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1. Materials and instruments  

All chemicals that were obtained from commercial suppliers, Sigma-Aldrich and VWR 

Chemicals, were used without further purification. All the solvents were dried by 4 Å molecular 

sieves if not mentioned otherwise. Tris[2-(dimethylamino) ethyl]amine ( Me6TREN ) was 

purchased from ABCR. 

The Fourier-transform infrared spectroscopy (FT-IR) was recorded on a Perkin Elmer spectrum 

65 FT-IR spectrometer, with a spectral resolution of 0.25 cm−1, in the range from 400 to 4000 

cm−1. The pellet was prepared by mixing 10 mg of sample and 300 mg of KBr. 

Dynamic light scattering (DLS) measurements were performed at Beckman Coulter DelsaMax 

Pro (10 scans 12 seconds). The particles were dispersed in MilliQ water. Measurements were 

performed at room temperature. 

1H NMR spectra were recorded at 25 oC using Bruker AVANCE III 400Hz equipped with tunable 

multinuclear probes and auto-sampler. 

Chiral-phase high performance liquid chromatography (HPLC) was performed on the Agilent 

instrument installed with chiral column (Chiral Pak IB) 25 ◦C, flowrate = 1 mL min−1. n-

hexnane/isopropanol = 95/5, flowrate = 1 mL min−1, UV = 265 nm.  

Scanning electron microscopy (SEM) images were recorded with a S-4800 II microscope 

(Hitachi) operated at an accelerating voltage of 1 kV. 

High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) 

imaging and spectrum imaging based on energy-dispersive X-ray spectroscopy (EDXS) were 

performed at 200 kV with a Talos F200X microscope equipped with an X-FEG electron source 

and a Super-X EDXS detector system (FEI). Prior to STEM analysis, the specimen mounted in 

a high-visibility low-background holder was placed for 2 s into a Model 1020 Plasma Cleaner 

(Fischione) to remove contamination.  

Thermogravimetric analysis (TGA) was carried out with a TG 50 modular unit and a TC 15 TA 

controller (Mettler-Toledo, Giessen, Germany) by heating samples from 35 to 800 oC under a 

dynamic nitrogen atmosphere with a heating rate of 10 oC min-1. 
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2. Synthesis 

2.1 Synthesis of initiator (N-2-bromo-2-methylpropanoyl-β-alanine N′-oxysuccinimide ester). 

N-2-bromo-2-methylpropionyl-β-alanine N′-oxysuccinimide ester was synthesized as the 

published method.1 A mixture of dichloromethane (50 mL) and 2-bromo-2-methylpropionyl 

bromide (12.4 mL, 100 mmol) was slowly added into a solution of β-alanine (8.9 g, 100 mmol) 

and sodium hydrogen carbonate (21 g, 250 mmol) in deionized water (200 mL) at 0 °C. Then 

the mixture was stirred at room temperature for 2 h. After that, the water phase was washed 

with dichloromethane (100 mL × 3) and adjusted to pH 2.0 with 1.0 N HCl aq. at 0 °C. The 

product was extracted with ethyl acetate (150 mL × 4). The organic phase was dried with 

MgSO4, filtered, and evaporated. N-2-bromomethylpropionyl-β-alanine was obtained as 

colorless solid and used directly for subsequent steps. N, N’-diisopropylcarbodiimide (DIC) (2.8 

g, 22 mmol) was slowly added to the solution of N-2-bromo-2-methylpropionyl-β-alanine (4.8 g, 

20 mmol) and N-hydroxysuccinimide (2.5 g, 22 mmol) in dichloromethane (200 mL) at 0 °C. 

The mixture was stirred at room temperature for 4 h. After filtration, the solvent was removed 

under vacuum. N-2-bromo-2-methylpropionyl-β-alanine N’-oxysuccinimide ester was purified 

by recrystallization from 2-propanol with a yield of 5.7 g (85%). 1H NMR (400 MHz, CDCl3): δ = 

1.96 (s, 6 H), 2.87–2.89 (m, 6 H), 3.69 (t, 2 H, J = 6.3 Hz), 7.20 (s, 1 H) ppm. 

2.2 Synthesis of O-(2-methacryloyloxyethylsuccinoyl)-trans-4-hydroxy-L-proline.  

O-(2-Methacryloyloxyethylsuccinoyl)-trans-4-hydroxy-L-proline was synthesized according to 

the previous method.2 A 500 mL round bottom flask was charged with trans-4-hydroxy-L-proline 

(8.8 g, 67 mmol), and dissolved by addition of CF3CO2H (40.0 mL) to give a clear and colorless 

solution. The crude methacrylic acid chloride was dropwise added, and the reaction mixture 

was stirred at room temperature for 5 h. The solution was cooled in an ice/water bath and Et2O 

(250 mL) was added slowly under vigorous stirring. A syrupy precipitate forms, and then the 

precipitate was allowed to settle by gravity for 1 h. The reaction flask was removed from the 

ice/water bath, the supernatant was decanted and Et2O (100 mL) was added, swirled and then 

decanted. 1H NMR (400 MHz, CDCl3): δ = 1.85 (s, 3 H), 2.20–2.60 (m, 6 H), 3.37–3.67 (m, 2 

H), 4.25 (s, 4 H), 4.58 (m, 1 H), 5.35 (br. s, 1 H), 5.51 (s, 1 H), 6.03 (s, 1 H) ppm.  
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2.3 Synthesis of silica nanoparticles. 

Silica nanoparticles were prepared by hydrolysis and condensation of tetraethyl orthosilicate 

(TEOS) in ethanol using ammonia as the catalyst. First, a solution containing ethanol (147 mL), 

ammonia (9 mL) and deionized water (3 mL) was stirred for 5 minutes to ensure complete 

mixing. Then, TEOS (4.5 mL) was added to the above solution, the reaction proceeded at 

ambient temperature for 1.5 h. Thereafter, the colloidal solution was separated by centrifugation, 

the silica nanoparticles were washed by absolute ethanol three times to remove the residues, 

followed by drying in an oven at 70 °C for 12 h.3, 4 

2.4 Silanization of silica nanoparticles. 

For modification, 1 gram of the dry NPs was dispersed in 50 mL anhydrous toluene in a 250 ml 

flask. The corresponding amount of the organosilicon compounds, (3-

aminopropyl)triethoxysilane (APETS) and trimethoxy(octadecyl)silane (TMODS) were added to 

the solution for the target APTES-to-TMODS ratios. The reactions proceeded for 12 hours at 

110 oC under reflux. The product was collected by centrifugation (5000 rpm, 10 min) and 

washed 3 times with toluene. The particles were dried at 70 oC overnight and stored under dry 

conditions. 3 

2.5 Preparation of SiO2-initiator. 

To 1 gram particle in the 20 mL anhydrous tetrahydrofuran (THF) and 40 μL trimethylamine, the 

initiator (200 mg) was added and stirred for 12 hours at room temperature.5 The particles were 

collected by centrifugation (5000 rpm, 10 min) and washed 3 times with THF. After drying 

overnight, the particles were characterized by X-ray Photoelectron Spectroscopy (XPS), where 

the weak peak at 74 eV confirms the presence of the initiator on the particles. 

2.6 Preparation of SiO2-polymer. 

SiO2-initiator (1g) was dispersed in 40 mL water and assisted with sonication, followed by the 

adding of the proline monomer (0.2g 0.5 μmol). The pH of the solution was adjusted to 7.5 by 
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a NaOH solution (0.1 M). The reaction flask was sealed with a rubber stopper and purged with 

nitrogen for 1 hour. Another reaction flask filled with 10 mL water, 50 mg Cu(I)Br and 7 μL tris(2-

dimethylminoethyl)amine (Me6TREN) was also purged with nitrogen for 1 hour. Afterwards, a 

copper-containing solution was transferred into a flask of nanoparticles via syringe to initiate 

the polymerization for 15 hours under an inert atmosphere.5 After polymerization, the 

nanoparticles were collected by centrifugation (5000 rpm, 10 min), washed 3 times with 

ethylenediaminetetraacetic acid (EDTA) solution (0.01M) for removal of the residual copper 

ions, and 3 times with water, followed by drying in the vacuum oven for overnight.  

2.7 Preparation of the Pickering emulsion. 

Typically, 20 mg of the SiO2-polymer particles were dispersed in the mixture of 0.5 mL water 

and 0.5 mL toluene, followed by mixing via vortex for 30 seconds for emulsification.  

2.8 Pickering emulsion for aldol reaction. 

To 1 mL emulsion system, 4-Nitrobenzaldehyde (0.1 mmol, 15.1 mg, 1 eq.) and cyclohexanone 

(0.7 mmol, 72.5 μL, 7 eq.) were added. The catalytic reaction proceeded at ambient 

temperature without further agitation. After the desired time interval, the reaction mixture was 

extracted with ethyl acetate and dried with magnesium sulfate. The solvents were removed 

under vacuum and the product was sent for 1H NMR analysis to determine the 

diastereoselectivity and conversion. The experiments were carried out in duplicate, and the 

error bars represent the standard deviations of two parallel measurements. The control 

experiment with 4-hydroxyproline (1.6% mol/mol) was carried out following the same 

procedures. To a mixture of 0.5 mL water and 0.5 mL toluene, 4-Nitrobenzaldehyde (0.1 mmol, 

15.1 mg, 1 eq.) and cyclohexanone (0.7 mmol, 72.5 μL, 7 eq.) were added. The catalytic 

reaction proceeded at ambient temperature without further agitation. The experiments were 

carried out in duplicate, and the error bars represent the standard deviations of two parallel 

measurements. 
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Scheme S1. Preparation of the proline-functionalized silica nanoparticles. 

 

 

 
Figure S1. XPS spectrum of SiO2-initiator, magnification from Figure 1a for better Br signal 

visualization. 
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Figure S2. DLS spectra of the nanoparticles 

 

 

 

Figure S3. SEM images of a) SiO2, b) SiO2-initiator, and c) SiO2-polymer. 

 

 

Figure S4. STEM-EDXS analysis of the SiO2-initiator (top) and SiO2-polymer (bottom). 
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Figure S5. Optical and fluorescent microscopy images used for calculating surface area.  

 

 

 

Figure S6. The 1H NMR (400 MHz, CDCl3) spectrum of 2-[hydroxy-(4-

nitrophenyl)methyl]cyclohexan-1-one in AT41 emulsion, δsyn = 5.49, (d) δanti = 4.90 (d). 
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Figure S7. The 1H NMR (400 MHz, CDCl3) spectra of 2-[hydroxy-(4-

nitrophenyl)methyl]cyclohexan-1-one monitored over 96 hours, selected region for δsyn = 

5.49, (d) δanti = 4.90 (d). 

 

 

 
Figure S8. HPLC spectra of 2-[hydroxy-(4-nitrophenyl)methyl]cyclohexan-1-one produced in 

AT21 emulsion. (R.T. syn = 19.38 min, R.T. syn = 23.08 min, R.T. anti (2S, 1,R)= 26.37 min, 

R.T. anti (2R, 1,S) = 34.22 min). 

 

 

 



 10 

3. Reference  

1. H. Murata, C. S. Cummings, R. R. Koepsel and A. J. Russell, Biomacromolecules, 2013, 

14, 1919-1926. 

2. T. E. Kristensen, K. Vestli, M. G. Jakobsen, F. K. Hansen and T. Hansen, J. Org. Chem., 

2010, 75, 1620-1629. 

3. Z. Sun, M. Cai, R. Hubner, M. B. Ansorge-Schumacher and C. Wu, ChemSusChem, 

2020, 13, 6523-6527. 

4. Q. Zhang, T. Zhang, J. Ge and Y. Yin, Nano Letters, 2008, 8, 2867-2871. 

5. Z. Sun, U. Glebe, H. Charan, A. Böker and C. Wu, Angew. Chem. Int. Ed., 2018, 57, 

13810-13814. 

 


	1. Materials and instruments
	2. Synthesis
	2.1 Synthesis of initiator (N-2-bromo-2-methylpropanoyl-β-alanine N′-oxysuccinimide ester).
	2.2 Synthesis of O-(2-methacryloyloxyethylsuccinoyl)-trans-4-hydroxy-L-proline.
	2.3 Synthesis of silica nanoparticles.
	2.4 Silanization of silica nanoparticles.
	2.5 Preparation of SiO2-initiator.
	2.6 Preparation of SiO2-polymer.
	2.7 Preparation of the Pickering emulsion.
	2.8 Pickering emulsion for aldol reaction.

	3. Reference


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


