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In – Pd (Indium – Palladium)
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Fig. 1. Calculated phase diagram for the system In-Pd.

Palladium alloys with small amounts of indium are used for certain dental applications where In lowers the
melting point of the alloys and causes the formation of an oxide layer which promotes the bonding between
the alloy and ceramic materials. Furthermore, the In-Pd is of interest for the manufacturing of certain
semiconductor devices when Pd-containing contacts are used on In-containing semiconductors, such as
InSb or InP. The In-Pd system has been reviewed in [1992Oka] but since then new experimental work
required a revision in the In-rich part. An updated review including an optimised thermodynamic dataset
has been given by [2002Jia] which is presented here. The phase diagram has been determined by [1959Kni]
and it has been modified later in the Pd-rich part [1988Sch] and recently in the In-rich part [2002Fla]. The
enthalpy of mixing has been investigated for the melt in the range 0-65 at.% Pd at several temperatures
and it has been found to be independent of temperature [1995ElA]. Enthalpies of formation for the solid
phases have been determined in several investigations across the whole composition range and they are well
represented by the calculation [2002Jia] within the deviations among the different datasets. Activities of In
across the whole composition range have been reported from 873 K [1975Bir] up to 1273 K [1978Sch]. The
heat capacities of the intermetallic compounds have been measured up to about 1000 K by [1975, 2001Per].
The dataset should not be used at too high temperatures because an artificial inverse miscibility gap opens
in the liquid above 3100 K.
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2 2 Binary Systems: In – Pd

Table I. Phases, structures and models.

Phase Struktur- Prototype Pearson Space SGTE Model
bericht symbol group name

liquid LIQUID (In,Pd)1
A6 A6 In tI2 I4/mmm TETRAGONAL A6 In1

In7Pd3 D8f Ir3Ge7 cI40 Im3m IN7PD3 In7Pd3

In3Pd2 D513 Al3Ni2 hP5 P3m1 IN3PD2 In3Pd2

InPd B2 CsCl cP2 Pm3m INPD (In,Pd)1(Pd,�)1
In3Pd5 · · · Ge3Rh5 oP16 Pbam IN3PD5 In3Pd5

αInPd2 C23 Co2Si oP12 Pnma INPD2 A In1Pd2

βInPd2 · · · · · · · · · · · · INPD2 B In17Pd33

βInPd3 · · · · · · · · · · · · INPD3 B In13Pd37

αInPd3 D022 Al3Ti tI8 I4/mmm INPD3 A InPd3

fcc A1 Cu cF4 Fm33m FCC A1 (In,Pd)1

Table II. Invariant reactions.

Reaction Type T / K Compositions / xPd ∆rH / (J/mol)

liquid ⇀↽ βInPd3 congruent 1644.5 0.740 0.740 −12565
liquid ⇀↽ βInPd3 + fcc eutectic 1617.2 0.772 0.740 0.800 −11246
liquid ⇀↽ βInPd2 congruent 1606.4 0.660 0.660 −12665
liquid ⇀↽ βInPd2 + βInPd3 eutectic 1584.7 0.691 0.660 0.740 −11949
liquid ⇀↽ InPd congruent 1561.5 0.530 0.530 −15642
liquid ⇀↽ InPd + βInPd2 eutectic 1546.0 0.607 0.599 0.660 −12739
βInPd3 + fcc ⇀↽ αInPd3 peritectoid 1502.3 0.740 0.803 0.750 −2892
βInPd2 + βInPd3 ⇀↽ αInPd2 peritectoid 1348.8 0.660 0.740 0.667 −2044
βInPd3 ⇀↽ αInPd2 + αInPd3 eutectoid 1302.1 0.740 0.667 0.750 −2134
InPd + βInPd2 ⇀↽ In3Pd5 peritectoid 1218.5 0.594 0.660 0.625 −767
βInPd2 ⇀↽ In3Pd5 + αInPd2 eutectoid 1207.5 0.660 0.625 0.667 −1588
liquid + InPd ⇀↽ In3Pd2 peritectic 989.7 0.234 0.449 0.400 −6750
liquid + In3Pd2 ⇀↽ In7Pd3 peritectic 949.2 0.210 0.400 0.290 −5932
liquid ⇀↽ A6 + In7Pd3 eutectic 429.6 0.000 0.000 0.290 −3289

Table IIIa. Integral quantities for the liquid phase at 1900 K.

xPd ∆Gm ∆Hm ∆Sm GE
m SE

m ∆CP

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)] [J/(mol·K)]

0.000 0 0 0.000 0 0.000 0.000
0.100 −10269 −12872 −1.370 −5134 −4.073 0.000
0.200 −18251 −25809 −3.978 −10346 −8.138 0.000
0.300 −24684 −37886 −6.948 −15034 −12.027 0.000
0.400 −29309 −48080 −9.879 −18677 −15.475 0.000
0.500 −31790 −55270 −12.358 −20840 −18.121 0.000
0.600 −31800 −58235 −13.913 −21168 −19.509 0.000
0.700 −29043 −55658 −14.008 −19393 −19.087 0.000
0.800 −23233 −46120 −12.046 −15328 −16.207 0.000
0.900 −14005 −28106 −7.421 −8870 −10.124 0.000
1.000 0 0 0.000 0 0.000 0.000

Reference states: In(liquid), Pd(liquid)
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Table IIIb. Partial quantities for In in the liquid phase at 1900 K.

xIn ∆GIn ∆HIn ∆SIn GE
In SE

In aIn γIn

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)]

1.000 0 0 0.000 0 0.000 1.000 1.000
0.900 −1517 178 0.892 147 0.016 0.908 1.009
0.800 −3783 −471 1.744 −258 −0.112 0.787 0.984
0.700 −7932 −3943 2.100 −2298 −0.866 0.605 0.865
0.600 −14872 −12531 1.232 −6802 −3.015 0.390 0.650
0.500 −25304 −28823 −1.852 −14354 −7.615 0.202 0.403
0.400 −39757 −55703 −8.393 −25282 −16.011 0.081 0.202
0.300 −58687 −96351 −19.823 −39667 −29.834 0.024 0.081
0.200 −82764 −154243 −37.620 −57339 −51.002 0.005 0.027
0.100 −114252 −233150 −62.578 −77877 −81.723 0.001 0.007
0.000 −∞ −337140 ∞ −100611 −124.489 0.000 0.002

Reference state: In(liquid)

Table IIIc. Partial quantities for Pd in the liquid phase at 1900 K.

xPd ∆GPd ∆HPd ∆SPd GE
Pd SE

Pd aPd γPd

[J/mol] [J/mol] [J/(mol·K)] [J/mol] [J/(mol·K)]

0.000 −∞ −125562 ∞ −48720 −40.443 0.000 0.046
0.100 −89034 −130323 −21.731 −52658 −40.876 0.004 0.036
0.200 −76122 −127161 −26.862 −50697 −40.244 0.008 0.040
0.300 −63772 −117085 −28.060 −44752 −38.070 0.018 0.059
0.400 −50965 −101403 −26.546 −36490 −34.165 0.040 0.099
0.500 −38276 −81717 −22.864 −27326 −28.627 0.089 0.177
0.600 −26496 −59924 −17.594 −18426 −21.841 0.187 0.311
0.700 −16339 −38218 −11.516 −10704 −14.481 0.355 0.508
0.800 −8350 −19089 −5.652 −4825 −7.508 0.589 0.737
0.900 −2867 −5323 −1.293 −1202 −2.169 0.834 0.927
1.000 0 0 0.000 0 0.000 1.000 1.000

Reference state: Pd(liquid)
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Fig. 2. Integral quantities of the liquid phase at
T=1900 K.
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Fig. 3. Activities in the liquid phase at T=1900 K.
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4 2 Binary Systems: In – Pd

Table IV. Standard reaction quantities at 298.15 K for the compounds per mole of atoms.

Compound xPd ∆fG
◦ / (J/mol) ∆fH

◦ / (J/mol) ∆fS
◦ / (J/(mol·K)) ∆fC

◦
P / (J/(mol·K))

In7Pd3 0.290 −38518 −41122 −8.733 −1.067
In3Pd2 0.400 −52041 −56456 −14.811 −2.415
In3Pd5 0.625 −56502 −60537 −13.534 −1.768
βInPd2 0.660 −54590 −58730 −13.885 0.000
αInPd2 0.667 −55055 −58941 −13.032 −1.677
βInPd3 0.740 −48986 −52801 −12.796 0.000
αInPd3 0.750 −49942 −54212 −14.320 0.000

References

[1959Kni] J.R. Knight, D.W. Rhys: J. Less-Common Met. 1 (1959) 292–303.
[1975Bir] J.M Bird, A.W. Bryant, J.N. Pratt: J. Chem. Thermodyn. 7 (1975) 577–586.
[1975Bry] A.W. Bryant, J.M. Bird, J.N. Pratt: J. Less-Common Met. 42 (1975) 249–253.
[1978Sch] H.J. Schaller, H. Borodowsky: Ber. Bunsenges. Phys. Chem. 82 (1978) 773–778.
[1988Sch] E.E. Schmid, V. Carle: Prakt. Metallogr. 25 (1988) 340–348.
[1992Oka] H. Okamoto in: “Phase Diagrams of Indium Alloys and Their Engineering Applications”,

C.E.T. White, H. Okamoto (eds.), ASM Intl., Materials Park, OH, 1992, pp. 207–210.
[1995ElA] D. El Allam, M. Gaune-Escard, J.P. Bros, E. Hayer: Metall. Mater. Trans. B 26B (1995)

767–773.
[2001Per] L. Perring, J.J. Kuntz, F. Bussy, J.C. Gachon: Thermochim. Acta 366 (2001) 31–36.
[2002Fla] H. Flandorfer: J. Alloys Comp. 336 (2002) 176–180.
[2002Jia] C. Jiang, Z.-K. Liu: Metall. Mater. Trans. A 33A (2002) 3597–3603.

SGTE Landolt-Börnstein
New Series IV/19B


	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Book Front Matter
	Title Page
	Authors
	Member organizations of SGTE
	Dedication
	Preface
	Contents
	Survey Vol. IV/19

	Introduction
	Assessment and selection procedures
	Thermodynamic modelling
	Description of the tables and diagrams
	Description of the software
	References

	Index of binary systems (Vol. IV/19B5)
	Binary systems (alphabetically ordered)
	Ag systems
	Ag-B
	Ag-Ba
	Ag-Be
	Ag-C
	Ag-Ca
	Ag-Cd
	Ag-Ce
	Ag-Cr
	Ag-Cu
	Ag-Fe
	Ag-Mo
	Ag-Nb
	Ag-O
	Ag-Te
	Ag-V
	Ag-W

	Al systems
	Al-Be
	Al-Dy
	Al-Gd
	Al-Ho
	Al-Ru
	Al-Sc
	Al-Sn
	Al-Sr

	Au systems
	Au-B
	Au-Co
	Au-Hf
	Au-Ni
	Au-Pb
	Au-Ti
	Au-Zr

	B systems
	B-Zr

	Ba systems
	Ba-Ru

	Bi systems
	Bi-Pd

	C systems
	C-Ir
	C-Os
	C-Pd
	C-Pt
	C-Rh
	C-Ru
	C-Zn

	Ca systems
	Ca-Li
	Ca-Ru

	Cd systems
	Cd-Y

	Ce systems
	Ce-Ni

	Co systems
	Co-Gd
	Co-Ge
	Co-O
	Co-Pd
	Co-Y
	Co-Zn

	Cr systems
	Cr-Ru

	Cu systems
	Cu-Ir

	Dy systems
	Dy-Mg

	Eu systems
	Eu-Pd
	Eu-Sn

	Fe systems
	Fe-Ru
	Fe-Sb

	Ga systems
	Ga-Mg
	Ga-Si
	Ga-Ti

	Gd systems
	Gd-Li
	Gd-Mg
	Gd-Mn
	Gd-Mo
	Gd-Zr

	Hf systems
	Hf-Mo
	Hf-Nb
	Hf-Ni
	Hf-W

	Hg systems
	Hg-Sn
	Hg-Te
	Hg-Zn

	Ho systems
	Ho-Mg

	In systems
	In-La
	In-Pd

	Ir systems
	Ir-Ni
	Ir-Pt
	Ir-Rh
	Ir-Ru
	Ir-Zr

	La systems
	La-Mg

	Li systems
	Li-N
	Li-Na
	Li-Sn

	Mg systems
	Mg-Tm
	Mg-Yb

	Mn systems
	Mn-Sc

	Mo systems
	Mo-V
	Mo-Zr

	N systems
	N-Si

	Nb systems
	Nb-Ta

	Ni systems
	Ni-Pb
	Ni-Ru
	Ni-Zn

	Os systems
	Os-Si

	Pd systems
	Pd-Rh
	Pd-Sm
	Pd-Tb

	Ru systems
	Ru-Si
	Ru-Zr

	Sn systems
	Sn-V

	V systems
	V-W

	W systems
	W-Zr




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 0.15
    /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


