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ABSTRACT. A sensitive and reproducible method for the flotation-spectrophotometric determination of zirconium is reported.
The method is based on the complex formation zirconium and xylenol orange (XO) which is floated in the interface of aqueous
phase and n-hexane by vigorous shaking. By discarding the aqueous solution and n-hexane, the adsorbed complex on to the wall
of a separating funnel was dissolved in a small volume of methanol solvent and its absorbance was measured at 429 nm. The
effect of different parameters such as pH, concentrations of HCl, and XO, and volume of n-hexane flotation dissolvent, standing
and shaking time were studied. The calibration curve was linear in the range of 7-120 ng mL™' of zirconium with a correlation
coefficient of 0.9991. The limit of detection (LOD) was 5.8 ng mL". The relative standard deviation (RSD) for seven replicate
measurements of 50 and 110 ng mL™ of zirconium were 4.4 and 3.0%, respectively. The method was successfully applied to the
determination of zirconium in water samples.

Keywords: Flotation-Spectrophotometry, Zirconium, Xylenol orange

INTRODUCTION plexes leading to a variety of sensitive methods. Polyvalent

cationic and/or anionic metal complexes also react with

Ion-associate complexes wherein positive charged ion acidic and/or basic dyes but the reaction products cannot be
(such as metal ions and quaternary ammonium salts) react extracted by slightly polar solvents. Instead, the compounds

with opposite charged ions such as colored dyestuff anions formed accumulate during shaking on the phase boundary
have aroused considerable interest in the past three decades. or on the wall of the separating funnel. The precipitate can
Flotation-spectrophotometry of such colored complexes pro- be separated off and dissolved in a polar solvent, producing

bably provides the most sensitive, relatively simple and fast an intensely colored solution that forms the basis of a flo-
approach to trace metal analysis.l’2 Acidic non-chelating tation-spectrophotometric method of determination. Such

dyes enjoy high popularity in spectrophotometric analysis complexes were made to be extractable from aqueous solu-

due to a high molecular extinction coefficient (= 1 x 10°L tions in order to preconcentrate and determine trace amounts
A . . .13

mol~ c¢cm™). They are able to form extractable ion-pairs or of metal ions.

ion-associates with monovalent or bivalent metal cation com- Determination of trace amounts of zirconium in environ-
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mental and industrial samples is interesting because of the
high toxicity of its compounds. Different separation and
preconcentration procedures such as extraction-spectro-
photometry,“'8 liquid chromatography,g'lo solid phase extrac-
tion," " and cloud point extraction'® are reported for deter-
mination of zirconium. Some of quantitative determination
methods such as chromatography suffer from large solvent
consumption. More investigation in this field could lead to
a more sensitive method for trace zirconium determination.

In this paper, we present a sensitive flotation-spectro-
photometric method for quantitative determination of zirco-
nium, based on its complex formation with xylenol orange
(XO) and its extraction into the interface between aqueous
and n-hexane phase by flotation method. The proposed
method has been successfully applied to the determination
of zirconium in spiked water samples.

EXPERIMENTAL

Instrumentation

The absorption spectra were recorded on a JASCO model
7850 UV-Vis. recording spectrophotometer and a Perkin-
Elmer model 5508 spectrophotometer was used for absor-
bance measurements. A Metrohm model 632 pH meter with
a combined glass electrode was used for pH measurements.

Reagents

All commercial reagents used were of analytical grades
without further purification. 1000 ug mL" stock solution of
zirconium was prepared by dissolving 0.368 g of ZrOCl,:
8H,0O (Merck) in freshly distilled water and diluting to the
mark in a 100 mL volumetric flask. Working solutions were
prepared by appropriate dilution of 1000 pg mL™" stock
solution of zirconium. Stock solution of 8 x 10°mol L™ of
XO was prepared by dissolving 0.0120 g of XO (Merck) in
distilled water and diluting to 200 mL in a flask.

Recommended procedure

Transfer an aliquot of a sample solution containing not
more than 12 pg of zirconium into a 100 mL volumetric flask,
add 8 mL of 8 x 10" mol L' of X0, 0.5 mL of 1 mol L "' of
HCI solution, dilute to the mark with distilled water and let
stand for about 15 min. Then transfer the flask content to a
100 mL separating funnel containing 9 mL of n-hexane and
shake the mixture for 60 s and then allow standing for 6 min.
The ion associate (colored solid) floats on the interface. After
discarding the aqueous phase (below layer) add 2.5 mL of
methanol to n-hexane solution containing adsorbed ion asso-
ciate. The methanol phase extracts the solid ion associate

from n-hexane phase and dissolves it completely. The absor-
bance of extracted colored ion associate was measured at
429 nm in 1 cm glass cells against a reagent blank. All the
experiments were carried out at room temperature. The blank
solution was also run under the same conditions without
adding any zirconium.

RESULTS AND DISCUSSION

The preliminary investigation on the interaction of zir-
conium with different dyestuffs such as alizarin red, alizarin
yellow, methyl thymol blue and xylenol orange, indicated
that zirconium forms an ion-pair with xylenol orange (XO)
which is insoluble in aqueous and highly non polar organic
phases, but soluble in some polar organic solvents such as
methanol. The absorption spectrum of the dissolved Zr-XO
ion-pair in methanol recorded against a reagent blank in the
range of 350 - 550 nm showed that maximum absorbance
occurs at 429 nm. Therefore, this wavelength was selected
as Amax for spectrophotometric measurements.

Among organic solvents tested (methyl ethyl ketone, car-
bon tetrachloride, benzene and n-hexane) n-hexane showed
good characteristics as a flotation dissolvent. Since the ion
associated solid floats at the n-hexane-water interface and
adheres on the funnel wall, the aqueous phase can be easily
discarded and the n-hexane in the separating funnel can be
immediately used cyclically without any treatment.

Among organic solvents (Acetone, ethanol, methyl ethyl
ketone, THF and methanol) examined to dissolve the adhered
ion associates from the wall of the separating funnel, the
dissolution of the ion associate in methanol is almost com-
plete. 2.5 mL of methanol was used as optimum extracting
solvent volume.

The influence of HCI concentration on the flotation of
Zr-XO ion-pair was studied by varying the concentration
of HCl in the aqueous solution, before the organic phase
addition. As it is seen from Fig. 1 the maximum extraction
of floated Zr-XO ion-pair is achieved when HCI concent-
ration is 0.005 mol L™ in the final solution. This may be due
to formation of single charged XO (XO") by protonation of
three of four carbonate groups in XO structure. The proto-
nation of all XO carbonate groups at higher concentrations
of HC1 (> 0.005 mol L'l) causes lower extraction of ion-pair
and decreases the absorbance.

The effect of XO dye concentration used for the flotation
of zirconium was examined by varying the amounts of XO.
The absorbance increased with increasing XO concentration
up to 5.6 x 10° mol L™ of XO in the final solution and then
levels off. The XO concentration of 6.4 x 10° mol L™ in the
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Fig. 1. The influence of HCI concentration on the flotation of
Zr-XO ion-pair for 100 ng mL™" of zirconium and 6.4 x 10 mol
L' of XO.
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Fig. 2. The effect of XO dye concentration on the flotation of
Zr-XO ion-pair for 100 ng mL" of zirconium, HCI; 0.005 mol L™
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Fig. 3. The effect of the n-hexane volume on the flotation of Zr-XO
ion-pair in the range of 3-15 mL for 100 ng mL™" of zirconium,
HCI; 0.005 mol L™ and 6.4 x 10 mol L' of XO.

final solution was chosen as the optimum XO concentra-
tion for ion-pair flotation process (Fig. 2).

The effect of n-hexane volume on the flotation process
was examined in the range of 3 - 15 mL and the results
showed that by increasing the n-hexane volume the absor-
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bance of extracted ion-pair increases upto volumes of 7 mL
of n-hexane and volumes more than 7 mL have no influence
on the determination process of zirconium (Fig. 3). There-
fore, 9 mL of n-hexane was chosen for further work.

The effect of standing time on the ion associate formation
was studied over the time period of 5 - 30 min for 100 ng
mL" of zirconium and 6.4 x 10° mol L™ of XO concentra-
tions at optimum HCI concentration and flotation and extrac-
tion process using optimum n-hexane and methanol volumes
and then by measuring the absorbance at 429 nm. The re-
sults indicated that the maximum absorbance is obtained
after 15 min standing time.

The effect of electrolyte concentration on the ion associ-
ation of zirconium with XO was examined by varying the
amounts of 0.1 mol L' of NaCl solution. The results showed
that electrolyte concentration has no considerable effect on
the flotation process of zirconium.

The flotation of the ion associate may also be influenced
by the shaking time, because of increase in the surface of
the gas-liquid interface. Maximum absorbance was obtained
at 60 s shaking time.

Effect of interferences

In order to study the influence of various cations and
anions on the determination of Zr, a fixed concentration of
zirconium100 ng mL"' was taken with different amounts of
foreign ions and the recommended procedure was followed.
A relative error of + 5% with respect to the absorbance di-
fference for the Zr solution was considered tolerable. Tole-
rance ratios are as follows: Cl, NOs, Na', NH,", ClO,,
SCN’, SO,*, Cu™', HPO4” (1000 folds); Ca**, Ba®", K, Li",
Mn™", (500 folds); St*", Hg™", Ag", Ni*", Pb™", Fe’", Cr’", Mg™",
COs*,MoOs”, WO, (100 folds); Zn>", A", (5 folds); Th*",
F, (1 fold). The results show that most of the cations and
anions used have no considerable effect on the determina-
tion of zirconium.

Analytical performance

A calibration graph for the determination of zirconium
was constructed under optimum experimental conditions
described above. Beer's law was obeyed over the concent-
ration range of 7 - 120 ng mL™ of zirconium with a corre-
lation coefficient 0of 0.9991 at 429 nm. The regression equ-
ation obtained by the least square method is A = 4.49 x
10°Cz + 0.378, where A is the absorbance and Cz: shows
the concentration of zirconium in ng mL". The limit of de-
tection (LOD) based on 3S, "° was 5.8 ng mL". With regard
to the preconcentration factor of the process (40 fold, i.e.,
from 100 mL aqueous solution to 2.5 mL of methanol), and



286 N. Pourreza, H. Parham, and S. Shiri

Table 1. Determination of zirconium spiked to the tap water samples

zirconium (ng mL™")*

Sample No 5 %Recovery
added found
1 - - -
2 10 10.3+£0.7 101.5
3 20 20.6 0.4 103.0
4 30 29.0+0.4 96.7

*Average of three determinations. °X + ts/vn at 95% confidence (n = 3).

a path length of 1 cm the conditional molar absorptivity was
6.9 x 10’ Lmol™” cm™ at the above wavelength. The relative
standard deviation (RSD) for 50 and 110 ng mL™" of zirco-
nium were 4.43% and 2.98% (n = 10), respectively. The
method exhibits a good repeatability.

APPLICATION

The proposed method was applied to the determination
of zirconium content of Ahvaz tap water using standard
addition method. The results are shown in Table 1. As it is
seen, the results of the proposed method show good recovery
values.

CONCLUSION

The proposed method is simple, reproducible and sensi-
tive and can be applied to the determination of zirconium in
water samples. The method shows good sensitivity due to
high molar absorptivity character of xylenol orange dye and
gave a wide linear dynamic range with respect to similar
reported methods.*"? The proposed procedure is an easy
and inexpensive methodology for separation and determi-
nation of trace amounts of Zr. The use of an inexpensive

instrument is the main advantage of floatation spectro-
photometric measurement over sophisticated and expensive
instruments such as ICP-OES and ICP-MS. '’ In the case of
working with large sample volume solutions of about 100
mL and also small extracting solvent volume (methanol) of
2.5 mL; a forty fold enrichment factor is achieved. The me-
thod compares favorably in sensitivity and selectivity with
most of the published methods for the determination of zir-
conium.”’
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