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Abstract The luminescence arising from lanthanide cations
offers several advantages over organic fluorescent mole-
cules: sharp, distinctive emission bands allow for easy res-
olution between multiple lanthanide signals; long emission
lifetimes (μs –ms) make them excellent candidates for time-
resolved measurements; and high resistance to photo
bleaching allow for long or repeated experiments. A method
is presented for determination of nucleosides using the
effect of enhancement of fluorescence of the easily accessi-
ble europium(III)-TNB in presence of different nucleosides.
The latter coordinates to Eu(III) -TNB and enhances its
luminescence intensity as a result of the displacement of
water from the inner coordination sphere of the central
metal. A similar method for the determination of DNA based
on the quenching of Eu(III)-TNB has been established. The
interaction of Eu(III)-4,4,4 trifluoro-1-(2-naphthyl)1,3-buta-
nedione (TNB) complex with nucleosides (NS) (guanosine,
adenosine, cytidine , inosine) and DNAhas been studied using

normal and time-resolved luminescence techniques. Binding
constants were determined at 293 K, 298 K, 303 K, 308 K and
313 K by using Benesi-Hildebrand equation. A thermody-
namic analysis showed that the reaction is spontaneous with
ΔG being negative. The enthalpyΔH and the entropy ΔS of
reactions were all determined. The formation of binary and
ternary complexes of Eu (III) with nucleosides and TNB has
been studied potentiometrically at (25.0±0.1) °C and ionic
strength I00.1 mol.dm−3 (KNO3) . The formation of the 1:1
binary and 1:1:1 ternary complexes are inferred from the
corresponding titration curves. Initial estimates of the forma-
tion constants of the resulting species and the protonation
constants of the different ligands used have been refined with
the HYPERQUAD computer program. Electrochemical inves-
tigations for the systems under investigations have been carried
out using cyclic voltammetry (CV), differential pulse polarog-
raphy (DPP), and square wave voltammetry (SWV) on a
glassy carbon electrode in I00.1 mol/L p-toluenesulfonate as
supporting electrolyte.
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Introduction

Deoxyribonucleic acid (DNA) is the primary target mole-
cule for most anticancer and antiviral therapies according to
cell biology [1, 2]. Investigations of the interaction between
small molecules and DNA are basic work in the design of
new types of pharmaceutical molecules. Small molecule
which can interact with DNA has been divided into several
categories: metal ion and metal complex, such as metal
bipyridyl complex [3] and metal phenanthroline complex
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[4]; heavy metal which causes the damage of DNA such as
chromium [5]; antibiotics, organic dye and organic pesticide
[6, 7]; protein molecule; nanoparticles marker [8]. Small
molecules have been studied extensively, due to their utility
in the design and development of synthetic restriction
enzymes, new drugs, DNA footprinting agents and as the
probe of DNA structure.

The quantitative analysis of DNA is very important be-
cause it is often used as a reference for measurements of
other components in biological samples. Several methods
have been developed based on spectroscopy [9], chemilu-
minescence [10], resonance light scattering [11], fluores-
cence [12], phosphorescence [13], chromatography [14]
and electrochemical [15] techniques for sensing of DNA.
Direct use of the natural fluorescence emission properties of
DNA for their structure, dynamic studies, and fluorimetric
determinations has been limited, which is due to the low
fluorescence quantum yield of native DNA.

Purine and pyrimidine derivatives have great importance
in nature. In particular, the nucleotides of adenine and
guanine together with those of thymine and cytosine repre-
sent the monomer units of nucleic acids. Dietary purines,
including nucleotides, nucleosides and bases, are reported to
be absorbed as the corresponding nucleosides or bases and
are utilized through the purine metabolic pathway [16–20].
The end product of purine metabolism is uric acid and the
increase of serum uric acid level causes gout and hyperuri-
cemia [16, 21]. Serum uric acid levels in individuals who
regularly consume purine-rich foods are reported to be
higher than in those who consume less of these foods [22].
Patients with gout tend to consume large amounts of meat or
giblets, which contain high levels of purine [23, 24]. Al-
though there have been many reports investigating the
effects of food on purine metabolism and serum uric acid
levels [17, 19, 24–26], few reports [27] have examined the
amounts of individual purine nucleosides, nucleotides, bases
and nucleic acids in food. Because purine nucleotides,
nucleosides and bases exert different effects on serum uric
acid levels [28], it is necessary to examine the levels of
individual nucleosides, nucleotides, bases and nucleic acids
in various foods in order to investigate the effects of purine-
rich foods on the elevation of serum uric acid levels.

Several methods have been reported for the determina-
tion of nucleoside and nucleotide concentrations in cells
[29–33], biological samples [34, 35] or milk [36]. High-
performance liquid chromatography (HPLC) [34, 36], liquid
chromatography–mass spectrometry (LC–MS) [29–31, 35],
and LC/MS/MS [32, 33, 37] have been used for such meas-
urements. However, the simultaneous determination of ino-
sine, IMP, uridine, thymidine and cytidine has not been
performed to date. It was thus considered to be necessary
to develop a method for quantifying purine and pyrimidine
nucleosides and nucleotides including these compounds.

The use of lanthanide chelates as luminescent indicators,
rather than conventional fluorophores, can enable highly
sensitive detection due to their specific properties. In partic-
ular, the large Stokes’ shift of lanthanide chelates (mostly
Eu3+ and Tb3+) easily permits selection of the chelate-
specific emission from scattered excitation light, even with
filters. The narrow emission bands allow efficient separation
of several luminescence signals in multicolor assays. Fur-
ther, the very long luminescence life time permits gated
detection on a micro- to millisecond timescale to avoid
typical short-lived non-specific background signals [38,
39].In these systems, intense ion luminescence originates
from the intramolecular energy transfer from the excited
triplet-state of the ligand to the emitting level of the lantha-
nide (antenna effect) [40]. A new strategy for CT-DNA
hybridization can be suggested using Eu(III)-TNB as
fluorescence probe. Furthermore, this label-free method for
CT-DNA hybridization detection can avoid the laborious
labeling or modifying steps, which can make the process
simple, rapid, and low in cost; the hybridization and detec-
tion are performed in homogeneous solution without steric
constraints. Herein, the aim of the present study is to exam-
ine the interaction of Eu(III) with TNB and nucleosides
adenosine, guanosine, cytidine, inosine and with DNA.
The present study can be considered as a continuation for
the author work in the field of analytical applications of
lanthanide complexes [41–50].

Experimental

Chemicals

Europium chloride hexahydrate (EuCl3.6H2O) was purchased
from Sigma-Aldrich, DNA and nucleosides under study
(Scheme 1) adenosine, guanosine, cytidine and inosine were
from Sigma-Aldrich. 4,4,4 trifluoro-1-(2-naphthyl)1,3-buta-
nedione (TNB) was from Merck and ethanol used is of ana-
lytical grade quality from Sigma-Aldrich.

Stock Solutions

Stock solution of EuCl3.6H2O was prepared by dissolv-
ing 36.6 mg in 100 ml deionized water to give a final
concentration of 10−3 mol/L. For a stock solution of
10−3 mol/L of the ligand (TNB) 26.6 mg of solid ligand
were dissolved in 100 ml of ethanol. The stock solutions
of 10−3 mol/L of nucleosides were prepared by dissolv-
ing 26.7, 28.3, 24.3 and 26.8 mg,respectively in deion-
ized water for adenosine, guanosine, cytidine and
inosine. The working solution of Eu3+, TNB, DNA and
nucleosides were prepared daily by dilution of the stock
solutions in deionized water.
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Methods

A 10 ml solution containing appropriate concentration of 1×
10−5 M EuCl3.6H2O and 2×10−5 M TNB was added to 1×
10−5 M nucleoside solutions and mixed using a magnetic
stirrer for about ten minutes. UV-visible spectra of all sol-
utions were recorded in the range of 200–400nm.

A known concentration of EuCl3.6H2O and TNB in Tris-
HCl solution was added into 1×10−6 M DNA and 1×
10−5 M nucleosides and were mixed at different temper-
atures. The fluorescent intensity of the solution was
recorded at excitation wavelength of 340 nm by using A
JASCO-FP6300 spectrofluorometer and kept at 25±1 °C for
10 min. Luminescence intensity was measured in a 1 cm
quartz cell at an excitation wavelength of 340 nm and an
emission wavelength of 614 nm, 150 μL of each solution
were pipetted into a 96-well microtiterplate (each of 12

columns contained different concentrations of DNA or
nucleosides under study with eight replicates of the same
concentration) and the time-resolved luminescence intensi-
ties were measured in a microtiterplate reader.

For potentiometric measurements a CO2 free solution of
potassium hydroxide (Merck AG) was prepared and stan-
dardized against multiple samples of primary standard po-
tassium hydrogen phthalate (Merck AG) . HNO3 solutions
were prepared and standardized potentiometrically with tris
(hydroxyl methyl) amino methane. The ionic strength of the
studied solutions was adjusted to 0.1 mol.dm−3 using a stock
solution of KNO3 in potentiometric and spectral measure-
ments. KNO3 was from Merck AG. In electroanalytical
measurements, the ionic strength of the examined solutions
was adjusted to 0.1 mol.dm−3 using an alcoholic solution of
p-toluenesulfonate. This supporting electrolyte was pur-
chased from Merck AG.
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Instruments

Luminescence time –resolved measurements in microtiter
plates (MTP) were performed using 96-well flat bottom
black microplates. The instrument is equipped with the high
energy xenon flash lamp. The instrumental parameters of
the MTP reader were as follows: excitation filter of 340±
10 nm and emission filter of 614±10 nm, lag time 30 μs,
integration time 100 μs, 10 flashes per well, time gap
between move and flash 100 ms. Luminescence top mea-
surement mode was used and temperature was adjusted to
25 °C.

Emission and spectral measurements of the interaction of
the Eu(III)-TNB with nucleosides were carried out using A
JASCO-FP6300 spectrofluorometer with 1 cm quartz cell.

UV-absorption spectra were recorded with a Shimadzu-
UV Probe Version 2.33 UV-Visible automatic recording
spectrophotometer with 1 cm quartz cell.

The value of the EMF of the cell was taken with a
commercial Fisher Accumet pH/ion meter model 825 MP.
The potentiometric system was connected to a glass elec-
trode (Metrohm 1028) connected with a double junction
reference electrode (Orion 9020). The temperature was con-
trolled by circulation of water through the jacket from a
VEB Model E3E ultrathermostat bath and maintained with-
in (25.0±0.1) °C. Purified nitrogen was bubbled through the
solution in order to maintain an inert atmosphere. Efficient
stirring of the solution was achieved with a magnetic stirrer.
All solutions were prepared in a constant ionic medium,
0.1 mol. dm−3 KNO3. The concentration of hydrogen ion
was decreased by the addition of potassium hydroxide,
prepared in the ionic medium used for the solution.

The value for the Kw of water in the 5% ethanol-water
mixture has been taken from the literature [51].

Gran’s method [52] was used to determine Eo´ and Ej so
that the hydrogen ion concentration, h, could be found from
E, the measured potential by means of

E mVð Þ ¼ E�0 � 59:157 log hþ Ej ð1Þ
Values of the ionic product of the different hydroorganic
media were refined using the MAGEC program [53]. The
protonation constants were then determined by use of the
Bjerrum function [54].

n ¼ HT � hþ KW=hð Þ=AT

¼ ðb1hþ 2b2h
2Þ=ð1þ b1hþ b2h

2Þ ð2Þ
which is calculated from the experimental quantities, h, the
total concentration of titratable hydrogen ion HT and the
total reagent concentration AT. pKa values of the investigat-
ed ligands were determined in 5% ethanol-water mixture
from the overall protonation constants β1 and β2 calculated
by the linearization method of Irving and Rossotti [55].

Initial estimates of the pKa values were refined with the
ESAB2M computer program [56].

A constant ionic strength was obtained with 0.1 mol.
dm−3 KNO3 and the total volume was kept at 25.0 cm3 in
the 5% ethanol-water mixture solvent in all titrations.

For both ligand protonation and metal complex formation
equilibria, data were collected over the largest possible pH
interval, although a number of experimental points were
frequently discarded for the final stability constant calcula-
tions, especially within the range where the complexation
observed was insignificant.

All the initial estimates of the formation constants of the
different binary and ternary complexes formed in the present
investigation have been refined using HYPERQUAD com-
puter program [57]. The calculation of the formation con-
stants of the ternary complexes is based on the following
equilibria

Eu3þ þ TNB $ Eu3þ TNBð Þ 1 : 1binary complex
Eu3þ TNBð Þ þ NS $ Eu3þ TNBð Þ NSð Þ 1 : 1 : 1ternary complex

KM TNBð Þ NSð Þ ¼
Mp TNBð Þq NSð Þr
h i

Mp TNBð Þq
h i

NS½ �r
ð3Þ

The overall complexation reaction involving protonation is

pMþ qTNBþ rNSþ SH Ð Mp TNBð Þq NSð Þr Hð Þs

bpqrs ¼
Mp TNBð Þq NSð Þr Hð Þs
M½ �p TNB½ �q NS½ �r H½ �s ð4Þ

In which TNB 0 4,4,4 trifluoro-1-(2-naphthyl)1,3-buta-
nedione, NS 0 nucleosides adenosine, guanosine, inosine
and cytidine, and M 0 Eu (III) in 5% (v/v) ethanol-water
mixture solvent. All side reactions due to metal ion hydro-
lysis have been included in the calculations [54].

Cyclic voltammetry (CV), square wave voltammetry
(SWV), and differential pulse voltammetry (DPP) are col-
lected using EG and G Princeton applied research, potentio-
stat/galvanostat model 263 with a single compartment
voltammetric cell equipped with a glassy carbon (GC) work-
ing electrode (area00.1963 cm2) embedded in a resin, a Pt-
wire counter electrode, and Ag/AgCl electrode as reference
electrode.

In cyclic voltammetry the solution was purged with pure
nitrogen for 120 s and then the potential was scanned at scan
rate 100 mV s−1 from – 0.30 to – 0.90 V. For square wave
voltammetry the samples were analyzed as in cyclic voltam-
metry, the pulse height was 25 mV, and the SW frequency
was 80 Hz and the scan increment was 2.0 mV. In differen-
tial pulse voltammetry the samples were analyzed also as in
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cyclic voltammetry, but at a scan rate036.6 mV s−1. The pulse
height was 25mV, the pulse width050 s, frequencywas 20Hz
and the scan increment was 2.0 mV.

Results and Discussion

UV-vis Spectra of Eu(III)-TNB at Different pH Values

The absorption spectrum of TNB solution shows an absorp-
tion band at 330 nm corresponding to π-π* transition and a
band around 250 nm corresponds n-π* transition. The
addition of Eu (III) to TNB solution enhances the absor-
bance at 330 nm revealing the binding between TNB and
Eu3+ ions.

The absorption wavelength of Eu(III) -TNB showed ob-
vious pH dependence as shown in (Fig. 1). The first absorp-
tion band is attributed to the enol and the second one to the
keto form. Upon increasing pH, the intensity of the absorp-
tion band located at 330 nm decreased slightly while that of
the peak at 250 nm increased.

Fluorescence Spectra of Eu(III)-TNB

The fluorescence of Eu (III) ion in solution is too weak to be
observed , but by introducing TNB, characteristic fluores-
cence of Eu (III) ion is increased by the intramolecular
energy transfer process. The excitation maximum of Eu
(III)-4,4,4 trifluoro-1-(2-naphthyl)1,3-butanedione (TNB)
complex is at 330 nm and the emission maximum of the
hypersensitive 5D4→

7F2 transition is recorded at 613 nm.
Other emission bands centered at 592 nm (5D0→

7F1), and
698 nm (5D0→

7F4) were observed. As common for lantha-
nide complexes the Stokes' shift is large.

Molar ratio method (Fig not shown) confirmed the usual
1:2 host/guest binding stoichiometry for the interaction of
Eu(III) ions with TNB ligand.

Interaction of Eu(III)-TNB with DNA and Nucleosides

Spectral Characteristics

The shape and band maxima of absorption spectra for the
different complexes formed in solution remain unchanged,
and no other absorption band of the fluorophore towards
longer wavelength is noticed as indicated in (Fig. 2).En-
hancement of the fluorescence band of Eu(III) -TNB has
been observed after addition of different nucleosides. These
observations show that the Eu(III)-complex-nucleosides
interaction does not change the absorption and spectral
properties. Also the formation of any emission exciplex
may be discarded, since no new fluorescence peak appears
at longer wavelength.

UV spectra of Eu(III) -TNB in absence and presence of
DNA were studied to investigate the interaction mode be-
tween the Eu(III) -TNB and DNA. The maximum UV
absorption of the Eu(III) -TNB is located at 340 nm. Here
the solution containing the same concentration of DNAwas
used as the blank solution to observe the UV spectra of the
Eu(III) -TNB-DNA complex. Spectral changes were ob-
served (Fig not shown) when DNA is added to a solution
of Eu(III) -TNB. A marked hyperchromism is observed in
the 330 nm band. The interaction of the Eu(III) -TNB with
DNA causes hyposochromic shift of 10 nm in the near UV
absorption maximum (from 340 to 330 nm), owing to the
perturbation of the complexed chromophore system upon
binding to DNA.

The excitation maximum of the Eu(III) -TNB-DNA com-
plex is decreased compared to Eu(III) -TNB complex. This
indicates the interaction between Eu(III) -TNB complex and
nucleic acid. The luminescence spectra of Eu(III) -TNB-
DNA complex are similar to Eu(III) -TNB, but the lumines-
cence intensity is decreased by about two folds upon addi-
tion of nucleic acid.

Effect of pH and Ionic Strength

The luminescence intensity of Eu(III) -TNB complex with
DNA and nucleosides is strongly dependent on pH . TNB is
β-diketones with aromatic substituent exhibits keto-enol
tautomerism. It is clear that the maximum luminescence
intensity of the systems is reached at pH 8.5. This is in
accordance with the fact that the ligand will coordinate with
Eu (III) more efficiently in its enolic form. Therefore, we
choose pH 8.5 (0.1 M Tris-HCl buffer) for the further
investigations.

The effect of ionic strength (known to exert a large effect
on most DNA probes) was studied using NaCl . The lumi-
nescence intensity of Eu(III) -TNB in the absence of DNA
experiences a slight decrease with increasing ionic strength,
although the change in the luminescence intensity in pres-
ence of DNA is significant. A decrease was observed with
NaCl in concentrations ranging from 1×10−5 M to 5×
10−5 M. The intensity decreases when the concentration of
NaCl is 3×10−3 M as shown in (Fig. 3). The quenching
constant with NaCl (Ksv02.34×103 M−1) was less than that
with DNA [58]. From this strong effect of ionic strength it
can be assumed that the interaction of Eu(III) -TNB with the
phosphate groups of DNA is electrostatic interactions with
groove binding rather than intercalation into helix [59, 60].

Effect of Lag and Integration Time

The triplet states of lanthanide complexes have a long life-
time. If the change of the luminescence lifetime depends on
analyte concentration time-resolved (gated) measurements
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can help to significantly decrease the fast-decaying back-
ground fluorescence and to obtain better sensitivity [61].The
effect of different lag times on the values of Fo/F of the Eu
(III) -TNB solution in the absence and presence of 10 μM
nucleosides is shown in (Fig. 4). Here Fo is the fluorescence
of Eu(III) -TNB in the absence of DNA and nucleosides and
F is the intensity in the presence of DNA or nucleosides.
Data was acquired with a 40 μs integration time. For nucleo-
sides the ratio of Fo/F strongly decreases and then slightly
increases at lag time 40 μs. For DNA data was acquired with
a 40 μs integration time. The ratio of Fo/F strongly
decreases until reached 40 μs and then slightly decreases
at longer lag times as shown in (Fig. 5). Most of the
interference from fluorescent substances is also eliminated
by the use of time-resolving method.

Integration time is the length of the time period the
detector exposed to emission light. (Figs. 6 and 7) show
the effect of the integration time on Fo/F of Eu(III) -TNB
solutions in the presence of 10 μM of nucleosides or DNA
after a 40 μs lag time. If the integration time increased from
20 μs to 100 μs Fo/F decreases slowly for nucleosides . A
100 μs integration time was regarded to be appropriate. It is
obvious that the integration time is not really critical.

Effect of Interferences

In order to study potential interference, samples containing
1 μmol/L of DNA, 1×10−5 mol/L Eu (III) and 2×10−5 mol/
L TNB were mixed with potential interferents. Lumines-
cence intensities were compared with a sample containing
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1 μmol/L of DNA in absence of interferent. The tolerance
levels of various interferents (e.g. ions, amino acids, and
saccharides) are summarized in Table 1. Most of them
commonly present in biological samples are tolerated at
comparatively high concentration levels. Dihydrophosphate
was found to act as a quencher if present in concentration>
10 μmol/L, so phosphate is critical, in fact, phosphate buf-
fers cannot be used.

Effect of DNA and Nucleosides on the Fluorescence
Intensity of Eu(III) -TNB

The quenching of Eu(III) -TNB fluorescence intensity was
studied upon addition of different concentrations of DNA in
a concentration range 7×10−8–7×10−6 M. The lumines-
cence enhancement of the Eu(III) -TNB complex within a
concentration range 7×10−7–7×10−5 M of nucleosides was
also investigated in a solution of pH 8.5 (Tris-Hcl buffer)
and the data are shown in (Fig. 8). Linear calibration plots
were established and given in (Figs. 9, 10 and 11). The
regression data and LODs (3σ/slope) are given in Table 2.

To explain the europium emission enhancement of Eu
(III) -TNB in the presence of nucleosides, we suggest that
water molecules in the solution are grouped around the
nucleoside molecules, isolating europium ions connected
to TNB molecules. With less water molecules in the vicinity
of europium ions, the energy transfer to water molecules is
minimized, and the energy is mainly kept in the Eu ions,
increasing luminescence intensity [62]. Since nucleosides
are essential to life due to their important functions in
biological and chemical processes , one can understand
why detecting and monitoring the concentration of these
species have become an attractive target for sensing/recog-
nition studies.This approach requires, as in our case, the use
of a luminescent Eu(III) complex with at least one open
coordination site. This site is occupied by a solvent mole-
cule that can be readily displaced when a nucleoside mole-
cule is added to the solution of the coordinatively
unsaturated Eu(III)-based complex. The key point is, that
upon coordination of a given nucleoside to the Eu(III) ion,
the structural changes in the new nucleoside-bound complex
formed result in a “fingerprint” signal correlated to the
added nucleoside.This will result in about two folds increase
of the luminescene of Eu(III)-TNB complex after addition
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of nucleosides under investigation. So in our present study
the modulation of the luminescent spectral properties of the
Eu(III) -TNB probe upon the binding of a nucleoside mol-
ecule can be used for sensing/recognition purposes.

Our time-resolved mode can be used in the case of
natural DNA and nucleosides samples containing many
impurities, where the time-resolved detection mode might
be more favorable because the background emission caused
by the impurities can be effectively eliminated.

Stern-Volmer Quenching Constant

In concentration range of DNA from 7×10−8 to 7×10−6 mol/L,
the fluorescence intensity of Eu(III) -TNB decreased regularly
with gradual increase in the concentration of DNA. This be-
havior may be attributed to the possible interaction between Eu
(III) -TNB and DNA . The most likely reason for such Eu(III) -
TNB fluorescence quenching is due to ground state Eu(III)-
TNB-DNA complex formation or collisional quenching.

The relation between DNA concentrations against the
ratio Fo/F for each addition of DNA is plotted in (Fig. 12),

where Fo and F are the fluorescence intensities of Eu(III)-
TNB in the absence and presence of DNA, respectively.
Where the ratio Fo/F increases linearly with the DNA con-
centration and a linear regression equation following Stern-
Volmer relation is obtained

Fo=F ¼ 1þ Ksv Q½ � ¼ 1þ Kqto Q½ � ð5Þ

One also observes that the Stern-volmer plots do not
show deviation towards the y-axis (under the studied exper-
imental concentration range) which is an indication that
either static or dynamic quenching is predominant.

Temperature Dependence of Ksv

To distinguish between both static and dynamic mecha-
nisms, their differing dependence on temperature and
viscosity should be addressed. One would expect an
increase of Fo/F of Eu(III)-TNB fluorescence with
quencher concentration at high temperatures if collision-
al quenching predominates. This is because higher tem-
peratures result in faster diffusion and hence larger
amounts of collisional quenching. (Fig. 12) shows the
Stern-volmer plots for quenching of Eu(III) -TNB fluo-
rescence by the DNA at different temperatures. Also
Table 3 shows that the Stern volmer quenching constant
for DNA is directly proportional to temperature. The
latter behavior indicates that quenching of Eu(III) -
TNB by DNA is initiated by dynamic collision rather
than by ground state compound formation [63]. The
quenching plots illustrate that the quenching of the
emission of Eu(III) -TNB is in good agreement with
the linear Stern-Volmer equation.

Binding Constant at Different Temperatures

The change in the fluorescence intensity of Eu(III) -TNB in
the presence of different concentrations of DNA and nucle-
oside was used to calculate the binding constants of Eu(III) -
TNB-DNA and Eu(III) -TNB-nucleoside systems as shown
in (Fig. 13). The values of the binding constants determined
at different temperatures are given in Table 4 using Benesi-
Hildebrand equation [64] :

F�

F� F�
¼/ þ /

K Nucleoside½ � ; /¼ 1

FL � F�
ð6Þ

Where [nucleoside] represents the analytical concentra-
tion of nucleosides under study, Fo and F are the fluores-
cence intensities in the absence and presence of nucleosides,
respectively, and FL is the limiting intensity of fluorescence
and α is 1/FL-F

o.
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Fig. 7 Plot of Fo/F versus integration time in case of DNA

Table 1 Effect of conceivable interferents(CEu01×10
−5 mol/L,

CTNB02×10
−5 mol/L and CDNA01 μmol/L; Tris-Hcl buffer pH 8.5)

Substance Concentration (μmol/L) Change of luminescence
intensity

KCl 100 −2.8

CaCl2 50 +8.3

NH4Cl 50 −2.5

Al2(SO4)3 100 +2.8

KH2PO4 1 +2.9

Glucose 100 −9.7

Lactose 100 −7.2

Glycine 100 −9.7

D-Alanine 50 +10.9
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In case of DNA the values of the binding constants
determined at different temperatures are given in Table 5
using the following equation [65, 66]:

Log
F� � F

F
¼ LogK þ n log DNA½ � ð7Þ

where K and n are the binding constant and the number of
binding sites, respectively. The values of K and n are listed in
Table 5. The values of n approximately equal to 1, indicating
that there is one binding site in DNA for Eu(III) -TNB.

The thermodynamic parameters associated with temper-
ature variation were analyzed in order to further characterize
the acting forces between Eu(III)-TNB, DNA and nucleo-
side .The thermodynamic parameters, enthalpy change
(ΔH) and entropy change (ΔS) of binding reaction are the
main evidence for confirming binding modes. From the
thermodynamic standpoint, ΔH>0 and ΔS>0 implies a
hydrophobic interaction; ΔH<0 and ΔS<0 reflects the
Van der Waals force or hydrogen bond formation; and
ΔH≈0 and ΔS>0 suggesting an electrostatic force [67].

600 605 610 615 620 625 630 635
0

50

100

150

200

250

300

DNA

Increase

Concentration

In
te

ns
it

y

Wavelength (nm)

590 600 610 620 630

590 600 610 620 630590 600 610 620 630

590 600 610 620 630 640
0

50

100

150

200

250

Concentration

IncreaseGuanosine

In
te

ns
it

y

Wavelength (nm)

0

50

100

150

200

250

300

350

Inosine

Increase

Concentration
In

te
ns

it
y

Wavelength (nm)

0

100

200

300

Increase

Concentration

Adenosine
In

te
ns

it
y

Wavelength (nm)

0

50

100

150

200

250

300

350

Concentration

Increase

Cytidine

In
te

ns
it

y

Wavelength (nm)

Fig. 8 Emission spectra for the ternary systems Eu(III)-TNB-DNA or nucleosides in Tris-Hcl buffer( pH 8.5)
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The temperature-dependence of the binding constants was
studied at four different temperatures (293, 298, 303, 308, and
313 K ) using the following thermodynamic equations:

lnK ¼ ΔH=RTþΔS=R ð8Þ

ΔG� ¼ ΔH� � TΔS� ¼ �RT lnK ð9Þ
where K is the binding constant at corresponding tempera-
ture and R is the gas constant, ΔH and ΔS of reaction were
determined from the linear relationship between lnK and the
reciprocal absolute temperature. The free energy (ΔGo) was
calculated by Eq. (9).

Results from the plots of lnk versus 1/T (Fig. 14) are
given in Table 4. The reaction of Eu(III)-TNB with DNA
and nucleosides is spontaneous as indicated from the nega-
tive value for ΔGo, both ΔHo and ΔSo are negative in case
of adenosine and guanosine. This attributed to Van der
Waals force or hydrogen bond formation. The large value
for the entropy change also suggests that the binding process

is mostly entropy driven. In case of inosine and cytidine
ΔHo has a very small negative value, while ΔSo has a
positive value, suggesting an electrostatic interactions. In
case of DNA small positive value of ΔHo may be attributed
to electrostatic interactions being the leading contributor to
the binding. A positive value forΔSo is also associated with
electrostatic interactions and hence the metal complex inter-
action with DNA is controlled by electrostatic nature. The
large value for the entropy change also suggests that the
binding process is mostly entropy driven.

Potentiometric Measurements

Potentiometric measurements for the interaction of nucleo-
sides adenosine, guanosine, inosine and cytidine with Eu
(III) and 4,4,4 trifluoro-1-(2-naphthyl)1,3-butanedione
(TNB) have been carried out .

The formation of the binary Eu(III)-nucleosides (NS),
and Eu(III)-TNB in 1:1 ratio in addition to Eu(III) -TNB-
NS 1:1:1 ternary complex species are inferred from the
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Fig. 9 Calibration plots for determination of nucleosides in Tris-Hcl buffer (pH 8.5; λ0613 nm) by normal luminescence mode
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potentiometric pH titration curves. Initial estimates of the
stability constants of the resulting species and the acid
dissociation constants of nucleosides and 4,4,4 trifluoro-1-
(2-naphthyl)1,3-butanedione (TNB) have been refined with

the HYPERQUAD computer program [57]. The quality of
the fit during this refinement was judged by the values of the
sample standard deviations and the goodness of fit χ 2

(Pearson’s Test). At σE00.1 mV (0.001 pH error) and
σV00.005 ml, the values of S in different sets of titrations
were between 1.0 and 1.7 and χ 2 was between 12.0 and
13.0. The scatter of residuals (Eobs-Ecalc) versus pH reason-
ably random, without any significant systematic trends, thus
indicating a good fit of the experimental data of the expected
model systems under our experimental conditions.

Furthermore the formation constant values of the differ-
ent 1:1 Eu(III)-nucleoside binary complexes have been
determined under identical conditions. This is made with
the aim to compare the stability of the formed 1:1:1 ternary
complex with that of the corresponding 1:1 binary metal
complexes.

The data collected in the pH range 3.0 – 11.0 (Figs not
shown) were used for the calculations and refinements.

The formation constants of all the binary and the ternary
complexes studied are given in Table 6.

The calculated dissociation constant of TNB is found to
be 5.30±0.02 at I00.1 mol.dm−3 KNO3 and at 25 °C. The
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formation constant of Eu (III)-TNB binary complex is cal-
culated and refined through HYPERQUAD computer pro-
gram and is found to be 5.28±0.02.

To the author's knowledge no data for the ternary com-
plexes containing TNB with the nucleosides guanosine,
adenosine, inosine, and cytidine are available in the litera-
ture for comparison.

In our study we have three purine nucleosides adenosine,
guanosine, inosine and one pyrimidine nucleosides cytidine.
There are few examples of structure determination of metal
complexes of nucleosides, as compared to those of nucleo-
tides and of the purine and pyrimidine bases. In the structure
of metal-purine complexes it has been found that the pre-
dominant mode of metal binding takes place at the nitrogen
atoms of the five-membered (imidazole) ring N7 and N9 and
also (in some adenine complexes) at the N3 and N1 posi-
tions of the six-membered (pyrimidine) ring. For purine
nucleosides, however, the presence of the sugar ring reduces
the number of coordination sites available. N9 is, of course
blocked, and the N3 position, which is not a strong ligating
position. This leaves N7 and O6 of guanine and N7 and N1
of adenine as possible metal-binding sites[68, 69].

Metal complexes of pyrimidine nucleosides have been
studied less extensively than those of purine nucleosides.
This may be partly due to the fact that the pyrimidine
nitrogen N3 is a weaker ligating atom than the imidazole
nitrogen N7 of purines. Generally there is direct involve-
ment of nucleobase moiety in the metal coordination sphere
in the metal nucleosides complexes.

In the purine nucleosides binding may occur at N1 or N7.
The former nitrogen is protonated in neutral solutions of
inosine (pKa08.8) and guanosine (pKa09.2), so that a metal
ion may coordinate the weakly basic N7 or compete with the

proton for the more basic N1. For weakly basic adenosine
with pKa 3.6 for N1, in neutral solutions both the N1 and N7
sites are free to bind metal ions [68, 69]. The dissociation
constant values for the nucleosides were estimated to be for
adenosine (pKa N103.60±0.02), cytidine (pKa N304.20±
0.02), guanosine (pKa1 N702.10±0.02, pKa2 N109.20±
0.03) and inosine (pKa2 N109.20±0.02).The obtained val-
ues are in good agreement with literature[69].

During our refinements the data fit well with the model
protonated ternary system in the input instruction of the
HYPERQUAD calculation indicating the possibility of the
formation of monoprotonated ternary systems of the type Eu
(III)(TNB)(HNS) in solution. For the ternary complexes
formed in solution the refined stability constant values fol-
lows the order: guanosine>inosine>cytidine>adenosine.

The higher values for the stability constants of ternary
complexes compared with those of the binary systems as
given by the values of ΔlogKM shown in Table 6 may be
attributed to the interligand interactions or some coopera-
tively between the coordinated ligands, possibly H-bond
formation. This also may be explained on the basis of the
π-electron donating tending of the Eu (III) ion to the anti-
bonding π* orbital of the heteroaromatic N base, strength-
ens of the Eu (III)-N bond. Due to the back donation from
metal to base, the f-electron density on the metal decreases,

Table 2 Parameters of curves
calibrations obtained for the de-
termination of DNA and
nucleosides where R: correlation
coefficients; s: slope of the
working curves; and DL: detec-
tion limits at 25 °C

Nucleoside The time-resolved mode The normal luminescence mode

R s mol−1.L DL (μmol L−1) R s mol−1.L DL (μmol L−1)

Adenosine 0.9910 1.19×108 6.30 0.9932 2.26×106 5.47

Guanosine 0.9873 6.52×107 7.49 0.9907 1.18×106 4.99

Inosine 0.9858 1.09×108 9.59 0.9858 1.21×108 7.94

Cytidine 0.9856 1.22×108 9.63 0.9911 1.06×106 7.54

DNA 0.9963 1.05×105 0.74 0.999 2.03×105 0.38

Table 3 The Stern-
Volmer constants (Ksv)
of Eu(III)-TNB-DNA
ternary system at differ-
ent temperatures

Temperature Ksv (M−1) R

293 K 1.82×105 0.999

298 K 2.03×105 0.999

303 K 2.30×105 0.998

308 K 2.64×105 0.997

313 K 3.10×105 0.995
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Fig. 12 Intensity-based (Fo/F) Stern-Volmer plots for DNA at different
temperatures
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this renders the metal more electrophilic. The interaction of
the π-electrons of the secondary ligands with the metal will
increase to a greater extent and consequently enhance the
formation of the mixed ligand complexes.

The behavior described above, is better observed in the
distribution species diagrams as a function of pH of these
systems (Fig. 15(a–d)). Based on our potentiometric studies
the proposed chemical structures for the binary and ternary
complexes are given in Scheme 2.

Electrochemical Studies of the Interaction of Eu(III) -TNB
with Nucleosides and DNA

Representative cyclic voltammograms for the binary and
ternary systems including Eu(III),TNB,nucleoside or DNA
are shown in (Figs. 16, 17, 18 and 19) . It is clearly observed
that the reduction process of Eu(III) metal ions proceeds via
quasi –reversible electrochemical process at the glassy
carbon electrodes involving one electron transfer step
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based on the electrichemical analysis of the given cyclic
votammograms.

The complexation of Eu (III) with TNB is accompanied
by a shift in the reduction potential to more negative value,
and decrease in the cathodic peak current ipc which may be
attributed to complexation with TNB.

Due to the presence of more electrons withdrawing CF3
group, the electron density on the metal center is reduced
considerably, this results in higher redox potential [70–72].

On increasing the scan rate from 25 to 100 mVs−1 in the
cyclic voltammograms for Eu(III)-TNB binary complex,
both cathodic and anodic peaks are shifted to more negative
and positive potential, respectively confirming the irrevers-
ible nature of the observed redox process [73].

The cathodic reduction potential for the interaction of Eu
(III) -TNB binary complex with nucleosides under study is
shifted to less negative value with respect to Eu(III) -TNB
curve by 82, 24, 12 and 7 mV for guanosine, cytidine,
inosine and adenosine, respectively which may be attributed
to the high degree of binding with guanosine. This possible
selectivity towards guanosine nucleoside will be very inter-
esting in the current research in our lab concerning drug
discovery based on our new lanthanide compounds. Discov-
ery of novel sensors for guanosine based on the luminescent
Eu(III)-TNB probe is now under investigation in our lab.

The reaction of the Eu(III) -TNB with DNA molecules
reflects itself through the reduction peak shifted to less

negative value by 8 mV, and reduces in cathodic current
by 1.94 μA.

The oxidation of Calf-thymus DNA on the surface of
the glassy carbon electrode was studied in 0.1 M phos-
phate buffer at 25 °C, where two oxidation peaks are
observed at + 0.72 and + 1.02 V in the cyclic voltam-
mogram. The two anodic peaks are attributed to the
oxidation of guanine and adenine bases. The obtained
results are in good agreement with the values found in
literature [74]. The oxidation peak located at 0.72 V
disappears which indicate the interaction of Eu(III) -
TNB with guanine moiety.

The complexation of Eu (III) with TNB is confirmed using
differential pulse technique. The reduction peak of Eu(III) –
TNB is shifted to more negative value by −78 mV with a
decrease in cathodic current by 0.79 μAwhich may attributed
to strong interaction of Eu (III) with TNB as shown in
(Fig. 20).

The effect of scan rate was studied in the range of 5–
36 mV/s. Eu(III) -TNB complex exhibits an increase in the
reduction current with an observable shift to more negative
value.

The interaction of Eu (III)-TNB binary complex with
nucleosides is shown in (Fig. 21). A considerable shift to
the less negative value with respect to Eu (III) -TNB curve
by 34, 18, 28, and 18 mV were observed for guanosine,
cytidine, inosine and adenosine ,respectively, which may be

Table 4 Binding constants and
thermodynamic parameters for
the interaction of Eu(III)-TNB
with the nucleosides under study

Temp Binding constant
K(Lmol−1)

R ΔH (kJ/mol) ΔS (J/mol.k) ΔG° (kJ/mol)

Adenosine 293 K 2.63×104 0.9994 −144.18 −405.81 −24.80

298 K 1.46×104 0.9992 −23.76

303 K 4.91×104 0.9989 −21.41

308 K 1.85×103 0.9987 −19.26

313 K 6.52×102 0.9986 −16.86

Guanosine 293 K 3.80×104 0.9974 −56.03 −106.17 −25.70

298 K 1.54×104 0.9964 −23.88

303 K 9.70×103 0.9947 −23.13

308 K 8.45×103 0.9929 −23.15

313 K 8.31×103 0.9929 −23.50

Inosine 293 K 3.53×105 0.9968 −3.52 94.11 −31.11

298 K 3.38×105 0.9968 −31.54

303 K 3.29×105 0.9977 −31.99

308 K 3.27×105 0.9976 −32.52

313 K 3.19×105 0.9975 −32.97

Cytidine 293 K 8.35×104 0.9990 −4.87 77.49 −27.60

298 K 7.81×104 0.9988 −27.92

303 K 7.74×104 0.9988 −28.37

308 K 7.68×104 0.9987 −28.81

313 K 7.15×104 0.9980 −29.09
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Table 5 Binding constants, n
and thermodynamic parameters
for the interaction of Eu(III)-
TNB with DNA

Temp. Binding constant logK (Lmol−1) n R H Δ(kJ/mol) S Δ(J/mol.k) G°Δ (kJ/mol)

293 K 4.35 0.84 0.991 3.88 219.16 −24.41

298 K 4.45 0.85 0.990 −25.40

303 K 4.55 0.87 0.989 −26.40

308 K 4.67 0.88 0.988 −27.53

313 K 4.81 0.90 0.987 −28.83
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attributed to the high degree of binding with guanosine. The
favorable reduction potential of the ternary system including
guanosine may be attributed to the presence of adsorption
character of this ternary system at the surface of the glassy
carbon electrode. This behavior agrees well with the exper-
imental data obtained from cyclic voltammetry.

The reaction of the Eu(III) -TNB with DNA molecules is
confirmed by differential pulse polarograms. The reduction
peak of Eu(III) -TNB at 716 mV shifted to less negative
value by 14 mV, with decreasing in cathodic current as
shown in (Fig. 22) indicating a considerable interaction
between the complex and DNA.

Table 6 Formation constants for the Eu(III) -nucleosides and Eu(III)-TNB binary complexes and those for the mixed ligand complexes Eu(III)-
nucleoside-TNB at (25.0±0.1) °C in 5% (v/v) ethanol -water mixture and ionic strength I00.1 mol.dm−3 KNO3

Ligand logKEu (III) (NS) or logKEu (III) (TNB) logKEu(III)(TNB)(NS) ΔlogKM

Guanosine 4.27±0.02 17.96b±0.03 –

Adenosine 4.30±0.02 4.34a±0.02 + 0.04

Inosine 4.30±0.02 8.69a±0.02 + 4.39

Cytidine 4.31±0.01 5.07a±0.03 + 0.76

TNB 5.28±0.03

±refers to three times standard deviation (3σ)
a log formation constants of normal ternary complex log KEu(III)(TNB)(NS)
b log formation constants of protonated ternary complex log KEu(III)(TNB)(HNS) Δ logKM ¼ log KEuðIIIÞðTNBÞðNSÞ � log KEuðIIIÞðNSÞ
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The differential pulse polarogram (DPP) for DNA oxida-
tion on the surface of glassy carbon electrode also displays a
two well defined oxidation peaks at + 0.69 and at + 0.96 V
which may be attributed to the characteristics anodic peaks
of guanine and adenine bases in DNA molecule.

The interaction of Eu(III) -TNB with DNA molecules
will perturb the two peaks, where the oxidation peak of
guanine is splitted into two oxidation peaks at 0.77 and at
0.67 V. This behavior confirms the selectivity of Eu(III)-
TNB towards guanine moiety. The complexation behavior
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Scheme 2 Proposed chemical structures for the binary and ternary complexes of the systems under investigation
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Fig. 16 Cyclic voltammograms for the binary system Eu(III)-TNB in
0.1 M p-toluenesulfonate, scan rate050 mV/s and at 25.0 °C [CEu01×
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-300 -400 -500 -600 -700 -800 -900
-1

0

1

2

3

4

5

6 Eu-TNB
Eu-TNB-Guanosine
Eu-TNB-Cytidine
Eu-TNB-Adenosine
Eu-TNB-Inosine

i (
μ A

)

E (mV)
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of Eu (III) with TNB is further confirmed using square wave
voltammetric technique. The reduction peak of Eu(III)-TNB
is shifted to more negative value with decreasing in cathodic
current indicating a strong interaction of Eu (III) with TNB
as shown in (Fig. 23).Selectivity of our novel Eu(III)-TNB
towards guanine base during our studies may has interesting
biological applications in the field of drug discovery. G-
quadruplexes are highly stable alternative DNA structures
formed by tetrads of guanines that interact via Hoogsteen
hydrogen bonds and are stabilized by monovalent cations
[75–78]. A number of conformationally diverse G-quadruplex
structures have been determined by NMR or X-ray crystallog-
raphy [79–82]. G-quadruplexes have been shown to occur at
telomeres [83, 84], and have potential as a target class for
therapeutics [85–87].Biomedical applications and the possibil-
ity of using our novel Eu(III) -TNB complex as anticancer drug
is currently under investigation in our lab. Many natural and
synthetic anticancer agents with the ability to interact

with DNA have been discovered, but most have little
sequence-specificity and often exhibit severe toxicity to
normal tissues. Thus, there has been considerable interest
in molecular biology and human medicine to find small
molecules that can bind the DNA in a sequence-specific
manner and modify the function of nucleic acids irre-
versibly. Analogs of naturally occurring antitumor agents,
such as distamycin A, which bind in the minor groove of
DNA, represent a new class of anticancer compounds
currently under investigation. Distamycin A has driven
researchers’ attention not only for its biological activity,
but also for its nonintercalative binding to the minor
groove of double-stranded B-DNA, where it forms a
strong reversible complex preferentially at the nucleotide
sequences consisting of 4–5 adjacent adenine-thymine
(AT) base pairs[88]. The luminescent Eu(III)-TNB com-
plex under investigation has affinity to DNA to bind to
the minor groove and not to intercalate .This behavior
may be attributed to the high electonegativity of the CF3
group in the probe which owes its DNA-interactive and
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Fig. 18 Cyclic voltammograms for the ternary system Eu(III) -TNB-
DNA in Tris-Hcl buffer(pH08.5), I00.1 M p-toluenesulfonate, scan
rate050 mV/s and at 25 °C. [CEu01×10
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Fig. 19 Cyclic voltammograms for the ternary system DNA-Eu(III)-
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is capable of covalently binding to the C2-NH2 of guanine
residues in the minor groove of DNA.

Eu (III)-TNB exhibits two reduction peaks, the first one
shifted to less negative values by 20, 104, 26 and 28 mV by
addition of guanosine, inosine, adenosine and cytidine, re-
spectively as indicated in (Fig. 24).

The peak located at 764 mV is shifted to less negative
values by 6 mVafter addition of DNA and current decreases
by 0.66 μAwhich indicates the binding of the complex with
DNA as shown in (Fig. 25).

Conclusion

In this work, the nature of the interaction between the Eu(III) -
TNB and DNA or nucleosides adenosine, guanosine, cytidine
and inosine was studied. A method is presented for determi-
nation of nucleosides using the effect of enhancement of
fluorescence of the easily accessible europium(III)-TNB in
presence of different nucleosides. A similar method for the

determination of DNA based on the quenching of Eu(III)-TNP
has been estaplished.The interaction of Eu(III)-TNB complex
with nucleosides (NS) (guanosine, adenosine, cytidine, ino-
sine) and DNA has been studied using normal and time-
resolved luminescence techniques. Binding constants were
determined at 293 K, 298 K, 303 K, 308 K and 313 K by
using Benesi-Hildebrand equation. A thermodynamic analysis
showed that the reaction is spontaneous with ΔG being neg-
ative. The enthalpyΔH and the entropyΔS of reactions were
all determined. The formation of binary and ternary com-
plexes of Eu (III) with nucleosides and TNB has been studied
potentiometrically at (25.0±0.1) °C and ionic strength I0
0.1 mol.dm−3 (KNO3). Initial estimates of the formation con-
stants of the resulting species and the protonation constants of
the different ligands used have been refined with the HYPER-
QUAD computer program. Electrochemical investigations for
the systems under investigations has been carried out using
cyclic voltammetry (CV), differential pulse polarography
(DPP), and square wave voltammetry (SWV) on glassy car-
bon electrode in I00.1 mol/L p-toluenesulfonate as supporting
electrolyte.
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Fig. 22 Differential pulse polarograms for the ternary system Eu(III)-
TNB-DNA in 0.1 M p-toluenesulfonate, scan rate025 mV/s and at
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Fig. 23 Square wave voltammograms for the binary system Eu(III) -
TNB in 0.1 M p-toluenesulfonate, frequency020 Hz and at 25.0 °C
[CEu01×10

−4 M, CTNB02×10
−4 M]
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Fig. 24 Square wave voltammograms for the ternary systems of
the type Eu(III)-TNB-nucleoside in 0.1 M p-toluenesulfonate,
frequency=20 Hz, and at 25.0 °C
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