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Figure S1 Chemical formula. (a) the cis, trans and vinyl monomeric units in the precursor polybutadiene polymer 

from left to right; (b) the TEMPO-nitroxide capping agent and (c) the AC8 monomer. 

 

DSC & SAXS characterizations of the composites. 

Apart from the transmission electron microscopy (TEM) and  differential calorimetric (DSC) experiments presented in 

the methods of the main body of the article, the structures formed in the reacted films were also characterized using 

small- and wide-angle X-ray scattering (WAXS and SAXS, respectively). Two different set-ups were used with the 

same rotating anode generator (RU-200, Rigaku Co. Ltd.) using Cu KR radiation. Small-angle X-ray diffraction 

patterns were recorded on a linear position sensitive detector (LPS 50 INEL) and wide-angle X-ray diffraction patterns 

on a curve position sensitive detector (CPS 120 INEL). 

The strength of the phase separation between LCP and PBd, as expected, is remarkable: from TEM, the LCP/PBd 

interface seems very sharp, a feature that can be easily verified using DSC and SAXS. Indeed, DSC traces (see 

Supplementary Figure 2) usually present a glass transition at –92°C associated with PBd, while a fusion peak at +78°C, 

associated with the smectic B-to-isotropic transition characteristic of LCP, is observed. In the same way, the intensity 

scattered at small wave-vector q in a SAXS experiment (see Supplementary Figure 3) shows the q-4-dependence of the 

so-called Porod regime associated with the existence of a sharp LCP/PBd interface in the composites. Both results, not 

displayed here for obvious redundance with TEM, are completely consistent with our conclusions: neither the glass 

transition temperature of the PBd matrix, nor the fusion temperature of the LCP domains are affected by the grafting 

and the microphase separation, as they have the values they would as separate homopolymers. However, one may 

question the impact of phase separation on the crystallinity of the LCP inclusions. In the literature,3,4,5 the structural 

organization of a LC homopolymer (hLCP) is described as a smectic B liquid crystal of period 33.3 Å exactly twice the 

size of one extended monomer, and a lattice parameter of 5.7 Å corresponding to the distance between two adjacent 

fluorinated pendant groups. WAXS patterns obtained on the composites show correlation peaks whose positions 

relative to q*=0.191 Å-1 verify 1:2:3, are characteristic of a smectic order. The measured period d=2π/q*=32.8 Å is 

close to the value 33.3 Å in hLCP. The Bragg peak at 2.54 Å-1  corresponds to the hexagonal lattice parameter of 5.7 Å, 
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in agreement with literature. All peaks are superimposed on two amorphous halos known in the melt state of hLCP. In 

hLCP, only approximately 30% of the material crystallizes as a smectic B, the rest of hLCP remaining amorphous. It 

appears to be the same in our composites: decomposing crystalline and amorphous peaks in the WAXS spectra, we 

computed a degree of crystallinity TC of LCP domains of approximately 30% for all grafted specimens. Therefore, the 

microphase separation of LCP domains inside a crosslinked PBd matrix, has little impact on the fraction of crystallinity 

in the LCP domains. 

 

Reactivity of a composite to an external stimulus : Response to a temperature jump. 

We investigate how fast a given composite (fLCP=0.581) reacts to a temperature jump. Dynamic deformation were 

carried out as a function of temperature, at a 1Hz-frequency and 1%-deformation as usual. As an example, 

Supplementary Figure 4 shows the storage G’ and loss G” moduli of composite fLCP=0.581, as well as the chamber 

temperature T plotted as a function of time, during a sudden temperature jump inside the rheometric chamber: (a) a 

decrease from 90 to 30°C; (b) an increase from 40 to 90°C. Upon a temperature decrease, G’ and G” increase, while 

they decrease upon a temperature increase. Supplementary Figure 5 shows the corresponding derivatives of the storage 

modulus G’ (taken as an example) and of the chamber temperature T with respect to time t. Whether upon an increase 

or upon a decrease of the chamber temperature, the evolution of G’ and G” seems to follow immediately that of the 

temperature. The derivatives show even more clearly that the rate of change in temperature ∂T/∂t exactly corresponds 

the rate of change in storage modulus ∂G’/∂t. One is in fact simply limited by the rate of temperature increase or 

decrease of the ARES apparatus itself, obviously much larger than the “reaction time” of the composite material, that 

is, the delay which one would expect between the stimulus (temperature change) and the response (the modulus 

change). Although this delay is difficult to assess experimentally, this simple experiment suggests that it is on the order 

of a second or less, upon an increase or a decrease of temperature. 
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Figure S2 Typical differential scanning calorimetric signature of a composite. The DSC carried out on a PAC8-

grafted poly(butadiene), showing the glass transition temperature of PBd at –92°C, and the fusion peak of PAC8 at 

+78°C. 

3/7 



Supplementary Material (ESI) for Journal of Materials Chemistry 
This journal is (c) The Royal Society of Chemistry 2007 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3 Typical WAXS & SAXS signatures of a composite. WAXS intensity I(q) in arbitrary units, as a function 

of scattering angle 2θ, from a PAC8-grafted poly(butadiene). The formula indicates how the degree of crystallinity has 

been calculated, taking into account the several cristalline peaks, and the two amorphous peaks known in the melt of a 

LC homopolymer. Inset : SAXS scattered intensity I(q) in arbitrary units, as a function of wavevector q, for the same 

specimen. The two first structure peaks are observed. The line is a q-4-dependance characteristic of a Porod’s regime. 
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Figure S4 Mechanical response of a composite to a sudden temperature change. Storage G’ ( ) and loss G” ( ) 

moduli of composite fLCP=0.581, as well as the temperature are plotted as a function of time, during a sudden 

temperature jump inside the rheometric chamber: (a) a decrease from 90 to 30°C; (b) an increase from 40 to 90°C. In 

both figures, the vertical dotted line define the time range required for the temperature to go from the starting to the 

ending consign. 
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Figure S5 Mechanical response of a composite to a sudden temperature change. Derivative of the storage G’ ( ) 

and loss G” ( ) moduli of composite fLCP=0.581, as well as the derivative of temperature with respect to time, plotted 

as a function of time: (a) a decrease from 90 to 30°C; (b) an increase from 40 to 90°C. 

6/7 



Supplementary Material (ESI) for Journal of Materials Chemistry 
This journal is (c) The Royal Society of Chemistry 2007 

References 

1. Matyjaszewski, K. Controlled Radical Polymerization (ACS Symposium Series 685; American Chemical Society: 

Washington, DC, 1998). 

2. Matyjaszewski, K. Controlled/Living Radical Polymerization: Progress in ATRP, NMP, and RAFT (ACS 

Symposium Series 768; American Chemical Society: Washington, DC, 2000). 

3. Mélas, M. Ph.D. Perfluoroalkylated alcohols and related polyacrylates. Synthesis, structural studies and surface 

properties. Université de Montpellier II, (1995). 

4. Volkov, V. V., Platé, N. A., Takahara, A., Kajiyama, T., Amaya, N. & Murata, Y. Aggregation state and 

mesophase structure of comb-shaped polymers with fluorocarbon side groups. Polymer, 33, 1316-1320 (1992). 

5. Shimizu, T.; Tanaka, Y.; Kutsumizu, S.; Yano, S. Ordered structures of poly(1H, 1H, 2H, 2H-perfluorodecyl α-

substituted acrylate)s. Macromol. Symp., 82, 173-184 (1994). 

7/7 



<<
  /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


