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Table 1 Physical properties of rubidium®™!
Property Value Property Value
Atomic number 37 Normal electrode potential/V -2.99
Atomic mass 85.468 Electrical conductivity at 0 ‘C/(Q "«cm™") 8.86X 10"
Relative abundance on earth/% 3.1X1072 Thermal conductivity of liquid/(W-m K ™") 29.30
Atomic radius/nm 0.243 Specific heat capacity of solid/( J-g""K™") 0.332
Covalent radius/nm 0.211 Specific heat capacity of liquid/( J-g “K ") 0.368
Ionic radius/nm 0.149 Specific heat capacity of gas/(J.g "K' 0.242
Crystal structure BCC, Im 3m , a=0.5703 nm Heat of fusion/(J-g™") 25.71
Density at 18 ‘C/( g-em °) 1.522 Heat of sublimation at 25 ‘C/(J-g"") 1004.3
Melting point/C 39 Heat of vaporization/(J-g ") 887.6
Boiling point/'C 696 Mohs hardness 0.3
Ionization potential/eV 4.16
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Table 2 Some elements that can form binary alloys or compounds with rubidium and their crystal structures
No. Element Alloy or compound Crystal space group Lattice parameter/A Reference
AusRb P6/mmm a=5.760; c=4.448
1 Au Au,Rb - - (9]
AuRb Pm3m 4.106
Ga;Rb R3m a=6.600; c=28.568
2 Ga GazRb I4m?2 a=6.315; ¢=15.00 [10]
GagRbs - a=6.10; b=11.13; ¢=6.16
Rb,Se Fm3m a=8.019
3 Se Rb,Se; Cmc2, a=7.856; b=10.858; ¢=7.977 [11]
Rb,Se;s P2,2,2, a=6.910; b=7.135; ¢=18.299
4 Zn RbZn,3 Fm3c¢ a=12.42 [12]
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Table 3 Crystallography information and properties of some rubidium compounds
Rb Space .
No. 1 L A P Refe
0 compounds Crystal system group attice parameter/ roperty eterence
. a=18.6762(9); b=7.0490(4); -
1 Rb,UsOy;  Orthorhombic ~ Pbcn =1 4'1(2())7 (7): 7=4 ) Activation energy: 0.57 eV [14]
a=7.323(2); b=8.004(3);
2 Rb,U,0, Monoclinic P2,/c c=6.950(2); Activation energy: 0.81 eV
£=108.81(1)°; Z=2 [15]
. =6.9925(9); b=14.288(2); .
3 RbgU¢O3;  Orthorhombic  Pbna “ =3 4F 02 2(5), 7-4 2) Activation energy: 0.85 eV
Ferroelectric;
Conductivity of single crystal at 50 ‘C:
=7.621; b=10.835; ¢=7.902; 3o
4 RbHCH,0¢ Orthorhombic P2,2;2, ol oo O’OC ©2.946X10% Q lem™!; Activation [16]
. energy of single crystal at low
temperature: 0.734 eV
a=26.535(1); b=9.2926(3);
-RbMgPO Pna2
GOV E s =5.3368(2)
. a=8.7938(3); b=9.3698(3); Ferroelectric transition occurs at
5 - Orthorhomb .. 17
f-RbMgPO, orhombic - Prma ¢=5.3956(1) moderate but positive temperature [17]
a=8.7907(3); b=5.4059(1);
-RbMgPO Pna2
P-ROMEE nas ¢=9.3949(3)
a=7.357(2); b=13.315(4);
6 RbCdAB;O4  Monoclinic C2/c c=12.702(4), - [18]
£=106.711(3)%; ¥=1191.7(6) A*
=8.915; b=7.950, c=12.445,
7 RbPb,Cl; Monoclinic P2,/c “ 9(1:}; 9 OZ; 9ﬂ: ’9; 140 ’ Anisotropic optical properties [19]
ithout isture- iti
8  ROPb,Brs  Tetragonal  [4/mem a=8.4455; c=14.5916 Without moisture-sensitive, [13]
high energy output
. a=10.274(1); b=17.381(2); c=
RbPbI rthorh P - 20
9 bPbl; Orthorhombic nam 4773(1); Z=4 [20]
Phase transition temperature:
. =8.962; b=4.034; ¢=14.980; .
10 RbCACl;  Orthorhombic Pnam  * ¢ Te=383 K (cubic—tetragonal); [21-22]

7=4

Tc2~358 K(tetragonal—orthorhombic)

11 RbsBS4O46 Tetragonal P452,2

a=10.148(4); c=16.689(14);
V=1718.8(17) A*, Z=4

Band gap: 3.99 eV; RbsBS,0,¢ melts
incongruently at around 530 °C along [23]
with volatilization
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Table 4 Crystallography information of some nonlinear optical crystals containing rubidium®* "
Molecul Crystallography information
No. Crystal olecuiat - Reference
mass Crystal system  Space group Lattice parameters/A
1 RbTiOPO, 244318  Orthorhombic mm?2 a=12.964, b=6.4985, c=10.563 [35-36]
2 RbTIOAsO4 288.25 Orthorhombic Pn2la a=13.2428, b=10.7624, c=6.6685 [37]
3 RbH,PO, 182.454 Tetragonal 42m a=7.608, ¢=7.296 [35]
- a=7.7865(9), c=7.466(2),
4 RbH,AsO 226.4 Tet 1 1 38
28 clragona 42d V=452.64(14) A3, 7=4 [38]
Cs,Rb;_B305 . a=8.202-8.514, b=10.075-9.140,
5 - Orthorhomb P2,2,2 39
0<x<1) orhombie 1414 €=5.375-6.207, Z=4 [39]
6 RbMgBO; 168.59 Cubic P213 a=6.942(3), Z=4 [40]
. . a=8.6257(12), b=11.2576(13),
7 LiRbB,O; 247.65 Orthorhombic P2,2,2, =12.8531(15), 7=8 [41]
. . a=6.8765(5), b=6.8765(5), c=25.923(4),
8 LisRb3B;044 583.84 Trigonal P3,21 73, V=1061.56 A> [42]
. a=7.687, b=17.724, c=4.393,
9 RbBe,B;0, 247.92 Orthorhombic Pmn2, o=f=y=00°, =4, V=598 5A’ [43]
10 RbGeB;0, 302.51 Orthorhombic Pna2l A=p=y=90°, Z=4 [44]
11 RbyGe;BsOyy 896.51 Monoclinic Cc a=90°, f=103.723(5)°, y=90°, Z=4 [30]
12 Rb,Bils05 1254.43  Orthorhombic Abm2 a=8.2257, b=23.5398, ¢=8.2544, a==y=90° [45]
a=9.1979, b=9.1979, c¢=4.4463, a==90°, y=120°,
13 Rb;Ca3(CO;);F;  613.66 Hexagonal P62m 7-1, V=325.770 A’ [46]
=5.3927, b=11.4938, ¢=21.1508
14  CgHgBRbO,, 36042  Orthorhombic - a=3.3927, 938, c ’ [47]

o=f=y=90°, V=1310.9725 A’
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Properties and research progress of rubidium and its compounds

TAN Yan-ni, LIU Yong

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Rubidium (Rb) is an active alkali metal. Due to the nature of rubidium and the high cost, the preparation and
applications of rubidium and its compounds have been greatly restricted in the past. Along with the progress of rubidium
mining and extraction technology in China, the development and utilization of rubidium resources get more and more
attention. The basic physical properties and crystallographic parameters of rubidium, rubidium binary alloy and rubidium
compounds were summarized. In addition, the latest research and applications of rubidium materials were reviewed in
detail, including the applications in energy, nonlinear optical crystals, catalysis, medicine, solder, special glass and
ferromagnetic materials. The prospect for the future development of rubidium was also discussed.
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Foundation item: Project(51504295) supported by the National Natural Science Foundation of China Youth Fund;
Project supported by Autonomous Project of the State Key Laboratory of Powder Metallurgy of
Central South University, China
Received date: 2016-01-13; Accepted date: 2016-06-02
Corresponding author: LIU Yong; Tel: +86-731-88836939; E-mail: yonliu@csu.edu.cn
(wE T B




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


