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a  b  s  t  r  a  c  t

The  work  represents  colloids  of silica  nanoparticles  displaying  fluorescent  response  on biorelevant  com-
pounds  exemplified  by  phosphacoumarins  and  phospholipids.  The  luminescent  properties  of  the colloids
arise  from  Tb(III)  complexes  doped  into  silica  nanoparticles  (SNs).  The  noncovalent  decoration  of SNs
by  dicationic  surfactant  with  further  interfacial  binding  of  dye  anions  enables  to develop  colloids  pro-
grammed  to display  a  substrate  induced  fluorescent  response.  The  latter  results  from  the  quenching  of
eywords:
hospholipids
ilica nanoparticles
iosensing
uminescence
b(III) complex

Tb(III)  centered  luminescence  by dye  anions  through  dynamic  mechanism  and  subsequent  displacement
of  quenching  anions  by the  non-quenching  substrates  from  the  interface  of  SNs.  Both  negative  charge
and  hydrophobicity  of  substrates  are  the  key  factors  affecting  the  selectivity  of  the  substrate  induced
fluorescent  response.  The  peculiar  effects  of zwitter-ionic  and  anionic  phospholipids  on  the  fluorescent
response  have  been  revealed.  The  applicability  of the  fluorescent  procedure  in  the  sensing  of impurities
in  commercial  phosphatidylcholine  is also  introduced.
. Introduction

The recognition of biorelevant anions through the fluorescent
esponse is a top of current interest [1–8]. Lanthanide-centered
uminescence  is of particular importance for these purposes due
o narrow bands in emission spectra and long lifetimes of the
xcited states, which enables to get good signal-to-noise ratio
9,10]. Though literature data introduce a plenty of excellent
orks concerning the recognition of biorelevant anions with

he use of lanthanide complexes [1–8], many problems are still
nresolved. For example the lack of kinetic and thermodynamic
tability of lanthanide complexes significantly restricts biocompat-
bility and reusability of lanthanide based molecular sensors. The
ncapsulation of lanthanide containing luminophores into silica
anoparticles (SNs) is a route to protect lanthanide complexes from
he degradation in bio-environment [11–17]. The easy modification
f SNs provides the opportunity to increase the affinity towards

iotargets and biocompatibility of SNs [18,19]. The reusability of
anomaterial should be noted as an additional advantage of SNs in

 bioanalytical application.

∗ Corresponding author.
E-mail  address: asiyamust@mail.ru (A.R. Mustafina).

039-9140/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2012.02.023
© 2012 Elsevier B.V. All rights reserved.

The development of nanomaterial exhibiting substrate induced
fluorescent response is commonly based on the energy transfer
between luminophores fixed on the silica surface or inserted into
SNs and quenching molecules or ions located at the silica/water
interface. The fluorescent properties of dyes are widely applied
in the development of nanosized biosensors, which is well docu-
mented in the articles [20–25]. The energy transfer was successfully
applied to reveal biotin–avidin binding or to detect some bio-
substrates [25–27]. Though there are some fine examples of the
application of lanthanide centered luminescence in the devel-
opment of colloids with sensing functions [28–30,1,31,32], such
publications are not enough. The peculiarity of the introduced
herein approach is the discrimination between non-labeled sub-
strates through the luminescent response with the use of dye
molecules as a probe. This approach is based on the quenching of
nanoparticles luminescence by some quenching ions (probes) with
their further displacement by substrates, which in turn reestab-
lishes the initial emission of nanoparticles. The previously reported
use of copper or iron ions to quench the nanoparticles lumines-
cence with further stripping of metal ions from the interface by

some chelating anions should be also noted as a similar route to
get substrate responsive luminescent colloids [31–33].

The  present work is a continuation of our previous reports
on synthesis of highly luminescent Tb(III) doped SNs [17] and
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detected at 546 nm with 5 nm slit width for both excitation and
cheme 1. Hexalidene-bis(dimethylhexadecylammonium) bromide (16-6-16).

heir quenching through the energy transfer mechanism by both
rganic and inorganic quenching ions [31,32]. It has been previ-
usly reported that the binding of sulfonephtalein dyes with surface
odified Tb-doped SNs results in the quenching of Tb-centered

uminescence through the energy transfer [32]. The surface dec-
ration of SNs has been performed through the adsorption
nd aggregation of dicationic surfactant namely hexalidene-
is(dimethylhexadecylammonium) bromide (16-6-16, Scheme 1)
nto silica surface with the aim to gain in the colloidal stability, bio-
ompatibility and affinity towards anions. Sulphonephtalein dye,
amely bromthymol blue has been chosen as quenching anions
ccording to our previous results [32]. Moreover the possibility
o reestablish the Tb(III) centered luminescence through the dis-
lacement of the quenching anions by nonquenching ones, which
re exemplified by sodium dodecylsulfate and 1,2-distearoyl-sn-
lycero-3-phospho-rac-(1-glycerol) sodium salt (DSPG) has been
evealed [32]. These results can be considered as a prerequisite for

 development of novel route to recognize biorelevant substrates.
Several  points should be highlighted for these purposes. The

rst point concerns the selectivity of the displacement of quench-
ng anions (dyes) by non-quenching ones (biorelevant anions).
hus the correlation of the substrate induced fluorescent response
nd the structure of substrates should be highlighted. The series
f phosphacoumarins with various length of the hydrocarbon
hain (Scheme 2) has been chosen to reveal the role of substrate
ydrophobicity in the competition with dye anions. It is worth
oting that the recognition of phosphacoumaurins in aqueous solu-
ions is rather appealing task due to their biological activities [34].
he applicability of the developed approach in the discrimina-
ion between phospholipids is also introduced. Phospholipids are
xemplified by 1,2-distearoyl-sn-glycero-3-phospho-rac-choline
DSPC), l-phosphatidylcholine of various extent of purity (60%,
9%) and previously reported [32] 1,2-distearoyl-sn-glycero-3-
hospho-rac-(1-glycerol) sodium salt (DSPG) (Scheme 2). It is
orth noting that the application of fluorescent nanoparticles in the

ensing of commercially available phosphatidylcholine (PC) with
arious extent of purity is rather appealing task. It is well known
hat extracted from egg yolk or soya bean lectin phosphatidyl-
holine possesses impurities, such as phosphatidylethanolamine,
hosphatidylinositol, cholesterol and others [35,36]. The main
oute to sense and determine the above mentioned impurities
re the HPLC based techniques, while the analysis of phospho-
ipids by means of spectroscopic methods is not common. Our
revious results reveal good confirmation between fluorescent
esponse induced by SDS and DSPG and the recharging of SNs

hich was revealed from the electrokinetic potential data [32].

hus the selectivity of the fluorescent response in the compari-
on with electrokinetic potential analysis is another key goal of the

Scheme 2. Chemical structures of phosp
a 93 (2012) 233– 238

present report. The analytical performance data, such as detection
limits and dynamic linear range should be also evaluated.

2.  Materials and methods

2.1.  Materials

Tetraethyl orthosilicate (TEOS) 98%, ammonium hydroxide
(28–30%), n-heptanol 98%, cyclohexane 99%, from Acros; ter-
bium(III) nitrate hexahydrate (99.9%) from Alfa Aesar, Triton X-100,
bromthymol blue from Sigma–Aldrich were used as purchased
without further purification. Phospholipids, namely DSPC (≥98%),
l-�-phosphatidylcholine (≥60%, ≥99%), DSPG (≥97%) were used as
purchased from Sigma–Aldrich without further purification.

Hexalidene-bis(dimethylhexadecylammonium) bromide 16-6-
16 (Scheme 1) was  synthesized in analogy with the procedure [37].

Phosphacoumarins (Scheme 2) have been synthesized accord-
ing to the procedure represented in [38].

Synthesis of silica coated Tb(III) nanoparticles (42 ± 5 nm) has
been performed according to reverse microemulsion procedure
presented in the work [17].

2.2. Methods

The dynamic light scattering (DLS) measurements were per-
formed by means of the Malvern Mastersize 2000 particle analyzer.
A He–Ne laser operating at 633 nm wavelength and emitting ver-
tically polarized light was  used as a light source. The measured
autocorrelation functions were analyzed by Malvern DTS software
and the second-order cumulant expansion methods. The effective
hydrodynamic radius (RH) was calculated by the Einstein–Stokes
relation from the first cumulant: D = kBT/6�� RH, where D is the
diffusion coefficient, kB is the Boltzmann constant, T is the absolute
temperature, and � is the viscosity. The diffusion coefficient was
measured at least three times for each sample. The average error
in these experiments was  approximately 4%. All samples were pre-
pared from the bidistilled water with prior filtering through the
PVDF membrane using the Syringe Filter (0.45 �m).

Zeta potential “Nano-ZS” (MALVERN) using laser Doppler
velocimetry and phase analysis light scattering was used for zeta
potential measurements.

The  steady-state emission spectra were recorded on a spec-
trofluorometer FL3-221-NIR (Jobin Yvon) under excitation at
330 nm.

Luminescence  decay measurements were performed using a
Horiba Jobin Yvon Fluorolog-3-221 spectrofluorometer with SPEX
FL-1042 phosphorimeter accessory using a xenon flash lamp as the
photon source with following parameters: time per flash-50.00 ms,
flash count-200 ms, initial delay-0.05 ms  and sample window-2 ms.
Excitation of samples was performed at 330 nm,  and emission
emission.
UV–vis spectra were recorded on a Lambda 35 spectrophotome-

ter (Perkin-Elmer).

hocoumarines, DSPG, DSPC and PC.
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Fig. 1. The �-potential value of Tb(III) doped SNs (C = 0.028 g L−1) at 0.01 mM of 16-
6-16  and various amounts of (a): phosphocoumarines PhC4 (1), PhC5 (2), PhC8 (3)
and PhC12 (4) (SD = 5 mV, n = 3) and (b): lipids DSPC (1) (SD = 15 mV, n = 3), PC 99%
O.D. Bochkova et al. / 

All samples with nanoparticles were ultrasonicated within
0 min  before measurements.

All measurements have been performed at least three times.
he pH 9.2 has been adjusted by Tris (2.5 mM).  Some lumines-
ent measurements have been repeated with the use of Na2B4O7
2.5 mM)  at pH 9.2. This concentration of Tris is enough to maintain
H at the constant level without significant adsorption onto silica
urface.

. Results and discussion

.1.  Electrokinetic potential and DLS measurements

The electrokinetic potential measurement is a powerful tool to
eveal the aggregation of surfactants at the silica/water interface
f SNs. Indeed, according to our previous results the adsorption of
ationic surfactants onto SNs can be easily revealed through the
echarging of SNs from −40 mV to +30 mV  at the concentration
f 16-6-16 being 0.01 mM.  It is well known that the addition of
nionic surfactant to aqueous solution of cationic micelles results
n the mixed anionic–cationic aggregation, which is revealed from
he recharging of micellar aggregates. The previously reported
echarging of SNs at the addition of the anionic surfactant exem-
lified by sodium dodecylsulfate and DSPG to colloids of SNs
ecorated by 16-6-16 reveals the mixed anionic–cationic aggrega-
ion near the silica surface [32]. Taking into account the particular
mportance of hydrocarbon substituents in the aggregation of
mphiphilic anions and 16-6-16, the electrokinetic potential mea-
urements should be greatly affected by the hydrophobicity of
hosphacoumarins (Scheme 2). Thus electrokinetic potential mea-
urements have been performed in colloids of SNs decorated
y 16-6-16 (0.01 mM)  at pH 9.2 and varied concentrations of
hosphacoumarins. Indeed, the �-values represented in Fig. 1a
eveal the dramatic effect of the hydrocarbon substituents on
he recharging of SNs with the increase of phosphacoumarins
oncentrations.

The �-value becomes close to zero, indicating the charge neu-
ralization of SNs at the excess amounts of PhC4 (Scheme 2), while
he recharging of SNs from plus to minus becomes possible in the
ame concentration range for more hydrophobic PhC5 (Scheme 2).
he sharp decrease of �-values occurs for more hydrophobic PhC8
nd PhC12, indicating that these anions induce efficient recharg-
ng of SNs in the narrow concentration range. Thus the more is the
ydrophobicity of anions the less is their concentration required

or the recharging of SNs (Fig. 1a). These results confirm that the
echarging of SNs derives from the mixed cationic–anionic aggrega-
ion at their interface. Though the interfacial aggregation behavior
ollows the well known tendency for the mixed aggregation in
queous solutions [39,40], some difference from the aggregation in
he bulk of solution should be noted. The �-values of SNs with the
urther concentration growth of PhC8 and PhC12 tend to come to
he plateau, indicating no further recharging of SNs at these condi-
ions (Fig. 1a), while the charge of the mixed aggregates in aqueous
olutions follows the molar ratio of cationic and anionic surfac-
ants (Table 1S in Suppl. Data). The high initial charge of SNs at
H 9.2 (−45 mV  [32]) should be mentioned as the main reason of
his difference. Indeed the mixed cationic-anionic aggregation near
he negatively charged silica surface should differ from the similar
ggregation in the bulk of solution [41]. The saturated levels of the
urves are not the same for PhC12 and PhC8 (Fig. 1a), indicating the
orrelation between the recharging of SNs and the hydrophobicity

f the competitive anions. The experimentally observed recharging
f SNs reflects the efficiency of the mixed cationic–anionic aggre-
ation near the silica surface, which is quite different from that in
he bulk of solution. The aggregation behavior of SNs follows their
(2)  (SD = 15 mV,  n = 3), PC 60% (3) (SD = 5 mV, n = 3) and DSPG (4) (SD = 5 mV, n = 3) at
pH 9.2.

electrokinetic potential values, being more enhanced in the nar-
row concentration range where � potential values are close to zero
and coming to nothing at enhanced positive and negative � values
(Table 2S in Suppl. Data). Thus the aggregation behavior of SNs is
guided by the mixed aggregation of 16-6-16 with the hydrophobic
anions at the silica/water interface.

The tendency of phospholipids to form mixed aggregates with
cationic surfactants [42–44], as well as to aggregate onto silica
surface pretreated by organic ions is well known [45–49]. Fig. 1b
represents the �-values at the various concentrations of phospho-
lipids, including previously reported DSPG for the comparison. The
profiles of the curves for DSPG and PC (60%) practically coincide
with each other, indicating the recharging of SNs from plus to
minus (Fig. 1b). No silica surface recharging is observed with the
increase of PC (99%) and DSPC concentrations. Moreover the �-
values tend to become more positive with their concentrations
increase (Fig. 1b). The zwitter ionic structure derived from the
presence of ammonium group in the structures of PC and DSPC
can be considered as the explanation of the observed increase of
�-values. Thus the decrease of �-potential induced by PC (60%)
can be assumed as an indication of the anionic impurities such
as phosphatidylethanolamine [35,36], which is predominantly in
the anionic form at pH 9.2 and thus tends to form mixed aggre-
gates with 16-6-16. The participation of the anionic impurities in
the mixed aggregation can be assumed as the most probable reason

of the recharging of SNs in solutions of PC(60%), making the profile
of �-values versus concentration being quite similar with that of
DSPG.
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Fig. 2. The I/I0 (a) and �/�0 (b) of Tb(III) doped SNs (C = 0.028 g L−1) at 0.01 mM
of  16-6-16, 0.01 mM of BThB and various concentrations of phosphocoumarines:
36 O.D. Bochkova et al. / 

.2. Steady state and time resolved luminescence measurements

The  insertion of Tb(III) complexes into SNs (about 5000 in each
N [17]) results in high luminescence intensity of their aqueous dis-
ersions. Thus concentration of SNs being 0.028 g L−1 (7 × 10−10 M,
he way of calculation is represented in [17]) is maintained in all
uorimetric measurements. No leakage of luminophores from SNs
o aqueous media is observed within rather long time (one week
t least [17]), which is the prerequisite condition for their analyt-
cal application. The emission spectra of SNs in aqueous solution
Fig. 1S in Suppl. Data) is common for Tb-centered luminescence
ith four bands, where the peak at 541 nm assigned to 5D4–7F5

ransition is the main [9,17]. The main peak intensity is applied
s the intensity of Tb-centered luminescence. The previous results
eveal the conditions of the efficient energy transfer between sil-
ca coated Tb(III) complexes and bromthymol blue (BThB) anions,

hich are pH 9.2, 0.01 mM of BThB and 0.01 mM of 16-6-16 [32].
hese pH and concentration conditions enable to keep the energy
cceptors (anions of BThB) in close proximity to silica coated
nergy donors (Tb(III) complexes). The inner filter effect of BThB
hould be mentioned as the reason of the suppressed steady state
uminescence [32]. This effect is also kept on the constant and
nsignificant level at various concentrations of phosphacoumarins
hC4, PhC5, PhC8 (Fig. 2S–4S, Suppl. Data), excepting PhC12, where
he absorption at 541 nm is somewhat raised due to the baseline
ift (Fig. 4S, Suppl. Data). The latter derives from the enhanced scat-
ering due to formation of large cationic–anionic aggregates in the
ulk of solution (Tables 1S, 2S in Suppl. Data). Both steady state
nd time resolved measurements have been performed to reveal
he effect of various phosphacoumarins on the emission intensity
I) and lifetimes (�) of SNs decorated by 16-6-16 in the presence
f BThB at varied concentrations of phosphacoumarins and phos-
holipids. The obtained data are represented in Figs. 2 and 3 in
he relative forms, which are �/�0 and I/I0, where �0 and I0 desig-
ates the lifetime and emission intensity of the aqueous dispersion
f SNs without dye. The single point designated as “+BThB” in
igs. 2a and 3a indicates the I/I0 value of SNs at 0.01 mM of BThB
ithout 16-6-16 at the same pH conditions. It is worth mentioning

hat this value is less than 1 due to the inner filter effect of BThB.
Both  steady state and time resolved measurements (Fig. 2)

eveal the insignificant effect of PhC4 and PhC5 on the quenching
f Tb-centered luminescence by BThB, indicating that both anions
rovide rather poor displacement of BThB from the interface of
Ns. The addition of both PhC8 and PhC12 provides the signifi-
ant increase of �/�0 and I/I0. The increase of �/�0 (I/I0) values
omes to the saturation level for both PhC8 and PhC12. Though the
lopes of �/�0 and I/I0 versus concentration of PhC12 coincide with
hose of PhC8, the corresponding saturation levels differ from each
ther. The addition of PhC12 provides the reestablishment of �/�0
o 1 and I/I0 to the value designated as “+BThB” at rather diluted
oncentration conditions, while the reestablishment is not whole
or PhC8. It is worth noting that the quenching measurements are
n rather good correlation with the electrokinetic potential data
Figs. 1 and 2). So, the more is the hydrophobicity of the competi-
ive anion the more is the displacement of the quenching anions
nd the reestablishment of Tb-centered luminescence. This fact
rompts us to reveal the effect of more hydrophilic anions, such
s HPO4

2− on the quenching measurements at the same condi-
ions. The obtained spectral data (Fig. 1S in Suppl. Data) indicate no
ffect of hydrophilic phosphates on the quenching measurements.
hus hydrophilic anions including those arising from the use of
uffer systems do not interfere with the recognition of hydrophobic

nions, which is of great importance for practical application. So the
lopes of �/�0 and I/I0 versus concentration of phosphacoumaurins
ndicate the key role of the hydrophobic tail in the displacement of
ThB by hydrophobic anions from the interface of SNs decorated
PhC4  (1), PhC5 (2), PhC8 (3) and PhC12 (4) at pH 9.2; I0 and �0 are the emission
intensity  and lifetime without dye correspondingly. The I/I0 value without 16-6-16
and  phosphocoumarines is designated as “+BThB”.

by 16-6-16. Though the steady state and time resolved quenching
measurements correlate with each other some difference between
them is worth noting. For example the curves I/I0 versus concen-
tration are very close to each other for PhC4 and PhC5, while the
concentration growth provides greater increase of �/�0 for PhC5
in the comparison with PhC4. The discrepancy between the steady
state and time resolved quenching measurements is less enhanced
but is still detectable in the case of PhC8 and PhC12. These discrep-
ancies arise from the diverse inner filter and light scattering effects.
The various inner filter effects result from the absorbance of BThB
in micellar solutions which in turn is affected by the charge and
morphology of the micellar aggregates [50]. The spectra of BThB in
solutions of SNs decorated by 16-6-16 at various concentrations of
phosphacoumaurins are represented in Figs. 2S–4S (Suppl. Data).
The light scattering effect should be also noted as another possible
reason of the restricted emission intensities. This effect is evident
from the baseline lift at the increased concentration of PhC12 (Fig.
4S, Suppl. Data). Thus the time resolved quenching measurements
which are independent on inner filter and light scattering effects
more really reflect the displacement of quenching ions by phos-
phacoumaurins of various hydrophobicity.

The previously published results reveal DSPG molecules as effi-
cient competitors of BThB for interfacial binding with SNs [32],
which is evident from the reestablishment of both �/�0 and I/I0

in the narrow concentration range. No significant increase of the
both values is observed at the addition of DSPC (Fig. 3).

Taking  into account literature and electrokinetic potential data
represented in Fig. 1b DSPC molecules are efficiently adsorbed onto
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Fig. 3. The I/I0 (a) and �/�0 (b) of Tb(III) doped SNs (C = 0.028 g L−1) at 0.01 mM of
16-6-16,  0.01 mM of BThB and various concentrations of phospholipids: DSPC (1),
PC 99% (2), PC 60% (3) and DSPG (4) at pH 9.2. I0 and �0 are the emission intensity
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Table 1
The  detection limits (DL) and dynamic linear ranges (DLR) for PhC8 and PhC12 (mM),
as well as for DSPG and PC with various extent of purity (99% and 60%) in g L−1.

Substrate PhC8 PhC12  DSPG PC(99%) PC(60%)

DLa 0.005 mM 0.005 mM 0.008 g L−1 0.05 g L−1 0.02 g L−1

DLRa 0.005–0.05 0.005–0.05 0.008–0.04 0.05–0.4 0.02–0.23

ence with hydrophobic substrates. The analysis of the fluorescent
nd  lifetime without dye correspondingly. The I/I0 value without 16-6-16 and lipids
s designated as “+BThB”.

nterface of SNs decorated by 16-6-16, while this adsorption does
ot lead to the displacement of BThB. Though both DSPC and PC
olecules are zwitterionic, their addition in similar concentra-

ion conditions provides different fluorescent response (Fig. 3). It
s rather unexpected that the addition of PC (99%) provides more
nhanced displacement of BThB than DSPC (99%). The observed dif-
erence may  arise from the various structures of the hydrophobic
ubstituents of PC and DSPC (R in Scheme 2). The different con-
ent of the impurities in both DSPC (99%) and PC (99%) should be
lso taken into account as the probable reason of this difference.
he enhanced fluorescent response resulted from the addition of
C (60%) confirms that the more is the percentage of the anionic
mpurities the more is the fluorescent response of SNs on the addi-
ion of the commercial phospholipids. The discrepancy between
he steady state and time resolved quenching measurements for
hospholipids is also worth noting (Fig. 3a and b). The dynamic

ight scattering data represented in Tables 1S, 2S (Suppl. Data) indi-
ate the significant self and mixed aggregation of PC (99 and 60%)
nd DSPC in the studied solutions. The analysis of the absorbance
pectra of the multicomponent solutions (SNs, 16–6–6, BThB) at
arious concentrations of phospholipids (Figs. 5S–7S) indicates the
ignificant baseline lift arisen from the aggregation of phospho-
ipids. These light scattering effects resulted from the mixed and
elf aggregation of phospholipids in turn should affect the emission
ntensity at 541 nm.  Though the time resolved quenching measure-
ents more really reflect the displacement of quenching ions, the
/I0 values exhibit better sensitivity to the structure and greater lin-
ar ranges for the studied phospholipids (Fig. 3). Thus the steady
a The DL and DLR values are evaluated from the steady state quenching measure-
ments.

state quenching measurements have been used to evaluate detec-
tion limits and dynamic linear ranges of the phospholipids (Table 1).

The analysis of electrokinetic potential data in the correlation
with the steady state and time resolved quenching measurements
reveals good correlation between them for phosphacoumaurins.
Thus the hydrophobicity of anions greatly affects their mixed
aggregation with cationic surfactant at the silica/water interface,
resulting in both the recharging of SNs and the displacement of
BThB anions. The abrupt linear increase of �/�0 and I/I0 occurring
within 0–0.05 mM of PhC8 and PhC12 is the basis of their quan-
titative determination in solution, though their detection limits
are the same (Table 1). The comparative analysis of the electroki-
netic and luminescent data for phospholipids indicate that anionic
phospholipids can be easily distinguished from the zwitterionic
ones through both fluorescent and electrokinetic potential mea-
surements. It is worth noting that DSPG and PC (60%), as well as
DSPC and PC (99%) can not be distinguished through electrokinetic
potential data, while each of them provide its own profile of the
steady state and time resolved luminescent response with various
detection limits and linear ranges (Figs. 1 and 3, and Table 1).

The  obtained results enable to highlight the main structural fea-
tures of the determinate substrates which guide the selectivity of
the substrate induced luminescent response. First of all the sub-
strate should be enough hydrophobic. This factor derives from the
binding mode between the probe molecules and SNs, which is the
penetration of the hydrophobic anions namely BThB into the micel-
lar adlayer at the silica/water interface. Thus hydrophilic anions
do not interfere with the recognition of hydrophobic ones, which
enables to use any buffer system as the background (no differ-
ence has been revealed between Tris and Na2B4O7 buffer systems).
The role of the charge of the determinate substrate is dramatic
but not so crucial. In particular zwitterionic amphiphilic molecules
also participate in the mixed aggregation with dicationic surfac-
tant molecules, though no recharging of the aggregates occurs in
this case. Thus the insignificant displacement of the dye anions is
induced by this aggregation. This is the reason of the discrimina-
tion between the anionic and zwitterionic phospholipids, as well
as between PC and its anionic impurities.

4. Summary

The obtained results introduce the novel route to discriminate
between hydrophobic and hydrophilic biorelevant anions through
the off-on switching of the Tb(III)-centered luminescence with
the use of luminescent Tb-doped silica nanoparticles decorated by
cationic surfactant and bromthymol blue as a probe. The selectiv-
ity of the substrate induced fluorescent response is controlled by
the charge of the substrates and the structure of their hydrophobic
substituents. Thus sodium salts of phosphacoumarins with C12H25
and C8H17 induce the fluorescent response in more diluted condi-
tions than their less hydrophobic counterparts, while hydrophilic
anions such as arisen from the buffer systems provide poor interfer-
response arisen from the addition of phospholipids indicates that
anionic phospholipids can be recognized through the fluorescent
response versus the zwitter ionic ones. Moreover the presence
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nd the quantity of the anionic impurities in zwitter ionic phos-
hatidylcholine can be revealed through the fluorescent response
f Tb-doped silica nanoparticles. The represented approach exem-
lifies the luminescent sensing of anionic phospholipids, which is
ot common itself. Moreover further development of this approach
ay result in a new procedure to sense the formation of phospho-

ipids membranes onto silica templates. This work is in progress
ow.
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