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Fabrication a composite carbon paste electrodes
(CPEs) modified with multi-wall carbon nano-
tubes (MWCNTs/N, N-Bis (salicyliden)-1,3-
propandiamine) for determination of lanthanum
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In this work, we introduced the fabrication of a novel modified
Carbon Paste Electrode (CPE) for the determination of Lanthanum
ion based on Multi-Walled carbon nanotubes. The CPE
combination contained paraffin, graphite and N, N-Bus
(salicyliden)-1,3-propandiamine (SB-SalPr) that we reemployed
in the structure of electrode. After specifying the optimal
percentages, this electrode showed the Nernstian response with a
slope of 19.37 (mV/decade) to La3* ion in response time (<10 s),
the concentration range from (10-2_10-8 M) with detection limit of
5.21x10-° M. The potential response of the electrode remained
constant in the pH range of 5-9.
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Since the discovery of carbon nanotubes by
Enigma, much research has been done on the
structure of carbon nanotubes and their
physical and chemical characteristics. Carbon
nanotubes have mechanical strength, high
flexibility, chemical inertness, conductivity,

Introduction

Ion selective electrodes are chemical sensors
that respond selectively to active ions [1-2].
Lanthanum has a low to moderate level of
toxicity; therefore, we should be careful. By

changing and miniaturize the potentiometric
ion electrode, a paste electrode was made that
no longer needed an internal solution. These
electrodes have the appropriate texture to
accommodate modifying compounds from
renewable surfaces. Carbon paste electrodes
are widely used in electrochemical studies
due to their lower detection limit and higher
ohmic resistance, easy surface renewal and
miniaturization convenience [3-6].
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and the ability to act on the external surface.
Research shows that CNTs apply a good
electro-catalyst effect and their electron
transfer rate is high [7-11].

Therefore, carbon nanotubes are widely
used in chemical and biochemical sensors
today [12-16]. Also, carbon nanotubes are
commonly used in sensors to modify the
linear range and reduce the response time of
electrodes [17,18].
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Nano-tubes are divided into two main
attainable today. Single-Walled
Carbon nano-Tubes (SWCNTs) have a single
sheet of grapheme; it rolls uniformly to form o
cylinder with diameter of order of 1 nm of
length of up to centimeters [19,20].

Multi-Walled Carbon Nan-Tubes
(MWCNTSs) have an array of such cylinder
organized concentrically and separated by
0.35 nm; it is similar the basal plane
separation in graphite [21].

groups
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The diameter of MWCNTSs ranges from 2 to
100 nm and their length range is tens of
microns. In this work, a new nanocomposite-
based modified CPE was built for La3+cation
determination and potentiometric titration
versus EDTA.

Generally charged ionophores or neutral
ligands are commonly applied to make
electrodes sensitive to ions. The ligand

structure in this work was N, N-Bis
(salicyliden)-1,3-propandiamine (SB-SalPr).
(Figure 1).

4
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FIGURE 1 Chemical structure of the ligand SB-SalPr

Experimental
Chemicals and reagents

Graphite powder with a <50 um particle size
(Merck) and paraffin oil (Aldrich) was used for
Multi-Walled Carbon Nano-Tubes (MWCNTSs)
whit 20-30 nm diameters, 10-30 pm length
was bought from Iranian Nanomaterial’s
pioneers company. The nitrate salts of the
cations and N, N-Bis (salicyliden)-1,3-
propandiamine (SB-SalPr) were purchased
from Merck Chemical. Deionized water was
used for throughout.

Instruments

The reference electrode was the
electrochemical cell included calomel (Azar

Electrode); the indicator electrode was the

Lanthanum (III) sensor. The structure of
sensor is as follows:

Carbon Paste Electrode | sample solution |Hg-
Hg2C12, KCl (sat'd).

A corning ion analyzer 250 pH/mV meters
was applied for the potential measurements at
25.0 °C. The logarithm of the concentration of
the lanthanum ion was used to determine and
plot the potential.

Carbon Paste electrode preparation

After mixing the intended dosage of SB-SalPr,
graphite powder, paraffin and functionalized
Nano-Tubes completely, the mixture was
transferred into a glass tube with i.d. 5mm and
height of 3 cm. To prevent air gaps to form, the
paste was packed into the tube following the
homogenization of the mixture. This step was
taken to impede the heightened the electrical
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resistance of the electrode. A copper wire was
appended into the opposite end. A soft
abrasive paper was used to polish the working
surface of the electrode; then, to condition the
electrode, it was presoaked in a 1.0x10-3 mol
L-1of La (NO3)3.6H20 solution for 24 h [22-26].

Results and discussion

Potential response of the electrode
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In the primary experiments, the selectivity of
Carbon Paste electrode was tested against
some cations.

Electrodes were utilized for solution
(1.0x10-2_1.0x10-8M ) of the nitrate salt of the
captions. Potential was measured and plotted
versus the logarithm of the concentration of
the cations. The data are shown in Table 1.
According to data, La*3 cation shows a valid
Nernstian response.

TABLE 1 The slope and R? for curve of potential, versus the logarithm of the concentration of

some cations

M U2+ Niz+
Slope (mV decad-!) 14.20 21.17
R2 0.994 0.966
Optimization of CPEs

MWCNT-COOH was used as modifier in the
manufacture of CPE. Besides, it can increase
conductivity and improve dynamic range
and reduce the response time of the
electrode. To attain a suitable gradient,
Nernstian response, and high selectivity, the
percentage of Carbon Paste must be

Nd3+ Gds3+ Sm?2+ Caz2+ La3+
26.10 15.00 14.20 15.60 19.20
0.983 0.949 0.990 0.996 0.989

optimized. Then we optimized amount of
MWCNTs and Graphite with one changing at
the time method. Outcomes are shown in
Table 2.

Table 2 represents the selected CPE
optimal combination of 60% graphite
powder, 25% paraffin, 5% SB-SalPr, and
10% MWCNT with a Nernstian response
with a slope of 19.37 (mV/decade).

TABLE 2 Combination of percentage of Carbon Paste Electrode

A:Graphit  B:paraffin C:Ligand
60.00 25.00 5.00
61.00 26.00 5.00
61.00 23.00 10.00
59.00 27.00 7.00

Calibration graph

As the results of the calibration curve show
(Figure 2), the electrode exhibited a Nernstian
response a high Lanthanum ion
concentration range of 10-2_10-8 M with slope

over

D: MWCNTs Slope(mV/decade) R2
10.00 19.37 0.987
8.00 15.17 0.979
6.00 18.08 0.951
7.00 12.54 0.998

of 19.37 mV per decade based on 3 repeat
measurements.

The detection limit forLa*3 ion also gave the
extrapolation of the linear area of the standard
plot to the baseline potential, 5.21x10-° (M).
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FIGURE 2 Calibration curve of the La3*modified Carbon Paste Electrode

Effect of pH

The pH influence was studied with 1.0x10-
3and 1.0x10-4mol L1 La3* in the range of 1-13.

Figure 3 demonstrated that potentiometric
response remained constant in the pH range of
5-9.

400

The observed decrease in potential at
pH>10 is attributed to the formation of some
hydroxyl complex of La3* ions. It was also
observed that at lower pH values, the
potentials increased. This was due to the
prolongation of ionophore which affected a
weak response to La3* ions and strong
response to H30* ions [27-28].
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FIGURE 3 The influence of the pH on the potential response of modified CPE

Dynamic response time

Response time is one of the important factors
for each ion selective electrode (ISE). In order
to measure dynamic response time, different

concentrations of the La3+* from (10-2_10-8 mol
L-1) were used. As it can be observed, the
response time of electrode was less than 10 s
(Figure 4).
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FIGURE 4 The dynamic response time of the La3* (10-2_10-8 M) modified carbon paste electrode

Life time of the sensor

The life time of the electrode performance is:
The length of time that the electrode will be
the response to various concentration of the
goal ion and slope is satisfactory. Each test was

TABLE 3 Life time of La*3 nano-composite CPE

Time Week 2
Slope(mV.decate1) 18.80
R2 0.953

Selectivity of the sensor

The potentiometric selectivity of a fabricated
electrode is the response that the manufacture
electrode gives to the target ion in the
presence of other ions.

In this work, the selectivity coefficients
were defined by the matched potential
method (MPM). In MPM method, a known
concentration activity ratio of primal cation

done using three electrodes 1 h during 10
weeks most ISEs had an average life time the
ranging between 2 to 10 weeks. The Nernstian
slope of the electrode decreased (from 19.37
to 12.56 mV per decade) after these intervals.
Results are shown in Table 3.

Week 4 Week 6 Week 10
16.70 15.70 15.40
0.979 0.985 0.983

(A) (1.0x107 M) and interfering cation (B)
(1.0x10-5 M) in two separate experiments are
added to the reference solution of primal
cation (1.0x10-7 M); the measured potential
matches the obtained before adding primal
cation. Therefore, the MPM selectivity
coefficient (Kwpm) is the defined by the activity
ratio of the primal ion (A) and the interfering
ion (B) (Kwem=aA/aB) [29-37]. Results are
shown in Table 4.

TABLE 4 Selectivity coefficients for the La*3 nano-composite CPE

Interference ion Ky
Mnz2+ 3.3x10-5
Cuz+ 3.7x10-6
Niz2+ 7.4x10-7
Cdz2+ 5.1x10-7
K+ 2.30x10-6

Analytical application

Modified electrode was applied to detect the
end point of potentiometric titration of La3+
with EDTA. The solution of (1.0x10-3M) EDTA

Interference ion

Ko
Fe3+ 5.2x10-6
Coz+ 3.6x107
Al3+ 6.2x10-6
Mg2+ 2.2x107
Cr3+ 6.2x10-5

was applied to titrate 25 mL of solution of
(1.0x10+ M) La3*. Following the addition of
EDTA, the potential values decrease because
of the formation of La3* complex with EDTA
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formed leading to reduced concentration of
free La3+ ions in solution. The relevant results
are demonstrated in Figure 5.

This modified electrode was also used to
specify the La3* concentration in mixture of 2
and 3 various ions.
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As is evident from Table 5, the recovery for
La3* ion was accepted in all mixtures.

As a result, we compared the new La-CPE
with previous reports [37-39]. The results are
shown in Table 6.

0051152 253354455
VEDTA(mL)

FIGURE 5 Titration curve for La3+ (1.0x10-3 M) solution with EDTA

TABLE 5 Determination of La*3 in metal ions mixture

Added cations2 Foundb Recovery (%)
(1.0x10-+mol.L1) Cra(IIT) x107 M y 7o
Zn & Cd (1.00£0.02)x10-7 100
Ni & Cu (1.01£0.04)x107 101
Al & Mn (0.99+0.02)x107 99
Na & Mg (0.98+0.06)x107 98
Al & Mn & Ni (1.01£0.04)x107 101
Mg & K& Al (0.90£0.03)x107 90
Ni & Cu & Zn (0.99£0.05)x10-7 99
TABLE 6 Sensors for Lanthanum (III)
Slope, Response  Detection
Ionophore e pH range time, s limit, M Reference
Poly(vinyl chloride) 20.05 3.0-7.0 <15 3.16x101 [37]
1,3,5-trithiacyclohexan 20 5.0-8.0 10 5.0x10-6 [38]
Bis(thiophenal)phenylen- i 8
1,3-diamine (TPD) 19.6 3.5-9.5 10 2.0x10 [39]
N, N-Bus (salicyliden)-1, 19.37 5.2-9.0 <10 5.21x107 This

3-propandiamine
Conclusion

This project was designed to construct a CPE
based on the N, N-Bus (salicyliden)-1, 3-
propandiamine (SB-SalPr) ligand with the
composition 5% ionophore, 60% graphite,
25% paraffin and 10% MWCNTs.

The fabricated electrode could be used for
determineLa3* ion and bestusagein range pH
(5-9) and short response time <10 s. The
concentration linear range of1.0x10-2_1.0x10-
8 M La3*, a detection limit of 5.21x10-9and with
a Nernstian slope of 19.37 mV/decade were
used. Therefore, this electrode can be used
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effectively to measure La3* ions in real
samples.
Acknowledgements

We thankfully acknowledge the support by the
Islamic Azad University, Mashhad Branch.

Orcid:

Azam Hosseini Fahkrabad:
http://orcid.org/0000-0002-0925-3309
Razieh Sanavi Khoshnood:
http://orcid.org/0000-0001-5431-4839
Mohammad Reza Abedi:
http://orcid.org/0000-0002-1262-4414

Mahmoud Ebrahimi:
http://orcid.org/0000-0001-8637-9370

References

[1] H. Karimi Maleh, Y. Orooji, F. Karimi, M.
Alizadeh, M. Baghayeri, ]. Rouhi, S. Tajik, H.
Beitollahi, S. Agarwal, V. K. Gupta, S.
Rajendran, A. Ayati, L. Sanati, B. Tanhaei, M.
Shabani-nooshabadi, P. Naderi Asrami, A. Al-
Othman, Biosens. Bioelectron., 2021, 184,
113252,  |[crossref], [Google  Scholar],
[Publisher]

[2] M. Biabani, A.Nezhadali, A. Nakhaei,
H. Nakhaei, Int. J. Anal. Chem., 2020, 2020,
8864144. |[crossref], [Google Scholar],
[Publisher]

[3] M. Miraki, H. Karimi Maleh, M.A. Taher, S.
Cheraghi, F. Karimi, Sh. Agarwal, V.K. Gupta, J.
Mol. Lig., 2019, 278, 672-676. [crossref],
[Google Scholar], [Publisher]

[4] H. Karimi-Maleh, M. Sheikhshoaie, I
Sheikhshoaie, M. Ranjbar, ]. Alizadeh, N.
Wendy Maxakato, A. Abbaspourrad, New J.
Chem. 2019, 43, 2362-2367. [crossref],
[Google Scholar], [Publisher]

[5] S.A.R. Alavi-Tabari, M.A. Khalilzadeh, H.
Karimi-Maleh, J. Electro. Anal. Chem., 2018,

811, 84-88. |[crossref], [Google Scholar],
[Publisher]
[6] S. lijima, Nature, 1991, 354, 56-58.

[crossref], [Google Scholar], [Publisher]
[71 F. Tahernejad-Javazmi, M. Shabani-
Nooshabadi, H. Karimi-Maleh, Talanta, 2018,

Ehennea ) sav IR L
Communications

176, 208-213. [crossref], [Google Scholar],
[Publisher]

[8] T. Jamali, H. Karimi-Maleh, M.A.
Khalilzadeh, LWT-Food Science and

Technology, 2014, 57, 679-685. [crossref],
[Google Scholar], [Publisher]

[9] R.S.R Chen, W.H. Huang, H. Tong, Z.L. Wang,
J.K. Cheng, Anal. Chem., 2003, 75, 6341-6345.
[crossref], [Google Scholar], [Publisher]

[10] R.R. Moore, C.E. Banks, R.G. Compton,
Anal. Chem., 2004, 76, 2677-2682. [crossref],
[Google Scholar], [Publisher]

[11] K.P. Gong, M.N. Zhang, Y.M. Yan, L. Su, L.Q.
Mao, S.X. Xiong, Y. Chen, Anal. Chem., 2004, 76,
6500-6505. [crossref], [Google Scholar],
[Publisher]

[12] V. Schroeder, S. Savagatrup, M. He, S. Lin,
T.M. Swager, Chem. Rev., 2019, 119, 599-663.
[crossref], [Google Scholar], [Publisher]

[13] Z.S. Otvos, G.Y. Onyestyak, A. Hancz, L
Kiricsi, L.V.C. Rees, Carbon., 2006, 44, 1665-
1672. [crossref], [Google Scholar], [Publisher]
[14] K. Wepasnik, B.A. Smith, ].L. Bitter, D.H.
Fairbrother, Anal. Bioanal. Chem., 2010, 396,
1003-1014. [crossref], [Google Scholar],
[Publisher]

[15] J. Zhang, H. Zou, Q. Qing, Y. Yang, Q. Li, Z.
Liu, X. Guo, Z. Du, J. Phys. Chem. B., 2003, 107,
3712-3718. |[crossref], [Google Scholar],
[Publisher]

[16] Y. Xing, L. Li, C.C. Chusuei, R.V. Hull,
Langmuir., 2005, 21, 4185-4190. [crossref],
[Google Scholar], [Publisher]

[17] M. Javanbakht, S. EynollahiFard, M.
Abdouss, A. Mohammad, M.R. Ganjali, P.
Norozi, L. Safaraliee, Electroanalysis, 2008, 20,
2023-2030.  [crossref], [Google Scholar],
[Publisher]

[18] M. Javanbakht, A. Badiei, M.R. Ganjali, P.
Norozi, A. Hasheminasab, M. Abdouss, Anal.
Chim. Acta., 2007, 601, 172-182. [crossref],
[Google Scholar], [Publisher]

[19] D.T. Hoa, T.N. Suresh Kumar, N.S.
Punekar, R.S. Srinivasa, R. Lal, A.Q. Contractor,
Anal Chem., 1992, 64, 2645-2646. [crossref],
[Google Scholar], [Publisher]



http://orcid.org/0000-0002-0925-3309
http://orcid.org/0000-0002-0925-3309
http://orcid.org/0000-0001-5431-4839
file:///J:/ICC%20(2020.05.04)/Eurasian%20Chemical%20Communication/All%20Volumes%20and%20Issues/Final/Mohammad%20Reza%20Abedi:%20http:/orcid.org/0000-0002-1262-4414
http://orcid.org/0000-0002-1262-4414
http://orcid.org/0000-0001-8637-9370
https://doi.org/10.1016/j.bios.2021.113252
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Karimi+Maleh%2C+Y.+Orooji%2C+F.+Karimi%2C+M.+Alizadeh%2C+M.+Baghayeri%2C+J.+Rouhi%2C+S.+Tajik%2C+H.+Beitollahi%2C+S.+Agarwal%2C+V.+K.Gupta%2C+S.+Rajendran%2C+A.+Ayati%2C+L.+Sanati%2C+B.+Tanhaei%2C+M.+Shabani-nooshabadi%2C+P.+Naderi+Asrami%2C+A.+Al-Othman%2C+J.Biosensors+and+Bioelectronics%2C+2021%2C+184%2C+113252.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S095656632100289X
https://doi.org/10.1155/2020/8864144
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Karimi+Maleh%2C+Y.+Orooji%2C+F.+Karimi%2C+M.+Alizadeh%2C+M.+Baghayeri%2C+J.+Rouhi%2C+S.+Tajik%2C+H.+Beitollahi%2C+S.+Agarwal%2C+V.+K.Gupta%2C+S.+Rajendran%2C+A.+Ayati%2C+L.+Sanati%2C+B.+Tanhaei%2C+M.+Shabani-nooshabadi%2C+P.+Naderi+Asrami%2C+A.+Al-Othman%2C+J.Biosensors+and+Bioelectronics%2C+2021%2C+184%2C+113252.+&btnG=
https://www.hindawi.com/journals/ijac/2020/8864144/
https://doi.org/10.1016/j.molliq.2019.01.081
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Miraki%2C+H.+Karimi+Maleh%2C+M.A.+Taher%2C+S.+Cheraghi%2C+F.+Karimi%2C+Sh.+Agarwal%2C+V.+Kumar+Gupta%2C+Journal+of+Molecular+Liquids%2C+2019%2C+278%2C+672-676.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0167732218362214
https://doi.org/10.1039/C8NJ05581E
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Karimi-Maleh%2C+M.+Sheikhshoaie%2C+I.+Sheikhshoaie%2C+M.+Ranjbar%2C+J.+Alizadeh%2C+N.+Wendy+Maxakato%2C+A.+Abbaspourrad%2C+J.+Chem.2019%2C+43%2C+2362-2367.&btnG=
https://pubs.rsc.org/en/content/articlelanding/2019/nj/c8nj05581e/unauth
https://doi.org/10.1016/j.jelechem.2018.01.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.A.R.+Alavi-Tabari%2C+M.A.+Khalilzadeh%2C+H.+Karimi-Maleh%2C+J.+Electro.+Anal.+Chem.%2C+2018%2C+811%2C+84-88.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1572665718300444
https://www.nature.com/articles/354056a0#auth-Sumio-Iijima
https://doi.org/10.1038/354056a0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=+Helical+microtubules+of+graphitic+carbon&btnG=
https://www.nature.com/articles/354056a0
https://doi.org/10.1016/j.talanta.2017.08.027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=F.+Tahernejad-Javazmi%2C+M.+Shabani-Nooshabadi%2C+H.+Karimi-Maleh%2C+Talanta%2C+2018%2C+176%2C+208-213.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0039914017308469
https://doi.org/10.1016/j.lwt.2014.01.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=T.+Jamali%2C+H.+Karimi-Maleh%2C+M.A.+Khalilzadeh%2C+LWT-Food+Science+and+Technology%2C+2014%2C+57%2C+679-685.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0023643814000401
https://doi.org/10.1021/ac0340556
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.S.R+Chen%2C+W.H.+Huang%2C+H.+Tong%2C+Z.L.+Wang%2C+J.K.+Cheng%2C+Anal.+Chem.%2C+2003%2C+75%2C+6341-6345.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/ac0340556
https://doi.org/10.1021/ac040017q
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=R.R.+Moore%2C+C.E.+Banks%2C+R.G.+Compton%2C+Anal.+Chem.%2C+2004%2C+76%2C+2677-2682.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/ac040017q
https://doi.org/10.1021/ac0492867
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.P.+Gong%2C+M.N.+Zhang%2C+Y.M.+Yan%2C+L.+Su%2C+L.Q.+Mao%2C+S.X.+Xiong%2CY.+Chen%2C+Anal.+Chem.%2C+2004%2C+76%2C+6500-6505.&btnG=
https://pubs.acs.org/doi/abs/10.1021/ac0492867
https://doi.org/10.1021/acs.chemrev.8b00340
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=v.+schroeder%2C+s.+savagatrup%2C+m.+he%2C+s.+lin%2C+t.m.+swager%2C+chem.+rev.%2C+2019%2C+119%2C+1%2C+599-663&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.8b00340
https://doi.org/10.1016/j.carbon.2006.01.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Z.S.+Otvos%2C+G.Y.+Onyestyak%2C+A.+Hancz%2C+I.+Kiricsi%2C+L.V.C.+Rees%2C+Carbon.%2C+2006%2C+44%2C+1665-1672.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0008622306000650
https://doi.org/10.1007/s00216-009-3332-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Wepasnik%2C+B.A.+Smith%2C+J.L.+Bitter%2C+D.H.+Fairbrother%2C+Anal.+Bioanal.+Chem.%2C+2010%2C+396%2C+1003-1014.+&btnG=
https://link.springer.com/article/10.1007/s00216-009-3332-5
https://doi.org/10.1021/jp027500u
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Zhang%2C+H.+Zou%2C+Q.+Qing%2C+Y.+Yang%2C+Q.+Li%2C+Z.+Liu%2C+X.+Quo%2C+Z.+Du%2C+J.+Phys.+Chem.+B.%2C+2003%2C+107%2C+3712-3718.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/jp027500u
file:///J:/ICC%20(2020.05.04)/Eurasian%20Chemical%20Communication/All%20Volumes%20and%20Issues/Final/Copyright%20©%202005%20American%20Chemical%20Society
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Y.+Xing%2C+L.+Li%2C+C.C.+Choosey%2C+R.V.+Hull%2C+Langmuir.%2C+2005%2C+21%2C+4185-4190.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/la047268e
https://doi.org/10.1002/elan.200804284
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Biomimetic+Potentiometric+Sensor+Using+Molecularly+Imprinted+Polymer+for+the+Cetirizine+Assay+in+Tablets+and+Biological+Fluids&btnG=
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/elan.200804284
https://doi.org/10.1016/j.aca.2007.08.038
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Javanbakht%2C+A.+Badiei%2C+M.R.+Ganjali%2C+P.+Norozi%2C+A.+Hasheminasab%2C+M.+Abdouss%2C+Anal.+Chim.+Acta.%2C+2007%2C+601%2C+172-182.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003267007014432
https://doi.org/10.1021/ac00045a031
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.T.+Hoa%2C+T.N.+Suresh+Kumar%2C+N.S.+Punekar%2C+R.S.+Srinivasa%2C+R.+Lal%2C+A.Q.+Contractor%2C+Anal.+Chem.%2C+1992%2C+64%2C+2645-2646.+&btnG=
https://pubs.acs.org/doi/pdf/10.1021/ac00045a031

Page |634 Eurasian

Chemical
Communications

) SAMI |

[20] H. Sangodkar, S. Sukeerthi, R.S. Srinivasa,
R. Lal, A.Q. Contractor, Anal. Chem., 1996, 68,
779-783.  [crossref], [Google Scholar],

A. Hosseini Fakhrabad et al.

[32] H.A. Zamani, F. Faridbod, M.R. Ganjali,
Mater. Sci. Eng. C., 2013, 33, 608-612.
[crossref], [Google Scholar], [Publisher]

[Publisher]

[21] RK. Saini, LW. Chiang, H. Peng, R.E.
Smalley, W.E. Billups, R.H. Hauge, ].L.
Margrave, J. Am. Chem. Soc., 2003, 125, 3617-
3621. [crossref], [Google Scholar], [Publisher]

[33] H.A. Zamani, A. Zanganeh Asadabadi, M.
Rohani, M.S. Zabihi, J. Fadaee, M.R. Ganjali, F.
Faridbod, S. Meghdadi, Mater. Sci. Eng., C.,
2013, 33, 984-988. |[crossref], [Google
Scholar], [Publisher]

[22] T.A. Alj, A.A. Farag, G.G. Mohammad, J. Ind.
Eng. Chem., 2014, 20, 2394-2400. [crossref],
[Google Scholar], [Publisher]

[23] T.A. Ali AM. Eldidamony, G.G.
Mohammad, M.A. Abdel- Rahman, Int. J.
Electro. Chem. Sci., 2014, 9, 4158-4171. [Pdf],
[Google Scholar], [Publisher]

[24] M.R. Gangali, Z. Memari, F. Faridbod, R.
Dinarvand, P. Norouzi, Electro analysis., 2008,
24, 2663-2670. [crossref], [Google Scholar],
[Publisher]

[25] M.R. Gangali, P. Norouzi, F. Faridbod, M.
Yousefi, L. Naji, M. Salavati-Niasari, Sens.
Actuators B: Chem., 2007, 120, 494-499,
[crossref], [Google Scholar], [Publisher]

[26] A. Hosseini Fakhrabad, R. Sanavi
Khoshnood, M. Ebrahimi, M.R. abedi, J. Anal.
Chem., 2020, 7, 951-957. [crossref], [Google
Scholar], [Publisher]

[27] H.A. Zamai, M. Masrournia, H. Ganjali,
M.R. Mohamadzadeh, M. Rahimizadeh, P. Ziaei,
Mater. Sci. Eng. C., 2009, 29, 976-979.
[crossref], [Google Scholar], [Publisher]

[28] M.R. Gangali, F. Faridbod, P. Norouzi, M.
Adib, Sens. Actuators B: Chem., 2006, 120, 119-
124. [crossref], [Google Scholar], [Publisher]
[29] H.A. Zamani, G. Rajabzadeh, M.R. Ganjali,
Sens. Actuators B: Chem., 2006, 119, 41-46.
[crossref], [Google Scholar], [Publisher]

[30] M.R. Gangali, T. Poursaberi, F. Basiripour,
M. SalavatiNiasari, M. Yousefi, M. Shamsipur, J.
Anal. Chem., 2001, 370, 1091-1095. [crossref],
[Google Scholar], [Publisher]

[31] H.A. Zamani, A. Arvinfar, F. Rahimi, A.
Imani, M.R. Ganjali, S. Meghdadi, Mater. Sci.
Eng. C, 2011, 31, 307-312. [crossref], [Google
Scholar], [Publisher]

[34] H.A. Zamani, F. Faridbod, M.R. Ganjali,
Mater. Sci. Eng. C., 2014, 43, 488-493.
[crossref], [Google Scholar], [Publisher]

[35] K. Srinivasan, G.A. Rechnitz, Anal. Chem.,
1969, 41, 1203-1208. [crossref], [Google
Scholar], [Publisher]

[36] V.P.Y. Gadzekpo, G.D. Christian, Anal
Chim. Acta., 1984, 164, 279-282. [crossref],
[Google Scholar], [Publisher]

[37] H.A. Zamani, R. Sanavi Khoshnod, F. Joz
Yarmohammadi, M. Mohammadhosseini, M.
Abedji, J. Anal. Chem., 2018, 73, 71-81. [Google
Scholar], [Publisher]

[38] V.K. Gupta, S. Jain, S. Chandra, Anal. chimi.
Acta., 2003, 486, 199-207. [crossref], [Google
Scholar], [Publisher]

[39] M. Shamsipur, M. Yousefi, M. Hosseini,
M.R. Ganjalia, Anal. Chem., 2002, 74, 5538-
5543. [crossref], [Google Scholar], [Publisher]
[40] M.R. Ganjali, M. Qomi, A. Daftari, P.
Norouzi, M. Salavati-Niasari, M. Rabbani, Sens.
Actuators B: Chem., 2004, 98,92-96. [crossref],
[Google Scholar], [Publisher]

How to cite this article: Azam Hosseini
Fakhrabad, Razieh Sanavi Khoshnood*,
Abedi, Mahmoud
Ebrahimi. Fabrication a composite carbon
paste electrodes (CPEs) modified with
Multi-Wall Carbon Nano-Tubes
(MWCNTs/N, N-Bis (salicyliden)-1,3-
propandiamine) for determination of
lanthanum  (II[).  Eurasian  Chemical
Communications, 2021, 3(9), 627-634. Link:
http://www.echemcom.com/article_13477
5.html

Mohammad Reza

Copyright © 2021 by SPC (SamiPublishingCompany) + is an open access article distributed

under the Creative Commons

Attribution
(https://creativecommons.org/licenses/by/4.0/),

License(CC
which  permits

BY) license
unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.1021/ac950655w
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.+Sangodkar%2C+S.+Sukeerthi%2C+R.S.+Srinivasa%2C+R.+Lal%2C+A.Q.+Contractor%2C+Anal.+Chem.%2C+1996%2C+68%2C+779-783.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/ac950655w
https://doi.org/10.1021/ja021167q
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Covalent+sidewall+functionalization+of+single+wall+carbon+nanotubes&btnG=
https://pubs.acs.org/doi/abs/10.1021/ja021167q
https://doi.org/10.1016/j.jiec.2013.10.019
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=T.A.+Ali%2C+A.A.+Farag%2C+G.G.+Mohammad%2C+J.+Ind.+Eng.+Chem.%2C+2014%2C+20%2C+2394-2400.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1226086X13004991
http://electrochemsci.org/papers/vol9/90804158.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Novel+Potentiometric+Sensor+for+Selective+Determination+of++Dodecyl%282-Hydroxyethyl%29-Dimethylammonium+Bromide++Surfactant+in+Environmental+Polluted+Samples%E2%80%8E+&btnG=
http://www.electrochemsci.org/list14.htm
https://doi.org/10.1002/elan.200804374
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sm3%2B+Potentiometric+Membrane+Sensor+as+a+Probe+for+Determination+of+Some+Pharmaceutics&btnG=
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/abs/10.1002/elan.200804374
https://doi.org/10.1016/j.snb.2006.03.002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.R.+Gangali%2C+P.+Norouzi%2C+F.+Faridbod%2C+M.+Yousefi%2C+L.+Naji%2C+M.+Salavati-Niasari%2C+Sens.+Actuators+B%3A+Chem.%2C+2007%2C+120%2C+494-499.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S092540050600150X
https://doi.org/10.1134/S1061934820070072
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Hosseini+Fakhrabad%2C+R.+Sanavi+Khoshnood%2C+M.+Ebrahimi%2C+M.R.+abedi%2C+J.+Anal.+Chem.%2C+2020%2C+7%2C+951.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A.+Hosseini+Fakhrabad%2C+R.+Sanavi+Khoshnood%2C+M.+Ebrahimi%2C+M.R.+abedi%2C+J.+Anal.+Chem.%2C+2020%2C+7%2C+951.+&btnG=
https://link.springer.com/article/10.1134/S1061934820070072
https://doi.org/10.1016/j.msec.2008.08.023
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamai%2C+M.+Masrournia%2C+H.+Ganjali%2C+M.R.+Mohamadzadeh%2C+M.+Rahimizadeh%2C+P.+Ziaei%2C+Mater.+Sci.+Eng.+C.%2C+2009%2C+29%2C+976-979.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0928493108002105
https://doi.org/10.1016/j.snb.2006.01.050
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.R.+Gangali%2C+F.+Faridbod%2C+P.+Norouzi%2C+M.+Adib%2C+Sens.+Actuators+B%3A+Chem.%2C+2006%2C+120%2C+119-124.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925400506000761
https://doi.org/10.1016/j.snb.2005.11.048
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+G.+Rajabzadeh%2C+M.R.+Ganjali%2C+Sens.+Actuators+B%3A+Chem.%2C+2006%2C+119%2C+41-46.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925400505009317
https://doi.org/10.1007/s002160100915
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.R.+Gangali%2C+T.+Poursaberi%2C+F.+Basiripour%2C+M.+SalavatiNiasari%2C+M.+Yousefi%2C+M.+Shamsipur%2C+J.+Anal.+Chem.%2C+2001%2C+370%2C+1091-1095.+&btnG=
https://link.springer.com/article/10.1007/s002160100915
https://doi.org/10.1016/j.msec.2010.09.016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+A.+Arvinfar%2C+F.+Rahimi%2C+A.+Imani%2C+M.R.+Ganjali%2C+S.+Meghdadi%2C+Mater.+Sci.+Eng.+C.%2C+2011%2C+31%2C+307-312.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+A.+Arvinfar%2C+F.+Rahimi%2C+A.+Imani%2C+M.R.+Ganjali%2C+S.+Meghdadi%2C+Mater.+Sci.+Eng.+C.%2C+2011%2C+31%2C+307-312.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0928493110002341
https://doi.org/10.1016/j.msec.2012.10.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+F.+Faridbod%2C+M.R.+Ganjali%2C+Mater.+Sci.+Eng.+C.%2C+2013%2C+33%2C+608-612.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0928493112004675
https://doi.org/10.1016/j.msec.2012.11.034
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+A.+Zanganeh+Asadabadi%2C+M.+Rohani%2C+M.S.+Zabihi%2C+J.+Fadaee%2C+M.R.+Ganjali%2C+F.+Faridbod%2C+S.+Meghdadi%2C+Mater.+Sci.+Eng.%2C+C.%2C+2013%2C+33%2C+984-988.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=H.A.+Zamani%2C+A.+Zanganeh+Asadabadi%2C+M.+Rohani%2C+M.S.+Zabihi%2C+J.+Fadaee%2C+M.R.+Ganjali%2C+F.+Faridbod%2C+S.+Meghdadi%2C+Mater.+Sci.+Eng.%2C+C.%2C+2013%2C+33%2C+984-988.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0928493112005528
https://doi.org/10.1016/j.msec.2014.07.035
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+selectophore+for+gadolinium+selective+sensor&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0928493114004421
https://doi.org/10.1021/ac60279a014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Srinivasan%2C+G.A.+Rechnitz%2C+Anal.+Chem.%2C+1969%2C+41%2C+1203-1208.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=K.+Srinivasan%2C+G.A.+Rechnitz%2C+Anal.+Chem.%2C+1969%2C+41%2C+1203-1208.+&btnG=
https://pubs.acs.org/doi/pdf/10.1021/ac60279a014
https://doi.org/10.1016/S0003-2670(00)85640-8
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+selectivity+coefficients+of+ion-selective+electrodes+by+a+matched-potential+method&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003267000856408
https://scholar.google.com/scholar?q=H.A.+Zamani,+R.+Sanavi+Khoshnod,+F.+Joz+Yarmohammadi,+M.+Mohammadhosseini,+M.+&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?q=H.A.+Zamani,+R.+Sanavi+Khoshnod,+F.+Joz+Yarmohammadi,+M.+Mohammadhosseini,+M.+&hl=en&as_sdt=0,5
https://web.b.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=10619348&AN=128425228&h=ibSB3pucmIjCgeZ1V8Hb%2frpkLLeF%2fOZWnLIXHgSr%2fAorvY8AnWqwM6MQyeoIX%2baueYdL45ObxfSSm1uE%2fIOhBA%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d10619348%26AN%3d128425228
https://doi.org/10.1016/S0003-2670(03)00506-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+sensor+for+lanthanum+%28III%29+determination+using+aza-crown+as+ionophore+in+poly+%28vinyl+chloride%29+matrix&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+sensor+for+lanthanum+%28III%29+determination+using+aza-crown+as+ionophore+in+poly+%28vinyl+chloride%29+matrix&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0003267003005063
https://doi.org/10.1021/ac0110451
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+Shamsipur%2C+M.+Yousefi%2C+M.+Hosseini%2C+M.R.+Ganjalia%2C+Anal.+Chem.%2C+2002%2C+74%2C+5538-5543.+&btnG=
https://pubs.acs.org/doi/abs/10.1021/ac0110451
https://doi.org/10.1016/j.snb.2003.09.028
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.R.+Ganjalia%2C+M.+Qomi%2C+A.+Daftari%2C+P.+Norouzi%2C+M.+Salavati-Niasari%2C+M.+Rabbani%2C+Sens.+Actuators+B%3A+Chem.%2C+2004%2C+98%2C+92-96.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925400503007536
http://www.echemcom.com/article_134775.html
http://www.echemcom.com/article_134775.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

