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Preface

Both selenium and tellurium are very rare. Selenium has an abundance at 0.05-0.09
parts per million and is among the 25 least common elements in the Earth’s crust.
Tellurium is even rarer with an abundance of about one part per billion being rarer
than gold, silver, or platinum and ranks about 75th in abundance of the elements in
the earth. Selenium is used in glass-making and in electronics. One of the most
common uses is in plain-paper photocopiers and laser printers. Selenium is also
used to make photovoltaic (“solar”) cells. Most of the tellurium produced today is
used in alloys such as tellurium-steel alloy (approx. 0.04% tellurium), which has
better machinability than steel without tellurium. Tellurium has potential for a
variety of electrical devices such as CdHgTe IR detectors and it can be used to
improve picture quality in photocopiers and printers.

Recent decades have witnessed significant progress in the chemistry of selenium
and tellurium. New compounds with novel bonding arrangements, unprecedented
structures, and unusual reactivities have been reported comprising in many cases
systems which have been regarded as impossible. Such development extends the
theories on molecular structures and bonding.

The driving force in the research of inorganic and organic chemistry of selenium
and tellurium chemistry also arises from demands of materials science and from
advances in biochemistry and medicine. There is an ever-growing need to gain firm
understanding of the relationship of molecular and electronic structures with the
properties and functionalities observed in the bulk phase. As a result of these
investigations, both new and old materials are finding virtually unlimited number
of applications. Semiconductors, insulators, coatings, ceramics, catalysts, nano-
tubes, polymers, and thin films all play a significant role in the current main
group chemistry research as well as in the modern technological society. In this
context, the increasing need for replacements for fossil fuels has driven forward the
development of alternative energy sources in which selenium and tellurium com-
pounds such as cadmium telluride are poised to play an important role. Many
selenium and tellurium compounds have also found utility as reagents in synthetic
organic and inorganic chemistry. Many selenium species can act as mild oxidants
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and conversely, organotellurium compounds have an ability to reduce different
functional groups and cleave carbon-heteroatom bonds. Organotellurium ligands
have also attracted interest in coordination chemistry, with the goal of designing
suitable single source precursors for chemical vapor deposition processes.

The biological significance of selenium was recognised in 1973 when it was
found to be an integral part of the enzyme glutathione peroxidase and is a very
potent antioxidant protecting the body from damage due to oxidation by free
radicals. The role of selenium compounds as antitumor agents is also under active
investigation.

This volume illustrates some of the exciting developments in chemistry, materi-
als and biochemistry of selenium and tellurium. The contributions are based on (but
not limited to) the invited lectures in 11th International Conference on the Chemis-
try of Selenium and Tellurium (ICCST-11) held in Oulu, Finland on August 1-6,
2010. We are grateful to the contributing authors for their prompt delivery of the
articles, which has made completing the volume in a timely fashion a pleasant
experience.

March 2011 J. Derek Woollins
Risto S. Laitinen



Contents

1 Organic Phosphorus-Selenium Chemistry ............................... 1
Guoxiong Hua and J. Derek Woollins

2 New Selenium Electrophiles and Their Reactivity ..................... 41
Diana M. Freudendahl and Thomas Wirth

3 Redox Chemistry of Sulfur, Selenium and Tellurium Compounds ... 57
Richard S. Glass

4 Redox and Related Coordination Chemistry of PNP-
and PCP-Bridged Selenium and Tellurium-Centred Ligands ......... 79
Tristram Chivers and Jari Konu

5 Synthesis, Structures, Bonding, and Reactions of Imido-Selenium
and -Tellurium Compounds ................oiiiiiiiiiiiiiiiiiiinnnan. 103
Risto S. Laitinen, Raija Oilunkaniemi, and Tristram Chivers

6 A New Class of Paramagnetics: 1,2,5-Chalcogenadiazolidyl
Salts as Potential Building Blocks for Molecular Magnets
and Conductors ...ttt e 123
Andrey V. Zibarev and Riidiger Mews

7 OrganotelluroXanes ................cooiiiiiiiiiiiiiiriiiie i, 151
Jens Beckmann and Pamela Finke

8 Recent Developments in the Lewis Acidic Chemistry of Selenium

and Tellurium Halides and Pseudo-Halides ............................ 179
Jason L. Dutton and Paul J. Ragogna

vii



viii Contents

9 Selenium and Tellurium Containing Precursors for Semiconducting
Materials ......... .. 201
Mohammad Azad Malik, Karthik Ramasamy, and Paul O’Brien

10 Synthesis and Transformations of 2- and 3-hydroxy-Selenophenes
and 2- and 3-Amino-Selenophenes ................... ... 239
G. Kirsch, E. Perspicace, and S. Hesse

11 Activation of Peroxides by Organoselenium Catalysts: A Synthetic
and Biological Perspective ................... i 251
Eduardo E. Alberto and Antonio L. Braga

12 Selenium and Human Health: Snapshots from the Frontiers

of Selenium Biomedicine .................... ... 285
Leopold Flohé
13 Metal Complexes Containing P-Se Ligands .......................... 303

Chen-Wei Liu and J. Derek Woollins



List of Contributors

Eduardo E. Alberto Chemistry Department, Federal University of Santa Maria,
Santa Maria, RS, Brazil

Jens Beckmann Fachbereich 2: Biologie/Chemie, Institut fiir Anorganische und
Physikalische Chemie, Universitit Bremen, Bremen, Germany

Antonio L. Braga Chemistry Department, Federal University of Santa Catarina,
Florianépolis, SC, Brazil

Tristram Chivers Department of Chemistry, University of Calgary, Calgary, AB,
Canada

Jason L. Dutton Department of Chemistry, The University of Western Ontario,
London, ON, Canada

Pamela Finke Fachbereich 2: Biologie/Chemie, Institut fiir Anorganische und
Physikalische Chemie, Universitit Bremen, Bremen, Germany

Leopold Flohé Department of Chemistry, Otto-von-Guerricke-Universitdt Mad-
geburg, Magdeburg, Germany

Diana M. Freudendahl School of Chemistry, Cardiff University, Cardiff, UK

Richard S. Glass Department of Chemistry and Biochemistry, The University of
Arizona, Tucson, AZ, USA

S. Hesse Laboratoire d’Ingénierie Moléculaire et Biochimie Pharmacologique,
Institut Jean Barriol, Université Paul Verlaine Metz, Metz, France

Guoxiong Hua School of Chemistry, University of St Andrews, St Andrews, UK

ix



X List of Contributors

G. Kirsch Laboratoire d’Ingénierie Moléculaire et Biochimie Pharmacologique,
Institut Jean Barriol, Université Paul Verlaine Metz, Metz, France

Jari Konu Department of Chemistry, University of Calgary, Calgary, AB, Canada
Risto S. Laitinen Department of Chemistry, University of Oulu, Oulu, Finland

Chen-Wei Liu Department of Chemistry, National Dong Hwa University,
Taiwan, China

Mohammad Azad Malik School of Chemistry, The University of Manchester,
Oxford Road, Manchester, UK

Riidiger Mews Institute for Inorganic and Physical Chemistry, University of
Bremen, Bremen, Germany

Paul O’Brien School of Chemistry, The University of Manchester, Manchester, UK
Raija Oilunkaniemi Department of Chemistry, University of Oulu, Oulu, Finland

E. Perspicace Laboratoire d’Ingénierie Moléculaire et Biochimie Pharmacologi-
que, Institut Jean Barriol, Université Paul Verlaine Metz, Metz, France

Paul J. Ragogna Department of Chemistry, The University of Western Ontario,
London, ON, Canada

Karthik Ramasamy School of Chemistry, The University of Manchester,
Manchester, UK

Thomas Wirth School of Chemistry, Cardiff University, Cardiff, UK
J. Derek Woollins School of Chemistry, University of St Andrews, St Andrews, UK
Andrey V. Zibarev Institute of Organic Chemistry, Russian Academy of

Sciences, Novosibirsk, Russia; Department of Physics, National Research Univer-
sity — Novosibirsk State University, Novosibirsk, Russia



	Selenium and Tellurium Chemistry
	Preface
	Contents
	List of Contributors



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


