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Experimental details 

Materials 
2-Ethylhexanoyl chloride and 2-chloroethylammonium chloride were purchased from Sigma-Aldrich and used as received. 2-

Ethyl-2-oxazoline and methyl tosylate were obtained from Acros, distilled to dryness over barium oxide (BaO), and stored 

under argon.  

General methods and instrumentation 

The Initiator Sixty single-mode microwave synthesizer from Biotage, equipped with a noninvasive IR sensor (accuracy: ±2%), 

was used for polymerizations under microwave irradiation. Microwave vials were heated to 110 °C overnight, cooled to room 

temperature and filled with argon before usage. All polymerizations were carried out with temperature control. Size exclusion 

chromatography (SEC) was performed on a Shimadzu 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, triethylamine and isopropanol (94:4:2) 

as eluent at a flow rate of 1 mL min-1 on a PSS-SDV-linear M 5 μm column at room temperature. Molar masses were 

calculated against polystyrene standards. For preparative SEC, Bio-Beads S-X1 (crosslinked polystyrene beads) from Bio-Rad 

were used. 1H NMR and 13C NMR spectra of the products were recorded on a Bruker AC 250 MHz or AC 400 MHz 

spectrometer at room temperature, with CDCl3 as the solvent. The chemical shifts are given in ppm relative to the signal from 

residual non-deuterated solvent. For the MALDI measurements, an Ultraflex III TOF/TOF apparatus (Bruker Daltonics, 

Bremen, Germany) was used. The instrument was equipped with a Nd:YAG laser and a collision cell. All spectra were 

measured in the positive reflector or linear mode. The instrument was calibrated prior to each measurement with an external 

cPMMA standard from PSS Polymer Standards Services GmbH (Mainz, Germany). Dynamic light scattering (DLS) data were 

collected with a Malvern CGS-3 equipped with a He-Ne laser (633 nm) at angles varying from 50° to 140°. 

Transmission electron microscopy (TEM) measurements were performed on a FEI Tecnai 20, type Sphera TEM operating at 

200 kV (LaB6 filament). Images were recorded with a bottom mounted 1k × 1k Gatan CCD camera. For cryoTEM 

measurements, 200 mesh carbon coated copper grids were purchased from SPI. Prior to blotting, the grids were made 

hydrophilic by surface plasma treatment using a Cressington 208 carbon coater operating at 5 mA for 40 s. For sample 

preparation a droplet of the micelle solution was blotted onto the grid and subsequently excess liquid was manually removed 

with filter paper. The samples were not stained. 

Monomer synthesis  

N-(2-Chloroethyl)-2-ethylhexanamide (1): Under argon, 13.49 g (83 mmol) 2-ethylhexanoyl chloride and 9.75 g (0.084 mol) 

2-chloroethylammonium chloride were suspended in 200 mL dichloromethane and cooled to –5 °C. Subsequently, 26.6 mL 

(19.37 g, 191 mmol) triethylamine were added dropwise within one hour, the reaction mixture was stirred for three hours, and 

the reaction was terminated by adding 70 mL water. The aqueous phase was extracted twice with 50 mL dichloromethane, and 

the combined organic phases were washed with water and brine. After drying over MgSO4, the solvent was removed under 

reduced pressure, and the crude product was used without further purification. 

 

2-(1-Ethylpentyl)-2-oxazoline (EPOx): To a 25 wt.-% solution of KOH in water, a solution of 20.4 g of the crude product 1 

(100 mmol) in 200 mL THF was added dropwise, and the sample was heated to 50 °C for 16 h. After cooling to ambient 

temperature, the aqueous phase was extracted twice with diethyl ether. Subsequently, the combined organic phases were 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



washed three times with water and once with brine. After drying the sample over MgSO4, the solvent was removed under 

reduced pressure, and the crude product was purified by distillation (67 °C, 5.5 × 10-2 Torr) to give 10.9 g (0.065 mol) of EPOx 

in 78% yield (related to the 2-ethylhexanoyl chloride). 
1H-NMR (250 MHz, CDCl3, 25 ˚C): δ = 4.2 (t, 3J (H, H) = 9.6 Hz, 2H, CH2), 3.8 (t, 3J (H, H) = 9.6 Hz, 2H, CH2), 2.3 (quintett, 
3J (H, H) = 7.6 Hz, 1H, CH), 1.6 (m, 4H, CH2), 1.3 (m, 4H, CH2), 0.88 (m, 6H, CH3). 13C-NMR (100 MHz, CDCl3, 25 ˚C): δ = 

170.1, 68.1, 54.6, 37.4, 29.2, 24.8, 22.8, 19.6, 14.5, 12.7. Elemental analysis: calcd. C 70.96, H 11.31, N 8.28; found C 70.92, 

H 11.42, N 8.25.  

Microwave-assisted copolymerization  
For the synthesis of the triblock copoly(2-oxazoline) p(ODFOx)20-b-p(EPOx)20-b-p(EtOx)40 a stock solution of 16 mg methyl 

tosylate (0.086 mmol), 332 mg ODFOx (1.8 mmol) and 5 g nitromethane (81.97 mmol) was prepared and divided over six 

polymerization vials. All six vials were exposed to microwave radiation for a pre-calculated time to obtain near-quantitative 

conversion (ln [M]0/[M]t = 4). For control purposes, in two vials the polymerization was quenched by addition of 50 µL water. 

Subsequently, 55.44 mg EPOx (0.32 mmol) were added via a syringe to the other vials. Analogous to the first step, all four 

samples were subjected to microwave irradiation, the second polymerization was terminated in two of the vials, and  

64.9 mg EtOx (0.66 mmol) were transferred to the remaining two vials which again were subjected to microwave irradiation, 

in order to obtain the desired triblock copolymer p(ODFOx)20-b-p(EPOx)20-b-p(EtOx)40. 1H-NMR spectroscopy was used to 

confirm the absence of residual monomer as well as to investigate the polymer composition. The full conversion of each class 

of monomers as well as the molar mass distribution after each polymerization step was investigated using GC and SEC, 

respectively. The triblock copolymers obtained were purified by preparative size exclusion chromatography.  

 
 

 
Fig. S1 SEC traces for the synthesis of the triblock copolymer pODFOx23-b-pEPOx28-b-pEtOx49 

(RI detector; CHCl3:isopropanol:NEt3 = 94:2:4 as eluent). 
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Fig. S2 1H NMR spectrum of the triblock copolymer (in CDCl3). The mol percentages of each block were determined by 

means of the integrals of the assigned peaks to be pODFOx23-b-pEPOx28-b-pEtOx49. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
    /MyriadPro-Regular
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


