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1. Characterization of poly(VDF-ter-HFP-ter-TFMA) terpolymers

Figure S1 shows the '"F NMR spectrum of the dried poly(VDF-ter-HFP-ter-TFMA)
terpolymer produced from an initial [VDF]o/[HFP]o/[TFMA]y molar ratio of 64/9/27 and in
the presence of IC¢F,1 as the chain transfer agent (CTA). This spectrum shows the presence
of the characteristic peaks centered at —92.0 ppm assigned to the difluoromethylene groups
located in the head-to-tail VDF chaining (i.e., normal VDF addition, -CH,-CF,-CH,-CF,) and
the peaks at -113.2 and -115.8 ppm, assigned to defects of chaining (i.e. reversed —CH,-CF-
CF,-CH;- and —CH,-CF,-CF,-CH;- sequences), characteristic of the head-to-head addition of
VDF. The signal centered at —-94.9 ppm corresponds to the difluoromethylene group of the
VDF unit adjacent to a TFMA unit' (regarded as alternated oligo(VDF-alt-MTFA)
copolymeric units). A broad peak at —68.5 ppm is attributed to the fluorine atom in -CF;
group of TFMA incorporated in the copolymer® while the signal of the monomer appears as a
single signal at -65.7 ppm. The characteristic signals of HFP have been evidenced by the -71,
-122, and -185 ppm, assigned to CF3, CF, and CF groups, respectively. The signals of CTA
are confirmed by the peaks centered at -122.1 and -124.2 ppm (central C4Fs group) and that
adjacent to both this central group and methylene of VDF centered at -112.5 ppm. The
characteristic end-groups of the copolymers terminated by a VDF unit appear at -40.0 ppm
and -108.0 ppm which are assigned to — CH,CF,I and — CF,CH,I, respectively. The presence
of two different end-groups was explained by the special ability of VDF to undergo the
addition of a macroradical onto the CH,= site (normal addition, major proportion: 95 mol-%,
yielding head-to-tail addition), but also onto the CF,= one (reverse addition, minor
proportion: 5 mol.%, yielding head-to-head addition). The absence of signal at -40.0 ppm
shows that no chain was terminated by a —CFI group. It is worth noting that the sum of -CFI
and -CH,l (termination by a VDF unit) corresponds to total end-chains (Figure S1). This

proves the absence of end-chain terminated by a TFMA unit (-C(CF;,CO,H)-I) and HFP-I.
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Both the weak stability of the C-I bond and the steric hindrance due to both CF; and CO,H
groups may explain this hypothesis. Moreover, the absence of —CF,-1 or —CF(CF3)I end-
groups arising from HFP (absence of signals centered at -60 and -145 ppm, respectively)
evidences that the transfer does not occur onto the macroradical terminated by HFP.’ In
addition, the absence of —CF,I for high molecular weight material was observed. This result
can also be explained by the difference of reactivity between —CF,I and —CH,I species, as
noted in previous works on the ITP of VDF.** Thus, -CF,I species is more reactive than -
CH,I which explains the accumulation of —CHalI in the course of the copolymerization. In
conclusion, the suggested decreasing order of reactivity is as follows: -CF(CF3)-1 > -CF,-1 > -
CHy-1.

Analysis of the '’F NMR spectra allow us to assess the DP,_vpr (i.e., the number of VDF
units), that of HFP, DP,, urp and that of TFMA, DP,, trma (i.€., the number of TFMA units) in

the copolymer, from equations 1-3.

DPn, VDF = 3 % (J‘ CFZat —40.0 ppm + J' Cant —94.9 ppm + J' Cant—lOS.O ppm) / ([(J'C4F8fr0m—122.0 to -124 ppm

2 x ] CF5™™710/3y18) @

DPn, TEMA = (J' CF3at —68.5 ppm/3) / ([(J‘C4F8fr0m —122.0 to -124 ppm _ 2 x J‘ CF}from -71.0 /3)] / 8) (2)

DPH’ HFP = (J' CF}from -71.0 ppm/3) / ([(J'C4F8fr0m —122.0to -124 ppm__ 2 X J' CF3fr0m -71.0 /3)] / 8) (3)

where (] CF,™ 'PP™ represents the integral of the signal centered at —i ppm assigned to CF, (x

=2 or3).

For example, for P3 (Table 1), equations 1-3 indicate that 25 VDF, 0.5 HFP and 26.5 TFMA

units have been inserted in the poly(VDF-ter-HFP-ter-TFMA) terpolymer and M;, = 5,900.



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

— b

CF,
a | c d y b a
|—[~(CH,-CF )x—(CH,-C)y — (CF -CF)z|—CF ,CF ,CF ,—

CO,H CF,
b
a
" . /—/
R
L T .y\ L T I
4.7 160.621.5 99.9 1.5 8.0
I I T I I [T I T I I
60 70 80 90 -100 110 -120 -130

Figure S1. ”F NMR spectrum (recorded in acetone dg) of poly(VDF-ter-TFMA-ter-HFP)
terpolymer, synthesized in emulsion (GKEY in Table 1). Initial monomer molar ratio of

VDF/TFMA/HFP=64/27/9; terpolymer composition of VDF/TFMA/HFP=45/49/6.

The "H NMR spectrum (Figure S2) confirms the terpolymerization of TEMA by the absence
of signals at 6.5 and at 6.7 ppm assigned to the methylene group of the double bond (CH,=)
of TFMA monomer. The spectrum also shows different multiplet and triplet centered in the

2.7-3.1 ppm range and 3.6 ppm which are attributed to -CH,- of VDF and TFMA and to —
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CF,CHo,-1, respectively. The absence of the triplet of triplets centered at 6.3 ppm, assigned to
HCF,CH,, shows that there is no observable transfer to water, to the monomers or to the
copolymer itself.

The —CF,I amount in the poly(VDF-ter-HFP-ter-TFMA) terpolymer decreases with the
number of VDF units inserted the polymer chain. This can be explained by the inversion of
VDF during the polymerization and the difference of reactivity between -CH,l and -CF,l
end-groups shown by their transfer constants (Cr = 7.7 and 0.3, respectively at 75 °C).*
Indeed, a telechelic CTA gave a relatively more slow decrease of the -CF,I functionality
versus the number of VDF units in the polymer. This is a surprising result, explained by the
fact that, in the case of the telechelic CTA, both CF-I sites generate one chain. The probability
to have an inversion event increases with the number of VDF as described in a previous
work.*

The targeted molar masses were determined from equation 4.

My, targerea = ([VDFlox M™F + [TFMA]ox M™™ + [HFP]yx MH™") / (ICTA]y + M“™) (4)

where [i], M* MA, M'PE M , M ™ stand for the concentration of i reactant, the molar

masses of TEMA (140 g.mol™), VDF (64 g.mol™), HFP (150 g.mol™), and of CTA (454

g.mol™), respectively.



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

CF,
a b
|~ (CH,-CF )x —(CH,-C)y—(CF,CF)3—C,F,
COH CF,
L C _12

acetone

pu—— e AT

T 1L T | L T T \_'_H—'i
1.0 2.0 103.3 0.2 25 20

40 38 3.6 34 32 3.0 28 26 24 22 20 1.8 1.6 1.4 1.2

Figure S2. 'H NMR spectrum (recorded in acetone dg) of poly(VDE-ter-TFMA-ter-HFP)
terpolymer, synthesized in emulsion (P2 in Table 1). Initial monomer molar ratio of

VDF/TFMA = 64/27/9 mol %.; terpolymer composition of VDF/TFMA/HFP=45/49/6.

The determination of the composition of VDF, HFP and TFMA units in the copolymer was

assessed from '°F NMR analysis and equation 5 after purification.
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Mol-% VDF in copolymer = (] CF,* 2?0 4 [ CE, 249 ppmy /([ CE,* 2%0pPm 4 [ R, 949

PPMY 1 (2 5 CF5™ 08 PPm3) 4 (2 % CF5* 719/3)] 5)

where | CE,™ ' PP™ represents the integral of the signal centered at —i ppm assigned to CF, (x =

2 or3).

The samples were also analyzed by SEC. A typical SEC curve is shown in Figure S3.
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Figure S3. SEC trace of the P1 sample.
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2. Additional DLS data
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Figure S4. Experimental intensity correlation function (left) and CONTIN size distribution

histogram (right) obtained for the P3/poly(S-b-2VP-b-EO) mixture in DMF at 1 g/L.

0.35 +
0.30 + 0.8
0.25 +
0.6 -

0.20 +

0.15 — 04

Intensity correlation function
Distribution function (CONTIN)

0.10 +

0.2+
0.05

O-Oo_uu| L L B S L S B ) S B R R e 0.0

0.001 0.01 0.1 1 10 100 0 10
Lag time (ms) Ry, (nm)

Figure S5. Experimental intensity correlation function (left) and CONTIN size distribution

histogram (right) obtained for the GKE9/poly(S-b-2VP-b-EO) mixture in DMF at 1 g/L.

3. Encapsulation of a fluorophilic dye in the P1/poly(S-b-2VP-b-EQO) mixture

The formation of VDF+HFP nanodomains in the P1/poly(S-b-2VP-b-EO) mixture has been
deduced from the TEM picture of those nanocontainers shown in Figure 2. In order to further

confirm the presence of such nanodomains, a fluorophilic dye has been encapsulated into the
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VDF+HFP nanodomains. The same dye as the one previously synthesized and encapsulated
into fluorodomains-containing micelles by Lodge and coworkers has been used.” This dye,
namely 1-naphthyl perfluoroheptanyl ketone (NFH), should preferentially dissolved in the
fluorinated nanodomains. A 5 mg/mL micellar solution of the P1/poly(S-b-2VP-b-EO)
mixture was then mixed with an excess of NFH under stirring for one day. The UV-Vis
adsorption spectrum of this solution was then measured (Figure S6) and revealed the
characteristic absorption of NFH molecules encapsulated in fluorophilic domains at 298 nm,

in perfect agreement with the data previously reported in ref. 5.
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Figure S6. UV-Vis spectrum of the P1/poly(S-b-2VP-b-EO) mixture loaded with NFH.

4. References
1 R. Souzy, B. Ameduri, B. Boutevin, Macromol. Chem. Phys. 2004, 205, 476.

2 C. Boyer; B. Ameduri, J. Polym. Sci., Part A: Polym. Chem. 2009, 47, 4710.



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

3 C. Boyer, B. Ameduri, B. Boutevin, W. R. Dolbier, R. Winter, G. Gard,
Macromolecules 2008, 41, 1254.

4 C. Boyer, D. Valade, P. Lacroix-Desmazes, B. Ameduri, B. Boutevin, J. Polym. Sci.,
Part A: Polym. Chem. 2006, 44, 5763.

5 T. P. Lodge, A. Rasdal, Z. Li and M. A. Hillmyer, J. Am. Chem. Soc. 2005, 127,

17608.




<<
  /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


