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Supporting Information

Clickable Inverse Opal: A Useful Platform for Fabrication of
Stimuli-Responsive Photonic Materials

1. Experiment part

1.1 Materials:

Tetrabutylammonium hexafluorophosphate was obtained from Fluka. 6-bromo-1-hexanol,
ferrocenecarboxylic acid, cholic acid and 2-(trimethylsilyl)ethynyl were purchased from
Sigma Company and were used without further purification. Other materials and solvents

were received from Beijing Chemicals Company.

1.2 Characterization:

Common glass slide were cut into 50x20 mm and immerged in H,SO4/H,0, (7:3)
mixture for 12 h, following rinsing with deionized water in ultrasonic bath for three times
and then dried for use. 'H NMR spectra were obtained by a JEOLINMECS 300NMR
spectrometer. Morphology and microstructure of silica colloidal crystals and photonic
hydrogel films were observed by a Hitachi S-6700 field emission scanning electron
microscope. Optical Bragg diffractions were checked by an Olympus BX51M fiber optic
spectrophotometer coupled to an optical microscope. The photopolymerization was
performed using a UV light (FUSI Electric ST3) with 16 W. Electrochemical behavior of
photonic hydrogel films were studied with a PG310 (HEKA Electronic, Dr.Schulz GmbH)
electrochemical potentials station in acetonitrile in the presence of BusNPF¢ (0.2M) as
supporting electrolyte. A platinum electrode (diameter 10 mm) enwrapped with Teflon
and a platinum wire (diameter 0.1 mm) were used as the working electrode and the
counter electrode, respectively. The potentials were measured against an Ag reference

electrode.
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1.3 Synthesis of functional monomer and functional molecules :
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Figure S1. Synthesis of functional monomer and functional molecules
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1. Synthesis of 6-azidohexyl acrylate

A mixture of acrylic acid (lg, Imol), 6-bromo-1-hexanol (3g, 1.2mol), N,
N’-dicyclohexyl carbodiimide (DCC 3.15 g, 1.1 mol), and 4-dimethylaminopyridine
(DMAP 1.7 g, 1 mol) in anhydrous CH,Cl, (150 mL) was stirred at room temperature for
24 h. After the reaction mixture filtrated, the organic layer was washed with 4%
hydrochloric acid, saturated aqueous sodium bicarbonate and brine, respectively. And
then the product was dried by anhydrous magnesium sulfate, filtered and evaporated in
vacuum. The last residue was purified by flash chromatography on silica gel (eluent:
ethyl acetate/petroleum ether=1/30) to afford 6-bromohexylacrylate as a pale yellow
liquid with a yield of 40% for the next step. '"H NMR (300 MHz, CDCls): 56.38-6.43 (d,
1H, J=15Hz, CH,=CH-), 6.08-6.17 (dd, 1H, J=9Hz, J=15Hz, CH,=CH-), 5.81-5.84 (d,
1H, J=9Hz, CH,=CH-), 4.14-4.18 (t, 2H, -CH»-O-), 3.39-3.44 (t, 2H, -CH,-Br-),
1.85-1.90 (m, 2H, -CH»-), 1.67-1.72 (m, 2H, -CH,-),1.43-1.47 (m, 4H, -CH>-); "C NMR
(75 MHz, CDCl3): 6 165.5, 129.8, 127.8, 63.6, 32.9, 31.9, 27.9, 27.0, 24.4; IR (KBr),
2962 cm™, 2876 cm™, 1727 cm™, 1630 cm™; MS(ESI): 235.1 (M").

A mixture of NaNj3 (0.6g, 9.2mmol) and 6-bromohexylacrylate (0.94g, 4mmol) in dry
DMF 20ml was stirred at 45[1 for 10h. On completion of the reaction, the mixture was
poured onto crashed ice and extracted with diethyl ether. The organic phase was washed
with brine, dried over Na,SO4, and concentrated in vacuo. The residue obtained was
purified by flash chromatography on silica gel (eluent: ethyl acetate/petroleum ether=1/30)
to give the desired 6-azidohexyl acrylate as a pale yellow liquid with a yield of 50%. 'H
NMR (300 MHz, CDCls): 66.38-6.43 (d, 1H, J=15Hz, CH,=CH-), 6.08-6.17 (dd, 1H,
J=9Hz, J=15Hz, CH,=CH-), 5.81-5.84 (d, 1H, J=9Hz, CH,=CH-), 4.14-4.18 (t, 2H,
-CH,-O-), 3.25-3.29 (t, 2H, -CH»-N3-), 1.55-1.71 (m, 4H, -CH,-), 1.42-1.44 (m, 4H,
-CH,-); "C NMR (75 MHz, CDCI3): § 166.7, 126.7, 124.5, 63.8, 50.6, 27.9, 27.7, 25.6,
24.8; IR (KBr), 2950 em’, 2851 cm™, 1719 em™, 2100 cm (azide asymmetric stretch),
1632 cm™; MS(ESI): 197.1 (M.

2. Synthesis of 4-ethnylpyridine'
4-(2-(trimethylsilyl)ethynyl)pyridine: 4-bromo-pyridine hydrochloride (1.0g, 5.14
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mmol, 1.0 eq.) and 2-(trimethylsilyl)ethynyl (1.3 ml, 9.26 mmol, 1.8 eq.) were suspended
in a well degassed solution of 50 ml DMF and 5 ml triethylamine. It was degassed for
another 20 minutes. Pd(PPh;)4 (300 mg, 0.26 mmol, 5 mol%) and Cul (95 mg, 0.51 mmol,
10 mol%) were added. It was stirred for 24 hours at 40°C. The reaction mixture was
filtrated over silica gel, washed with DMF, and extracted with diethyl ether. The organic
phase was washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue
obtained was purified by flash chromatography on silica gel (petroleum ether: ethyl
acetate = 5:1) to give a yellowish liquid with a yield of 70%. The reaction was performed
in absence of light. "H NMR (300 MHz, CDCl;): 8.38-8.39 (2H, d, J= 5.1 Hz,-CH-CH-);
7.12-7.13 (2H, d, J = 5.1Hz, CH-CH-); 0.1 (9H, s, -SiCH3); "C NMR (75 MHz, CDCl5):
5150.4,131.8,126.4,102.7, 100.5, 0.4; MS (ESI): 175.5 (M").

4-(ethynyl)pyridine :

4-(2-(trimethylsilyl)ethynyl)pyridine (516 mg, 2.94 mmol, 1.0 eq.) was dissolved in 20
ml THF. 6 ml 1M KOH-solution (6 mmol, 2 eq.) in THF was added. The reaction
mixture was stirred for 12 hour at room temperature and was then evaporated, dissolved
in CH,Cl,, absorbed on silica gel, evaporated and chromatographed in the dark
(petroleum ether/ethyl acetate=1:1) to give 4-(ethynyl)pyridine as a light sensitive white
solid with a yield of 90%. "H NMR (300 MHz, CDCl;): 8.59-8.61 (2H, d, J= 6 Hz,
-CH-CH-); 7.35-7.37 (2H, d, J = 6Hz, -CH-CH-); 3.31 (1H, s, terminal alkyne H). IR
(KBr), 2929 cm™, 2100 cm™, 1598 cm™, 1545 cm™; °C NMR (75 MHz, CDCls): 6 149.9,
130.4, 126.2, 82.0, 81.0; MS(ESI): 103 (M").

3. Synthesis of N-(2-Propargyl)amidoferrocene”

N,N’-Dicyclohexylcarbodiimide (DCC, 3g,15mmol) and N,N-dimethylaminopyridine
(DMAP, 0.12 g, Immol) were added to ferrocenecarboxylic acid (2.3g, 10mmol) in
CH,Cl, (30 mL).The resultant mixture was stirred for 10 min and then, propargylamine
(0.55 g,10 mmol) was added. After stirring for 12 h, the solvent was removed by
evaporation and the residue was dissolved in ethyl acetate. The organic layer was washed
with aqueous 4%HCI and saturated aqueous NaHCOj several times. The resultant organic

layer was dried (MgSQOs), and concentrated to dryness. The residue was subjected to
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purification by silica gel column chromatography (petroleum ether/ ethyl acetate =1:2))
to give N-(2-propargyl)amidoferrocene as a yellow powder with a yield of 40% after
evaporation. "H NMR (300 MHz, CDCls): 5.81 (br s, 1H, -NH), 4.69 (s, 2H, -CsH4), 4.37
(s, 2H, -CsH4), 4.24 (s, 5H, -CsHs), 4.18 (m, 2H,-CH»-), 2.28 (s, 1H, terminal alkyne H);
[R(KBr) 1620 cm™, 1545cm™, 829 cm™; MS(ESI): 267 (M").

4. Synthesis of bile acid derivative:

To a solution of bile acid (25 mmol) in anhydrous DMF (60 mL) was added caesium
carbonate (8.15 g, 25 mmol) at room temperature and stirred under an inert atmosphere.
The mixture was stirred for 1 h before adding propargyl bromide (2.78 mL, 31.25 mmol).
The reaction was monitored by TLC and after being stirred for 4 h, cold water (400 mL)
was added, and the solution was acidified with 2 M KHSO,. Extraction of the crude
product was carried out with CHCl; (3x40 mL). The organic layer was washed with brine,
dried with MgSQOs, filtered, and evaporated to dryness under reduced pressure. After
recrystallization with CHCI5 and petroleum ether, propargyl ester was isolated as white
solid with a yield of 90%. '"H NMR (300 MHz, CDCls):  0.67 (s, 3H, 18-CH3), 0.88 (s,
3H, 19-CH3), 0.98 (d, 3H, 21-CH3), 0.99 — 2.45 (m, 27H, steroid skeleton H), 2.49 (t, 1H,
J =2.1 Hz, terminal alkyne H), 3.43 (m, 1H, 33-CH), 3.83 (m, 1H, 78-CH), 3.95 (m, 1H,
12B-CH), 4.67 (d, 2H, J = 2.2 Hz, OCH,); "C NMR (75 MHz, CDCls): J 12.54, 14.27,
17.38, 22.53, 23.30, 26.35, 27.61, 28.22, 30.41, 30.86, 31.11, 34.77, 34.86, 35.32, 35.43,
39.55, 41.58, 41.64, 46.49, 47.03, 51.84, 60.48, 68.51, 71.92, 73.15, 74.84, 173.54;
IR(KBr) 3390 cm™, 2939 em™, 2120 em™, 1740 cm™; MS(ESI): 469.1 [M+Na]".

1.4 Formation of colloidal-crystal templates:

The highly uniform silica colloidal microspheres were synthesized by using an
approach based on the Stéber method®. In a typical preparation, TEOS (4ml) and
anhydrous ethanol (180 mL) were mixed in a 250-mL flask and stirred with a magnetic
beater. Then, ammonia (17mL) was slowly added and the resulting reaction mixture was
left overnight. After centrifugation and dispersion with anhydrous ethanol had been
repeated four or five times to expunge residues, the monodispersed silica particles were
obtained and fully dispersed in anhydrous ethanol (weight concentration ca. 1-4%),

which were allotted into 7-mL clean vials for the formation of colloidal-crystal templates.
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A clean glass slide was vertically placed into each vial for colloidal-crystal growth®. After
complete volatilization of ethanol, silica colloidal-crystal templates were formed on both

sides of each glass slide.

1.5 Fabrication of the free-standing film:
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Figure S2. Fabrication of the free-standing film

6-azidohexyl acrylate (0.2 g, 1 mmol), MAA(0.1 g, 1 mmol), and EGDMA(0.2 g, 1
mmol)were mixed in a mixed solvent of 1 g methanol and 1 g chloroform under
ultrasonic for 5 min. After adding 0.05 mM AIBN and degassing by nitrogen for 10 min,
the homogeneous monomer mixture was dropped onto silica arrays. Once the colloidal
crystals became transparent, indicating successful infiltration, excess precursors were
removed by covering a clean glass slide (50 mmX20 mm X 1.5 mm), and the remaining
mixture was photopolymerized in an ice bath under an UV light at 365nm for 40min. The
sandwich was immerged into 1% hydrofluoric acid for 2 h to separate double slides and
fully etch the silica colloid. After washed by an amount of deionized water, the photonic

free-standing film was ready for functionalization.

1.6 Modification of clickable inverse opal via click reaction:

4-(ethynyl)pyridine (0.05 g), CuSO4-5H,0 (0.05 g), and sodium ascorbate (0.1 g) were
solubilized in 3 mL of deionized water/THF (V:V=2:1). A piece of film was placed into
the solution and incubated for 24 h at 50°C. After the reaction, the sample was rinsed
with water/THF several times to remove physically adsorbed, unreacted reaction residue
and kept in deionized water. Maintaining the same reaction conditions of
4-(ethynyl)pyridine  except  for  replacing the  4-(ethynyl)pyridine  with
N-(2-Propargyl)amidoferrocene and bile acid derivative resulted in electroactive and

bioactive films.
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Figure S3. (a) CVs of N-(2-Propargyl)amidoferrocene and N-(2-Propargyl)-

amidoferrocene modified film at 50 mVs™ in acetonitrile in the presence of BusNPFg (0.2
M).

IR spectra of the clickable film post-modified by bile acid molecule:
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Figure S4. IR spectra of the film before click reaction (b), after click reaction (a) and bile
acid molecule (c)

References
1  Sergio Grunder, Roman Huber, Marcel Mayor, et al. J. Org. Chem. 2007, 72,
8337-8344

2 Teruaki Hasegawa, a Mariko Umeda, Seiji Shinkai et al. Carbohydrate Research,



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2012

2006, 341, 35-40

3 W. Stoeber, A. Fink, E. Bohn, J. Colloid Interface Sci. 1968, 26, 62.

4 P.Jiang, K. S. Hwang, D. M. Mittleman, J. F. Bertone, V. L. Colvin, J. Am. Chem.
Soc. 1999, 121, 11630.




<<
  /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
  /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

  /CreateJDFFile 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


