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Chapter Five: Conclusions and Future Considerations 

 

 The guest/host study presented in Chapter Two successfully expanded the SSZ-70 

composition window to pure-silica and aluminum containing materials.  Other phases 

observed in the study were TON, MFI, MTT, MTW, Beta, EUO, CFI, SSZ-16 (AFX) and 

STF.  The aluminum-containing SSZ-70 materials were shown to be active catalysts for 

hydrocarbon cracking.  One aspect that remained unsolved was the structure of SSZ-70.  In 

particular, the physical characterization showed strong similarity to MWW materials but 

catalytic behavior was different.  Additional catalytic investigations, such as methanol to 

higher hydrocarbons, could provide complementary information about possible structural 

features1.  Recent advances in combining electron microscopy with high resolution XRD 

data might offer a path to structure solution.  These techniques have been recently used to 

solve several complex structures from crystals too small for single-crystal analysis2.  

Successful application of these techniques requires sufficient long range order within SSZ-

70.  It is possible that disorder occurs throughout SSZ-70 making structure solution more 

difficult.  If disorder is present, advanced two-dimensional NMR techniques might offer 

insight into local structure through 29Si{29Si} 2D experiments3, 4.  Solid-state NMR 

measurements showed well resolved 29Si resonances indicating strong local order 

suggesting this approach holds promise.  In addition, understanding where the SDA 

molecules are located might offer insight into the observed differences in catalytic 

behavior.  One area of interest is the relative proximity of the charge center to the silicate 

framework.  Again, 2D NMR techniques could offer valuable information although the 
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relatively weak 13C resonance associated with the imidazolium C(2) carbon could hamper 

investigations.  This potential limitation could be overcome if an imidazolium SDA with 

13C enrichment at the C(2) position was employed.  Reports of 2-13C-4,5-

diphenylimidazole using 13C-formic acid suggest this could be a viable strategy5.  The 

proposed synthesis would employ 13C-labeled paraformaldehyde as shown in Scheme 5.1. 

 

Scheme 5.1: Proposed synthesis of 13C-labeled imidazolium SDA 

 

 The proposed 13C-labeling could help understand organic/silicate interactions with 

1,3-bis(1-adamantyl)imidazolium hydroxide.  This SDA was able to produce three 

crystalline phases whereas the two other SDA with quaternary carbons adjacent to nitrogen 

were not nearly as successful.  Information about the distance between the charge center 

and silicate species would help discriminate the structure direction mechanism. 

 The apparent similarity between SSZ-70 and MWW should be investigated further 

through layer manipulation experiments.  MWW materials can be swollen, delaminated, 

pillared and exfoliated with enhanced catalytic properties towards larger molecules6–8.  

Investigations into MWW delamination have focused on aluminosilicate products.  As 

demonstrated in Chapter Two, SSZ-70 can be synthesized as a borosilicate and 

aluminosilicate.  Different delamination behavior might be observed between borosilicate 

and aluminosilicate materials. 
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 The second guest/host study presented in Chapter Three investigated chiral 

imidazolium SDAs in the synthesis of polymorph A enriched Beta.  Both 1,3-bis((S)-3,3-

dimethylbutan-2-yl)imidazolium hydroxide and 1,3-bis((S)-1-cyclohexylethyl)imidazolium 

hydroxide produced Beta, and many of the XRD patterns were distinctly different than 

those for regular Beta.  EUO was the only other crystalline phase observed in the study.  

The observed differences in XRD patterns did not correspond to simulated patterns for 

polymorph A enrichment.  Molecular modeling suggested both SDAs occupied the straight 

12MR pores.  This arrangement did not project chirality across the [001] fault planes 

providing an explanation for absence of polymorph A enrichment.  Modeling showed 

careful consideration must be given to efficiently filling the entire void space with large 

SDAs.  This obstacle could be overcome using a dual SDA strategy where a large chiral 

SDA (>10Å length) could be combined with a smaller SDA.  The large SDA would be able 

to span [001] fault planes thereby projecting “handedness” between adjacent layers.  The 

smaller SDA is envisioned to occupy void volume in a similar manner to pore filling agents 

(PFAs)9, 10.  A dual SDA approach was recently used to synthesize pure-silica LTA (ITQ-

29) using tetramethylammonium hydroxide as the second SDA11.  Competing nucleation 

selectivity between the large chiral SDA and smaller SDA is an obvious barrier to 

overcome.  Recent advances in high-throughput (HT) methods could be applied to screen 

large combinations of SDAs and inorganic compositions12, 13. 

 

 The third study presented in Chapter Four investigated supramolecular SDAs 

created through adamantyl/-cyclodextrin inclusion complexes.  Experimental evidence for 

a 2:1 inclusion complex between -CD and 1,3-bis(1-adamantyl)imidazolium chloride was 
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obtained from ITC.  Initial inorganic reactions with the desired 2:1 inclusion complex 

showed no desirable perturbation to the product and significant cyclodextrin degradation 

was observed.  Additional attempts using a 1:1 -CD/N,N,N-trimethyl-1-

adamantanammonium complex gave similar degradation.  Ultimately, carbohydrate-

containing SDAs were not stable under molecular sieve synthesis conditions. 

 

5.1: References 

 

1. S. I. Zones, C. Y. Chen, A. Corma, M. T. Cheng, C. L. Kibby, I. Y. Chan and A. 

W. Burton, Journal of Catalysis 250 (1), 41–54 (2007). 

2. L. B. McCusker and C. Baerlocher, Chemical Communications (12), 1439–1451 

(2009). 

3. D. H. Brouwer, R. J. Darton, R. E. Morris and M. H. Levitt, Journal of the 

American Chemical Society 127 (29), 10365–10370 (2005). 

4. S. Cadars, D. H. Brouwer and B. F. Chmelka, Physical Chemistry Chemical 

Physics 11 (11), 1825–1837 (2009). 

5. P. Kang and C. S. Foote, Journal of the American Chemical Society 124 (32), 

9629–9638 (2002). 

6. A. Corma, V. Fornes, S. B. Pergher, T. L. M. Maesen and J. G. Buglass, Nature 396 

(6709), 353–356 (1998). 

7. W. J. Roth, C. T. Kresge, J. C. Vartuli, M. E. Leonowicz, A. S. Fung and S. B. 

McCullen, Catalysis by Microporous Materials 94, 301–308 (1995). 



151 

 

8. S. Maheshwari, E. Jordan, S. Kumar, F. S. Bates, R. L. Penn, D. F. Shantz and M. 

Tsapatsis, Journal of the American Chemical Society 130 (4), 1507–1516 (2008). 

9. H. Lee, S. I. Zones and M. E. Davis, Journal of Physical Chemistry B 109 (6), 

2187–2191 (2005). 

10. S. I. Zones and S. J. Hwang, Chemistry of Materials 14 (1), 313–320 (2002). 

11. A. Corma, F. Rey, J. Rius, M. J. Sabater and S. Valencia, Nature 431 (7006), 287–

290 (2004). 

12. M. Moliner, J. M. Serra, A. Corma, E. Argente, S. Valero and V. Botti, 

Microporous and Mesoporous Materials 78 (1), 73–81 (2005). 

13. A. Corma, M. J. Diaz-Cabanas, J. L. Jorda, C. Martinez and M. Moliner, Nature 

443 (7113), 842–845 (2006). 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


