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Abstract: We present the synthesis and characterization of well-defined polycationic copolymers
containing thiazole dyes in the side chain. Atom transfer radical polymerization (ATRP) was used
for the copolymerization of 3-azidopropyl methacrylate (AzPMA) and N,N-dimethylaminoethyl
methacrylate (DMAEMA) of different composition. Thiazole-based alkyne-functionalized dyes
(e.g., 5-methyl-4-(prop-2-yn-1-yloxy)-2-(pyridin-2-yl)thiazole, (MPPT)) were afterwards covalently
attached using copper catalyzed azide alkyne cycloadditions (CuAAC) reaching contents of up
to 9 mol % dye. Subsequent quaternization of the tertiary nitrogen of DMAEMA with strong
methylation agents (e.g., methyl iodide) led to permanently charged polyelectrolytes. The materials
were characterized by size exclusion chromatography, as well as NMR- and UV/VIS-spectroscopy.
Particular attention is paid to the spectroscopic properties of the dyes in the side chain upon
environmental changes such as pH and salinity. We anticipate the application of such precisely
functionalized polyelectrolytes as temperature- and pH-responsive sensors in biomedical applications,
e.g., within interpolyelectrolyte complexes. Concerning the latter, first complex formation results
are demonstrated.
Keywords: atom transfer radical polymerization; intense chromophore; micellar interpolyelectrolyte
complexes; polyelectrolytes

1. Introduction
Complex and well-defined macromolecular architectures can nowadays be realized by various
living and controlled polymerization techniques [1,2]. Owing to increased tolerance of controlled
radical polymerizations, a great variety of functional groups can be directly incorporated into materials
with narrow molecular weight distributions, predetermined molecular weight, and the possibility of
quantitative chain end modification [3,4].
Common techniques are nitroxide mediated polymerization (NMP) [5–7], reversible addition
fragmentation chain transfer polymerization (RAFT) [5,8,9], and atom transfer radical polymerization
(ATRP) [3,5,10–12]. One clear advantage of ATRP is the availability of a great variety of inexpensive
initiators and catalysts, whereas its scope can be limited by side reactions, potentially low yields,
and high copper contents in the resulting materials [3]. ATRP is commonly used for differently
functionalized acrylates, methacrylates, and styrenic monomers [13–15].
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In recent years, many studies focused on poly(N,N-dimethylaminoethyl methacrylate) (PDMAEMA)
as pH- and temperature-responsive material [16–22]. The first ATRP of N,N-dimethylaminoethyl
methacrylate (DMAEMA) was reported by Zhang et al. using copper bromide (CuBr) with
1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA) and 2,21 -bipyridine (Bpy) as ligands [15,16].
Followed by this, different architectures including star shaped materials were obtained [23,24],
and DMAEMA has been used as building block for the preparation of polyampholytes and
polyzwitterions [25,26]. Resulting from the pH- and thermo-responsive properties widespread
applications such as grafts on films [27] (e.g., polypropylene), the formation of unimolecular
micelles [28], or biomedical applications [25] (e.g., shape memory copolymers, or serum-resistant gene
delivery and bioimaging) [29] were realized.
As an alternative, post polymerization modification remains a viable tool to incorporate functional
groups, which are incompatible even with moderately tolerant controlled radical polymerization (CRP)
techniques [3]. Among those, so-called “click” reactions have gained increasing attention due to their
high specificity, often quantitative yields, and good tolerance towards other functional groups being
present [3]. Since introduction of this term by Fokin, Finn and Sharpless in 2001, “Click chemistry” has
been frequently exploited both in applied and fundamental research [30,31]. In that respect, probably
the most often used type are copper(I) catalyzed Huisgen-1,3-dipolar cycloadditions between an azide
and an alkyne, resulting in 1,4-disubstituted 1,2,3-triazoles [16,32,33]. This reaction could be exploited
for the preparation of a variety of different macromolecular architectures [30].
As an example for dye-labeled polycationic polymers, poly(4-vinylbenzyl chloride) was covalently
attached to a coumarin dye by Baussard et al. [34]. Besides coumarin, additionally aniline-based
chromophores were introduced by azo-coupling reactions [35]. Another interesting class of dyes
are 1,3-thiazoles. Characterized by their blue emission, high room-temperature fluorescence, large
Stokes shifts, and high quantum yields they are a promising class of dyes for a wide field of
applications [36–38]. Additionally, the facile introduction of various functional groups and their
influence on both absorption and emission enables their application as sensors [36,39,40]. In further
studies, it was shown that 4-hydroxy-1,3-thiazoles could be incorporated into various polymeric
backbones [9,36,41,42]. This simple synthetic access in combination with enhanced photo-stability also
enabled their use in blue emitting polymers [41,43] as well as in light harvesting experiments using
Ru(II) polypyridylcomplexes [43,44]. Further, these materials have been employed as sensors for the
detection of fluoride [40,45], or as sensitizers in Grätzel-type dye-sensitized solar cells (DSSCs).
Here, we extend the application field of 4-hydroxy-thiazole dyes as side chain chromophores in
stimuli-responsive copolymers. Linear copolymers of DMAEMA and AzPMA were synthesized using
ATRP and the materials were subsequently labeled using alkyne-functionalized 4-hydroxy-1,3-thiazole
dyes via CuAAC. Afterwards, the DMAEMA part of the resulting P(DMAEMA-co-AzPMA)
copolymers was quaternized and the materials were used as polycations in micellar interpolyelectrolyte
complexes (IPECs) [21].
2. Experimental Section
All starting materials were purchased from Sigma-Aldrich (Munich, Germany), Merck (Darmstadt,
Germany), or ABCR GmbH (Karlsruhe, Germany) and were used as received if not mentioned
otherwise. Tetrahydrofuran, dichloromethane and toluene were purified using a PureSolv-EN™
Solvent purification System (Innovative Technology, Garching, Germany). If necessary, THF and
toluene were further dried by refluxing over sodium/benzophenone, while triethylamine (TEA)
was distilled over calcium hydride and stored under argon. Any glassware was cleaned in a
KOH/iso-propanol bath and dried at 110 ˝ C. All deuterated solvents were obtained from Euriso-Top
GmbH (Saarbrücken, Germany) and ABCR. The thiazole dye (MPPT) was synthesized according to
literature protocols [46]. For dialysis, a Spectra/Porr Dialysis membrane with a molecular weight
cut-off (MWCO) of 1000 g¨ mol´1 was used.
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2.1. Nuclear Magnetic Resonance Spectroscopy (NMR)
Proton nuclear magnetic resonance (1 H NMR) spectra were recorded in CDCl3 (or D2 O, CD2 Cl2 )
on a Bruker (Bruker, Karlsruhe, Germany) AC 300-MHz spectrometer at 298 K. Chemical shifts are
given in parts per million (ppm, δ scale) relative to the residual signal of the deuterated solvent.
2.2. Size-Exclusion Chromatography (SEC)
2.2.1. Solvent CHCl3
Size exclusion Chromatography was performed on a Shimadzu (Kyoto, Japan) system equipped
with a SCL-10A system controller, a LC-10AD pump, and a RID-10A refractive index detector using
a solvent mixture containing chloroform (CHCl3 ), triethylamine (TEA), and iso-propanol (i-PrOH)
(94:4:2) at a flow rate of 1 mL¨ min´1 on a PSS SDV linear M 5-µm column at 40 ˝ C. The system was
calibrated with PMMA (410–88,000 g¨ mol´1 ) standards.
2.2.2. Solvent DMAc
Size-exclusion chromatography was performed on an Agilent (Santa Clara, CA, USA) system
equipped with a G1310A pump, a G1362A refractive index detector, and both a PSS Gram30 and a
PSS Gram1000 column in series. N,N-Dimethylacetamide with 2.1 g¨ L´1 LiCl was applied as eluent
at 1 mL¨ min´1 flow rate and the column oven was set to 40 ˝ C. The system was calibrated with PMMA
(102–981,000 g¨ mol´1 ) standards.
2.2.3. Solvent Water
Size-exclusion chromatography was performed on a Jasco (Groß-Umstadt, Germany) system
equipped with a PU-980 pump, a RI-930 refractive index detector, a UV-975 UV/VIS-detector and
both a AppliChrom ABOA CatPhil guard 200 Å and an AppliChrom ABOA CatPhil guard 350 Å
column in series. Water with 0.1% TFA and 0.1 M NaCl was applied as eluent at 1 mL¨ min´1
flow rate and the column oven was set to 30 ˝ C. The system was calibrated with Dextran
(180–277,000 g¨ mol´1 ) standards.
2.3. Dynamic Light Scattering (DLS)
DLS measurements were performed using an ALV laser CGS3 Goniometer equipped with
a 633 nm HeNe Laser (ALV GmbH, Langen, Germany). DLS measurements were performed at 25 ˝ C
and at a detection angle of 90˝ . The CONTIN analysis of the obtained correlation functions was
performed using the ALV 7002 FAST Correlator Software.
2.4. Zeta-Potential Measurements
The ζ-potentials were measured using a Zetasizer Nano ZS from Malvern (Malvern Instruments
Ltd, Worcestershire, UK) via M3-PALS technique with a He-Ne laser operating at 633 nm.
The detection angle was 13˝ . The electrophoretic mobilities (u) were converted into ζ-potentials
via the Smoluchowski equation:
uη
ζ“
(1)
εε1
where η denotes the viscosity and ε the permittivity of the solution.
2.5. Transmission Electron Microscopy (TEM)
TEM measurements were performed on a Zeiss-CEM 902A (Zeiss, Oberkochen, Germany)
operated at 80 kV. Images were recorded using a 1 k TVIPS FastScan CCD camera. TEM samples
were prepared by applying a drop of an aqueous sample solution onto the surface of a plasma-treated
carbon coated copper grid (Quantifoil Micro-Tools GmbH, Jena, Germany).
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2.6. UV/VIS Spectroscopy
UV/VIS absorption spectra were recorded with a Specord 250 spectrometer (Analytik Jena, Jena,
Germany in Suprasil quartz glass cuvettes 104-QS (Hellma Analytics, Müllheim, Germany) with a
thickness of 10 mm. The temperature at the measurements was controlled by a Juno dTRON 08.1
(Analytik Jena).
2.7. Infrared Spectroscopy (IR)
IR spectra were measured on an Affinity-1 ATR FT-IR (Shimadzu, Kyoto, Japan). Dry samples
were placed directly on the ATR unit and measured in the range of 600 to 4000 cm´1 .
2.8. Synthesis of 3-Azidopropanol
3-Chloropropanol (6 g, 63.47 mmol) was added to a mixture of water (7 mL), sodium azide
(8.24 g, 127 mmol), and tetrabutylammonium hydrogen sulfate (0.18 g, 0.53 mmol). The mixture was
stirred at 80 ˝ C for 24 h and then at room temperature for 14 h. The product was extracted with diethyl
ether three times, the organic phase was dried over sodium sulfate, and the solvent removed under
reduced pressure. The final product was obtained as yellow oil in a yield of 76% (4.86 g).
FT-IR: 2100 (azide) cm´1 .
1 H NMR (300 MHz, CDCl , δ):
3.66 (t, 2H, –CH2 –OH), 3.37 (t, 2H, –CH2 –N3 ),
3
3.02 (s, 1H, –CH2 –OH), 1.76 (tt, 2H, –CH2 –CH2 –CH2 –) ppm.
2.9. Synthesis of 3-Azidopropyl Methacrylate (AzPMA)
A solution of 3-azidopropanol (6 g, 59.3 mmol), triethylamine (7.66 g, 10.5 mL, 75.7 mmol),
hydroquinone (150 mg), and methylene chloride (24 mL) was cooled in an ice- bath to 0 ˝ C.
Methacryloyl chloride (7.4 g, 6.9 mL, 70.3 mmol) dissolved in methylene chloride (12 mL) was added
dropwise over a period of 20 min, and the mixture was stirred for 1 h at 0 ˝ C. Afterwards the solution
was allowed to warm to room temperature and stirred for further 14 h. Methylene chloride (25 mL) was
added, and the mixture was extracted with an aqueous solution of hydrochloric acid (1/10 v/v, 2 ˆ 25
mL), water (2 ˆ 25 mL), 10 wt % aqueous NaOH (2 ˆ 25 mL), and again with water. The organic phase
was mixed with hydroquinone (0.1 g), dried over sodium sulfate, and the solvent was removed under
reduced pressure. The crude oil (10 g) was purified by silica gel column chromatography (methylene
chloride) resulting in a colorless oil (6.5 g, 38.6 mmol, 65%, Caution: due to its shock sensitive character
at higher temperatures special care should be taken).
FT-IR: 2100 (azide) cm´1 .
1 H NMR (300 MHz, CDCl , δ): 6.10 (m, 1H, –C=CH ), 5.57 (m, 1H, –C=CH ), 4.23 (t, 2H, –CH –O–),
3
2
2
2
3.41 (t, 2H, –CH2 –N3 ), 1.91–2.00 (m, 5H, overlapping –CH2 –CH2 –CH2 –, =C–CH3 ) ppm.
2.10. General Procedure for the Copolymerization of AzPMA and DMAEMA (P(AzPMAx -co-DMAEMAy ))
AzPMA, 1,1,4,7,10,10-hexamethyltriethylenetetramine (HMTETA), N,N-dimethylaminoethyl
methacrylate (DMAEMA), methyl-2-bromoisobutyrate (MEBiB), Cu(I)Br, Cu(II)Br2 and a small amount
of 1,3,5-trioxane, as internal standard, were dissolved in anisole (cDMAEMA = 1.97 mol¨ L´1 ). After four
freeze-pump-thaw cycles the reaction was stirred at 90 ˝ C for 2 h. Then, the reaction was terminated
by the addition of methanol. After removal of copper by an aluminum oxide column (AlOx N), the
polymers were further purified via dialysis against THF (Table 1).
[DMAEMA]/[AzPMA]/[CuBr]/[CuBr2 ]/[HMTETA]/[MEBiB] = [100]/[1;5;10]/[1]/[0.25]/[1]/[1].
1 H NMR (300 MHz, CDCl , P(AzPMA
3
0.09 -co-DMAEMA0.91 ), δ): 4.04 (m, –COO–CH2 ),
3.42 (m, –CH2 –N3 ), 2.56 (m, CH2 –N(CH3 )2 ), 2.27 (m, –CH2 –N(CH3 )2 ), 2.09–1.67 (m –C–CH2 –C–),
0.71–1.17 (m, –C–CH3 ) ppm.
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Table 1.
Size-Exclusion Chromatography (SEC) data of P(AzPMA0.09 -co-DMAEMA0.91 ),
P(AzPMA0.05 -co-DMAEMA0.95 ), P(AzPMA0.01 -co-DMAEMA0.99 ).
Sample

M n a (g¨ mol´1 )

Ða

P(AzPMA0.09 -co-DMAEMA0.91 )
P(AzPMA0.05 -co-DMAEMA0.95 )
P(AzPMA0.01 -co-DMAEMA0.99 )

13,200
13,600
14,600

1.14
1.15
1.12

a

SEC (CHCl3 /i-PrOH/TEA): PMMA-calibration.

2.11. General Procedure for the CuAAC Cycloaddition between P(AzPMAx -co-DMAEMAy ) Copolymers and
an Alkyne-Functionalized Thiazole-Dye
P(AzPMAx -co-DMAEMAy ), 5-methyl-4-(prop-2-yn-1-yloxy)-2-(pyridin-2-yl)thiazole (MPPT)
and Cu(I)Br were dissolved in THF (30 mL) (Feed ratio: [azide]/[MPPT]/[Cu(I)]/[PMDETA] =
[1]/[1]/[0.55]/[0.5]; ccopolymer = 2.4 ˆ 10´4 mol¨ L´1 ). After four freeze-pump-thaw cycles the
reaction mixture was stirred at room temperature for 48 h. After removal of copper by an aluminum
oxide column the polymers were further purified via dialysis (molecular weight cut off [MWCO]:
1000 g¨ mol´1 ). After drying, a slightly yellow solid was obtained.
1 H NMR (300 MHz, CD Cl , P(AzPMA*
2 2
0.09 -co-DMAEMA0.91 ), δ): 8.50–7.10 (m, ArH, overlapping
–N–CH=C(CN)), 4.50 (m, –O–CH2 -triaszole ring), 3.98 (m, –COO–CH2 ), 3.6 (m, –CH2 -triazole ring),
2.50 (m, CH2 –N(CH3 )2 ), 2.20 (m, –CH2 –N(CH3 )2 , overlapping CH3 –C=), 1.98–1.66 (m, –C–CH2 –C–),
0.66–1.03 (m, –C–CH3 ) ppm.
2.12. General Procedure for the Quaternization of the Functionalized P(AzPMAx -co-DMAEMAy ) Copolymers
Exemplarily, P(AzPMA0.09 -co-DMAEMA0.91 ) and methyl iodide (MeI; 30 fold-excess with
respect to the DMAEMA units in the corresponding copolymer) were dissolved in water/dioxane
(0.45 mL/0.45 mL; ccopolymer = 2.9 ˆ 10´3 mol¨ L´1 ) and stirred for two days at 38 ˝ C. Afterwards, the
excess MeI was removed under reduced pressure. The resulting solution was freeze dried, resulting in
a yellow solid.
1 H NMR (300 MHz, D O, P(AzPMA*
2
0.10 -co-METAI0.90 ), δ): 9.14–7.85 ppm (m, ArH, overlapping
–N–CH=C(CN)), 5.7 (m, –O–CH2 –triazole ring), 4.55 ppm (m, –COO–CH2 , overlapping –CH2 -triazole
ring), 3.91 ppm (m, –CH2 –N(CH3 )3 , overlapping –COO–CH2 ), 3.34 ppm (m, –CH2 –N(CH3 )3 ),
2.22–1.78 ppm (m, –C–CH2 –C–), 1.44–0.71 ppm (m, –C–CH3 ).
2.13. Synthesis of Poly(ethylene oxide)-block-Poly(tert-butylacrylate) (PEO118 -b-PtBA63 )
For
the
synthesis
of
PEO118 -b-PtBA63 ,
a
bromide
functionalized
PEO
macroinitiator (PEO118 -Br; MI), CuBr, PMDETA and tBA were dissolved in anisole
([MI]/[CuBr]/[PMDETA]/[tBAA]/[anisole/tBA] = [1]/[1]/[1]/[120]/[2]). The polymerization was
carried out at 50 ˝ C for 4 days. Then, the reaction was terminated by cooling down in liquid nitrogen.
After removal of copper by a silica gel column, the block copolymer was further purified via dialysis
against THF. After removal of the solvent under reduced pressure, the polymer was precipitated in
hexane and freeze dried. The composition was determined using 1 H NMR spectroscopy.
PEO118 -b-PtBMA63 : Ð = 1.05, determined using SEC (CHCl3 /i-PrOH/TEA): PMMA-calibration).
1 H NMR (300 MHz, CDCl , δ): 4.2 (m, –CH –O–), 3.87–3.47 (m, –CH –O–), 3.37 (s, –C–CH ) ppm,
3
2
2
3
2.31–2.15 (m, –CH2 –CH(COOC(CH3 )3 –), 1.95–1.39 (m, –CH2 –CH(COOC(CH3 )3 –) ppm.
2.14. Deprotection of PEO118 -b-PtBA63 to PEO118 -b-PAA63
PEO118 -b-PtBuAA63 (200 mg) was dissolved in dichloromethane (20 mL) and trifluoracetic acid
(TFA, 0.93 mL, 20 fold excess with respect to the tBA units) was added and stirred at room temperature
for two days. After removal of the solvent in vacuum, the crude product was further purified via
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dialysis (Spectra/Porr Dialysis Membrane, MWCO: 1000 g¨ mol´1 ). After freeze drying, a solid block
copolymer could be obtained (109 mg).
1 H NMR (300 MHz, CDCl , δ): 4.19–3.34 (m, –O–CH –CH –), 2.3–2.0 (m, –CH –), 2.20–1.80 ppm
3
2
2
2
Polymers 2015, 7, page–page
(m, –CH2 –CH(COOC(CH3 )3 –), 1.79–1.0 (m, –CH2 –CH(COOH)–) ppm.
H NMR (300 MHz, CDCl3, δ): 4.19–3.34 (m, –O–CH2–CH2–), 2.3–2.0 (m, –CH2–), 2.20–1.80 ppm

1

2.15. (m,
Preparation
of Micellar Interpolyelectrolyte
Complexes (IPEC)
–CH2–CH(COOC(CH
3)3–), 1.79–1.0 (m, –CH2–CH(COOH)–) ppm.

P(AzPMA*0.05 -co-METAI0.95 ) and PEO118 -b-PAA63 were dissolved in buffer solution pH 10 (Merck,
2.15. Preparation of Micellar Interpolyelectrolyte Complexes (IPEC)
borate buffer) with concentrations of c = 1.0 g¨ L´1 . After stirring overnight, the solutions were filtered
P(AzPMA*
0.05-co-METAI
0.95Z
) and PEO
118-b-PAA63 were dissolved in buffer solution pH 10 (Merck,
(Target (Nylon),
5 µm).
Different
´{` values were obtained by mixing the solutions in the required
borate
buffer)
with
concentrations
of
c
=
1.0
g·L−1. After
stirring overnight,
the mixed
solutions
ratios. The prepared interpolyelectrolyte complexes
(IPEC)-solutions
were
in were
smallfiltered
glass vials
(Target (Nylon), 5 µm). Different Z−/+ values were obtained by mixing the solutions in the required
(5 mL) and stirred at room temperature for at least 15 h.
ratios. The prepared interpolyelectrolyte complexes (IPEC)-solutions were mixed in small glass vials
Variation of the ionic strength at IPEC Z´{` = 1.0:
(5 mL) and stirred at room temperature for at least 15 h.
The prepared
IPEC-solutions
were
mixed
with a stock solution of sodium chloride at
Variation of
the ionic strength
at IPEC
Z−/+ stepwise
= 1.0:
room temperature
until
the
desired
molarities
were
reached.
the addition,
the solutions
The prepared IPEC-solutions were mixed stepwise with a After
stock solution
of sodium
chloride atwere
allowed
totemperature
stir 24 h at room
temperature.
room
until the
desired molarities were reached. After the addition, the solutions were
allowed to stir 24 h at room temperature.

3. Results and Discussion

3. Results and Discussion

Herein, we focus on the synthesis of linear, fluorescently labeled polycations and their potential
we focus
on the synthesis
of linear,
fluorescently
polycations
and theirypotential
use in the Herein,
formation
of well-defined
micellar
IPECs.
Therefore,labeled
P(AzPMA
) copolymers
x -co-DMAEMA
use
in
the
formation
of
well-defined
micellar
IPECs.
Therefore,
P(AzPMA
x-co-DMAEMAy)
of different composition were synthesized by atom transfer radical polymerization
(ATRP) and
copolymers of different composition were synthesized by atom transfer radical polymerization
subsequently labeled using an alkyne-functionalized thiazole dye (Scheme 1). 3-Azidopropyl
(ATRP) and subsequently labeled using an alkyne-functionalized thiazole dye (Scheme 1).
methacrylate (AzPMA) was prepared as reported by Sumerlin and coworkers starting from
3-Azidopropyl methacrylate (AzPMA) was prepared as reported by Sumerlin and coworkers starting
3-chloropropanol
but with slightly altered workup conditions (Figures S1 and S2) [3].
from 3-chloropropanol but with slightly altered workup conditions (Figures S1 and S2) [3].

Scheme 1. Copolymerization of DMAEMA and AzPMA, followed by post-polymerization

Scheme 1. Copolymerization of DMAEMA and AzPMA, followed by post-polymerization modification
modification via CuAAC between the azide functionalized copolymer and MPPT.
via CuAAC between the azide functionalized copolymer and MPPT.

The synthesis of P(AzPMAx-co-DMAEMAy) was carried out using Cu(I)Br, Cu(II)Br2,
and 1,1,4,7,10,10-hexamethyltriethylenetetramine
(HMTETA)
ligand
(Tables
1 and
2). The
The
synthesis of P(AzPMAx -co-DMAEMAy ) was
carriedasout
using
Cu(I)Br,
Cu(II)Br
2 , and
polymerizations were carried out in anisole at
90 °C ([I]/[Cu(I)/Cu(II)/[HMTETA]/[AzPMA]/[DMAEMA]
1,1,4,7,10,10-hexamethyltriethylenetetramine
(HMTETA)
as ligand (Tables 1 and 2). The polymerizations
[1]/[1]/[0.25]/[1]/[20]/[200])
75% conversion (Scheme S1). The reaction progress
were = carried
out in anisole toatapproximately
90 ˝ C ([I]/[Cu(I)/Cu(II)/[HMTETA]/[AzPMA]/[DMAEMA]
=
was monitored by NMR and SEC, thereby confirming the controlled nature of the polymerization
[1]/[1]/[0.25]/[1]/[20]/[200]) to approximately 75% conversion (Scheme S1). The reaction progress was
(Figure S3).
monitored by NMR and SEC, thereby confirming the controlled nature of the polymerization (Figure S3).
Via this approach, three different P(AzPMAx-co-DMAEMAy) copolymers containing different
Via
thisof approach,
containing
x -co-DMAEMA
y ) copolymers
amounts
AzPMA (1%, three
5%, anddifferent
9%—TableP(AzPMA
2) were synthesized
with yields
of 26% (P(AzPMA
0.09different
amounts
of
AzPMA
(1%,
5%,
and
9%—Table
2)
were
synthesized
co-DMAEMA0.91), P(AzPMA0.05-co-DMAEMA0.95)) and 18% (P(AzPMA0.01-co-DMAEMA0.99)). For all with
−1 according
yieldsmaterials,
of 26%
-co-DMAEMA
P(AzPMA
-co-DMAEMA
and 18%
molar(P(AzPMA
masses in the
range
of 14,000 g·mol
to SEC
found. Molecular
0.09
0.91 ),
0.05were
0.95 )) weight
distributions are monomodal and showed narrow dispersity indices (Đ < 1.2, Table S1). After purification
6
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(P(AzPMA0.01 -co-DMAEMA0.99 )). For all materials, molar masses in the range of 14,000 g¨ mol´1
according to SEC were found. Molecular weight distributions are monomodal and showed narrow
dispersity indices (Ð < 1.2, Table S1). After purification via dialysis against THF, no residual monomer
could be detected by 1 H NMR spectroscopy (Figure S4). FT-IR showed the presence of the azide moiety
(Figure S5) for AzPMA contents of 5% and 9%, whereas in case of P(AzPMA0.01 -co- DMAEMA0.99 )
this absorption band is merely visible. The main peaks in 1 H NMR at 5.05 (CH2 ), 3.41 (CH2 ), 2.55
(CH2 ), 2.27 (–N(CH3 )2 ), 1.67–2.08 (–CH2 ) and 1.10–0.71 ppm (–CH(CH3 )–) can be attributed to
PDMAEMA [47]. The incorporated amount of AzPMA was calculated by comparison of the signals
marked as j and h + c, resulting in values of 9%, 5% and 1% incorporated azide functionalities [47,48].
Table 2. Characterization data for P(AzPMAx -b-DMAEMAy ) copolymers.

Polymers

Mn
(g mol´1 )

Ð

Targeted
amount of
AzPMA (wt. %)

Incorporated
amount of
AzPMA a (wt. %)

P(AzPMA0.09 -co-DMAEMA0.91 )
P(AzPMA0.05 -co-DMAEMA0.95 )
P(AzPMA0.01 -co-DMAEMA0.99 )
P(AzPMA*0.09 -co-DMAEMA0.91 )
P(AzPMA*0.05 -co-DMAEMA0.95 )
P(AzPMA*0.01 -co-DMAEMA0.99 )
P(AzPMA*0.09 -co-METAI0.91 )
P(AzPMA*0.05 -co-METAI0.95 )
P(AzPMA*0.01 -co-METAI0.99 )

13,200 b
13,600 b
14,600 b
11,000 c
13,700 c
11,100 c
5100 e
7700 e
11,500 e

1.14 b
1.15 b
1.12 b
1.32 c
1.20 c
1.18 c
2.02 e
1.67 e
1.76 e

10
5
1
10
5
1
10
5
1

9
5
1
9
5
1
9
5
1

λmax1
279
284
279
293
292
291

d

λmax2

d

340
340
334
351
358
358

a

Determined via NMR; b Determined by SEC ((CHCl3 /TEA/i-PrOH. (94/2/4)): PMMA-calibration);
Determined by SEC ((DMAc/LiCl): PMMA-calibration); d Determined using a Specord 250 spectrometer
(Analytik Jena) in Suprasil quartz glass cuvettes 104-QS (Hellma Analytics) with a thickness of 10 mm;
e Determined by SEC ((water, 0.1%TFA, 0.1 M NaCl): Dextran-calibration).
c

As we intend to use such copolymers as sensors in interpolyelectrolyte complexes, an
intense chromophore has to be covalently attached (Figure S6). In that respect, we chose
5-methyl-4-(prop-2-yn-1-yloxy)-2-(pyridin-2-yl)thiazole (MPPT) as model dye. Functionalization with
an alkyne moiety enables the use of CuAAC for the covalent attachment to P(AzPMAx -co-DMAEMAy )
copolymers of different composition.
The copolymers were dissolved in tetrahydrofuran (THF) together with Cu(I)Br, MPPT, and
N,N,N1 ,N”,N”-pentamethyldiethylenetriamine (PMDETA) and stirred for 48 h at room temperature.
After purification via dialysis against THF/water (v/v 80/20), the labeled copolymers were
isolated in good yields of 78% (P(AzPMA*0.09 -co-DMAEMA0.91 ), P(AzPMA*0.05 -co-DMAEMA0.95 ))
and 85% (P(AzPMA*0.01 -co-DMAEMA0.99 )) by freeze drying and investigated using 1 H NMR
(Figure S7). Additionally, SEC and UV/VIS measurements were carried out for the modified
(P(AzPMA*x -co-DMAEMAy )) and non-modified (P(AzPMAx -co-DMAEMAy )) copolymers (Figure 1,
Table 2).
After attachment of MPPT, the copolymer elution traces from the UV/VIS-detector are a first
indication for the success of the reaction. All SEC curves were monomodal and the characteristics of
the labeled copolymers are listed in Table 2. The effective degree of functionalization was estimated
via NMR (Table 2). Further, the absence of the azide functionality in FT-IR measurements afterwards
hints towards complete consumption of AzPMA (Figure S8).
To transform the PDMAEMA part of the copolymers into a strong polycation, quaternization
using methyl iodide as strong methylation agent was carried out [49]. Therefore, the respective
copolymer P(AzPMA*x -co-DMAEMAy ) and methyl iodide (30 fold excess) were dissolved in
1,4-dioxane/water (v/v 1/1) and stirred for 48 h at 38 ˝ C and afterwards P(AzPMA*x -co-METAIy )
(poly{[2-(methacryloyloxy)ethyl] trimethylammonium iodide}) copolymers with iodide as counter ion
could be isolated. SEC in aqueous media confirmed that these copolymers still are UV-active (Figure S9).
We attribute the increased Ð in this case to the combination of eluent and column material. According
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to NMR, a nearly quantitative quaternization was reached (>98%, Figure 2 and Figure S11) [24]. Due to
the different NMR solvents used (CDCl3 /CD2 Cl2 ) and electronic changes by quaternization, a strong
shift of some copolymer signals occurs. For calculation of the quaternization efficiency, the signals
Polymers
Polymers
7, 7,
page–page
marked
as2015,
c2015,
and
dpage–page
were used (Figure 2) [47].
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UV/VIS investigations for all intermediate stages were carried out in water (Figure 3 and
UV/VIS investigations for all intermediate stages were carried out in water (Figures 3 and S12–S14,
Figure S12–S14, Table 2). For all three co-monomer ratios prior to the attachment of the thiazole
Table 2). For all three co-monomer ratios prior to the attachment of the thiazole dye only the
dyeabsorption
only the absorption
of the υazidebe265
nm can be observed (Figure S15). After covalent attachment
of the υazide 265 nm can
observed (Figure S15). After covalent attachment of the thiazole
of the
thiazole
dye,
its
characteristic
absorption
band
at 340even
nm in
can
beoffound,
even
incontent,
case of the
dye, its characteristic absorption band at 340 nm can
be found,
case
the lowest
dye
lowest
dye
content,
P(AzPMA*
-co-DMAEMA
).
Regarding
this,
no
difference
between
the free
0.99
P(AzPMA*0.01-co-DMAEMA0.990.01
). Regarding this, no
difference between the free and covalently bound
anddye
covalently
boundduring
dye was
during
our investigations
(Figures S6 and S12–S14).
was observed
our observed
investigations
(Figures
S6 and S12–S14).

Figure 3. Comparison of UV/VIS spectra for (A) P(AzPMA0.09-co-DMAEMA0.91) (black curve),

Figure 3.
Comparison of UV/VIS spectra for (A) P(AzPMA0.09 -co-DMAEMA0.91 ) (black
0.91) (red curve); (B)
P(AzPMA*0.09-co-DMAEMA0.91) (blue curve) and P(AzPMA*0.09-co-METAI
curve), P(AzPMA*0.09 -co-DMAEMA0.91 ) (blue curve) and P(AzPMA*0.09 -co-METAI0.91 ) (red curve);
P(AzPMA0.05-co-DMAEMA0.95) (black curve), P(AzPMA*0.05-co-DMAEMA0.95) (blue curve) and
(B) P(AzPMA*
P(AzPMA0.05
-co-DMAEMA
(black curve),
P(AzPMA*
curve)
0.05
0.95 ) curve);
0.05 -co-DMAEMA
0.95 ) (blue
-co-METAI
0.95)
(red
(C) P(AzPMA
0.01-co-DMAEMA
0.99)
(black
curve),
andP(AzPMA*
P(AzPMA*
-co-METAI
)
(red
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(C)
P(AzPMA
-co-DMAEMA
)
(black
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0.05
0.95
0.01
0.99
0.01-co-DMAEMA0.99) (blue curve) and P(AzPMA*0.01-co-METAI0.99) (red curve, all spectra
P(AzPMA*
0.99 ) (blue curve) and P(AzPMA*0.01 -co-METAI0.99 ) (red curve, all spectra
recorded0.01
in-co-DMAEMA
water).
recorded in water).
9

2486

Polymers 2015, 7, 2478–2493

After quaternization, the copolymers show different absorption spectra: first, an additional
signal at 290 nm can be seen which, according to literature, can be attributed to the presence of I3 ´
Polymers 2015, 7, page–page
(absorption maxima at 290 and 360 nm) [50–55]. Second, the absorption band of the dye is shifted to
higher λmax
. Byquaternization,
taking a closerthe
look
at the absorption
maxima
(λmax2 ), spectra:
a stronger
shift
wavelength
After
copolymers
show different
absorption
first,
an in
additional
with signal
decreasing
amount
of
dye
can
be
observed
(9%:
∆(λ
)
=
11
nm;
5%:
∆(λ
= 18
max2be attributed to the presence
max2 ) of
at 290 nm can be seen which, according to literature, can
I3− nm;
and 1%:
∆(λmax2maxima
) = 25 nm).
This
might
be explained
by absorption
the interaction
molecules.
(absorption
at 290
andeffect
360 nm)
[50–55].
Second, the
band of
of adjacent
the dye isdye
shifted
to
λmax. By taking
a closer
look at copolymer
the absorption
maxima (λmax2due
), a stronger
shift in wavelength
Afterhigher
methylation,
a rather
elongated
conformation
to electrostatic
repulsion can
with decreasing amount of dye can be observed (9%: ∆(λmax2) = 11 nm; 5%: ∆(λmax2) = 18 nm; and 1%:
be anticipated.
∆(λinvestigate
max2) = 25 nm). This effect might be explained by the interaction of adjacent dye molecules. After
To
whether MPPT itself is affected by the quaternization reaction, we also subjected
methylation, a rather elongated copolymer conformation due to electrostatic repulsion can be anticipated.
the pristine dye to comparable reaction conditions and compared the resulting UV/VIS spectra
To investigate whether MPPT itself is affected by the quaternization reaction, we also subjected
(Figure 4, Table 3) with those of P(AzPMA*0.09 -co-DMAEMA0.91 ) under both neutral conditions and
the pristine dye to comparable reaction conditions and compared the resulting UV/VIS spectra
at pH(Figure
10 (the4,conditions
where interpolyelectrolyte complex formation will take place later on). Due
Table 3) with those of P(AzPMA*0.09-co-DMAEMA0.91) under both neutral conditions and at
to itspH
rather
low
solubility
in aqueous
media, UV/VIS
MPPT
werelater
measured
10 (the conditions where
interpolyelectrolyte
complex spectra
formationofwill
take place
on). Duein
to THF
both before
and
after
quaternization.
displays
absorption
bands
at 299
its rather
low
solubility
in aqueous After
media,quaternization,
UV/VIS spectra MPPT
of MPPT
were measured
in THF
both
nm and
349and
nm,after
comparable
to theAfter
absorption
spectraMPPT
obtained
forabsorption
the labeled
copolymers
before
quaternization.
quaternization,
displays
bands
at 299 nm after
and 349 Nevertheless,
nm, comparable
the absorption
spectra obtained
for the labeled
copolymers
after
methylation.
notoindication
of a successful
quaternization
of MPPT
could be observed
1
methylation.
Nevertheless,
no
indication
of
a
successful
quaternization
of
MPPT
could
be
observed
by H NMR, and therefore we attribute the appearance of a second UV/VIS band to remaining I3 ´ .
by 1H NMR,
and
attribute the
appearance
of a secondvanishes
UV/VIS band
to remaining
I3−.
Surprisingly,
at pH
10therefore
the firstwe
absorption
band
for the copolymer
and only
the absorption
at pH 10 the first absorption band for the copolymer vanishes and only the absorption
at 349Surprisingly,
nm can be observed.
Further, the absorption band for MPPT broadens and decreases in intensity,
at 349 nm can be observed. Further, the absorption band for MPPT broadens and decreases in
which we at this point attribute to the used borate buffer. Further, also the triazole ring will be
intensity, which we at this point attribute to the used borate buffer. Further, also the triazole ring will
quaternized
under these
conditions,
but the but
stability
of this moiety
quaternization
was previously
be quaternized
under
these conditions,
the stability
of this after
moiety
after quaternization
was
confirmed
by
Mishra
et
al.
by
NMR
studies
[56].
previously confirmed by Mishra et al. by NMR studies [56].

Figure 4. Comparison of UV/VIS spectra of MPPT in THF before (black trace) and, after quaternization

Figure 4. Comparison of UV/VIS spectra of MPPT in THF before (black trace) and, after quaternization
(blue trace), P(AzPMA*0.05-co-METAI0.95) in water (red trace) and P(AzPMA*0.05-co-METAI0.95) in buffer
(blue trace), P(AzPMA*0.05 -co-METAI0.95 ) in water (red trace) and P(AzPMA*0.05 -co-METAI0.95 ) in
solution at pH 10 (green trace).
buffer solution at pH 10 (green trace).
Table 3. Absorption maxima for the herein used thiazole dye (MPPT) prior and after quaternization

Tableas3.well
Absorption
maxima
for the herein
(MPPT) prior and after quaternization as
0.05-co-DMAEMA
0.95) used
underthiazole
differentdye
conditions.
as P(AzPMA*
well as P(AzPMA*0.05 -co-DMAEMA0.95 ) under different conditions.
Sample
λmax1 (nm)
λmax2 (nm)
- (nm)
340 λmax2 (nm)
SampleMPPT a
λmax1
a
a
MPPT
after
quaternization
299
349
MPPT
340
a
P(AzPMA*
0.05-co-METAI0.95) in water
295299
351
MPPT
after quaternization
349
P(AzPMA*0.05
-co-METAI0.05
) in water 0.95)
295
351
0.95
P(AzPMA*
-co-METAI
- 349
P(AzPMA*0.05 -co-METAI0.95 ) in buffer solution (pH 10)
349
in buffer solution (pH 10)
a Determined in THF solution using a Specord 250 spectrometer (Analytik Jena) in Suprasil quartz glass cuvettes
a Determined in THF solution using a Specord 250 spectrometer (Analytik Jena) in Suprasil quartz
104-QS (Hellma Analytics) with a thickness of 10 mm.
glass cuvettes 104-QS (Hellma Analytics) with a thickness of 10 mm.
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Interpolyelectrolyte
Interpolyelectrolyte Complex
Complex Formation
Formation
In
In order
order to
to use
use the
the above
above described
described labeled
labeled polycations
polycations for
for the
the formation
formation of
of micellar
micellar
interpolyelectrolyte
(IPECs)
[57], poly(ethylene
oxide)-block-poly(acrylic
acid) (PEO118
-binterpolyelectrolytecomplexes
complexes
(IPECs)
[57], poly(ethylene
oxide)-block-poly(acrylic
acid)
PAA
63
)
was
prepared
via
deprotection
of
poly(ethylene
oxide)-block-poly(tert-butyl
acrylate)
(PEO
118
(PEO118 -b-PAA63 ) was prepared via deprotection of poly(ethylene oxide)-block-poly(tert-butyl
b-PtBuAA
63) with-b-PtBuAA
acid
(TFA) at room
in temperature
dichloromethane
(Figure S10).
acrylate) (PEO
trifluoroacetic
acidtemperature
(TFA) at room
in dichloromethane
118 trifluoroacetic
63 ) with
1H NMR signals
The
most
prominent
of PEO
118-b-PtBuAA
63 in
CDCl3 can
be
observed
at
(Figure
S10).
The most
prominent 1 H NMR
signals
of PEO118
-b-PtBuAA
in
CDCl
can
be 3.34–4.19
observed
63
3
ppm
(PEO
backbone),
2.31–2.15
ppm
(PAA
backbone)
and
1.39–1.95
ppm
(tert-butyl-group).
at 3.34–4.19 ppm (PEO backbone), 2.31–2.15 ppm (PAA backbone) and 1.39–1.95 ppm (tert-butyl-group).
Successful
Successful hydrolysis
hydrolysis is
is indicated
indicated by
by the
the complete
complete disappearance
disappearance of
of the
the signal
signal for
forthe
thetert-butyl-group.
tert-butyl-group.
For
P(AzPMA*0.05
0.05-co-MEATI
)
as
polycation
and
118-b-PAA
63 as
For IPEC formation, P(AzPMA*
-co-MEATI0.95
)
as
polycation
and
PEO
-b-PAA
polyanionic
0.95
118
63 as polyanionic
block
copolymer
were
chosen
(Scheme
2).
block copolymer were chosen (Scheme 2).

Scheme 2. Schematic representation for the generation of micellar interpolyelectrolyte complexes by
Scheme 2. Schematic representation for the generation of micellar interpolyelectrolyte complexes by
mixing P(AzPMA*0.05 -co-MEATI0.95 ) And PEO118 -b-PAA63 .
-co-MEATI0.95) And PEO118-b-PAA63.
mixing P(AzPMA*0.05

Using these
these components
components aa good
good comparability
comparability to
to previously
previously investigated
investigated IPEC
IPEC systems
systems can
can be
be
Using
achieved [58].
[58].The
TheZ-value
Z-valuerepresents
representsthe
themixing
mixingratio
ratioaccording
accordingto
tothe
theused
usedcharges
chargesand
andisisdefined
definedas:
as:
achieved
p´q= overall amount o f negative charge
Z=“
“
p`q
overall amount o f positive charge

(2)(2)

We were interested in whether the dye can be spectroscopically detected after encapsulation
We were interested in whether the dye can be spectroscopically detected after encapsulation
within the IPEC core and how this can be influenced by variation of the Z−/+-value. For all IPEC
within the IPEC core and how this can be influenced by variation of the Z´{` -value. For all IPEC
solutions only a slight change in turbidity was observed after mixing. All mixtures
were prepared in
solutions only a slight change in turbidity was observed after mixing. All mixtures were prepared in a
a basic buffer (pH 10) solution, to ensure the complete deprotonation of PEO118-b-PAA63.
basic buffer (pH 10) solution, to ensure the complete deprotonation of PEO118 -b-PAA63.
For IPECs with Z−/+-values of 1.5, 1.0 and 0.5 both dynamic light scattering (DLS) and transmission
For IPECs with Z´{` -values of 1.5, 1.0 and 0.5 both dynamic light scattering (DLS)
electron microscopy (TEM)
measurements were carried out, whereas in (intensity-weighted) DLS
and transmission electron microscopy (TEM) measurements were carried out, whereas in
experiments, the samples showed the presence of larger aggregates (Figures 5 and S16, Table 4),
(intensity-weighted) DLS experiments, the samples showed the presence of larger aggregates (Figure 5
number-weighted CONTIN plots depicted monomodal size distributions. Here, values of <Rh>n,app =
and Figure S16, Table 4), number-weighted CONTIN plots depicted monomodal size distributions.
5 nm (Z−/+ = 1.5, Figure 5A), and 10 nm (Z−/+ = 0.5, 1.0) are found, respectively. In case of Z−/+ = 1.5 most
Here, values of <Rh >n,app = 5 nm (Z´{` = 1.5, Figure 5A), and 10 nm (Z´{` = 0.5, 1.0) are found,
probably mainly block
copolymer unimers are detected. Also, TEM measurements for all micellar
respectively. In case of Z´{` = 1.5 most probably mainly block copolymer unimers are detected.
IPECs confirmed these results
as two size distributions were observed, which fit to the values
Also, TEM measurements for all micellar IPECs confirmed these results as two size distributions were
obtained by DLS (Figure 5 and Table 4). In both cases, the IPEC core can be detected and the PEO
observed, which fit to the values obtained by DLS (Figure 5 and Table 4). In both cases, the IPEC core
corona can be ascribed to the grey shadow surrounding the particles. Both single micellar IPECs and
can be detected and the PEO corona can be ascribed to the grey shadow surrounding the particles. Both
clusters thereof are displayed in Figure 5 (and the corresponding insets).
single micellar IPECs and clusters thereof are displayed in Figure 5 (and the corresponding insets).
Zeta-potential measurements were further used to evaluate the overall net charge of the formed
Zeta-potential measurements were further used to evaluate the overall net charge of the
micellar IPECs and the constituting polyelectrolytes (Table S2), whereas PEO118-b-PAA63 exhibited
formed micellar IPECs and the constituting polyelectrolytes (Table S2), whereas PEO118 -b-PAA63
−38 mV and P(AzPMA*0.05-co-METAI0.95) +37 mV, the zeta-potentials for the IPECs at all Z−/+ ratios
exhibited ´38 mV and P(AzPMA*0.05 -co-METAI0.95 ) +37 mV, the zeta-potentials for the IPECs at all
were close to charge neutrality. We
tentatively explain this finding with the presence of a neutral
Z´{` ratios were close to charge neutrality. We tentatively explain this finding with the presence of a
PEO-shell.
The slightly positive value in case of Z−/+ = 0.25 can be explained by the excess of polycation.
neutral PEO-shell. The slightly positive value in case of Z´{` = 0.25 can be explained by the excess
of polycation.
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Figure 5.
5. Number-weighted
Number-weighted DLS
DLS CONTIN
CONTIN plots
plots and
and TEM
TEM micrographs
micrographs for
for micellar
micellar IPECs
IPECs formed
formed at
at
Figure
−/+
=
1.5
(A,B);
Z
−/+
=
1.0
(C,D);
and
Z
−/+
=
0.5
(E,F).
Z
Z´{` = 1.5 (A,B); Z´{` = 1.0 (C,D); and Z´{` = 0.5 (E,F).
Table4.4.Evaluation
Evaluation of
ofTEM,
TEM,dynamic
dynamiclight
lightscattering
scattering(DLS)
(DLS)and
andUV/VIS
UV/VIS measurements
measurements of
of micellar
micellar
Table
interpolyelectrolyte
complexes
(IPECs)
in
buffer
solution
at
pH
10.
interpolyelectrolyte complexes (IPECs) in buffer solution at pH 10.

Sample
Sample

a
b
Diameter
<Rh>(nm)
n,app (nm)
max (nm) Int.
Int.
Diameter
(nm) a(nm)
λb maxλ(nm)
<Rh >n,app

P(AzPMA*0.05
-co-METAI0.95)
P(AzPMA*
0.05 -co-METAI0.95 )
Z
−/+
=
Z´{` = 1.51.5
Z´{`
= 1.0
= 1.0
Z−/+
Z´{`
= 0.5
Z−/+
= 0.5
PDMAEMA
PDMAEMA
a

a

80
56
35
-

80
56
35
-

5
8
10
-

5
8
10
-

349 349
355 355
351 351
352 352
305 305

0.59
0.59
0.23
0.23
0.28
0.28
0.35
0.35
0.09
0.09

b

determined
TEMby
bycounting
counting 50
by DLS.
b determined
determined
viavia
TEM
50 individual
individualIPECs;
IPECs;determined
by DLS.

We further investigated the formed micellar IPECs by UV/VIS spectroscopy and compared
the results with the previously investigated polycationic copolymers. As can be seen, complex
formation seems to induce a slight shift to higher wavelengths for the absorption maxima, depending
on charge stoichiometry (Figure S17, Table 4). 2489
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We further investigated the formed micellar IPECs by UV/VIS spectroscopy and compared the
results with the previously investigated polycationic copolymers. As can be seen, complex formation
seems to induce a slight shift to higher wavelengths for the absorption maxima, depending on charge
stoichiometry (Figure S17, Table 4).
Variation of the ionic strength of the surrounding solution is expected to lead to different degrees
of swelling of the IPEC core. Starting from nearly salt-free solutions, salinity was increased in steps
of 0.2 M by the addition of NaCl up to a final concentration of 1.0 M (Figure S18). Between the addition
of salt, the samples were stirred for 24 h. Initially, DLS reveals particle sizes of 20 nm in diameter
(Table S3). After the first increase in ionic strength to 0.2 M, a clear decrease in particle size to 3 nm
could be observed. This indicates that already this ionic strength is sufficient to dissolve the micellar
IPECs, at least partially, increasing the amount of free unimers in solution. Upon further increase
of the salt concentration, no significant change was detected. During the experiment, a decrease in
UV/VIS intensity was observed as well. Evaluation of the absorption maxima shows a shift to higher
wavelengths from 353 to 363 nm during the addition of salt (Table S3).
4. Conclusions
We presented the synthesis and characterization of P(AzPMA*y -co-METAIx ) copolymers of
different composition using ATRP of AzPMA/DMAEMA mixtures, followed by covalent attachment
of a thiazole-based dye (MPPT) via CuAAC chemistry and quaternization. Hereby, dye contents of up
to 9% could be reached and the labeled copolymers were investigated using a combination of NMR
and UV/VIS spectroscopy.
In first experiments, P(AzPMA*0.05 -co-METAI0.95 ) was used for the formation of micellar
interpolyelectrolyte complexes with oppositely charged PEO118 -b-PAA63 block copolymers, resulting
in structures with an IPEC core and a PEO corona. Upon complex formation, a slight shift in UV/VIS
absorption of MPPT was detected and micellar IPECs of approximately 20 nm in diameter were
formed as shown by a combination of DLS and TEM experiments. We could also demonstrate that
increasing the ionic strength of the surrounding medium leads to a further shift of λmax and, apparently,
already at 0.2 M NaCl, the IPEC core is re-dissolved. We thus anticipate that such labeled polycationic
copolymers can be interesting candidates for monitoring swelling kinetics and solubility changes
within IPEC materials, either within solution-borne aggregates or for bulk samples.
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