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  Abstract:TheEinsteinmodeltoconsiderthermaleffectinuniversalequationsofstate(UEOS)ismodi-
fied.Itisproposedthatthezero-pointvibrationtermshouldbedeletedinathermalUEOS,andtheparameters
cannotbedirectlytakenasexperimentaldataatareferencetemperature,VR,BR,B′RandγGR,buttheirvalues
atabsolutezerotemperature,V0,B0,B′0andγG0.AnapproachisproposedtosolveV0,B0,B′0andγG0fromVR,

BR,B′RandγGR.TheapproachesareappliedtothreetypicaluniversalEOSs,includingtheBaonza,mMNHand
VinetEOSs.Thenumericalresultsshowthatthesolvedvaluesofparametersarealmostidenticalfordifferent
EOSs.Andthethermo-physicalpropertiespredictedthroughdifferentEOSsarealmostidenticalatzeroand
low-pressureconditions,oncethesameapproachandinputexperimentaldataareusedtosolveparameters.Itis
concludedthatthepredictionofthermo-physicalpropertiesatzeroandlow-pressureconditionscannotbetaken
asthecriteriatojudgetheapplicabilityofauniversalEOS.
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1 Introduction
  Theequationofstate(EOS)ofasystemdescribestherelationshipsamongthermodynamicvaria-
blessuchaspressure,temperature,andvolume.Itprovidesnumerousinformationofamaterialathigh
pressure,andhasbeenwidelyappliedinengineeringandotherscientificresearch.Recently,rapidad-
vancesincomputationalcapabilitiesandaccuratehigh-pressureexperimentaltechniqueshavegivena
strongimpetustotheoreticalwork.Significantprogresshasbeenachievedoverthepastfewyearsas
regardsdescribingthepropertiesofcondensedmatterintermsofuniversalrelationshipsinvolvinga
smallnumberofparameters.Especiallysince1986Roseetal.[1]proposedthatthereisauniversal
EOS(UEOS)validforallkindsofsolidsthroughanalyzingtheenergy-banddata;alotofformsofthe
UEOSshavebeenproposedwithvaryingsuccess[2-19].

Holzapfel’setal.[17-18]pointedoutthatmostofpresentEOScannotsatisfytheFermigas(FG)
limitationathighpressure[17-21],andthusmodifiedtheER2EOStosatisfytheFGlimitationcondi-
tion.However,theformofEOSsmodifiedbyHolzapfeletal.becomescomplicated,andlosessome
importantmerits.Andrecently,weproposedtwoMurnaghan-typeEOSs[19],andcomparedthepreci-
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sionoffiveEOSsincludingBaonzaandHolzapfelEOSsbyfittingtheexperimentalcompressiondata
of50solids.TheresultsshowthatEOSsstrictlysatisfyingtheFGlimitationgivetheworseresults
thanotherEOSsnotsatisfying.Forpracticalapplications,theFGlimitingconditionisnotimportant
foritonlyoperatesasvolumetendszero.

AmongtheEOSs,theBaonzaEOShasbeenshowntohavefairlyhighprecision[8-14].Theoriginal
BaonzaEOSisacoldEOS.Recently,Baonzaetal.[13-14]haveextendedtheirEOStoconsiderthermal
effectbytheaidoftheEinsteinmodel

p=pc(V)+ γGR
VR
3NkΘ (E 12+ 1

eΘE/T - )1 (1)

pc=βBR

B′ {
R
[1+B′R(β-1-1)ln(VR/V)]1/(1-β)- }1 (2)

whereβcanbetakenasuniversalconstant,β≈0.85,ΘEistheEinsteincharacteristictemperatureof
thesolid,itcanbetakenasexperimentalvalues.Baonzaetal.directlytakeotherfourparametersBR,

B′R,γGRandVRastheirvaluesatzeropressureandareferencetemperatureTR.
TheapproachofEq.(1)todisposethermaleffecthasanadvantage;allparameterscanbedirectly

takenastheirexperimentalvalues.However,itcanbeeasilyseenthatEq.(1)hasaphysicallyincor-
rectproblem.Thatistheequationcannotsatisfythezero-pressurecondition,p(TR,VR)=0.Inorder
toovercomethisproblem,wethinktwomodificationsshouldbetaken.Atfirst,weshoulddeletezero-
pointvibrationtermfromEq.(1).Atsecond,theparametersBR,B′R,γGRandVRshouldbereplacedby
theirvaluesatzeropressureand0K,B0,B′0,γG0andV0.Thisdoesnotmeanwedonotconsiderzero-
pointvibration,butalternativelyincludeitinthecoldpressuretermthroughconsistentlysolvingpa-
rametersB0,B′0,γG0andV0.ThenEq.(1)andEq.(2)changetofollowingform

p=pc(V)+ 3γG0NkΘE

V0(eΘE/T -1)
(3)

pc=βB0

B′ {
0
[1+B′0(β-1-1)ln(V0/V)]1/(1-β)- }1 (4)

  AlthoughthedifferenceofphysicalquantitiesdeducedfromEqs.(1),(2)andthatfromEqs.(3),
(4)aresmall,wethinkthemodificationtoEqs.(1),(2)isnecessaryforthephysicalinconsistencecan
beavoidedinthemodifiedEqs.(3),(4).Otherwise,theparametersB0,B′0,γG0andV0at0Kareinter-
estingformanyapplications,buttheirvaluesaredifficulttoaccess.Soinmostcasespeopleavoidu-
singtheseparametersat0K.Ourmodificationprovidesanapproachtoobtaintheirvaluesconvenient-
ly.Thisismeaningfulforpracticalapplications.

WenoticethatdifferentformsofUEOShavedifferentprecisiontofittheisothermalcompression
data,althoughmanyauthorsclaimthatthethermodynamicpropertiescalculatedbyusingdifferent
thermalUEOSareingoodagreementwithexperiments.Thuswehavethreemaingoalsinthispaper.
ThefirstgoalistomodifythreetypicalUEOStoconsiderthermaleffectbyusingapproachrelatedto
Eqs.(3)and(4),includingtheBaonza,mMNHandVinetEOSs.Thesecondgoalistodevelopapro-
ceduretosolveparametersatzeropressureand0Kfromexperimentaldataatzeropressureandaref-
erencetemperature.Thethirdgoalistocomparethermo-physicalpropertiesof22typicalmaterials
calculatedthroughthethreeUEOSsatzeroandlow-pressureconditions.

InSec.2,thevolumeanalyticBaonzaEOSwiththermaleffecttakenintoaccountispresented,andana-
lyticexpressionsforbulkmodulusandthermalexpansivityarederived.Theapproachtosolveparametersin
thezeropressureand0Kispresented.InSec.3,theprocedureinSec.2isappliedtothemMNHEOS.InSec.
4,theprocedureinSec.2isappliedtotheVinetEOS.InSec.5,thenumericalresultsaregivenandcompared
withexperimentaldataavailable.AtlastinSec.6,theconclusionispresented.
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2 ThermalBaonzaEquationofState
  ThethermalBaonzaEOSinEqs.(3),(4)canbeeasilyconvertedtofollowingvolumeanalytic
form

ln(V0/V)=[B′0(β-1-1)]-1·(Q1-β-1) (5)

Q=1+ B′0p
βB0

- 3B′0γG0NkΘE

βB0V0(eΘE/T -1)
(6)

HereQisanauxiliaryquantity.Thebulkmoduluscanbederivedasfollows
B=B0[1+B′0(β-1-1)ln(V0/V)]β/(1-β) (7)

Thederivativeofbulkmoduluswithrespecttopressurecanbederivedasfollows
B′=B′0[1+B′0(β-1-1)ln(V0/V)]-1 (8)

SubstitutionofEq.(5)intoEq.(7)andEq.(8)yields
B=B0Qβ (9)

B′=B′0Qβ-1 (10)

Theequationforthermalexpansioncoefficientalsocanbederivedasfollows

α= 3γG0Nk
QβB0V

(
0

ΘE )T
2 eΘE/T

(eΘE/T -1)2
(11)

ByusingEqs.(5)~(11),wecaneasilycalculatethevariationofV,B,B′andαversustemperatureand
pressurerelations.SubstitutingEq.(9)intoEq.(11),wehave

α=3γ
G
0Nk

BV (
0

ΘE )T
2 eΘE/T

(eΘE/T -1)2
(12)

AlthoughEq.(12)hasbeenderivedbasedontheBaonzaEOS,itcanbeappliedtootherUEOS,pro-
videdthesameEinsteinmodeltoconsiderthermaleffectinEqs.(3,4)isused.

NowwegivetheapproachtosolveB0,B′0,γG0andV0fromBR,B′R,γGRandVRatzeropressureand
areferencetemperatureTR.ConsideringEqs.(5),(6),(9),(10)canbeappliedtoanytemperature,we
wouldapplythemtozeropressureandreferencetemperatureTR

ln(V0/VR)=[B′0(β-1-1)]-1·(Q1-β
R -1) (13)

QR=1- 3B′0γG0NkΘE

βB0V0(eΘE/TR -1)
(14)

BR=B0Qβ
R (15)

B′R=B′0Qβ-1
R (16)

ItcanbeseenthatEqs.(13)~(15)justcansolvethreeunknownparameters.Inordertosolvefour
unknownparameters,weneedanotherequation.

NotingthattheGrüneisenparameterγGshouldbeafunctionofvolumeγG(V).Andstrictly
speaking,thefactor(γG0/V0)shouldbe(γG(V)/V).However,ithasbeenshownthatγG(V)canbe
takenaslinearfunctionofvolumeformostapplications[2],γG(V)=γG0(V/V0).Andthefactor[γG(V)/

V)]naturallychangesto(γG0/V0).Otherwise,wehaveγGR≡γG(VR)=γG0(VR/V0),and

γG(V)
V =γG0

V0
=γGR

VR
(17)

SubstitutingEqs.(15)~(17)intoEq.(14),QRcanbesolvedasfollows

QR [= 1+ 3B′RγGRNkΘE

βBRVR(eΘE/TR -1 ])
-1

(18)

NowbyusingEq.(18),wecananalyticallycalculateV0,B0,B′0andγG0fromEqs.(13),(15)~(17),

respectively.
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3 ThermalModifiedMurnaghanEquationofState
 SubstitutingthemodifiedMurnaghanEOS[19](calledasmMNHhere)intoEq.(3),weobtainthe
thermalmMNHEOS

p=3B0

5λ
[(λY+1)5-1]+ 3γG0NkΘE

V0(eΘE/T -1)
(19)

Y=(V0/V)1/3-1, λ=(3B′0-1)/4 (20)

Eq.(19)canbeconvertedtofollowingvolumeanalyticform
Y=λ-1[(1+Q)1/5-1] (21)

Q=5λp3B0
- 5λγG

0NkΘE

B0V0(eΘE/T -1)
(22)

Thebulkmodulusis
B=B0(Y+1)(λY+1)4 (23)

Thepressurederivativeofbulkmodulusis
B′=(5λY+4λ+1)/3(λY+1) (24)

Theequationofthermalexpansioncoefficientis

α=3γ
G
0Nk

B0V (
0

ΘE )T
2 eΘE/T

(eΘE/T -1)2
(Y+1)-1(λY+1)-4 (25)

IfsubstitutingEq.(23)intoEq.(25),Eq.(25)canbechangedtoEq.(12).ThismeansEq.(12)also
isvalidforthethermalmMNHEOS.

NowwegivetheapproachtosolveB0,B′0,γG0andV0fromBR,B′R,γGRandVRatreferencetem-
peratureTR.ApplyingEqs.(21)~(24)tozeropressureandreferencetemperatureTR,wehave

YR=λ-1[(1+QR)1/5-1] (26)

QR=- 5λγG
RNkΘE

B0VR(eΘE/TR -1)
(27)

BR=B0(YR+1)(λYR+1)4 (28)

B′R=(5λYR+4λ+1)/3(λYR+1) (29)

Notingthatλ=(3B′0-1)/4,Eqs.(17),(26)~(29)cansolvefourparametersB0,B′0,γG0andV0from
experimentaldataofBR,B′R,γGRandVR.Thesolvingprocedureisasfollows.Atfirst,wegiveB0,B′0
initiativevalues,B0≈BR,andB′0≈B′R.Atsecond,wecalculateYRfromEq.(26)andEq.(27).At
third,wecalculateB0andB′0fromEq.(28)andEq.(29).Theiterationshouldbedoneuptotheval-
uesofB0andB′0areconsistentwithinacceptableprecision.Ourcalculationsshowthattheiterationis
absolutelyconvergent,andnomultiplesolutionsexisttotheiterativeproblem.Wejustneedaboutten
timesofiterationstoreachthedesiredprecision.Atlast,wecalculateV0fromEq.(20)andγG0from
Eq.(17).

4 ThermalVinetEquationofState
  SubstitutingthecoldVinetEOS[2]intoEq.(3),weobtainthethermalVinetEOS

p=3B0
1-X
X2 exp[η(1-X)]+ 3γG0NkΘE

V0(eΘE/T -1)
(30)

where
X=(V/V0)1/3, η=3(B′0-1)/2 (31)

Byusingfollowingtworelationships

B=- (13 X ∂
∂ )X p (32)
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B′=∂B∂p = 1
9 (B X ∂

∂ )X
2
p (33)

wecanderivetheexpressionsforthebulkmodulusanditsderivativewithrespecttopressure

B=B0

X2 [2+(η-1)X-ηX2]exp[η(1-X)] (34)

B′=4+(3η-1)X+η(η-1)X2-η2X3

3[2+(η-1)X-ηX2] (35)

ApplyingEqs.(30),(34),(35)tozeropressureandreferencetemperatureTR,wehave

XR=1+ X2
RγG0NkΘE

V0(eΘE/TR -1)
exp[η(XR-1)] (36)

B0=BRX2
R[2+(η-1)XR-ηX2

R]-1exp[η(XR-1)] (37)

η=[XR(3-XR)]-1[3B′R(2-XR+ηXR-ηX2
R)-4+XR-η2X2

R(1-XR)] (38)

ThenusingEqs.(17),(36)~(38),wecansolvefourparameterV0,B0,B′0andγG0fromexperimental
dataofVR,BR,B′RandγGR.Thesolvingprocedureisasfollows.Atfirst,wegiveXR,B0,B′0initiative
values,XR≈1,B0≈BR,andB′0≈B′R(orη≈(3/2)(B′R-1)).Atsecond,wecalculateXRfrom
Eq.(36).Atthird,wecalculateB0andηfromEqs.(37),(38).Theiterationshouldbedoneuptothe
valuesofB0andηareconsistentwithinacceptableprecision.Ourcalculationsshowthattheiterationis
absolutelyconvergent,andnomultiplesolutionsexisttotheiterativeproblem.Wejustneedaboutten
timesofiterationstoreachthedesiredprecision.Atlast,wecalculateV0=VR/X3

R,B′0=2η/3+1and
γG0fromEq.(17).

5 NumericalResultsandDiscussion
  Inthissection,weapplyabovethreethermalequationsofstateto22solids.Allexperimentalda-
tausedherearetakenfromRef.[14]andreferencescitedthere.InTable1,welisttheexperimental
datausedtodeterminetheparametersofthesolidsstudiedinthiswork,alongwithselectedreference
temperaturesandΘE.ThesolvedparametersV0,B0andB′0atzerotemperatureforthethreeEOSsare
listedinTable2.Inthetable,wedonotlistthevaluesofγG0,sinceitsvaluescanbeeasilyconvertedby
usingEq.(17),orγG0 =(V0/VR)γGR .

Table2showsthattheBaonzaandmMNHequationsgivethealmostidenticalvaluesforallthree
parameters,theBaonza,mMNHandVinetequationsgivethealmostidenticalvaluesfortwoparame-
tersV0andB0.WeconcludefromtheseresultsthatthedifferenceofparametersfordifferentEOSsis
negligiblysmall,oncethesameprocedureandthesameinputexperimentaldataareusedtosolvethe
parameters.

InFig.1~Fig.5,weplottedthevariationofvolume,thermalexpansivityandbulkmodulusversus
temperatureatzero-pressureandlow-pressureconditionsforfivetypicalmaterials,includingAr,LiF,

KCl,LiandCu.InFig.6,weplottedthevariationofbulkmodulusversuspressureatthreetempera-
tures.TheparametersaretakenfromTable2.Thesefiguresshowthattheagreementoftheoretical
resultswithexperimentaldataisfairlygood,thisverifiesthattheapproachtoconsiderthermaleffect
isreasonable.However,thesefiguresalsoshowthatthedifferenceofthermo-physicalpropertiesof
solidscalculatedthroughthethreedifferentequationsareinvisibleinthesefigures,andarealmosti-
denticalatzero-pressureandlow-pressureconditions.ThissituationisinagreementwithTable1and
Table2.SincethevaluesofVRandBRatreferencetemperatureTRhavebeenusedtosolveV0andB0

atzerotemperature,thethreeEOSsmustgivethesamevalueofVandBatTR.Furthermore,since
Table2showsthatthevaluesofV0andB0arealmostidentical,theidentityofthepredictedvariation
ofVandBversustemperaturerelationsisobviouslyreasonable.
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Table1 SummaryofthefourinputparametersaswellasreferencetemperaturesTRandEinsteintemperaturesΘE
(calculatedas0.75ΘDfromtheΘDvaluesofthereferences)forthesolidsstudiedinthiswork

(ThesevaluesaretakenfromRef.[14])

Solid TR/(K) VR/(cm3/mol) BR/(GPa) B′R γGR ΘE/(K)

Ar 40 23.026 2.35 7.5 2.7 69.0
Kr 60 28.012 2.49 7.3 2.8 53.9
Xe 60 35.54 3.02 7.8 2.8 48
NaCl 298 27.00 23.5 5.35 1.59 241
LiF 300 9.833 66.4 5.23 1.63 551
NaF 300 15.02 46.1 5.28 1.52 367
KCl 300 37.529 17.4 5.45 1.41 176
CsCl 300 42.22 16.8 5.85 2.03 113
Li 294 13.02 11.556 3.51 0.878 258
Na 294 23.743 6.06 4.125 1.24 119
K 297 45.557 2.963 4.208 1.24 68
Rb 295 55.74 2.301 4.15 1.26 42
Cs 270 70.00 1.723 3.87 1.14 29
Al 300 10.00 72.8 5.15 2.16 322.9
Fe 300 7.09 163.0 5.99 1.66 354.3
Cu 300 7.11 133.0 5.65 2.00 258.3
Zn 300 9.16 64.8 4.9 1.90 245
Ag 300 10.27 99.6 6.20 2.35 169.9
Cd 300 13.00 49.8 6.77 2.20 157
Pt 300 9.09 277 5.61 2.63 178.8
Au 300 10.21 166.65 6.5 2.99 121.3
Pb 300 18.26 41.7 5.70 2.60 79

Fig.1 Temperaturedependenceofthermodynamicproperties
forargonatzeroandlow-pressureconditions
(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)

Fig.2 Temperaturedependenceofthermodynamicproperties
forLiFatzeroandlow-pressureconditions

(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)
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Table2 ThevaluesofV0,B0,B′0atzerotemperatureandzeropressurefor22solidsarecalculatedfrom
threemodifiedequationsofstateinthispaper

(Theexperimentaldata(representedby“Exp”)aretakenfromRef.[14]andreferencescitedthere)

Solid
V0/(cm3/mol)

Exp Baonza mMNH Vinet

B0/(GPa)

Exp Baonza mMNH Vinet

B′0

Baonza mMNH Vinet

Ar 22.57 22.6283 22.6283 22.6281 2.657 2.6741 2.6739 2.6709 7.33097.32297.1971
Kr 27.1069 27.1069 27.1030 3.1491 3.1485 3.1187 7.00376.99366.5820
Xe 34.70 34.7233 34.7232 34.7215 3.647 3.6102 3.6096 3.5923 7.55817.54397.2474
NaCl 26.32 26.3928 26.3928 26.3934 26.63 26.5070 26.5099 26.5506 5.23755.24755.2642
LiF 9.684 9.7101 9.7101 9.7103 70.21 70.8872 70.8898 71.0525 5.17005.17595.3324
NaF 14.7809 14.7809 14.7812 50.1447 50.1476 50.2619 5.20225.20955.3173
KCl 36.84 36.7002 36.7002 36.7009 19.73 19.6268 19.6287 19.6561 5.33545.34455.3559
CsCl 40.8874 40.8874 40.8862 20.2058 20.2086 20.1562 5.66255.67195.5063
Li 12.69 12.6918 12.6918 12.6927 12.65 12.6307 12.6335 12.6987 3.45543.47323.6429
Na 22.6637 22.6640 22.6657 7.3187 7.3236 7.3366 3.98994.02043.9819
K 43.1630 43.1637 43.1651 3.7022 3.7054 3.7035 4.04584.08073.9783
Rb 52.60 52.5266 52.5278 52.5286 2.940 2.9287 2.9318 2.9273 3.97714.01563.8889
Cs 66.3056 66.3067 66.3135 2.1172 2.1192 2.1234 3.73183.76843.7229
Al 9.8810 9.8810 9.8812 77.4036 77.4063 77.5856 5.09465.10045.2697
Fe 7.0509 7.0509 7.0510 168.4690168.4695 168.6949 5.95525.95646.1855
Cu 7.026 7.0414 7.0414 7.0414142.3 140.4562140.4585 140.7245 5.59595.59925.7726
Zn 9.0244 9.0244 9.0245 69.6822 69.6863 69.8716 4.83764.84574.9953
Ag 10.1445 10.1445 10.1446 107.4332107.4344 107.6034 6.11776.11966.2158
Cd 12.7658 12.7658 12.7658 56.2481 56.2472 56.2392 6.62616.62456.5614
Pt 9.0390 9.0390 9.0391 285.8513285.8529 286.2577 5.57895.58095.8206
Au 10.1053 10.1053 10.1054 178.1297178.1299 178.3896 6.42406.42436.5378
Pb 17.8803 17.8803 17.8806 46.9479 46.9512 47.0040 5.58205.58905.5916

Fig.3 Temperaturedependenceofthermodynamicproperties
forKClatzeroandlow-pressureconditions
(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)

Fig.4 Temperaturedependenceofthermodynamicproperties
forLiatzeroandlow-pressureconditions

(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)

572 第3期   ZHANGChao,etal:ModifiedEinsteinModeltoConsiderThermalEffectandAppliedtoThreeUniversalEquationsofState



Fig.5 Temperaturedependenceofthermodynamicproperties
forCuatzeroandlow-pressureconditions

(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)

  Asforthethermalexpansivity,Eq.(12)isthe
universalexpression applicableto alluniversal
EOSs,thepredictedvariationofthermalexpansivi-
tyversustemperaturerelationshouldbecontrolled
byV(T)andB(T)relationships,andalsoisidenti-
calfordifferentEOSs,sinceV(T)andB(T)rela-
tionshipsareidenticalfordifferentEOSs.Other-
wise,ifweapplyEq.(12)toTR,wehave

α(TR)=3γ
G
RNk

BRV (
R

ΘE

T )
R

2 eΘE/TR

(eΘE/TR -1)2
(39)

thusthevaluesofthermalexpansivityshouldbe
identicalforallEOSs,sinceVRandBRareexperi-
mentaldatabeingindependenttospecificEOS
forms.

Fig.6 Pressuredependenceoftheisothermalbulk
modulusforsolidNaClatthreetemperatures
(Lines,numericalresultscalculatedinthispaper;

Symbols,experimentaldatatakenfrom
Ref.[14]andreferencescitedthere)

Baonzaetal.haveappliedtheirthermalBaonza
EOStoresearchthermo-physicalpropertiesof22
solids.TheyconcludethethermalBaonza EOS

givesfairlygoodresultsforthermo-physicalprop-
ertiesatzeropressurecondition,includingthevol-
ume,thermalexpansivity andisothermalbulk
modulus.Hereournumericalresultsshowthatthe
conclusionisalsovalidtothemMNHandVinet
EOSs,notonlytheBaonzaEOS.Wealsonotice
thatBaonzaetal.alsoconcludethatthedifferent
EOSs,includingBoanza,VinetandHolzapfelEOSsgivealmostidenticalresultsatmoderatepres-
sures.Intermsofaboveresultsandanalysis,wethinkthatthepredictionofthermo-physicalproper-
tiesatzeroandlow-pressureconditionsisnotappropriatetojudgetheapplicabilityofauniversalEOS.

6 Conclusions

  Inconclusions,wemodifiedtheEinsteinmodeltoconsiderthermaleffectinuniversalEOSs,and
proposedanapproachtosolvetheparametersatabsolutezerotemperaturefromexperimentatarefer-
encetemperature.TheapproachesareappliedtothreedifferentuniversalEOSs,thenumericalresults
showthatthesolvedvaluesofparametersarealmostidenticalfordifferentEOSs.Combiningabovere-
sultsandanalysis,weconcludethatthethermo-physicalpropertiespredictedthroughdifferentEOSs
areidentical,oncethesameapproachandinputexperimentaldataareusedtosolveparameters,andthe

predictionofthermo-physicalpropertiescannotbetakenasthecriteriatojudgetheapplicabilityofa
universalEOS.
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对爱因斯坦模型的修正及考虑热效应的
三个通用状态方程

张 超,孙久勋,田荣刚,李 明
(电子科技大学应用物理系,四川成都 610054)

  摘要:对固体考虑热效应的爱因斯坦模型进行了修正。指出考虑热效应的通用状态方程

中不应该包含零点振动项,方程参数不应该直接取为参考温度下的实验值VR、BR、B′R 和γGR,
而应该取为零温下的数值V0、B0、B′0 和γG0;提出了一种从VR、BR、B′R 和γGR 求解V0、B0、B′0
和γG0 的方法。将提出的方法应用于三个典型的通用状态方程,包括Baonza、mMNH和Vinet
方程。数值结果表明,利用相同的实验参数对三个方程解出的参数,以及预测的零压和低压下

的热物理性质差异很小,而且都与实验数据符合很好。这些结果表明,在零压和低压下预测热

物理性质的精确度不足以用来判断各种通用状态方程的适用性。
  关键词:状态方程;高压;热物理性质;热膨胀
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