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Experimental section 

 Characterization. 1H and 13C NMR spectra were recorded on a Bruker 300 apparatus. IR spectra of 

silica powder pellets were obtained using a Shimadzu FT-IR 8400S and the MS spectrum was 

obtained with a JEOL JMS-700 mass spectrometer. Powder X-ray diffraction (PXRD) patterns were 

recorded on a Siemens D8 Advance diffractometer using Cu Kα radiation and a secondary 

monochromator. Transmission electron microscopy (TEM) images were captured with a JEOL 

JEM−2100 F microscope. EDX analysis was conducted with a JEOL ultra-thin window (UTW)-type 

EDX detector capable of detecting boron and an OXFORD EDS system for signal processing in a 

180-s live time. Nitrogen-adsorption isotherms were measured at 78 K on a Micromeritics ASAP 

2010 analyzer. Thermal gravimetry analysis (TGA) was conducted on a TA SDT Q600 with a heating 

rate of 10 °C/min using a Pt pan in air. Heating temperature was scanned from 25 °C to 900 °C. 
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Preparation of mesoporous silica. Mesoporous silica was synthesized starting from the preparation of a 

hydrochloric acid solution of P-123. Tetraethyl orthosilicate (TEOS) was then added and the mixture was 

stirred at 40 oC for 20 h. The molar composition was 1:5.9:193:0.017 TEOS:HCl:H2O:P-123. The aging 

was performed at 65 oC for 1 day and the solid was filtered, washed and dried at 90 oC. For cleaving the 

template to generate the mesopores, 1.0 g of as-synthesized SBA-15 was mixed with 100 mL of 60 wt % 

H2SO4 solution and refluxed at 95 oC for 1 day. The product was recovered by washing with water and 

dried at 90 oC. To generate micropores, the acid-treated sample was heated to 200 oC in air. To remove 

cationic surfactants, dried fiber-like flocculates and particles were calcined in a box furnace in air at 

500 °C for 5 h, with a ramp rate of 1 °C/min. 

Measurements of UV-Vis spectrum: UV-vis spectroscopy analysis was carried out on a Shimadzu UV-

2401 PC UV-Vis spectrophotometer. Studies were carried out on fast scan mode with slit widths of 1.0 

nm, using matched quarts cell. Stuies were carried out in H2O and/or buffered conditions. When buffered 

conditions were used the solutions contained 135 mM NaCl and 20 mM HEPES Buffer, at pH 7.4. 

Immobilization of receptor 5 onto mesoporous silica. Compound 5 (100 mg) was dissolved in 

toluene (10 mL). The mesoporous silica (100 mg) or a commercial silica particle (100 mg) was added 

as a solid. The suspension of mesoporous silica was stirred in a reflux condition for 24 h in toluene. 

Then, the collected solid was washed copiously with toluene (50 mL) to rinse away any surplus 5 and 

dried under vacuum. 

Hydrolysis of mesoporous silica immobilized with 5. To obtain acid form receptor (1) attached to 

mesoporous silica, the mesoporous silica immobilized with receptor 5 was dispersed in methanol (2 mL). 

The suspension of silica was maintained for 10 h at room temperature. After filtration, the solid product 

was washed with Na2CO3 solution and water and dried. 

Coloration and extraction of metal ions by ARMS. The ARMS (10 mg) was added to the metal ions 

solution (all as chloride, 5.0 equiv with respect to 1 anchored to the ARMS). The mixture was stirred for 

10 min. After filtration, the concentration of metal ions was analyzed by ICP (DX-500, DIONEX). Also, 
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UV-vis spectrum of metal-loaded ARMS was measured by Shimadzu UV-2401 PC UV-Vis 

spectrophotometer. 

Photophysical studies of ARMS. UV-vis spectroscopy analysis was performed in water suspension 

of 5 x 10-4 M ARMS. Studies were carried out in H2O and/or buffered conditions. When buffered 

conditions were used the solutions contained 135 mM NaCl and 20 mM HEPES Buffer, at pH 7.4. 

Test solutions were 20 mL for metal titrations and 20 or 25 mL for pH studies. In addition, to 

reversibility, UV-VIS spectrum was measured. EDTA (10 mmol, 2 mL) was added to ARMS 

suspension (at pH 7.4) to remove Hg2+ ion bound ARMS. Then, the absorption change of H2O 

suspension of ARMS was observed by UV-vis spectroscope. 

 

Compound 3: To a 50 mL round bottom flask, o-anisidine (2) was added ethylbromoacetate in the 

potassium dihydrogen phosphate in CH3CN (10mL). The reaction mixture was maintained for 10 h at 60 

oC. After cooled to room temperature, the reaction mixture was reduced down, dissolved into CHCl3 (50 

mL) and washed with water (2 x 30 mL). The organic phase was dried over MgSO4 and reduced to oil. 

The crude product was purified on a silica column using 70:30 Hex:EtOAc, to produce 3 as a white solid. 

m.p. 78-80 ; ℃ 1H NMR (300 MHz, CDCl3, TMS) δ = 6.87 (d, 2J (H,H) = 12.3 Hz, 1H; Ar-H), 4.20 (d, 2J 

(H,H) = 7.2 Hz, 1H; Ar-H), 3.80 (s, 3H; CH3) 1.26 (t, 3J(H,H) = 7.2Hz, 6H; CH3) 13C NMR (300 MHz, 

CDCl3, TMS) δ =171, 151, 122, 120, 119, 111, 77, 77, 77, 76, 60, 55, 53, 30, 14, ; IR (KBr): ν = 3393, 

3090, 2931, 2853, 1740, 1653, 1373, 1032, 751 cm-1 HRMS (FAB+) m/z 295.14 [(M+H)+ calcd for 

C15H21NO5:295.16]. Anal. Cald for C15H22NO5: C, 61.00; H, 7.17; N, 4.74. found: C, 60.68; H, 7.23; N, 

4.69. 

 

Compound 4: To a 50 mL round bottom flask, o-amino benzoic acid (1.047 g, 7.5 mmol) was added 

which contained a solution of 1:1, THF : H2O (20 mL) and NaNO2 (0.5261 g, 7.6 mmol). To the solution, 

which was, being stirred at 0 oC, HCl (1.0 mL, 12 M) was slowly added. This solution was added drop 
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wise to a 100 mL single neck round bottom flask which contained the appropriate ester (3) (6.8 mmol) in 

a solution of 1:1 THF : H2O (40 mL). This solution was at 0 oC for approximately 2 hours. This solution 

was left stirring overnight at room temperature. The resulting dark red solution was reduced down, 

dissolved into CHCl3 (60 mL) and washed with water (2 x 30 mL). The organic phase was dried over 

MgSO4 and reduced to oil. The crude product was purified on a silica column using 70:30 Hex:EtOAc, to 

produce 4 as a bright red solid. m.p. 101-103 ; ℃ 1H NMR (300 MHz, CDCl3, TMS) δ = 8.10 (d, 2J (H,H) 

= 7.75 Hz, 1H; Ar-H), 7.59 (d, 2J (H,H) = 7.2 Hz, 1H; Ar-H), 7.48 (t, 3J(H,H) = 7.8Hz, 1H; Ar-H), 6.9 

(d,2J (H,H) = 4.5 Hz, 1H; Ar-H), 4.18 (m, 8H), 3.8 (s, 3H; CH3), 1.26(t, 3J (H,H) = 7.2 Hz, 6H; CH3) 13C 

NMR (300 MHz, CDCl3, TMS) δ =187, 182, 154, 144, 135, 134, 134, 133, 133, 127, 127, 125, 120, 116, 

58, 43, 42, 23, 18, ; IR (KBr): ν = 3414, 3270, 2940, 2856, 1870, 1735, 1637, 968, 804 cm-1; HRMS 

(FAB+) m/z 443.17 [(M+H)+ calcd for  C22H25N3O7: 443.20]. Anal. Cald for C22H25N3O7: C, 59.59; H, 

5.68; N, 9.48. found: C, 60.11; H, 5.80; N, 9.35. 

 

Compound 5: 4 (250 mg, 0.42 mmol) was suspended in ethyl acetate (10 mL). The mixture was stirred 

under nitrogen for two minutes and then cooled to 0 oC. 1-Hydroxybenzotriazole (HOBt, 68 mg, 0.5 

mmol) and dicyclohexyl carbodiimide (DCC, 1.870 g, 9.07 mmol) were added simultaneously as a 

mixture of solids. The reaction mixture was allowed to warm to room temperature and stirred for 24 h. 

The precipitate was removed by filtration. The filtrate was then washed with NaHCO3 aq. (satd.) and 

NaHSO4 aq. (satd.). The solution was dried with MgSO4 and the solvent was removed by rotary 

evaporation to produce a reddish crude. This crude product was purified by column chromatography 

(silica-gel, n-hexane: ethyl acetate, 1:1, Rf = 0.45) to give the product (1.24 g, 65%). m.p. 115-117 ; ℃ 1H 

NMR (300 MHz, DMSO) δ = 7.5, 7.5, 7.4(m, 3H) 6.9, 6.8, 6.8, 6.7 (m, 4H), 4.17(t, 3J(H,H) = 6.9Hz, 1H; 

Ar-H), 3.79 (s, 3H), 1.73(t, 3J(H,H) = 2.4Hz, 1H; Ar-H) 1.24 (m, 15H); IR (KBr): ν = 3414, 3270, 2940, 

2856, 1870, 1735, 1637, 1121, 968, 804 cm-1; HRMS (FAB+) m/z 646.30 [(M+H)+ calcd for 
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C31H46N4O9Si:646.34]. Anal. Cald for C31H46N4O9Si: C, 57.56; H, 7.17; N, 8.66. found: C, 57.71; H, 

7.02; N, 8.33. 
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Fig. S1 TEM image of mesoporous silica. 
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Fig. S2 Barrett-Joyner-Halenda(BJH) pore diameters of (a) mesoporous silica and (b) ARMS. 
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Fig. S3 Thermogravimetric analysis data of ARMS. 
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Fig. S4 FT-IR spectra of (a) mesoporous silica (SBA-15), and (b) ARMS. 
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Fig. S5 The colorimetric response of H2O suspension samples of ARMS (5.0 mg) in the (a) absence and 
the presence of (b) KCl, (c) CaCl2 and (d) SrCl2. 
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Fig. S6 Color changes of ARMS (5.0 mg) in the (a) absence and the presence of (b) HgCl2, (c) Hg(NO3)2, 
and (d) Hg(ClO4)2. 
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Fig. S7 Proposed structure for receptor 1 complex attached on ARMS with Hg2+ ion. 
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Fig. S8 Job’s plot for ARMS with Hg2+. 
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Fig. S9 Calibration curve of concentration of Hg2+ ion against absorption intensity of AFMS (at 510 nm).  
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Fig. S10 (a) UV-vis spectra of ARMS at different pH values and (b) plot of pH values against absorption 

intensity of ARMS. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /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 true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


