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Materials 

N-[3-(Dimethylamino) propyl] methacrylamide (DMAPMA, 98 %), methyl methacrylate 

(MMA, 99 %), 2,2′-azobis(2-methylpropionamidine) dihydrochloride (AIBA, 97 %), 

Doxorubicin hydrochloride (DOX.HCl, purity 98 %), 1,3,5-trioxane (≥ 99 %), Nile Red (NR), 

dichloromethane (DCM), phosphate-buffered saline (PBS) tablets (pH 7.4) all purchased from 

Sigma Aldrich and used as received except for monomers which were activated through basic 

aluminium oxide columns. Hydrochloric acid (HCl, VWR Prolabo, 35 wt%, technical grade) 

and sodium chloride (VWR) were used as received. Triethylamine (TEA, purity 99%) was 

purchased from Merck. Water was either deionized or MilliQ water. RAFT agent 4-cyano-4-

thiothiopropylsulfanyl pentanoic acid (CTPPA) was synthesized according to literature 
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procedure.[1-3] Silica wafers were supplied from Addison Engineering Inc. (San Jose, CA, US, 

single-side polished).  

Instrumentations 

For the full characterization of PDMAPMA macroRAFT and PDMAPMA-b-PMMA NPs see 

previous publication by Engström et al.  

Gravimetric analysis: The conversion of monomers during the emulsion polymerization was 

monitored gravimetrically; samples were withdrawn at different reaction times and dried 

overnight, allowing the dry content to be assessed from residual solid material. 

Size exclusion chromatography (SEC): The analysis of the number-average molar mass (Mn) 

and dispersity (Đ) for NPs was performed using DMF-SEC (with 0.01 M LiBr) with a TOSOH 

EcoSEC HLC-8320GPC system equipped with an EcoSEC RI Detector and three columns 

(PSS PFG 5 µm; Microguard, 100 Å, and 300 Å; MW resolving range: 100-300 000 g mol-1) 

from PSS GmbH, as the mobile phase at 50 °C with a flow rate of 0.2 mL min-1. A conventional 

calibration method with PMMA standards ranging from 700 to 2 000 000 g mol-1 was used.  

 
Dynamic light scattering (DLS): The hydrodynamic diameter (DH), polydispersity index (PdI) 

and zeta potential (ζ) of the NPs were determined with a Malvern Zetasizer NanoZS at 25 °C. 

For the particle size measurements (DH and PdI) NPs were diluted in pure MilliQ water. For 

the measurement of Zeta potential, the concentration of NPs was kept at 0.1 g L-1 diluted in 

pure MilliQ. 

Field emission scanning electron microscope (FE-SEM): NPs on silica wafers were analyzed 

with FE-SEM performed on a Hitachi S-4800 to investigate the surfaces. The FE-SEM was run 

at 1.0 kV acceleration voltage if nothing else was stated and pictures were acquired at different 

magnifications, stated in each image. The samples were mounted on a metal stub with carbon 

tape and coated with a 5 nm layer of Pt/Pd with a Cressington 208HR sputter coater. 
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Transmission electron microscope (TEM): The core-shell structure of PDMAPMA-b-PMMA 

NPs was investigated on a Hitachi HT7700 TEM at 100 kV. The NPs suspension was diluted 

in deionized water to a concentration of 0.1 mg/mL and 1 µL was placed on 200 mesh copper 

carbon grid (Ted Pella, Inc., USA). The grid was dried in room temperature for 1 minutes prior 

to the TEM analysis. 

Structured illumination microscopy (SIM) was performed on a Zeiss ELYRA PS.1 system 

equipped with an Andor iXon DU 855 camera and a Plan-Apochromat 100x/1.46 NA oil 

immersion objective. Excitation wavelength was 561 nm and fluorescence emission was 

detected at 570-620 nm. The ELYRA system was calibrated using 40 nm fluorescent beads 

yielding a lateral resolution of 85 nm. 

Methods 

RAFT-polymerization of DMAPMA in water using CTPPA 

Following published procedures, the PDMAPMA synthesis was performed in water, pH 

adjusted to 6 with concentrated hydrochloric acid (HCl).[4] In a typical experiment, activated 

DMAPMA (6.15 g) was added to a round bottom flask and RAFT-agent (CTPPA) (400 mg) 

was dissolved in the monomer prior to the addition of deionized water (22.08 g), targeting 1.63 

M concentration of the monomer and a target degree of polymerization of 25. The round-

bottom flask was left for stirring for 10 minutes in an ice bath. Trioxane (272 mg) was added 

as an internal reference for NMR and radical initiator AIBA (from 3.4 g L-1 (aq) 78.3 mg and 

concentration ratio 5:1 CTPPA:AIBA) was added subsequently while the flask is still kept in 

the ice bath. Reaction was degassed for 30 minutes under argon and started by immersion in 

pre-heated oil bath at 70°C. Aliquots were withdrawn every 20 minute for 1H-NMR analysis 

to give full conversion after 60 minutes, with a short inhibition time. Polymer was precipitated 

in ice cold acetone 3 times, dried with rotavapor and finally in a vacuum oven for 24 hours at 

50 °C. 
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Stability study of doxorubicin 

The doxorubicin stability was investigated under different conditions, TEA/RT or TEA/ 70 °C 

in deionized water. In two separate flasks, DOX.HCl (1mg, 0.002 mmol) was dissolved in 

DCM and mixed with TEA (0.012 mmol, 6 eq). The mixture was stirred at room temperature 

(RT) for 24 hours and then the DCM was completely evaporated and thus followed by adding 

of deionized water. The flasks were then degassed for 30 minutes under argon flow and 

subsequently one flask was stirred at RT for 2 hours and the other flask was immersed in an oil 

bath pre-heated to 70 °C for 2 hours. After the predetermined period, samples were taken from 

both flasks and transferred into 96-well plates, containing 100 μL DMSO: H2O (4:1) in each 

well. The fluorescence intensity scan (ranged from 500-800 nm) of each well was determined 

at excitation wavelength 485 nm. The stability of the released DOX from the NPs was also 

studied by fluorescence spectroscopy. The released DOX in PBS was freeze dried and 

redissolved in 100 μL DMSO: H2O (4:1) in each well. The fluorescence intensity scan (ranged 

from 500-800 nm) of each well was determined at excitation wavelength 485 nm. 

Behaviour of NR in different solution mixtures 

The miscibility between MMA and NR can be further understood by visually investigating the 

behaviour of NR in different solutions and mixtures (Figure S1). It can be observed that the 

NR is completely dissolved in MMA (S1a) but not in water (S1b), since no fluorescence can 

be seen and aggregates are visible. In a PDMAPMA macroRAFT water solution (S1d-e) the 

NR and MMA form droplets due to the surface activity of the macroRAFT and again two 

phases are formed; a monomer phase containing NR stabilized by the macroRAFT and the 

water phase. 



5 
 

 
Figure S1. Comparison of NR behaviour in different solution mixtures: a) NR in MMA, b) NR 
in water, c) NR in a mixture of MMA and water, d) NR in a mixture of MMA, PDMAPMA 
and water (agitated) and e) NR in a mixture of MMA, PDMAPMA and water (after resting for 
5 minutes)   

Video of polymerization 

This video visualizes the self-assembly during emulsion polymerization. First part showing the 

Nile red inside monomer droplets, polymerization starts and continues until particles nucleate 

from PISA and the conversion rise higher fast until no monomer is left and the result is coloured 

NPs with NR in the core.  

 Nile Red Latex movie.mp4  

Additional TEM images of PDMAPMA-b-PMMA showed spherical, monodispersed and core-

shell NPs.  
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