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  Abstract:Amodifiedcalculativeformulaforthethermalpressureisproposedandtheequationofstate
(EOS)isobtainedaccordinglyforgold.WecomparedthisEOSwiththeothertwocommonEOSusingtheex-
perimentaldataforgold.TheresultsshowthatthenewEOSisbetterthantheothertwoEOSathightemper-
ature.
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1 Introduction
  Theequationofstate(EOS)ofsolidscanbeexpressedgenerallyas

p(V,T)=p(V,T0)+pth(V,T) (1)

whereT0isthereferencetemperature;thefirsttermp(V,T0)ontheright-handsideisthepressure
forisothermalcompressionandisexpressedbyasuitableisothermalEOS,suchastheBirch-
MurnaghanEOS[1-2],theVinetEOSetc.[2-3];thesecondtermpth(V,T)ontherightrepresentsthe
thermalpressureproducedfromT0toT.IthasbeenfoundthatthethermalpressureislinearinTfor
manysolidsabovetheDebyetemperature.Itiscommonlywrittenas

pth(V,T)=αBT(T-T0) (2)

whereαandBTarethethermalexpansioncoefficientandtheisothermalbulkmodulusrespectively.It
isagoodassumptionformanysolidsthattheproduct(αBT)isconstantwithvariousvolumes,i.e.
αBT=α0B0.ThensubstitutingEq.(2)intoEq.(1),wegetthefollowingp-V-Trelationinsolids

p(V,T)=p(V,T0)+α0B0(T-T0) (3)

whereα0andB0arethevaluesofαandBTattemperatureT0respectively.TheapplicationsofEq.(3)

havebeenreportedfrequentlyintheliterature[2-4].However,incaseofgold,Andersonetal.pointed
outthatthethermalpressureshouldbedependedonvolumecompression.Itmeansthattheproduct
(αBT)maynotbeaconstant,sotheymodifiedEq.(2)as[1]

pth [= α0B0 (+ ∂BT

∂ )T Vln
V0 ]V

(T-T0) (4)

whereVisthevolumeatzeropressureandtemperatureT0.SubstitutingEq.(4)intoEq.(1),

Andersonetal.derivedthefollowingEOSforgold

p(V,T)=p(V,T0) [+ α0B0 (+ ∂BT

∂ )T Vln
V0 ]V

(T-T0) (5)
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  UsingEq.(5),Andersonetal.calculatedthepressuresatdifferentcompressionsandtempera-
turesforgold.However,theresultscalculatedbyEq.(5)showthatthetheoreticalvaluesofpressure

arelessthanthecorrespondingexperimentaldatareportedbyHeinzandJeanloz[5].Thereforethe

abovemodificationisnotsatisfactory.Wetrytomodifythethermalpressureterminthispapertofind

abetterEOSforgold.

2 MethodofAnalysis

  Grüneisenparameterisoneoftheimportantphysicsquantathatcharacterizesthevibrationof

crystallattice.Morerecently,CuiandChengotanexpressionforGrüneisenparameterγinthefollow-
ingform[6]

γ
γ0

(= V0 )V
B′0
ex [p (δ0+1 () V

V0
- ) ]1 (6)

whereγ0andB′0are,respectivelyγdeterminedandthefirstpressurederivationofBTatzeropressure

andT0,δ0isAnderson-GrüneisenparameterδTatzeropressureandT0.

AccordingtothefamousGrüneisenrelation,γcanbewrittenas[7]

γ=αBTV
CV

(7)

whereCVistheheatcapacityatconstantvolume,whichmayberegardedastobestableathightem-
perature.Eqs.(6)and(7)yieldthefollowingexpressionfortheproduct(αBT)

αBT =α0B (0 V0 )V
B′0+1
ex [p (δ0+1 () V

V0
- ) ]1 (8)

TakingEq.(8)intoaccount,anotherexpressionforthethermalpressurecanbeobtainedfromEq.(2)

pth=α0B (0 V0 )V
B′0+1
ex [p (δ0+1 () V

V0
- ) ]1 (T-T0) (9)

SubstitutingEq.(9)intoEq.(1),wegetanEOSforthep-V-Trelationforgoldasfollows

p(V,T)=p(V,T0)+α0B (0 V0 )V
B′0+1
ex [p (δ0+1 () V

V0
- ) ]1 (T-T0) (10)

3 Discussion

  Fortheconvenienceofcomparison,weusetheBirch-MurnaghanEOStoevaluatethefirstterm

p(V,T0)appearedinEqs.(3),(5)and (10),ashasbeendonebyAndersonetal.TheBirch-
MurnaghanEOScanbeexpressedinthefollowingform

p(V,T0)=32B [ (0
V0 )V

7/3
(- V0 )V

5/ ] {3
1-34

(4-B′0 [ () V0 )V
2/3

- ] }1 (11)

Thenecessaryinputparametersforthecalculationare:α0=42.78×10-6K-1,B0=166.65GPa,B′0=
5.4823,andδ0=8.061whichvaluesarealltakenfromRef.[1].HerethereferencetemperatureT0is

fixedat300K.TheresultsofpressurecalculatedfromEqs.(3),(5)and(10)againstthecompressions

forgoldarelistedinTable1atdifferenttemperaturesalongwiththecorrespondingexperimentalda-
ta.Wehavealsocalculatedtheaveragerelativedeviationsbetweenpcalandpexpatdifferenttempera-
turesinTable2.FromTable2,wecanseethattheaveragerelativedeviationsbetweenpcalandpexpin
Eq.(10)isthesmallestcomparingwithEqs.(3)and(5).
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Table2 TheaveragerelativedeviationsbetweenpcalandpexpinEqs.(3),(5)and(10)atdifferenttemperatures

Equation  
Averagerelativedeviations(%)

500K 1000K 1500K 2000K 2500K 3000K
(3) 0.36 0.97 1.46 1.88 2.28 2.63
(5) 0.43 1.45 2.30 3.05 3.72 4.32
(10) 0.16 0.54 0.84 1.08 1.30 1.48

  FromTable1,wecanseethatthedifferenceamongthethreeequations(Eqs.(3),(5)and(10))

isverysmall;thevaluesofpressurefromallofthethreeequationsareingoodagreementwiththecor-
respondingexperimentaldatafromtemperature500~1500K.However,thecalculationsofEq.(5)

modifiedbyAndersonetal.aresystematicallylessthanthecorrespondingdatawhiletheEq.(3)o-
verestimatedthepressurevalueswithincreasingtemperatureanddecreasingcompression.Itisshown
thattheagreementbetweenthecalculatedresultsgivenbyourEq.(10)andtheexperimentaldatais
verygoodtillthetemperatureupto3000K,onlyatV/V0<0.7ourresultsarejustalittlebiggerthan
thedatareportedbyHeinzandJeanloz.Inordertoclearlyshowthedifferenceintheresultsobtained
withtheseequations,wehaveplottedthepressurep (givenbyEqs.(3),(5)and(10))versuscom-

pressionV/V0curvesforgoldattemperature3000Kalongwiththecorrespondingexperimentaldata
(seeFig.1).So,asfarasthegoldisconsideredEq.(10)isslightlybetterthanEq.(3)andEq.(5).

Fig.1 ThecurvesofpagainstV/V0forAuatT=3000K

Itshouldbepointedoutherethatwe
haven’tconsideredtheelectroniccontri-
butiontothethermalpressureinthispa-
per,sinceitissmallunderlowtempera-
tureconditiondiscussedhere.Asiswell
knowninmetal,thecontributionofthe
electronicdegreeoffreedomtothether-
malpressurebecomesimportantwithin-
creasingtemperature.However,asfor

goldisconsidered,tillthetemperatureup
to3000Ktheelectronicthermalpressure
isonly0.12GPaanditspressuredepend-
encyisquitesmalltoo[8-9].Sotheelectronicthermalpressurecanberationallyneglectedhere.

Inbrief,wehaveproposedastraightforwardanalysisofthermalpressuresforgoldwhoseexperi-
mentaldataareavailableinthecaseofhightemperatures-highpressures.Thepredictedvaluesarein

goodagreementwiththeexperiment.BecausethebasisofEq.(10),i.e.,Eq.(6),isrestricted[6],

whetherEq.(10)canbeappliedtomorepressurerangesandmoreclassessolidsneedfurtherinvesti-
gation,whichwillbediscussedinourfuturepaper.Asforasthecaseofveryhighpressuressomuch
asV➝0isconcerned,itisbeyondofthefieldofourstudyandthetheoryofThomas-Fermicandeal
wellwithit[10].

Wearethankfulforthereferee’svaluablecommentsandtheeditor’sencouragementandhelp.OneoftheauthorsZou

alsothanksDr.Cuiforthehelpfuldiscussion.
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贵金属金的状态方程

邹 勇,陈立溁
(安徽师范大学物理系,安徽芜湖 241000)

  摘要:提出了一个热压强的计算公式,从而获得金的状态方程。并结合实验数据与文献

中常用的其它两个状态方程进行了比较。结果发现,修正后的状态方程与实验数据吻合很好,
略优于其它两个状态方程。

  关键词:状态方程;金;热压;Grüneisen参数

  中图分类号:O414.12;O521.22   文献标识码:A
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