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The last three decades have seen considerable advances
in the theory and implementation of quantum mechani-
cal methods, both relativistic and nonrelativistic.
Coupled with the remarkable advances in computing
technology, high-level calculations can now be per-
formed that accurately interpret experimental results,
and in some cases even rival experiments. Although the
relativistic methods have tended to lag the nonrelativis-
tic methods, they are in routine use in many places.

The two volumes of “Relativistic Electronic Structure
Theory” embody the culmination of efforts, in relativis-
tic method development and offer a wide overview of
the state of the art in relativistic computations on atoms,
molecules, and solids. The second volume is devoted
to applications (backed with the necessary theory), and
ranges from QED and parity-violation effects to the
properties of solids.

The volume opens with an overview of the chemis-
try of the heaviest elements—the actinides and trans-
actinides—covering both experiment and theory, and
showing how relativistic atomic and molecular calcula-
tions have helped to elucidate and inform the experi-
ments on superheavy elements whose half-lives are less
than a second and for which the challenge of obtaining
experimental data is formidable.

The theme of property prediction for superheavy ele-
ments continues in the following chapter with a review
of highly accurate calculations on atoms, where the sur-
prising trends due to relativity in the seventh period are
illustrated: the change of ground state for the noble met-
als from d10s1 for Au to d9s2 for Rg, the large increase
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in IP from Pb to E114, and the existence of an electron
affinity for the heaviest rare gas (E118).

High accuracy is also the subject of Chapter 3, which
reviews state-of-the-art calculations for a few electron
atoms that include all the smaller effects that are nec-
essary to produce results within experimental accuracy:
the Breit interaction including retardation, QED effects,
and finite nuclear size effects.

Small effects, this time coming from the electroweak
force, are the focus of the following chapter on parity-
violation effects in molecules. The chapter necessarily
delves into the standard model of particle physics, but
the presentation is very clear, and the implications for
chiral chemistry are well illustrated.

Two chapters deal with other properties originating
in the nucleus: Chapter 5, on electric field gradients
and nuclear quadrupole moments, and Chapter 9 on
relativistic effects in NMR chemical shifts. Chapter 5
addresses the contributions to electric field gradients
from the partitioning of the relativistic or quasirelativ-
istic Hamiltonian into spin-free and spin-orbit effects,
and also the neglect of the “picture change” in the
quasirelativistic calculations. Chapter 9 also provides
insight into the contribution of the various terms of
the relativistic Hamiltonian to chemical shifts and spin–
spin coupling constants, addressing both the heavy-atom
light-atom (HALA) and the heavy-atom heavy-atom
(HAHA) effects.

The intervening chapters (6, 7, and 8) describe the
results of methods that replace the core with an effec-
tive potential. The chapter on two-component RECP
methods first assesses the methods against all-electron
calculations, and then describes some interesting results
for diatomic molecules and polyatomic molecules of
superheavy elements. The succeeding chapter on AIMP
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methods presents applications of lanthanide and
actinide ions in solids using an embedding potential,
including spin-orbit effects. The third of these chapters
describes the use of pseudopotentials for excited states,
especially including spin-orbit effects, and presents a
range of applications including spectroscopy of various
metal diatomics, actinyls, ionic impurities in crystals, and
finally the use of zero-electron PPs for spectroscopy in
rare gas matrices.

The final three chapters turn to applications of rel-
ativistic density functional theory. Chapter 10 covers
small molecules, comparing a variety of one-, two-, and
four-component DFT calculations with experiment and
with high-level wave function calculations. Chapter 11
describes the use of the Douglas–Kroll–Hess approach
in DFT applied to molecules and materials, from small
molecules through larger coordination complexes to
large metal clusters and simulations of surface inter-
actions. Both chapters examine the difficulty that DFT
has with open-shells and spin-dependent interactions.
The final chapter presents solid-state calculations using
relativistic DFT methods, applied to the prediction of

lattice constants, band structures, and magnetic proper-
ties of ground states.

As can be expected in a contributed volume of this
nature, the presentation and depth of the theoretical
treatment and the scope of the applications vary consid-
erably. Some chapters have a minimal treatment of the
theoretical background and spend most of their time
on the presentation of results and analysis of trends;
others have an extensive treatment of the theoretical
background—sometimes of necessity due to the nature
of the subject—with a fairly small range of applications.
Each chapter, however, meets the goal of illustrating
some aspect of the application of relativistic electronic
structure theory to a problem of experimental inter-
est and of illuminating the importance of a relativistic
treatment.

This book is a valuable resource for any worker in
electronic structure theory, both for its insight into the
utility of a variety of relativistic methods, and for its
assessment of the contribution of relativity to a wide
range of experimental properties.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /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 150
  /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 0.76
    /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 600
  /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

  /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.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


