvent extraction; the
former is probably more appropriate, particularly if chelating
resins of the iminodiacetic acid type are used, because high
concentration factors can be achieved, and there is less
possibility of contamination from reagents.

Determination of other metals

Some other metals can also be determined in acidic solutions
with UDA as reagent. Thus titanium (IV) reacts with UDA
at about pH 2 to give a chelate with X max 458 nm and a
molar absorptivity of 8.3 x 10° Lmol "* cm ~* (optimal range
1.35—7.20pg Ti mol *cm™%).

Stoichiometry of the reactions

The molar ratio and continuous variations methods showed
that 1: 1 complexes were formed between UDA and the
metal ion. In the molar ratio method, a fixed concentration
of 2.50 x 103 M Zirconium (IV) or 1.05 x 10 * M Hafnium
(IV) was used. For Job's method, total concentrations of 10.7
x 10 * M and 5.0 x10 ~* M were used for Zirconium study
and 10.5 x 10 *M and 2.0 x10 " * M for the Hafnium work.
The other metal ions mentioned above also form 1: 1
complexes.

4. Conclusion

The spectrophotometric procedure described permits the
direct determination of zirconium or hafnium content. A
simple analytical procedure, using the reagent UDA, was
established for determining the zirconium or hafnium
complex ion alloys. Neither molybdenum, nor titanium

interfered with the colour complex. Repetitive analyses
showed good agreement. This indicates that the outlined
analytical procedure is capable of vyielding reproducible
analytical values.
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