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1. Abbreviations

EDC: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimidg/drochloride salt; FITC: fluorescein
isothiocyanate; FL-A: 1,6-diaminohexyl-FITC; MES:-(I8-morpholino)ethanesulfonic acid;
NMR: nuclear magnetic resonance spectroscopy; Ry (acrylic acid); PMMA: poly(methyl
methacrylate); PTFEAA: poli-(2,2,2-trifluoroethyl)acrylamide; PNVP: po({
vinylpyrrolidone); rcf: relative centrifugal forceTFEA: trifluoroethylamine; XPS: X-ray

photoelectron spectroscopy.

2. Supporting Figures
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Scheme Sl.a) Chemical derivatization reaction of poly(aaylacid) (PAA, left) grafted
microparticles using EDC-mediated amidation witl2,2strifluoroethylamine (C§CHoNH,,
TFEA) yielding polyN-(2,2,2-trifluoroethyl)acrylamide (PTFEAA, righth) Chemical structure
of poly(methyl methacrylate) (PMMA) and polN{vinylpyrrolidone) (PNVP).
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Chart S1.Chemical structure of FL-A.
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3. Experimental Details

Materials. If not noted otherwise, all chemicals were puredadrom Sigma-Aldrich
(Steinheim, Germany), AppliChem (Darmstadt, GermadyT. Baker (Deventer, Netherlands),
Carl Roth (Karlsruhe, Germany) or Merck (Darmsta@dermany) and were of highest purity
available when used for analytical measurementsMRNhicroparticles (diameter 6 pm) with
varying amounts of PAA were individually prepareg BolyAn GmbH (Berlin, Germany) for
this study. Gold substrates (Georg Albert PVD, Gary) were prepared by thermal evaporation
of 30 nm of Au (purity 99.99%) onto polished singlgstal Si (100) wafers that had been pre-
coated with a 9 nm titanium adhesion layer.

Sample Preparation. Surface functionalization with 2,2,2-trifluoroetayhine (TFEAY* was
adapted from an established protot@D mg polymer microparticles were washed into B0
reaction buffer (0.1 M MES, pH 5.0) by repeated legc(>5) of centrifugation (5000 rcf),
removal of supernatant and refilling of reactionffeu Subsequently, 50L 400 mM TFEA
hydrochloride in reaction buffer were added. Thactin was started by adding 80 of 100
mg/mL (0.52 M) EDC hydrochloride freshly dissolved4 °C cold water. The total reaction
volume was 80QL, final conditions were 12.5 mg/mL polymer micropees, 25 mM TFEA,
and 52 mM EDC. After 3 h reaction time at room tengpure, the microparticles were washed
into 1 mL neat water.

Powdered samples for solid-state NMR were preplyeslow evaporation of the microparticle
suspensions in a vacuum drying oven at 40 °C abid mbar.

Microparticle samples for XPS were prepared by decagting several drops (1-14) of
agueous microparticles suspensions (10 mg/ml) assgbr gold-coated silicon substrates and
were allowed to dry overnight in a closed petrihdi¥hat was repeated until the substrate was

covered homogeneously. PAA reference films for X#®e prepared by spin coating (4000 rpm,
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30 sec) of a 3% (w/w) aqueous PAA solution onxd tnf piece of silicon or gold-coated Si

wafer.

4. Methods

Fluorescence Spectroscopy. Fluorescence measurements were performed as locri
previously?

X-ray Photoelectron Spectroscopy (XPS). XPS measurements were carried out with an AXIS
Ultra DLD electron spectrometer manufactured byt#saAnalytical, UK. XPS spectra were
recorded using monochromated Ad léxcitation at a pass energy of 80 eV for survecsp and
20 eV for the core-level and valence band spedtna. electron emission angle was 0° and the
source-to-analyzer angle was 60°. The binding gnecgle of the instrument was calibrated
following a Kratos Analytical procedure, which us&O 15472 binding energy d&&pectra
were taken by setting the instrument to the hyleids mode and the slot mode providing
approximately a 300 x 700 |franalysis area.

In case of insulating samples, the charge neugralimas used. The binding energy scale was
furthermore corrected for chargihaising an electron binding energy of 285.C & the C 1s
level of aliphatic hydrocarbon. Spectra are decawadowith the CasaXPS peak fit program,
version 2.3.15 from Casa Software Ltd. (United Kom). A Gaussian/Lorentzian product
function peak shape model GL(30) (70% Gaussian, B0%ntzian) was used in combination
with a Shirley background. Curve fittings of C 1sdaO 1s core-level spectra were done
according to previous repoftS Elemental compositions from survey spectra areutaed using
peak areas normalized on the basis of acquisitiararpeters after a Shirley background
subtraction, experimental sensitivity factors an@ns$mission factors provided by the

manufacturer. Damage of polymer microparticles bya) radiation was not observed.
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NMR. Solid-state NMR experiments were performed on ak8riuAvance 600 spectrometer
(14.1 T). All experiments were carried out at roe@mperature using a 2.5 mm magic angle
sample spinning (MAS) probe for solid-state NMR epiments. All samples were placed with
spacers in the middle section (3mm filling heiglof) a 2.5mm rotor where the ;Bfield
inhomogeneity is less than 5%. The MAS rotatiomdiency was 25 kHz. The 90° pulse length
was 3.1us. The number of scans was: 1024 for P946, 2457B36 and 40960 for P99 patrticles,
respectively. The repetition time was 2 sec andiessfull T; relaxation of the CF°F signal. 4-
(trifluoromethyl)benzoic acid was used as intensdference standard. It was filled in another
rotor (4.78 mg standard) in the same manner ath&analyte samples. The repetition time here
was 20 sec to avoid saturation. 32 scans were adated. All spectra were run under the same
experimental conditions, specifically with the saraeeiver gain. To check spectrometer stability
first the analyte sample was run followed by thfenence rotor experiment. This procedure was
repeated three times. The maximum deviation betweesignal intensities of the analyte sample
(similarly for the standard) was less than 1%. Datalysis was performed with the software
TopSpin 2.1 (and 3.0) and DMFIF.

Quantification of surface-bound TFEA. The applied amidation reaction of surface carboxyl
(COH) groups on PMMA/PAA core-shell microparticles fquantification of surface-bound
TFEA by XPS and®F-NMR is illustrated in Scheme S1.

XPS. The measurand is here the amount fraction of catlwoacid carbon atoms before TFEA

labeling expressed as percentage, ,, of the total carbon amount described by equdtion

Nnco
XcoH = 27 % 100 (1)
total
with
Ne,ora = Nco,H T Neg (2)



wherenc,,y is the amount of carboxylic acid carbon atoms,, . the total amount of carbon,
and ng, the amount of all remaining carbon atoms that rmwé located in CeH groups,
respectively.

The Quantitative Elemental Analysis (QEA) appro&mhquantification ofx.,oy Was applied
by quantification of XPS survey scans using thensities of C 1s and F 1s photoelectron peaks
(measured in atomic percent, at¥%)The QEA data set has to be corrected for additiona
TFEA related elements (C, N, and F) that are intced during the derivatization reaction.

According to the mass balance law, a more generhkrjuation follows from Scheme 1.

Cy — (CO,H), +y CF3CH,NH, — C, — (CONHCH,CF5), + H,0 (3)

with

Cy — (CONHCH,CF3)y = Cyy2yHpy 0y (NH),Fyy (4)

where

yzéx;%;'m=§ 5) and xz;%lcsls—Zy:[C]—@ (6)

I, andl;  are the XPS intensities of F 1s and C 1s detednfr@m the survey scan after

TFEA derivatization, an®SFg, . RSF _ are the relative sensitivity factor of F 1s andsCtaken

from the Kratos element library. Finally:,,y can be calculated from eq. 1-6 according to eq. 7.

_Yy _ __[F]
Xco,n = 7 X 100 = TG x 100 (7)

The derivatization reaction yiel) can then be calculated by taking into account 12 of

all carbon atoms in PAA are located in carboxytmgCO,H) moieties.

X=3X XCOZH (8)



Alternatively the derivatization reaction yield)( can be calculated using relative CF

component peak areas from the C 1s core levelrspactording to eq. 9.

X = ey 100 (9)

Cl:‘3,stoich.

Here CF; ., refers to the Cfrelative peak area as obtained from the fit of sneed C 1s
core-level spectra, Whil€F; ¢,:cn. is the fraction derived from the theoretical sthaenetry of a
completely derivatized PAA sheltff Scheme 1). And from the chemical structure of PAKE
(the quantitatively derivatized PAA) shown in Scleeinit followsCF; s¢picn. = 20%.

NMR. The CF signal position of the analyte samples appearg@b ppm (c.f. Fig. 1). The
CFs group concentration of the analyte samplgg,,,; is calculated in the usual fashtom®
from the weight of the sampleg,mpie, the signal intensitysg.,p,, the actual number of scans
Asampie, @S Well as the weight of the standatg,;, the molar weighMs.,; (190,42 g/mol), the

signal intensitys;; and the number of scadg,,; (here 32 scans).

Nsample Isample Astd msed
= = B2 % * /mSample (10)
Msample Ista Asample Mstd

The results are listed in Table S1. The uncertagmapout 5%.

Table S1.Sample weights and detected concentrations eg@ips at -70.7 ppm.

Sample Sample weight [mg] CEconcentration [umol/g]
P35 3.39 10.4+0.5
P99 1.94 26+1
P946 3.15 367+18
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