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(Eu>*4[PTCI* 3)0.78(EU**[TREN-1,2-HOPO]®* ) »» inorganic—organic
hybrid nanoparticles (IOH-NPs) contain Eu®*, tris[(1-hydroxy-2-
oxo-1,2-dihydropyridine-6-carboxamido)ethyllamine (TREN-1,2-
HOPO) and perylene-3,4,9,10-tetracarboxylate (PTC). The IOH-NPs
are prepared in water and exhibit a rod-type shape, with a length
of 60 nm and a diameter of 5 nm. Particle size and chemical com-
position are examined by different methods (SEM, DLS, FT-IR, TG,
C/H/N analysis). With TREN-1,2-HOPO as antenna, the IOH-NPs
show Eu®*-based red emission, whereas the PTC emission is totally
quenched due to m-stacking in the solid nanoparticles. After
addition of carbonate, PTC is released from the IOH-NPs into solu-
tion, resulting in an increasing green emission of free PTC. The
resulting carbonate-driven shift of the emission colour from red to
green surprisingly allows to determine the carbonate concen-
tration qualitatively and quantitatively in a concentration range of
1 uM to 2 mM and was tested for tap water as a specific example.

Introduction

Luminescence is an ideal tool for all kinds of sensing and
monitoring as the detection is easy, cheap and non-invasive."
This includes sensing of specific atoms, ions, or molecules,’
monitoring of biomolecules (e.g., peptides, DNA, antibodies),?
or optical imaging in biosciences (to study, e.g., cellular
uptake, cell functions, drug release).® Most often, optical
detection is based on a change in intensity up to an on-off or
off-on behaviour."™ Luminescence detection via a change of
the emission intensity, however, has the disadvantage to be
concentration-dependent and requires a normalization of the
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emission intensity on a suitable reference or a distinct on-off/
off-on characteristics. Less often, so-called ratiometric fluo-
rescence sensing was used with a change of wavelength and
emission colour, which can be more sensitive and indepen-
dent from concentration.” Here, most often molecules and/or
coordination complexes were described. In regard of nano-
particles, gold, quantum dots, metal-organic frameworks
(MOFs), or carbon dots were used most often.’

Aiming at luminescence-based sensing, moreover, lantha-
nide (Ln)-based compounds are specifically interesting for
detection due to their narrow line width.” Especially, Eu**-
based complexes have been intensively studied to detect ions
such as Zn*"® cu**,° Hg*'° F,"' PO,*","> HCO;7/CO;>","?
lactate,'* etc. Here, a general restriction of f-f transitions on
lanthanides relates to their sensitivity to quenching in the
presence of water/moisture due to non-luminescent relaxation
via O-H vibrations."® In addition to molecular species, nano-
particles offer further advantages for luminescence detection
as they can show size-dependent emission (e.g., quantum dots,
carbon dots)'® or aggregation-caused quenching (ACQ)."”
Reports on luminescence-based sensing and a change of wave-
length and colour usually relate to nanoparticles such as
quantum dots, up-converting metal fluorides/oxides, MOFs, or
carbon dots."®

Aiming at a luminescence detection based on a wavelength/
colour-changing system, we recently showed inorganic-organic
hybrid nanoparticles (IOH-NPs) such as [La(OH),]'[ARS]”
(ARS: alizarin red S)" or a mixture of [La(OH)]*'[ICG] ", and
[La(OH)]**,[PTC]*~ (ICG: indocyanine green, PTC: perylene-
3,4,9,10-tetracarboxylate).>® Generally, these IOH-NPs are
characterized by a fluorescent organic dye anion, which is
combined with an inorganic cation to obtain an insoluble
compound, and thus, nanoparticles in water. In detail, [La
(OH),]'TARS]™ IOH-NPs show a pH-dependent colour shift with
green emission at pH 5.0-9.0 and red emission at pH < 4.5
and can be used to monitor the intracellular pH.'°
[La(OH)'[ICG] ", and [La(OH)]**,[PTC]*~ IOH-NPs allow to
monitor the particle dissolution in vitro with red emission of
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the intact nanoparticles and green emission after their dis-
solution.?® However, these IOH-NPs have the disadvantage of a
broad and partially weak emission. Monitoring the dis-
solution, moreover, two different types of
nanoparticles.

requires

Experimental section
Synthesis

The starting materials perylene-3,4,9,10-tetracarboxylic dianhy-
dride (PTCDA, abcr, 98%), EuCl;:6 H,O (Sigma-Aldrich,
99.9%), NaOH (VWR, >98%), HClyq (VWR, 37%), NaHCO;
(VWR, 98%) and ethanol (Seulberger, 99%) were used as
received. All solutions and suspensions were prepared with de-
ionized (DI) water that was boiled 30 min, cooled and stored
under nitrogen to remove and avoid dissolved CO,.

TREN-1,2-HOPO was synthesized according to the literature
(ESL: Fig. S11).>"

(Eu®*4[PTC]* 3)0 75(Eu* [TREN-1,2-HOPO* ")y,  IOH-NPs.
6.3 mg (0.016 mmol) of perylene-3,4,9,10-tetracarboxylic dia-
nhydride (PTCDA, abcr, 98%) were dissolved in 25 mL of
10 mmol L™! NaOH by heating to 60 °C (pH 10-11). After neu-
tralisation with HCI (10 mmol L") (pH 6.5-7.0), 15 mL of
ethanol were added. Thereafter, a solution of 9.3 mg
(0.025 mmol) EuCl;-6 H,O (Sigma-Aldrich, 99.9%) and 0.8 mg
TREN-1,2-HOPO (0.0015 mmol) dissolved in 0.5 mL of water
were injected at 95 °C (oil bath) into the aforementioned
PTCDA solution, which instantaneous resulted in the nuclea-
tion of nanoparticles. After cooling, the as-prepared
(Eu**4[PTC]* 3)0.7(Eu’ [TREN-1,2-HOPOJ* ")y ,, IOH-NPs were
separated by centrifugation (10 000 rpm, 15 min) and purified
twice by redispersion/centrifugation in/from water. Finally,
aqueous suspensions or dried powder samples were obtained.

Eu’* [PTC]* ; IOH-NPs were prepared similar to the above
(Eu®*,[PTC]"3)0.75(Eu*' [TREN-1,2-HOPOJ* ") 1, IOH-NPs
without addition of TREN-1,2-HOPO.

Carbonate-initiated emission-colour-shift. First of all, a
NaHCOj; stock solution (4 mmol L") was prepared by dis-
solution of 33.6 mg (0.40 mmol) NaHCO; in 100 mL of DI
water. The DI water was boiled 30 min, cooled and stored
under nitrogen to remove and avoid dissolved CO,.
Furthermore, the DI water was set to pH 6.5 prior to use.
Based on the stock solution, further solutions with concen-
trations of 3, 2, 1, 0.2, 0.02 and 0.002 mM were obtained by
dilution. Subsequently, 1 mL of the
(Eu**,[PTC]* 3)o.75(Eu**[TREN-1,2-HOPO]* )y, IOH-NP sus-
pension (0.5 mg mL™") was mixed with 1 mL of the above
NaHCO; solutions resulting in suspensions with the specified
2,1.5,1, 0.5, 0.1, 0.01, 0.001 mM NaHCOj; concentration.

In the case of pure DI water, 1 mL of DI water was mixed
with the IOH-NP suspension instead of the aforementioned
NaHCO; solutions. In the case of tap water, 0.5 mL of tap
water and 0.5 mL of DI water were mixed with 1 mL of the
IOH-NP suspension, resulting in a tap water dilution by a
factorof 1: 4.
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Luminescence characterization was performed similar for
all suspensions with recording excitation and emission spectra
after equilibration with 15 min of thorough mixing. For the
integration of the PTC-based green emission, the Eu**-based
emission peak at 616 nm was omitted by interpolation of the
PTC-based emission from 606 to 633 nm.

Analytical techniques

Details regarding analytical equipment, characterization of
TREN-1,2-HOPO, nanoparticle characterization of
(Eu®*{[PTC]* 3)o.75(Eu’® [TREN-1,2-HOPOJ* )y, and Eu**,[PTC]*;
IOH-NPs, and luminescence spectra are described in the ESL}

Results and discussion

Nanoparticle synthesis

Here, we here report on (Eu®*",[PTC]";)o,s(Eu*[TREN-1,2-
HOPOJ*)y,, IOH-NPs containing Eu*', tris[(1-hydroxy-2-oxo-
1,2-dihydropyridine-6-carboxamido)ethylJamine =~ (TREN-1,2-
HOPO) and perylene-3,4,9,10-tetracarboxylate (PTC) (Fig. 1).
Herein, TREN-1,2-HOPO serves as an antenna ligand that guar-
antees an efficient emission of red light by Eu’" even in
water.”> In contrast, the emission of PTC is completely
quenched in the solid nanoparticles but results in intense
green emission after its release into solution. As a result,
(Eu?*4[PTC]* 3)o.75(Eu**[TREN-1,2-HOPO]* )0 5, IOH-NPs show
Eu’"-based red emission and intense green emission after PTC
release. Exemplarily, this effect can be used for qualitative and
quantitative luminescence detection of carbonate in potable
water.

(Eu**4[PTC]* 3)o.75(Eu**[TREN-1,2-HOPO]* "), ,, IOH-NPs are
prepared via a simple aqueous synthesis. First of all, perylene-
3,4,9,10-tetracarboxylic dianhydride (PTCDA) as the starting
material needs to be converted into the water-soluble perylene-
3,4,9,10-tetracarboxylate ([PTC]*") by treatment with aqueous
NaOH at 60 °C. The underlying reaction can be easily followed
by the insoluble red PTCDA changing to soluble yellow
[PTC]*". After neutralization with HCI, ethanol was added
(H,O:EtOH = 60:40) to reduce the polarity of the solvent,

o EuCl,x6 H,0
o7 ~NH
0 o] S o]
D=, L0
S =]
@8 .. 8@ N\Oe Lo} N
O

O [TREN-1,2-HOPOJ’

[PTC]*

-

Fig. 1 Scheme of the synthesis of (Eu**,[PTC]* 3)o7g(Eu*[TREN-1,2-
HOPOI*7).2> IOH-NPs.

Y

H,0,95°C
Injection

(Eu,[PTC].),(EU[TREN-1,2-HOPO)],,
IOH-NPs
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which supports the formation of smaller nanoparticles and
more stable suspensions thereafter (Fig. 1). This also allows
avoiding a reformation of insoluble PTCDA (at >60% of H,0)
as well as of insoluble Na,(PTC) (at >40% of EtOH). In addition
to the Na,(PTC) solution, EuCl;-6H,0 and H;TREN-1,2-HOPO
were dissolved in water. Thereafter, this second solution was
injected into the Nay(PTC) solution with vigorous stirring at
95 °C (Fig. 1). The nucleation of (Eu*",[PTC]" 3)os
(Eu**[TREN-1,2-HOPOJ*"),,, IOH-NPs was indicated by the
immediate formation of an orange suspension. The injection
at elevated temperature promotes the nucleation of nano-
particles. Finally, the IOH-NPs were purified by centrifugation/
redispersion from/in water.

Particle size and particle size distribution of the as-pre-
pared (Eu**,[PTC]*3)o.,5(Eu’ [TREN-1,2-HOPOJ’ )y,, nano-
particles were evaluated based on scanning electron
microscopy (SEM) and dynamic light scattering (DLS). SEM
images show rod-shaped nanoparticles with a length of about
60 nm and a diameter of about 5 nm (Fig. 2b; and ESI
Fig. S2). Based on a statistical evaluation of >100 particles on
SEM images, a mean rod length of 63 + 8 nm was determined
(Fig. 2a).”° Such rod-like shape is to be expected due to PTC-
based n-stacking. Due to the high-polarity and extensive hydro-
gen bridging, DLS analysis in water often results in very broad
particle size distributions due to overlapping long-ranging
water-adhesion layers. To this concern, the IOH-NPs were
redispersed in diethylene glycol (DEG) as a colloidally stabiliz-
ing solvent.”® In DEG, DLS resulted in a mean hydrodynamic
particle diameter of 94 + 7 nm (Fig. 2a; and ESI: Fig. S37),
which reflects the length of the rod-shaped IOH-NPs and
which is in accordance with the results from SEM. In water,
the as-prepared IOH-NPs exhibit a distinct negative surface
charging with a zeta potential of —30 to —40 mV at pH = 6-9
(Fig. 2c), which is also the background of the good colloidal
stability of aqueous suspensions (Fig. 2¢c and d).

In regard of the chemical composition of the
(Eu**4[PTC]* 3)0.76(Eu* [TREN-1,2-HOPO]* ")y ,, IOH-NPs, first
of all, the presence of both Eu**, TREN-1,2-HOPO, and PTC is
crucial and clearly evidenced by the luminescence features of
the IOH-NPs (see Fig. 3 and 4). Thus, red emission of Eu’" is
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Fig. 2 Particle characterization of (Eu**4[PTC]* 3)o7g(Eu**[TREN-1,2-
HOPOI*7)o,> IOH-NPs: (a) particle size and particle size distribution
according to SEM (statistical evaluation of >100 nanoparticles) and DLS
(in DEG); (b) SEM image; (c) zeta potential analysis (in water); (d) photo
of the aqueous suspension (0.5 mg mL™).
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Fig. 3 Luminescence of (Eu3*4[PTCI* 3)0.75(EUS*[TREN-1,2-

HOPOI®* 7)o, IOH-NPs (0.5 mg mL™, DI water): (a) excitation (fem =
616 nm) and emission (lex = 337 nm) spectra; (b) photo of aqueous sus-
pension (daylight); (c) photo of aqueous suspension (1ex = 365 nm).

observed in water only in the presence of TREN-1,2-HOPO as
antenna, whereas the green emission after nanoparticle dis-
solution evidences the presence of PTC. For quantification,
X-ray diffraction (XRD), Fourier-transform infrared (FT-IR)
spectroscopy, total organics combustion with thermogravime-
try (TG), and elemental analysis (EA) were applied. XRD indi-
cates the JOH-NPs to be non-crystalline (ESI: Fig. S4t), which
is not a surprise taking a synthesis at moderate temperature in
water into account. According to FT-IR (ESI: Tables S1, S2; and
Fig. S5%), all vibrations of (Eu**,[PTC]*;)o.,s(Eu*[TREN-1,2-
HOPOJ*7)y., can be attributed to TREN-1,2-HOPO (especially:
Y(C=0): 1680, y(C-N): 1207 cm ') and PTC (specifically:
y(C=0): 1595 cm™'). Moreover, the broad band at
3650-3100 cm ™" shows the presence of H,O v(O-H).

TG shows a three-step decomposition with a total mass loss
of 63.3 wt% up to 600 °C (ESIL: Fig. S6at), whereof the first step
(5.4 wt%, <200 °C) relates to adsorbed water. After correction
for this adsorbed water, the total organics combustion
amounts to 67.1 wt%. The thermal residue was identified by
XRD to be Eu,03, which indicates total-organics combustion
after heating to 1200 °C (ESI: Fig. S6bt). EA reveals C/H/N con-
tents of 42.9 wt% C, 2.2 wt% H and 1.2 wt% N, which, after
correction for 5.4 wt% of adsorbed water, results in 45.5 wt%
C, 1.7 wt% H and 1.3 wt% N. As only TREN-1,2-HOPO contains
nitrogen, the PTC-to-TREN-1,2-HOPO ratio can be deduced to
10.7, which reflects the as-used 10:1 ratio of the starting
materials. With this information, the IOH-NPs can be assumed to
contain 25% Eu’[TREN-1,2-HOPOP’~ and 75% Eu®",[PTC]";
(composition of Eu** JPTC]" 5 in ESL: Fig. S71). With the assumed
composition, values of 45.3 wt% C, 1.7 wt% H, 1.4 wt% N and a
total organics combustion of 67.1 wt% are calculated that agree
with the experimental data. Based on TG and XRD showing a
solid remnant of 31.3% Eu,O; (corrected for 5.4% of adsorbed
water: 33.2% Eu,O; or 28.8% Eu), finally, the Eu*" content of the
IOH-NPs can be obtained (caled: 28.7% Eu). In sum, this con-
firms the composition (Eu**,[PTC]*;)e-s(Eu’ [TREN-1,2-
HOPOJ* 7)., of the IOH-NPs.
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Fig. 4 Luminescence of (Eu®*4IPTCI* 3)0.75(EUS[TREN-1,2-

HOPOI*7)g.02 IOH-NPs (0.25 mg mL™%, water) at different carbonate con-
centrations: (a) photos of aqueous suspensions (1 pM, 10 uM, 0.1 mM,
0.5 mM, 1 mM, 1.5 mM, 2 mM NaHCOs3, Jex = 365 nm); (b) emission
spectra (1 uM, 10 pM, 0.1 mM, 0.5 mM, 1 mM, 1.5 mM, 2 mM NaHCOs,
Zex = 337 nm); (c) photo of aqueous suspension with tap water; (d) cor-
relation of carbonate concentration (1 uM to 2 mM, black squares) and
intensity of green emission extracted from spectra in (b) with the result
for local tap water (pink square).

Luminescence properties

In regard of the luminescence of the
(Eu®*4[PTC]* 3).7s(Eu*' [TREN-1,2-HOPOJ]* )y, IOH-NPs, the
red emission of the as-prepared aqueous suspensions can be
even seen with the naked eye upon excitation at 310-370 nm
(UV lamp or UV-LED, Fig. 3). The luminescence characteristics
of the (Eu®*,[PTC]";)o.,5(Eu’ [TREN-1,2-HOPOJ* "), 5, IOH-NPs

Dalton Trans.

View Article Online

Dalton Transactions

are very similar to aqueous solutions of the [Eu(TREN-1,2-
HOPO)(H,0)] complex and can be assigned to the well-known
Eu®*-based emission with its maximum at 616 nm due to D,
— ’F, transition. Moreover, the broad absorption below
380 nm originates from the TREN-1,2-HOPO ligand (Fig. 3;
and ESI: Fig. S8%). In sum, TREN-1,2-HOPO serves as efficient
antenna ligand for Eu®*, which does not show any notable
emission in water in absence of TREN-1,2-HOPO.

In regard of PTC, the (Eu®*",[PTC]*;)o,s(Eu*[TREN-1,2-
HOPOJ*7)y.,, IOH-NPs do not show any emission due to aggre-
gation-caused quenching (ACQ) and the n-stacking of the PTC
molecules in the solid state (Fig. 3)."”*° Because of the low
amount of TREN-1,2-HOPO in the (Eu*",j[PTC]* ;)05
(Eu**[TREN-1,2-HOPOJ*"), ,, IOH-NPs, n-stacking and quench-
ing of PTC are also not disturbed. A solution of Na,(PTC) in
water, in contrast, shows strong absorption at 280-380 nm and
intense green emission at 480-620 nm (ESIL Fig. S97).

With the intention of a trigger-initiated emission-colour
shift, we monitored the dissolution of the IOH-NPs, aiming at
a different emission of the intact solid nanoparticles and after
their dissolution in water. In this regard, (Eu®*",[PTC]*3)o.s
(Eu**[TREN-1,2-HOPO]* "), 5, IOH-NPs are stable in deionized
(DI) water (pH 5 to 7, room temperature). A dissolution of the
(Eu®*,[PTC]";)0.75(Eu’ [TREN-1,2-HOPOJ* ") 5, IOH-NPs,
however, can be initiated by addition of carbonate (Fig. 4a).
After addition of certain amounts of NaHCO; (i.e., 1 pM,
10 pM, 0.1 mM, 0.5 mM, 1 mM, 1.5 mM, 2 mM), the emission
clearly shifts from red to green. This observation can be
explained by the intact, solid IOH-NPs, which show Eu**-based
red emission. Upon addition of NaHCOj;, however, [PTC]*~ is
released  from  the  (Eu’*,[PTC]"3)oss(Eu*’[TREN-1,2-
HOPOJ*7),.,, IOH-NPs into solution, where its luminescence is
not quenched, and therefore, shows intense green emission.
Thus, the carbonate-initiated emission-colour shift is driven
by a stronger coordination of carbonate to Eu®>* than of the car-
boxylate PTC according to the following reaction:
(Eu**4[PTC]* 3)0.75(Eu*[TREN-1,2-HOPOJ* "), 5, + 4x [HCO;3]” —
(Euy[(PTC);_»(HCO3)4x]3)0.7s(EU[TREN-1,2-HOPO])g,, + x
[PTC]*". A comparable ligand exchange was also described for
molecular coordination complexes>* but was not yet shown for
nanoparticles. In total, the emission colour changes from red
to green and, depending on the respective NaHCO; concen-
tration, including all mixed colours in between due to additive
colour mixing (Fig. 4a).

The correlation between the intensity of the PTC-driven
green emission and the NaHCO; concentration is also clearly
visible when recording the respective emission spectra
(Fig. 4b; and ESI: Fig. S10t). Whereas the green emission is
weak for 100 nM and 1 pM NaHCO;, starting at 10 pM, the
green emission increases significantly and is also visible with
the naked eye (Fig. 4a). In contrast to the concentration-depen-
dent green emission of PTC, the Eu**-based red emission at
616 nm is more-or-less constant and independent of the
NaHCO; concentration (Fig. 4b). As a test with certain practical
relevance, we have treated local tap water with
(Eu?*4[PTC]* 3)o.75(Eu**[TREN-1,2-HOPO]* "), 5, IOH-NPs. The

This journal is © The Royal Society of Chemistry 2025
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presence of carbonate is again indicated by the occurring
green emission (Fig. 4b).

Although the current experiments were more performed to
prove a trigger-initiated emission-colour shift of a new type of
nanoparticles in general then to allow a quantification, the car-
bonate concentration and the intensity of the green emission
(extracted from spectra in Fig. 4b) already show a surprisingly
good linear correlation (Fig. 4d). Even a luminescence-based
analysis of the carbonate concentration of local tap water is
possible (Fig. 4d). Thus, a concentration of 1.31 mM was deter-
mined based on the intensity of the green emission in suspen-
sion. After correction for the dilution of the tap water by a
factor 1:4 during sample preparation (see Experimental
section), the result of 5.24 mM carbonate obtained from the
emission intensity is in agreement with data given by the local
water authority (average carbonate concentration: 333 mg L7,
5.3 mM).>®

With a current detection limit of 1 pM to 2 mM (Fig. 4), the
(Eu**4[PTC]* 3)0.7(Eu* [TREN-1,2-HOPOJ* ")y ,, IOH-NP-based
carbonate detection is possible in a similar concentration
range as with comparable luminescence-based systems for car-
bonate detection, such as molecular coordination complexes
or MOFs (1 uM-25 mM).>*?® For the reliability of the carbon-
ate-initiated emission-colour shift for future quantitative ana-
lysis, furthermore, potential limitations need to be addressed.
First of all, the pH is relevant. To this concern, suspensions
need to exhibit a pH of 5-7. In this pH range, the effect of the
pH only (without any carbonate addition) on the emission is
low in comparison to the carbonate-initiated emission
increase (Fig. 4b; and ESI: Fig. S11af). Here, the linear corre-
lation between emission and carbonate concentration also
confirms any significant additional effect of the pH (Fig. 4d).
At pH > 7, however, Eu(OH); can be formed, which also leads
to a release of PTC, and thus, an increase of green emission
(ESI: Fig. S11bt). At pH < 5, the emission is less affected by the
pH but PTCDA starts to precipitate, which is visibly indicated
by its red colour. A similar shift of the emission colour can be
also expected from species with similar ligand properties as
carbonate, such as organic carboxylates or phosphate. For the
latter, the effect on the emission of the IOH-NPs is already
shown (ESIL: Fig. S12t) and can be ascribed to the following
reaction: (Eu’*,[PTC]* 3)o.75(Eu**[TREN-1,2-HOPO* )g,, + 2x
[HPO,]*~ - (Euy[(PTC),_,(HPO,),,]5)0.7s(Eu[TREN-1,2-
HOPOY]) 5, + x[PTC]*". In sum, the carbonate-initiated emis-
sion-colour shift of the (Eu**[PTC]*;)o,s(Eu*TREN-1,2-
HOPOJ*7),.,, IOH-NPs could already be relevant for qualitative
and/or quantitative detection in potable water.

Conclusions and outlook

In conclusion, (Eu**,[PTC]* ;),.5(Eu**[TREN-1,2-HOPO]* ) 5,
inorganic-organic hybrid nanoparticles (IOH-NPs) are pre-
pared in water and contain Eu’”, tris[(1-hydroxy-2-oxo-1,2-dihy-
dropyridine-6-carboxamido)-ethyl Jamine (TREN-1,2-HOPO)
and perylene-3,4,9,10-tetracarboxylate (PTC). The rod-shaped

This journal is © The Royal Society of Chemistry 2025
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IOH-NPs are colloidally stable in water and exhibit a length of
about 60 nm and a diameter of about 5 nm. TREN-1,2-HOPO
serves as antenna and guarantes for intense Eu**-based red
emission of the IOH-NPs in water. The luminescence of PTC is
quenched in the solid nanoparticles due to aggregation-caused
quenching. After dissolution of the IOH-NPs, however, the
released free PTC shows intense green emission. This red-
green emission-colour-shift can be initiated by carbonate as a
trigger. Surprisingly, the effect not only allows a qualitative
indication but also a quantitative correlation of the intensity of
the green emission and the carbonate concentration. This was
validated for the carbonate concentration of local tap water.
The carbonate-initiated emission-colour-shift of
(Eu?*4[PTC]* ;)o.55(Eu** [TREN-1,2-HOPOJ* "), », IOH-NPs is first
shown and may allow an easy detection of carbonate, for
instance in tap or potable water. A potential ratiometric
luminescence sensing based on the IOH-NPs will require a
further evaluation regarding selectivity and concentration
ranges.
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