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Experimental Section 

Materials  

The monomers poly(ethylene glycol) methyl ether methacrylate (PEGMEMA Mn = 475), 2-(2-20 

methoxyethoxy) ethyl methacrylate (MEO2MA), and ethylene glycol dimethacrylate (EGDMA) were 

purchased from Sigma-Aldrich. The ethyl 2-bromoisobutyrate (98%, Aldrich) was used as the initiator. 

bis(2-dimethylaminoethyl) methylamine (99%, Aldrich), copper(II) chloride (CuCl2, 97%, Aldrich), L-

ascorbic acid (99%, Aldrich), butanone (99%, HPLC grade, Aldrich) and hexane (95%, Aldrich) were 

used as received.   25 

 

Synthesis and Purification of PEGMEMA-MEO2MA-EGDMA Copolymers 

The copolymers were prepared in butanone using a two-necked round bottom flask (the volume ratio of 

total monomers to solvent is 1: 2).  Copper chloride (0.25 equiv), ethyl 2-bromoisobutyrate (1 equiv) 

and bis(2-dimethylaminoethyl) methylamine (0.25 equiv) were added into the flask and oxygen was 30 

removed by bubbling argon through the solutions for 25 min. L-ascorbic acid (0.375 equiv) that was 

diluted in deionized water was added with a microliter syringe. The solution was stirred at 800 rpm and 



the polymerisation was conducted at 50 oC in an oil bath for a desired reaction time. The experiment 

was stopped by opening the flask and exposing the catalyst to air. EGDMA was removed by dropping 

the solution into a large excess of hexane. The precipitated mixture was dissolved in deionized water 

and purified by dialysis (spectrum dialysis membrane, molecular weight cut off 8000) for 4 days in 

dark at 4 oC. Polymer samples were obtained after freeze-drying and weighed to obtain the final yields. 5 

 

Characterizations of PEGMEMA-MEO2MA-EGDMA Copolymers 

The copolymers were characterized by gel permeation chromatography (GPC), 1H NMR and Fourier 

Transform Infrared (FTIR) spectroscopy. Weight average molecular weight (Mw), number average 

molecular weight (Mn) and polydispersity (Mw/ Mn) were obtained by GPC (Polymer Laboratories) with 10 

RI detector. The columns (30 cm PLgel Mixed-C, two in series) were eluted using dimethylformamide 

(DMF) and calibrated with poly(methyl methacrylate) (PMMA) standards. All calibrations and analysis 

were performed at 40 oC and a flow rate of 1 ml/min. 1H NMR was carried out on a 300 MHz Bruker 

NMR with MestReC processing software. The chemical shifts were referenced to the lock chloroform 

(CDCl3). The characteristic chemical bonds were determined by FTIR (Varian 660-IR) to affirm the 15 

vinyl functional groups in the copolymers.  

 

Thermoresponsive behavior of PEGMEMA-MEO2MA-EGDMA Copolymers 

LCST of the copolymer solutions (0.03 % w/v) in deionized water were quantified by measuring their 

absorbance of 550 nm at temperatures from 20 to 55 oC (heating rate = 0.5 oC/sec) with a Beckman 20 

DU-800 spectrophotometer. The data were collected every 2 seconds. Moreover, dynamic light 

scattering (DLS) was used to analyze size and distributions of copolymers in water solution on a 

submicron particle size analyzer (BeckmanCoulter DLS-N5). Polymer solutions (0.01% w/v) were 

prepared in deionized water and filtered prior to measurements using a 0.45 μm disposable filter into a 

12.5×12.5 mm polystyrene disposable cuvette.  25 
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Preparation of photo-crosslinked gels and SEM images taken 

A LF215L UV lamp (365 nm, 2X15 W, UVitec, light intensity 2.0 mW/cm2) was employed for the 

preparation of photo-crosslinked hydrogels. The PEGMEMA-MEO2MA-EGDMA copolymers were 

dissolved in 0.1% w/v Irgacure 2959 water solution to prepare 20 and 40% (w/v) copolymer solutions. 

Photo-crosslinked gels were formed using 200 µl polymer solutions by UV exposure of 2 hours.  5 

Scanning electron microscopy (SEM) was used to characterize the porous structure of freeze-dried gels. 

The samples were mounted on an aluminum stub using an adhesive carbon tab and sputter coated with 

gold before images were obtained using a Hitachi Field Emission SEM machine. 

 

Cytotoxicity assessment 10 

3T3 mouse fibroblast cell line was utilized for the polymer cytotoxicity assessment. 15,000 cells and 

PEGMEMA(15)-MEO2MA(75)-EGDMA(10) polymer/media solution (in Dulbecco’s Modified Eagle’s 

Medium, DMEM, Sigma) were seeded into each well of a 48-wells tissue culture plate (the 

concentration of polymer in media = 0.5 and 1 mg/ml). After one and four days of incubation at 37oC 

and 5% CO2, alamarBlue® reduction method was used to assess cell viability. The absorbance at the 15 

lower wavelength filter (550 nm) was measured followed by the higher wavelength filter (595 nm) via 

a thermo scientific Varioskan Flash Plate Reader. The following formulae were used to calculate the 

percentage of cell viability: 

            AOLW = absorbance of oxidized form of alamarBlue® along at lower wavelength;  

AOHW = absorbance of oxidized form of alamarBlue® along at higher wavelength;  20 

Calculated correlation factor:  

Ro = AOLW / AOHW;                                                                           (eq S7) 

Calculated the percentage of reduced alamarBlue®:  

ARLW = (ALW－AHW × Ro) × 100                                                       (eq S8) 

Calculated the percentage of cell viability: 25 

Viability = (ARLW[Samples] / ARLW[Cells along]) × 100                    (eq S9)



 
Fig. S1. Kinetic plots of the in-situ DE-ATRP polymerisation of PEGMEMA(15)-MEO2MA(75)-

EGDMA(10) (entry 2 in Table 1) copolymer.  A relative consistent polydispersity index (PDI) at a low 

level confirms a controlled chain growth with the polymerization progress.          

 5 

Fig. S2. FTIR analysis of PEGMEMA(15)-MEO2MA(75)-EGDMA(10). The main chemical groups are 

characterized by a standard and labeled. 

 
Fig. S3. Size distribution measured by dynamic light scattering. Polymer solutions (PEGMEMA(15)-

MEO2MA(75)-EGDMA(10), 0.01% w/v) were prepared in deionized water and filtered prior to 10 

measurements using a 0.45 μm disposable filter. Light incident angle was 90o.  
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Fig. S4. SEM images of freeze-dried photo-crosslinked gels prepared from 20% (a) and 40% (b) (w/v) 

PEGMEMA(15)-MEO2MA(75)-EGDMA(10) copolymer (S3 in Table 2) solution via exposing samples to 

UV light (365 nm). Note: the photo-crosslinked gel formed using a low polymer concentration sample 

(20% w/v) demonstrated more porous and looser structure than the gel formed using a high polymer 5 

concentration (40% w/v). 



<<
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /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 <>
    /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.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


