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Poly(vinyl chloride) supported tetracycline sorbed zirco­
nium(lV) selenomolybdate chelating inorganic exchange mem­
brane has been employed for the determination of dysprosium(IlI) 
ion. The membrane electrode shows a Nernstain response for 
Dy(Ill) over a wide concentration range (l.Ox 10' 1 M - 5x 10,5 M) 
with a slope of 18.3 m V per decade of concentration. The detec­
tion limit is 3.8xlO,5 M. The e lectrode is found to possess ade­
quate stabil ity and spec ific selecti vity for Dy(III) over the other 
closely triva lent lanthanide metal ions with a response time of -
15 s. The sensor can also be used in partially non-aqueous me­
dium, e.g., acetone/alcohol having 5- 10% (v/v) contents. Its 
working pH range is 2-9. It is successfully applied for the direct 
determination of Di+ in meta borate rock and as an indicator 
electrode in potentiometric titrations of dysprosium ion with 2-4 
% experimental error. 

During the past years, the increased demand of 
high purity rare earths has necessitated the develop­
ment of separation technology for the removal of 
lanthanides from rare earth metal sources. The sepa­
ration and determination of lanthanides from different 
kind of samples is found in the literature. The classi­
cal separation techniques like liquid-liquid extraction, 
chromatography, ion exchange, etc. are replaced by 
solid phase extraction and ion selective electrode 
membranes. 

Comparatively less work is reported on the deter­
mination of rare earths using ion selective electrodes . 
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ion exchange membranes 7.S and solid-state elec­
trodes9

.
IO have been used as an electroactive material 

for the determination of rare earth metal ions. A lim­
ited number of membrane sensors usi ng inorganic ion 
exchangers have been developed 11 -15 and most of 
these suffer from poor selectivi ty l6. The stability and 
better performance of chelating resins have prompted 
the fabrication of chelating ion exchanger based elec-

trodes for the lanthanide elements. The present work 
reports the potentiometric studies on chelating based 
heterogeneous membrane electrode i. e., tetracycline 
sorbed zirconium(IV) selenomolybdate ion exchanger 
using poly(vinyl chloride) as a binder.. Various poten­
tiometric characteristics of the membrane sensor, in­
cluding response time, potentiometric selectivity as 
well as the effects of pH and non-aqueous solutions 
on the potentiometric responses have been investi­
gated. 

Experimental 
Lanthanide chlorides (La, Ce, Nd, Pr, Eu, Gd, Tb 

and Dy) were prepared from their respective oxides, 
which are of analytical grade purity and were pur­
chased from Rare Earth Products Ltd, (India). Solu­
tions of 0.1 M each of lanthanide chlorides were pre­
pared and standardized using xylenol orange as an 
indicator as described earlier I7

.
1S

• Ion free doubly dis­
tilled water was used throughout the experiments. 

Synthesis of zirconium( IV) selenomolybdate (2SM) 
ion exchanger 

The exchanger, zirconium(IV) selenomolybdate 
(ZSM) was synthesized as reported earlier l9 by mix­
ing solution of 0.1 M zirconium(IV) oxychloride, 0.1 
M seleneous acid and 0.1 M ammonium molybdate in 
the ratio of 2:2: I at pH 2. Cone. HCI was added to the 
precipitate to bring the desired pH val ue and then it 
was heated to just boil. The precipitate was allowed to 
stand for 24 h in the mother liquid, decanted, washed 
with distilled water, filtered by suction and dried at 
50 ± 2°C. The dried product, which was broken into 
small granules when immersed in water, was con­
verted into H+ form by placing it in 3 M HN03 for 2 
days. Finally, the exchanger was washed with deion­
ized water (DIW) to remove the excess of acid and 
then dried at 50 ± 2°C. 

Sorption of tetracycline hydrochloride on zirco­
nium(IV) selenomolybdate (2SM) ion exchanger 

Sorption of tetracycline hydrochloride on ZSM was 
done according to the procedure previously de­
scribed20 as follows : ZSM in H+ form was heated with 
200 cm3 of boiling deionized water for 1 h to remove 
impurities. It was decanted and shaken with 100 cm3 
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of 0.1 % (v/v) tetracycline hydrochloride for 4 hand 
left overnight. The solution was then decanted and the 
obtained light yellow tetracycline sorbed zirco­
nium(IY) selenomolybdate (TC-ZSM) was washed 2-
3 times with deionized water in order to remove the 
excess tetracycline hydrochloride. Finally the product 
was dried at 40±2°C. 

Electrode preparation and potentiometric measure­
ments 

Poly(vinyl chloride) (0.6 g) in 6 mL of tetrahydro­
furan was mixed with chelating inorganic exchanger 
(0.2 g) and the resulting solution was carefully cast on 
a glass slide plate and left for slow evaporation to 
obtain a thin membrane21

. Then, an appropriate size of 
membrane was cut from the master membrane and 
was mounted at the lower end of the membrane 
holder. A 0.1 mol dm-3 metal solution was used as an 
internal reference while the saturated calomel elec­
trodes were used as reference electrodes. The mem­
brane potential measurement was carried out using a 
cell set-up of the following type: 

External Test Membrane Internal Internal 

saturated solution solution saturated 

calomel calomel 

electrode electrode 

(SCE) (SCE) 

Membrane potentials were measured with an 
Equiptronic-India Digital potentiometer [EQ 602] at 
27±1 °C. Before each set of measurements, the elec­
trodes were conditioned overnight in an appropriate 
buffer solution containing 0.01 M DyCl3 solution. 

Determination of D/+ in metabasic rocks 
Accurately weighed 0.25 g finely rock powder was 

mixed with lithium metaborate in the ratio 1:5 and 
transferred to a crucible. The fusion was carried at 
about 500-600°C. The fused mass was directly poured 
to a beaker containing 50 mL of 10% nitric acid. The 
contents were stirred for 30-50 min until all the solids 
were dissolved and evaporated the solution until the 
volume becomes less than half. The solution was 
brought to the mark with distilled water, filtered and 
its potential was measured. 

Results and discussion 
Characterizations of the sensor membranes are es­

sential to correlate the movement of ions in the mem­
brane with the potential generating across it. The 

physical characteristics of the heterogeneous chelating 
ion exchanger membrane (TC-ZWP) analyzed to cor­
relate with the movement of the ions in the membrane 
phase, potential generated across it and the selectivity 
of ions of interest. The properties of the membrane 
viz., thickness (0.45 mm), water content (21.85%), , 
porosity (0.0022), electrolytic absorption (31 /J.g) and 
swelling (0.12%) were determined as described ear­
lier22

-
24

. The values suggested that the membrane is of 
least porosity and swelling. The electrolyte absorption 
reveals that the diffusion will take place through the 
exchange sites present in the membrane phase. So this 
membrane is expected to be selective in their response 
to a particular ion, hence leading to high selectivity of 
the membrane electrode. 

The concentration of the internal solution DyCh in 
the electrode was varied from LOx 10-2 to 1 X 10-5 M 
and the potential response of the Dy3+ ion selective 
electrode was measured. It was found that the varia­
tion of the concentration of the internal solution does 
not cause any significant difference in the potential 
response, except for an expected change in the inter­
cept of the resulting Nernstian slopes. About 1.0x1O-2 

M concentration of the reference DyCh solution is 
quite appropriate for the smooth functioning of elec­
trode system. 

The optimum equilibration time for the membrane 
electrode in the presence of 1.0x1O-2 M DyCI3 was 4-5 
days after which it would generate stable potentials in 
contact with dysprosium solutions . The electrode 
shows a linear response to the activity of D/+ ion in 
the range of 5.0xlO-5 to 1.0x1O-' M (Fig. 1). The slope 
of the calibration graph was found to be ±18.3 mY per 
decade of concentration. The limit of detection, as 
determined from the intersection of the two extrapo­
lated segments of the calibration graph, was 3.8x1O-5 

M . 

The static response time of the membrane sensor 
was found to be - 15 s for Dy3+ at the concentration 
l.Ox 10-3 M. This is actually the average time required 
for the electrode to reach a potential within ± 1 mY of 
the final equilibrium value after successive immersion 
of a series of Dy3+ ions, each having a 10-fold differ­
ence in concentration. The results thus obtained are 
indicative of a rapid diffusion in the achievement of 
equilibrium between the aqueous layer and the mem­
brane sensor, and rapid complex formation and ex­
change of ions in the membrane25

. The membrane 
electrodes can be used for at least 2 months without 
any measurable divergence. 
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The effect of pH on the response of TC-ZSM-PYC 
membrane electrode to l.Ox 10-2 M Dl+ solution over 
a pH range of 1.0-13.0 was studied. It was found that 
the membrane electrode can be suitably used in the 
pH range 2-9. However, the observed sharp change in 
potential response below pH 2.0 indicates that the 
membrane sensor responds to hydrogen ions while at 
above pH 9.0 may be attributed to the interference of 
OH-ions . 

The performance of the electrode was also investi­
gated in partially non-aqueous medium using acetone­
water and ethanol-water mixture. Potential versus 
concentration plots of 5 and 10% (v/v) acetonic and 
ethanolic solutions revealed that the electrode assem­
bly works satisfactorily up to 10% (v/v) acetonic and 
ethanolic solution . The matrix swelled continuously in 
higher proportions of acetone and ethanol after few 
hours. In these mixtures, the working concentration 
range and slope remains unchanged. The response 
time of the membrane electrode was found to be 
steady for few hours and then the potential deviates 
drastically (Table 1). 

In order to investigate the selectivity of the mem­
brane electrode toward Dy3+ with respect to various 
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Fig. I-Calibration curve of D/+-selective (TC-ZSM)-PYC 
based membrane electrode 

interfering ions, the potentiometric selectivity coeffi­
cients (KPOIOy) were evaluated by the mixed solution 

h d26 27 · I ' .. fi d met 0 ' usmg so uttOn contammg a lxe amount 
of Dy3+ ion (I.Ox 10-5 M) and varying amount of the 
interfering ion (Mn+), according to: 

K pot 3/n M _ { [(E2 -E))F )-l 
Oya - aOy exp RT r-- aOy 

" 

... (1) 

where, EJ and E2 are the electrode potentials for the 
solution of Dy3+ ions alone and for the solution con­
taining interfering ions and dysprosium ions respec­
tively. According to Eq . 1, Ki>OtOy values for ions can 
be evaluated from the slope of the graph of aoy{exp 
[(ErEJ)F]}-aoy versus a3

/
n

• The resulting KPotOy values 
for various lanthanides metal ions are in range from 
22.22x lO-3 to 196.07xlO-3. As seen, for all ions used, 
the selectivity coefficients are in the order of 10-3 in­
dicating that they would not significantly di sturb the 
functioning of the Dy3+ selective membrane. 
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Fig. 2-EDT A titration curve for (TC-ZSM)-PYC based mem­
brane electrode 

Table I- Response time for non-aqueous solvents (D/+-selective membrane electrode) 

S. No. Time (h) Potential (-mY) Potential (-m V) Potential (-mV) Potential (-mY) 
10% ethanol 5% ethanol 10% acetone 5% acetone 

I 5 17 14 II 09 

2 10 17 14 11 09 

3 IS 17 14 II 09 

4 20 17 14 II 09 

5 25 17 14 II 09 

6 30 17 14 11 09 

7 35 28 22 11 15 

8 40 33 37 30 35 

9 45 45 51 47 48 
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The practical utility of the proposed membrane 
sensor as an indicator electrode was tested in the 
titration of 25 .0 mL of 1.0xlO·2 M Dy3+ ions with 
Ix 10-2 M EDTA solution. The results in Fig. 2 show a 
sharp inflection point with perfect stoichiometry . 

The electrode was successfully applied to the direct 
determination of dysprosium in metabasic rock sam­
ples. With the use of the membrane sensor's calibra­
tion curve, the dysprosium content (9.02 ppm) in the 
metaborate rock obtained from triplicate measure­
ments with electrode was found to be in satisfactory 
agreement with that determined by atomic absorption 
spectrometry (9)5 ppm). The errors are found to be 
within 2-4%. 

Chelating inorganic ion exchange PYC matrix sup­
ported membrane as a sensor for Dy(lIl) ion offers the 
advantages of thermal stability , simplicity, sensitivity, 
reliability, low cost, fast response and long life. In­
corporation of tetracycline sorbed zirconium(lY) se­
lenomolybdate (TC-ZSM) in poly(vinyl chloride) 
matrix provides a good detector for the determination 
of Dy(III) in analytical samples without significant 
interference from other tri valent lanthanide metal 
ions. 
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