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Over the last decade or so our group has been particularly active in the hydrothermal synthesis (under
mild conditions) of novel functional materials containing lanthanide centers, in particularly microporous
heteropolyhedra rare-earth silicates (MHRESs) [1-11] and, more recently, rare-earth-organic frameworks
(REOFs) with highly flexible organic ligands containing one or more phosphonic acid group(s) [12,13].
Because these functional materials are, in most of the cases, isolated directly from the autoclave contents as
microcrystalline powders or as extremely small single-crystals (thus unsuitable for conventional single-
crystal X-ray diffraction studies), the structural intricacies of some families of compounds have eluded us for
some time. Even though powder X-ray diffraction patterns collected using commercial instruments can in
most of the cases provide useful information concerning novelty and phase purity (from preliminary
indexation of the patterns), these also suffer from severe lack of angular resolution and are affected by strong
preferential orientation. When combined, these two factors significantly decrease the possibility of solving
and refining the structure of MHRESs and REOFs using ab initio methods.

The aim of this proposal was to collect high-resolution powder X-ray diffraction data for: (1) a series of
isostructural MHRESs (with different lanthanides) belonging to the AV-21 family, for which the exact
structural details are still unknown to date; (2) a series of REOFs containing nitrilotris(methylphosphonic
acid) (HeNMP). Preliminary studies showed that the collected powder patterns for all these compounds using
a conventional instrument were severely affected by strong preferential orientation. It was expected that the
high brilliance of the synchrotron source in combination with the increased line resolution would allow us to,
finally, solve and refine their crystal structures.



Microporous Heteropolyhedra Rare-Earth Silicates (MHRESSs)

The AV-21 system was reported by our research group a few years ago [11]. However, that initial full
crystallographic description was significantly affected by a series of errors which could not be overcome by
using conventional single-crystal X-ray diffraction. In particular, even though a reliable indexation could be
usually possible for any synthesized crystal, single-crystal data collected for many different samples obtained
from different batches and under different experimental set ups (e.g., different instruments) systematically
failed to provide reliable information on the systematic absences in order to fully determine the space group.
Due to the high crystallinity of the samples the scientific contact for this experiment, Dr. Wouter Van Beek
put us in contact with Dr. Philip Pattison who collected micro-crystal data (BMOla beam line), at the low
temperature of 100(2) K, for the samarium-containing sample: Nas(Naj 290Smg 24)[Sm;Si;,030]-4.88H,0 (Av-
21-Sm). This new set of collected reflections allowed us to unequivocally determine the structure of AV-21-
Sm in the orthorhombic Pmna space group (Figure 1): Nas29034885112Smp 04, Z=1, a=7.53 A, b=7.05A,
c=1499 A, V=1795.767(16) A>; of a total of 3371 reflections collected, 683 were independent
(Rint = 0.0557); final R1 =0.0517 [I>20(])] and wR2 =0.1399 (all data). Micro-crystal data were also
collected for the gadolinium and one mixed terbium/europium sample, which proved to be isostructural with
AV-21-Sm (Figure 1). This detailed structural information in conjunction with the photophysical properties
are now being systematised in the form a manuscript which will be submitted to a highly reputed
international journal in this area of research.
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Figure 1. Crystal packing of Na4(Na1.2gsmo_24)[szsilego]-4.88H20 (AV—21—S1’I]) viewed in
perspective along the [100] crystallographic direction.

Rare-Earth-Organic Frameworks (REOFs)

The hydrothermal reaction between H¢NMP and lanthanide centres leads to the isolation as
microcrystalline powders of a series of REOFs formulated as [Ln(H3;NMP)]-1.5(H,0) (where Ln’" = La™",
Pr’*, Nd**, Sm’" and Eu’") (Figure 2). This family of compound exhibits photoluminescence properties and
reversible removal of the inter-layer water molecules. The anisotropic lath-like crystal morphology of these
materials prevented crystal solution from conventional powder pattern. High-resolution PXRD data for
[Pr(H;NMP)]-1.5(H,0) was collected at the BM01b beam line (A = 0.50018(1) A; Figure 2 — bottom) which,



when used in tandem with data derived from high-resoltion solid-state NMR studies, allowed the unequivocal
elucidation of the fine structural details of this family of functional materials: a=27.5001(4) A,
b=11.99777(18) A, ¢=7.25373(11) A, V'=2393.30(6) A’, space group Pben, zero shift of -0.0026(2)°,
R, =7.81%, Rywp=10.49%, Rexp=8.23%, x2 =1.62, Rpragg =5.64%. The full structural details and
photophysical properties of this family of compounds has been recently published in Chemistry of
Materials [12].
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Figure 2. Final Rietveld plot and crystal packing of [Pr(H;NMP)]-1.5(H,0). Photoluminescence
(in the visible region) of the isostructural material with Eu’* while under ultraviolet irradiation.

During the allocated time for this experiment, high-resolution data was could also be collected for a
novel organic-inorganic hybrid material which was formulated a posteriori as [Ge;O¢(DCH-99)]-H,O [where
DCH-99 stands for 1,2-diaminocyclohexane]. The powder pattern [A=0.50018(1) A] was unequivocally
indexed using DICVOLO04 [a =5.32421(5) A, b=7.43224(6) A, ¢=15.09971(13) A, V'=1597.508(9) A’,
space group P2,2,2] with high figures-of-merit [M(25) = 191.2 and F(25) = 1276.0; zero shift of -0.0076°],
and ultimately allowed a sensible full crystal solution and refinement using Fullprof.2k (Figure 3):
independent reflections = 1071, global refined parameters = 1, profile refined parameters =11, intensity-
dependent refined parameters =49, R, =9.96%, Ry, = 13.52%, Rexp = 6.06%, XZ =4.97, Rprage = 5.33% and
Ry =7.99%.. This information is now being systematised in the form a manuscript which will be submitted
to a highly reputed international journal in this area of research.
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Figure 3. Final Rietveld plot and crystal packing of [Ge;O04(DCH-99)]-H,O [where DCH-99 stands
for 1,2-diaminocyclohexane].

Conclusions

In summary, we believe that the time allocated for this experiment alongside with the good interaction
with Drs Van Beek and Pattison, were remarkable and culminated in the acquisition of excellent high-
resolution data which ultimately allowed us to solve the structures for the three families of compounds
described above. In particular, from our personal experience, even though a good high-resolution powder
pattern for a novel REOF collected at BMO1b needs at least 8-10 hours of beam time, this beam line also has
the great advantage of not destroying the samples due to radiation damage (an experimental fact registered
recently by some of the experimentalists listed in the header at beam line ID31). This feature renders BMO1b
the ideal beam line for most of the work on organic-inorganic hybrid materials synthesized and studied in our
laboratories. Future access to this facility will most certainly increasing the possibility of producing in the
future results at least as good and with the same scientific impact as those described above.

Acknowledgements

We gratefully acknowledge Dr. Wouter Van Beek and Dr. Philip Pattison for assistance with data
collection at the BM0O1b and BMO1la beam lines, respectively. We also would like to thank the Portuguese
Foundation for Science and Technology for financial support wunder the project number
POCI/QUI/58377/2004 supported by FEDER.



References

[1]

2]
[3]

[4]

[5]
[6]

[7]

[8]
[9]

[10]

[11]

[12]

[13]

Rocha, J.; Lin, Z. In Micro- and Mesoporous Mineral Phases; Mineralogical Soc America:
Washington, 2005; 57; pp. 173-201.

Ananias, D.; Rainho, J. P.; Ferreira, A.; Rocha, J.; Carlos, L. D. J. Alloy. Compd. 2004, 374, 219-222.

Ananias, D.; Kostova, M.; Paz, F. A. A.; Ferreira, A.; Carlos, L. D.; Klinowski, J.; Rocha, J. J. Am.
Chem. Soc. 2004, 126, 10410-10417.

Ferreira, A.; Ananias, D.; Carlos, L. D.; Morais, C. M.; Rocha, J. J. Am. Chem. Soc. 2003, 125,
14573-14579.

Ananias, D.; Ferreira, A.; Carlos, L. D.; Rocha, J. Adv. Mater. 2003, 15, 980-+.

Ananias, D.; Rainho, J. P.; Ferreira, A.; Lopes, M.; Morais, C. M.; Rocha, J.; Carlos, L. D. Chem.
Mat. 2002, 14, 1767-1772.

Ananias, D.; Ferreira, A.; Rocha, J.; Ferreira, P.; Rainho, J. P.; Morais, C.; Carlos, L. D. J. Am. Chem.
Soc. 2001, 123, 5735-5742.

Rocha, J.; Ferreira, P.; Carlos, L. D.; Ferreira, A. Angew. Chem. Int. Edit. 2000, 39, 3276.

Kostova, M. H.; Ananias, D.; Paz, F. A. A.; Ferreira, A.; Rocha, J.; Carlos, L. D. J. Phys. Chem. B
2007, 111, 3576-3582.

Ananias, D.; Paz, F. A. A.; Carlos, L. D.; Geraldes, C.; Rocha, J. Angew. Chem. Int. Edit. 2006, 45,
7938-7942.

Rocha, J.; Carlos, L. D.; Paz, F. A. A.; Ananias, D.; Klinowski, J. In Recent Advances in the Science
and Technology of Zeolites and Related Materials, Pts a - C; Elsevier Science Bv: Amsterdam, 2004;
154; pp. 3028-3035.

Cunha-Silva, L.; Mafra, L.; Ananias, D.; Carlos, L. D.; Rocha, J.; Paz, F. A. A. Chem. Mater. 2007,
19,3527-3538.

Shi, F.-N.; Chunha-Silva, L.; S4 Ferreira, R. A.; Mafra, L.; Trindade, T.; Carlos, L. D.; Paz, F. A. A_;
Rocha, J. J. Amer. Chem. Soc. 2007, In Press.




<<
  /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


