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ABSTRACT
Objectives: An optical chemical sensor membrane obtained by physical inclusion of a
2-nitro-6-(thiazol-2-yl-diazenyl)phenol (NTDP) as a selectophore and polymethyl
methacrylate (PMMA) and 2-nitrophenyl octyl ether (NPOE) as a plasticizer. Methods:
The adsorption of Lu(III) causes the colour of the membrane to change from orange to
pink with maximum absorbance (λmax) at 606 nm. The sensor membrane gives the best
response towards Lu(III) ion at pH 6.5, after 10 min of contact time, at 150 ng mL–1
Lu(III), and 10 mL solution. Results: A linear Lu(III) calibration curve can be developed
in the concentration range of 5.0–280 ng mL–1 with R2 = 0.9990. The molar absorptivity
is found to be 9.06 x 106 L mol–1 cm–1. The detection and of quantification limits are
found to be 1.63 and 4.95 ng mL–1, respectively. Conclusion: The optical sensor
membrane analytical characteristics was performed as interference of anions and
cations, equilibrated time, reusability, detection limit, etc. and compared with the
previous different conventional methods for Lu(III) using various chromophores. The
optical sensor membrane investigated in this work was examined in real samples with
excellent results comparing with the previous ICP-OES method.
Keywords: optical chemical sensor, 2-nitro-6-(thiazol-2-yldiazenyl) phenol, Lu(III)
analysis, poly(methyl methacrylate)

INTRODUCTION
One of the rare earth elements (REEs) is Lutetium which present in houses in instruments as energy-saving lamps,
color televisions, fluorescent lamps, and glasses. Lutetium Uses is still growing, as it is optimum for glass polish
and catalyzer production. It is introduced in the environment in many various places, mainly as petrol-producing
industries. Lutetium able to enter the environment when household instrument is thrown away [1].
The last member of lanthanide group occurs in association with the element yttrium is Lutetium and sometimes
introduced in metal alloys and as a catalyst in different chemical reactions. Lanthanide family has an enormous
applications ranging from the ceramic industry and production of glass to agriculture, and metallurgy electronics.
The main problem in quantitative detection of lanthanides is the selectivity. Various reagents have been examined
for their spectrophotometric determination but they have not been specific and even the most selective requires
extractive separation to remove interfering ions. Hence, an easy procedure to detect these elements selectively is of
great importance [2].
Since the early part of the twentieth century [3–4]; lutetium compounds has a biological characters as well as
other lanthanide ions, primarily depended on their similarity to calcium, have been the principles for research into
potential therapeutic applications of lanthanides. Lutetium texaphyrin has been applied as photosensitizer in
photoangioplasty and photodynamic therapy [5]. The increasing industrial apply of Lu(III) compounds as well as
their enhanced discharge, monitoring of Lu(III) has been of a recent increasing concern.
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Recently, some procedures to determine lanthanide ions such as lutetium include inductively coupled plasma
mass spectroscopy (ICP-MS) [6-8], inductively coupled plasma atomic emission spectroscopy (ICP-AES) [9–11],
flame atomic absorption spectroscopy (FAAS) [12], neutron activation analysis [13], photometric determination
[14,15] and fluorimetry [16]. Design of an inexpensive and simple technique, can provide the selectivity for Lu(III)
determination in the presence of other lanthanides that are very similar to Lu(III) is of great value. These methods
are sensitive and selective. However, it is relatively expensive and requires a skilled person to do the job. The
chemo-optic sensor is an alternative method for metal analysis. It is part of the green analytical methods since it
can significantly reduce energy consumption, organic solvents, and gas emission. Therefore, it is much more
environmentally friendly [17–20].
Lu(III) potentiometric ion-selective electrodes, besides optical membrane sensors, have been already reported
[21–24], can be applied for the Lu(III) determination, as they may easily be incorporated into easy to use kits, and
low cost. In addition, they can offer the required sensitivity and selectivity to environmental monitoring [25-30].
Bases and theoretical description of bulk optode sensor membranes, depended on the reversible mass analyte
transfer from sample in the bulk of the sensing layer have been well investigated [31–33].
Optical membrane sensors have reported much attention in analytical chemistry, because of some advantages
as low cost, high, easy fabrication, sensitivity, and selectivity [34–38]. Various strategies have been applied to
investigate optical membrane sensors for some target ions. Visual test strips or optical allow the simple detection
of analyte by the naked eye, or by a portable spectrophotometer without any specific pretreatment [39].
Preconcentration procedure based on membrane sensors can be tailor-made for a specific analytical application.
The analyte selective membrane can be changed to optical chemical sensor (optode) by immobilizing the indicator
that responds to analyte in a concentration dependent manner [40–42]. The optical membrane sensors have been
formed by immobilizing the indicator (chromoionophores, ionophores, and fluoroionophores) with or without
extractant in the solid matrix applying highly diversified procedures [43–46]. These optical membrane sensors are
depended on the preconcentration of the analyte as a chromogenic species on a solid substrate and subsequent
detection of the absorbance/reflectance of the solid phase, without stripping the chromogenic species. The presence
of extractant conferms an increase in selectivity and sensitivity of optical membrane sensors compared to the
corresponding solution spectrophotometry using same chromophore.

EXPERIMENTAL
Chemicals and Instruments
Doubly distilled water and analytical reagent grade chemicals were applied throughout. Tetrahydrofuran
(THF), 2-nitrophenyl octyl ether (NPOE) and polymethyl methacrylate (PMMA) were achieved from Sigma–
Aldrich (Steinheim, Switzerland). Tris(2-ethylhexyl) phosphate was achieved from Koch-Light Laboratories
(Coinbrook Bucks, England). Lutetium standard stock solution (10–3 M) was prepared by dissolving 0.0389 g of
LuCl3.6H2O in a 100 mL volumetric flask and diluting to the mark with distilled water. Triethanolamine buffer was
prepared by dissolving an appropriate weight of triethanolamine in distilled water and neutralizing with perchloric
acid (pH 6.5). 2-nitro-6-(thiazol-2-yldiazenyl) phenol (NTDP) used in this work was prepared according to the
method described previously [47].
The thickness of the optode was detected by a digital micrometer (Mitutoy, Japan) with an accuracy of ± 0.001
mm. A microprocessor-based pH meter model Orion research model 601 A/digital ionalyzer was applied for all
pH measurements. UV–vis spectrophotometer model V 53 from JASCO (Tokyo, Japan) was achieved for recording
the spectra and the absorbance measurements. The absorbance measurements were given by mounting the optical
membrane sensors samples (3.0 cm x 1.0 cm) inside a quartz cuvette. The absorbance measurements of the optical
membrane sensors samples were obtained with respect to air as well as blank optode sample.

Preparation of the Optical Membrane Sensors
The optical membrane sensor were prepared by dissolving 0.30 g PMMA and 0.05 g of the chromophore NTDP,
and 150 μL NPOE in 10 mL THF, and stirring the mixture at a constant speed for 30 min at room temperature.
Subsequently, the obtained casting solution was homogenized by ultrasonication for 3.0–5.0 min. The casting
solution was introduced in a Petri dish to allow the formation of the homogeneous transparent membrane with
slow evaporation of THF.

Uptake Experiments
The optical membrane sensor strips (3.0 cm x 1.0 cm) were equilibrated in sample solutions of desired medium
(~10−4 M bicarbonate/carbonate solution in TEA buffer) and agitated with magnetic stirring bar at a rate of 800
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rpm. TEA buffer (3.0 mL) was introduced in 10 mL (sample volume) to obtain a pH of 6.5 ± 0.2 unless stated
otherwise. It should be noted that Lu(III) precipitation was observed in the absence of bicarbonate medium. The
optical membrane sensor strips were left out of the sample solutions and washed with a jet of distilled water. The
colour of optical membrane sensor strips converted from orange to pink based on the Lu(III) concentration in the
sample solution. The change in absorbance of Lu(III)–NTDP complex was measured at λmax= 606 nm under various
experimental conditions.

RESULTS AND DISCUSSION
Composition of the Optical Membrane Sensors
Different combinations of the matrix forming polymer, plasticizer (PMMA /NPOE), chromophore NTDP, were
invstigated to optimize the lutetium uptake in the optical membrane sensors matrix from aqueous samples having
pH of 6.5. It is shown that NTDP immobilized in the optical membrane sensor could form complex with Lu(III) in
absence of a carrier in the matrix. This seems to suggest that NTDP itself act as a carrier to facilitate the transfer of
Lu(III) from equilibrating solution to the optical membrane sensors matrix. Among the various carriers
investigated, it was found that no efficient for facilitating the transfer of Lu(III) from equilibrating solution to optical
membrane sensor matrix was achieved.

Spectral Characteristics
NTDP is a reagent of the most sensitive ones for the spectrophotometric analysis of copper in different
aqueous/organic phase samples. It forms 1:1 stable complex with Cu(II) at pH 7.1 [47]. The comparison of UV–vis
spectra of optical membrane sensor samples equilibrated with various aqueous matrix having same concentration
of Lu(III) (150 ng mL–1) is drown in Figure 1. It is seen from this figure that TEA buffer (pH 6.5 ± 0.2) in the
equilibrating solution enriched the colour change in optical membrane sensor sample corresponding to the
formation of Lu(III)–NTDP complex. In seawater matrix, the optode response towards Lu(III) was significantly
lower as compared to other aqueous matrices, and may not be applicable for quantification of Lu(III) in seawater.
The change in absorbance spectra of optical membrane sensor samples, equilibrated with solutions having different
samples of Lu(III) in TEA buffer is recommended (Figure 1). The comparison of spectra indicated that there was
large bathochromic shift in absorbance of optical membrane sensor samples from 456 nm (blank) to 606 nm on
equilibration with buffer solutions having Lu(III) ranging from 5.0 to 280 ng mL–1. The absorbance maxima at 606
nm is recommended for Lu(III)–NTDP complex, indicating that the optical membrane sensor is responsive towards
change in the lutetium concentrations in the equilibrating solution. The absorbance of the blank optical membrane
sensor sample (without lutetium) is significantly lower as compared to that at 606 nm. Hence, the change in the
absorbance at 606 nm can be applied for quantitative determination of Lu(III) in the aqueous samples. It was also
illustrated that pink colour of Lu(III)-loaded optical membrane sensor sample changes back to orange on immersing
this optode in well-stirred 0.02 M HNO3 for 10 min. This indicated that Lu(III)–NTDP complex formed in the optical
membrane sensor is broken at pH 2.0 to regenerate the NTDP in the optical membrane sensors.
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Figure 1. UV-vis spectra of sensor samples (1.0 cm× 3.0 cm) equilibrated with 10 mL of various aqueous samples spiked with
150 ng mL-1 of Lu(III) in bicarbonate medium
Table 1. Response of membrane sensor samples after 10 min equilibration with well-stirred aqueous solution containing Lu(III)
and 10−3 M NaHCO3 at pH 6.5
Composition
Response
PMMA/ NPOE (75 wt.%)
No color change
+ NTDP (25 wt.%)
PMMA/ NPOE (50 wt.%)
No color change
+ NTDP (50 wt.%)
PMMA/ NPOE (80 wt.%)
No color change
+ NTDP (20 wt.%)
PMMA/ NPOE (87.5 wt.%)
Color changes from orange to pink
+ NTDP (12.5 wt.%)

Optimization
PMMA was chosen as a supporting matrix for NTDP due to its hydrophobicity, transparency, resistance to acid,
base and salt solutions [48], and low absorbance in the UV-Vis range [49]. These will keep the sensor membrane
stable during analysis of Lu(III) in environmental samples and allow quantitative analysis by UV-Vis
spectrophotometry.
The optical membrane sensor response based on the rate of diffusion of anionic lutetium existing in the aqueous
phase to the membrane sensor interface to form complex with the NTDP molecule present in the sensor matrix. The
high concentration of NTDP was found to degrade the optical quality of the sensor. The concentrations of NTDP
and PMMA used in preparation of the optical membrane sensors are recorded in Table 1. The optical membrane
sensor samples were equilibrated for 10 min in 10 mL buffer solution well-stirred, having 150 ng mL–1 Lu(III). The
Lu(III) uptake increase with increase in amount PMMA and NPOE in the membrane sensor indicates that they
enhances the Lu(III) loading capacity of the sensor. However, the kinetics of lutetium uptake (10 min) was too slow
to allow its apply as a chemical sensor for wide range of applications.
To study the properties of plasticizer and their relative amounts in the sensor matrix, it was investigated that
increase in plasticizer concentration, leads to increases the diffusion rate of anions in the plasticized sensors [50].
So, the sensor samples having varying of two various plasticizers (e.g. PMMA and NPOE) were prepared and
investigated for their response time towards Lu(III) ions in carbonate aqueous buffered medium.
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Figure 2. Variation of lutetium uptake with PMMA concentration in the sensor; Lutotal=150 ng mL-1; sample volume=10 mL;
duration=10 min; pH 6.5

Figure 3. Lutetium uptake kinetics as a function of plasticizer NPOE amount in the sensor; Lutotal=150 ng mL-1; sample
volume=10 mL; pH 6.5

The difference in absorbance of the sensor samples, plasticized with changing concentrations of PMMA and
NPOE, was illustrated by equilibrating these with 10 mL buffered sample solutions well-stirred, having 150 ng mL–
1 Lu(III) in bicarbonate/carbonate medium (Figure 2). The sensor samples were taken out at regular time intervals
to measure the absorbance of Lu(III)–NTDP complex at 606 nm as a function of equilibration time. The difference
of absorbance at λmax in the sensor samples as a function of equilibration time are presented in Figure 3, suggesting
the kinetics of sorption of anionic Lu(III) species in the sensor. As can be shown from Figure 3, the rate of sorption
of lutetium anionic species increases with increase in plasticizer in the sensor concentration. The matrix forming
PMMA chains in the liquid fraction of sensor (plasticizer) matrix introduces obstruction in the path of the moving
ion-pair.

The Effect of pH on Sensing Performance
The pH of the test solutions plays an important role in obtaining a better membrane performance. The analyte
solution has been subjected to pH variation, from 5.0 to 8.0. Figure 4 suggests that the solution pH of 6.5 gives the
best response. Furthermore, at optimum pH, the amount of OH- ion in the solution is larger and the donor atom in
the ligand tends to release H+ ion (deprotonated) and thus becomes partially negative-charged species (L−). This
condition enhances the reaction between Lu(III) or [Lu(OH)2]+ in the solution and NTDP ligand in the matrix to
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Figure 4. Effet of pH on the optical sensor of 150 mL-1 Lu3+ complexed with NTDP at the optimum conditions

form Lu–NTDP. On the other hand, at lower pH, large amount of H+ in the solution causes the formation of free
metal ion (Mn+) and the hydroxyl group in the ligand remains protonated. This situation causes the interaction
between metal ion and ligand much more difficult to occur due to charge repulsion between positive metal ion and
positively protonated ligand. At higher pH (> 8.5), the absorbance is getting smaller possibly due to leaching
process of NTDP ligand from the membrane matrix as indicated by the orange-color change of the solution. For all
of the tested pH, the absorbance has been observed to reach its maximum value after 10 min of reaction.
The major component of liquid phase is the plasticizer, which acts as a medium for diffusion transport of ions
in the sensor. The sensor could not be plasticized more than 90 wt.% of the plasticizer as mechanical strength of the
sensor was not enough to apply it in well-stirred solution. Out of two plasticizer applied in the preparation of
sensor, the sensor sample with 1.0 wt.% NPOE gave faster increase in absorbance corresponding to Lu(III)–NTDP
complex than the sensor formed by TEHP. Although the equilibration time needed for complete Lu(III) sorption is
longer than 10 min, the shorter equilibration time could be applied for quantitative analysis of Lu(III) as % uptake
remains constant at fixed equilibration time. The equilibration time of 10 min could be applied for constructing
calibration graph for aqueous sample containing Lu(III) greater than 280 ng mL–1. The detection limit for lutetium
would be better after 10 min equilibration of the sensor sample as more than 97% of Lu(III) sorption in the sensor
is obtained. So, the composition of sensor was kept as: 86.5 wt.% PMMA + 1.0 wt.% NPOE + 12.5 wt.% NTDP for
lutetium uptake investigates with an equilibration time of 10 min.
The measured absorbance at 606 nm for a long period over 18 h did not indicate the evidence of leaching of
Lu(III)–NTDP complex from the sensor sample to equilibrating bicarbonate aqueous medium with TEA buffer.
There was no drift in the absorbance when the film applied for lutetium uptake was exposed to light. No
appreciable variation in the sensor absorbance value was presented when the film was dipped in de-ionized
distilled water overnight. These results ilustrated that the sensor film was quite stable under the optimum
conditions for this works.

Stoichiometric Ratio
The complex nature was illustrated at the optimum experimental conditions investigated above applying the
molar ratio and continuous variation procedures. The plot of the molar ratio of NTDP to Lu(III) versus absorbance,
obtained by changing the NTDP concentration, illustrated inflection at a molar ratio of 2.0, indicating the presence
of two NTDP molecules in the formed complex. Also, the Job method illustrated a ratio of NTDP to Lu(III) = 2.0.
Consequently, the results investigated that the stoichiometric ratio was (2 : 1) [NTDP : Lu(III)]. The conditional
formation constant (log K), calculated applying the Harvey and Manning equation using the data given in the above
two procedures, was calculated to be 6.67, whereas the true constant was 5.55.

2 NTDP + Lu(III)

[(NTDP)2Lu]

Analytical Data
The sensor response, change in absorbance at 606 nm, towards lutetium concentration is up to 280 ng mL–1 after
correcting for the blank. The blank absorbance at 606 nm was monitored after equilibrating sensor sample with

6 / 12

Eurasian J Anal Chem
Table 2. Analytical features of the proposed procedure
Parameters
Using optode
pH
6.5
equilubrium time (min)
10
Stirring time (min)
3.0-5.0
Beer’s range (ng mL–1)
5.0-280
Ringbom range (ng mL–1)
20- 265
Molar absorptivity (L mol–1 cm–1)
9.06 × 106
Sandell sensitivity (ng cm–2)
0.019
Table 3. Results of the recovery test
Sample

River
Water

Mineral Water

Tap water
a

Not detected

Added
0.00
50
100
150
200
250
0.00
60
120
180
240
280
0.00
75
150
225

Parameters
Regression equation
Slope (µg mL–1)
Intercept
Correlation coefficient (r)
RSD a (%)
Detection limits (ng mL–1)
Quantification limits (ng mL–1)

Lu(III) ng mL–1
Lu(III) Found
proposed
ICP-OES
NDa
ND
51.0
48.0
99.2
102.9
151.5
151.8
201.6
198.8
248.4
252.5
ND
ND
58.8
61.5
121.0
118.7
178.5
183.4
241.8
238.1
278.7
284.5
ND
ND
74.5
76.0
150.7
148.8
224.1
227.5

R.S.D.
%
1.45
1.60
1.33
1.75
1.55
0.94
1.39
1.57
1.41
1.82
1.11
1.37
1.25

Using optode
25.18
0.15
0.9990
1.87
1.63
4.95

Recovery (%)
102.00
99.20
101.00
100.80
99.36
98.00
100.83
99.17
100.75
99.54
99.33
100.47
99.60

blank solution at pH 6.5, without lutetium. The linearly changes as a function of Lu(III) concentration range of 5.0–
280 ng mL–1. However, the calibration line did not pass through the zero. This may be due to the chemical varies
produced on sorption of Lu(III) in the sensor matrix that might have varied the absorbance. These chemical
variations may be counter ions or water content in the sensor matrix. The water contents before and after Lu(III)
sorption in sensor sample were found to be within 1.2 wt.%. The minimum concentration of Lu(III) needed in the
10 mL equilibrating solution to produce distinct color change of sensor (dimensions 3.0 cm x 1.0 cm) was calculated
to be 280 ng mL–1. However, the detection limit of Lu(III) concentration can be further enhanced by applying larger
volume of aqueous sample.
The obtained linear regression equation was A = 5.18C (µg mL–1) + 0.13 (r = 0.9990). The molar absorptivity was
found to be 9.06 × 106 L mol–1 cm–1 at 606 nm, whereas the Sandell sensitivity was calculated to be 0.019 ng cm–2
(Table 2). The standard deviations of the absorbance monitors were investigated from a series of 13 blank solutions.
The detection (K = 3) and of quantifiation (K = 10) limits of the procedure were illustrated [51] and presented in
Table 2, according to the IUPAC definitions (C1 = KSo/s where C1 is the limit of detection, So is the standard error
of blank, s is the slope of the standard curve and K is the constant related to the confidence interval. The RSD was
1.87% calculated from a series of 10 standards each having 150 ng mL–1 of Lu(III).
The membrane sensor reproducibility was investigated applying standard lutetium solution. Suitable aliquots
were spiked from standard lutetium solution in to the medium of uptake experiments, e.g., pH 6.5, TEA buffer,
volume = 10 mL; and [Lu]=150 ng mL−1. The membrane sensor sample was taken out for the absorbance monitors
after equilibration for 10 min. The mean absorbance values with the RSD were calculated to be 0.77 ± 0.02 (n = 6).
The small deviations in absorbance values indicate that membrane sensor responses are reproducible under the
optimum expermental conditions.
To enhance the change in absorbance at 606 nm in the membrane sensor, the sensor samples of various
dimensions were equilibrated in bicarbonate medium with buffered solutions having 1.0 µg of Lu(III) in 10 mL. As
can be shown from Figure 5, the absorbance increases from 0.29 to 0.78 by decreasing area of sensor samples from
4.0 to 1.0 cm2. This can be attributed to increase in Lu(III) amounts in the unit volume of the sensor. Therefore, the
possibility exist to improve Lu(III) detection limit of sensor by decreasing its volume.
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Figure 5. Variation in absorbance of the sensor samples at 606 nm equilibrated with buffered solution containing 1.0 μg of
Lu(III). The area of membrane sensor was varied by changing length and keeping same breadth 1.0 cm
Table 4. Results of the Lu(III) ion concentration measurements in real synthetic samples
Lu(III) ng mL–1
Sample
Lu(III) Found
Lu(III)
R.S.D. (%)
Added
ICP-OES
proposed
Synthetic sample 1
100
98.5
100.6
1.27
Synthetic sample 1
140
141.2
140.6
1.75
Synthetic sample 1
180
182.2
180.9
1.36
Synthetic sample 1
220
218.3
221.2
1.55
Synthetic sample 2
150
151.5
149.4
1.65
Synthetic sample 2
200
202.7
199.0
1.83
Synthetic sample 2
240
237.8
241.2
1.49
Synthetic sample 2
280
283.5
278.7
1.34

t-testb

F-valueb

1.62
1.32
1.98
1.78
2.12
2.34
1.87
1.73

3.03
2.87
4.56
3.59
3.96
4.26
3.56
3.42

The performance of the proposed procedure was assessed by calculation of the F-test (for precision) and t-value
(for accuracy) compared with the AAS ones. The mean values were obtained in F-tests and Student’s t- at 95%
confidence limits for six degrees of freedom [52]. The results indicated that the investigated values (Table 4) did
not exceed the theoretical values. The higher accuracy, wider range of determination, increased stability and lower
time consumption indicate the advantages of the proposed procedure over the other ones.

Interfering Ions
The selectivity of the sensor was investigated by equilibrating sensor samples with solutions containing various
cations (Th4+, La3+, Sc3+,Y3+, Sm3+, Nd3+, Eu3+, and Fe3+) and anions (F−, I−, NO3−, CO32−, PO43− and C2O42−). The
absorbance spectra of sensor samples did not vary on its equilibration with solution containing 5.0–400 µg of Th4+.
However, some of these ions were found to affect the Lu(III) sorption in the sensor. To study the effects of these
ions on Lu(III) sorption in the sensor, the uptake investigates were recorded out in the presence of trace
concentrations of cations such as Th4+, Nd3+, Fe3+, and anions as F−, C2O42− at pH 6.5 in TEA buffer with 150 ng mL–
1 Lu(III). In all cases except C2O42−, the absorbance changes in the sensor samples were within ± 5.0%, indicating
that the presence of these cations/anions in the trace amounts will not significantly affect the Lu(III) determination.
The tolerance limit was taken as 5.0% deviations in the mean absorbance values in Lu(III)–NTDP complex at 606
nm in the absence of the competing cations/anions. In case of C2O42−, the absorbance was decreased to 15% which
illustrated that C2O42− ions interfere in the sorption of Lu(III) in the sensor. A 1.0 mL of 1.0 x 10−3 M ammonium
molybdate was added to prevent the interference of C2O42− upto 400 fold molar excess.

Analytical Application to Synthetic and Real Samples
The lutetium optical sensor device was developed and used to detect lutetium ions in synthetic and river water
samples. Table 3 and 4 records the respective resulting data of these applications. The result, derived from six
replicates monitors with the same sensor, was calculated to be in satisfactory agreement with that detected by
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Table 5. Comparison of proposed Lu(III) optical sensor with other procedures for determination of Lutetium
Method
DL a (M)
LRb (M)
Samples
Spectrophotometry
0.114 μg/mL
0.68 – 10 µg/mL
synthetic sample
Fluorimetry
29 ng/mL
1.8 × 10–7 - 8.8 × 10–6
synthetic sample
ISE
6.7×10−7
1.0×10−6 - 1.0×10−2
CRM sample
Optical sensor
9.3 ×10−8
5.0 × 10−7- 1.0 × 10−5
river water & CRM
Optical sensor
1.63 ng mL–1
4.95 ng mL–1
river water & CRM
a

b

Detection limit
Linear range

Table 6. Results from the Coal and Fuel Ash Analysis (FFA 1 Fly Ash)
Certified values for (mg kg–1)
As
53.6
La
60.7
Al
14.87
Hf
6.09
Co
39.8
Mn
1066
Ca
156
Na
2.19
Ba
835
Li
128
Cs
48.2
Nd
56.8
Cu
158
Ni
99.0
Ce
120
Lu
0.658
Dy
9.09
P
725
Eu
2.39
Rb
185
Er
4.52
Pb
369
Fe
4.89
Sc
24.2
F
198
Sb
17.6
Gd
10.0
Si
22.48

Sr
Sm
Th
Tm
Ta
U
V
Tb
W
Yb
Y
Zn
-

Ref.
14
15
23
50
this work

250
10.9
29.4
0.705
2.11
15.1
260
1.38
10.5
4.24
45
569
-

Arsenazo (III) procedure [53]. The characteristics of the proposed lutetium optical sensor were also compared with
other procedures to determine lutetium presented in the literature (Table 5). The linear range and detection limit
of the proposed optical sensor is acceptable compared to the reported procedures; however, literature survey
presents that there is no work on optical sensor membrane with chip reagents to determine Lu(III) ions in solutions.
The proposed sensor was also applied to determine Lu(III) concentration in the certified reference material
(CRM), called Coal and Fuel Ash (FFA 1 Fly Ash). According to Table 6, where the CRM analysis was recorded,
the Lu(III) amounts was 0.658 mg kg–1. Alternatively, the calibration procedure was employed, representing a
Lu(III) value of 0.667 ± 0.3 mg kg–1. These data revealed that the proposed sensor performed a trustworthy detection
regarding the Lu(III), despite the presence of other rare earth elements.
The membrane sensor was successfully applied in the spectrophotometric titration of Lu(III) with EDTA. A 10
mL (150 ng mL–1) solution of Lu(III) was titrated with 1.0 x 10−5 M solution EDTA (pH = 10.0). The sharp break
point corresponds to the stoichiometry of Lu(III)-EDTA complex.
As a result of very low detection limit and the high selectivity of the investigated lutetium sensor, it was applied
to Lu(III) ion determination in the soil where domestic devices were stored. Samples were taken from ten various
locations. From each location, 2000 g of soil were taken, powdered and mixed well. Each sample of 10 g was taken,
dissolved in 5.0 mL of HNO3 (10%) and then stirred for 25 min at 600 oC.
The resulting mixture was filtered and the residues were washed with distilled water three times (each time
with 2.0 mL). The resulting solution was diluted to 10 mL with 1.0 M CH3COO/NaCH3COO). Afterwards, the
absorbance was monitored by applying the developed Lu(III) optode as well as its calibration curve achieved after
mokitoring a series of lutetium ion standard solutions. The amounts of lutetium ion in the samples was detected.
The result, derived from triplicate mokitorts with the same sensor, was investigated to be in satisfactory agreement
with that determined by Arsenazo procedure [54], as it can be recorded from Table 7.
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Table 7. Determination of lutetium in soil samples (the results are based on triplicates measurements)
Lu(III) ng Kg–1
Samples
Proposed
ICP-OES
t-testa
1
41 ± 0.3
39 ± 0.3
1.32
2
28 ± 0.2
27 ± 0.2
1.65
3
37 ± 0.2
35 ± 0.2
1.82
4
18 ± 0.4
20 ± 0.4
2.12
5
46 ± 0.2
48 ± 0.2
1.45
6
15 ± 0.3
19 ± 0.3
2.27
7
22 ± 0.4
23 ± 0.5
1.84

F-valuea
2.66
2.95
3.03
3.48
2.89
3.73
3.11

CONCLUSIONS
A PMMA-based optical membrane sensor has been developed to lutetium preconcentrate, separate and its
determination. The optical membrane sensor varies color due to lutetium uptake in the presence of TEA buffer of
pH 6.5 in bicarbonate/carbonate medium (~10−4 M). The intensity of color in the optical membrane sensor sample
was illustrated to be dependent on the lutetium uptake from the sample solution as well as the composition of
membrane. The detection limit of the optical membrane sensor film (dimension: 3.0 cm x 1.0 cm) was calculated to
be 1.63 ng mL–1. The presence of trace amounts of cations as Th4+, Nd3+, Fe3+, and of anions as F−, I−, NO3−, and
CO32−, etc. can not be tolerated during lutetium determination. At higher concentration of these ions, the negative
bias was obtained in the most cases except for C2O42− ions. The optical membrane sensor film was quite stable under
the experimental conditions.

REFERENCES
1.

Bariain C, Matias IR, Fernandez-Valdivielso C, JArregui F, Rodriguez-Mendezb ML, De Saja JA. Optical
fiber sensor based on lutetium bisphthalocyanine for the detection of gases using standard
telecommunication
wavelengths.
Sens
Actuators
B:
Chem
2003;93:153–158.
https://doi.org/10.1016/S0925-4005(03)00204-1
2. Kirk OR, Othmer FD. (1982) ‘Encyclopedia of Chemical Technology’ Vol. 19 Wiley, New York, p. 851.
3. Fricker SP. Therapeutic application of lanthanides. Chem Soc Rev. 2006;35:524–533.
https://doi.org/10.1039/b509608c
4. Evans CH. Interesting and useful biochemical properties of lanthanides. Trends Biochem Sci. 8;1983:445–
449. https://doi.org/10.1016/0968-0004(83)90032-4
5. Zhu TC, Hahn SM, Sapatkin KA, Dimofte A, Rodriguez CE, Vulcan TG, Glatstein E, His RA. In vivo optical
properties of normal canine prostate at 732 nm using motexafin lutetium-mediated photodynamic
therapy.
Photochem
Photobiol.
2003;77:81–88.
https://doi.org/10.1562/00318655(2003)077<0081:IVOPON>2.0.CO;2
6. Vio L, Cretier G, Fhartier C, Geertsen V, Gourgiotis A, Hsnard I, Rocca JL. Separation and analysis of
lanthanides by isotachophoresis coupled with inductively coupled plasma mass spectrometry. Talanta
2012;99:586–593. https://doi.org/10.1016/j.talanta.2012.06.041
7. Yang YH, Fhang ZH, Chu ZY, Xie LW, Wu FY. Combined chemical separation of Lu, Hf, Rb, Sr, Sm and
Nd from a single rock digest and precise and accurate isotope determinations of Lu–Hf, Rb–Sr and Sm–
Nd isotope systems using Multi-Collector ICP-MS and TIMS. Int J Mass Spectrom. 2010;290:120–126.
https://doi.org/10.1016/j.ijms.2009.12.011
8. Sonke JE, Salters VJM. Determination of neodymium-fulvic acid binding constants by capillary
electrophoresis inductively coupled plasma mass spectrometry (CE-ICP-MS). J Anal At Spectrom.
2004;19:235–240. https://doi.org/10.1039/B310339K
9. Kagaya S, Mizuno T, Tohda K. Inductively coupled plasma atomic emission spectrometric determination
of 27 trace elements in table salts after coprecipitation with indium phosphate. Talanta 2009;79:512–516.
https://doi.org/10.1016/j.talanta.2009.04.025
10. Li Y, Hu B. Cloud point extraction with/without chelating agent on-line coupled with inductively coupled
plasma optical emission spectrometry for the determination of trace rare earth elements in biological. J
Hazard Mater. 2010; 174:534–540. https://doi.org/10.1016/j.jhazmat.2009.09.084
11. Amaral CDB, Machado RC, Barros JAVA, Virgilio A, Schiavo D, Nogueira ARA, Nóbrega JA.
Determination of rare earth elements in geological and agricultural samples by ICP-OES. Spectroscopy
2017;32:32–36.
12. Biju VM, Prasada Rao T. FAAS determination of selected rare earth elements coupled with multielement
solid phase extractive preconcentration. Chem. Anal. (Warsaw) 2005;50:935–944.

10 / 12

Eurasian J Anal Chem
13. Aliyua AS, Musac Y, Limana MS, Abbad HT, Chaandae MS, Ngenef NC, Garba NN. Determination of
rare earth elements concentration at different depth profile of Precambrian pegmatites using instrumental
neutron
activation
analysis.
Appl
Rad
&
Isotopes
2018;131:36–40.
https://doi.org/10.1016/j.apradiso.2017.10.046
14. Sanchez FG, Lopez MH, Gomez JCM. A graphical derivative approach to the photometric determination
of lutetium and praseodymium in mixtures. Talanta 1987;34:639–644. https://doi.org/10.1016/00399140(87)80079-6
15. Wang NX, Yang JH, Siu H, Qi P. 3rd-Derivative spectrometric determination of neodymium and erbium
in mixed rare-earth with 2-(diphenylacetyl)indan-1,3-dione and dodecyl benzenesulfonic acid sodiumsalt. Analyst 1995;120:2413–2416. https://doi.org/10.1039/an9952002413
16. Yang J, Jie N, Lin C, Wang M, Ma W. Determination of lutetium by fluorimetry, using BPMPHD and
CTMAB. Mikrochim Acta 1997;127:85–88. https://doi.org/10.1007/BF01243169
17. Manahan SE. (2006) Green chemistry and the ten commandments of sustainability. 2nd ed. ChemChar
Research, Inc, Columbia: pp.159–176.
18. Koel M, Kaljurand M. Application of the principles of green chemistry in analytical chemistry. Pure &
Appl Chem. 2006;78:1993–2002. https://doi.org/10.1351/pac200678111993
19. Tobiszewski M, Mechlińska A, Namieśnik J. Green analytical chemistry – theory and practice. Chem Soc
Rev. 2010;39:2869–2878. https://doi.org/10.1039/b926439f
20. Wardencki W, Namiesnik J. Some remarks on gas chromatographic challenges in the context of green
analytical chemistry. Polish J Enviro St. 2002;11:185–187.
21. Hosseini M, Ganjali MR, Aboufazeli F, Faridbod F, Goldooz H, Badiei A, Norouzi P. A selective fluorescent
bulk sensor for Lutetium based onhexagonal mesoporous structures. Sens Actuators B: Chem.
2013;184:93–99. https://doi.org/10.1016/j.snb.2013.04.059
22. Pourjavid MR, Razavi T. 2-Amino-4-(4-aminophenyl)thiazole application as an ionophore in the
construction of a Lu(III) selective membrane sensor. Chin Chem Lett. 2012;23:343–346.
https://doi.org/10.1016/j.cclet.2011.12.006
23. Zamani HA, Ganjali MR, Faridbod F. A lutetium PVC membrane sensor based on (2-oxo-1,2-diphenylethylidene)-N-phenylhydrazinecarbothioamide. J Serb Chem Soc. 2011;76:1295–1305.
https://doi.org/10.2298/JSC100826114A
24. Ganjali MR, Norouzi P, Atrian A, Faridbod F, Meghdadi S, Giahi M. Neutral N,N′-bis(2pyridinecarboxamide)-1,2-ethane as sensing material for determination of lutetium(III) ions in biological
and environmental samples. Mat Sci Eng. C 2009;29:205–210. https://doi.org/10.1016/j.msec.2008.06.017
25. Seitz WR. (1991) Optical ion sensing fiber optic chemical sensors biosensors II. CRC Press, Bocaraton,
Florida, pp. 1–19.
26. Castilleja-Rivera WL, Hinojosa-Reyes L, Guzman-Mar JL. Hernandez-Ramirez A., Ruiz-Ruiz E., Cerda V.,
Sensitive determination of chromium (VI) in paint samples using a membrane optode coupled to a
multisyringe
flow
injection
system.
Talanta
2012;99:730–736.
https://doi.org/10.1016/j.talanta.2012.07.012
27. Noroozifar M, Khorasani Motlagh M, Taheri A, Zare-Dorabei R. Diphenylthio-carbazone immobilized on
the triacetyl cellulose membrane as an optical silver sensor. Turk J Chem. 2008;32:249–257.
28. Zare-Dorabei R, Norouzi P, Ganjali MR. Design of a Novel gadolinium optical sensor based on
immobilization of (Z)-N`-((pyridine-2-yl)methylene) thiophene -2-carbohydrazide on a triacetylcellulose
membrane and its application to the urine samples. Anal Lett. 2009;42:190–203.
https://doi.org/10.1080/00032710802518213
29. Zare-Dorabei R, Norouzi P, Ganjali MR. Design of a novel optical sensor for determination of trace
gadolinium. J Hazard Mater. 2009;171:601–605. https://doi.org/10.1016/j.jhazmat.2009.06.044
30. Ganjali MR, Zare-Dorabei R, Norouzi P. Design and construction of a novel optical sensor for
determination of trace amounts of dysprosium ion. Sens Actuators B: Chem. 2009;143:233–238.
https://doi.org/10.1016/j.snb.2009.09.014
31. Seiler K, Simon W. Theoretical aspects of bulk optode membranes. Anal Chim Acta 1992;266:73–87.
https://doi.org/10.1016/0003-2670(92)85281-A
32. Narayanaswamy R. Tutorial review: Optical chemical sensors: Transduction and signal processing.
Analyst 1993;118:317–322. https://doi.org/10.1039/AN9931800317
33. Oehme I, Wolfbies OS. Optical sensors for determination of heavy metal ions. Mikrochim Acta
1997;126:177–192. https://doi.org/10.1007/BF01242319
34. Joannon S, Telouk P, Pin C. Determination of U and Th at ultra-trace levels by isotope dilution inductively
coupled plasma mass spectrometry using a geyser-type ultrasonic nebulizer: application to geological
samples. Spectrochim Acta (B) 1997;52:1783–1789. https://doi.org/10.1016/S0584-8547(97)00072-4

11 / 12

Amin / Optical Chemical Sensor of Lutetium(III) in Water
35. Steinberg IM, Lobnik A, Wolfbies OS. Characterisation of an optical sensor membrane based on the metal
ion
indicator
pyrocatechol
violet.
Sens
Actuators
B:
Chem.
2003;90:230–235.
https://doi.org/10.1016/S0925-4005(03)00033-9
36. Lerchi M, Bakker E, Rusterholz B, Simon W. Lead-selective bulk optodes based on neutral ionophores
with
subnanomolar
detection
limits.
Anal
Chem
1992;64:
1534–1540.
https://doi.org/10.1021/ac00038a007
37. Faridbod F, Sedaghat M, Hosseini M, Ganjali MR, Khoobi M, Shafiee A, Norouz P. Turn-on fluorescent
chemosensor for determination of lutetium ion. Spectrochim Acta (A) 2015;137:1231-1234.
https://doi.org/10.1016/j.saa.2014.08.024
38. Mohr GJ, Wolbeis OS. Optical sensors for a wide pH range based on azo dyes immobilized on a novel
support. Anal Chim Acta, 1994;292:41–48. https://doi.org/10.1016/0003-2670(94)00096-4
39. Capitan-Vallvey LF, Fernandez Ramos MD, Alvarez de Cienfuegos Galvez P, Gomez J. Magnesiumselective test strip. Talanta 2005;65:239–245. https://doi.org/10.1016/j.talanta.2004.06.017
40. Bakker E, Uhlmann PB, Pretsch E. Carrier-based ion-selective electrodes and bulk optodes. 1. General
characteristics. Chem Rev. 1997;97:3083–3132. https://doi.org/10.1021/cr940394a
41. Buhlmann P, Pretsch E, Bakker E. Carrier-based ion-selective electrodes and bulk optodes. 2. Ionophores
for potentiometric and optical sensors. Chem Rev. 1998;98:1593–1688. https://doi.org/10.1021/cr970113+
42. Wolfbeis OS. Fiber-optic chemical sensors and biosensors. Anal Chem. 2004;78: 3269–3284.
https://doi.org/10.1021/ac040049d
43. Scindia YM, Pandey AK, Reddy AVR, Manohar SB. Chemically selective membrane optode for Cr(VI)
determination
in
aqueous
samples.
Anal
Chim.
Acta
2004;515:311–321.
https://doi.org/10.1016/j.aca.2004.03.074
44. Sodaye S, Tripathi R, Pandey AK, Reddy AVR. Scintillating polymer inclusion membrane for
preconcentration and determination of α-emitting actinides. Anal Chim Acta 2004;514: () 159–165.
https://doi.org/10.1016/j.aca.2004.03.046
45. Awual MR, Alharthi NH, Okamoto Y, Hasan MM, Rahman MM, Islam MM, Abdul-Khaleque M, Sheikh
MC. Ligand field effect for Dysprosium (III) and Lutetium(III) adsorption and EXAFS coordination with
novel composite nanomaterials. Chem Eng J. 2017;320:427–435. https://doi.org/10.1016/j.cej.2017.03.075
46. Motolko KSA, Emslie DJH, Britten JF. Rigid NON-donor pincer ligand complexes of lutetium and
lanthanum:
synthesis
and
hydroamination
catalysis.
RSC
Adv.
2017;7:27938–27945.
https://doi.org/10.1039/C7RA04432A
47. Amin AS, El-Sheikh R, Shaltout MI. Utilization of 2-nitro-6-(thiazol-2-yldiazenyl)phenol for
spectrophotometric determination of trace amounts of copper(II) in water samples. Canad Chem Trans.
2014;2:296–305. https://doi.org/10.13179/canchemtrans.2015.03.02.0182
48. Mohr GJ. Polymers for optical sensors’, in Baldini F, Chester AN, Homola J, Martellucci S. (ed.), (2004)
Optical chemical sensor, Springer, The Netherland: pp. 297–322.
49. Hsu SL. (1999) Poly(methyl methacrylate), in J.E. Mark, (ed.), Polymer data handbook. Oxford University
Press, Inc., Oxford: pp. 655–657.
50. Sodaye S, Suresh G, Pandey AK, Goswami A. Radiochim. Studies on diffusional mobility and selectivity
of I− ion in plasticized anion-exchange membrane using radiotracer. Radiochim Acta 2006;94:347–350.
https://doi.org/10.1524/ract.2006.94.6.347
51. IUPAC, Nomenclature, symbols, units and their usage in spectrochemical analysis—II. data interpretation
Analytical chemistry division. Spectrochim Acta (B) 1978;33:241–245. https://doi.org/10.1016/05848547(78)80044-5
52. Miller JN, Miller JC. (2005) Statistics and Chemometrics for Analytical Chemistry, Prentice-Hall, 5th ed,
London.
53. Marczenko Z. (1986) Separation and Spectrophotometric Determination of Elements; Elis Horwood
Limited: Chichester.
54. Zare.-Dorabei R, Ganjali MR, Rahimi HR, Farahani H, Norouzi P. Design and fabrication of a novel optical
sensor for determination of trace amounts of lutetium ion. Curr Chem Lett. 2013;2:125–134.
https://doi.org/10.5267/j.ccl.2013.06.001

http://www.eurasianjournals.com

12 / 12

