© 2019 JETIR April 2019, Volume 6, Issue 4 www.jetir.org (ISSN-2349-5162)

GREENER APPROACH TO STUDY
PHYSICOCHEMICAL PARAMETERS OF
DYSPROSIUM (I11) COMPLEXES WITH
SOME HYPOGLYCEMIC SULFONYLUREA
COMPOUNDS

Sumit Ghasia, Ramswaroop Regar, H. S. Bhandari*
GCRC P.G. Department of Chemistry, Govt. Dungar College (A-Grade),
M. G. S. University Bikaner, Rajasthan (India).

*Corresponding author: hsbhandari78@gmail.com

ABSTRACT

Absorption studies of Dy (lll)-complexes with Hypoglycemic sulfonylurea compounds as Glimepiride,
Glibenclamide and Gliclazide have been done in UV-Visible spectral range from 350 nm to 800 nm. In the
optical absorption spectra, four electronic absorption bands viz (*P,*D)as2, *Frr2, *Gi1z2 ,®Far2 were selected to
study physicochemical parameters. Twelve systems have been investigated as doped system in different
medium as non-micellar (DMF) and micellar medium (HTAB, SDS and TWEEN 80). Oscillator strength is
main focus of evaluation of parameters as it is found very sensitive to some transitions known as hypersensitive
transitions. Micellar effect plays a key role in enhancement of the intensity of hypersensitive electronic
transition. In the micellar medium the various physicochemical parameters viz: oscillator strength, Judd Ofelt
parameter and covalency parameters were observed divergent as comparative to conventional solvent systems.

KEYWORDS: Hypoglycemic sulfonylurea compounds, Oscillator Strength, Judd Ofelt Parameters, Micellar
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1. INTRODUCTION

Micellar solvent systems are advantageous over conventional solvents as these provide better platform
to the interacting species by the solubilization phenomenon. Micellar systems are found to enhance various
activities of interacting species at molecular level. Use of micellar surfactant systems in domestic fields for
washing and clothing, now a days are turned in their interesting new fields of researches, as these are safer,
environment friendly and follows the principles of green chemistry [1-4].

Lanthanides are generally found as oxides and fluorides in rocks, ores and minerals. Lanthanides are
found in earth's crust in very small amount, therefore these elements are known as rare earth elements.
Lanthanides are highly suitable for cellular application in the appearance of biological reducing agents, such as
thiols and ascorbate, because of the redox stability of Ln®" ions [5-6]. Complexes of the gadolinium like
gadopentetic acid and gadoteric acid are often used as MRI contrast agents for cancer imaging, because Gad®*
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ion have high magnetic moment (due to presence of seven unpaired 4f electrons) and long electronic relaxation
time [7-8]. Lanthanides have binding factors like high coordination number and lability in substitution to
coordinate with the biomolecules. Therapeutic radioisotope applications of the lanthanides are also the field of
interest for researchers. Lanthanides as agents have wide range of pharmacological applications in radio-
immunotherapy and photodynamic therapy [9-12].

The activity or toxicity of Ln®* (non-essential metal ion) can be decided by the deviation from reference
essential metal ion like Ca?* ion, mainly in redox tendency, softness and covalency. In above aspects lanthanide
ion are very close to the Ca?*ion, so the alteration in charge, radii and 4f orbital involvement of lanthanide ion
can develop the minor adverse effect which can be controlled by the effective concentration of Ln3* ion [13].
Coordination properties of rare earth ions are almost equivalent because of their similar charge, size and
orbitals, but the different metal center in complexes can affect the excited state life time, luminescence intensity
and emission wave length [14-16]. Ladder like electronic structure of Ln" ions, crystal field effect, deeply
buried 4f electrons which are shielded by 5s and 5p, like factors originate these specific features [17-18].

Lanthanide based functional materials have some specific absorption characteristics, due to this reason
these are the center of attraction for scientists and engineers in luminescence studies, Raman spectroscopy, bio-
imaging and industrial applications. Rare earth ion-based systems have unique spectroscopic properties like
narrow absorption or emission bands and long luminescence life time [19-21]. Lanthanide complexes plays an
important role in cancer diagnosis due to the multifaceted chemical and magnetic properties of lanthanide metal
ion [22]. Lanthanide have importance in medical diagnosis as an anticancer material and as an outstanding
diagnostic prognostic probe [23]. Gd(I1I) have been used as contrast enhancing agents in Magnetic resonance
imaging (MRI), because of its high spin paramagnetism and long electron relaxation times [24-25].

Dysprosium has a wide range of its application in different fields. In permanent magnets dysprosium is
specially used to maintain the magnetic strength at intense heat. Recently permanent magnet is used in MRI
machines and in industrial air conditioner because they can reduce 50% power consumption as compared to
conventional air conditioner technology. Electric vehicles and direct drive wind turbines, dysprosium doped
permanent magnets are ideally used. Due to the deficiency in fossil fuels and gradual increase in fuel prices, the
technologies like electric cars and direct drive wind mills can be used in future because they make energy
supply more sustainable [26-28]. Dysprosium ion play an important role for mid infrared laser development,
because of its unique spectroscopic properties [29]. Complexes of Dy(l1l) which have very short electronic
relaxation times are very useful as NMR shift reagents [30]. Many drugs in form of metallic complexes, reveal
modified pharmacological properties. It has been found from the literature that metal complexes are more
biologically active and less toxic as compared to the free ligand [31].

In this investigation of metal ligand complexes, Hypoglycemic sulfonylurea compounds used as ligands
and Dysprosium(l11) used as metal ion. Hypoglycemic sulfonylurea compounds are used in the treatment of
type-2 diabetes mellitus, because these compounds act as anti-diabetic drugs [32-33]. There are two generations
of sulfonylurea compounds. Tolbutamide and chlorpropamide, which are no longer in use are related to first
generation. Glimperide (GPR), Glibenclamide (GBC) and Gliclazide (GCZ) are related to second generation
sulfonylurea. Second generation sulfonylurea are used in the treatment of type-2 diabetes [34-36].

Objectives of present spectral absorption study are to know about the different physiochemical
parameters, hypersensitive peak, environment of metal-ligand coordination sphere, interaction of metal-ligand
as covalency parameters and consequences of greener micellar solvent systems on hypersensitivity and other
parameters for Dysprosium(l1l) with Glimepiride, Glibenclamide and Gliclazide hypoglycemic sulfonylurea
compounds in spectral range 350 nm to 800 nm in different conventional solvent and micellar medium.
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2. EXPERIMENTATION
2.1  Preparation of Solutions

Hypoglycemic sulfonylurea compounds Glimepiride (GPR), Glibenclamide (GBC) and Gliclazide (GCZ) are
purchased from life care neuro products Ltd., Dharampur, Solan. Dy(lll) chloride purchased from Byahut
scientico, Jaipur, manufactured by central drug house (P) Ltd. Dimethylformamide (DMF), anionic surfactant
Sodium dodecyl sulfate (SDS), cationic surfactant Cetyltrimethylammonium bromide (HTAB) and non-ionic
surfactant Polyethylene glycol sorbitan monooleate (Tween 80), purchased from Loba chemia Pvt. Ltd.,
Mumbai, India. Analytical grade of pure chemicals was used during the entire experiment.

2.2 Parameters

2.2.1 Oscillator Strength: - The measurement of intensity of an absorption band done by Oscillator strength
'P" which is a dimensionless quantity [37-38]. Oscillator Strength (P,,s ) can be calculated by the Equation 1,
showing relationship with half band width of an absorption band(AV'/?) as well as with molar absorptivity

(gmax) '

Pops =4.6X 1072 X gax X AVY 2 oo (1)
where
Emax = OD/C X Lirmmmmmmmmm oo )

C= Concentration of solution, OD= Optical density of sample, L= Path length of solution

2.2.2 Judd Ofelt Parameters: -For the calculation of oscillator strength of the lanthanide f—f electronic
transitions a model has been proposed by Judd and Ofelt [39-40]. Judd Ofelt Parameters (T,) i.e., T2 T4 and Te
(T») are calculated by equation (3).

P=T,o [UP]2 +T,0 [UP]? + Tgo [UO]2emmrommmmaev (3)
U@, u®, U® = Matrix elements, © = energy of transition

2.2.3 Covalency Parameters: -Parameters used as support for covalency existence can be calculated as
shown in equation (4-7).

a) B: -Nephelauxetic ratio

average bond position in absorption spectra of the complex in wavenumber

B - average bond position in absorption spectra of free ion in wavenumber “-(4)
1
b) bz : — bonding parameterare calculated by equation (5) showing relationship with Nephelauxetic ratio
1 1 1
e B R L — (5)
¢) 8 : —S.P. Sinha introduce 6 scale as.
5= % G (1) ——— (6)
d) n : — Covalency angular overlap parameter given as
_ (1_B)1/2 7
T gy T TTTTTTTTTTTTTTTTTTT ( )
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3. RESULT AND DISCUSSION

Electronic spectra of the (metal: ligand) 1:3 ratio was recorded on double beam UV-Visible
spectrophotometer in the spectral range 350 to 800 nm. For the study of Dy(lll) ion and GPR, GBC and GCZ
doped systems electronic spectrum obtained in the non-micellar medium (DMF) and micellar medium (HTAB,
SDS, TWEEN 80). Four bands (*P,*D)az, *Frr2, *Ga12 ,°Far2 have been observed in the optical absorption spectra
of the Dy(I11)-complexes [Dy(l11)-GPR, Dy(I1)-GBC and Dy(I11)-GCZ]. For the absorption band (*P,*D)ass,
highest oscillator strength Pexp are found in the micellar medium HTAB for Dy(l11)-GPR and Dy(ll1)-GCZ
complexes whereas for Dy(l11)-GBC complex highest Pexp oscillator strength are found in SDS medium.
Absorption band *F7, have highest oscillator strength in the micellar medium HTAB in all the doped systems
Dy(11)-GPR, Dy(I11)-GBC and Dy(l11)-GCZ. For complexes Dy(I11)-GPR and Dy(I11)-GBC absorption band
G112 have highest oscillator strength in SDS micellar medium whereas for Dy(111)-GCZ complex highest Pexp
oscillator strength for absorption band “Gi1/2 found in micellar medium HTAB. For the absorption band °Fs
highest oscillator strength have been found in the micellar medium HTAB for Dy(l11)-GPR and Dy(ll1)-GCZ
complexes while for Dy(111)-GBC complex highest value are found in SDS medium (Table-1).

On comparing electronic spectra and Pexp 0scillator strength values among all these absorption band,
“*F7r2 band have highest oscillator strength specially in micellar greener medium HTAB. So ®Hisp —*F»
electronic transition is called 'hypersensitive transition’, because this electronic transition has greater alteration
in the oscillator strength than other termed as non-hypersensitive transitions. On comparing absorption spectra,
magnitude of emax and their outcome values of Pexp oscillator strength (Table-1),°His, —*F72 transition have
highest magnitude of oscillator strength in Dy(l11)-GPR, Dy(111)-GBC, Dy(ll1)-GCZ complexes in micellar
medium. Lanthanide metal complexes consists some covalent characters with the ionic bond. The T2 parameter
is influenced by the covalent bonding. Increase in the value of T is attributed to the more covalency in M-L
bond, because T» is closely related to the hypersensitive transitions. hypersensitivity, which is related to the
covalency parameter in term of nephelauxetic ratio (B) characterized in Table 2-3. For the complexes Dy(l1l)-
GPR, Dy(111)-GCZ value of T, parameter are found highest in HTAB micellar medium but for Dy(I11)-GBC
complex highest value of T> are found in SDS micellar medium.

Refractive index of the medium T4 and Judd Ofelt parameterTs, which is the indicative of the degree of
the change in symmetry around the metal ion, due to ligand environment, were found highest in the micellar
medium HTAB for the Dy(lI1)-GPR and Dy(l11)-GCZ complexes, whereas for the Dy(I11)-GBC complex
highest value of T4 and Te is found in the micellar greener medium SDS. Constant value of the coordination
parameter T4/T> ratio, indicate that metal ion Dy(l11) have same coordination environment around it. The value
of T4/Te ratio varies from 0.25 to 0.55, which depicted the variation in the symmetry around the doped Dy(lIl)
ion in saturated ligand solution Table-2.

Nephelauxetic ratio (B), S.P. Sinha's covalency parameter '6 scale’ and covalency angular overlap
parameter, bonding parameter (b?), which are the covalency parameters are represented in the Table-3. For
Dy(111)-GCZ complex, the lowest in value and more significant nephelauxetic ratio () have been observed in
HTAB surfactant medium among all three doped complex systems Dy(l11)-GPR, Dy(l11)-GBC and Dy(lll)-
GCZ in DMF and micellar HTAB, SDS and TWEEN 80 medium. The value of nephelauxetic ratio is less than
one, which shows the shifting of absorption bands towards higher wavelength for Dy(lIl)-complexes as
compared to the free metal ion Dy(lll). Shifting of absorption bands are found highest in DY (I11)-GCZ in
HTAB micellar medium. B value far from unity inferred more covalency characters in the metal-ligand
complexes.

The value of bonding parameter b'/? have been found highest in HTAB micellar medium for ligand GCZ
on complexation with Dysprosium metal ion among all 12 doped systems. Highest & scale' Sinha’s covalency
parameter are also found high for DY (111)-GCZ in HTAB which shows highest covalency character in the
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present study of Dy(I11)-GPR, Dy(l11)-GBC and Dy(111)-GCZ metal-ligand complexes.
Table-1
DY(111)-Complexes with Hypoglycemic Sulfonylurea compounds in non-micellar medium [DMF] and
Micellar medium [HTAB, SDS and TWEEN 80] with the value of calculated Oscillator Strength.

r.m.s
S. | LEVEL (*P,*D)ar AFr 4Gue ®Fap2 dev
N .
0. DOPED SYSTEMS Pexp Pcal Pexp Pcal Pexp Pcal Pexp Pcal *G X
106

1 | DY(I)-GPR (DMF) 1475 | 31.04 | 10.72 | 25.98 | 13.47 | 27.39 | 3.13 | 10.97 | 13.72

2 | DY(IN)-GPR (HTAB) | 30.49 | 72.81 | 39.85 | 79.75 | 10.51 | 46.63 | 5.37 | 4.97 35.71

3 | DY(I)-GPR (SDS) 21.32 | 41.28 | 26.99 | 45.86 | 14.75 | 31.79 | 497 | 1457 | 16.86

4 | DY(I)-GPR (TWEEN) | 13.24 | 21.90 | 14.90 | 23.07 | 13.27 | 20.67 | 3.56 | 7.73 7.31

5 | DY(I)-GBC (DMF) 1490 | 31.51 | 18.28 | 33.95 | 13.22 | 27.41 | 3.141 | 11.12 | 14.02

6 | DY(Il)-GBC (HTAB) | 13.09 | 19.15 | 35.14 | 40.89 | 11.89 | 17.08 | 3.85 | 4.88 5.12

7 | DY(I1)-GBC (SDS) 34.19 | 90.45 | 27.84 | 80.96 | 13.60 | 61.56 | 4.88 | 31.90 | 47.47

8 | DY(I1I)-GBC (TWEEN)| 13.19 | 21.84 | 31.84 | 40.06 | 10.80 | 18.24 | 3.58 | 7.76 | 7.33

9 | DY(II)-GCZ (DMF) | 13.26 | 24.72 | 19.47 | 30.30 | 8.82 | 18.63 | 3.22 | 8.73 | 9.68

10 | DY(I)-GCZ (HTAB) | 24.69 | 39.51 113'8 12;'8 21.69 | 34.42 | 6.86 | 3.81 | 12.53

11 | DY(lI)-GCZ (SDS) 13.05 | 19.34 | 18.89 | 24.86 | 13.44 | 1884 | 3.81 | 6.84 5.32

12 | DY(I)-GCZ (TWEEN)| 17.75 | 36.16 | 38.80 | 56.24 | 14.11 | 29.86 | 3.92 | 12.79 | 1556
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Table-2
DY (I11)-Complexes with Hypoglycemic sulfonylurea compounds in non-micellar medium [DMF] and
Micellar medium [ HTAB, SDS and TWEEN 80] with the value of calculated T, Parameters

NS(') DOPED SYSTEMS Tox10%° | Tax10% | Tex10%© | Ta/T2 | Ta/Ts
1 DY(I11)-GPR (DMF) 21952.27 | 88.69 | 185.74 | 0.0040 | 0.47
2 DY(II1)-GPR (HTAB) | 72759.85 | 110.29 | 435.10 |0.0015 | 0.25
3 DY(I11)-GPR (SDS) 40621.89 | 92.20 | 246.37 |0.0022 | 0.37

4 DY (I11)-GPR(TWEEN) 19657.01 | 69.97 | 130.89 | 0.0035 | 0.53

5 DY(I11)-GBC (DMF) 29481.78 | 87.78 | 188.29 | 0.0029 | 0.46

6 DY(I1)-GBC (HTAB) | 37219.96 | 55.62 | 114.61 | 0.0014 | 0.48

7 DY(I11)-GBC (SDS) 71918.84 | 157.42 | 539.79 | 0.0021 | 0.29

8 DY(I)-GBC (TWEEN) | 36521.84 | 56.29 | 131.41 | 0.0015 | 0.42

9 DY(I11)-GCZ (DMF) 27216.72 | 52.76 | 147.76 | 0.0019 | 0.35

10 DY(I)-GCZ (HTAB) 116774.38 | 109.92 | 237.17 | 0.0009 | 0.46

11 DY(I11)-GCZ (SDS) 21491.67 | 64.82 | 115.88 |0.0030 | 0.55

12 DY(I)-GCZ (TWEEN) | 50649.09 | 91.74 | 216.36 | 0.0018 | 0.42
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Table-3
DY (I11)-Complexes with Hypoglycemic Sulfonylurea Compounds non-micellar medium [DMF] and
Micellar medium [ HTAB, SDS and TWEEN 80] for Covalency parameter's [, b'/2, % and 1]
computed value.

S.No.| DOPED SYSTEMS B bv2 o 1
1 DY(I11)-GPR (DMF) 0.9943 0.0533 0.5722 0.0028
2 DY(I11)-GPR (HTAB) 0.9963 0.0426 0.3645 0.0018
3 DY(I11)-GPR (SDS) 0.9990 0.0215 0.0928 0.0004
4 | DY(II)-GPR (TWEEN) 0.9973 0.0364 0.2659 0.0013
5 DY(I11)-GBC (DMF) 0.9972 0.0369 0.2738 0.0013
6 | DY(IlI)-GBC (HTAB) 0.9946 0.0516 0.5370 0.0026
7 DY(I11)-GBC (SDS) 0.9976 0.0340 0.2318 0.0011
8 | DY(Il1)-GBC (TWEEN) 0.9950 0.0498 0.5003 0.0024
9 DY(I11)-GCZ (DMF) 0.9970 0.0381 0.2925 0.0014
10 | DY(II)-GCZ (HTAB) 0.9935 0.0567 0.6476 0.0032
11 DY(I11)-GCZ (SDS) 0.9977 0.0334 0.2236 0.0011
12 | DY(I)-GCZ (TWEEN) 0.9964 0.0423 0.3592 0.0017
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Figure: -1 Electronic spectrum of Dy(111)-GPR Complex in non-micellar medium (DMF)

and micellar medium (HTAB, SDS and TWEEN 80).
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Figure: -2 Electronic spectrum of Dy (111)-GBC Complex in non-micellar medium (DMF)
and micellar medium (HTAB, SDS and TWEEN 80).
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Figure: -3Electronic spectrum of Dy (111)-GCZ Complex in non-micellar medium (DMF)

and micellar medium (HTAB, SDS and TWEENS0).

4. CONCLUSION

Agueous micellar solvent systems, a greener approach, being safer and ecofriendly, provides better contact
for interacting species and proves a better solvent system than conventional solvents. The investigations on
the doped systems, Dy(lll) ion as metal ion and hypoglycemic sulfonylurea compounds Glimperide,
Glibenclamide and Gliclazide as ligands in micellar medium (HTAB, SDS and TWEEN 80) have greater
magnitude of parameters exploited from spectral study comparative to conventional solvent DMF. Various
spectral parameters Oscillator strength(P) and Judd-Ofelt parameters (Ta=T2, T4, Ts) have been exploited
from spectral studies and inferred that in micellar medium interaction between metal ion and ligands takes
place to somewhat greater extent resulting change in the shape and shifting of the absorption bands.

Presence of covalency is depicted in metal-ligand systems, through different parameters, are the key
factor of this absorption spectral study. Sensational changes are occurring in different spectral parameter in
greener micellar systems, indicating the interaction of f-orbital of the metal ion with ligands and spin-orbit
interaction occurs which generate the f—f transition. The changes in bonding parameters like B, 8, b2,
and oscillator strength (P) indicate, the interaction of the f-orbital of Dy(lll) with the ligands Glimepiride
(GPR), Glibenclamide (GBC) and Gliclazide (GCZ) present in the greener saturated solution.

The small root mean square deviation, which varies from 5.12x10° to 47.4x10°%, propose the
validity of Judd-Ofelt theory of f—f transition (Table-1). From the electronic spectrum of the doped system
Dy(I11)-GPR, Dy(I11)-GBC and Dy(I11)-GCZ, red shift has been observed for all electronic transition bands
as compare to the free metal ion, indicating the metal-ligand interaction and shifting of electron density
towards the Glimperide, Glibenclamide and Gliclazide ligands Figure 1-3. and Table 1-3. As being
hypersensitive ®°His, —*F7/2 transition, have highest oscillator strength than other three absorption bands in
absorption spectra. Micellar greener solvent HTAB shows a peculiar change in different parameters for
Dy(111)-Gliclazide, metal-ligand complex.
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