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Abstract: Conductometric titration curves of Erbium(l11)-complexes with Nitrogen and Oxygen containing
ligand Indole derivative [viz : 1H-indole -3-carboxylic acid (I3CA), 1-( 1H-indole-3-yl) ethanone (3ATI), 1H-
indole-3-carbaldehyde (I3CD), 2-(1H-indole-3-yl)ethanoic acid (2IEA), 4-(1H-indole-3-yl)butanoic acid
(41BA)] have been studied and analyzed in non-micellar solvent (Alcohol+water) and micellar surfactant
medium [Polyethylene glycol monododecyl ether (BRIJ35), Cetyltrimethylammonium bromide (CTAB),
Sodium dodecyl sulphate (SDS)] at 298 K temperature. The Association constant Ka , Gibbs free energy of
association AGa , formation constant or stability constant K¢ as logKs and Gibbs free energy of formation
AGt have been calculated with the help of conductometric titration curves of Erbium(lIl)-with Indole
derivative (I3CA, 3ATI, 13CD, 2IEA, 4IBA) at 298 K temperature in non-micellar medium and different
micellar surfactant medium. Metal-ligand complexes in 1:1, 1:2, 1:3 [M:L] ratio Is obtained as inflammation
point in the plot of molar conductance Am (S cm? mol™?) and ligand/metal [L]i/ [M]: ratio. Stability of 1:1,
1:2, 1:3 [M:L] metal ligand complexes have been evaluated in term of formation constant as logKs and
thermodynamic parameter AGy. Stability of Erbium(lll)-complexes shows somewhat different behavior on
increasing the ligand/metal [L]:/[M]: ratio and alteration of different micellar medium.

Index Terms - Conductometric titration, non-micellar and micellar medium, molar conductance, surfactant,
thermodynamic parameter, stability constant.

1. INTRODUCTION

The physiochemical properties of metal ion and organic ligand complexes are affected by
various solvent systems, whether these solvents are micellar or non-micellar. Changes in physiochemical
properties of complexes, in the presence of different solvent systems reflects in nature of bonding [Paz, F.A.A.
etal, 2012, Wang, K.X. and Chen, J.S. 2011, Gayathri, K. et al, 2022, Wen, L. et al, 2007, Sato, O. 2016]. In
recent decades, considerable interest in lanthanide metal-ligand interaction have been reported. The Optical
absorption and Conductometric studies are concern with the metal-ligand interaction in different solvent
systems [Uphoff, M. et al, 2018, Irfanullah, M. and Iftikhar, K. 2010]. Lanthanide and their coordination
behavior with organic compounds play an important role in emerging fields of luminescence, medical
diagnosis (MRI), treatment and palliation of cancer, industries, petroleum, glass, ceramics and analytical
fields. Now a days use of lanthanide for proper functioning of biological system are well established.
Lanthanide compounds have their use in luminescent chemosensors, shift reagents, medical diagnosis of
disease and optical cell imaging [Bunzli, J.C.G. and Piguet, C. 2005, Caravan, P. 2009, Siddiqui, M.R. et al,
2017]. Conductometric titration, potentiometry, polarography, colorimetry, spectrophotometry, voltammetry
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and fluorescence spectroscopy techniques are used to evaluate the various parameters and metal ligand
interaction since so far. [Majeed, S. et al, 2022, Farris, S. et al, 2012, Amin, A.S et al, 2015, Okafor, C et al,
2014, Dzyadevych, S. and Jaffrezic-Renault, N. 2014, Li, J. et al, 2004]. On the review of all these techniques,
the conductometric titration method are found highly sensitive, easy handling, eco-friendly, low-cost
requirement and uncomplicated instrumental experimental technique [Abdusalyamova, M.N. et al, 2014,
Jatolia SN and Bhandari HS. 2014, Bradshaw, J.S. et al, 1980, Khan, A.M. et al, 2018]. On the review of
literature, it is found that lanthanide metal- complexes with organic ligands have greater extent of interaction
with the different solvent systems [Kakhki, R.M. 2019, Khalili, R. and Moridi, A. 2023, Feng, X. et al, 2010].
The interaction of metal and ligand are detected through the strengthening in stability of metal-ligand
complexes [Song, L. et al, 2021]. Stability of metal-ligand complexes can be altered through the replacement
of non-micellar (alcohol+water) solvent by non-ionic, cationic and anionic micellar solvents. Micellar
Surfactants which are used to evaluate the thermodynamic parameters, are found sensitive with the
environment. Micellar solvents have low toxic impacts on the environment and its sustainability [Ptotka-
Wasylka, J. et al, 2017, EI-Sagher, H.M. and Farghaly, O.A. 2017].

This conductometric study are focused on the interaction and analysis of thermodynamic
parameter of lanthanide metal and organic N, O-donor ligand related to complexes of Er(ll1l) with Indole
derivative. Aim of this conductometric study to know metal-ligand interaction, stoichiometry ratio of metal-
ligand complexes, spontaneously formation of complexes and their stability. For this Er(111) metal ion solution
conductometrically titrated with different Indole derivatives I3CA, 3ATI, 13CD 2IEA and 4IBA in non-
micellar Alcohol+water medium and micellar medium CTAB, SDS, BRIJ35, BRI1J35, CTAB respectively.

2. EXPERIMENTAL SECTION
2.1 Preparation of Solutions

Erbium(l1l)chloride have been used for experiment, are manufactured by central drug house
(P) Ltd. All five ligands 1H-indole -3-carboxylic acid (I3CA) , 1-( 1H-indole-3-yl) ethanone (3ATI), 1H-
indole-3-carbaldehyde (I3CD), 2-(1H-indole-3-yl)ethanoic acid (2IEA), 4-(1H-indole-3-yl)butanoic acid
(41BA) are used, manufactured by Qualigens, Thermo fisher scientific, India Pvt Ltd. Standard solution of
Erbium(l1l)chloride and ligands are prepared of 0.05 M concentration. Solvent ethanol of AR grade 99.9%
purity, double distilled water, BRIJ35 of 100 CMC (9 x 10°M ), SDS of 50 CMC (6 x 102 M ), and CTAB
of 45 CMC (9.9 x 10 M ) manufactured by Loba Chemia Pvt. Ltd. Mumbai India, are used to prepare
solutions of metal and ligands. For the measurement of conductivity, highly sensitive DDS-12 DW
conductivity meter has been used for different metal and ligands system, at constant temperature 298 K. This
DDS-12 DW conductivity meter has a cell constant 1.0 cm™* and temperature accuracy +1°C during the entire
experiment. In this experiment, metal solutions having 1x 10~3 M concentration and ligands I13CA, 3ATI,
I3CD, 2IEA, 4IBA having concentration 1x 1072 M are prepared in non-micellar ethanol+water and
micellar medium solutions BRI1J35 nonionic surfactant, SDS anionic surfactants, CTAB cationic surfactants.

2.2 Procedure for conductometric method

For conductometric study the Er(111) metal ion solution (25 mL of 1x 10™3 M) put in the
thermostat and conductivity is measured by conductivity meter. Ligand solutions I3CA, 3ATI, I3CD, 2IEA,
41BA in different mediums added to Er(111) metal solution by 0.4 mL increment in each addition. The specific
conductance of different solutions is measured experimentally by conductivity meter which is converted into
corrected conductance using (V+v)/V as dilution occurs by adding the ligand solution into the metal solution
[Al-Farhan, B.S. et al, 2018, Naggar, A.H. et al, 2018, Gomaa, E.A. et al, 2014]. Corrected conductance
converted into the molar conductance Am [Raviprakash, Chandra S. et al, 2017]. By extrapolating of the
graph between molar conductance Am (S cm?mol™) and Cn'/? (Mol/L)¥2 to zero concentration, limiting molar
conductance Ao was obtained [Volmer, D.A. et al, 2017]. Plot between the molar conductance Am and
ligand/metal ratio [L]:/ [M]: has been drawn for ligands (I3CA, 3ATI, I13CD, 2IEA, 4IBA) in different
medium non micellar as well as in micellar medium.
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2.3 Calculations of Association Constant K, and Gibbs Free Energy of Association Ga
Association constant are calculated by [Gomaa, E.A. et al, 2017, Gomma, E.A. 1987, Gomaa, E.A. and
Al-Jahdali, B.A. 2012].
K, = AZ (Ao—A)
47 4cZ 2A3s (2)2

Ao = Limiting molar conductance, A = observed molar conductance, Cm= concentration of metal,
Y+ = mean ionic activity coefficient, s(z)= fuoss-shedlovsky factor

Gibbs free energy of Association Ga following formula have been used
AGA=-RTInKa ..o (2.2)
2.4 Calculations of Formation Constant K; and Gibbs Free Energy of Formation AGt
Formation of metal -ligand binding between the Erbium(l11) ion and Indole derivative can be shown as
M*+L = ML"

The formation constant K or stability constant for above equilibrium is given by [Khushbu K. et al, 2018,
Elsayed TH and Esam AG. 2015]

_ [ML*]
Ke = v
_ Amt - A
v (2.3)

Am+ = Molar conductivity of metal, Ay, = Molar conductivity of complexed cation solution,
[L] = Concentration of ligand, A = observed molar conductance

Gibbs free energy of Formation G was calculated by
AGf=-RTINKf oo (2.4)

3. RESULT AND DISCUSSION

3.1 Conductometric Study of Erbium(l11)-Indole Derivative Complexes in Non-micellar and
Different Micellar Medium

A negative slope is observed in the Plot of Er(I11) metal ion with indole derivative I3CA, 3ATI,
I3CD, 2IEA, 4IBA between molar conductance Am and Cm'? at 298 K temperature in non-micellar
(Alcohol+Water) medium and in micellar medium CTAB, SDS, BRIJ35, BRIJ35, CTAB respectively.
Extrapolation of graph between molar conductance Am and Cm*? outcome limiting molar conductance Ao.
Association constant Ka and Gibbs free energy of association AGa are calculated by using the value of Ao
and different formula as given in equation [2.1-2.2]. Then these are reported for calculating the
thermodynamic parameter viz. Association constant Ka and Gibbs free energy of Association AGa of Er(I11)
with indole derivatives I3CA, 3ATI, I3CD, 2IEA, 4IBA in non-micellar medium Alcohol+Water and micellar
surfactant medium BRI1J35, CTAB, SDS.

It is observed that the value of thermodynamic parameters, Ka and AGa for complexes Er(I11)-
I3CA, Er(111)-3ATI, Er(111)-13CD, Er(111)-2IEA and Er(I11)-41BA are found higher in non-micellar medium
Alcohol+Water than compare to the cationic surfactant CTAB, anionic SDS, nonionic BRIJ35, nonionic
BRIJ35 and CTAB surfactant medium respectively. It was also observed that as the concentration of ligands
increases, the concentration of Er(l11) metal ion solution decreases due to interaction of ligand and metal(111)
ion. The thermodynamic parameter such as Ka and AGa are decreased on decreasing the Erbium metal ion
concentration in Er(111)-13CA, Er(111)-3ATI, Er(111)-13CD, Er(l11)-21IEA and Er(I11)-41BA complexes system
in all studied non-micellar and micellar surfactant medium.
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Hence, it is inferred that the value of AGa is found negative due to interaction between Er(111) metal ion with
Indole derivative I3CA, 3ATI, I3CD, 2IEA, 4IBA and spontaneously association of metal-ligand complexes
in different micellar medium CTAB, SDS, BRIJ35, BRIJ35 and CTAB respectively takes place. For this
reason, the conductance in the solution is decreased as the complex formation between metal and ligand. The
mobility of the metal-ligand complexes Er(I11)-I3CA, Er(I11)-3ATI, Er(111)-13CD, Er(111)-2IEA and Er(l1)-
41BA are diminished as compared to Erbium(l11) free metal ion due to the bulky size of these complex as it
can’t reach to the surface of the conductivity electrodes. Micellar systems have hydrophobic interaction with
metal-ligand complexes.

Furthermore, the different lines with sharp inflammation point which are illustrating the
formation of 1:1, 1:2, 1:3 [M:L] ratio are obtained by plotting of the molar conductance Am (S cm? mol™)
versus ligand to metal [L]:/[M], total concentration ratio at 298 K temperature as shown in figures-1 to 10.
The value of thermodynamic parameters formation constant Ks as logKs and AGs of Er(111)-13CA, Er(l11)-
3ATI, Er(I11)-13CD, Er(111)-2IEA and Er(I11)-4IBA are calculated with the help of equation [2.3-2.4] and
reported. The metal-ligand interaction, stoichiometry of metal-ligand complexes and spontaneously complex
formation are also described with the help of tables 3.3 Table-1 and 3.4 Table-2. The magnitude of
thermodynamic parameters logKs and AGs of Er(l11)-I3CA are found the better result in CTAB micellar
medium as compared to non-micellar medium in 1:1, 1:2, 1:3 [M:L] ratio. It is given an idea about the
Spontaneous formation of stable Complex Er(I11)-I3CA in micellar medium due to observation of negative
value of AGt. The magnitude of logKs and AGs of Er(I11)-3ATI and Er(111)-13CD are observed higher in
Alcohol+Water medium compare to SDS and BR1J35 micellar medium respectively while the same parameter
for Er(111)-21EA and Er(l11)-41BA are observed higher in BRI1J35 and CTAB micellar medium respectively
as compare to non-micellar medium (Alcohol+Water). The negative value of AGs of all the studied complexes
were given an idea about the Spontaneous formation of stable Complexes. The higher negative value of AG
was observed in same medium for 1:1 [M:L] ratio as comparing all the five complexes Er(l11)-I3CA, Er(l11)-
3ATI, Er(l11)-13CD, Er(111)-2IEA and Er(111)-41BA in 1:1, 1:2, 1:3 [M:L] ratio of metal-ligand complexes
due to formation of extended stable metal-ligand complexes spontaneously [Christy, F.A. and Shrivastav, P.S.
2011, Rahimi-Nasrabadi, M. et al, 2009]. The magnitude of thermodynamic parameters logKs and AGs of
with 1:1, 1:2, 1:3 metal-ligand ratio in non-micellar and micellar medium are presented in 3.4 Table-2.

So, it is concluded that the order of logKs was decreased in non-micellar medium
(Alcohol+Water) as well as in micellar medium as 1:1 > 1:2 > 1:3 [M:L] stoichiometric ratio approached.
Complexes of Er(lll) ion with indole derivative I3CA, 3ATI, I3CD, 2IEA, 4IBA in 1:1 metal-ligand
stoichiometric ratio are observed higher value of logKs and AGs in both non-micellar and micellar medium
as compare to 1:2 and 1:3 metal-ligand ratio. Er(l11)-13CA, Er(111)-3ATI, Er(l11)-13CD, Er(l1l)-2IEA
and Er(111)-41BA complexes with 1:1 [M:L] stochiometric ratio are obtained more stable, feasible complexes
with micellar medium as compared to 1:2 and 1:3 [M:L] ratio. These complexes showed the properties of
spontaneously formation of complexes and more interaction with 1:1 [M:L] stochiometric ratio in micellar
medium as compared to 1:2 and 1:3 [M:L] ratio. It was also observed that as the total concentration of ligand
CL[Ligand) Was increased to obtain the 1:1, 1:2, 1:3 [M:L] ratio in the conductometric solution then the stability
constant logKr was lowering due to greater size and overcrowding of the ligand. Hence, stability of complexes
decreased towards higher [M:L] ratio. It is also inferred that the micellar surfactant solvent systems showed
variation in magnitude of logKrand AGrin 1:1, 1:2, 1:3 [M:L] ratio with the variation in ligand and solvent
system [Gotmare, A.G. et al, 2016, Helmy, E.T. et al, 2016, Singh, J. et al, 2019].

The highest magnitude in 1:1, 1:2, 1:3 [M:L] ratio for average logKs and AGg are established
for Er(111)-13CD (Alcohol+Water), Er(111)-2IEA BR1J35, Er(111)-13CD BRI1J35 complex system while lowest
for Er(111)-21EA (Alcohol+Water), Er(111)-21EA (Alcohol+Water), Er(111)-I3CA CTAB respectively among
all the studied system of Er(111) metal complexes. Micellar system showed better stability of complexes. The
logKr range obtained for Er(l11)-indole derivatives complexes in between the 4.04558 to 3.42804 which are
the better biological active range in between 2 to 5. Hence, these complexes are significant having more
stability and ability to dissociated in biological systems. The logKs value are helpful for a chemist in
development of novel drugs, drug design and new potential biological active compounds.
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3.2 Conductometric Study of Erbium(l11)-Indole Derivative complexes in Non-micellar and
Different Micellar Medium presented in different graphs.
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Figure-1 Graph between Molar conductance Am (S cm? mol™) versus I3CA/Erbium(l1), [L]: /[M]: at
temperature 298 K in Alcohol+water medium.
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Figure-2 Graph between Molar conductance Am (S cm? mol?) versus I3CA/Erbium(lIl), [L]: /[M]: at
temperature 298 K in CTAB medium.
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Figure-3 Graph between Molar conductance Am (S cm? mol™?) versus 3ATI/Erbium(lIl), [L]: /[M]: at
temperature 298 K in Alcohol+water medium.
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Figure-4 Graph between Molar conductance Am (S cm? mol™?) versus 3ATI/Erbium (111), [L]:/[M]: at
temperature 298 K in SDS medium.
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Figure-5 Graph between Molar conductance Am (S cm? mol™) versus 13CD/Erbium(l1l), [L]: /[M]: at
temperature 298 K in Alcohol+water medium.
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Figure-6 Graph between Molar conductance Am (S cm? mol™?) versus I3CD/Erbium(111), [L]: /[M]: at
temperature 298 K in BR1J35 medium.

IJCRT2410683 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | f903


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882

1254 [ m Er()-2IEA
ALCOHOL+WATER

120 122.92

115 ~

110 ~

(S cm? mol™®)

105 +

100 ~

Am

95

2 3 4
(L], / M,

o
=

Figure-7 Graph between Molar conductance Am (S cm? mol™?) versus 2IEA/Erbium(Ill), [L]: /[M]:at
temperature 298 K in Alcohol+water medium.
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Figure-8 Graph between Molar conductance Am (S cm?mol™) versus 2IEA/Erbium(Il1), [L]: /[M]: at
temperature 298 K in BR1J35 medium.
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Figure-9 Graph between Molar conductance Am (S cm?mol™) versus 4IBA/Erbium(111), [L]: /[M]: at
temperature 298 K in Alcohol+water medium.
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Figure-10 Graph between Molar conductance Am (S cm? mol™) versus 4IBA/Erbium(lIl), [L]: /[M]:
at temperature 298 K in CTAB medium.
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3.3 TABLE-1 FOR AVERAGE Ka AND AVERAGE AGa OF Er(I11)-INDOLE DERIVATIVES IN

(ALCOHOL+WATER) AND (BRIJ35/SDS/CTAB)

METAL-LIGAND AVERAGE AVERAGE AVERAGE AVERAGE
SYSTEMS Cm[Metal] CL[Ligand] Ka AGa (kJ/moI)
Er(I11)-13CA 1818912.97 -34.41306898
(ALCOHOL +WATER)
Er(II1)-13CA (CTAE) 780722.7702 232.90489941
Er(111)-3ATI 942769.527 -33.26343959
(ALCOHOL +WATER)
Er(II1)-3ATI (SDS) 93025.29187 -28.03501487
Er(I11)-13CD 230972.6227 -30.31322486
(ALCOHOL+WATER) 0.00083549 | 0.00164507
Er(II1)-13CD (BRIJZS) 41579.50939 226.07514927
Er(lN-2IEA 94422.42023 -27.68491488
(ALCOHOL +WATER)
Er(I11)-21EA (BRIJS) 49881.53837 -26.59352535
Er(l-41BA 108417.3354 -28.26166105
(ALCOHOL +WATER)
5 48028.41095 26.41746721

3.4 TABLE-2 FOR AVERAGE STABILITY CONSTANT logKs AND AVERAGE GIBBS FREE ENERGY
OF FORMATION AGt oF Er(11)-INDOLE DERIVATIVE SYSTEMS IN DIFFERENT MEDIUM AND
[M:L] RATIO

ERBIUM(IIN-INDOLE | AVERAGE logKs OF DIFFERENT | AVERAGE AG; OF DIFFERENT
DERIVATIVES SYSTEMS [M:LT_RAZIC (MALRATIG
[1:1] [1:2] [1:3] [1:1] [1:2] [1:3]
( ALCEOrI(-IIg)L-:-?\)/c\:/ﬁTER) 374696 | 3.37953 | 2.88816 | -21.3796 | -19.2831 | -16.4794
Ergng);;ggA 384820 | 337497 | 277169 | -21.9578 | -19.2571 | -15.8148
( ALCE;S(')'ECVRTER) 387457 | 323748 | 285366 | -22.1077 | -18.4726 | -16.2826
Er(zggg)“' 358286 | 3.35201 | 2.86067 | -20.4433 | -19.126 | -16.3226
( ALt (')')L'L‘Q\’ERTER) 404558 | 33142 | 301756 | -23.0835 | -18.9103 | -17.2177
Er((E';'F'Q)I'J'g’g;D 379886 | 3.20643 | 3.9783 | -21.6757 | -18.8089 | -18.8169
( ALCE;S(')'?_'E\'AEIQTER) 342804 | 316256 | 3.4502 | -19.5509 | -18.0451 | -18.5156
Er((E';'F'{)I'Jé'E)E)A 378423 | 351522 | 297432 | 215922 | -200573 | -16.971
( ALt (I)I)I_-i{/?lﬁTER) 353009 | 337514 | 301773 | -20.1422 | -19.2581 | -17.2187
Erg(':”T)'A“gA 363605 | 319995 | 2.88269 | -20.7519 | -18.2584 | -16.4482
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4. CONCLUSION

This conductometric study reveals the interaction between metal and ligand Er(111)-13CA ,
Er(111)-3ATI, Er(111)-13CD , Er(l11)-21EA and Er(l11)-4IBA complexes and interaction of these complexes
with the non-micellar solvent systems Alcohol+Water and non-ionic, cationic and anionic surfactant micellar
solvent system. It is inferred that in micellar surfactant system more interaction of solvent system with Er(l11)-
I3CA , Er(lI)-3ATI, Er(I11)-13CD , Er(l11)-2IEA and Er(I11)-41BA complexes have been observed. Extent
of interaction of Er(IIl) with indole derivatives shown by negative value of thermodynamic parameter AGa.
The result of logKs and AGs are finer in cationic, anionic and non-ionic surfactant micellar systems CTAB,
SDS, BRIJ35 respectively compared to non-micellar medium Alcohol+Water. The value of formation
constant logKs follow the order as logKs (1:1) > logKs (1:2) > logKs (1:3) and the value of the Gibbs free
energy of formation AGs follow the order AGs (1:1) > AGs (1:2) > AGr (1:3) for [M : L] ratio in their
respective medium.

High negative values of AGs confirm the formation of stable and spontaneously formation of
complex between metal ion Erbium(l11) and indole derivatives. It is inferred on the basis of value of AGt that
formation of more stable complexes between metal-ligand takes place when the metal ligand concentrations
are in 1:1 ratio as compared to 1:2 and 1:3 ratio. Micellar system enhances the stabilization of the complexes
by increasing the hydrophobic stabilization of water molecule. By using micellar surfactant medium in
conductometric titration stability of metal-ligand complexes of Er(I11) with (I3CA, 3ATI, I3CD, 2IEA, 4IBA)
can be magnify which is observed that these complexes Er(111)-13CA , Er(111)-3ATI , Er(I111)-13CD , Er(l1)-
2IEA and Er(111)-41BA have higher value of logKs and AGs in micellar surfactant medium as compared to
non-micellar medium except some specific [M:L] ratio. For detection of metal-ligand complexes
conductometric titration is highly sensitive as well as inexpensive technique. The use of eco-friendly micellar
medium BRI1J35, CTAB , SDS in conductometric titration are greener chemicals which are non-toxic and
safer for sustainable environment and ecosystem.

5. ACKNOWLEDGEMENTS

Authors are thankful to Govt. Dungar College (A-Grade), GCRC, P.G. Department of
Chemistry, MGS University Bikaner, Rajasthan (India). for providing their laboratory resources and facilities
entire the experimental research work.

6. REFERENCES

(1) Paz, F.AA, Klinowski, J., Vilela, S.M., Tome, J.P., Cavaleiro, J.A. and Rocha, J. 2012. Ligand design
for functional metal-organic frameworks. Chemical Society Reviews, 41(3): 1088-1110.

(2) Wang, K.X.and Chen, J.S. 2011. Extended structures and physicochemical properties of uranyl-organic
compounds. Accounts of chemical research, 44(7): 531-540.

(3) Gayathri, K., Vinothkumar, K., Teja, Y.N., Al-Shehri, B.M., Selvaraj, M., Sakar, M. and Balakrishna,
R.G. 2022. Ligand-mediated band structure engineering and physiochemical properties of UiO-66 (Zr)
metal-organic frameworks (MOFs) for solar-driven degradation of dye molecules. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 653: 129992.

(4) Wen, L., Lu, Z., Lin, J.,, Tian, Z., Zhu, H. and Meng, Q. 2007. Syntheses, structures, and physical
properties of three novel metal— organic frameworks constructed from aromatic polycarboxylate acids
and flexible imidazole-based synthons. Crystal growth & design, 7(1): 93-99.

(5) Sato, O. 2016. Dynamic molecular crystals with switchable physical properties. Nature chemistry, 8(7):
644-656.

(6) Uphoff, M., Michelitsch, G.S., Hellwig, R., Reuter, K., Brune, H., Klappenberger, F. and Barth, J.V.
2018. Assembly of Robust Holmium-Directed 2D Metal-Organic Coordination Complexes and
Networks on the Ag (100) Surface. ACS nano, 12(11): 11552-11560.

IJCRT2410683 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 907


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882

(7)

(8)
(9)
(10)

11)

(12)

(13)

(14)
(15)
(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

Irfanullah, M. and Iftikhar, K. 2010. Photoluminescence, optical absorption and hypersensitivity in
mono-and dinuclear lanthanide (TblIl and HollI) B-diketonate complexes with diimines and bis-diimine
bridging ligand. Journal of luminescence, 130(11): 1983-1993.

Bunzli, J.C.G. and Piguet, C. 2005. Taking advantage of luminescent lanthanide ions. Chemical Society
Reviews, 34(12): 1048-1077.

Caravan, P. 2009. Protein-targeted gadolinium-based magnetic resonance imaging (MRI) contrast
agents: design and mechanism of action. Accounts of chemical research, 42(7): 851-862.

Siddiqui, M.R., AlOthman, Z.A. and Rahman, N. 2017. Analytical techniques in pharmaceutical
analysis: A review. Arabian Journal of chemistry, 10: S1409-S1421.

Majeed, S., Nagvi, S.T.R., ul Hag, M.N. and Ashig, M.N. 2022. Electroanalytical techniques in
biosciences: conductometry, coulometry, voltammetry, and electrochemical sensors. In Analytical
Techniques in Biosciences, Academic Press. 157-178.

Farris, S., Mora, L., Capretti, G. and Piergiovanni, L. 2012. Charge density quantification of
polyelectrolyte  polysaccharides by conductometric titration: An analytical chemistry
experiment. Journal of Chemical Education, 89(1): 121-124.

Amin, A.S., Salah, H.M., Ragab, G.H. and Kamel, I.S. 2015. Sensitive Spectrophotometric and
Conductometric Methods for the Determination of Candesartan Using Acidic Dyes. Biochemistry and
Physiology, 4(153): 2.

Okafor, C., Grooms, D., Alocilja, E. and Bolin, S. 2014. Comparison between a conductometric
biosensor and ELISA in the evaluation of Johne's disease. Sensors, 14(10): 19128-19137.

Dzyadevych, S. and Jaffrezic-Renault, N. 2014. Conductometric biosensors. In Biological
Identification ). Woodhead Publishing, 153-193.

Li, J., Liu, S., Mao, X., Gao, P. and Yan, Z. 2004. Trace determination of rare earths by adsorption
voltammetry at a carbon paste electrode. Journal of Electroanalytical Chemistry, 561: 137-142.
Abdusalyamova, M.N., Makhmudov, F.A., Shairmardanov, E.N., Kovalev, I.D., Fursikov, P.V.,
Khodos, I.1. and Shulga, Y.M. 2014. Structural features of nanocrystalline holmium oxide prepared by
the thermal decomposition of organic precursors. Journal of alloys and compounds, 601: 31-37.

Jatolia SN, Bhandari HS, Bhojak N. 2014. Effect of solvent on sensitivity of hypersensitive transition
for Pr (111) complexes with quinoline derivatives in doped system. IARJSET, 1(4): 201-204.
Bradshaw, J.S., Maas, G.E., Lamb, J.D., Izatt, R.M. and Christensen, J.J. 1980. Cation complexing
properties of synthetic macrocyclic polyether-diester ligands containing the pyridine subcyclic
unit. Journal of the American Chemical Society, 102(2): 467-474.

Khan, A.M., Bashir, S., Shah, A., Nazar, M.F., Rahman, H.M.A., Shah, S.S., Khan, A.Y., Khan, A.R.
and Shah, F. 2018. Spectroscopically probing the effects of Holmium (111) based complex counterion on
the dye-cationic surfactant interactions. Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 539: 407-415.

Kakhki, R.M. 2019. A conductometric study on the effect of solvent upon complex formation between
kryptofix22dd with Ho3+ metal cation in organic solvents. Bulletin of the Chemical Society of
Ethiopia, 33(2): 277-284.

Khalili, R. and Moridi, A. 2023. A Review of Artificial Intelligence Applications in Modeling and
Removal Processes of Pollutants Soluble in Water and Wastewater. Iran-Water Resources
Research, 19(1): 136-166.

Feng, X., Zhao, J., Liu, B., Wang, L., Ng, S., Zhang, G., Wang, J., Shi, X. and Liu, Y. 2010. A series of
lanthanide— organic frameworks based on 2-propyl-lh-imidazole-4, 5-dicarboxylate and oxalate:
Syntheses, structures, luminescence, and magnetic properties. Crystal growth & design, 10(3): 1399-
1408.

Song, L., Wang, X., Wang, D., Xiao, Q., Xu, H., Li, Q., He, L. and Ding, S. 2021. 2-Carboxamido-6-
(1H-pyrazol-3-yl)-pyridines as ligands for efficient separation of americium (Il1l) from europium
(1. Separation and Purification Technology, 276: 119262.

Ptotka-Wasylka, J., Rutkowska, M., Owczarek, K., Tobiszewski, M. and Namie$nik, J. 2017. Extraction
with environmentally friendly solvents. TrAC Trends in Analytical Chemistry, 91: 12-25.

IJCRT2410683 ‘ International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ f908


http://www.ijcrt.org/

www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 10 October 2024 | ISSN: 2320-2882

(26)

(27)

(28)

(29)

(30)

31)

(32)

(33)
(34)
(35)
(36)

(37)

(38)

(39)

(40)

(41)

El-Sagher, H.M. and Farghaly, O.A. 2017. Potentiometric and Conductometric Studies on the Binary
and Ternary Complexes of Tolbutamide with Some Metal lons. Int. J. Pharma Sci. Res.(1JPSR), 8: 230-
240.

Al-Farhan, B.S., Naggar, A.H. and Farghaly, O.A. 2018. Potentiometric and Conductometric study of
complex formations between Norfloxacin and Some metal ions and Norfloxacin determination in
Dosage Forms. International Journal of Electrochemical Science, 13(9): 8275-8294.

Naggar, A.H., Al-Saidi, H.M., Farghaly, O.A.E.M., Hassan, T.M. and Bortata, S.Z.M. 2018.
Complexation equilibria of ambroxol hydrochloride in solution by potentiometric and conductometric
methods. European Journal of Chemistry, 9(1): 49-56.

Gomaa, E.A., Ibrahim, K.M. and Hassan, N.M. 2014. Evaluation of thermodynamic parameters
(conductometrically) for the interaction of Cu (1) ion with 4-phenyl-1-diacetyl monoxime-3-
thiosemicarbazone (BMPTYS) in (60% V) ethanol (EtOH-H20) at different temperatures. The Int J Eng
Sci, 3: 44-51.

Raviprakash, Chandra S, Dhurvi RM, Maisuria MM. 2017 International Journal of Current Research,
9(12): 63175-63181.

Volmer, D.A., Curbani, L., Parker, T.A., Garcia, J., Schultz, L.D. and Borges, E.M., 2017.
Determination of titratable acidity in wine using potentiometric, conductometric, and photometric
methods. Journal of Chemical Education, 94(9): 1296-1302.

Gomaa, E.A., Zaky, R.R. and Shokr, A. 2017. Estimated the physical parameters of lanthanum chloride
in water-N, N-dimethyl formamide mixtures using different techniques. Journal of Molecular
liquids, 242: 913-918.

Gomma, E.A. 1987. Solute-solvent interactions of some univalent-univalent salts with various organic
solvents at 25° C. Thermochimica Acta, 120: 183-190.

Gomaa, E.A. and Al-Jahdali, B.A. 2012. Conductometric studies of calcium ions with kryptofix 221 in
mixed MeOH-DMF solvents at different temperatures. Education, 2(3): 37-40.

Khushbu K, Raviprakash, Chandra S, Dhurvi RM, Maisuria MM. 2018. International Scientific
Organisation, 4(1): 33-42.

Elsayed TH, Esam AG. 2015. International Journal of Pharma Medicine and Biological Science,; 4(3):
197-203.

Christy, F.A. and Shrivastav, P.S. 2011. Conductometric studies on cation-crown ether complexes: a

review. Critical Reviews in Analytical Chemistry, 41(3): 236-2609.

Rahimi-Nasrabadi, M., Ahmadi, F., Pourmortazavi, S.M., Ganjali, M.R. and Alizadeh, K. 2009.
Conductometric study of complex formations between some substituted pyrimidines and some metal
ions in acetonitrile and the determination of thermodynamic parameters. Journal of Molecular
liquids, 144(1-2): 97-101.

Gotmare, A.G., Burghate, A.S. and Wadhal, W.A. 2016. Acoustical parameters from Density and Speed
of Sound of binary solvents of DMF-Water with N-Benzothiazol-2-yl-3, 5-disubstituted pyrazolines as
one component at different frequencies. ICEPMU-2016: 103.

Helmy, E.T., Gomaa, E.A. and Abou Eleef, E.M. 2016. Gibbs free energy and activation free energy of
complexation of some divalent cations with ampicillin in methanol at different temperatures. American
Journal of Applied Chemistry, 4(6): 256-259.

Singh, J., Srivastav, A.N., Singh, N. and Singh, A. 2019. Stability constants of metal complexes in
solution. Stability and applications of coordination compounds, 1-80.

IJCRT2410683 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 909


http://www.ijcrt.org/

