Latakia University Journal for Research and Scientific Studies - Basic Sciences Series Vol. (47) No. (4) 2025

Selective Detection of Magnesium ions(l1)
using a new modified carbon paste Electrode

Sameaa Alhrry”
Dr. Hajar Nasser**
Dr. Mosaab Khalel***

(Received 29/ 4/ 2025. Accepted 27 / 7 / 2025)

o ABSTRACT O

In this work, we adopt preparation a new carbon paste electrode for Magnesium ions based
on a (7% complex: EDTA (2,2',2",2"-(ethane-1,2-diyldinitrilo)tetraacetic acid ) as
electroactive material ( 45.5% Plasticizers (Paraffin Oil), 45.5% Graphite Powder,2%
MgO) , This electrode revealed a good selectivity for ions in a wide linear dynamic range
of (1.0*10° = 1.0 * 10%) M . The electrode exhibit a Nernstain response of (27.85) mv
per decade of Magnesium ions , the detection limit was ( 1 10 ) M . The response time
was about (25-30) s and the electrode can be used for 3 months at least. The applicable pH
range was obtained (5 —9). By using Matched Potential Methods ( MPM ), The Proposed
electrode show a very good selectivity towards Mg ion in presence of some Transition ,
heavy metal ions with the correlation coefficient ( 0.996) ,SD : 6.83x10™>, RSD : 3.99%, It
was found that there were no significant differences between the two methods and the
method used is characterized by accuracy and precision.

Keywords: Selective electrode, Carbon paste electrode (CPE), Magnesium ions, Nernstain
response

Copyright :Latakia University journal (formerly tishreen) -Syria, The authors
retain the copyright under a CC BY-NC-SA 04

" Master Student in analytical chemistry, Department of Chemistry , Faculty of Science , Latakia
University(formerly tishreen) , Syria.sameaa.alhrry@tishreen.edu.sy
** Professor, Department of Chemistry, Faculty of Science, University of Latakia(formerly

tishreen) , Syriahajar.n.nasser@gmail.com
***Doctor, Department of Chemistry,Higher Institute for Environmental, University of
Latakia(formerly tishreen) , Syria Mosabbkhalil@gmail.com

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
59


mailto:Syria.sameaa.alhrry@tishreen.edu.sy
mailto:hajar.n.nasser@gmail.com
mailto:Mosabbkhalil@gmail.com
https://orcid.org/0009-0009-0096-8402

Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

(1) asuiaal) cligd oo AEDY) i)
Aaral) O g8l diaal Bda (Grua aladiuly
#L..QAJ“\A:\M
** ali ala.a
*EF A Craa.d
(2025 / 7 [ 27 b L&l 46 2025. [ 4 [ 29 1) fuls)
0 gadl O

G0 T % o 2l agimall Clisl pe RIS Alaes G5S A o 2 (e ypnad ] 1 2
taa 53 2% o bl Cuy )oike 45.5%  ccahall Gonmsa 45.5% ( EDTA  mes) alladl) 5ol
S Gepaly (B dae o agerdl gl Bus Sl el 1 el (MO
2 sekly LS ¢ (27.85mv/ decade) o iy e ) A=yl (1.0 107° = 1.0 x 10) M
Gl aaicd (K adl (25 .(25-30) 8 sn Blaid 505 ge (1510 D) M oy (abiic i€
AN e el 3 sad
Sesl) (el o (MPM) 38lsall (y5aSll Gl cipelal sy ¢« PH:(5-9) e asn (gyenall alasiad oSas
Al paleall g€ (gaY) Aalundl Clis) (e asas Jl 8 MG™ 0l elat sam Aslimly pidy ikl
g 4l (g RSD @ 3.99% «SD : 3.86x107° M « R?=0.996 Lli) dalra pe dLill opaledll
- Aaally Bl e Aasiall Aaylally opiilal) o Augies (398

EDTA {aes cassiiall s ¢ uipill Qaall cilanall 050S0 dime ¢ Y (snall 14palidal) cilalsl)

Cage Ll Geins Goilsall iy i —(lle () LAV daals Alsa
CC BY-NC-SA 04 s 5l

Sameaa.alhrry@tishreen.edu.sy 4y ‘(’ugu Crpd) ABB dnaly ¢ aglell AS ¢ piale bR

Hajar.n.nasser@gmail.com .d, s c(u,ll-ua ) A Analy ¢ gladl AlSc o LeasSl) andd ¢ il

Ay s (Tl (030,0) A8 Aaaly Aid) Gisand Mol dgaall cAutd) eloasl and ¢ ) giSa® * *
Mosabbkhalil@gmail.com

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
60


mailto:Sameaa.alhrry@tishreen.edu.sy
mailto:Hajar.n.nasser@gmail.com
mailto:Mosabbkhalil@gmail.com
mailto:Mosabbkhalil@gmail.com
https://orcid.org/0009-0009-0096-8402

W

dadia
¢ [1-2] Al Bslal) cpalaal) Alemd ) oatty Gun ¢ bl yualiall oy o Bage D1Ke ppiadl Jiny
Gl haaie aay 5b ([BJanally 38D Loy ¢ aila ¥ lae 38 b Glad)) U8 (e 4adadind gL s
Blee bl 4 LS cDlimally leactl iy lld b Loy il Sl Al Slbleadl (o 23adl 3
Sl ) penll (G aats o Dlaall G oSy e lid) Sleall disiiy lisaell Ojlsis sl Jadl
Dhig ([4-9]  aidlal) dacall dadiie sy ol ilblaaly el Guailly cBliaal) Civda Jia Eiaea
delia Jae gy cbllad) delia Jlae b Lo ¢ Lelia dnge il i) 08 a3y db2 dugdl) avlidl

. il
Go wall ol bl laal Lo clisall Calide (8 yeaiall 138 55 a0a 8yg 0 (e Wil
abal) Jalall ¢ [10] XRD el 2D (5ol Cadall Gl (Jin (gy00 U diniliag aie CaiSU 53gaY)
AA<e 30 Aaled) FHR gpen ¢ (ICP-MS) s L) Lol SN Cadall ek ([11] (93 Galuciadd
Ghhl alaiul 55 wanty 0 3 e e Liad & ¢ [12] @lisd) Jiatl digha cig) zliady Luws
[16-18] &kl s3a 5,0 (e asvimiad)l 9o AAEN) ladl it G [13-15] Ll Sl Abisl)
leahaiio) Sy Al Apna yiied g8 ¢ [19]lesud WiSh o Alaedl (508l Aimay Aaedll (glasdl) Jals

adlaafy o) diaaf
4358 e by casiirall Slisl e RSl aps M SLa$ieS (Spesn skt 3 il 138 Bpaal o
Gand) b Leaiead) Dilal) b ealy (S Jaile 13 elpcadl) cluasl) gi afis Jlads L CalSe e (Gpunn
calite e Tlal G€aiy Lo ¢ ald IS8 ladlls 20l Zolas s 136915 oliall 835n anith 3 sl 4ilb codlsag

s s

sdlgay Ciad) 3k

Gaanl) 4,.;-°' daddicall dgal) —1

s ((Merck) 48,5 (10 99.99% solaill Llle  ( Graphite powder) cudhall 835 (0 JS paiiul)
Dibutyle <yt Jiigs S ¢ Paraffin Oil bl cuy ) dabine iliske « 99.5% sylaall 53 EDTA

55 il 20T (98% 85lall 53 aguyiaall aausl ¢ (- Dioctyl Phthalate <t (i<l sl (Phthalate

:99.5% sl 53 asaguall cilysr Judlym ) sl ((Aldrich) 455 (1 99.99% 5kl

Gl gaen ydad 5 agiina) S e o U cipiad a8 o g dikall Ljlad) Jllaall Zucally Ll

bl A sl aladiul,

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
61



Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

dgslaall Asally dansall cuail) (389 anall (508l dins (Gpuan ydani — 2

Sle cudhall Gonne alasinls Mg(ll) aspiedl @il (CPE) SEy) (58l dime (e jaiand o
(EDTA) b} gelyy cnal (53 Cullidl s 8 LEY) il Yiad Ty <Y Tliue 55 Aliase ddsheacS olal
235 Aol exdieaal pall pan b€ a3 aleS b s cagainall il Sl odginlS
Al dia b Alie Lt o5 cAiimall jacant da . e Jad 3Uad (e iy dae Juadl giail
bl Canay 38 (51l ((Gpuall distian ) clsgd) Jsa0 pias 3nge JSE Al cda Glasal ae 3 ks
Lsand) G oalas dlle Jas) 3 ¢Gubidl) Slgas an) SlseS) Gaastll Glacal L1 JSa) maagy LS GaY
Gigaa Glaa (Jalbg ¢ pumaall (el mhans (uilaly aaali Glacal Baiall (B)g alasial & Aalice 42k,
453 1.0 X 107 M apnuaa) s Jsbaa b Liad (gpuadl) g o . Sla¥) CadSll LoD} e il
20211 0ekal) oLl o)) iy a8lal Cpaentiy 5ol Al iy dings (jlanal de L

o —
< 7 L=
EDTA yasa SR ey

m‘_q,)m

At & g

psyiall ciligh oo chasll Y Damal) O g8l Lias (Gpua gpaat labda : (1) Jil)
Janll) O gesl ciludd g 53gaY) -3
A g yaal el k) el 8 sandl) Jelall (gpenal) aad 5 G eyilad) Lgal) Ayl slie) o
Sl phasiny (0.222V) cultll 0pall 5 (b a)slS/aimd) canje (Gpusal Aaailly (Spusall 120 (50€ o
sl 38 il el el Glld e cilads ¢ 4 Cppnyeadd) DS Jrass o SEI any a8l ks
cemse st LS ([22] (o) Aas ansle (5aSl it 5 (laaly Jalal cppenad) (g0 SIS (Rl g 0l
Aaseat 50y Jaad g gl Amblgal) S0 ile sl e Ailad) ligaSl) Caansy 8881 Ayl 5.2 J<al) b
gyl 380l Jalie <l gaSU

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
62



de&'; s).aal.'l ‘L_ﬁ)ﬁj\

sl (5 S0 Aimal din (gemn phasialy (1) sisiinal) sl (o SEY) Lol

psnital) s AEDY) (Guual) O gaS (bl (B Lardiunal) A1) (2) Jil)

3 AT 45 pesall

£
sl el

Ag/AgCl

dill Jotaatt €——

Al Jlaal) b

dddlially miliil) -4
! _pasall A (Gl s pil) Jrall 4; el 0908l Dine G b Al -1-4
Boliig Aausi ¢ lalse 52ey Alaaall (sl Aime o Zailal) LoV A5EY) (g)laall Jard A0l oeilial) adias
(Anliall Claldl 5 iliadl) divadll dgalle L) Alledl) ol ¢ cudhall) Aimall S5 8 AR slal)
Qs ASY) Ji Gt Ao Jany cuhall ol HLadWlie diaal) iS5 00 100% IS of i Al
BB et Asalial) palel) WG gl o IS et WS ([23-25] al5eSl 20U cppeas Il
bl Jladl o RIS 2 (b alitd) ey el dadl (8 (stad (i Lae € IS Bl
(1) Jsaall 8 miase 58 LS (el diacn Jary (53 anslidl
assitall cligd oo RESH L cujy EDTA  Gaasy Alaall ¢ sasl) Al panall candl) iliic (1) Jand)

R2

Bl Jlaal) mv/decade J.all sl Iy
mol/l Lo
oalal) Aaal 53kl Cudlal)
0.955 107*-1072 16 49% 49% 2% 2
0.997 107*-107" 13.89 48.5% 48.5% 3% 3
0.991 107°-107° 23.45 48% 48% 4% 4
0.932 107°-107° 22.55 47.5% 47.5% 5% 5
0.989 10°-107° 16.6 47% 47% 6% 6
0.992 107°-107 25.6 46.5% 46.5% 7% 7
0.912 102-107" 12.7 46% 46% 8% 8
0.936 10%-107 17 45.5% 45.5% 9% 9
0.955 107°-107" 22.7 45% 45% 10% 10
0.992 10°-107° 18.9 43.5% 43.5% 13% 13
0.966 107-10"" 17.7 42% 42% 16% 16

journal.latakia-univ.edu.sy

63

Print ISSN: 2079-3057 , Online ISSN:2663-4252




Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

46.5 % «alzs 53le 7% ) culS Qi) Zaeal (o Y] (Gpunall 881 Slgall Causd Ay DS ¢y Jaa]
(10107 = 1.0 * 107 M 38050 s Jlae e Ulass (oo 46.5 % ccudle

aai apel) i) 8 D) Gaay Laily Al e pe e sk uln a4l Ll
Crn ALl dagliall aliail of Clighd 4im (o asgllaall Jag il (383 38 ) dtmall clig€a iU
S YEARE PERPAN RIS MYSP

sanal) LAY Gpuall Liliaig el Llaind) A clbislal) Ay dahs il - 2 4
Galsd 53 ) (gpne Jumdl o Jgeanll Lega Dol aas Alaead) (50,0 Aimal anliall Gall) i) of

o adl () ALYl B Al Wgalansy JSll Al Rianal) Jan 4 @lldy (Aullia 4baiSy 0S5 AL
dalide cbiale laal &5 .[26,27] (el mhae ) 5eliSs @lisy g SNV Jai dlie £3589 dneless Ay
psagaall Y J5gy S~ DOPasigeall iVl JiSl Sl — paraffin ofl gLl cus) dudal
Asiys Ysa pmnall ilaall cund. 5l Alladll salally cahal) o JS) A dsessy BlisaY) oo (DPB
e e 25.6 mV/decade sy i Je Jail Paraffin Oil ack3 J<all S LS dibas

16.78 &l 3 DOP iise Juo Wi 24.4 mv/decade DPB iime Juo gl s 107°-107% s
daplall e Bliad) 3 aclay Lee Ty Tode 0l cu) iy« Jhdd) Jladll G e mv/decade
o) BLaYL AN ilisd) we Jalal) Qi o dpkadll e diesds 2oLy (50,80 Aimal slall 4,
Gl £jlae iy dae Juadl ael G ¢ aall il 4l Cuen olid) &5 Cus Aag 3l B oSl
Jslaall 8 sasasall b agiinal i olat Aliay S dlaiu) Jumdl (o Lae (52Y)

160
140
120
100
80 +
60 -

E{mV)

40 ~
20 +

-log[Mg]

asyiaall Ciligh jdanall AEGY) Gpuall O gaS Ao alall slgal) il 1(3) Jea

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
64



sanal) G Spuall dilaig <l i) A Ailaal) dgall Al 56 - 3 -4
el Lnne 3L B2a o IS agaageal) @ils Jidlimng @il sy o guiinal 2l e IS Al
13 45.5% « cudhe 45.5% « EDTA (e 7% ¢ dieas 52l 2% ) dawd (38 L) o g0iaal)

27.85 oy iyl Jaalls cpuens Jand Gum Jad) & agniuiial) aa) dume o Cadiy ()
b (e 43Ln) vie Langl Gum (R?=0.996 L)) dalaas 107107 s Jlas e mV/decade
Alal) Aalsig dity s agriiall Cilin) (Synall Aty Ayl b 8L 5 lyeSl) Juagil
AU LS gy qiay ) Ay)ally sl

¢ Zn0 «-<m-- NaTPB Ao+ MgO

200 +
180 ~
160 -
140 A
120 ~
100 ~
80 +
60 - ¢
40 A
20 +

E{mV)

-Log[Mg]

asyiaall Ciligh janall AEEY) Gpuall O gaS B Livaall dilaal) slgall uili :(4) Jead)

yanal) G Spuall Laiboasg gl Alaiu) b pH s L8l A -4-4

G PH (2-11)dke o @llyg ¢ yumnal) (ghuaall 5asl) dlaiad e PH ik 2 coss ol 13 8
G o5 USEN b pemse 98 L (1.0 X107 My (1.0 X107) M 380 b Zacdl) Mg(1l) Jallae
Sl ) il pH a vie el b abalad) clysill i .9 S e Jlad) e 8y el il
Lais g paall Jslaad) 8 B3gasall Sall asipuinal)l sl ae Llalamg daslill ducaalall HY ciligig p (gpend)
anta aas dais (gpenal) Tl Jald Cuanns Lane agayiaall il Ll (<80 <9 e oY) PH a8 xic
el gt Mallis GA Gulatll LB Gg 5N o5 e an Leae s yugll ol g Aljle daday

- dabiie ye el

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
65



Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

140 103 10%
120

100

E(mV)

80

60

40

20

yanal) AEDY) Spuall O gaS AepH s 56 :(5) Jead)

panal) G Spuall duilaaig <l Aot B Blal) dajs il dus -5-4

il G ¢ agriinall il ol ylaadll (el Ll oSl Alaily) e Ball cilays ik dus s
L) olad ASEY) (gladll olu aedl gin)y mag [28] iy lgmaay ) ADL b Tan dage
Gl @l Lavie adf Laagl ¢ 25-65 °C ghall cilays e Lo 5l L)y cass Lyaill 038 (b g padl)
HE ol Las dagynal) dallaall Gana 3lgaliiecsiy 5 il dusall iy 65 °C e el dadl 55l
- 25765 °C (e Jlaall (asn s (5aSl Clel Cuss Laias ¢ guiaeall Sligd olat (gyeuall Gl

35

30

25

20

E(mV)

15

10

0 20 40 60 80 100
T,C°

il AN (Sl EulinsS 60 DaTol) (B Bihal A Ll (6) <

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
66



ranall SN Guall pasg dilaliad (4 Ay —6-4

O Sl dibide Jillae e Z3lh dal (9l gl 4D a3l (el el (Spueall latiad) a 223

(125-30)S lays duse) 558 ) (gpesall Zlial 355 ¢ [29] ((1X107-1X1072)M e Cangl s agjieal

C bl B gl ol Cibait 050 Al AT ST S5 (e Al Al (s
Brdly )Sie Ui (Spenall 138 alasid) Z3ISe) (o sins 568 (Spesall sae A Tax (g9 pall o Lt Laiy

aailad B s (e Gus el (Gl e Blially ([30] dug el s e CaiSU Jobal dia)
el o Jaanll Gasms Los AaDle Jag sl (pann alais o5 aguiainal) Ciligd olas anlaial ol dilasy )
ol o o Jan gl il Ly ¢ duls aelge Gann g egd IS8 Guall dae Al caai . GpaSll A
T (<8 Gala VL @y Law ¢ ) A1 bl Dl 23l iy Bl eVl e iyl
A gigas Aadle Ayl dadas 23 DA e (Greaall JasdD &3 Cam @lld 2ay 11 sl 2ie

30 -
. —

25 * = .

20 - \

15 A

Slope

10 - \

Time|week)

ppand o gl 14 IS pgiall il (AN Gpual) 0 9aS i3 1(7) JS

pandl) AN (Gpual) AAEL) Ay —7-4
delee Clan 23 GllY (a30aS 3 550 8 SEN) (peall A unlien 3 GaY) e (AT Slisd 3505 )
G uaal) Llasd (520 i DR e (Sar Gl (puaall Bblal (alsdl al e dm (g3 AglEY)
MPM Matched sl 13a 8 Gilsall 09aSll &yl ciacic) 3) ¢ Alalsiag dhme Slisd 35n9 (a8 (a9 )2al)
Ll LS bl iyl anes b Lgalasial oy Al @kl Jual e 223 Cus ¢ Potential Method
Dla o KNPV 28ly) Jalea sla) o cdaphll o3 3 ¢ [31]450as) luldl s35n (a8 aalid
GsS S K<l € o) o G ¢ dalnd) 0pl) Al ) ) Gy el A6V s Adlad A

Al 4 k)

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
67



Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

Adlide il s Ja A gyl (ol AAEY) Clles a8 (2) Jsaall 8 Al i) il

anall G (Suaall (MPM) Ak oo Aaclil) L) culgh £(2) Jsead)

Interfering ion Kﬁgﬂ,wﬂ
Ag* 5x10%
K* 2.5x10%
Na* 4.5x10
Bi*? 5x1073
Cd*? 2.5x1073
Pb*? 7.5x1073
Zn*? 5.5x1073
Ba*? 2.5x10%2
Ca® 1x1072

S psia) Clisd olas LAENL aidy pdasall SENY) (el o (o sl A8lEN] CDlalae DA
.@5‘ BT IPON C_ata}j g Jh

Loulidl) Ll Jllaal) b panall AEY) (Spuall Liiliasy) dallaal) -5

OsaSll st 86l iy DL aall Jaagill e 2SE s 8ylanall (yoalll A yaca i) Caniag
e B lel@l sale] cadi cJuabicl) e €Y I jaaY) e WU aa e 0K i) 35l Al
(@lbaall Gl aladiuly clehall Lilan] dallee Cusal @l das Lol sluall Jassiall 33 (s

((3) Jsaall b miage p LS dicla ) Taals ¢cgsiall canail) (glaall ibai¥ly

sanall (Spuaall Ald alaiiualy Ajband) Al Adllas B o guiiial) 35 paas 2(3) Jsaad

o giall
SD . i [X]1
R% RSD% L bl
M - M
M Q;j)§
100.17% 3.447% 3.453x107* 1.001x1072 1x1072
96.67% 3.99% 3.86x107° 9.667x10™* 1x107°
96.13% 6.18% 5.94x10°° 9.613x107° 1x107
0.015 x107° s i
94.57 % 1.64 % 0.945% 10 1x107
journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252

68



Bl et dafiall Al of i Lo s ly el (Glaadl Glaily el Cabaiy) gt ) il
e da,lS laldel (Sag daally

 daan e Al il g Asikall ARyl il A5ie-6

& s o(AblogSl AU Aayha) sadine dinaye Aiihe pe ((Apell Ahall) Cindl) 8 Aniiall dahal) cuieh
5% a2 (ssiee die (b 1) (loa) (o IS Gy ey ada B (Al Jllae o i) (il ks
(4) dsaall 8 ) camad Lilian] Ayl (daaa ¢d8Y) e ST Gl

asyiaall Cligh o RASU yianal) AEEY) Gpuall Lbdatl) Gailadll :(4) Jgsall

L yhal)
F-test t-test confidence interval R% RSD% SD [M] X [M] L
daiial)
9.667x107* 75 | A
96.67% | 3.99% | 3.86x10 9.667x10 N
+1.6968x10 uigagl)
2.462 | 0.9564 Lk
0.992x107° 99.233% | 2.48% | 0.246x107* | 0.992x10°3 L1y
+0.6110x10™ Ll g

0o clldg (4.303) Aganall t dad (e Sl (t = 0.9564) igwnall t daid o Bl Joandl DA (g Laals
dapylall 48y 3 Wlas) (gyine (38 2as Y 4 i 1385 95% A (gsine die Lpa Jimyng el @ A Jal
Lrdial) dipylal) daa ) Lall sy g dki A8 (ggine die (2.462) Liswnad) Fdagi 5 L ¢ deiid)

(19:0) & Ay dlganll F dad ohe Ji il Can
P GAY) danaal) ALY (Gluall g panall AEEY) (Gpanall A5lka =7
(5) Jsaadl b Aaagul) ) (35 i3y Apenpe Brmne (Hloss ga peanall (puaall il Ajlae cass
ST Ll (glnal Tbdatl) Gatladll g panall (AEY) Gpuaall blatl) patladl) &5l 1(5) Jsaad)

a4 pH Jlaw il Jaall ‘,h;n Jlaall CaEgl) aa Gl b Aasdical) Ladl) 53lal)
Al (mV/decade) M M
30 3.4-89 29.9+0.7 1x10°-1x107 5x 10T 5-Bis (benzoylthio)-1,3-
dithiole-2-thione (BZ,dmit)
33 4-9.18 28.56 1x10°-1x10" | L. Magnesium

salycilatepolypyrrole
dopedwith Titan yellow
dye

34 4-8.4 30+1.0567 | 9.2x10°%1x10" 8x10° 5,10,15,20-
tetrakis(2-furyl)-
21,23-dithiaporphyrin4,5-

35 5-8 20.93+0.1 | 1.41x107°-1x107" 413x10° esomeprazole magnesium
trihydrate as an ion-association
complex
journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252

69




Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

36 3.5-9.0 29.2 1x 10” -x 10™ 1x107 4,5-Bis(Benzoylthio)-1,3-
Dithiole-2-Thione
Gpsal 5-9 27.85 1x107 -1x107 1x 10™ EDTA acid
Slanill

bl ailadl) llasl) dailad & Gl eanall SEY) Gl O 2 silad) Joaall DA (4

Glua gilly Claliiu)

Slaliinay)

BLSEDTA  (ameny Al3adl 508l diiae (o ale S (Gponn yuant AlSe) s paile DA e (35

Cahal) (IS G ) caguiiall Clisl ASEN) b3l dites 33LS MO cdinal) digias b Al

¢ cuile 45.5% EDTA  (aes 7% (MgO 2% ) :as¥) audll (385 @llyy dumal) 8 Zialal 83l
shd Jlae Lo 27.85 mV/decade 538 Ly Sae (gpuadl) el 5 ¢ (0l <) 45.5%
R?=0.996 Lli) Jelaes 107°-1072 M

S HCl e daiie lae plasinly Ailie PH cilays sie juaaall Y] (yuall £l Laa) e 2ay
. 25-65 °C shall cilay Jlas vie 5 (5-9) Jlaad) aca aslaiiul 45l NaOH

¢ A alllae DA 23 dad ) Jseasll (25-30)S Layad duie) 558 ) Tz liny 0saS0 o s LS

) A aalaY) Pla adsiall syl alse e Wadlae & (peadl) of Lo o) Bl DIS (e Laaly

Loaw sole) iy 11 gaand) die o oalie IS8 (miti) L 2000 pale) DA Loy (mleaiVL Ty of )

s (e dadaw

OSasg dnfial) diphal) daiay 483 b Wlias) (gpine 38 s Y 4l 225 95% (Lad 1) (@lasl D e
+ agldan a0 dadial) dasyal) laiel

taluagil)

- Ay Gl aaas ) el Gt 8 4k Bl )y sdaaall (Guedll kit e Jadll @

- oA AilaSy S AT Gl e laadl el i o

Reference

[1] F. Habashi, V. Tsimerman, and C. Runge, The periodic table, Chem. Educator, Vol. 18,
pp. 6-8, (2013).

[2] H. Sigel and A. Sigel, The bio-relevant metals of the periodic table of the elements,
Zeitschrift fur Naturforschung B, Vol. 74, No. 6, pp. 461-471, (2019).

[3] W. Grzebisz, Magnesium-food and human health, Journal of elementology, Vol. 16,
No. 2, (2011).

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
70




[4] H. Rubin, Magnesium: The missing element in molecular views of cell proliferation
control, Bioessays, Vol. 27, No. 3, pp. 311-320, (2005).

[5] H.K. Sadhanala, S. Pagidi, and A. Gedanken, High quantum yield boron-doped carbon
dots: a ratiometric fluorescent probe for highly selective and sensitive detection of Mg2+
ions, Journal of Materials Chemistry C, Vol. 9, No. 5, pp. 1632-1640, (2021).

[6] M.H. Pontes, J. Yeom, and E.A. Groisman, Reducing ribosome biosynthesis promotes
translation during low Mg2+ stress, Molecular Cell, VVol. 64, No. 3, pp. 480-492, (2016).
[7] B. O'Rourke, P.H. Backx, and E. Marban, Phosphorylation-independent modulation of
L-type calcium channels by magnesium-nucleotide complexes, Science, Vol. 257, No.
5067, pp. 245-248, (1992).

[8] A. Romani, Regulation of magnesium homeostasis and transport in mammalian cells,
Archives of biochemistry and biophysics, VVol. 458, No. 1, pp. 90-102, (2007).

[9] B.M. Altura (Ed.), Magnesium and the cardiovascular system, Karger, (1985).

[10] G.N. Eby, Determination of rare-earth, yttrium, and scandium abundances in rocks
and minerals by an ion exchange-X-ray fluorescence procedure, Analytical Chemistry, Vol.
44, No. 13, pp. 2137-2143, (1972).

[11] T.V. Ramakrishna, J.W. Robinson, and P.W. West, The determination of calcium and
magnesium by atomic absorption spectroscopy, Analytica Chimica Acta, Vol. 36, pp. 57-
64, (1966).

[12] K.J. Stetzenbach, M. Amano, D.K. Kreamer, and V.F. Hodge, Testing the limits of
ICP-MS: Determination of trace elements in ground water at the part-per-trillion level,
Groundwater, Vol. 32, No. 6, pp. 976-985, (1994).

[13] X. Gao, H. Huang, S. Niu, H. Ye, Z. Lin, B. Qiu, and G. Chen, Determination of
magnesium ion in serum samples by a DNAzyme-based electrochemical biosensor,
Analytical Methods, Vol. 4, No. 4, pp. 947-952, (2012).

[14] X. Gao, H. Huang, S. Niu, H. Ye, Z. Lin, B. Qiu, and G. Chen, Determination of
magnesium ion in serum samples by a DNAzyme-based electrochemical biosensor,
Analytical Methods, Vol. 4, No. 4, pp. 947-952, (2012).

[15] A. Adeli, R.S. Khoshnood, S. Beyramabadi, M. Pordel, and A. Morsalia, Design and
preparation of Magnesium (Il) selective electrode based on novel synthetic ligand and
optimization by D-optimal method, Journal of Applied Chemical Research, Vol. 16, No. 2,
pp. 56-71, (2022).

[16] B.T. Altura, T.L. Shirey, C.C. Young, K. Dellorfano, J. Hiti, R. Welsh, and B.M.
Altura, Characterization of a new ion selective electrode for ionized magnesium in whole
blood, plasma, serum, and aqueous samples, Scandinavian Journal of Clinical and
Laboratory Investigation, Vol. 54, No. sup217, pp. 21-36, (1994).

[17] C.P. Boke, O. Karaman, H. Medetalibeyoglu, C. Karaman, N. Atar, and M.L. Yola, A
new approach for electrochemical detection of organochlorine compound lindane:
Development of molecular imprinting polymer with polyoxometalate/carbon nitride
nanotubes composite and validation, Microchemical Journal, VVol. 157, 105012, (2020).
[18] C. Karaman, O. Karaman, N. Atar, and M.L. Yola, Electrochemical immunosensor
development based on core-shell high-crystalline graphitic carbon nitride@ carbon dots
and Cd0. 5Zn0. 5S/d-Ti3C2Tx MXene composite for heart-type fatty acid—binding protein
detection, Microchimica Acta, Vol. 188, pp. 1-15, (2021).

[19] Z. Stani¢ and S. Girousi, Carbon paste electrodes in potentiometry: the state of the art
and applications in modern electroanalysis (a review), (2011).

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
71



Latakia University Journal. Bas. Sciences Series © 2025 (4) aaall (47) alsall L)) aglall 28D Zaals dlas

[20] M. Ghazizadeh, Sensitive voltammetry method for analysis of the antioxidant
pyrogallol using a carbon paste electrode with CdS nanoparticle, Analytical Methods in
Environmental Chemistry Journal, Vol. 5, No. 01, pp. 86-96, (2022).

[21] H.N. Nasser and K.I. Alabid, Preparation of a selective electrode based on a modified
carbon paste for determination of phenol in water solutions and study it’s by potential
method, Journal. Tishreen. Edu. Sy, Vol. 44, pp. 83-102, (2022) (in Arabic).

[22] M. Ghazizadeh and H. Asadollahzadeh, A rapid cadmium determination based on ion
selective membrane potentiometric sensor by bis (salicylaldehydo) ethylenediimine as
carrier, Analytical Methods in Environmental Chemistry Journal, Vol. 4, No. 02, pp. 25-
33, (2021).

[23] 1. Svancara, K. Vytias, K. Kalcher, A. Walcarius, and J. Wang, Carbon paste
electrodes in facts, numbers, and notes: a review on the occasion of the 50-years jubilee of
carbon paste in electrochemistry and electroanalysis, Electroanalysis: An International
Journal Devoted to Fundamental and Practical Aspects of Electroanalysis, Vol. 21, No. 1,
pp. 7-28, (2009).

[24] 1. Svancara and K. Kalcher, Carbon paste electrodes, Electrochemistry of Carbon
Electrodes, pp. 379-424, (2015).

[25] D.D.L. Chung, Review graphite, Journal of Materials Science, Vol. 37, pp. 1475-
1489, (2002).

[26] G. Skripkiunas, E. Karpova, J. Bendoraitiene, and |. Barauskas, Effect of MWCNT
and PCE plasticizer on the properties of cement pastes, IOP Conference Series: Materials
Science and Engineering, Vol. 660, No. 1, p. 012032, IOP Publishing, (2019).

[27] H.M. Abu-Shawish, Potentiometric Response of Modified Carbon Paste Electrode
Based on Mixed lon-Exchangers, Electroanalysis: An International Journal Devoted to
Fundamental and Practical Aspects of Electroanalysis, Vol. 20, No. 5, pp. 491-497,
(2008).

[28] F.J. Vidal-Iglesias, J. Solla-Gullon, A. Rodes, E. Herrero, and A. Aldaz,
Understanding the Nernst equation and other electrochemical concepts: an easy
experimental approach for students, Journal of Chemical Education, Vol. 89, No. 7, pp.
936-939, (2012).

[29] C. Macca, Response time of ion-selective electrodes: Current usage versus IUPAC
recommendations, Analytica Chimica Acta, VVol. 512, No. 2, pp. 183-190, (2004).

[30] P. Biihimann, Y. Umezawa, S. Rondinini, A. Vertova, A. Pigliucci, and L. Bertesago,
Lifetime of ion-selective electrodes based on charged ionophores, Analytical Chemistry,
Vol. 72, No. 8, pp. 1843-1852, (2000).

[31] K. Tohda, D. Dragoe, M. Shibata, and Y. Umezawa, Studies on the matched potential
method for determining the selectivity coefficients of ion-selective electrodes based on
neutral ionophores: Experimental and theoretical verification, Analytical Sciences, Vol. 17,
No. 6, pp. 733-743, (2001).

[32] H. Gohari, Determination of magnesium in blood serum by using carbon paste ion
selective electrode based on multi-walled carbon nanotubes and nano silicon, Open
Journal of Analytical and Bioanalytical Chemistry, Vol. 1, No. 1, pp. 001-006, (2017).

[33] M.S.J.T. Selvi, A Heterogeneous Precipitate Based Magnesium lon Selective
Electrode-Its Preparation and Analytical Application, (2014).

[34] P. Kumar and Y.B. Shim, A novel Mg (Il)-selective sensor based on 5, 10, 15, 20-
tetrakis (2-furyl)-21, 23-dithiaporphyrin as an electroactive material, Journal of
Electroanalytical Chemistry, Vol. 661, No. 1, pp. 25-30, (2011).

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
72



[35] A.S. Saad, N.S. Ismail, N.S. Gaber, and E.S. Elzanfaly, A chemically modified solid-
state sensor for magnesium (ii) ions and esomeprazole magnesium potentiometric assay,
RSC Advances, Vol. 13, No. 3, pp. 1995-2003, (2023).

[36] H.A. Zamani, A. Nezhadali, and M. Saghravanian, Magnesium-PVC membrane
sensor based on 4, 5-bis (benzoylthio)-1, 3-dithiole-2-thione, Analytical Letters, Vol. 41,
No. 14, pp. 2727-2742, (2008).

journal.latakia-univ.edu.sy Print ISSN: 2079-3057 , Online ISSN:2663-4252
73



