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1. Materials and methods  

1,4-Bis(2’-bromoethoxy)benzene, 1-bromooctadecane, 4-hydroxybenzoic acid, 

methylimidazole, toluene, 1,3,5-trioxane, boron trifluoride diethyl etherate, and 

1,2-dichloroethane were reagent grade and used as received. Solvents were either 

employed as purchased or dried according to procedures described in the literature. 1H 

NMR and 13C NMR spectra were recorded on a Bruker Avance DMX-400 

spectrometer. Mass spectra were obtained on a Bruker Esquire 3000 plus mass 

spectrometer (Bruker-Franzen Analytik GmbH Bremen, Germany) equipped with an 

ESI interface and an ion trap analyzer. The TEM images were obtained using a 

HITACHI instrument with an accelerating voltage of 100 kV. UV−Vis spectroscopy 

was measured on a Shimadzu UV-2501 PC UV−Vis spectrometer. DLS studies were 

measured on a Nano-ZS ZEN3600 instrument. TEM experiments were performed on 

a HITACHI instrument with an accelerating voltage of 80 kV. 
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2. Synthetic procedures 

 

Scheme S1. Synthetic route to water-soluble ionic liquid pillar[6]arene WILP6 
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2.1. Synthesis of compound 1 

Scheme S2. Synthesis of compound 1 
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By condensation of 2 with boron trifluoride etherate as the catalyst in ClCH2CH2Cl, 
bromoethyl substituted pillar[6]arene 1 was synthesized (10%). mp 65.7−65.9 °C. 
The 1H NMR spectrum of 1 is shown in Fig. S1. 1H NMR (400 MHz, CDCl3) δ (ppm): 
6.78 (s, 12H), 4.16 (t, J = 6.00 Hz, 24H), 3.87 (s, 12H), 3.55 (t, J = 4.00 Hz, 24H). 
The 13C NMR spectrum of 1 is shown in Fig. S2. 13C NMR (100 MHz, CDCl3) δ 
(ppm): 149.68, 129.08, 116.10, 68.98, 30.72, 29.42. Anal. Calcd. for C66H72Br12O12: 
C 39.32, H 3.60. Found: C 39.29, H 3.66. The crystal structure of 1 is shown in 
Scheme 1 and Fig. S3. 
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Fig. S1 1H NMR spectrum (400 MHz, CDCl3, 293 K) of compound 1. 
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Fig. S2 13C NMR spectrum (100 MHz, CDCl3, 293 K) of compound 1. 
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Fig. S3 Crystal structure of compound 1: (a) side view; (b) top view. 

 
X-ray Crystal Data of 1. Colorless, C66H72O12Br12, FW 2016.16, triclinic, 

space group P−1, a = 11.9742(4), b = 13.6564(5), c = 24.0532(9) Å, α = 
89.320(3)°, β = 79.331(3)°, γ = 84.985(3)°, V = 3850.5(2) Å3, Z = 2, Dc = 1.739 g 
cm−3, T = 170 K, μ = 6.295 mm−1, 14080 measured reflections, 9745 independent 
reflections, 815 parameters, 0 restraints, F(000) = 1968.0, R1 = 0.0789, wR2 = 
0.1094 (all data), R1 = 0.0455, wR2 = 0.0995 [I > 2σ(I)], max. residual density 
0.658 e·Å−3, and goodness-of-fit (F2) = 0.998. CCDC 946657. 
 

 

2.3. Synthesis of WILP6 

 

Scheme S3. Synthesis of WILP6 
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WILP6 was obtained by refluxing a solution of 1 and N-methylimidazole in 
toluene (89%). mp 55.4−55.7 °C. The 1H NMR spectrum of WILP6 is shown in Fig. 
S4. 1H NMR (400 Hz, D2O) δ (ppm): 8.31 (s, 12H), 7.37 (s, 12H), 7.23 (s, 12H), 6.67 
(s, 12 H), 4.43 (t, J = 4.00 Hz, 24H), 4.15 (t, J = 5.60 Hz, 24H), 3.75 (s, 36H), 3.71 (s, 
12H). The 13C NMR spectrum of WILP6 is shown in Fig. S5. 13C NMR (100 MHz, 
D2O) δ (ppm): 149.08, 128.93, 123.63, 122.48, 115.27, 66.81, 49.28, 35.68, 33.45, 
28.96. Anal. Calcd. for C114H144Br12N24O12: C 45.62, H 4.84, N 11.20. Found: C 
45.64, H 4.76, N 11.23. 
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Fig. S4 1H NMR spectrum (400 MHz, D2O, 293 K) of WILP6. 
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Fig. S5 13C NMR spectrum (100 MHz, D2O, 293 K) of WILP6. 

 

 

 

2.4. Synthesis of G2 

Scheme S5. Synthesis of G2 
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G2 was obtained by refluxing a solution of p-hydroxybenzoic acid and 
octadecyl bromide with NaOH as the base in CH3CH2OH (89 %). mp 44.7−45.6 
°C. The 1H NMR spectrum of G2 is shown in Fig. S6. 1H NMR (400 MHz, CDCl3) 
δ (ppm): 7.82 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz, 2H), 4.04 (t, J = 6.4 Hz, 2H), 
1.81 (t, J = 7.2 Hz, 2H), 1.46−1.44 (m, 2H), 1.26 (s, 28H), 0.88 (t, J = 5.6 Hz, 3H). 
The 13C NMR spectrum of G2 is shown in Fig. S7. 13C NMR (100 MHz, CDCl3) δ 
(ppm): 190.77, 164.28, 131.98, 129.76, 114.74, 68.43, 29.71, 29.60, 29.56, 29.38, 
29.35, 29.07, 25.97, 22.71, 14.13. LRESIMS is shown in Fig. S8: m/z 411.5 [G2 − 
H⊕] . Anal. Calcd. for C25H41NaO3: C 72.76, H 10.02. Found: C 72.77, H 9.98. 
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Fig. S6 1H NMR spectrum (400 MHz, CDCl3, 293 K) of G2. 
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Fig. S7 13C NMR spectrum (100 MHz, CDCl3, 293 K) of G2. 
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Fig. S8 Electrospray ionization mass spectrum of G2. Assignment of the main peak: m/z 411.5 

[G2 − H⊕] . 

 

 

3. Host−guest complexation studies 
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Fig. S9 Fluorescence spectra of WILP6 (2.00 × 10−6 
M) in water at room temperature with 

different concentrations of G1: 0, 0.249, 0.739, 1.46, 2.38, 3.49, 4.55, 6.52, 8.33, 10.0, 11.5, and 

12.9 × 10−6 
M. 
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Fig. S10 Mole ratio plot for WILP6 and G1, indicating 1:1 complex. 

 

Hb Hc

 

Fig. S11 1H NMR spectra (400 MHz, D2O, room temperature) of: (a) G1; (b) WILP6⊃G1 when 

the solution pH was 7.4; (c) WILP6⊃G1 when the solution pH was decreased to 4.0; (d) 

WILP6⊃G1 when the solution pH was returned to 7.4. [G1]0 = 3.00 mM. [WILP6]0 = 1.00 mM. 
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Fig. S12 Microcalorimetric titration of G1 with WILP6 in water at 25°C. (Top) Raw ITC data for 

27 sequential injections (10 µL per injection) of a G1 solution (5.00 mM) into a WP5 solution 

(0.500 mM). (Bottom) Net reaction heat obtained from the integration of the calorimetric traces.  
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4. Controllable self-assembly 
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Fig. S13 The concentration-dependent conductivity of WILP6⊃G2 in water. The critical 

aggregation concentration (CAC) was determined to be (3.44 ± 0.21) × 10−4 M. The solubility of 

G2 is very poor in water, so the conductivity of the water solution of G2 was close to pure water, 

and we could not determine its CAC value. When we added WILP6 into the solution of G2, 

WILP6 complexed with G2 and induced G2 to dissolve in water. 

 

 

Fig. S14 Tyndall effect of WILP6⊃G2 complex (left) and free G2 (right). [G2] = [WILP6] = 

5.00 × 10−4 M. 
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Fig. S15 TEM image of the intermediate state from micelles formed by G2 to vesicles formed by 

WILP6⊃G2 (scale bar = 100 nm). 

 

5. Controlled release 

450 500 550 600 650

0

50

100

150

200

250

Fl
uo

re
sc

en
ce

 In
te

ns
ity

Wavelength (nm)

a

b

c

d

 

Fig. S16 Fluorescence emission spectra of calcein (λex = 470 nm) encapsulated in a solution of 

WILP6⊃G2 at different pH values: (a) 7.4; (b) 6.3; (c) 5.2; (d) 4.0.S1,S2,S3 [G2] = [WILP6] = 1.50 

× 10−3 M. 
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a b

 

Fig. S17 Optical pictures: (a) G2 (1.00 × 10−6M); (b) G2 (1.00 × 10−6M) and WILP6 (1.00 × 10−6 

M) in water. After addition of WILP6 to the aqueous solution of G2, the solution became 

transparent, indicating the formation of the WILP6⊃G2 complex. 
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Fig. S18 Fluorescence emission spectra of calcein (λex = 470 nm) encapsulated in a solution of 

WILP6⊃G2 at different pH values: (a) 7.4; (b) 6.0; (c) 5.0; (d) 4.0. [G2] = [WILP6] = 1.50 × 

10−3 M. In this experiment, calcein was protonized by HCl first to support the conclusion that 

the change of the fluorescence was caused by the release. 

References: 

S1. Y. Yao, M. Xue, J. Chen, M. Zhang and F. Huang, J. Am. Chem. Soc. 2012, 134, 15712. 

S2. X. Ji, Y. Yao, J. Li, X. Yan and F. Huang, J. Am. Chem. Soc. 2013, 135, 74. 

S3. M. Lee, S.-J. Lee and L.-H. Jiang, J. Am. Chem. Soc. 2004, 126, 12724. 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2014



<<
  /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


