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One-Pot Synthesis of Luminescent Polymer-Nanoparticle
Composites from Task-Specific lonic Liquids

Paul S. Campbell, Chantal Lorbeer, Joanna Cybinska, and Anja-Verena Mudring*

A multifunctional polymerizable ionic liquid, diallyldimethylammonium
tetrafluoroborate (DADMA BF,), is used in a one-pot synthesis of novel
luminescent polymer-nanoparticle composites. First, small monodisperse
lanthanide fluoride nanoparticles are formed by microwave irradiation in the
presence of Ln(OAc);-xH,0 (Ln = Gd, Eu, Tb; OAc = acetate) in the ionic
liquid. The nanoparticles can be precipitated for structural characterization
or kept in the solution, which yields after irradition by high intensity UV light
colorless, processable polymer materials with good photophysical properties.
Both green-emitting Tb-containing and red-emitting Eu-containing IL-

polymers are described.

1. Introduction

Lanthanide containing materials are becoming more and more
essential in our everyday lives. They present strong and distinct
luminescent behavior resulting from 4f electronic energy levels,
which are little affected by their chemical environments, due to
the effective shielding of the f electrons by the filled 5s and 5p
external sub-shells. This makes them essential in applications
such as energy conversion phosphors for compact fluorescent
lamps (CFLs) and LEDs, comprising the energy efficient alter-
natives to incandescent lamps. In such applications, thin films
of luminescent lanthanide materials are used as coatings.[2!

One strategy to achieve processable luminescent mate-
rials for direct application is through the doping of a flexible
matrix with lanthanides. To this end, Ln**-complexes have been
incorporated into organic polymers, liquid crystals and sol-gel
derived organic-inorganic hybrids.># Polymers offer several
advantages for the development of materials, such as: flexibility,
versatility, optical quality and moderate processing conditions.!
Indeed, studies involving the doping of polymethylmethacrylate
(PMMA) date all the way back to the 1960s, in a study of lantha-
nide B-diketonates as active components for lasers.[%]
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The incorporation of purely inorganic
luminescent materials into polymer
matrices has also been investigated.[>7-11]
This presents an even more interesting
prospect; combining the advantages of
both polymers (good processability and
mechanical properties) and inorganic
materials (high luminescence efficiency
and long-term chemical stability).®! Fluo-
rides are an important class of inorganic
matrix due to their high transparency,
wide band gap and low energy phonons,
which reduce energy loss through multi-
phonon relaxation. Furthermore they are
highly chemically stable and physically
robust.? It is advantageous to synthesize such materials on
the nanoscale, with a small and uniform particle size, as this
enables us to create ultra-thin homogeneous coatings with high
emission intensity while minimizing scattered light. Indeed,
particles sized below 40 nm present minimal Rayleigh scat-
tering and transparent materials are obtained.”! For this reason,
in recent years such nanomaterials have been widely inves-
tigated.¥] Generally, nanoparticle-polymer composites have
been prepared by dispersing the nanoparticles in a solution of a
polymer in an organic solvent, followed by preparation of films
by spin-coating, dip-coating, or casting.l’] For example, Dekker
et al. prepared near-infrared emitting PMMA films doped
with LaF5;:Nd?* nanoparticles,® while Goubard et al. produced
green-emitting Gd,05:Tb**-doped poly(ethylene oxide) films,!
and Gipson et al. recently investigated the effect of different
capping agents on the synthesis of green-emitting LaF;:Tb*"
doped PMMA [l

For the generation of such nanoparticles various methods
exist, including hydrothermal," sonochemistry-assisted,!!!
microemulsion,l'® microwave-assisted'”! and solution-phase
synthesis.["8l Recently, ionic liquids (ILs) already well-established
as choice media for nanochemistry,['! have also been applied
to the synthesis of nanoscale lanthanide fluorides.?” Using
microwave techniques has led to promising results with respect
to particle size, morphology and photophysical properties./2!!
Here, the ionic liquid is used as both the reaction medium and
fluoride source (from BF,” or PF¢ anion) as Ln(AcO);-xH,0
is decomposed under MW (microwave) irradiation to give LnF;
nanoparticles in a controlled manner. A range of different IL
cations have been successfully implemented in this process,
demonstrating the versatility.

An extensive and ever-growing range of ionic liquids are
known.l?”l Generally based on organic cations (e.g., ammo-
nium, imidazolium, alkyl phosphonium), facile modifications
may be applied such as the addition of functional groups.
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Combining this with a wide choice of anions gives us the pos-
sibility to design an ionic liquid to a specific purpose or task,
hence the commonly coined term task-specific ionic liquids.
One such example is the addition of polymerizable moieties.
Indeed, much work has been undertaken in recent years in the
field of polymerizable ionic liquids (poly-ILs), which have been
found to present interesting physico-chemical properties.?3-2°]
Poly-ILs have a possible application as polymer electrolytes in
batteries and fuel cells. They are believed to be a better alter-
native to many liquid electrolytes, which are flammable, toxic,
unstable and prone to leakage.?*?! To our knowledge, the
application of such poly-ILs in the synthesis of luminescent
nanoparticles has not been reported. Herein we report a one-
pot synthesis of luminescent nanoparticle-polymer composites,
from a simple poly-IL, diallyldimethylammonium tetrafluorob-
orate (DADMA BF,) using microwave and high-intensity ultra-
violet radiation.

2. Results and Discussion

The poly-IL DADMA BF, shown in Scheme 1 was chosen,
as BF, acts a good source of F~ upon decomposition, while
DADMA" is a commercially available, inexpensive, and easily
polymerizable cation.? DADMA BF, may be polymerized
either by addition of a free radical initiator, for example 1%
AIBN (azobisisobutyronitrile), and heating, or by simple irra-
diation under a high intensity UV-light source. It is known that
coloration of ionic liquids is more likely to occur in the pres-
ence of impurities and/or when heated due to partial decom-
position,?”) therefore the latter polymerization method was
favored in our work.

Polymerization of this IL under UV irradiation from a
mixture in ethylene glycol results in the precipitation of the
polymer as a white powder due to its insolubility. Indeed the
polymer is found to be insoluble in most organic solvents and
in water, meaning that it can be easily isolated and washed,
and has potential for applications exposed to the elements. For
processing, the polymer can be cast from a dimethyl sulfoxide
(DMSO) solution by slow drying at 100 °C. Alternatively, the
powder can be pressed into a transparent film using a hydraulic
pellet press.

From the UV-vis absorption spectra of both the monomer IL
and the polymer (Figure 1) it can be seen that while the ionic
liquid monomer is highly transparent in the visible and UV
region down to around 220 nm, the polymer film produced is
transparent even down to below 200 nm. This can be explained
by considering the molecular structure of the polymer com-
pared to that of the monomer, depicted in Scheme 1, as the
olefinic bonds responsible for absorption at short wavelengths
no longer exist after polymerization. Such highly-transparent
polymers show great promise for wide optical application and
have the potential for use in phosphor systems excited under
UV radiation. Furthermore, thermogravimetric analysis per-
formed on the polymer sample indicates thermal stability up
to around 300 °C (Figure S1, Supporting Information). This is
good news for potential use in lighting applications, which tend
to operate at elevated temperatures (e.g., the working tempera-
ture of light-emitting diodes (LEDs) is around 60 °C).
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Scheme 1. The polymerization of diallyldimethylammonium
tetrafluoroborate.

For the generation of lanthanide fluoride nanoparticles in the
polymerizable ionic liquid, our previously developed synthesis
procedure was adapted.?!l Firstly, lanthanide acetate hydrates
(Ln(OAc);-xH,0, Ln = Gd, Eu, Tb; OAc = acetate) were dis-
solved in DADMA BEF,. Ethylene glycol (EG), as a co-solvent, is
able to facilitate the dissolution process. The solution was then
irradiated for 10 minutes using a microwave source (CEM, Dis-
cover, USA) operating at 2455 MHz. Following reaction, part
of each sample was separated in order to recover by centrifuga-
tion and wash (ethanol/CH,Cl,) the nanoparticles produced for
structural analysis (transmission electron microscopy (TEM),
X-ray diffraction (XRD)). The remainder was subsequently irra-
diated using a high intensity UV lamp (100 W) during a period
of 4 h, resulting in a white polymer. This could be washed (eth-
anol/CH,Cl,) and dried to render the product as a powder. The
product could be described as poly(diallyldimethylammonium
tetrafluoroborate) loaded with 5 wt% LnF; as NPs.

In current fluorescent lighting, red and green light are usu-
ally achieved by the ions Eu** and Tb3*, respectively.!! For this
reason polymer-nanoparticle composites were synthesized
based on pure EuF; and TbF; as well as GdF; doped with var-
ious concentrations of Eu** and Tb*; 1, 5, 10 and 20%. GdF;
acts as a host matrix, diluting the active ions to reduce concen-
tration quenching, with the added advantage of Gd** efficiently
transferring energy to Eu’* and Tb3'128] and being a prom-
ising potential candidate for the conversion of VUV (vacuum
UV) radiation.??% Indeed, Eu** doped GdF; has already been
reported as a quantum-cutting material, capable of quantum
yields greater than unity.l?!!
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Figure 1. UV-vis transmission spectrum of the ionic liquid monomer
DADMA BF, (dashed line) and the polymer poly-DADMA BF, (solid
line).
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size-distribution histogram was constructed,
(Figure 3d) showing individual nanoparticle
sizes ranging from around 3 to 12 nm with
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calculated mean diameter of 6 nm + 2 nm,
well below the limit required to reduce light

1 L

GdF_:20%Th

scattering. Small size NPs is not enough to
prevent light scattering in a polymer—such

A GdF :10% Eu

GdF,: 10%Th

nanoparticles must also be well dispersed.
Van Veggel's group achieved this feat by the
use of stabilizing additives to disperse the NPs

GdF,:5% Eu

GdF_:1% Eu

Absolute Intensity / a.u.

GdF,:5%Tb

in the monomer before polymerization.'3 In
our work the NPs are not to be redispersed
. in another medium but are to be used in the

Absolute Intensity / a.u.
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ionic liquid directly. Therefore, the fact that
the ionic liquid inhibits their agglomeration

Hexagonal LnF3 ‘

is good news, but does not necessarily ensure
the good dispersion in the polymer as phase
separation could occur during this process.

Hexagonal LnF,
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Figure 2. Measured powder XRD diffraction patterns for a) EuF; and GdF;:Eu at various doping
concentrations and b) TbF; and GdF;:Tb at various doping concentrations compared to data-
base pattern for hexagonal (JCPDS 32-373) and orthorhombic (JCPDS 12-788) LnF;.

The measured powder XRD patterns of the isolated EuF; and
GdF;:Eu’" particles are shown below in Figure 2a, and TbF; and
GdF;:Tb*" in Figure 2b. These are compared to the database
patterns for LnF; both in the tysonite type hexagonal structure
(JCPDS 32-373) and in the orthorhombic YF;-type structure
(JCPDS 12-788). It can clearly be seen that all Eu-containing
materials adopt the tysonite structure, indicating that under our
reaction conditions this is the preferred phase of both EuF; and
GdF;, similar to previous results.l?!l In contrast, TbF; is seen to
adopt the lower symmetry orthogonal phase when pure, while
GdF3:Tb adopts the hexagonal phase at low Tb concentration.
As the concentration is increased to 20%, a mixture of hexag-
onal and orthorhombic phase is observed. These results are in
accordance with the preference of heavier lanthanides fluorides
to adopt the orthorhombic phase.’

The broad PXRD peaks can be explained by small crystallite
size. To visualize the particle size and morphology, TEM was
therefore undertaken on the isolated NPs. Examples of micro-
scopy images obtained for GdF;:Eu 10% and GdF3:Tb 10% NPs
are shown in Figure 3a,b, respectively. More TEM micrographs
can be found in the Supporting Information. It can be seen
that in each case small nanoparticles are formed with roughly
spherical morphologies. Determination of exact particle size of
isolated nanoparticle samples is made difficult by the agglom-
eration of the particles in large aggregates. TEM was therefore
also performed on one sample of NPs still contained within the
ionic liquid. Here, a drop of NP-IL suspension was deposed
onto a carbon film supported on a copper grid, and the excess
liquid was removed using filter paper. From images obtained,
shown in Figure 3¢, individual particles can be more clearly dis-
tinguished. This could be explained by the presence of a residual
layer of ionic liquid surrounding the NPs and preventing their
agglomeration, as already reported in the literature for IL-NP
suspensions.B!l From the measurement of over 200 NPs, a

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

0 40 Example micrographs of the as-prepared

nanoparticle polymer composite of GdF;:Eu
10% are given in Figure 3e, and clearly show
that the NPs (darker points) retain their good
dispersion within the polymer (dark grey
amorphous regions).

Photoluminescence (PL) measurements
of all polymer-nanoparticle composite samples were performed
at room temperature. Excitation spectra of GdF;:Eu/Tb at 10%
doping concentration are shown in Figure 4. Spectra of pure
EuF; and TDbF; in the polymer can be found in the Supporting
Information. In the case of Eu-containing samples, the emis-
sion was monitored at the most intense ’F, — °D; transition
(590 nm); while for Th-containing samples the °D, — ’Fs emis-
sion was monitored (541 nm). A series of absorption lines is
apparent in each case consistent with the characteristic f—f tran-
sitions of Eu*" or Tb* ions (Figure S4a,S5a, Supporting Infor-
mation). For Eu** and Tb*" doped into GdF; sharp and more
intense bands are also apparent due to °I; « 8S;,, and °P; «
83, transitions characteristic of Gd**, with maxima at 272 nm,
confirming efficient energy transfer from Gd** to Eu*/Tb*".
Furthermore, the absence of usually very broad and intense
Eu-O charge transfer bands at high UV energies proves that the
NPs are oxygen free even in the composite.

Emission spectra were also recorded for all polymer-nano-
particle composite samples. The excitation wavelengths used
were 393 nm, 368 nm, and 272 nm for EuF;, TbF; and doped
GdF; samples, respectively. In Figure 5 are shown the spectra of
GdF;:Eu (10%) and GdF3:Tb (10%) nanoparticle-polymer com-
posites (further spectra can be found in the Supporting Informa-
tion). For Eu**-containing samples, the intensity of the hyper-
sensitive electric-dipole °D, — ’F, transition (610 nm) depends
strongly on the site symmetry of the Eu*" ion, whereas the mag-
netic dipole °Dy — ’F, transition (590 nm) is insensitive to envi-
ronmental differences. Calculating the ratio of the intensities
of these two transitions gives us the so-called asymmetry ratio,
which can be used as an indication of the degree of symmetry
of the Eu?" site. Here, this asymmetry ratio is found to vary only
slightly from one sample to another, being close to 1 in each case
(Figure S8, Supporting Information), in agreement with previous
results for Eu* in the hexagonal-phase fluoride system.['8:2132]

Adv. Funct. Mater. 2013, 23, 29242931
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plotted the intensity ratio between *D; — ’F,
and °Dy — ’F, transitions versus the doping
concentration of Eu’". As expected,®® the
intensity ratio decreases with increasing
Eu’*, becoming negligible at 20% and non-
observable in pure EuF; samples (100%).
Unsurprisingly, in both Eu** and Tb** sys
tems, emission observed by the naked eye is
clearly improved in the doped systems, due
to reduction in concentration quenching.
This is further emphasized upon measuring
emission lifetimes, where for both Eu and Tb
samples lifetime increases with decreasing
doping concentration, as shown in Table 1.
Indeed, for pure systems (EuF; and TbF;) the
shortest lifetimes are observed. Decreasing
lifetimes of optically active ions like Eu®'

s
o
L

Frequency
N
o

0 4

Figure 3. Transition electron micrographs of a) isolated GdF3:Eu 10%, b) isolated GdF;:Tb 10%
NPs, and c) GdF;:Eu 10% NPs in the IL DADMA BF,, with corresponding d) size-distribution
histogram, and e) microscopy image of GdF;:Eu 10% dispersed in the polymer.

In the Eu** emission spectra, emission from the higher
°D; level is also observed. This is made possible as the low
energy phonons of the GdF; host matrix cannot bridge the gap
between the °D; and °D, levels through multiphonon relaxation
alone. This is nonetheless quite remarkable, as the presence of
high energy oscillators in the organic polymer could be thought
to easily quench these emissions. However, as we increase the
concentration of the Eu?* in the matrix, this °D; — 7F] emission
is quickly quenched through cross-relaxation. In Figure 6 is

Adv. Funct. Mater. 2013, 23, 292482931

8

Nanoparticle Size / nm

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

and Tb** with increasing concentration is a
well-known effect, which cannot be related
to the particle’s size, nor ascribed to the ions
located at the surface. This effect has also
been observed for bulk materials or crystals.
For Eu’* ions, shortening of the °D, lifetime
is attributed to the migration-accelerated
energy transfer to unintentional traps rather
than to the activator-activator interactions.’#l
In other words, excitation energy can migrate
to traps where it can be quenched non-
radiatively. The energy migration and exchange
interaction depends on the distance between
the optically active luminescent ions, thus is
strongly concentration dependent. Further-
more, double-exponentials are needed to fit the
decay curves of the pure EuF;/TbF; NP con-
taining samples. This is indicative of ions occu-
pying different sites within the NP, i.e., surface
vs. interior, with the shorter component asso-
ciated to surface ions.'*®! A doping concentra-
tion of 100% means a significantly higher pro-
portion of surface activator ions.

In order to better assess the effect of the
polymer on the photoluminescence proper-
ties, lifetimes of isolated NP samples are also
collected in Table 1, all of which are found to
be close to those of their polymer composite
counterparts. Interestingly, the presence of
the polymer seems to bear little detrimental
effect on the photophysical properties of the
materials, despite the presence of high fre-
quency oscillators, known for quenching
luminescence. Indeed, the consistently longer lifetimes meas-
ured for the polymer composites could be indicative of a long-
term protection provided by the polymer against the adsorption
of species such as water or oxygen, whose high energy vibra-
tions would accelerate non-radiative decay.

Photographs of pressed 0.15 mm thick films of the com-
posite samples in daylight and irradiated under 272 nm
are given in Figure 7, clearly showing the high transpar-
ency achieved through small well-dispersed NPs and the

12
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GdF, Eu (10%)

Gd™*

8
SIJkSm

Intensity / a.u.

e d3+
PrS,,

of absorbed and emitted light>® A white
optically-pure reflectance standard must be
used, in this case BaSO,, in order to gauge
the amount of light absorbed by the sample.
Care must be taken in order to ensure that
the sample and reference reflect in the same
™ way. Here, this can be achieved by grinding
PoTs to a fine powder and smoothing to create a
flat mirror surface, before running reflect-
ance spectra in an optically inactive region

GdF, Tb (10%)

i :
300 350 400 450 500 300
Wavelength/nm

Figure 4. Excitation spectra of GdF;:Eu 10% (left) and GdF;:Tb 10% (right) poly-IL-NP com-

posites, emission monitored at 590 nm and 541 nm, respectively.

Wavelength/ nm

350 400 (720 nm). In order to correct for errors due to
spectral dependent sensitivity of the lamp and
photomultiplier of the photoluminescence
spectrometer, a luminescent standard of

known quantum yield must also be measured.

Intensity /a.u.
Intensity | a.u.

A popular choice is sodium salicylate, with a
quantum yield of 60%, gs1, when excited at a
range of wavelengths up to 380 nm. After the
required measurements have been performed,
Equation (1) can be applied to give corrected
quantum yields, q,, with a 10% margin of
error, where r is the measured reflection at
the excitation wavelength, and @ is found by
integration of emission spectra.

500 550 600 650 700 400 450 500
Wavelength / nm

Figure 5. Emission spectra of GdF;:Eu 10% (left) and GdF3:Tb 10% (right) poly-IL-NP com-

posites excited at 272 nm.
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Figure 6. Intensity ratio of °D; — ’F, and D, — ’F; transitions plotted
as a function of Eu** concentration in GdF;.

characteristic red and green luminescence for GdF;:Eu*" and
GdF5Tb*, respectively.

One of the most important parameters allowing us to judge
the potential for application of photoluminescent materials is
the quantum yield, i.e. number of photons emitted with respect
to number absorbed, as this can be directly related to the energy
efficiency. The most classical way to determine the quantum
yield is through quantitative measurement and comparison

Wavelength / nm

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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These measurements were carried out
on all produced polymer-nanoparticle com-
posites, excited at 368 nm for Tb-containing
samples, and at 372 nm for Eu-containing
samples. The variation of quantum yield for these samples with
respect to concentration of dopant ion Tb*" or Eu*" in GdF,
is illustrated in Figure 8. The negative trend in both cases yet
again supports the idea that higher concentrations of activator
ion lead to increased concentration quenching. Quantum yields
determined in this way varied between 1 and 7%. This appears
in line with quantum yields previously determined for simple
nanoscale lanthanide doped nanomaterials include SrF,:Eu’*
(QY = 2.5%),%% and YVO,Eu** (QY = 17-19%).1%7]

It is well known that due to the huge surface to volume
ratio, the luminescent properties of nanoparticles are strongly

T T
550 600 650

Table 1. Measured emission lifetimes poly-IL-nanoparticle composites
and isolated nanoparticles.

Doping Lifetime [ms]

[E/‘:]”“”"am” GdFyEut* GdF,:Th*
Polymer NPs Polymer NPs

100 0.2,0.1 0.2,0.1 0.4,0.1 0.4,0.1

20 3.0 2.7 2.0 2.0

10 31 2.8 2.7 2.4

5 3.6 3.6 3.4 3.2

1 3.7 3.6 4.3 4.0

GdF;:Ln samples excited at 272 nm. Emission monitored at 590 nm and 541 nm
for Eu3* and Tb*', respectively. 100% concentration refers to pure EuF; and TbF;
samples, excited at 393 nm and 368 nm, respectively.

Adv. Funct. Mater. 2013, 23, 2924£2931



'a\
M“h\)iié

www.MaterialsViews.com

Figure 7. Transparent blm of poly-IL-NP composite pellets containing
GdF;:Eu/Tb 10% NPs, viewed in daylight (left) and under 272 nm excita-
tion (right).
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Figure 8. Variation of measured quantum yield of polymer-nanoparticle
composite samples with activator ion concentration in GdF;. GdF3:Eu@
poly-IL (M) excited at 372 nm and GdF;:Tb@poly-IL (V) excited at
368 nm.

affected by adsorbed molecules or defects on the surface. Work
has been carried out to prevent this quenching including modi-
fication of the morphology of the particles or generation of
core-shell structures, where the optically active core is coated by
wide band gap and optically inactive shell, effectively protecting
the activator ions from the quenching processes. As such, high
quantum vyields have been reported: e.g., Lag4Ce4s5Tbg15F3/
LaF; core-shell (QY = 42-54%),1139 CePO,Tb/LaPO, core-shell
(QY = 70%),134 CePO,:Tb/LaPO, core-shell nanowires (QY =
70%),113¢] NaYF,:20%Yb, 2% Er/NaYF, upconverting core-shell
NPs (QY = 0.18%),3f] amongst others.

3. Conclusions

In summary, a simple ionic liquid functionalized with
polymerizable moieties, namely diallyldimethylammonium

Adv. Funct. Mater. 2013, 23, 292412931
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tetrafluroborate, has been successfully implemented in a one-
pot synthesis for the production of polymer-luminescent lan-
thanide fluoride nanoparticle composites. This innovative
approach exploits the high multi-functionality of the ionic
liquid in question as it is used as solvent, stabilizer, fluoride
source, and monomer. The principle has been shown to be
equally valid for both simple pure lanthanide nanoparticles
such as EuF; and TbF; as well as doped nanoparticles exhib-
iting superior photophysical properties, e.g., GdF;:Eu’t, and
has potential to be used in conjunction with core-shell particles
exhibiting higher quantum efficiency. The polymer produced is
transparent, robust; insoluble in water and most organic sol-
vents and thermally stable up to 300 °C (TGA); yet can be proc-
essed by casting from a DMSO solution. The presence of the
polymer has been shown to have little to no detrimental effect
on the subsequent luminescence despite the presence of high
frequency oscillators, and could even provide protection against
the adsorbtion of nuisance molecules such as water or oxygen
on the NP surface. Such novel processable materials could be
developed for direct use in various applications, such as energy
efficient lighting.

4. Experimental Section

Materials: Diallyldimethylammonium chloride (65% aqueous) was
purchased from Sigma Aldrich and the water removed at 80 °C under
vacuum prior to use. All other chemicals were purchased from ABCR
and used without further puribcation.

lonic  Liquid ~ Synthesis:  Diallyldimethylammonium  chloride
(100 g, 0.62 mol) in dichloromethane (200 mL) was added to NaBF,
(68.0 g, 0.62 mol) and stirred at room temperature for 72 h. The bne
white precipitate was removed by bltration. The clear solution was
washed with small quantities of water to remove remaining chloride.
The solvent was removed in vacuo and the clear ionic liquid was
dried at 80 °C under dynamic vacuum for 24 h. Water level: 36.5 ppm
(KarlFischer Titration) 96%. '"H NMR (200 MHz DMSO-d, 8): = 6.06
(m, 2H, CH,-CH = CH,), 5.63 (m, 4H, CH,-CH = CH,), 3.92 (d, 4H,
N-CH,-CH), 2.96 (s, 6H,N(CH3);). 13C NMR (200 MHz DMSO-dj, &):
49.14, 65.09, 125.74, 127.65.

Nanoparticle Syntheses: Ln(OAc);.xH,O (250 mg) (Ln = Eu, Gd,
Tb, Dy) was dissolved in ethylene glycol (2 mL) at 140 °C under rapid
stirring. Under argon, this was added to 3 mL of DADMA BF, and stirred
until homogeneous. T mL aliquots of the prepared solution were then
transferred to microwave vessels loaded into the microwave (CEM
Discover, USA) and irradiated to 100 °C for 10 min with constant stirring.
The nanoparticles produced could then be separated by centrifugation,
washing with CH,Cl,/ethanol, and drying at 70 °C or kept in solution for
polymerization.

Polymerization: Nanoparticle containing solutions were irradiated in
glass tubes for a period of 4 h using a high intensity (100 W) UV lamp.
The solid formed was centrifuged and washed with CH,Cl,/ethanol to
remove ethylene glycol and unreacted monomer, dried at 70 °C, isolated
as a soft white powder. NMR "H NMR(DMSO-d6): §=3.39 (N-CH,-CH),
3.30 (N(CHs),), 3.17 (CH (backbone)). 1.23 (CH, (backbone)) (all broad
peaks).

Polymer Film Preparation: Transparent polymer blms were prepared
from 20 mg of as-prepared polymer composite material. This was
pressed in a 10 mm die set (MSScientibc, Germany) using a MP150
Hydraulic Press (MAASSEN GmbH, Germany), resulting in a transparent
blm of 150 um thickness.

Thermogravimetric Analysis: TGA studies were carried out on a TG-50
thermogravimetric analyzer (Shimadzu Corp., Kyoto, Japan) under Row

of dry N, gas with a heating rate of 10 K min™".
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Powder X-Ray Diffraction: The powder XRD measurements were
carried out on a G670 diffractometer with an image plate detector
(Huber, Rimsting, D) operating with Mo Ko radiation.

UV-Visible Absorption Spectroscopy: Visible absorption spectra were
measured at room temperature on a Cary 50 spectrometer (Varian, Palo
Alto, USA). Liquid samples were loaded into quartz cuvettes (optical
special-purpose (OS) glass). Polymer blm samples were prepared by
dissolving in DMSO and depositing onto a silica slide, followed by
drying at 150 °C in a drying cupboard.

Photoluminescence Measurements: Fluorescence and phosphorescence
measurements were performed on a Fluorolog FL 3-22 spectrometer
(Horiba Jobin Yvon, Unterhachingen, D). A choice between a continuous
xenon lamp with 450 W for RBuorescence and a pulsed xenon lamp for
phosphorescence measurements is possible. Double gratings for the
excitation and emission spectrometer are applied as monochromators.
The signal is detected with a photomultiplier. For measurement,
powdered samples were blled into silica tubes and carefully positioned
in the incoming beam in the sample chamber. For quantum yield
measurements, Rat powder samples were used, extra care being taken
to ensure the sample position for each measurement.

Transition Electron Microscopy: Conventional TEM images were
obtained at the Centre Technologique des Microstructures, UniversitZ
Claude Bernard Lyon 1, Villeurbanne, France, using a Philips 120 CX
electron microscope with acceleration voltage of 120 kV. To prepare the
samples, a suspension of the NPs ethanol was prepared by sonication
for 30 min. Subsequently a drop of this suspension was placed onto a
carbon Plm supported by a copper grid and then dried in air. Alternatively,
a drop of IL-NP suspension was placed onto a carbon blm supported
by copper grid and the excess liquid removed using blter paper. For
observation of the nanoparticle-polymer composites by TEM, the sample
was dissolved brst in DMSO. A drop was placed onto a copper grid and
dried at 100 °C for 24 h. Images were acquired by focusing on the thin
edges of the resultant polymer blm.
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Supporting Information is available from the Wiley Online Library or
from the author.
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