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S1. The formation of mutil-dimple particle 

 The concave seed particles are synthesized by a combination of two-stage dispersion 

polymerizations and a programmed feeding of cross-linker during the synthesis. Briefly, in our synthesis 15 

the DVB feeding time (six-hour in total) was divided into three stages: the feeding speed was set at 3 

ml/min in the first 2 hours, then slowed to 2 ml/min in the middle 2 hours, and 1 ml/min in the last 2 

hours. At the beginning of synthesis process, styrene monomer first formed to spherical particle before 

the adding of the DVB cross-linker. In the fast feeding DVB process, four dimples are formed as the 

PDVB scattered around multiple sites of particle surface. Due to steric effect, the arrangement of the 20 

four dimples resembles the vertices of a tetrahedral. In the followed slow addition of DVB, the DVB can 

be timely polymerized (Fig. S1(c)). So the DVB and/or PDVB could be accumulated in one location and 

ultimately led to the formation of a bigger single-cavity structure together with the previously formed 

smaller dimples at the latex surface (Fig. S1(d)). 
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Fig. S1. Schematic of the formation process for multi-dimple particles. (a) styrene monomer; (b) 

polystyrenen sphere; (c) After fast feeding of DVB, four symmetrically distributed dimples are formed, 

the one on the backside is shown by the dashed circles; (d) One of the four dimples grows larger due to 5 

DVB/PDVB accumulation (see Fig. 2 in the main text for different views of the multi-dimple particle). 
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S2. The packing of hemispheres on emulsion droplets 

 

 On water-hexadecane emualsion droplets, the hemispheres are close packed with their equatorial 

plane parallel to the water-hexadecane interface (Fig. 6(b) - (d)). The planar orientation of the 

non-spherical particles at oil-water interface is considered as more energy favorable than other 5 

orientations. Fig. S2 demonstrated the difference appearances of hemisphere packings under bright-field 

microscope. Here we created two types of packings of the hemispheres on flat glass slides, one with 

spherical part of the hemisphere facing the reader, and one with equatorial plane facing the reader. 

These two packings were subsequently imaged using the same conditions as that of in Fig. 6. The 

packing discussed in the main text takes the configuration of (b), as evident from Fig. S2(b) and Fig. 10 

6(b) in the maintext. 

 

Fig. S2 Two types of hemisphere packings on a glass surface. (a), (b) bright-filed micrographs (top 

view), and (a'), (b') schematics (side view). Note, in (a) the equatorial plane of the hemisphere is 

pointing into the paper, while in (b) the equatorial plane is facing the reader. The scale bars are 4 µm. 15 
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S3. Atomic Force Microscopy (AFM) and bright-field microscopy images of the multi-dimple 

particles 

 

 Here we show complimentary information on the morphology of the multi-dimpled seed particle 

with other imaging techniques: AFM and bright-field microscopy. From Fig. S3 and S4, both AFM 5 

and bright-field microscopy images clearly shown that there is one large dimple on one side and three 

small dimples on the other side, which are the same morphology as observed in the SEM images of Fig. 

2 (a) and (b) in the main text. In summary, the SEM, AFM and optical microscopy measurements all 

have conclusively demonstrated the multi-dimple nature of the seed particles. 

 10 

 

 

Fig. S3. AFM height images of multi-dimpled seed particles, with different views of the particle. The 

particle in the middle-left side shows three small dimples, with the large dimple facing the substrate, as 

in Fig. 2(a); and the other two particles show the large dimples, as in Fig. 2(b). The SEM images from 15 

Fig. 2(a) and (b) in the main text are shown here for comparison. 
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Fig. S4. Bright-field microscopy image of multi-dimpled seed particles, with different views of the 

particles. Inset, SEM images from Fig. 2 in the main text, for comparison. 5 
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S4. The yields of the syntheses, the shape and size distributions of the as-synthesized concave and 

convex particles 

 

 Regarding the yield , we use the following method to estimate the yield of for each type of particle: 

before and after each reaction, with microscopy, we counted and calculated the number density 5 

(number of particle per volume) of seed particle and the resulting non-spherical particle in the reaction 

suspension. Then from the ratio of the number density before and after polymerization, we worked out 

how many seed particles have been converted into resulting concave and convex particle, i.e. the yield. 

The distribution of particle size and shape can be evaluated by image analysis of the SEM micrographs. 

Due to the non-spherical shape of the concave and convex particles, we choose the maximum length of 10 

the particle as a measurement of size, and the ratio of maximum length and minimum length of the 

particle as an indication of the shape. The yield, shape and size distributions are given in Table S1. The 

seeded emulsion polymerization methods used in our syntheses gives high yield, and produces 

particles with narrow size and shape distributions. 

15 
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Table S1. The yield of the syntheses, the shape and size distributions of the as-synthesized concave 

and convex particles. The errors in size and shape description are the standard deviation from 

measurements of 50 particles in the SEM images. Each error is directly evaluated from measured value 5 

and no error propagation is used in the calculations. The various lengths used in the calculations are 

indicated in the graphs in the first row. 

 

Electronic Supplementary Material (ESI) for Soft Matter
This journal is © The Royal Society of Chemistry 2013



<<
  /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 1.6
  /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 (None)
  /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


