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Materials. The compound of 2-vinylterephthalic acid was synthesized using the
method previously reported'. N-Hydroxyethyl pyrrolidone (95%) was purchased from
Jianhua Co. Ltd. and was distilled under reduced pressure. Azobisisbutyronitrile
(AIBN) was purified by recrystallization from ethanol. Chlorobenzene (Acros, 99%)
was purified by washing with concentrated sulfuric acid to remove residual
thiophenes, followed by washing twice with water, once with 5% sodium carbonate
solution, and again with water before being dried with anhydrous MgSO, and then
distilled. THF and triethylamine were distilled over calcium hydride prior to use.
1

Water utilized is the highly pure deionized water with resistivity over 18 MQ cm™.

All other reagents were used as received from commercial sources.



Instrumentation.

'H and "*C NMR spectra were recorded on a Bruker ARX400 spectrometer at room
temperature using deuterated chloroform (CDCls) or deuteroxide (D,0) as the solvent
and tetramethylsilane (TMS) as the internal standard.

GPC measurements were performed on a PL-GPC120 setup equipped with a
column set consisting of two PL gel 5 pm MIXED-D columns (7.5%x300 mm,
effective molecular weight range of 0.2~400.0 kg mol™) using DMF that contained
0.01 M LiBr as the eluent at 80 °C at a flow rate of 1.0 mL min". Narrowly
distributed polystyrene standards in the molecular weight range of 0.5~7500.0 kg
mol™ (PSS, Mainz, Germany) were utilized for calibration.

The temperature dependence of light scattering intensity of polymer aqueous
solution was studied on a Brookhaven instrument using a BI-TCD temperature
controller to precisely adjust the solution temperature. The solution was heated or
cooled in steps and stabilized at each predetermined temperature for 2 min. The light
scattering intensities at an angle of 90° were recorded.

TGA was performed on a TA-SDT 2960 instrument at a heating rate of 20 °C min™
in nitrogen atmosphere. The thermal transitions of polymers were detected using DSC
(TA-Q10). The temperature and heat flow were calibrated using standard materials
(indium and zinc) at cooling 10 °C min™ and heating rates 20 °C min™'. Samples with
a typical mass of 3~10 mg were encapsulated in sealed aluminum pans.

LC texture of the polymers was observed under POM (Leica DM-LM-P) coupled

with a Mettler-Toledo hot stage (FP82HT). The films with thickness of ~10 pum were



casted from CH,Cl, solution and slowly dried at room temperature.

One-dimensional wide-angle X-ray diffraction (1D WAXD) experiments were
performed on a Philips X’ Pert Pro diffractometer with a 3 kW ceramic tube as the
X-ray source (Cu KR) and an X’ celerator detector. The reflection peak positions
were calibrated with silicon powder (20 > 15°) and silver behenate (20 < 10°). The
sample stage is set horizontally, and a temperature control unit (Paar Physica TCU
100) in conjunction with the diffractometer was utilized to study the structure
evolutions as a function of temperature. The heating and cooling rates in the WAXD
experiments were 5 °C min.

Two-dimensional wide-angle X-ray diffraction (2D WAXD) fiber patterns were
recorded on a Bruker D8 Discover diffractometer equipped with a general area
detector diffraction system (GADDS) as a 2D detector, in a transmission mode at
room temperature. Again, calibrations were made against silicon powder and silver
behenate. Samples were mounted on the sample stage, and the point-focused X-ray
beam was aligned either perpendicular or parallel to the mechanical shearing direction.
Fibers were drawn at a stretching rate of about 1 m s at 200 °C and quenched to
room temperature for measurements.

Solid-state NMR experiments were performed on a Varian Infinityplus NMR
spectrometer at a proton frequency of 400 MHz. The samples were placed in a
zirconia rotor and a 4 mm CP/MAS probe was used. The magic angle spinning

(MAS) speed was 5 kHz for 'H MAS, *C CP/MAS and “C-'H 2D WISE

(Two-Dimensional proton wideline separation) experiments. The 'H and *C chemical



shifts were referenced to external TMS and HMB (hexamethylbenzene), respectively.
The experiments were carried out at room temperature (25 °C).
Synthesis of N-hydroxypropyl pyrrolidone.

3-Aminopropanol (100 mL) was added dropwise to y-butyrolactone (100 mL) in
a 500 mL round-bottom flask and stirred at room temperature for 1 h, and then
transferred to autoclave and stirred at 250 °C for 8 h. The crude product was extracted
using distilled water and CH,Cl,. The aqueous phase was concentrated and dried over
anhydrous MgSO4. The product was further purified by a silicon column
chromatography using acetone as the eluent. 'H NMR (CDCl3), 8 (ppm): 3.52-3.55 (m,
2H, -CH;-), 3.39-3.45 (m, 4H, -CH;-), 2.71 (m, 1H, -OH), 2.41-2.45 (m, 2H, -CH,-),
2.02-2.10 (m, 2H, -CH3-), 1.67-1.73 (m, 2H, -CH,-).
Synthesis of bis(N-hydroxyethyl pyrrolidone) 2-vinylterephthalate (M1)
Monomer.

2-Vinylterephthalic acid (2.00 g, 10.42 mmol) and thionyl chloride (40 ml) were
added into a 100 mL dried round-bottom flask and stirred at 50 °C for 4 h until the solid
disappeared. The excess thionyl chloride was removed by rotary evaporation. The
residue was washed twice by petroleum ether, and then dissolved in THF (50 mL).
N-hydroxyethyl pyrrolidone (2.96 g, 22.92 mol), DMAP (3.82 g, 31.26 mmol),
triethylamine (5 mL), and THF (100 mL) were added into a 250 mL dried
round-bottom flask. This flask was immersed in a thermostatic ice bath at 0 °C. The
solution of 2-vinylterephthaloyl chloride was added dropwise to this flask over 2 h. The

mixture was stirred at room temperature for 24 h. The solution was concentrated by



rotary evaporation, and subsequently extracted using CH,Cl,, distilled water and dilute
HCI until the solution was neutralized. The organic phase was dried over anhydrous
MgSO4. The crude product was purified by a silicon column chromatography using
acetone as the eluent and then was further purified by recrystallization from glacial
petroleum ether. 'H NMR (D,0), 8 (ppm): 7.82 (s, 1H, Ar-H); 7.59-7.66 (m, 2H,
Ar-H), 7.00-7.07 (m, 1H, =CH-); 5.58-5.62 (d, 1H, =CH,), 5.33-5.36 (d, 1H, =CH,);
4.41-442 (m, 4H, -CH,-); 3.64-3.65 (m, 4H, -CH;-);3.52-3.57 (m, 4H, -CH»-);
2.37-2.42 (m, 4H, -CH,-), 1.98-2.06 (m, 4H, -CH,-). *C NMR (CDCls), & (ppm):
175.38-175.39 (C=0), 165.42-166.37 (C=0), 139.67 (Ar-C), 134.63 (-CH,=), 132.91
(Ar-C), 132.14 (Ar-C), 130.47 (Ar-C), 128.17 (Ar-C), 128.40 (Ar-C), 117.96(=CH»),
62.57-62.77 (-CHy-), 47.84-47.94 (-CH;-), 41.67-41.70 (-CH»-), 30.71-30.73 (-CH3-),
18.09-18.14 (-CH,-).

Synthesis of bis(N-hydroxypropyl pyrrolidone) 2-vinylterephthalate (M2)
Monomer.

M2 was synthesized from N-hydroxypropyl pyrrolidone and vinylterephthal
chloride by a procedure similar to that for the synthesis of M1. '"H NMR (CDCl), &
(ppm): 8.24 (s, 1H, Ar-H), 7.93-7.98 (m, 2H, Ar-H), 7.38-7.45 (m, 1H, =CH-),
5.76-5.80 (d, 1H, =CH,), 5.43-5.46 (d, 1H, =CH;), 4.34-4.40 (m, 4H, -CH;-),
3.40-3.49 (m, 8H, -CH,-), 2.36-2.41 (m, 4H, -CH>-), 2.01-2.06 (m, 8H, -CH,-). "*C
NMR (CDCly), 6 (ppm): 175.11-175.13 (C=0), 165.60-166.65 (C=0), 139.49 (Ar-C),
134.78 (-CHy=), 133.14 (Ar-C), 132.50 (Ar-C), 130.34 (Ar-C), 128.28 (Ar-C), 128.09

(Ar-C), 117.77(=CH,), 63.11-62.97 (-CH,-), 47.31-47.30 (-CH,-), 39.63-39.60



(-CHy-), 30.88-30.87 (-CHz»-), 26.64-26.58 (-CH»-), 17.93-19.98 (-CH>-).
Synthesis of Polymers

The polymerizations of the monomers were carried out in chlorobenzene at 65 °C
using AIBN as initiator. Take P1 for example, M1 (0.30 g), 0.01 M AIBN solution in
chlorobenzene (60 pL), and chlorobenzene (1.20 g) were charged in a dry glass tube,
and the mixture was degassed by three freeze-pump-thaw cycles and sealed under
vacuum. Polymerization was carried out at 65 °C for 24 h with constant stirring. The
polymer was isolated by precipitating the contents of the flask in diethyl ether and

then dried in a vacuum oven overnight at room temperature.
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Figure S3. 'HNMR spectrums of P1 (a) and P2 (b) in D,0 solution.
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Figure S4. The glass transition temperatures were measured by DSC at a heating rate of 20 °C

min™ under N, during the second heating process.

Figure S5. Representative POM images of the textures of P1 (a) and P2 (b) at 185 °C.
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Figure S6. Sets of 1D WAXD powder patterns of P1 (a) and P2 (c) obtained during the first
heating of the as-cast films. The corresponding first cooling WAXD powder patterns are shown in

(b) and (d).
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Figure S7. 2D WAXD patterns of P1 obtained with the X-ray beam perpendicular (a) and

parallel (b) to the fiber direction (X direction).

Solid-state NMR experiments

The 'H line reflects the nature of the dipolar interaction between the protons and
thus can be used to monitor the dynamic behavior of polymer chains, broad if rigid
and narrow if mobile. The dynamic difference between the mobile and rigid
components of the sample is clearly visible in the 'H MAS spectrum as shown in

Figure S8, this indicates that P2 should be “semi-rigid”.
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Figure S8. 'H MAS NMR spectrum of P2 at room temperature (25 °C).

To get a better understanding of the mobility of individual groups, “C-'H 2D
WISE NMR experiment was further used to determine the heterogeneous dynamics in
P2. 2D WISE experiment correlates the high-resolution >C CP/MAS spectrum (F2
dimension) with the proton wide line spectrum (F1 dimension) due to 'H-'H and
C-'H interactions. Different regions are distinguished by 'H wide line spectrum,
broad if rigid and narrow if mobile. At the same time, the observed *C chemical
shifts indicate the segmental composition of the regions.

Figure S9 displays the *C-"H WISE spectrum and corresponding 'H projection at
different carbon sites of P2. The peaks from the slice projection at 19.3, 28.0,35.7 and
47.2 ppm exhibit both narrow and broader lines corresponding to mobile and
immobilized components, respectively. The narrow peak at center of the line should
be attributed to alkyl and pyrrolidone groups, while the broader lines should be

attributed to the backbone protons which overlap with some of the alkyl and

pyrrolidone peaks. Whereas the phenyl group at 130 ppm exhibits remarkably



broadened NMR lines, this implies that these groups are rigid. It is interesting to note
that -CH,O peak at 63.6ppm also exhibit broader lines, indicating this group is also
immobilize. The above solid-state NMR results clearly show distinctly different
mobility for the individual component and confirm our suggestion that this polymer is

semi-rigid.
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Figure S9. *C-'H 2D WISE spectrum of P2 (left) and corresponding 'H projection at different
carbon sites (right). °C CP/MAS spectrum was shown on the top of the 2D WISE spectrum. All

experiments were performed at room temperature.
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Figure S10. Light scattering intensity of 20.0 mg mL™"' P2 polymer aqueous solution as a function

of solution temperature on heating.

Reference

1 Y. X. Liu, D. Zhang, X. H. Wan and Q. F. Zhou, Chin. J. Polym. Sci., 1998, 16, 283.




<<
  /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


