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ABSTRACT

In this communication we report the influence of the coordination formation between the dibenzo
and benzo derivatives of the crown ethers. The electronic absorption spectra of the derivatives of 18-
crown-6 and 15-crown-5 with Pr (l1l) and Nd (lll) ions have been recorded and studied in 1:1,1:2,1:3
and 1:6 metal -ligand ratios in visible range i.e.340-760 nm in solution. The energy and intensity of f-f
transitions in these spectra have been quantified and explained in terms the various energy and intensity
parameter such as Racah (E), Slator-Condon (F,) Lande (V,), Oscillator Strength (P) and Judd-Ofelt
parameter (T,) etc. These were computed using partial and regression statistical method. The bonding
parameter (b'2) and nephalauxetic ratio (b) have also been evaluated. The metal and ligand interaction
have been discussed on the basis of these parameters. These parameters suggest the covalent nature

of metal and ligand bond.
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INTRODUCTION

The crown ethers are now well-known
molecules. They are characterized by repeating
(CH, CH,0) units. The simplest examples are
unfettered by substituents and can be fully
described as (CH, CH,0), The most common
simple macrocycle is 18-crown-6-ether, which has
the formula (CH, CH,0).." Crown ethers,
macrocyclic and macropolycyclic molecules show
a high complexation selectivity which makes them
adequats ligands for the investigation of the
coordinative properties of the lanthanoid ions.
Recently?®, attention has been focused on
lanthanoid & crown ether complexes since they can
be used for the lanthanoid ion separation, for
stabilizing Ln (ll) oxidation states and for studying
high coordination numbers of the lanthanoid ions.
A search through literature’'® reveal that very little
work has been done on the electronic spectra of
metal ions, Pr(lll) and Nd(Ill) complexes with

macrocyclic ligand (crown ethers) namely, 18-
Crown-6(6CE,), Benzo-18 crown -6(6CE,), Dibenzo
18- crown -6(6CE,), 15-Crown -5(5CE,), Benzo 15-
crown-5(5CE,), Dibenzo 15-Crown-5(5CE,).
The electronic spectra of the complexes in different
metal-ligand stoichiometry (1:1, 1:2, 1:3, 1:6) have
been recorded and various energy and intensity
parameters have been computed. In this
communication we report the investigations on the
influence of the coordination formation between
Pr(lll) and Nd(lll) ions and the crown ethers 15-
Crown -5, 18-Crown -6 & their derivatives.

EXPERIMENTAL

The crown ether ligands have been
dissolved in 1:3 mixture of CH30H and/or CH,CN
solution. The sample solutions for recording
electronic spectra of Pr(lll) and Nd(lll) metal ions
in the ligand environment having different metal
ligand (M:L) stoichiometry i.e. (1:1, 1:2, 1:3 and
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1:6) have been prepared. All the spectra were
recorded in solution in the range of 340-760 nm on
a Beckman DU 600 spectrophotometer.

The absorbance measurement of the
solutions of different stoichiometry shows maximum
absorbance for 1:1 metal-ligand ratio hence; all the
different parameters were calculated for this metal-
ligand stoichiometry.

All chemicals and reagents (Across) used
were of AnalaR or AR grade. The lanthanide
acetates were obtained from Indian Rare Earth Ltd.,
Udhyogmandalam, India.

RESULTS AND DISCUSSION

The spectra thus obtained were analyzed
and various energy, intensity and bonding
parameters were computed in order to explained
the structure and bonding in the complexes as per
theory propounded by Judd-Oflet'+'".

Energy parameters

The energy level structure of 4fV
configurations arise as a result of coulombic and
spin-orbit interactions, which are expressed as inter
electronic repulsion parameters, namely, Slator-
Condon(F,), Racah(E*) and Lande parameters (z4f)
respectively: These parameter can be evaluated by
solving Taylor series expansion equations. The Table
1&2 shows the variation in magnitude of these
energy parameters

oE, OE,
LAF, +—=Af,,

Ei(F.L,)=E, (F*,l° )+
3 ( k§4j) 0,( k 4]) P aFk aFM

Where on= the zero order energy of level j.
_ 70

F, = f, +AF,

0
§4f = ;4f +Aé’4f

0 0

AF, << F.,A{,, << {,;

The difference between the observed E,

values and zero-order ones, DEJ., can be expressed
as
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The magnitude of parameters F, F,, F,and z, were

computed using regression analysis and refined by
the least squares techniques.

There is red shift and there slight decrease
in values of Slator-Condon(F,) and Racah(E¥) and
Lande parameters (z,) which indicate covalancy in
metal ligand bond.

For all the complexes of both the metal
ions the order of Slator-Condon parameter is found
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to be F,>F,>F, and values are summarized in
Table 3.

On complexation, contraction or expansion
of wave function occurs, which is reflected by
changes in values of F, and z, parameters with
respect to the corresponding free ion values.
This phenomenon is known as nephelauxetic effect
and can be expressed by the nephelauxetic ratio®.

B
F

Where , and f refer to the complex and free ion
respectively.

The values of nephelauxetic ratio for all
the metal complexes were found less than one. The
values of this parameter were summarized in Table

3. This indicates the metal-ligand interaction is not
merely ionic but there is mixing of metal and ligand
orbitals, and hence covalent nature of metal- ligand
bond may be concluded.

The bonding parameter (b*) is also related
to nephelauxetic ratio (b) by the relation

B =[¥%-(1- S

The values of energies (E) for peaks of
various f-f transitions of all the metal- ligand
complexes are summarized in Table 1 and 2.

The change in values of all these
parameters in all the complexes and also in the
various metal and ligand (M-L) ratios (1:1, 1:2, 1:3
and 1:6) is not much appreciable. Further, this

Table 4: Physical data of compounds 3a-i

Compounds R? R2 R3 R4 mp(°C) Yield (%)
3a H H H H 156 94
3b Cl H Cl H 220 92
3c H H Cl H 194 95
3d Cl H H H 165 93
3e H H Br H 185 90
3f CH, H CH, H 149 90
39 CH, H H H 156 94
3h H H CH, H 133 92
3i H CHS3 Cl H 191 94
Table 5: Physical data of compounds 4a-i
Compounds R? R2 R3 R4 mp(°C) Yield (%)
4a H H H H 232 92
4b Cl H Cl H 262 95
4c H H Cl H 186 94
4d Cl H H H 226 90
4e H H Br H 228 93
4f CH, H CH, H 242 92
49 CH, H H H 192 95
4h H H CH, H 232 94
4i H CH Cl H 218 95
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Table 6: Characterization data of compounds 4a-i

Comp. IR cm™ 1H NMR dppm
4a 3270 (-OH), 1642(-C=0), 8.74 (s, 1H, benzene), 8.28 (m,2H, benzene),
1494(C=C), 1266 (-C-0O) 7.88 (i, 2H, naphthalene), 7.44 (t, naphthalene),
7.68 (d, 1H, benzene), 7.44 (t, 1H, napthalene),
7.21 (m 2H, naphthalene), 3.96 (s, 3H, OCH,)
4b 3177 (-OH), 1609(-C=0), 8.74(s, 1H, benzene), 8.26 (d, 1H, naphthalene),
1476(C=C), 1272 (-C-0O) 7.99 (d, 1H, naphthalene), 7.96(d, 1H, naphthalene),
7.90 (t, 2H, naphthalene), 7.26 (s, 1H, benzene),
7.16 (dd, 1H, napthalene), 3.89 (s, 3H, OCH,)
4c 3294 (-OH),1675(-C=0), 8.80(s, 1H, naphthalene), 8.25 (m, 1H, benzene),
1499(C=C), 1380 (-C-0O) 7.95 (t, 2H, naphthalene), 7.89 (i, 2H, naphthalene),
7.82 (d, 1H, naphthalene), 7.26 (s, 1H, benzene),
7.16 (m 2H, naphthalene), 3.90 (s, 3H, OCH,)
4d 3241 (-OH),1642 (-C=0), 8.85 (s, 1H, naphthalene), 8.40 (d, 1H, benzene),
1467(C=C), 1165 (-C-0O) 8.19 (d, 1H, benzene), 7.89 (t, 1H, benzene),
7.80 (t, 2H, naphthalene), 7.80 (s, 1H, benzene),
7.36 (t, 1H, naphthalene), 7.20 (m, naphthalene)
3.97 (s, 3H, OCH,)
4de 3290 (-OH),1645 (-C=0), 8.73(s, 1H, benzene), 8.27 (m, 1H, benzene),
1477(C=C), 1170 (-C-0O) 8.18 (d, 1H, naphthalene), 7.94 (d, 2H, naphthalene),
7.81 (d, 1H, naphthalene), 7.39 (d, 1H, benzene),
7.22 (dd, 2H, naphthalene), 3.90 (s, 3H, OCH,)
4f 3275 (-OH),1659 (-C=0), 8.76(s, 1H, benzene), 8.27 (m, 1H, maphthalene),
1479(C=C), 1166 (-C-O) 7.97 (d, 1H, naphthalene), 7.95 (d, 1H, naphthalene),
7.27 (s, 1H, benzene), 7.17 (dd, 1H, naphthalene),
2.68 (s, 6H, CH,), 3.90 (s, 3H, OCH,)
4q 3220 (-OH),1654(-C=0), 8.76(s, 1H, naphthalene), 8.30 (d, 1H, benzene),
1475(C=C), 1163 (-C-0O) 8.17 (d, 1H, benzene), 7.86 (t, 2H, naphthalene),
7.55 (d, 1H, benzene), 7.35 (t, 1H, naphthalene),
7.20 (m 2H, naphthalene), 2.67 (s, 3H, CH,) 3.95
(s, 3H, OCH,)
4h 3287 (-OH),1728(-C=0), 8.75(s, 1H, naphthalene), 8.30 (d, 1H, benzene),
1442(C=C), 1220 (-C-0O) 8.16 (d, 1H, benzene), 7.85 (t, 2H, naphthalene),
7.55 (d, 1H, benzene), 7.34 (t, 1H, naphthalene),
7.20 (m 2H, naphthalene), 2.65 (s, 3H, CH,) 3.96
(s, 3H, OCH,)
4i 3280 (-OH),1690(-C=0), 8.74(s, 1H, naphthalene), 8.28 (s, 1H, benzene),

1485(C=C), 1180 (-C-O)

8.18 (s, 1H, benzene), 7.84 (t, 2H, naphthalene),

7.36 (i, 1H, benzene), 7.22 (t, 1H, naphthalene),

7.22 (m, 2H, naphthalene), 2.64 (s, 3H, CH,) 3.90
(s, 3H, OCH,)
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shows that ligands have little effect on the spectral
pattern thereby indicating largely outer sphere (high
spin) complexation’ and also metal ligand
interaction is not merely ionic.

The decrease in the values of the Lande
parameter ({,) is more than Slator-Condon (F,)
parameter indicating that the ligands affect the spin-
orbit coupling more than the electrostatic repulsion.

Intensity parameter

The intensity of absorption bands were
measured in terms of oscillator strength (P),
calculated by performing a Gaussian curve analysis
of the curve. The Oscillator strength (P) of a transition
between the ground state ( f"¥| to excited state
fN‘I’i) of the lanthanide ion in solution is given by

P,= 3 Lp(fwil| U wi=2027 +1)

A=148

Table 7: Antibacterial screening results of the compounds 4a-i

Compound Antibacterial activity (Inhibition zone in mm)
E. coli Salmonella typhi Staphylococcus aures Bacillius subtilis

4a 6 18 -ve 15
4b 10 -ve 22 22
4c 7 -ve 27 20
4d 7.5 20 -ve 22
4e 11 24 35 24
4f 8 -ve -ve 20
49 7.5 -ve -ve 18
4h 9 21 32 23
4 -ve -ve -ve -ve
Penicillin 12 26 40 27
DMSO -ve -ve -ve -ve

-ve no antibacterial activity

Table 8: Antibacterial screening results of the compounds 4a-i

Compound Antibacterial activity (Inhibition zone in mm)
Aspergillus niger Aspergillus flavus Fusarium moneliforme

4a -ve -ve +ve
4b -ve +ve -ve
4c -ve -ve +ve
4d +ve +ve +ve
4de -ve -ve -ve
af -ve -ve +ve
49 +ve -ve +ve
4h -ve -ve -ve
4i +ve +ve +ve
Grysofulvin -ve -ve -ve
control +ve +ve +ve

Legends: +ve - Growth
-ve - No growth

No Antifungal activity

Antifungal activity observed
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Where the unit tensor operator U®
connects the initial and final states through three
phenomenological parameters, T, (I = 2,4,6). These
parameters are related to the radial part of 4/ wave
function, wave function of perturbing configuration
and ligand field parameters that characterize them
and the immediate environment around the metal
ion. These parameters and oscillator strength of all
the bands observed in Pr (lll) and Nd (lll)-metal ion
complexes are given in Table 1 and 2.

The Judd-Ofelt parameter (T,) is found
negative in the present case as expected for Pr (ll1)
metal-ion complexes and this may be due to
overlapping of f-d orbital in the region of f-ftransition.
The presence of this tail enhances the intensity of
%P, in the visible region. The values of T, parameters
are too low, thereby indicating outer sphere (high
Spin) complexation?. But in Nd (Ill) metal ion, the
T, Parameter has been considered to be an
indication of the immediate coordination
environment.

The ratio of Judd-Ofelt parameter T,/T, of
Pr (Ill) complexes and Nd (lll) complexes has been
found in the range 0.16-0.29 and 0.62-0.97
respectively, confirming that coordination is through
the oxygen donor atoms.

The highest values of oscillator strength
have been found for 1:1 metal-ligand stoichiometry
complexes; so it can be inferred that 1:1 metal-ligand
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stoichiometry in the pH range of 7.5-8.5 in both the
complexes; has more molecular stacking and
molecular association, thereby indicating favourable
stereo-environment around the metal ion for
complexation.

Hence, at large it may be concluded that
interaction of Pr (Ill) and Nd (ll1) ions with the crown
ether has not been ionic but covalent and on the
basis of oscillator strength the order of covalency
may be given as: -

5CE, < 5CE, <5CE, <6CE, <6CE, <6CE,

The complexation and covalency have
been found related to spectral intensity (i.e.,
oscillator strength). The metal-ligand stoichiometry
affects the oscillator strength. Higher the value of
oscillator strength, higher will be the complexation
and covalency. This is in agreement with earlier
findings?'-24.
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