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Abstract

A bioinorganic approach into the problem of the isomorphous substitution of calcium(ll) by lanthanide(lll) ions in
biological system is explored through absorption difference and comparative absorption spectroscopy involving 4f-4f transitions.
The interaction of Pr(I1l) and Nd(I1l) with uracil induced substantial changes in the intensities of 4f-4f bands and their
perturbation was reflected through oscillator strength and Judd-Ofelt intensity (T;) parameters. Intensification of these bands
became more prominent in presence of Ca(ll) thereby suggesting that the changes in the oscillator strengths of different 4f-4f
bands and Judd-Ofelt intensity (T,) parameters can be followed to predict in vivo intracellular complexation of uracil with Ca(ll)

in vitro as both Pr(111) and Nd(I111) have unique similarity in their coordination with Ca(ll).
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1. Introduction

The unique spectroscopic and paramagnetic
properties of lanthanide ions have made them a fascinating
field of research in bioinorganic and coordination Chemistry
12 Also their ability to substitute Ca(ll) in isomorphous
manner are gaining increasing importance for the perception
of structural features of biomolecules so as to stimulate
biological and biochemical research ®. The Ca(ll) has
become involved in a vast array of intracellualar and
extracellular biochemical processes and structures *. It is an
essential component in the biominerilization of teeth, bones
and shells, mainly in the forms of hydroxyapatite, calcite or
aragonite. Within the cell, Ca(ll) has a large number of
diverse roles in metabolic regulation, nerve transmission,
muscle contraction, cell motility, etc. This metal ion is also
able to act as a “second messenger’ activating various
intracellular protein systems. Outside the cell, processes
such as protein stability and enzyme catalysis may be
Ca(ll)-dependant. In biological processes, calcium ions
commonly exert their effects by binding to proteins,
normally via aspartate or glutamate residues and peptide
oxygen °. The Ca(ll) ion is almost spectroscopically silent,
having no UV-Vis electronic spectrum and no EPR signal.
Information regarding the structures of the binding sites in
Ca(I)-binding protein is difficult to obtain using techniques
other than X-ray protein crystallography. Lanthanide(lll)
ions occur in only trace amounts in organisms and do not
seem to play any biological role. Moreover, Ln(l1l) ions are
considered only slightly toxic. The trivalent lanthanides,
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however, interact with biological materials in specific ways
which along with their magnetic and spectroscopic
properties make them very informative substitution probes
for calcium-containing biological material °. Isomorphous
substitution of metal ions in biological materials is indeed
less sensitive to charge than to size. The lanthanide ions
have several properties that facilitate Ca(ll) substitution °2.
In many cases, the similarity in size and coordination
geometries results in functional substitution. However, the
difference in charge may eventually induce changes in the
conformation of the biomolecules and/or in their activity. In
some cases, it has been shown that Ca(ll) substitution by
Ln(I11) probes is indeed perfectly isomorphous, for instance
in thermolysin ’. For other systems, for instances in
calmodulin, Ln(lIl) probes do not seem to be the ideal
models for study ’. As the key point to the success of many
biological investigations on Ca(ll)-binding biomolecules is
the assumption that Ln(lll) ions replace Ca(ll)
isomorphously, it is important to establish what changes, if
any, occur upon metal ion substitution. Despite size
similarities, it is possible that Ln(lll) ions may bind to
Ca(ll)-binding site in a significantly different manner than
Ca(ll) does. To contribute to this research area, we have
recently initiated [9-12] a systematic comparative study of
the coordination chemistry of trivalent lanthanides with
ligands containing donor groups of biological relevance
including DNA and amino acids. With these consideration
in mind, we have explored the binding nature of uracil with
Pr(Il1) in presence of Zn(ll) in previous paper [13]. In the
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present paper we herein report the interaction of Pr(l1l) and
Nd(I11) with uracil in presence of Ca(ll) in different aquated
organic solvents by following absorption difference and
comparative absorption spectroscopy involving 4f-4f
transitions to predict in vivo intracellular complexation of
uracil with Ca(ll) in vitro. The corresponding changes in the
oscillator strengths of different 4f-4f bands and
experimentally  determined Judd-Ofelt intensity (T;)
parameters are correlated with the binding of uracil. The
values of other energy interaction parameters namely Slator-
Condon (Fy), nephelauxetic (B), bonding b"? and covalency
(8) parameters have been calculated to support the intensity
data.

2. Experimental Methods and Materials

2.1. Materials

The solvents and chemicals used were of A.R./G.R. grade
from Merck E. Neodymium nitrate hexahydrate and
praseodymium nitrate hexahydrate of 99.999% purity were
procured from CDH, Mumbai. Ca(ll) nitrate (Aldrich USA)
and uracil of A.R./G.R. grade was purchased from SRL
India and used as such.

The absorption spectral data are recorded on Perkin Elmer
Lambda -35 UV-Vis Spectrometer equipped with a device
for kinetic and high resolution spectral analysis. The
concentrations of Nd(II1), Pr(lll), uracil and Ca(ll) were
maintained at 0.01 mol L™ and spectral analysis were
carried out by using different solvents.

2.2. Method

The energy of 4f-Af transitions are composed of
two main components : coulombic Fy and spin-orbit
coupling 4f parameters, represented in the form of equation

k
as follows Eobs: f Fk +Aso§4f

(1)

where f“and A,, are the angular counterpart of coulombic
and spin-orbit interaction, while Fy (Slator-Condon inter-
electronic parameter) and &, are the radial integral known

as Lande’s parameter. The values of inter-electronic
repulsion parameters i.e., Slator-Condon, Fy’s and Spin-orbit
coupling Lende’s parameter, & are determined by using the
method outlined in our earlier papers [14,15].

If the f-orbital’s are involved in covalent bond
formation with the ligand, the metal wave function can be
expressed [16] as

<@y = (1_b)1/2 <4f | _bllz < (Dligand |
(2)

where b'? measures the amount of 4f-orbital mixing, i.e.
covalency. Sinha [17] has proposed a ¢ scale to express the
covalency. Both the parameters b*? and ¢ are related to the
nephelauxetic effect, i.e. 5. The covalency parameter (8, 52,
o) of the complexes have been calculated using the
relationship [16-18] :

c k
ﬂ:F%(f orIB:E%fk
®)
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where Fy (k=2,4,6) and E, the Slator-Condon and Racah
parameters for complex, and Fy f and EX for free ions
respectively.

g
5:(“%}100
©)

The intensity of the absorption band is measured by
experimentally determined oscillator strength (Poys), Which
is directly proportional to the area under the absorption
curve and is found out by Gaussian curve analysis [19] as

P=46x10"x¢g, xAv,,

(4)

(6)
where &, is the molar extinction coefficient and Av,,, is

the half band width. The calculated oscillator strength of the
induced dipole transition mwJ — m°J’ of the energy (cm™)
in accordance with Judd [20] and Ofelt [21] can be
expressed as

Pcal _ Z T/ll)< f nl//jHU (l)Hf nl//j,>2
k=2,4,6

(7)

Which can be reduced to
PC% = [U (2)]2'T2 + [U (4)]2'T4 + [U (6)]2'T6
(8)

where U™ is the matrix element of unit tensor operator
. .. n . n
connecting initial < f"y; | and final | f "y > through

three phenomenological parameters T, (A=2,4,6) called
Judd-Ofelt parameters. These parameters are related to the
radial wave function of the states and ligand field
parameters that characterize the surrounding field. The three
parameters T,, T4 and Tg are related to the radial part of the
4f" wavefunction of the perturbing configuration. The values
of T, parameters have been computed by using the matrix
elements given in our earlier paper [14].

3. RESULTS AND DISCUSSIONS

The absorption spectra of Nd(II1) and Pr(lll) has been
carried out in aqueous and aquated organic solvents and
their interaction with uracil in presence of Ca(ll) is
correlated with changes in the oscillator strengths and
Judd-Ofelt (T,) parameters. The 4f-4f bands of Nd(Il1)and
Pr(lll) are used as a marker bands to investigate the
interaction of Nd(I11) and Pr(lI1) with uracil in solution.

3.1. Interaction of Nd(l11)-uracil in presence of Ca(ll)
We see that there is a red shift as uracil is added to
Nd(I1l) and further shift towards longer wavelength on
addition of Ca(ll) (Fig. 1). The binding of Nd(IlI)-uracil
brings about the changes in energies of various 4f-4f bands
which causes the degree of lowering in the energy
interaction parameters, Slator-Condon inter-electronic
repulsion, which leads to the nephelauxetic effect and the
intensifications of the f-f transitions. Nephelauxetic effect
is taken as a measure of metal-ligand covalent bonding.
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This effect may be visualized to be due to an expansion of
the wave functions which results from interaction between
the metal cations and neighbouring ligands.

Table-1 listing the variation of the magnitude of energy
interaction  parameters  like  Slator-Condon  (Fy),
nephelauxetic ratio (B), bonding (b*?) and percentage
covalency (8) for  Nd{II), Nd({Il):uracil and
Nd(I1):uracil:Ca(ll) in different solvents reveals that the
addition of uracil to Nd(I11) brings about lowering of these
parameters indicating the expansion of 4f orbitals on
interaction. Since lanthanides are hard metal ions in the
Pearson classification scheme [22] they prefer hard donor
sites like oxygen atoms. This implies that interaction of
Nd(I1l) with uracil is generally predominant with the
carbonyl group of uracil. Hence the bonding between
Nd(I1l) and uracil is basically electrostatic in nature as
indicated by the absolute values of nephelauxetic effect (p),
covalency (8) and bonding parameters (b3 thereby
suggesting that the mode of binding of uracil to Nd(lII)
involves predominantly ionic mode [23]. The absolute
values of the oscillator strength and Judd-Ofelt intensity (T,)
parameters are determined under the different experimental
conditions and are listed in Table-2. Table 2 has shown that
the addition of uracil to Nd(Ill) brings about a noticeable
enhancement in the oscillator strength of 4f-4f bands
irrespective of solvent nature. Consequently, marked
variation in the experimentally determined Judd-Ofelt (T,)
intensity parameters was found. This intensification of 4f-4f
bands can be interpreted in terms of interaction of 4f-orbital
with ligand wavefunction. The intensification of bands and
red shift were taken as an evident for the involvement of
ligand in complexation. These suggest the binding of the
uracil to Nd(II1) in solution. Besides, the shape of 4f-4f
bands and absorption spectra pattern as a whole has been
found to be quite similar to that shown by Nd(lI1) aquo ion
suggesting almost similar nonacoordinated environment
around Nd(II1) in Nd(I11)-uracil complex in solution. Fig.1.
also shows that the addition of Ca(ll) to Nd(IlI)-uracil in
1:1:1 stoichiometry brought significant changes in the
energies and intensity parameters. 4f-4f bands showed
gradual increase in the intensity along with significant red
shift, an indication that addition of Ca(ll) to Nd(Ill):uracil
(1:1:1) strengthened the binding of uracil to Nd(IIl). This
means that the increased probability of interaction of 4f-
orbital with ligand wavefunction .

The *lg, — “Gg, transition of Nd(l11) is considered
as hypersensitive transition as it obeys selection rules for
quadrupole transitions and undergoes very high
intensification on complexation [24,25]. Small changes in
the immediate coordination environment around Nd(I11)
brings about wide variation of oscillator strength. The other
transitions of Nd(I11) are reported to very sensitive even on
minor changes in the coordination environment [10,11].
Iftikar [26] has reported a marginal increase (15%) in the
oscillator strength of the non-hypersensitive transitions,
contrary to the several fold increase shown by
hypersensitive *lg;, — ‘G, transition. Table 2 clearly shows
the variation of the oscillator strength of *lg;, — G5, *lgr, —
*Fap, 1p —*Fsp, and *lgp, —*F+ which do not obey the
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selection rule, yet these show significant sensitivity
evidenced by large variation of oscillator strength which is
almost same as shown by hypersensitive “lg, — *Gsy,
transition. We are reporting the high sensitivity of these
non-hypersensitive transitions. It appears that the nature of
ligand and lability and geometry of complex species induce
the unusual sensitivity to these non-hypersensitive
transitions.

Solvents have been found to play a significant role
in the interaction of Nd(IlI) with uracil. Comparative
absorption spectra of Nd(lIl):uracil in different aquated
organic solvents (Fig. 2) clearly shows the affinity of
solvents towards the Nd(IIl) coordination environment.
DMF appears to have strongest influence on Nd(I11):uracil
followed by dioxane and least in acetonitrile. This means
that DMF has larger impact in promoting 4f-4f electric
dipole intensity, which is in accordance with our previous
studies [10]. This large increase in oscillator strength in
DMF might be due to ligand polarization effect. The
difference in oscillator strength in different solvents may
be associated to ligand (solvent) structure and their
coordination behaviours. The DMF has two coordination
sites but it generally binds via oxygen when it coordinates
to hard acids like lanthanides.

The red shift observed in the energies of all the 4f-
4f bands are considered as marker for quantitative analysis
in Nd(IIl) ion. Although we have found red shift in
energies of all transitions, the effect is more pronounced in
DMF. The red shift is due to the expansion of the metal
orbital radius which leads to nephelauxetic effect. At the
same time, the nephelauxetic effect brings about a
shortening of the metal-ligand bond length thereby
increasing the probability of interaction between metal and
ligand orbital. This clearly shows the involvement of uracil
in the inner sphere coordination around the metal ion.
Though the ligand environment has only weak influence on
the electronic cloud of the Nd(l11), the 4f shell is efficiently
shielded by the close 5s and 5p shells. This clearly shows
without doubt that the interaction of Nd(III)-uracil is
effected significantly by the nature of solvents. All results
obtained clearly suggest that minor coordination changes
around the Nd(IIl) are caused by different coordinating
sites of uracil, solvent nature, coordination number, nature
of Nd(l1):uracil band which do induce significant variation
in the intensity of 4f-4f transitions.

3.2._Interaction of Pr(l11)-uracil with Ca(ll)

The interaction of Pr(ll) with uracil indicates
noticeable changes in the energy interaction parameters as
observed in the Nd(I11) ion which became more prominent
in presence of Ca(ll). However, the changes in the
nephelauxetic parameter, B is varied significantly and
found to be less than unity thereby suggesting that the
Pr(l11)-uracil bond is a more covalent type than the Nd(I11)-
uracil bond in similar experimental conditions (Table-3).
The different solvents and their different compositions
have a momentous effect on the biological activities of
uracil (Fig.3).
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Table 1:

Computed values of Slator-Condon(Fy), spin-orbit coupling constant (£4), nephelauxetic ratio (), bonding (b*2) and covalency
parameters (8) for the complexation of Nd(IIl) with uracil in presence and absence of Ca(ll) in aqueous and aquated organic
solvents at 25°C.

Svstem Fa F, Fs Ear B 12 &
H-O

TAIIT 331.07 277 5.1z 1772 1.00 D053 (Y =

AT aracil 331.25 43 & 517 Q1773 1.00 ooss D522

AJIT uracil: Cadl: 33020 432 a0 521 217 ez 1.01 [ 1.011
TleOH

AIII 231.02 4259 5.1z o21.22 1007 (e Relaul [

AJIT uracil 331.05 43 60 5.19 21.22 1.007 [ D77

MAJIT uracil  CadIy 331.03 4363 5,18 ox1.84 1007 [ D7 a2
Drioxanes

T TAIIT 33092 43 a4 5.21 D2E 25 1.2010 [N ] 1.0a3

AJIT uracil 331.77 4211 5.23 215 22 1007 D071 07715

MAIID aracil: Cadly 33090 43 a0 5.21 2T 12 1.211 1.211 1. 100
Fle T

IACIIT 33087 4261 5. 20 D2E 289 1.010 Oo73 1.07%

IAJIT uracil 330,87 43 a0 5. 20 Q2T 2D 1.211 (S 1.102

MAJIT uracil . Caillly 330387 43 60 5. .20 27 21 1.011 [ 1.097
I AR

TAIIT 33127 4263 5.17 217.35 1. 001 D063 O 82

MAIIT aracil 331.25 43 64 5.17 Q17 283 1.005 [ 0522

AJIT uracil: Cadl: 331.51 gz 61 5.15 211.a1 1.001 D022 o101
A= Droxane

AIII 23072 4263 5.21 2898 1.212 [ = 1.227

AJIT uracil 33079 4362 5.21 2 29 1.012 [Nk ] 1.220

MAJIT uracil  CadIhy 33061 43 62 5. 22 DF2 a2 1.2014 0 DOES 1432
DR I T

T TAIIT 33090 4362 5. 20 S2a 02 1.2010 Do72 1.032

AJIT uracil 33020 g2 61 5. 20 L S ) 1.010 [N 1.010

MAJIT uracil Caillly 33028 43 60 5.21 2T 39 1.211 [N 1.111
TAeOH - Dicxanse

TACIIT 330.85 43 62 5.21 o2 09 1.011 o o7 1.170

IAJIT uracil 330286 4362 5.21 Q2T 23 1.211 D DEs 1.150

MAJIT uracil . Caillly 33075 43 a4 5.22 o229 al 1.012 O.Ds0n 1.2&7
leOH - IR

TAIIT 33083 g2 61 5.21 R TE 1.2012 D07 1.205

MAIIT aracil 330283 4261 5.21 2253 1.012 Oo72 1.12a

MAJIT uracil: Cadl> 33071 gz 61 521 3013 1.013 D 0E0 1.221
DrAEF - Dnioxane

AIII 33077 4262 5.21 DEI 02 1.212 [t 1.217

AJIT uracil 33077 4362 5.21 28 98 1.012 D.0ae3 1.214

MAJIT uracil  CadIhy 33064 43 a0 5. 22 3172 1.2014 [ 1.37&
e OH - IWIeCIT

T TAIIT 331.03 4365 5.19 2122 1007 O DE2 0.7 a3

AJIT uracil 331.03 42 6 5.12 S22 54 1.002 SRS o217

MAJIT uracil . Cailly  331.07 43 68 5.19 921.13 1.007 [Nl 0.7 3a
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Table 2:
Experimental values of oscillator strength (Pexpxlo'e) and Judd-Ofelt (T, ) parameters for the
complexation of Nd(I11) with uracil in different aquated organic solvents at 25 °C.

System ‘G Gra Fm Fan *Fin Ts Ty T
H,0

AT 1.317 4721 2.a01 2517 0.da3 26 06 6.55 46 94

AT uracil 1.121 4723 2603 24453 0.4a7 24 91 317 2047

WA uracil: Cally  0.921 4401 3023 2.495 0470 2833 S.al L2908
e CH

AT 1.050 5141 2622 2.319 0.549 2913 4 20 47 46

M uracil 1.051 5.203 271 227 0. S0 32 86 2.945 66 48

NI uaracil:CaIl;  1.100 5,286 4313 2. 646 0763 3212 346 62 03
Dioxane

AT 1.097 5.473 3076 2.427 0.al107 3228 629 21.13

WA uracil 1.134 5751 3229 2.5a0 0.e121 34 .22 5.35 24 33

WA uracil: CaIly  1.221 6,092 3296 2704 0579 351a i 24 02
e CH

AT 1.06a7 5,987 3187 2420 0. & 31.24 5.03 2068

WA uracil 1.130 6. 005 3287 2542 0634 32.05 .02 S22.6

NI uracil:CalIl;  1.448 5724 3379 2666 0.555 3287 5.37 24 21
DMF

AT 1.223 65,193 3209 2.524 0,547 3228 3452 5330

M uracil 1.2a1 5151 3393 2509 0502 41.08 336 26 27

NI uracil:Cally  1.321 6,922 3452 2742 0.541 41.21 020 5829
}MeCHM : Dioxane

AT 1.02%2 6. 344 3519 2.401 0623 2977 670 S0.22

WA uracil 1.015 5. 492 3603 2.504 0662 F0.59 273 5956

WA uracil: Calll 1.051 5.824 3625 2.637 0.6l6 28.07 1479 47 07
DMF : belH

AT 1.223 6. 254 3159 2.559 0621 3526 5.13 5410

WA uracil 1.274 5.531 3.54% 2.607 0617 3431 2.00 5540

WA uracil: Callly 1.427 5,522 3692 2.941 0.536 3775 ola S6.05
MMeCH:Dicxane

AT 1.212 5724 3.030 2.492 0606 3352 2.02 51.26

NI uracil 1.132 5647 3206 2.372 0.532 3373 T.20 51.26

WA uracil: Callll 1.306 5.567 3122 2.609 0.56% 32.04 543 5227
LieCH  DIF

AT 1.075 . G4 3266 2.565 0610 32.97 7.54 49 00

AT uracil 1.171 5928 317 2.425 0.7z 35.21 2572 42 10

WA uracil: Calll 1.185 6. 258 3218 2.088 0601 3763 540 54 24
DMF : Dioxane

AT 0.925 5.503 2.833 2.187 0.53%9 43 82 4 a0 98 96

WA uracil 0.999 5.624 2242 2166 0.525 4932 336 9916

NI uracil: Calll 1.075 5.685 2.85%9 2.307 0.473 43 25 2.90 9958
keCH : MeCH

AT 1.140 5,092 3152 2.615 0. & 32.10 639 522,45

NI uracil 1.21%2 5743 3210 2.622 0605 3389 6. 06 53775

NI uracil: Calll 1.127 5,547 3239 2729 0591 31.29 730 56 35
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Table 3:
Computed values of energy interaction parameters Slator-Condon (Fy), Spin-orbit coupling constants (&4), nephelauxetic ratio(B),
bonding (b"?) and covalency (8) parameters for Pr(I11); Pr(III):uracil; Pr(IIl):uracil:Ca(Il) in different solvents.

System F: Fa Fs Zaf B L 5
H.O

Pr(III} 30206 4266 486 72217 09484 01637 56599
Pr(IIyuracil 309.09 4266 466 72216 09468 01631 56200
Pr(OlyuracilCall) 30913 4267 466 72216 09467 01633 56344
MeOH

Pr(IIL} 30895 4265 466 72216 09463 01639 56779
Pr(IIyuracil 30895 4265 466 72215 09463 01638 56734
Pr(Olyuracil:Call) 30895 4265 466 722.14 09463 01639 56742
DMF

Pr(II) 30883 4263 466 72287 09460 01643 57053
Pr(IIyuracil 30881 4263 466 721.84 09458 01646 57261
Pr(Olyuracil:Cally 30872 4261 466 72231 09460 01643 57041
MeCHN

Pr(II) 30893 4264 466 72223 09462 01640 56838
Pr(IIyuracil 30892 4264 4686 72213 09462 01840 56838
Pr(OlyuracilCadly 30891 4263 466 72213 09463 01639 56755
Dioxane

Pr(IIL} 30893 4265 466 722.28 09463 01638 5.6721
Pr(IIuracl 30892 4264 466 72225 09466 01634 56442

Pr(OIlruracil:Callls 0292 42684 d4es T2221 02465 D163 56554
DMEF Dicane

PrilII) 08384 4263 des TJ2ZZ33 0%del 01640 56826

PriIIyuracil 302823 4263 d4es 72214 094sl 0142 56991

PriOlyuracil:Callly 30873 4262 4des 72216 0.94ad 01edd 57137
LMF: hAaCH

PriIII} 30887 4264 d4ee TJ2ZE83 09481 01642 56970

PriIIyuracil 0884 4263 4d4e6  F2ZZEZ 0.94as6 01635 56455

Prilllyuracil. Callly 30892 4264 44e6 72262 02des 01634 56436
heOH e OB

Pr{III: 30895 4265 dee  T2202 02482 01640 56884

PriIIyuracil 30895 4265 4es 72198 09481 01641 56923

Prilllyuracil:Callly 302890 4265 4e6 72211 02463 01633 56736
IMeCOH Dioxane

PriIIT) 30894 4265 4des T2233 0946t 01637 56663

PriOTyuracil 30293 424 4es V2228 D465 01635 58495

PrilTyuracil:Callly 30892 4264 466 72226 09465 016839 56752
hWeDH DME

PriIITy 3088 4264 4o 72265 09465 01635 56515

Priduracil 30885 4262 466 T2251 0%es 01638 546684

Prililyuracil: Callly 30878 4262 4dee 72245 05485 01640 5.6840
IeCH Dioxane

PrilIl} 30293 4264 des 72211 09de? 0140 5.6253

PriIIlyuracil 30292 4263 4des 2210 09de3d 0140 5.6256

Pridluracil:Callly 30891 4264 468 72210 09463 01640 568855
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Table 4:
Experimental values of oscillator strength (Px10°) and Judd-Ofelt (T,) parameters for Pr(111); Pr(l11):uracil; Pr(I11):uracil:Ca(ll) in
different solvents.

Devi 2015

System P, Py Py D, T, T, Ts
H.O

BrIIT) 2.976 0752 039 0873 -10.93 1.58 0933

PriIyuracil 1.4a7 07736 0.3 0868 2207 1.54 e A0

ErIITyuracil: Calll 2,903 0719 )| 0220 2355 1.34 0210
keOH

FrIIT 3297 0726 0441 0e272 2203 169 1036

PriIyuracil 3,242 0782 0161 1.1201 -32.97 1.30 10.31

PriiTyuracil:Cadll 3436 0207 0457 09s37 4893 174 10,280
DiF

PriIIl} 3415 1.017 0515 1.122 2993 211 10,54

PriITyuracil 3545 0.7 [ R8s 1.156 -27a2 189 11.12

BrIITyuracil: Calll 37692 1.030 6. 365 1.174 26,85 1030 12.61
hAeCH

Pr(IIT 3174 0772 0417 05924 1042 1.ad 0997

PrIlyuracil 3.517 0821 0435 0.9 -lg.10 173 11.07

PriiTyuracil:Cadll 3521 0,825 0442 0956 -10.12 1.82 11.05
Dicane

Pr(IIT} 3.5 0. 7ed N 0.995 -ozdn 187 11.17

PrI v uracil 3.5058 0210 A3 1.057 021 1.91 11.06

PrIITyuracil: Calll 4 025 0754 O4e2 0920 4385 168 1275
DMF - Dicxane

Er(IIT 3.091 0236 435 0545 -oed9 175 09.a7

PriIIluracil 3117 0830 0431 0947 0234 174 0276

Prilllyuracil:Callly 3314 0.836 0451 1.238 -16.032 178 10.40
DME MalH

PriIIl} 3102 0275 0435 0985 -17.44 1.31 0271

PrI v uracil 3,267 0242 0453 05983 1619 1.79 10,24

PrIITyuracil: Cacll 331 0846 0435 0.955 1297 177 10,32
IeOH MWalT

PrIIT) 2.788 0263 0423 oLET72 -13.01 177 0266

PriIyuracil 2.915 0,936 0442 Q852 2 I A . 09.05

ErIITyuracil:Calll 3123 022 oA gl -22.08  1.99 0271
MeOH Dicxans

PriIIl} 3367 0.a37 0388 0932 -11.01 141 10.66

PriI v uracil 3372 0.&94 0408 0936 2462 1.52 10,34

BrIITyuracil:Cacll 3.383 0657 0389 Q822 A710 144 1071
MMeOH D ME

PrIIT 375 0845 0. a7 0977 -2e71 0 1.81 11.82

PriIIluracil 387 0208 0472 0754 -84 06 1.90 1272

ErIITyuracil:Calll 3.899 022l 0432 09242 -21.05 174 10,06
eCH Dioxane

PriIIl} 3084 0838 0433 0975 -16.91 175 09.65

PriI v uracil 3.084 0840 OA43 e -10.53 0 176 02 &

PriiTyuracil:Caddl 3235 0820 0453 0925 -14.31 178 10.14
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Fig. 1. Comparative absorption spectra of
Nd(III) === Nd(III) : uracil s+ Nd(III) : uracil ; Ca(ll) —— in DMF.
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All the four transitions of Pr(111) (*H,—°P,, *H,—°P,,
*H,—°P, and *H,—'D,) show a significant changes in the
spectral pattern with the changes in the values of oscillator
strengths (Fig. 4 & Table 4). This means that the all the
four band of Pr(lIl) are found to sensitive even on minor
coordination changes around Pr(I1l). This enhancement of
oscillator strength and band shape demonstrated change in
symmetry of complexes due to the possibility of solvent
coordination, which enhances the coordination number of
the metal ion.

4. CONCLUSIONS

Electronic spectral studies of the Nd(I11) and Pr(l11)
complexes in different solvents, which differ with respect
to donor atoms, reveal that the chemical environment
around the lanthanide ion has a great impact on f-f
transitions and any change in the environment in terms of
solvent results in modifications of the spectra. However,
the variation in energy interaction and intensity parameters
hereby suggest that 4f-4f transitions of Pr(lll) are more
sensitive than that of Nd(lIl) in similar experimental
conditions. Besides, the presence of Ca(ll) strengthen the
binding of Nd(II1) to uracil than Pr(l11) does. Our results in
this study seem to confirm that Ln(Ill) ions have a
preferences for higher coordination number when bound to
calcium-selective ligand. This effect should be taken in to
account when employing Ln(l11) ions to probe the structure
at and about calcium binding sites in biomolecules.
Acknowledgment
Ch. Victory Devi thanks Department of Chemistry,
Manipur University for providing the laboratory facilities.

References

CH. Evans. (1999). Biochemistry of Lanthanides,
Plenum press, New York.

L. Kostova., N.Trendafilova and G. Momekov. (2008).
Theoretical, spectral characterization and antineoplastic
activity of new lanthanide complexes. J. Trace Elem.
Med. Biol. 22:100-106.

R.B. Martin. (1983). Structural Chemistry of Calcium :
Lanthanides as probes, In: T.G. Spiro (Ed), Calcium in
Biology, Vol. 237, Wiley, NY.

N.C.J. Strynadka, M.N.C. James. (1994). in : King RB
(Ed.), Encyclopedia of inorganic Chemistry, Wiley
Chicheester, Vol. 1, p. 477-507.

L. Stryer. (1994). Biochemistry. W.H.Freeman and
Company, San Francisco.

C. Bunzli., G.R. Chopin. (1989). Lanthanide Probes in
Life, Chemical and Earth Sciences: Theory and
Practice; Elsevier: Amsterdam, pp. 219.

B. A. Levine and R.I.LP. Willaims. (1983). The
chemistry of Calcium ion and its Biological Relevance;
in the role of calcium in Biology (T.G. Shapiro ed.)
Wiley, N.Y. 237.

R.M. Supkowski., J.P. Bolender., W.D. Smith.,
Reynolds., E.L. Lewis., Jr. Horrocks, DeW William.
(1999). Lanthanide ions as redox probes of long-range
electron transfer in protein. Coordination Chem. Rev.
185-186: 307- 317.

Devi 2015

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]
[21]

[22]

[23]

Ch. Victory Devi, Th. David Singh and N. Rajmuhon
Singh. (2009). An absorption spectral analysis of 4f-4f
transitions to explore the comparison of energy
interaction parameters and electric dipole intensity
parameters for the complexation of Pr(lll) with D-
proline and DL-proline. J. Indian Chem. Soc. 86 : 802-
809.

Ch. Victory Devi and N. Rajmuhon Singh. (2011).
Absorption spectroscopic probe to investigate the
interaction between Nd(I1l) and calf-thymus DNA
Spectrochim. Acta A, 78:1180-1186.

Ch. Victory Devi and N. Rajmuhon Singh. (2011).
Comparative absorption spectroscopy involving 4f-4f
transitions to explore the kinetics of simultaneous
coordination of uracil with Nd(lIl) and Zn(ll) and its
associated thermodynamics. Spectrochim. Acta A, 81:
296-303.

Ch. Victory Devi and N. Rajmuhon Singh (2013).
Internatinal Journal of Chemical and Biochemical
Science. 3:61-68

Ch. Victory Devi and Rajmuhon Singh N (2011).
Comparative absorption spectroscopy involving 4f-4f
transitions to explore the interaction between the Pr(l11)
and wuracil in presence and absence of Zn(ll).
International J Chem. Engineering and Appl. 2:285-
288.

Ch. Victory Devi and N. Rajmuhon Singh (2013).
Spectrophotometric study of kinetics and associated
thermodynamics for the complexation of Pr(I11) with L-
proline in presence of Zn(ll). Arabian J Chem. Doi.
0rg/10.1016/j.arabjc.2013.07.044.

Ch. Victory Devi and N. Rajmuhon Singh. (2014). A
Comparative Study on the Binding Interaction of
Nd(111) with D-Proline and DL- Proline in Absence and
Presence of Zn(Il) using 4f-4f Transition Spectra as an
Absorption Probe. Canadian Chem. Trans 2:36-40.
D.E. Henrie.,, G. R. Choppin. (1968). Environment
effects on f-f transitions II. “Hypersensitivity in some
complexes of trivalent neodymium. J. Chem. Phys. 49:
477-481.

S.P. Sinha. (1966). Spectroscopic investigations of
some neodymium complexes. Spectrochim Acta A.
22:57-62.

K. Jorgensen. (1971). Modern Aspects of Ligand Field
Theory, North-Holland, Amsterdam.

Kothari., S.N. Misra. (1983). Electronic spectral study
of amino-acid complexes of Nd(Ill). Can. J. Chem.
61:1778-1783.

B.R. Judd. (1962.) Optical absorption intensities of
Rare —Earth lons. Optical Phys. Rev. 127: 750-761.
G.S. Ofelt. (1962). Intensities of crystal spectra of rare
earth ions, J. Chem. Phys. 37 (3), 511-520.

R.G. Pearson. (1963). Hard and Soft Acids and Bases.
J. Am. Soc. 85 : 3533-3543.

L.B. Zinner and H.F. Brito. (1985). Synthesis and
properties of complexes between lanthanide trifluoro-
acetates and 2-picoline-n-oxide (2-picNO). Inorg.
Chim. Acta 110 : 175-179.

R.D. Peacock. (1975). Intensities of lanthanide f-f
transitions, Structure and Bonding, Spring-Verlag, New
York Heidelberg Berlin, 22:104.

77



1JCBS, 7(2015):68-78

[24] D.E. Henrie, R.L. Fellows and G.R. Choppin. (1976). [25] K. Iftikhar. (1987). Hypersensitivity in the 4f-4f

Hypersensitivity in the electronic transitions of absorption spectra of lanthanide (111) complexes. Inorg.
lanthanide and actinide complexes. Coord. Chem. Rev. Chim. Acta. 129 : 261-269.
18 :199-224.

Devi 2015 78



