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In this research, a new modified carbon paste electrode (CPE) including multi-walled carbon nanotube
(MWCNT) and nanosilica (NS) and 4-Hydroxy Salophen (HS) as a suitable ionophore was constructed
and applicated as Tm**-ion selective sensor. This electrode shows a Nernstian response (19.2+0.1
mV/decade) over concentration range of 1.0x10°® to 1.0x10"% mol L. The electrode detection limits
was found to be 9.0x10°° mol L™ at a pH range of 3.1-7.8. The sensor has a response time of ~14 s.
This electrode displays very good selectivity with respect to different interfering ions, including alkali,
alkaline earth, transition and heavy metal ions. The created sensor was satisfactory applied to
determine Tm** ions in presence of metal ions mixture and used as an indicator electrode in the
potentiometric titration of Tm*" ions with EDTA.
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1. INTRODUCTION

Thulium is in the lanthanide series in the periodic table of elements with sign Tm and atomic
number 69.The most common oxidation status of thulium compounds (in halides, oxide, and other
compounds) is +3.1t is just found on the earth in the trace quantities and used in the portable X-ray
equipments and in the solid-state lasers as the radiation fountain. It has no noticeable biological role
and is not particularly toxic. It also applied in the microwave equipment as ceramic magnetic
materials, that is called ferrites. Thulium as an easily workable metal has been used in the dosimeters
to form of thulium-doped calcium sulphate. Thulium and other lanthanide oxides are widely applied in
construction of the optical devices with the provision of optical glasses and glass fibers, to purging of
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sulfur in the iron and steel industries, gasoline-cracking catalysts, burnishing compounds and carbon
arcs, and etc [1-5].

The main methods for low-level determination of Tm** ions and other lanthanide elements in
solutions are inductively coupled plasma mass spectrometry (ICP-MS), inductively coupled plasma
atomic emission spectrometry (ICP-AES), Isotope dilution mass spectrometry, spectrofluorimetry, X-
ray fluorescence spectrometry, neutron activation analysis, etc. These methods are either low
sensitivities, are time-consuming, involving multiple sample manipulations, or too expensive [6-9].

Carbon paste ion-selective electrodes incorporating MWCNT and NS were successfully used to
the monitoring of many metal ions in different industrial, biochemical and environmental samples [10-
12]. The advantages of this sensors are inexpensive, fast, portability, simplicity, and trusty response in
a abroad concentration range in comparison with other electrochemical systems. A literature study
revealed that there are very little records on Tm** carbon paste electrodes [13, 14].

During the past decade, other researchers and our team have used some of ion carriers in
construction of a number of P\VC-membrane ISEs for anions and cations [15-30].

This present research focuses on the construction of a new nano composite Tm* CPE based on
4-Hydroxy Salophen (HS) [Fig. 1] as a suitable selective element, and its application in the monitoring
of Tm* ion concentration .

OH HO

HO OH

Figure 1. The structure of HS.

2. EXPERIMENTAL

2.1. Reagents and materials

The chemical companies of the Aldrich and Merck were the providers for the salts (chloride
and nitrate) of all cations, high-purity paraffin oil and graphite powder (1-2 pum particle size).
Nanosilica (NS), and multi-wall carbon nanotubes (MWCNTSs) with 10-40 nm diameters, 1-25 pum
length) with 95% purity were purchased from Research Institute of the Petroleum Industry (Iran). An
Ag/AgCI electrode purchased from Azar electrode, Iran Co. as a reference electrode. Doubly distilled
de-ionized water was used throughout.
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2.2. The creation of Tm**-CPE

Appropriate amount of graphite powder along with different amounts of the ion carrier HS, NS
and MWCNTs were thoroughly mixed. The obtained mixture was transferred into a glass tube. The
sensor body was constructed from a glass tube of i.d. 5 mm and a height of 3 cm. The mixture
homogenization, was packed carefully into the tube tip to avoid possible air gaps, often enhancing the
electrode resistance. A copper wire was inserted into the opposite end to establish electrical contact.
The external electrode surface was smoothed with soft paper [31-33]. A new surface was produced by
scraping out the old surface and replacing the carbon paste. The electrode was finally conditioned for
24 h by soaking in a 1.0x10 mol L-1 Tm(NO3); solution.

2.3. The measurements of EMF

The monitoring of the electromotive force measurements (emf) can be represented as follows:
Tm**CPE | sample solution | Ag—AgCl (satd.)
Using a Corning ion analyzer 250 pH/mV meter at 25.0 °C. The activities of the ions tested

were calculated according to the Debye—Huckel procedure [34].
1/2

logy =-0511z2| —* __0.2
7 L+1.5,u1/2 ”}

3. RESULTS AND DISCISSION

In preliminary experiments, to get a clear result about the selectivity of the HS as a neutral ion
carrier for common metal ions, a series of experiments was performed. In detail, it was used to create
the PVC membrane ion-selective sensors for a wide variety of cations, including alkali, alkaline earth,
transition and heavy metal ions. Their potential responses were measured. Among the different cations
tested, only the Tm** ions showed a strong response (with a slope of 19.2+0.1 mVdecade™) to the HS
based membrane electrodes in comparison with the other used cations. In the next experiments, Tm*'-
CPE based on the same ion carrier was fabricated for determine of Tm** ion concentration. For this
purpose, various CP compositions were tested and the corresponding results are provided in Table 1. In
this Table, the effect of the amount of the HS, binder, MWCNT and NS on the potential response of
the Tm**-CPE was studied. The addition of the ligand HS to the compositions of CPE increases the
potential responses of the Tm**-CPEs (Nos. 1, 4, 5). It can be seen that addition of 3% HS to the CPE
increases the slope of the electrode from 15.4 to 17.6 mV decade™.

Using multi-walled carbon nanotube (MWCNT) in the CP composition improves the
conductivity of the electrode and the transduction of the chemical signal to electrical signal. The
dynamic working range and response time of the electrode improves by increasing of the conductivity.
The CP sensor compositions were modified by adding %1, %2 and %3 wt. of MWCNT to the
composition (Nos. 6-8) which led to improvements in the sensitivity of the CP sensor from the sub-
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Nerstian value of 16.3 mV decade™ to 22.9 mV decade™. From Table 1, addition of 2% MWCNT to
CP electrode shows the best response.

Nanosilica as a filler compound in the carbon paste composition which has high specific
surface area that helps extraction of the ions into the surface of the CPE. Obviously from Table 1,
addition of 0.1% wt of nanosilica (NS) to the CPE (no. 9) improves the response of the CP sensor.

According to this Table, the paste composition of 25% Paraffin oil, 3% HS, 2% MWNCT,
0.1% NS and 69.9% graphite powder exhibited a better Nernstian potential response (slope 19.2+0.1
mV decade™) with response time and a better linearity in linear response range (1.0x10°® to 1.0x10°
mol LY).

Table 1. Optimization of the membrane ingredients.

OMpo oNn O P 00 oDe

o Binder Graphite decade” | YN %
0 (Paraffin | HS b MWCNTs | NS : ange (Ma

. Powder

oil)
1 25 1 74 0 0 15.4+0.3 1.0x107-1.0x10°®
2 30 1 69 0 0 12.7+0.5 1.0x10°-1.0x10°®
3 35 1 64 0 0 12.3+0.1 1.0x10°-1.0x10°
4 25 2 73 0 0 16.7+0.3 1.0x107-1.0x10°®
5 25 3 72 0 0 17.6+0.4 5.0x108-1.0x10®
6 25 3 71 1 0 16.3+0.7 5.0x1078-1.0x1073
7 25 3 70 2 0 18.8+0.3 1.0x107%-1.0x10°°
8 25 3 69 3 0 22.9+0.7 1.0x1078-1.0x10°®
9 25 3 69.9 2 0.1 19.2+0.1 1.0x107%-1.0x10°°
10 25 3 69.8 2 0.2 18.2+0.8 1.0x10%-1.0x103
11 25 3 69.7 2 0.3 17.1+0.4 1.0x10%-1.0x103

3.2. Measuring range and calibration curve

The measuring range of an ISE is defined the linear section of the calibration graph [35-37].
The potential response of the nano-composite based Tm**-CPE (composition No. 9) displays a linear
response in Tm(111) ion concentration in the range 1.0 x108-1.0 x 10° mol L™ (Fig. 2). As can be seen
from Fig. 2, the calibration graph slope is 19.2 = 0.1 mV per decade. To calculate the detection limits
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of the Tm**-CPE, by extrapolating of the linear portion of the electrode’s calibration curve, was
calculated to be 9.0x10°° mol L™.
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Figure 2. Calibration curves of the HS-based Tm*" sensor.

3.3. The pH effect

For investigate the pH effect on the performance of the optimal modified Tm*'-CPE (no. 9), the
potentials were determined for a fixed concentration of Tm** solution (1.0x10™ mol L") in the pH
range of 1.0-11.0 (the pH was adjusted by using concentrated NaOH or HCI) and the recorded
potentials are depicted in Fig.3 [38-43]. The results displayed the potential of sensor is constant
between pH (3.1-7.8). Potential fluctuations at higher pH values (greater than 7.8) could be due to the
formation of some hydroxyl complexes of Tm** in the solution. At the lower pH values than 3.1 can be
attributed to partial protonation of the donor atoms of HS in the constructed Tm**-CPE.
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Figure 3. pH effect of the test solution (1.0x10™ mol L™ of Tm**) on the performance characteristics
of the Tm**sensor based on HS.
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3.4. Response time of the Tm**-CPE

In order to explore the response time of the Tm*-CPE, the practical response time was
measured by changing the Tm®" concentration in solution, each having a 10-fold difference in
concentration (in the range 1.0 x108-1.0 x 10 mol L™) and the results are shown in Fig 4 [44-52]. As
can be seen, in whole concentration range the Tm*'-CPE reaches its equilibrium response in a very
short time (~14 s).
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Figure 4. Dynamic response time of Tm** sensor based on HS.

3.5. Selectivity of the Tm**-CPE

In order to evaluate of the selectivity ability of the Tm*"-CPE, the matched potential method
(MPM) was used for this purpose and the results are given in Table 2. [53-63]. The selectivity
coefficients, KM" is defined as its tendency to respond to the activity (concentration) ratio of the
primary (A) ion in the presence of interfering species (B), KM™ = an/ag. According to the MPM, the
specified activity (concentration) of the main ion is added to a reference solution and the potential is
recorded. Then, the interfering ion would be added to an identical reference solution until the same
potential change would be obtained. As can be seen from Table 2, for all the mono-, di- and trivalent
ions used, the selectivity coefficients of the CPE are in the range 5.5x10* to 6.8x10° mol L*
indicating that they would not disturb the function of the Tm**-CPE.

Table 3 compares the linear (concentration) range, limit of detection, response time, and major
interfering cations of the suggested Tm*'-CPE with the previously reported Tm*'-CPEs in the
literature [13, 14]. As seen, the Tm**-CPE not only in the case of linear range and limit of detection,
but also in the case of selectivity coefficients is superior to the previously reported Tm>*-CPEs.
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Table 2. Selectivity coefficients ( Krn':;\f,B ) of various interfering species for Tm**-CPE.
Interfering g MPM Interfering MBI
lon Tm.B lon Tm.5
Lu®* 2.4x10™ cr** 3.8x10™
La®* 8.8x10° Mg** 2.7x10™
Yb** 2.8x10™ Pb?* 2.3x10™
Nd** 1.0x10™ Na* 4.9x10™
Eu®* 8.3x10° K* 5.5x10™
Ho®" 7.9x10° Co™* 8.0x10°
Gd** 8.2x10° Fe* 2.8x10™
Sm** 8.9x10° Ca** 2.2x10™
Er** 6.8x10° APl 4.1x10™
Tb* 7.9x10° cu® 2.1x10™
Pre* 9.0x10° Ni% 8.7x10°

Table 3. Comparison of previously reported Tm**-CPEs with the proposed Tm**-CPE.

lon Ref. 13 Ref. 14 This work
Linearity rang 1.0x10°- 1.0x10°- 1.0x10°-
(molL™) 1.0x102 1.0x10% 1.0x10°®
Detection limit 8.3x 107 2.0x 107 9.0 x 10
(molL™)
Response time (s) 15 25 ~14
Slope (mV decade™) 19.9 19.7 19.2
KMPM>1073 Ca, Ho, Gd, Pb, Ca, Gd, Yb, Th, -
YD, Th, Pr, Lu, Dy, Pr, Lu, Er

Er, Nd

2653
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3.6. Analytical application

The practical utility of the Tm**-CPE was investigated by its use as an indicator electrode for
the potentiometric titration of a 1.0x10™* mol L' Tm** ion solution with a standard 1.0x102 mol L' of
EDTA and the results are shown in Figure 5. As seen, the amount of Tm*" ions in solution can be
accurately determined from the titration curve providing a sharp end-point.
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Figure 5. Potential titration curves of 25 mL 1.0 x 10 mol L™ Tm*" solution with 1.0 x 102 mol L™
of EDTA.

In order to evaluate the applicability of the proposed Tm**-CPE, it was used to the monitoring
of Tm*" ion content in presence of metal ions mixture. The resulting values of the Tm**-CPE are listed
in Table 4. It should be noted that the recovery of thulium ions to be very good (97.0%-104.0%).

Table 4. Determination of Tm>* ion in presence of metal ions mixture.

Tm** Added cations Found® Recovery
(mol L) (mol L) (mol L) (%)
1.0x10° (0.0001)Gd(NO3):& (0.0001)Pr(NOs); 1.00x10° 100
1.0x107 (0.0001)Eu(NOs)s& (0.0001)Er(NOs)s 0.99x107 99
1.0x10° (0.0001)La(NO3)3& (0.0001)Ho(NO3)s 0.99x10° 99
1.0x10° (0.0001)Sm(NO3)3& (0.0001) Yb(NO3)s 0.98x10° 98
1.0x107 (0.0001) Th(NO3)s& (0.0001)Nd(NOs); 0.97x107 97
1.0x10° (0.0001)Na(NO3) & (0.0001)Cu(NOs), 1.04x107 104
1.0x10° (0.0001)Pb(NO3),& (0.0001)Ni(NO3), 1.01x10° 101
1.0x10° (0.0001)Co(NO3),& (0.0001)AI(NO3)s 1.01x10° 101
1.0x10° (0.0001)K(NO3) & (0.0001)Mg(NO3), 1.03x10° 103
1.0x10° | (0.0001)Pb(NO3),& (0.0001)Ca(NO3),& (0.0001)K(NO3) | 0.98x10° 98
1.0x10° | (0.0001)AI(NO3)s& (0.0001)Na(NO3) & (0.0001)Cu(NO3), | 1.02x10° 102

aResults are based on three measurements.
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4. CONCLUSION

A new modified Tm**-CPE including MWCNT and NS and 4-Hydroxy Salophen (HS) as a
suitable ionophore was designed and applied as an electrochemical Tm**-CPE for the determining of
Tm** ions in solution. The proposed Tm**-CPE revealed a Nernstian behavior (slope 19.2+0.1 mV
decade™) over a wide applicability range from 1.0x10® to 1.0x10° mol L™ with an detection limit of
9.0x10™° mol L, a fast response time of 14 s and its potential response were pH independent across
the range of 3.1to0 7.8.

ACKNOWLEDGEMENT
The authors acknowledge the kind financial support provided by the Research Council of Mashhad
Branch Islamic Azad University.

References

1. O.R.Kirk, F. D. Othmer, Encyclopedia of Chemical Technology, vol. 19, Wiley, New York, 1982,

p. 851.

M. R. Ganjali, P. Norouzi, A. Tamaddon, and M. Adib, Sens. Actuators B 114 (2006) 855.

. http://www.lenntech.com/periodic/elements/tm.htm

C. A. Hampel, and R. Book, The Encyclopedia of the Chemical Elements, Corporation, New York,

1968.

J. Park, S. J. Ahn, H. Seo, and N. Park, Acta Opt. Sin., 23 (2003) 2239.

Online available: http://www. lenntech.com/periodic/elements/tm.htm.

R. Q. Aucélio, C. L. V. Johnson, B. W. Smith, and J. D. Winefordner, Anal. Chim. Acta 411, 57

(2000).

8. K. J. Stetzenbach, M. Amano, D. K. Kreamer, and V. F. Hodge, Ground Water 32 (1994) 976.

9. J. Riondato, F. Vanhaecke, L. Moens, and R. Dams, Fresenius J. Anal. Chem., 370 (2001) 544.

10. U. Oesch, D. Amman, and W. Simon, Clin. Chem., 32 (1986) 1448.

11. M. A. Arnold, and M. E. Meyerhoff, Anal. Chem., 56 (1984) 20R.

12. M. L. Davies, C. J. Hamilton, S. M. Murphy, and B. Tighe, J. Biomaterials., 13 (1992) 971.

13. M. R. Ganjali, S. O. Ranaei-Siadat, H. Rashedi, M. Rezapour, and P. Norouzi, Int. J. Electrochem.
Sci., 6 (2011) 3684.

14. M. R. Ganjali, M. Rezapour, S. K. Torkestani, H. Rashedi, and P. Norouzi, Int. J. Electrochem. Sci.
6 (2011) 2323.

15. P. Norouzi, M.,R. Ganjali, A. Ahmadalinezhad, and M. Adib, J. Braz. Chem. Soc., 17 (2006) 1309.

16. H. A. Zamani M. Zaferoni, and S. Meghdadi, E-J. Chem., 9 (2012) 1941.

17. M. R. Ganjali, A. Ahmadalinezhad, P. Norouzi, and M. Adib, J. Appl. Electrochem., 36 (2006)
931.

18. S. Chandra, and D. R. Singh, Mat. Sci. Eng. A 502 (2009) 107.

19. AR. N. Goyal, M. Oyama, V. K. Gupta, S. P. Singh, and R. A. Sharma, Sens. Actuators B 134
(2008) 816.

20. P. M. Ajayan, Chem. Rev., 99 (1999) 1787.

21. M. Siswana, K. I. Ozoemena, and T. Nyokong, Sensors 8 (2008) 5096.

22. M. Javanbakht, A. Badiei, M. R. Ganjali, P. Norouzi, A. Hasheminasab,and M. Abdouss, Anal.
Chim. Acta 601 (2007) 172.

23. V. K. Gupta, A. K. Jain, S. Agarwal, and G. Maheshwari, Talanta 71 (2007) 1964.

24. H. A. Zamani, E-J. Chem. 9 (2012) 83.

B wN

No o



Int. J. Electrochem. Sci., Vol. 12, 2017 2656

25. V. K. Gupta, R. N. Goyal, M. K. Pal, and R. A. Sharma, Anal. Chim. Acta 653 (2009) 161.

26. H. K. Sharma, and N. Sharma, E-J. Chem., 6 (2009) 1139.

27. S. K. Mittal, S. K. A. Kumar, and H. K. Sharma, Talanta 62 (2004) 801.

28. A. K. Singh, R. P. Singh, and P. Saxena, Sens. Actuators B 114 (2006) 578.

29. S. Chandra, and D. R. Singh, Mat. Sci. Eng. A 5029 (2009) 107.

30. H. A. Zamani, and H. Behmadi, E-J. Chem., 9 (2012) 308.

31. F. Joz-Yarmohammadi, H. A. Zamani, and F. Mohammadabadi, Int. J. Electrochem. Sci., 10
(2015) 8124.

32. F. Mohammadabadi, H. A. Zamani, and F. Joz-Yarmohammadi, Int. J. Electrochem. Sci., 10
(2015) 2791.

33. A. Shirdel, H. A. Zamani, F. Joz-Yarmohammadi, S. A. Beyramabadi, and M. R. Abedi, J. Incl.
Phenom. Macrocycl. Chem., 86 (2016) 351.

34. S. Kamata, A. Bhale, Y. Fukunaga, and A. Murata, Anal. Chem., 60 (1998) 2464.

35. M. U. Naushad, Mater. Sci., B 31 (2008) 957.

36. R. Zare-Dorabei, P. Norouzi, and M. R. Ganjali, J. Hazard. Mater., 171 (2009) 601.

37. A. S. Dezfuli, M. R. Ganjali, and P. Norouzi, Mat. Sci. Eng. C 42 (2014) 774.

38. V. K. Gupta, R. Prasad, and A. Kumar, Talanta 63 (2004) 1027.

39. G. Ekmekci, D. Uzun, G. Somer, and S. Kalayci, J. Membr. Sci. 288 (2007) 36.

40. S. Chandra, and D. R. Singh, Mater. Sci. Eng. A 5029 (2009) 107.

41. S. K. Mittal, S. K. A. Kumar, and H. K. Sharma, Talanta 62 (2004) 801.

42. W.H. Mahmoud, Anal. Chim. Acta 436 (2001) 199.

43. M. R. Ganjali, M. Hosseini, A. Ghafarloo, M. Khoobi, F. Faridbod, A. Shafiee, P. Norouzi, Mat.
Sci. Eng. C 33 (2013) 4140.

44. P. Buhlmann, E. Pretsch, and E. Bakker, Chem. Rev., 98 (1998) 1593.

45. F. Mohammadabadi, H.A. Zamani, F. Joz-Yarmohammadi, and M.R. Abedi, Int. J. Electrochem.
Sci., 10 (2015) 2791

46. H. A. Zamani, M. Ranjkesh, and M. R. Abedi, Int. J. Electrochem. Sci., 9 (2014) 8435.

47. E. Hatami, H. A. Zamani, and R. Sanavi-Khoshnod, Int. J. Electrochem. Sci., 9 (2014) 8263.

48. A. Dehnavi, H. A. Zamani, M. Shariyati, M. R. Abedi, and S. Meghdadi, Int. J. Electrochem. Sci.,
9 (2014) 8273.

49. H. A. Zamani, M. Ranjkesh, and M. R. Abedi, Int. J. Electrochem. Sci., 9 (2014) 8435.

50. H. A. Zamani, M. Shoshtari, and Babak Feizyzadeh, Int. J. Electrochem. Sci., 10 (2015) 8644.

51. S. Moshirian Farahi, H. A. Zamani, F. Joz-Yarmohammadi, M. R. Abedi, and H. Behmadi, J.
Indian. Chem. Soc., 93 (2016) 1139.

52. M. R. Ganjali, N. Motakef-Kazami, F. Faridbod, S. Khoee, and P. Norouzi, J. Hazard. Mater., 173
(2010) 415.

53. M. Hosseini, S. D. Abkenar, M. R. Ganjali, and F. Faridbod, Mat. Sci. Eng. C 31 (2011) 428.

54. K. Alizadeh, H. Nemati, S. Zohrevand, P. Hashemi, A. Kakanejadifard, M. Shamsipur, M. R.
Ganjali, and F. Faridbod, Mat. Sci. Eng. C 33 (2013) 916.

55. M. R. Ganjali, P. Norouzi, F. S. Mirnaghi, S. Riahi, and F. Faridbod, leee Sens. J., 7 (2007) 1138.

56. M. R. Ganjali, P. Norouzi, F. Faridbod, S. Riahi, J. Ravanshad, J. Tashkhourian, M. Salavati-
Niasari, and M. Javaheri, leee Sens. J., 7 (2007) 544.

57. M. Ebrahimi, H. A. Zamani, and M. R. Abedi, J. Indian. Chem. Soc., 91 (2014) 431.

58. V. K. Gupta, A. K. Jain, S. Agarwal, and G. Maheshwari, Talanta 71 (2007) 1964.

59.Y. Umezawa, K. Umezawa, and H. Sato, Pure Appl. Chem., 67 (1995) 507.

60. H. A. Zamani, and F. Faridbod, J. Anal. Chem., 69 (2014) 1073.

61. G. G. Guilbault, R. A. Durst, M. S. Frant, H. Freiser, E. H. Hansen, T. S. Light, E Pungor, G.
Rechnitz, N. M. Rice, T. J. Rohm, W. Simon, and J. D. R. Thomas, Pure. Appl. Chem., 46 (1976)
127.

62. S. Matysik, F. M. Matysik, J. Mattusch, and W. D. Einicke, Electroanalysis 10 (1998) 57.



Int. J. Electrochem. Sci., Vol. 12, 2017 2657

63. IUPAC Analytical Chemistry Division, Commission on Analytical Nomenclature,
Recommendations for nomenclature of ion-selective electrodes, Pure Appl. Chem. 48 (1976) 127.

© 2017 The Authors. Published by ESG (www.electrochemsci.org). This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

