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Experimental procedures: 

 

1. Preparation of the materials: TPP 1 was synthesized according to the reported 

procedure. The purity of 1 has been checked by 1HNMR. Nonporous 1a crystals were 

obtained by triple sublimation of 1 at 175 °C under vacuum. Alternatively, desolvation 

of TPP benzene inclusion compound at 125 °C under vacuum can also afford pure 1a 

crystalline solids. The phase purity of resulting 1a solids was checked by powder 

X-ray diffraction (PXRD). It is reported that desolvation of TPP benzene inclusion 

compoundat 70 °C under vacuum would afford empty-channel 1b crystals, which 

were used to calculate powder X-ray diffraction pattern of 1b solids. 1b solids can be 

transformed to thermodynamically stable form 1a when heated at 150 °C.1 

 

      

1          

 

2. Single crystal X-ray Collection: Single crystal X-ray data of 1a crystals was 

collected under N2 flow at 173 K on a Bruker Apex II diffractometer equipped with a 

fine-focus sealed-tube X-ray source (Mo-Kα radiation, λ =0.71073 Å).2 

 

Crystal data of 1a: C36H24N6O12P6, M = 918.43, Colorless Block, 0.20 x 0.15 x 0.10 
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mm3, monoclinic, space group P21/n (No. 19), a = 24.969(6), b = 5.8268(14), c = 

25.895(6) Å, β = 96.015(3)º, V =3746.7(15) Å3, Z = 4, 29147 reflections collected, 

5430 unique (Rint = 0.0514).  Final GooF = 1.104, R1 = 0.1129, wR2 = 0.3025, R 

indices based on 4821 reflections with I > 2sigma(I) (refinement on F2).   

Unit cell parameters of 1b:  a = b = 11.454 Å, c = 10.16 Å, α = β = 90º, γ= 120º, 

V = 1154.35 Å3. 

 

 

 

 

Figure S1. (A) A fresh single crystal of 1a obtained by sublimation of 1 at 175 °C. (B) The 

same crystal of (A) exposed to CO2 at 350 psi and room temperature for 15 minutes shows a 

diffused pattern, implying the crystal doesn’t retain the single crystallinity. 

 

(A) 

(B) 
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3. Powder X-ray diffraction (PXRD): Powder X-ray diffraction data were 

collected at room temperature on an Bruker D8 Advanced Diffraction System 

equipped with high pressure devices using Cu-Kα radiation (λ= 1.5418 Å). 

Measurements were made using a step-scanning technique with a fixed time of 0.02º

/min 2θ. Data points were obtained from 5 to 30º  2θ. PXRD analyses were 

performed using fine ground samples. The CO2 gas used to pressurize the solid is 

purchased from Air liquide USA (Purity: 99.999%).  
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Figure S2. (A) Asymmetric unit of 1a crystals. (B) Conformation of molecules of 1 in 1a 

crystals. The dihedral angles between the planes O-P-O and O-phenyl-O are 10.7, 19.3 and 

24.6° respectively. (C) Intermolecular hydrogen bonding interactions (shown as dash lines) 

consolidate the host framework of 1a (C-H---O = 3.172-3.433 Å). (D) Space filling view of 

molecular packing revealing the nonporous nature of 1a solid. View down the c axis. (Blue: 

Nitrogen, Red: Oxygen, Purple: Phosphine, Gray: Carbon. White: Hydrogen) 
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Figure S3. (A) Intermolecular hydrogen bonding array links AB layers and consolidates the 

host framework of 1b crystals. Hydrogen bonds are shown as dash lines. (B) Crystal structure 

of 1b in the nanoporous hexagonal modification viewed along the channel axis.3 Hydrogen 

atoms were omitted for clarity (Blue: Nitrogen, Red: Oxygen, Purple: Phosphine, Gray: 

Carbon.) 
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Figure S4. Experimental and calculated powder X-ray diffraction patterns for 1a crystals 

obtained by triple sublimation of 1 at 175 ºC under vacuum. (Blue: experimental; Black: 

simulated). 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

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



8 
 

 

 

 

Figure S5. (Top) Experimental powder X-ray diffraction patterns of 1b solids obtained by 

pressurization of 1a solid with 350 psi CO2 for 3 hrs. (Bottom) Simulated powder X-ray 

diffraction pattern from single crystal X-ray data of 1b (CSD DOFSUM01).1 
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Figure S6. (Blue) Fresh 1a solid shows no uptake of CO2 at 1 bar and room temperature, 

consistent with its nonporous nature. (Red) 1b converted from 1a shows an uptake of CO2 up 

to 4.5 wt % at 1 bar and room temperature. 

 
 

 
Figure S7. Effect of Hydrogen and Helium gases on 1a at 350 psi and room temperature over 

12 hrs indicates no phase transformation. 
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Figure S8. Solid state 13C NMR studies of 1a show the peaks of aromatic carbons of 1 

become narrower and more uniform after transformation, indicating the host molecule 

changes its conformation to higher symmetry (D3h). The external chemical shift reference was 

the CO carbon of glycine at 176.03 PPM. 

 

 

Reference: 

1 P. Sozzani, S. Bracco, A. Comotti, L. Ferretti, R. Simonutti, Angew. Chem.; Int. Ed. 

2005, 44, 1816. Also see the supporting information.  

2 The structure of 1a is recollected in order to calculate the volume of lattice voids in 

1a crystals.  

3 The structure of 1b reported in ref 1 (CSD DOFSUM01) was used to generate the 

figures. 

350 psi CO2 

1a 

1b 

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



<<
  /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


