
Structure, thermodynamic and transport properties of molten Mg2SiO4: 
Molecular dynamics simulations and model EOS 
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RESULTS 

Thermodynamic Properties 
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;%(&!6(BK%!>(&!D%!>9;3()%L!*9!*8%!%_*)(39B(*%L!6(BK%!<9)!*8%!+79D()+>!;9B()!8%(*!

>(3(>+*@!9<!<9)7*%)+*%!>)@7*(B7!9<!:RT!1^;9B!U!NS9+)+%)!:RRRO#!!?7+&I!*8%!8%(*!>(3(>+*@!+&!

>9;D+&(*+9&!a+*8!*8%!+79*8%);(B!>9;3)%77+D+B+*@!(&L!+79D()+>!%_3(&7+6+*@-!*8%!")`&%+7%&!

3()(;%*%)!NγO!+7!>9;3K*%L!<)9;!+*7!L%<+&+*+9&!γ = α V
β CV

f!6(BK%7!()%!I+6%&!+&!V(DB%!\!

N=B%>*)9&+>!A33%&L+_O#!!V8%!6(B+L+*@!9<!*8%!%;3+)+>(B!39a%)CB(a!%_3)%77+9&!)%B(*+&I!*8%!

")`&%+7%&!3()(;%*%)!*9!*8%!;%B*!L%&7+*@!N%#I#-!B+)>8!,WQ:f!A&L%)79&!,W]Wf!kK()%&+!(&L!

'KB()I+(!,WXXO!>(&!D%!*%7*%L#!!V8%!%;3+)+>(B!)%B(*+9&!+7!γ = γo ρ ρo( )q #!!?7+&I!7+;KB(*+9&!

'/C,!<9)!)%<%)%&>%!>9&L+*+9&7!*8%!<+*!I+6%7!M!h,#:W!(&L!γ9!h!R#XT!NF:!h!R#WTO#!!A*!2VS-!

<9)7*%)+*%!>)@7*(B7!8(6%!γ9!h!,#,X!<9)!>9;3()+79&!NA&L%)79&!:RR]O#!!4K%!;(+&B@!*9!*8%!

B()I%)!>9;3)%77+D+B+*@!9<!B+MK+L!'I:2+EP!>9;3()%L!*9!>)@7*(B7-!*8%!)%<%)%&>%!")`&%+7%&!

3()(;%*%)!+7!79;%a8(*!7;(BB%)#!EK)!6(BK%7!<9)!*8%!")`&%+7%&!3()(;%*%)!<(BB!a+*8+&!*8%!

B+;+*7!9<!*897%!;%(7K)%L!<9)!;9B*%&!'I:2+EP!D@!*8%!789>0a(6%!%_3%)+;%&*7!9<!

'97%&<%BL%)!%*!(B#!N:RR]O#!!/9)!%_(;3B%-!*8%@!<9K&L!γl7!b!R#PC,#:!(*!\RRR!0I^;\!(&L!,#PC:!

(*!PQRR!0I^;\-!a8%)%(7!9K)!)%7KB*7!I+6%!(!)(&I%!9<!R#XXC,!(&L!,#P\C,#Q]!)%73%>*+6%B@#!

/+&(BB@-!a%!>(&!*%7*!*8%!6(B+L+*@!9<!*8%!'+%C")`&%+7%&!=E2#!!F%>(BB!*8(*!*8%!

*8%);(B!3)%77K)%!+7!)%B(*%L!*9!γ!D@!*8%!L%<+&+*+9&!



! ! ∂p
∂T
! 
" # 

$ 
% & V

= γ CV

V
! ! ! ! ! N:O#!!!

G&*%I)(*+&I!(*!>9&7*(&*!69BK;%!(&L!(77K;+&I!<9)!*8%!;9;%&*!*8(*!γ!+7!(!>9&7*(&*-!*8%!'+%C

")`&%+7%&!=E2!+7!9D*(+&%L!+&!*8%!<9);!

! ! P: − P, = γ
V

CV dT
T,

T:

' ! ! ! ! N\O#!!!

G&!9)L%)!*9!(33B@!*8+7!<9);!9<!*8%!'+%C")`&%+7%&!=E2!*8%!3)9LK>*!γρ!;K7*!D%!>9&7*(&*!

(B9&I!(&!+79>89)%#!!G&!<+IK)%!T-!*8+7!MK(&*+*@!+7!3B9**%L!versus!3)%77K)%#!!G&!<(>*-!*8%)%!+7!(!

*%;3%)(*K)%!L%3%&L%&>%!9<!γρ!7K>8!*8(*!<9)!ρ!c!\PRR!0I^;\-!γ!+&>)%(7%7!(7!V!+&>)%(7%7!

a8%)%(7!<9)!ρ!d!\PRR!0I^;\-!*8%!93397+*%!89BL7#!!kK(&*+*(*+6%B@-!*8%)%!+7!(!>8(&I%!9<!>+)>(!

,QC:Re!+&!*8%!3)9LK>*!γρ!<)9;!:RRRC!QRRR!U#!!V8+7!>8(&I%!+&L+>(*%7!*8(*!*8%!7+;3B%!<9);!

9<!*8%!'+%C")`&%+7%&!=E2!+7!&9*!(L%MK(*%!<9)!;9L%B+&I!*8%!8+I8!*%;3%)(*K)%!3)93%)*+%7!

9<!B+MK+L!'I:2+EP#!!

Melt Structure  

! Short-range coordination statistics.!!'%B*!7*)K>*K)%!(&L!+*7!6()+(*+9&!a+*8!

L%&7+*@!N9)!3)%77K)%O!(&L!*%;3%)(*K)%!>(&!D%!+&6%7*+I(*%L!D@!%_(;+&(*+9&!9<!*8%!<+)7*!

&%()%7*!&%+I8D9)!>99)L+&(*+9&!7*(*+7*+>7!9)!*8%!A99)L+&(*+9&!5K;D%)!NA5O!9<!*8%!i*8!*@3%!

9<!(*9;!()9K&L!%6%)@!9*8%)!*@3%!9<!(*9;-!j!(BB9a+&I!<9)!i!h!j#!!V8%!A5!9<!(*9;!i ()9K&L!

(*9;!j!N(*9;!j!+7!*8%!>%&*)(B!(*9;O!+7!L%*%);+&%L!D@!<+)7*!+L%&*+<@+&I!<9)!*8%!3(+)!*8%!6(BK%!

9<!*8%!)(L+(B!>99)L+&(*%!r!9<!*8%!<+)7*!;+&+;K;!<9BB9a+&I!*8%!<+)7*!;(_+;K;!9<!*8%!3()*+(B!

)(L+(B!L+7*)+DK*+9&!<K&>*+9&!NF4/O!I+qN)O#!!V8%!)(L+(B!L+7*)+DK*+9&!<K&>*+9&!%_3)%77%7!*8%!

3)9D(D+B+*@!9<!<+&L+&I!(&!(*9;!9<!*@3%!i!+&!(!738%)%!9<!)(L+K7!r!()9K&L!(&!(*9;!9<!*@3%!j#!!

B%>(K7%!<BK>*K(*+9&7!+&!(*9;!397+*+9&!()%!(&!+&*)+&7+>!3()*!9<!B+MK+L!D%8(6+9)-!(*!(!I+6%&!

7*(*%!39+&*!;(&@!(*9;!B9>(*+9&!m7&(3789*7l!()%!(6%)(I%L!79!*8(*!)9DK7*!A5!7*(*+7*+>7!>(&!



D%!9D*(+&%L#!!G&!*8+7!7*KL@!(33)9_+;(*%B@!QRRRR!7&(3789*7!()%!K7%L!*9!L%<+&%!*8%!F4/!<9)!

%(>8!A5!(&(B@7+7#!V8%!L%<+&+*+9&!9<!*8%!F4/!!

! I+qN)O = ,
Pπρ):

L 5+qN)O
L)

!! ! ! ! NPO!

+7!K7%L!*9!L%*%);+&%!5+qN)O-!(6%)(I%!&K;D%)!9<!i!(*9;7!(*!(!L+7*(&>%!D%*a%%&!r!(&L!r!j!dr!

<)9;!(*9;!j#!!E&>%!*8%!L+7*(&>%!*9!*8%!<+)7*!;+&+;K;!9<!*8%!F4/!+7!0&9a&-!*8%!A5!+7!

>(B>KB(*%L!D@!(6%)(I+&I!397+*+9&!m7&(3789*7l!(*!R#Q!37!+&*%)6(B7#!!V8%!(6%)(I+&I!+&*%)6(B7!

a%)%!73(>%L!D@!R#Q!37!*9!%&7K)%!K&>9))%B(*%L!*+;%!(6%)(I%7#!!G&!*8+7!a(@-!+79*8%);(B!3B9*7!

9<!*8%!>99)L+&(*+9&!&K;D%)!6%)7K7!3)%77K)%!>(&!D%!K7%L!*9!+&6%7*+I(*%!*8%!;%B*!7*)K>*K)%!

(7!L%&7+*@!N9)!3)%77K)%O!>8(&I%7!(B9&I!(&!+79*8%);#!!A99)L+&(*+9&!&K;D%)7!9<!2+-!'I!(&L!

E!()9K&L!(!>%&*)(B!E-!(&L!9_@I%&!>99)L+&(*%L!()9K&L!>%&*)(B!2+!(&L!'I!(*9;7!a%)%!

L%*%);+&%L!(*!%(>8!7*(*%!39+&*!(&L!()%!I+6%&!+&!<+IK)%7!]!(&L!X!(*!\QRR!U!(&L!QRRR!U!(7!(!

<K&>*+9&!9<!3)%77K)%#!!A5!7*(*+7*+>7!()%!3)%7%&*%L!(7!3%)>%&*(I%7!9<!*8%!&K;D%)!<)(>*+9&#!

! Oxygen as central atom.  B@!(*9;!&K;D%)!(&L!69BK;%-!'I:2+EP!+7!)9KI8B@!Q]e!

(&L!XTe!9_@I%&-!)%73%>*+6%B@#!!G*!+7!B9I+>(B!*8%)%<9)%!*9!>9&7+L%)!*8%!A5l7!9<!2+-!'I!(&L!

E!()9K&L!>%&*)(B!9_@I%&7#!!G&!<+IK)%!](!*8%!>99)L+&(*+9&!9<!2+!()9K&L!>%&*)(B!9_@I%&!+7!

789a&!(*!\QRR!U!(&L!QRRR!U!(7!(!<K&>*+9&!9<!3)%77K)%#!!A*!B9a!3)%77K)%-!bTRe!9<!*8%!

9_@I%&!8(7!9&%!&%()%7*!2+!&%+I8D9)!a8%)%(7!(D9K*!:Re!9<!*8%!E!+7!m<)%%l!9_@I%&!N&9!

>B97%7*!2+!&%+I8D9)7-!A5!h!RO!(&L!:Re!9<!*8%!9_@I%&!+7!*a9C>99)L+&(*%L!D@!2+!NA5!h!:O#!!

V8%!<)(>*+9&!9<!m<)%%l!9_@I%&!NA5!h!RO!%_3%>*%LB@!L%>)%(7%7!a+*8!+&>)%(7+&I!3)%77K)%#!!

V8%!<)(>*+9&!9<!A5!h!R!9_@I%&!+7!8+I8-!+&L+>(*+&I!(!)%B(*+6%B@!mL%<%>*C)+LL%&l!;%B*!

7*)K>*K)%!>9&7+7*%&*!a+*8!L%39B@;%)+g(*+9&#!!!

A7!3)%77K)%!+&>)%(7%7!*8%!<)(>*+9&!9<!&9&CD)+LI+&I!9_@I%&!NA5!h!,O!(&L!m<)%%l!

9_@I%&!NA5!h!RO!L%>)%(7%7!a8%)%(7!*8%!<)(>*+9&!9<!9_@I%&!a+*8!*a9!&%()%7*!2+!&%+I8D9)7!



NA5!h!:O!+&>)%(7%7!(7!L9%7!*8%!9_@I%&!9<!A5!h!\#!V8%!7*9+>8+9;%*)@!+&L+>(*%7!*8(*!(7!

3)%77K)%!+&>)%(7%7!<)%%!9_@I%&!NA5!h!RO!>9;D+&%7!a+*8!*a9!&9&CB+&0%L!*%*)(8%L)(!N%(>8!

a+*8!A5!h!,O!*9!<9);!(!*%*)(8%L)(B!L+;%)!+&!a8+>8!9&%!9_@I%&!+7!78()%L!D@!*a9!2+#!!A*!XR!

"S(!*8%!<)(>*+9&!9<!L+;;%)7!+7!(D9K*!PRe-!(!)%7KB*!(B79!>9&7+7*%&*!a+*8!L%39B@;%)+g(*+9&!

(&L!9&%!*8(*!;(*>8%7!6%)@!a%BB!)%7KB*7!<)9;!2%&!(&L!V(&I%;(&!N:RRXO!a89!K7%L!

;9B%>KB()!L@&(;+>7!7+;KB(*+9&7!9<!'I:2+EP!B+MK+L!(*!::]\!U!(&L!*8%!5'F!73%>*)K;!9<!

:W2+!+&!'I:2+EP!IB(77!*9!%7*+;(*%!(!L+;%)!N2+:E]O!<)(>*+9&!9<!PRe#!!V8%!&K;D%)!9<!

9_@I%&!a+*8!*8)%%!&%()%7*!&%+I8D9)!2+!+&>)%(7%7!<)9;!(!&%IB+I+DB%!(;9K&*!*9!(D9K*!,Re!

(*!W]!"S(#!!V8%!(6%)(I%!A5!+&>)%(7%7!<)9;!7B+I8*B@!(D96%!K&+*@!(*!B9a!3)%77K)%!*9!(D9K*!

,#PP!(*!*8%!8+I8%7*!3)%77K)%!7*KL+%L#!!A9;3()+79&!9<!)%7KB*7!(*!\QRR!U!(&L!QRRR!U!

+&L+>(*%7!*8(*!*%;3%)(*K)%!%_%)*7!(!6%)@!a%(0!+&<BK%&>%!9&!2+!()9K&L!E!>99)L+&(*+9&!

7*(*+7*+>7f!3)%77K)%!+7!<()!;9)%!+;39)*(&*#!!V8%!>99)L+&(*+9&!9<!'I!()9K&L!9_@I%&!+7!

789a&!+&!<+IK)%!]D!(*!\QRR!U!(&L!QRRR!U#!!A*!B9a!3)%77K)%!*8%!(6%)(I%!>99)L+&(*+9&!

&K;D%)!A5(6!9<!'I!()9K&L!E!+7!b!\f!(7!3)%77K)%!+&>)%(7%7!79!L9%7!*8%!A5(6!*9!(!6(BK%!

()9K&L!\#T#!!V8%!8+I8%)!A5l7!<9)!'I!>9;3()%L!*9!2+!()9K&L!9_@I%&!)%<B%>*7!*8%!B()I%!

7+g%!9<!'I!)%B(*+6%!*9!2+#!!V8%!7*%%3%7*!>8(&I%!+&!'I!A5!9>>K)7!+&!*8%!)(&I%!,RC\R!"S(#!!

2+;+B()!*9!2+!>99)L+&(*+9&!()9K&L!E-!*8%!%<<%>*!9<!+&>)%(7+&I!*%;3%)(*K)%!<)9;!\QRR!U!*9!

QRRR!U!+7!a%(0f!*8%!3)%77K)%!L9;+&(*%7!96%)!*%;3%)(*K)%!(&L!%_%)*7!(!<+)7*C9)L%)!%<<%>*!

9&!789)*C)(&I%!9)L%)!+&!;9B*%&!'I:2+EP#!!

! G&!<+IK)%!]>-!*8%!A5!9<!9_@I%&!()9K&L!9_@I%&!+7!789a&#!!A*!B9a!3)%77K)%7-!8+I8!

>99)L+&(*+9&!9_@I%&!39B@8%L)(!3)%L9;+&(*%f!A5(6-!+7!(D9K*!,,#!!V8%)%!+7!(!7;(BB!DK*!

7*(*+7*+>(BB@!7+I&+<+>(&*!+&>)%(7%!+&!*8%!<)(>*+9&!9<!A5!h!,\!(&L!,P!(&L!(!>9))%B(*+6%!



L%>)%(7%!+&!A5!%MK(B!*9!W-!,R-!,,-!(&L!,:!&%()!,P!"S(!(*!\QRR!U!(&L!(&!(&(B9I9K7!DK*!

;9)%!399)B@!L%<+&%L!<%(*K)%!(*!QRRR!U#!!!

A*!3)%77K)%7!I)%(*%)!*8(&!(D9K*!QR!"S(-!*8%!(DK&L(&>%!9<!8+I8B@!>99)L+&(*%L!

9_@I%&!NA5!h!,:-!,\-!(&L!,PO!L)937!9<<!a8%)%(7!*8%!A5!h!W!(&L!,R!9_@I%&!+&>)%(7%!+&!

>9&>%&*)(*+9&!(*!D9*8!\QRR!U!(&L!QRRR!U-!(B*89KI8!*8%!%<<%>*!+7!79;%a8(*!;K*%L!(*!QRRR!

U#!!

Silicon and Magnesium as central atoms. V8%!>99)L+&(*+9&!9<!9_@I%&!()9K&L!(!

>%&*)(B!2+!I+6%7!L+)%>*!+&<9);(*+9&!)%I()L+&I!*8%!B9>(B!7*(*%!9<!39B@;%)+g(*+9&!9<!(!;%B*#!!

/+IK)%!X(!789a7!*8%!A5!9<!9_@I%&!()9K&L!(!>%&*)(B!2+!(*9;!(*!\QRR!U!(&L!QRRR!U#!!A*!

B9a!3)%77K)%-!;9)%!*8(&!]Qe!9<!*8%!2+!+7!*%*)(8%L)(BB@!>99)L+&(*%L!a+*8!9_@I%&-!*8%!)%7*!

;(+&B@!+&!QC<9BL!>99)L+&(*+9&-!L%<+&+&I!L+7*9)*%L!*)+I9&(B!D+3@)(;+L(B!39B@8%L)(#!!V8%)%!

+7!(!)(3+L!>8(&I%!+&!>99)L+&(*+9&!(7!3)%77K)%!+&>)%(7%7#!!A*!b!:R!"S(-!*8%!(DK&L(&>%7!9<!

<9K)C<9BL!(&L!<+6%C<9BL!2+!()%!%MK(B!Nb!PQeO!(&L!,Re!9<!*8%!2+!+7!+&!9>*(8%L)(B!NA5!h!TO!

>99)L+&(*+9&#!!V8%!(DK&L(&>%!9<!A5!h!Q!3%(07!(*!b!\R!"S(f!*8%!(DK&L(&>%!9<!A5!h!Q!(&L!

A5!h!T!()%!%MK(B!NPQeO!(*!P\!"S(#!!A*!8+I8!3)%77K)%!*8%!;%B*!+7!L9;+&(*%L!D@!A5!h!T!

a+*8!6%)@!B+**B%!*%*)(8%L)(B!9_@I%&!(&L!(D9K*!,Qe!A5!h!Q#!!V8%)%!+7!(B79!(D9K*!,Re!9<!

A5!h!]#!!V)%&L7!()%!)(*8%)!7@7*%;(*+>!(&L!7;99*8#!!V8%7%!)%B(*+9&78+37!()%!3)%7%)6%L!(*!

QRRR!U!(B*89KI8!L+7*)+DK*+9&7!()%!79;%a8(*!D)9(L%)!*8(&!(*!\QRR!U!(&L!*8%!A5!h!Q!*9!

A5!h!T!>)97796%)!9>>K)7!(*!8+I8%)!3)%77K)%-!()9K&L!TR!"S(#!

! /+&(BB@-!+&!<+IK)%!XD!*8%!>99)L+&(*+9&!9<!9_@I%&!()9K&L!'I!+7!789a&!(*!\QRR!U!

(&L!(*!QRRR!U#!!A*!B9a!3)%77K)%-!A5(6!!!Q#Q#!!A7!3)%77K)%!+&>)%(7%7!*8%!(6%)(I%!A5!

+&>)%(7%7!(&L!%MK(B7!!!]#Q!&%()!,RR!"S(#!!E>*(8%L)(BB@!>99)L+&(*%L!'I!(**(+&7!(!

;(_+;K;!(*!(D9K*!:R!"S(!(&L!L%>)%(7%7!7@7*%;(*+>(BB@!(7!3)%77K)%!+&>)%(7%7#!!V8%!



&K;D%)!9<!7%6%&!>99)L+&(*%L!39B@8%L)(!;(_+;+g%!(*!(D9K*!QR!"S(-!a8%)%(7!'I!a+*8!

%+I8*!&%()%7*!9_@I%&!&%+I8D9)7!(**(+&7!(!;(_+;K;!(*!>+)>(!,RR!"S(#!!E&>%!(I(+&-!

)%B(*+9&7!(*!QRRR!U!()%!MK+*%!7+;+B()!%_>%3*!*8(*!(DK&L(&>%!L+7*)+DK*+9&7!()%!79;%a8(*!

D)9(L%)#!

V8%7%!9D7%)6(*+9&7!9<!*8%!SC!(&L!VCL%3%&L%&>%!9<!*8%!A5l7!9<!2+!(&L!'I!()%!

D)9(LB@!>9&7+7*%&*!a+*8!*8%!4/V!'4!7*KL@!9<!L%!U90%)!%*!(B#!N:RRXO#!

Transport Properties 

! Self-Diffusivity#!2%B<C!L+<<K7+9&!>9%<<+>+%&*7!a%)%!>9;3K*%L!<9)!(BB!)K&7!K7+&I!

(>>K;KB(*%L!7*(*+7*+>7!(&L!*8%!=+&7*%+&!)%B(*+9&!!

! ! ! 4+ = B+;
*→∞

r)+N*O − )+NROs
:

+

5+

(
T5+*

! ! NQO!

a8%)%!ri +7!*8%!397+*+9&!9<!(*9;!i!(&L!!Ni!+7!*8%!&K;D%)!9<!(*9;7!9<!*@3%!i#!!V8%!*%);!+&!

(&IB%L!D)(>0%*7-!*8%!;%(&C7MK()%L!L+73B(>%;%&*!N'24O-!+7!>(B>KB(*%L!<9)!%(>8!7*(*%!39+&*!

7+;KB(*+9&!<)9;!(*9;!*)(q%>*9)+%7#!!'24!3B9*7!()%!6%)@!B+&%()!+&!*+;%f!*8%!/+>0+(&!

L+<<K7+9&!>9%<<+>+%&*!+7!)%(L+B@!>(B>KB(*%L!<)9;!*8%!7B93%#!!V8%!6%)@!%()B@!D(BB+7*+>!3()*!9<!

*8%!'24!N(33)9_+;(*%B@!*8%!<+)7*!,RR!<7O!+7!L+7)%I()L%L!+&!*8%!>(B>KB(*+9&!9<!4#!

! 2%B<CL+<<K7+6+*+%7!<9)!'I-!2+!(&L!E!(*!(BB!7*(*%!39+&*7!()%!B+7*%L!+&!V(DB%!:!

N=B%>*)9&+>!A33%&L+_O#!!2%B<CL+<<K7+6+*+%7!<9)!(BB!(*9;7!(*!:QRR!U!(&L!PQRR!U!<9)!3)%77K)%!

73(&&+&I!RC,RR!"S(!()%!789a&!+&!/+IK)%!W#!!V8%!>9;3K*%)!IB(77!*)(&7+*+9&!+7!(33)9(>8%L!

<)9;!*8%!%MK+B+D)+K;!N%)I9L+>O!B+MK+L!(*!8+I8!3)%77K)%7!(B9&I!*8%!:QRR!U!+79*8%);#!!'I!

)%;(+&7!*8%!;97*!;9D+B%!73%>+%7!*8)9KI89K*!(BB!SCV!73(>%#!!E_@I%&!(&L!7+B+>9&!()%!*8%!

7B9a%)!L+<<K7%)7#!!V8%)%!+7!(!L%>)%(7%!+&!(BB!L+<<K7+6+*+%7!a+*8!+&>)%(7+&I!3)%77K)%!(B9&I!(&!

+79*8%);#!!V8%!7B93%!+&!*8%7%!>99)L+&(*%7!+7!L+)%>*B@!)%B(*%L!*9!*8%!(>*+6(*+9&!69BK;%-![.#!!



V8%!6()+(DB%!7B93%!+&L+>(*%7!&9&CA))8%&+(&!D%8(6+9)!96%)!*8%!*%;3%)(*K)%!)(&I%!9<!*8%!

7+;KB(*+9&7#!!

! V8%!'4!L(*(!()%!a%BB!<+*!D@!(!;9L+<+%L!A))8%&+(&!*)(&739)*!;9L%B#!!V8%!

%_3)%77+9&!+7H!

!! 4 = 49 %_3
− N=. + r69

. + 6,
.SsSO

ℜV
!
"#

$
%&
! ! ! !NTO!

a8%)%!ℜ!+7!*8%!I(7!>9&7*(&*-!=.!+7!*8%!(>*+6(*+9&!%&%)I@!<9)!L+<<K7+9&-!(&L!*8%!(>*+6(*+9&!

69BK;%![.!+7!(!<K&>*+9&!9<!3)%77K)%!9&B@-![.h!69.j6,.3#!!69.!+7!*8%!(>*+6(*+9&!69BK;%!(*!

g%)9!3)%77K)%!(&L!6,.!+7!*8%!3)%77K)%iL%)+6(*+6%!9<!*8%!(>*+6(*+9&!69BK;%!<9)!L+<<K7+9&#!!

[(BK%7!(&L!7*(*+7*+>7!>9;3K*%L!D@!)%I)%77+9&!<9)!=.-!49!(&L![.!()%!>9BB%>*%L!+&!V(DB%!P#!!

E*8%)!3()(;%*%)+g(*+9&7!7K>8!(7!(BB9a+&I!<9)!*%;3%)(*K)%!L%3%&L%&>%!9<![.!L9!&9*!

+;3)96%!*8%!<+*f!(>*+6(*+9&!69BK;%!L%3%&L7!3)+&>+3(BB@!9&!3)%77K)%!NF:!d!R#WX!<9)!'I-!2+!

(&L!EO#!!A>*+6(*+9&!%&%)I+%7!()%!+&!*8%!)(&I%!T]C]W!01^;9B!a+*8!'I!%_8+D+*+&I!*8%!B9a%7*!

(>*+6(*+9&!D())+%)#!!V8%!g%)9!3)%77K)%!(>*+6(*+9&!69BK;%!69.!+7!+&!*8%!)(&I%!,#,C,#P!

>;\^;9B!(&L!+7!B()I%7*!<9)!'I!(&L!7;(BB%7*!<9)!2+f!<9)!%(>8!"S(!9<!3)%77K)%!+&>)%(7%!*8%!

(>*+6(*+9&!69BK;%!decreases!D@!b!R#RRQ!>;\^;9B!<9)!'I!(&L!bR#RR\!<9)!2+!N+#%#-!6,.!h!C:#T!

_!,RC\!>;\^;9B!"S(O#!!V8%!(*9;!a+*8!*8%!B()I%7*!g%)9C3)%77K)%!(>*+6(*+9&!69BK;%!N'IO!

(B79!3977%77%7!*8%!B()I%7*!3)%77K)%CL%)+6(*+6%!9<!*8%!(>*+6(*+9&!69BK;%!N6,.O-!(&!(>*+6(*+9&!

69BK;%!>9;3%&7(*+9&!%<<%>*#!

! Shear viscosity.!V8%!78%()!6+7>97+*@!a(7!>(B>KB(*%L!(*!3)%77K)%!73(&&+&I!]C\R!

"S(!(&L!*%;3%)(*K)%7!\RRRCPRRR!U!K7+&I!*8%!")%%&CUKD9!<9);KB(*+9&!<9BB9a+&I!*8%!

3)9>%LK)%7!9<!5%6+&7!(&L!23%)(!N:RR]O#!!n9&I!7+;KB(*+9&7-!K3!*9!:!&(&97%>9&L7!N:!&7O-!

a%)%!)%MK+)%L!<9)!(>MK+7+*+9&!9<!)9DK7*!7*(*+7*+>7#!!G&!*8%!")%%&CUKD9!;%*89L-!*8%!

*%;39)(B!L%>(@!9<!*8%!<+6%!+&L%3%&L%&*!7*)%77!(K*9C>9))%B(*+9&!<K&>*+9&7!()%!)%B(*%L!*9!*8%!



L@&(;+>(B!)%B(_(*+9&!*+;%!(&L!8%&>%!*8%!78%()!6+7>97+*@#!![+7>97+*@!+79*8%);7!()%!789a&!

+&!/+IK)%!,R#!!V8%!78%()!6+7>97+*@!+&>)%(7%7!a+*8!+&>)%(7+&I!3)%77K)%!(B9&I!(&!+79*8%);!

(&L!L%>)%(7%7!a+*8!+&>)%(7+&I!*%;3%)(*K)%!(B9&I!(&!+79D()#!!A*!(&@!*%;3%)(*K)%-!*8%!

6+7>97+*@!+&>)%(7%7!D@!(!<(>*9)!9<!*%&!3%)!]R!"S(!+&>)%(7%!+&!3)%77K)%#!!'KB*+3B%!B+&%()!

)%I)%77+9&!a(7!K7%L!*9!L%*%);+&%!*8%!(>*+6(*+9&!%&%)I@!N=η
.O!(&L!(>*+6(*+9&!69BK;%!N[η

.O!

<9)!6+7>9K7!<B9a#!!V8%!;9L+<+%L!A))8%&+(&!%_3)%77+9&!*8(*!>9))%B(*%7!*8%!'4!6(BK%7!6%)@!

a%BB!+7H!

! η =η9 %_3
N=η
. +r6η 9

. + 6η,
. 3s3O

ℜV

! 

" 
# # 

$ 

% 
& & ! ! ! ! N]O!

a8+>8!+7!7+;+B()!*9!=M!NTO#!!59*%!*8%!7KD7>)+3*!9&!*8%!(>*+6(*+9&!%&%)I@!(&L!69BK;%!+&!=M!

N]O!K7%L!*9!L+<<%)%&*+(*%!*8%!(>*+6(*+9&!MK(&*+*+%7!<9)!6+7>9K7!<B9a!(&L!L+<<K7+9&#!!G&!

I%&%)(B-!*8%!(>*+6(*+9&!%&%)I+%7!(&L!69BK;%7!<9)!L+<<K7+9&!(&L!6+7>9K7!<B9a!()%!

+&L%3%&L%&*#!!V8%!3()(;%*%)7!9<!*8%!<+*!()%!I+6%&!+&!V(DB%!P#!!V8%!>9))%B(*+9&!>9%<<+>+%&*!

F:h!R#WWX!+&L+>(*%7!*8%!;9L+<+%L!A))8%&+(&!<9);!+7!(&!%_>%BB%&*!;9L%B#!!G&*%)%7*+&IB@-!*8%!

(>*+6(*+9&!%&%)I@!<9)!6+7>9K7!<B9a!+7!7B+I8*B@!;9)%!*8(&!8(B<!*8(*!<9)!7%B<CL+<<K7+9&!9<!'I-!

2+!(&L!E#!!V8+7!9D7%)6(*+9&!7KII%7*7!*8(*!>993%)(*+6%!;9D+B+*@!9<!'I-!2+!(&L!E!;(@!D%!

+;39)*(&*!(7!(!6+7>9K7!<B9a!;%>8(&+7;#!!A()%<KB!%_(;+&(*+9&!9<!*(II%L!3()*+>B%!

L@&(;+>7!N&9*!(**%;3*%L!+&!*8+7!7*KL@O!+7!&%%L%L!*9!D%**%)!K&L%)7*(&L!*8%!L+<<%)%&>%7!+&!

*8%!(>*+6(*+9&!%&%)I@!<9)!L+<<K7+9&!N=.O!versus!*8(*!<9)!6+7>9K7!<B9a!N=η
.O#!!G&!>9&*)(7*-!*8%!

(>*+6(*+9&!69BK;%!<9)!6+7>9K7!<B9a!+7!(B;97*!%MK(B!*9!*8(*!<9)!7%B<CL+<<K7+9&!<(BB+&I!

D%*a%%&!*8%!>9;3()(DB%!6(BK%7!<9)!E!(&L!'I#!!V8%!78%()!6+7>97+*@!9<!;9B*%&!'I:2+EP!(*!

PRRR!U!+&>)%(7%7!D@!(!<(>*9)!9<!:R!(7!3)%77K)%!+&>)%(7%7!<)9;!,!D()!N,RCP!"S(O!*9!,RR!

"S(#!!!

!



! Self-diffusion and viscous flow.  B%>(K7%!7%B<CL+<<K7+6+*@!(&L!78%()!6+7>97+*@!()%!

>9;3K*%L!+&L%3%&L%&*B@-!*8%!L(*(!>(&!D%!K7%L!*9!*%7*!*8%!6(B+L+*@!9<!*8%!2*90%7C=+&7*%+&!

N2=O!(&L!)%B(*%L!=@)+&I!N=pO!)%B(*+9&7!D%*a%%&!7%B<CL+<<K7+9&-!78%()!6+7>97+*@!(&L!

>8()(>*%)+7*+>!7+g%!9<!*8%!;9D+B%!73%>+%7#!!!

! V8%!2*90%7C=+&7*%+&!)%B(*+9&!)%B(*%7!*8%!;9D+B+*@!9<!(&!(*9;!N+#%#-!'I-!2+-!9)!EO!*9!

*8%!<)+>*+9&(B!<9)>%!%_%)*%L!9&!*8%!(*9;!(7!+*!L+<<K7%7!*8)9KI8!(!>9&*+&KK;!;%L+K;!9<!

6+7>97+*@!η#!!V8%!;9L%B!+7!9<*%&!K7%L!*9!%7*+;(*%!7%B<CL+<<K7+6+*@!a8%&!78%()!6+7>97+*@!+7!

0&9a&!9)!vice versa.  G&!*8%!;9L%B-!*8%!<)+>*+9&(B!<9)>%!%_%)*%L!9&!(!m3()*+>B%l!+7!

f = Tπη a !N&9!7B+3!D9K&L()@O!9) f = Pπη a !N7B+3!D9K&L()@O-!a8%)%!a!+7!*8%!)(L+K7!9<!*8%!

L+<<K7+&I!3()*+>B%#!!/9)!(!738%)%-!a!+7!*8%!3()*+>B%!)(L+K7#!!V8%!<)+>*+9&(B!<9)>%!+7!)%B(*%L!*9!

*8%!7%B<CL+<<K7+9&!>9%<<+>+%&*!(>>9)L+&I!*9!f = kT/D!a8%)%!k!+7!*8%!B9B*g;(&&!>9&7*(&*#!!

=MK(*+&I!*8%!<)+>*+9&(B!<9)>%!%_3)%77+9&7!I+6%7!(!)%B(*+9&78+3!D%*a%%&!;%B*!6+7>97+*@-!7%B<C

L+<<K7+6+*@!(&L!3()*+>B%!7+g%!(*9;7#!!/9)!(!7+;3B%!2*90%7C=+&7*%+&!<BK+L-!a!+7!>9&7*(&*#!!V8%!

%_3)%77+9&!+7!

! ! ! ! ( = 0V
Tπ4η

! ! ! ! NX(O!

<9)!&9!7B+3!D9K&L()@!>9&L+*+9&!(&L!!

! ! ! ! ( = 0V
Pπ4η

! ! ! ! NXDO!

a8%&!7B+3!>9&L+*+9&7!3)%6(+B#!!G;3B+>+*!+&!*8%!>9&7*(&>@!9<!a!+&!%M!NXO!+7!*8(*!*8%!SCV!

L%3%&L%&>%!9<!*8%!78%()!6+7>97+*@!(&L!*8%!7%B<CL+<<K7+6+*@!9<!9_@I%&!3)%>+7%B@!9<<7%*!9&%!

(&9*8%)!(&L!*8(*!*8%!7+g%!9<!*8%!L+<<K7+&I!m73%>+%7l!+7!>9&7*(&*#!!

G&!/+IK)%!,,-!*8%!2*90%7C=+&7*%+&!7+g%!3()(;%*%)!a!+7!3B9**%L!versus!3)%77K)%!<9)!

'I-!2+!(&L!E!(*!\RRR!U!(&L!QRRR!U#!!G<!*8%!2=!%_3)%77+9&!+7!6(B+L-!*8%&!*8%!L(*(!789KBL!



L%<+&%!(!*)%&L!a+*8!g%)9!7B93%!(&L!>8()(>*%)+7*+>!B%&I*87!789KBL!(33)9_+;(*%B@!%MK(B!*8%!

+9&+>!)(L++!9<!'I-!2+!9)!E#!!G&!<(>*-!*8%!7B93%7!()%!&%()!g%)9!a+*8!6%)@!7B+I8*!L%3%&L%&>%!

K39&!3)%77K)%-!(I)%%+&I!a+*8!*8%!2=!%_3%>*(*+9&#!!A9;3()+&I!+79*8%);7!(*!B9a!(&L!8+I8!

*%;3%)(*K)%7!789a7!B+**B%!L%3%&L%&>%!9&!*%;3%)(*K)%#!!'9)%96%)-!*8%!7+g%!3()(;%*%)!<9)!

%(>8!73%>+%7!+7!>9))%>*!a+*8+&!(!<(>*9)!9<!*a9!+<!a%!+L%&*+<@!*8%!>8()(>*%)+7*+>!B%&I*8!(7!*8%!

+9&+>!)(L+K7!9<!*8%!(33)93)+(*%!+9&#!!V8(*!+7-!6(BK%7!9<!*8%!>8()(>*%)+7*+>!B%&I*8!a!<9)!E-!

'I-!(&L!2+!<)9;!/+IK)%!,,!(*!PRRR!U!()%!b!R#X!u-!,#T!u-!(&L!,#\!u-!(&L!>9;3()%!

)%(79&(DB@!a%BB!*9!*8%!+9&+>!)(L++!9<!R#XT!u-!R#QP!u!(&L!,#:T!u#!!V8%!9&B@!(&9;(B@!+7!+&!

*8%!9)L%)+&If!9&%!a9KBL!%_3%>*!aE!d!a'I!d!a2+!a8%)%(7!<)9;!/+IK)%!,,-!a2+!d!aE!d!a'I#!!

V8+7!(&9;(B@!;(@!7+I&+<@!*8(*!2+!L9%7!&9*!L+<<K7%!+&L%3%&L%&*B@!9<!9_@I%&!DK*!+&7*%(L!2+!

;9D+B+*@!L%3%&L7!>993%)(*+6%B@!9&!9_@I%&!;9*+9&#!!

! V8%!=@)+&I!;9L%B!+7!7+;+B()!*9!*8%!2=!;9L%B!(B*89KI8!+*!+7!D(7%L!9&!(!79;%a8(*!

;9)%!L%*(+B%L!(*9;+>!B%6%B!;%>8(&+7;!N%#I#-!=@)+&I!,WX:O#!!A33B+%L!*9!;9B*%&!'I:2+EP!

*8%!)%B(*+9&78+3!D%*a%%&!7%B<CL+<<K7+6+*@!(&L!6+7>97+*@!+7H!!

! ! ! ! 0V
N[ &5AO

,^\4η
= ξ ! ! ! NWO!

a8%)%!&!+7!*8%!&K;D%)!9<!(*9;7!3%)!<9);KB(!K&+*!N&!h!]O-![NS-VO!+7!*8%!;9B()!69BK;%!(*!

*8%!7*(*%!39+&*!(*!a8+>8!*8%!(*9;!L+<<K7+6+*@!(&L!78%()!6+7>97+*@!()%!%6(BK(*%L!(&L!5A!+7!

A69I(L)9l7!&K;D%)#!!G&!(!7+;3B%!<BK+L-!7K>8!(7!B+MK+L!()I9&-!<9)!%_(;3B%-!ξ!)%3)%7%&*7!*8%!

&K;D%)!9<!&%()%7*!&%+I8D9)7!7K))9K&L+&I!(!>%&*)(B!L+<<K7+&I!(*9;!*8(*!()%!3K78%L!(7+L%!

LK)+&I!*8%!(*9;!8933+&I!%6%&*#!!V@3+>(BB@-!ξ!*(0%7!9&!6(BK%7!+&!*8%!)(&I%!TC,:!+&!7+;3B%!

<BK+L7#!!/9)!'I:2+EP!B+MK+L-!ξ!3)%7K;(DB@!)%3)%7%&*7!79;%!7K+*(DB%!(6%)(I%!A5#!!G<!a%!

>9&7+L%)!;9B*%&!'I:2+EP!(7!%77%&*+(BB@!(&!9_@I%&!7K3%)B(**+>%!IBK%L!*9I%*8%)!D@!8+I8!

<+%BL!7*)%&I*8!2+-!6(BK%7!9<!ξ!a+*8+&!*8%!)(&I%!9<!*8%!A5(6!9<!E!()9K&L!>%&*)(B!2+!NbQCT-!



/+IK)%!]O!(&L!*8%!A5(6!9<!E!()9K&L!E!!Nb!,:-!/+IK)%!XO-!9&%!;+I8*!%_3%>*!(!6(BK%!9<!ξ!

()9K&L!,R#!!G&!*8+7!(L;+**%LB@!7+;3B+7*+>!6+%a-!;%B*!+7!3+>*K)%L!(7!(&!9_@I%&!7K3%)B(**+>%!

*8(*!I96%)&7!*8%!0+&%*+>7!9<!<B9a!(&L!(*9;!;9D+B+*@#!!V8+7!&9*+9&!+7!&9*!%_(>*B@!>9))%>*-!9<!

>9K)7%-!DK*!7%%;7!B+0%!(!)%(79&(DB%!<+)7*C(33)9_+;(*+9&!*9!(!;9)%!>9;3B+>(*%L!3+>*K)%#!!G&!

/+IK)%!,:-!>9;3K*%L!6(BK%7!9<!ξ!()%!789a&!<9)!7%6%)(B!+79*8%);7!(7!(!<K&>*+9&!9<!

3)%77K)%#!!V8%!6(BK%7!9<!ξ!<9)!E!(&L!2+!()%!()9K&L!X!a8+>8!+7!D)9(LB@!>9&7+7*%&*!a+*8!*8%!

>99)L+&(*+9&!7*(*+7*+>7!9<!/+IK)%7!]!(&L!X#!!G&!B+I8*!9<!*8%!>)KL+*@!9<!*8%!2*90%7C=+&7*%+&!

(&L!=@)+&I!;9L%B7!(33B+%L!*9!7*)K>*K)%L!;9B*%&!7+B+>(*%7-!*8%!D)9(L!(I)%%;%&*!D%*a%%&!

'4!)%7KB*7!(&L!*8%7%!%B%;%&*()@!;%>8(&+7*+>!*8%9)+%7!+7!7K)3)+7+&IB@!I99L#!!Z8%*8%)!*8+7!

+7!>9+&>+L%&*(B!>(&!9&B@!D%!D%**%)!(33)%>+(*%L!D@!(33B@+&I!*8%!*8%9)@!*9!9*8%)!

>9;397+*+9&7!7K>8!(7!;9B*%&!'I2+E\!(&L!;9B*%&!A(AB:2+:EX!N23%)(!%*!(B!:RRWf!5%6+&7!

(&L!23%)(!:RRWO#!!

AE5An?2GE52!

! Z%!>())+%L!9K*!3(+)C39*%&*+(B!;9B%>KB()!L@&(;+>7!7+;KB(*+9&7!9<!B+MK+L!'I:2+EP!

(B9&I!,:!+79>89)%7!(*!T\!7*(*%!NS-VO!39+&*7!(*!V!<)9;!:,RRCQRRR!U!(&L!S!<)9;!:C,,R!"S(!

K7+&I!*8%!*)(&7<%)(DB%!39*%&*+(B!;9L%B!9<!'(*7K+!N,WWXO#!!V8%!'4!)%7KB*7!a%)%!K7%L!*9!
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Equation Chapter 1 Section 1 1 

Appendix: Thermodynamic relations and Equation of 2 
State 3 
Rosenfeld and Tarazona (1998) derive an expression from a fundamental-measure energy 4 

functional for hard spheres and thermodynamic perturbation theory for the functional 5 

dependence of the potential energy (U) on volume (V) and temperature (T) in a dense 6 

classical liquid: 7 

 U V ,T( )= a V( )+ b V( )T 3
5  (10) 8 

This expression beautifully represents the potential energy-temperature relations along a 9 

given isochore obtained from our MD simulations of liquid Mg2SiO4 (Fig. 13, Table 5). 10 

 11 
The a(V) and b(V) functions may be parameterized using simple polynomials of volume 12 

(Fig. 14, Table 6, e.g. Saika-Voivod et al., 2000). 13 

 14 
Given the representation of U embodied in Eq. (10), the internal energy, E, is obtained by 15 

addition of the kinetic energy, 3n
2

RT , where n in this case is seven, the number of atoms 16 

in the formula unit of Mg2SiO4 liquid: 17 

 E V ,T( )= a V( )+ b V( )T 3
5 + 3n

2
RT  (11) 18 

From Eq. (11) the isochoric heat capacity is readily obtained by differentiation with 19 

respect to T at constant V 20 

 CV = 3
5

b V( )
T

2
5

+ 3n
2

R  (12) 21 
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It should be appreciated that since values of the function b(V) are positive (e.g. Fig 14b), 22 

the heat capacity of a Rosenfeld-Tarazona fluid will decrease with increasing temperature 23 

asymptotically to the value 3nR/2. 24 

 25 
An internally consistent equation of state (EOS) may be constructed from Eq. (11) by 26 

first finding an expression for the Helmholtz free energy (A), which is formally defined 27 

as 28 

 A V ,T( )= E V ,T( )− TS V ,T( ) (13) 29 

The temperature- and volume-dependence of the entropy (S) may be obtained from Eq. 30 

(11) and the thermodynamic identity dE = TdS − PdV .  From this identity it follows that 31 

 ∂E
∂V

!
"#

$
%& T

= T
∂S
∂V

!
"#

$
%& T

− P  32 

and 33 

 ∂E
∂T

!
"#

$
%& V

= T
∂S
∂T

!
"#

$
%& V

 34 

which together permit the entropy to be evaluated as 35 

 S V ,T( )= S V0 ,T0( )+ 1
T0

∂E
∂V

!
"#

$
%& T T0

+ P V ,T0( )
'

(
)
)

*

+
,
,

dV
V0

V

- + 1
T

∂E
∂T

!
"#

$
%& V

dT
T0

T

-  (14) 36 

Substitution of Eq. (11) into Eq. (14) gives a model expression 37 

 

S V ,T( )= S V0 ,T0( )
+ 1

T0

a V( )+ T0

3
5b V( )− a V0( )− T0

3
5a V0( )+ P T0 ,V( )dV

V0

V

-'
()

*
+,

− 3
2

1

T
2

5
− 1

T0

2
5

!

"
#

$

%
& b V( )+ 3n

2
R ln T

T0

!
"#

$
%&

 (15) 38 



Appendix 9/9/08,6:50 PM 3/6 

Note that the entropy is defined relative to that at a reference volume (V0) and 39 

temperature (T0) – that is, with respect to an unspecified constant - and that the model 40 

expression requires adoption of an EOS along the reference isotherm [P(T0, V)].  The 41 

selection of this EOS is arbitrary. 42 

 43 
Substitution of Eqs. (11) and (15) into Eq. (13) gives a model expression for the 44 

Helmholtz free energy compatible with Eq. (10) 45 

 

A V ,T( )= a V( )+ T
3

5b V( )+ 3n
2

RT − TS V0 ,T0( )

− T
T0

a V( )+ T0

3
5b V( )− a V0( )− T0

3
5a V0( )+ P T0 ,V( )dV

V0

V

-'
()

*
+,

+T
3
2

1

T
2

5
− 1

T0

2
5

!

"
#

$

%
& b V( )− 3n

2
RT ln T

T0

!
"#

$
%&

 (16) 46 

An EOS is obtained from Eq. (16) by differentiation, i.e., P = − ∂A
∂V

!
"#

$
%& T

: 47 

 P = T
T0

− 1
!
"#

$
%&

da V( )
dV

+ 5
2

T
3

5 T
T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,

db V( )
dV

+ T
T0

P T0 ,V( ) (17) 48 

This result demonstrates that a Rosenfeld-Tarazona compatible EOS – P(V,T) – can be 49 

built from any isothermal EOS of choice, and that the temperature dependence of the 50 

pressure arises through the parameterization of the potential energy of the fluid.  In this 51 

paper we adopt for P(T0, V) the Universal EOS of Vinet at al. (1986; 1987; 1989) 52 

 P T0 ,V( )= 3Kv 1− x( )eη 1− x( )

x2  (18) 53 

where η = 3
2

Kv
' − 1( ) and x = V

Vv

!
"#

$
%&

1
3

.  In Eq. (18), Kv , Kv
'  and Vv  are constants (fit 54 

parameters of the EOS), whose values correspond to the bulk modules, its pressure 55 
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derivative, and the zero pressure volume, respectively, all at the temperature T0 .  A fit to 56 

the nominal ~3500 K MD data for Mg2SiO4 liquid is presented in Table 7.  The model 57 

EOS is presented and compared to the MD simulation data in Fig 15. 58 

 59 
In the low temperature limit, the Helmholtz energy [Eq. (16)] reduces to A V ,T( )≈ a V( ), 60 

and by inspection of Fig. 14a it is clear that in the case of our model calculations for 61 

Mg2SiO4 liquid there is a range of volume over which the liquid is thermodynamically 62 

unstable with respect to unmixing at sufficiently low-T; this region corresponds to the 63 

portion of the curve that is concave down, and in this case the coexisting liquids differ in 64 

structure but are identical in composition.  The loci of (V,T)-points corresponding to zero-65 

curvature of A is known as the spinoidal and is given by the thermodynanic condition of 66 

phase instability (Prigogine and Defay, 1954): ∂P
∂V( )

T
= 0 , which from Eq. (17) is 67 

 ∂P
∂V

!
"#

$
%& T

= 0 = T
T0

− 1
!
"#

$
%&

d 2a V( )
dV 2 + 5

2
T

3
5 T

T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,

d2b V( )
dV 2 + T

T0

dP T0 ,V( )
dV

 (19) 68 

for our thermodynamic model.  The highest temerature that satisfies Eq. (19) is the 69 

critical point (the temperature of the onset of unmixing).  We find this T to be below 100 70 

K, a condition corresponding to the deeply supercooled region. 71 

 72 
A compete set of thermodynamic functions can be developed from Eqs. (16) and (17) and 73 

the numerical evaluation of these functions requires no further paramterization of the MD 74 

data. 75 

 76 
The Gibbs free energy (G = A + PV ) is 77 
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G V ,T( )= a V( )+ T
3

5b V( )+ 3n
2

RT − TS V0 ,T0( )

− T
T0

a V( )+ T0

3
5b V( )− a V0( )− T0

3
5a V0( )+ P T0 ,V( )dV

V0

V

-'
()

*
+,

+T
3
2

1

T
2

5
− 1

T0

2
5

!

"
#

$
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& b V( )− 3n

2
RT ln T

T0

!
"#

$
%&

+ T
T0

− 1
!
"#

$
%&

V
da V( )

dV
+ 5

2
T

3
5 T

T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,
V

db V( )
dV

+ T
T0

VP T0 ,V( )

 (20) 78 

The coefficient of “thermal pressure,” ∂P
∂T

!
"#

$
%& V

, is given as 79 

 ∂P
∂T

!
"#

$
%&V

= 1
T0

da V( )
dV

+ 3
2

T
−2

5 5
3

T
T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,

db V( )
dV

+
P T0 ,V( )

T0

 (21) 80 

  81 

The bulk modulus, K = −V
∂P
∂V

!
"#

$
%& T

, is found to be 82 

 K = − T
T0

− 1
!
"#

$
%&

V
d 2a V( )

dV 2 − 5
2

T
3

5 T
T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,
V

d2b V( )
dV 2 − T

T0

V
dP T0 ,V( )

dV
 (22) 83 

and, since αK = ∂P
∂T

!
"#

$
%& V

= − ∂V
∂T

!
"#

$
%& P

∂P
∂V

!
"#

$
%& T

, the isothermal coefficient of expansion (α ) 84 

may be written 85 

 α = −

1
T0

da V( )
dV

+ 3
2

T
−2

5 5
3

T
T0

!
"#

$
%&

2
5

− 1
'

(

)
)

*

+

,
,

db V( )
dV

+
P T0 ,V( )

T0

V T
T0

− 1
!
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2
T

3
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$
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− 1
'

(
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+

,
,

d 2b V( )
dV 2 + T

T0

dP T0 ,V( )
dV

.
/
0

10

2
3
0

40

 (23) 86 

Finally, our model expression for the Grüneisen parameter, γ = αKV
CV

, is given by 87 
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 γ =

V
T0

da V( )
dV

+ 3
2

VT
−2

5 5
3

T
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!
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$
%&

2
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 (24) 88 
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Atom Pair A (kJ/mol) B (nm) C(kJ*nm/mol)
Mg-Mg 7.12E+09 0.80 8.44E+03 
Mg-Si 1.48E+11 0.63 1.43E+04 
Mg-O 1.32E+07 1.78 2.63E+04 
Si-Si 3.23E+13 0.46 2.43E+04 
Si-O 2.03E+07 1.61 4.47E+04 
O-O 2.61E+06 2.76 8.21E+04 

 
Table 1. Parameters used to define the potential energy pairwise interactions given in text 
eq (1). The values are from Matsui (1994, 1998) 
 



Density (kg/m3) Temperature (K) T Pressure (GPa) P UK (J/mol) !"

!"­1 %&'3)*3% %1%+ 1, %)-' +)1. 1*'%%+ 1-++
!"­% %&'3)*3% %',3 1* 3)*- +)%3 %%3.3+ 1'-+
!"­3 %&'3)*3% 3+'. %1 ')3* +)%3 %,&1.+ 1*.+
!"­- %&'3)*3% 3',- %3 ,)** +)%, 311%.+ %+3+
!"­' %&'3)*3% -+3+ %& *)3 +)%& 3'%+3+ %31+
!"­, %&'3)*3% -'%, %. .)* +)%- 3.'3,+ %'%+
!"­& %&'3)*3% '+3& 3- 11)3. +)%& -3..'+ %.-+

!"­* 3+++)+& %1++ 1, ').3 +)%1 1*3-++ 1-++
!"­. 3+++)+& %'&+ 1. &)&* +)%3 %%--.+ 1,*+
!"­1+ 3+++)+& 3+** %% .)* +)%' %,.&1+ 1*.+
!"­11 3+++)+& 3'%* %- 11)'1 +)%& 3+*%1+ %1++
!"­1% 3+++)+& -+'- %, 13)'- +)%. 3'-13+ %%-+
!"­13 3+++)+& -''. %. 1')-' +)3 3.*%3+ %'%+
!"­1- 3+++)+& '++, 31 1&)1& +)31 -3&%.+ %&3+

!"­1' 3+&')+&1 3+-, %1 11)%* +)%, %,,+&+ 1*.+
!"­1, 3+&')+&1 3'-- %3 13)3' +)%, 3+.'-+ %+3+

!"­1. 31'+)+&3 %13% 1' *)., +)%% 1*,%++ 133+
!"­%+ 31'+)+&3 %',& 1* 1+).% +)%' %%-%1+ 1'-+
!"­%1 31'+)+&3 3+&. %+ 13)% +)%& %,*.-+ 1&'+
!"­%% 31'+)+&3 3''+ %- 1')3% +)%. 31+1++ %1++
!"­%3 31'+)+&3 -+'1 %, 1&)'3 +)%* 3'3*'+ %%-+
!"­%- 31'+)+&3 -'%. 31 1.), +)31 3.',-+ %&3+
!"­%' 31'+)+&3 '+-3 3- %1)*1 +)31 --+'1+ %.-+

!"­1& 3%%')+&' 3+'& %+ 1')1 +)%& %,&+'+ 1&'+
!"­1* 3%%')+&' 3,1% %- 1&)&& +)%* 31'-.+ %1++

!"­%, 33++)+&& %1+& 1' 1%)%* +)%% 1*-+3+ 1%,+
!"­%& 33++)+&& %,+, 1. 1-). +)%' %%&,-+ 1,1+
!"­%* 33++)+&& 3+*' %1 1&)-1 +)%* %,.'++ 1*%+



!"­%. 33++)+&& 3''. %- 1.)*' +)%. 31+*&+ %1++
!"­3+ 33++)+&& -+&1 %, %%)- +)3 3'',++ %31+
!"­31 33++)+&& -'-. 31 %-)&. +)31 3.&3%+ %&3+
!"­3% 33++)+&& '+,1 33 %&)%3 +)33 --%+'+ %*&+

!"­33 3'++)+*1 %1+3 1, 1&),* +)%' 1*3,*+ 1-++
!"­3- 3'++)+*1 %'*, 1& %+).- +)%& %%'*.+ 1'-+
!"­3' 3'++)+*1 3+.% %1 %-)1& +)%* %&++,+ 1*%+
!"­3, 3'++)+*1 3'., %' %&)3 +)%. 31-+.+ %1&+
!"­3& 3'++)+*1 -+%' %. %.)*, +)31 3'1,1+ %'%+
!"­3* 3'++)+*1 -'%, 3% 3%)* +)3- 3.'3,+ %*++
!"­3. 3'++)+*1 '+%% 33 3')'3 +)3' -3*,%+ %*&+

!"­-+ 3*++)+** %'*. %+ 33)11 +)%* %%,1&+ 1&'+
!"­-1 3*++)+** 3+&& %3 3&)33 +)%* %,*&3+ 1.,+
!"­-% 3*++)+** 3''- %' -1)%% +)3 31+-'+ %1&+
!"­-3 3*++)+** -+'* %& -' +)33 3'--*+ %31+
!"­-- 3*++)+** -',3 3+ -*),- +)3& 3.*'*+ %'.+
!"­-' 3*++)+** '+-% 3- '1). +)3, --+--+ %.-+

!"­-, 3.++)+.1 3'', %' -,).' +)3% 31+'.+ %1&+
!"­-& 3.++)+.1 -+*' %. '1)%3 +)3% 3',*,+ %'%+
!"­-* 3.++)+.1 -'3- 31 '-),, +)3, 3.'..+ %&3+
!"­-. 3.++)+.1 '+'. 3- '*)'1 +)3& --1.1+ %.-+

!"­'+ -%++)+.* 31'' %. ,3)'. +)33 %&''.+ %31+
!"­'1 -%++)+.* 3,+1 %, ,*)% +)3- 31-'*+ %31+
!"­'% -%++)+.* -11- %. &3)1& +)3, 3'.3*+ %'.+
!"­'3 -%++)+.* -'', 3% &&)%' +)3& 3.*&.+ %*++
!"­'- -%++)+.* '+'* 3- *1)', +)3* --1&&+ 3+1+

!"­'' -3'+)1+1 3,'3 %* *1)-, +)3, 31.+,+ %'%+
!"­', -3'+)1+1 -1+& %& *,)13 +)33 3'*&'+ %3*+
!"­'& -3'+)1+1 -'&& 3% .+)&% +)3. 3..*-+ %*++
!"­'* -3'+)1+1 '+-& 3, .')+. +)-1 --+*,+ 31'+



!"­'. -'++)1+- 31.3 3, .+)&* +)33 %&*.'+ 31'+
!"­,+ -'++)1+- 3,&, 31 .,)1& +)3% 3%1+.+ %,,+
!"­,1 -'++)1+- -+*' 3+ 1++),1 +)3& 3',&.+ %'.+
!"­,% -'++)1+- -,13 3% 1+,)1- +)3. -+%.%+ %*++
!"­,3 -'++)1+- '+'3 3- 11+)'3 +)3. --13'+ 3+1+



UP (J/mol) UP U (J/mol) DOxygen (m2/s) DMagnesium (m2/s) DSilicon (m2/s)

­'3''%1+ 1-++ ­'1,...+ %)3&-3-/­+. ')*',/­+. 1)&-+-3/­+.
­'3+%'&+ 1'-+ ­'+&*,-+ -),'+.&/­+. .),,.%/­+. 3)3'.%/­+.
­'%-,3,+ 1*.+ ­-.&.1&+ &)'..1,/­+. 1)-31&-/­+* ')'%'3./­+.
­'1.%**+ %+3+ ­-**1'.+ 1)1,+1'/­+* %)+1.'/­+* *)*.%,,/­+.
­'1-'1-+ %31+ ­-&.311+ 1)-.+'/­+* %)-&'-'/­+* 1)1-'--/­+*
­'+.&-&+ %'%+ ­-&+%11+ 1)*-1+3/­+* %).+11&/­+* 1)'+'*3/­+*
­'+'1,.+ 3+1+ ­-,11&-+ %)%*,+&/­+* 3)-13+./­+* 1)*+,.*/­+*

­'3&','+ 1-++ ­'1.%%'+ 1)&.%*3/­+. 3)&''&,/­+. 1)3+.3-/­+.
­'31*%'+ 1,*+ ­'+.3&,+ 3)&&&&-/­+. ,)..+33/­+. %)&.&%/­+.
­'%'.1&+ 1*.+ ­-.*.3.+ ,),.&/­+. 1)+&+%./­+* ')%*1&'/­+.
­'%11'&+ %1++ ­-.+33,+ .)33.1%/­+. 1)-*31./­+* &)3,--3/­+.
­'1'*3&+ %%-+ ­-*+-%-+ 1)%+133/­+* 1).*1-%/­+* .)',-&/­+.
­'1+.,'+ %'%+ ­-&113'+ 1)'&'*-/­+* %)3*&',/­+* 1)%&%%./­+*
­'+,*+++ %&3+ ­-,31+,+ 1).+1/­+* %)&-.,&/­+* 1)'*+-,/­+*

­'%,,1&+ 1*.+ ­'+++1++ ,)+.&3-/­+. .)&31/­+. -)*&1+&/­+.
­'%1%,%+ %+3+ ­-.+3+*+ *)3.*%'/­+. 1)-+'%*/­+* ,)'--+,/­+.

­'3&,-%+ 133+ ­'1.+%%+ 1),%&.3/­+. %)3&-*/­+. 1)%.&-%/­+.
­'3%3+1+ 1'-+ ­'+.**++ 3)---&3/­+. ,)1%'1-/­+. %),.+-3/­+.
­'%,--%+ 1&'+ ­-..'-*+ ').%-.-/­+. .)''..&/­+. -)&-&%1/­+.
­'%1-+%+ %1++ ­-.+3.%+ *)-''1*/­+. 1)31*3'/­+* ,)*-'+&/­+.
­'1,1.-+ %%-+ ­-*+*+.+ 1)1+,%/­+* 1),&'3./­+* .)1+.13/­+.
­'11'**+ %&3+ ­-&%+%-+ 1)3*'1./­+* %)11%&%/­+* 1)1*'1/­+*
­'+,&&.+ %.-+ ­-,%&3'+ 1)&%-**/­+* %)-&..'/­+* 1)-,%'1/­+*

­'%,&'&+ 1&'+ ­'+++'%+ ')%&.'-/­+. *),%+3&/­+. -)11%.1/­+.
­'%+&&%+ %1++ ­-*.%%3+ *)%%%&1/­+. 1)%3-'%/­+* ,)'+-*,/­+.

­'3*111+ 1%,+ ­'1.&+*+ 1)%%''3/­+. %)%3-,-/­+. .),11'&/­1+
­'31**1+ 1,1+ ­'+.11&+ %).1,1./­+. -).3+*/­+. %)3,,%%/­+.
­'%,3.3+ 1*%+ ­-..--3+ -)**%&./­+. &)-&&',/­+. -)+''*%/­+.



­'%1%''+ %1++ ­-.+1,*+ &)3**1%/­+. 1)11*+./­+* ')*,-%./­+.
­'1,+1.+ %31+ ­-*+-'.+ .)-.-+%/­+. 1)-%1%./­+* *)+&3,*/­+.
­'111*.+ %&3+ ­-&1-'++ 1)%%-,1/­+* 1)*3**&/­+* 1)+,3&&/­+*
­'+,-+1+ %*&+ ­-,%1.,+ 1)-.*-./­+* %)%+.-3/­+* 1)%&+.1/­+*

­'3&,-.+ 1-++ ­'1.%*1+ &)&&-.,/­1+ 1)--+.3/­+. ,),1*,./­1+
­'31,.%+ 1'-+ ­'+.1+3+ 1).'%31/­+. 3)%.*3/­+. 1),',+%/­+.
­'%'&.1+ 1*.+ ­-.*&*'+ 3)'1'1%/­+. ')&.-%/­+. 3)+33*-/­+.
­'%+%%,+ %1&+ ­-***1&+ ')'&3&/­+. *)'+.3%/­+. ')+3&+1/­+.
­'1',-1+ %'%+ ­-*+-*++ &)*'+*/­+. 1)1,&3,/­+* &)11,+&/­+.
­'1+-,1+ %*++ ­-&+.%'+ .)'.-,3/­+. 1)--'*/­+* *),,&+1/­+.
­'+',31+ %*&+ ­-,1&,.+ 1)%1*&,/­+* 1)*'-&'/­+* 1)11*&'/­+*

­'%.*3&+ 1&'+ ­'+&%%++ &)&+,&3/­1+ 1)-'.*3/­+. &)1,+3'/­1+
­'%3&'-+ 1.,+ ­-.,*&-+ 1)*1&1%/­+. 3)13-*'/­+. 1)&3+,1/­+.
­'1&..3+ %1&+ ­-*,.-*+ 3)1.&+&/­+. ')%&,,*/­+. 3)113*./­+.
­'1%3+%+ %31+ ­-&,*'-+ -).-3'&/­+. *)1++&,/­+. -),'333/­+.
­'+,&--+ %'.+ ­-,,**,+ &)%%-13/­+. 1)11&.1/­+* ,).-*'3/­+.
­'+1&,++ %.-+ ­-'&&%3+ *)&,%3%/­+. 1)3-333/­+* *)3+1&./­+.

­'1,,&++ %1&+ ­-*',11+ %)&1.1%/­+. -)'%-.%/­+. %)''.-/­+.
­'1+--&+ %'%+ ­-&-&,1+ -)-+.&,/­+. ,)&.',&/­+. -)%,,../­+.
­'+'-+++ %&3+ ­-,'&.-+ ,)+1---/­+. .)+*+&&/­+. ')*1&'./­+.
­-..&+.+ %.-+ ­-'''1*+ &),.'-/­+. 1)1*3%'/­+* &)-&3+1/­+.

­'1,1-'+ %'%+ ­-**'&.+ ')+.1',/­1+ 1)+3%,&/­+. ')-1%,1/­1+
­'1+%+%+ %31+ ­-&*&--+ 1)%.%.&/­+. %)3'&.-/­+. 1)3++.,/­+.
­'+3'&3+ %'.+ ­-,&,3'+ %)-*,1*/­+. -)1''1&/­+. %)-,+-&/­+.
­-.*+%%+ %*&+ ­-'*1-3+ 3),1%,-/­+. ,)1.1%-/­+. 3)&++%,/­+.
­-.%1.*+ 3+1+ ­--*+1-+ ')-.'%'/­+. *)-'-%%/­+. '),1+'1/­+.

­'+'3'*+ %'%+ ­-&3-'%+ *)&.3../­1+ 1),1'&,/­+. *).&+%*/­1+
­-..3+3+ %3*+ ­-,3-%*+ 1)*'++%/­+. 3)+1++*/­+. 1)*,+.-/­+.
­-.3%13+ %*++ ­-'3%%.+ 3)1%,*'/­+. ')++,1./­+. 3)+..3%/­+.
­-*&-&3+ 31'+ ­--33*&+ -)1*&&'/­+. ,)-1,'/­+. -)313&&/­+.



­'+,-&1+ 31'+ ­-&*'&,+ 1)1-3%./­1+ 3)31'%/­1+ 1)3&,'&/­1+
­-...,1+ %,,+ ­-,&*'%+ -).,+%-/­1+ 1)+&'*3/­+. '),3,3'/­1+
­-.-%%*+ %'.+ ­-'*'-.+ 1)1%*,'/­+. 3)1-%&./­+. 1)1..13/­+.
­-*&1'1+ %*++ ­--,*'.+ %)3-'3'/­+. 3)&.3',/­+. %)3*-.&/­+.
­-*1-3.+ 3+1+ ­-3&3+-+ 3)''*+./­+. ')',&31/­+. 3),1'+'/­+.



!"#$%&'()*+,-3/ 0"-1"23&42"()5/ 62"$$42"()763/ 08"2-39(62"$$42"()763,5/ ThP

MF­1 2753.832 2120 2.45 0.003137698 0.000694696
MF­2 2753.832 2563 3.84 0.003121268 0.000485446
MF­3 2753.832 3059 5.38 0.003037568 0.000491449
MF­4 2753.832 3564 6.88 0.003008754 0.000549284
MF­5 2753.832 4030 8.3 0.003035702 0.000567805
MF­6 2753.832 4526 9.8 0.00306787 0.000539127
MF­7 2753.832 5037 11.39 0.003111546 0.000378752

MF­8 3000.07 2100 5.93 0.00393617 0.000694541
MF­9 3000.07 2570 7.78 0.003917892 0.000489988
MF­10 3000.07 3088 9.8 0.003892989 0.000561258
MF­11 3000.07 3528 11.51 0.00387284 0.000595174
MF­12 3000.07 4054 13.54 0.003820747 0.000592161
MF­13 3000.07 4559 15.45 0.003815026 0.000676884
MF­14 3000.07 5006 17.17 0.003847875 0.000515975

MF­15 3075.071 3046 11.28 0.004156627 0.00078277
MF­16 3075.071 3544 13.35 0.004156627 0.00078277

MF­17 3150.073 2132 8.96 0.004505747 0.000803104
MF­18 3150.073 2567 10.92 0.004479436 0.00055142
MF­19 3150.073 3079 13.2 0.004477093 0.000584834
MF­20 3150.073 3550 15.32 0.00445612 0.000620748
MF­21 3150.073 4051 17.53 0.004370861 0.000640812
MF­22 3150.073 4529 19.6 0.004315077 0.000665905
MF­23 3150.073 5043 21.81 0.004299611 0.000467874

MF­24 3225.075 3057 15.1 0.004810811 0.00075135
MF­25 3225.075 3612 17.77 0.004810811 0.00075135

MF­26 3300.077 2107 12.28 0.005250501 0.000714323
MF­27 3300.077 2606 14.9 0.005245292 0.000552345
MF­28 3300.077 3085 17.41 0.005193881 0.000623156



MF­29 3300.077 3559 19.85 0.005064074 0.000637538
MF­30 3300.077 4071 22.4 0.004990234 0.000666375
MF­31 3300.077 4549 24.79 0.004882813 0.00069879
MF­32 3300.077 5061 27.23 0.004765625 0.0004898

MF­33 3500.081 2103 17.68 0.006749482 0.000828747
MF­34 3500.081 2586 20.94 0.006566441 0.000590324
MF­35 3500.081 3092 24.17 0.006296858 0.000614143
MF­36 3500.081 3596 27.3 0.006088842 0.000718394
MF­37 3500.081 4025 29.86 0.005917815 0.000768452
MF­38 3500.081 4526 32.8 0.005686148 0.000762777
MF­39 3500.081 5022 35.53 0.005504032 0.00055408

MF­40 3800.088 2589 33.11 0.008647541 0.000974752
MF­41 3800.088 3077 37.33 0.008401339 0.000711965
MF­42 3800.088 3554 41.22 0.007827568 0.000734897
MF­43 3800.088 4058 45 0.00735396 0.000771127
MF­44 3800.088 4563 48.64 0.007006883 0.000847389
MF­45 3800.088 5042 51.9 0.006805846 0.00062781

MF­46 3900.091 3556 46.95 0.008090737 0.001036711
MF­47 3900.091 4085 51.23 0.007864968 0.000828731
MF­48 3900.091 4534 54.66 0.007486266 0.00087355
MF­49 3900.091 5059 58.51 0.007333333 0.000587355

MF­50 4200.098 3155 63.59 0.010336323 0.001394063
MF­51 4200.098 3601 68.2 0.010012216 0.000924144
MF­52 4200.098 4114 73.17 0.009459439 0.000955287
MF­53 4200.098 4556 77.25 0.008908213 0.000991395
MF­54 4200.098 5058 81.56 0.008585657 0.000662179

MF­55 4350.101 3653 81.46 0.010286344 0.001390614
MF­56 4350.101 4107 86.13 0.010026151 0.000983895
MF­57 4350.101 4577 90.72 0.009531915 0.001036323
MF­58 4350.101 5047 95.09 0.009297872 0.000767703



MF­59 4500.104 3193 90.78 0.01115942 0.001435297
MF­60 4500.104 3676 96.17 0.010855746 0.001655771
MF­61 4500.104 4085 100.61 0.010664615 0.001064808
MF­62 4500.104 4613 106.14 0.010225379 0.001058996
MF­63 4500.104 5053 110.53 0.009977273 0.000820396



:"&3()763­1/ Beta =9183()5­1/ alpha >?()@,-A9(5/ Cv 73--3 gamma

0.024594804 0.001997815 7.71711E­05 1.82E­05 206.203278 5.60500288 0.7773942 0.17340972
0.021723329 0.001790098 6.78043E­05 1.1934E­05 203.371678 7.91705519 0.78409086 0.12571052
0.019364235 0.001485542 5.88202E­05 1.0532E­05 196.881841 8.17101101 0.78821758 0.13165488
0.018485943 0.001493835 5.56196E­05 1.1104E­05 191.545399 9.36542118 0.80249197 0.15166781
0.016333954 0.00061643 4.9585E­05 9.4614E­06 186.665513 10.2912468 0.83084656 0.16201383
0.015148658 0.001028189 4.64741E­05 8.755E­06 180.154687 10.6534179 0.86999577 0.16131118
0.014807944 0.00105127 4.60756E­05 6.4927E­06 176.845544 7.73271953 0.89889278 0.11626283

0.019460138 0.001335342 7.65984E­05 1.4502E­05 209.548723 5.5373216 0.880888 0.15716695
0.01811534 0.001300599 7.09739E­05 1.0235E­05 205.515457 7.91341941 0.89400473 0.11698736
0.017924008 0.002431013 6.9778E­05 1.3812E­05 198.500374 9.1807489 0.91971583 0.13925284
0.015550178 0.001909742 6.02233E­05 1.1847E­05 191.977802 9.61749482 0.94604183 0.15291646
0.013984309 0.000925372 5.34305E­05 9.0042E­06 186.186859 9.51226827 0.96234565 0.15704452
0.013237343 0.000868174 5.05008E­05 9.5527E­06 181.776264 11.0928901 0.98422008 0.18466652
0.012296219 0.000769702 4.73143E­05 7.0018E­06 179.615857 8.52873359 1.00463451 0.14291155

0.014324563 0.002189036 5.95419E­05 1.444E­05 194.815123 6.09184992 0.97617216 0.18634842
0.012797916 0.001815701 5.31962E­05 1.2543E­05 194.815123 6.09184992 0.97617216 0.18634842

0.014981839 0.001025667 6.75044E­05 1.2889E­05 210.156438 5.65991122 0.95756161 0.1726131
0.013338676 0.000916582 5.97497E­05 8.4236E­06 205.974505 7.75566256 0.97129798 0.12503535
0.01246654 0.001746567 5.58139E­05 1.0691E­05 198.091666 8.34733343 1.0094215 0.13854981
0.010759667 0.001363218 4.79464E­05 9.0284E­06 192.832063 9.33727174 1.03209626 0.15221178
0.010723866 0.000694707 4.68725E­05 7.5129E­06 187.528029 10.3014818 1.04098242 0.16297984
0.010169842 0.000668005 4.38837E­05 7.3601E­06 182.249341 11.2214416 1.05746313 0.17569773
0.009449567 0.000591191 4.06295E­05 5.0998E­06 180.715991 8.08842379 1.06261314 0.12503007

0.011035434 0.001427352 5.30894E­05 1.0766E­05 195.112957 5.49146273 1.07561185 0.17069451
0.010277263 0.001294507 4.9442E­05 9.9202E­06 195.112957 5.49146273 1.07561185 0.17069451

0.0122564 0.000657765 6.43522E­05 9.4116E­06 212.239963 5.14808168 1.05466064 0.14574774
0.010624168 0.000555209 5.57269E­05 6.5511E­06 207.099039 7.88321414 1.07976877 0.12090349
0.009284834 0.000784751 4.82243E­05 7.0774E­06 198.814524 8.88645879 1.1137381 0.14259653



0.009211067 0.00080034 4.66455E­05 7.1352E­06 192.647898 9.28763689 1.12066273 0.15107601
0.008638374 0.000427771 4.31075E­05 6.1395E­06 189.046824 10.3225975 1.12535803 0.16235348
0.008072489 0.000398818 3.94165E­05 5.9676E­06 184.603559 11.2909881 1.12763652 0.1754991
0.007763069 0.000382836 3.69959E­05 4.2174E­06 180.738334 7.99148056 1.12410984 0.12577127

0.010893211 0.0006712 7.35235E­05 1.0101E­05 210.720144 5.09245476 1.28750685 0.16112164
0.007976115 0.000249219 5.23747E­05 4.9848E­06 207.31442 7.45453105 1.27316783 0.12327394
0.007271837 0.00021862 4.57897E­05 4.6733E­06 200.841128 8.40676242 1.26024913 0.13375578
0.00675652 0.00019663 4.11394E­05 4.9993E­06 196.052541 10.7815386 1.24838156 0.16250443
0.006430378 0.000189413 3.80538E­05 5.067E­06 192.523008 11.9485627 1.23556005 0.17782581
0.006081053 0.000183343 3.45778E­05 4.7542E­06 187.653667 11.8629131 1.21799703 0.18062394
0.005877707 0.000176117 3.23511E­05 3.3979E­06 184.592838 8.55367851 1.19853648 0.13282283

0.00675364 0.000215493 5.84024E­05 6.8418E­06 212.003676 6.62066222 1.51014557 0.17663594
0.004731344 7.23378E­05 3.97496E­05 3.4229E­06 210.045741 9.93664721 1.48082653 0.14372069
0.005128685 0.000231847 4.01451E­05 4.1832E­06 204.180657 10.4092943 1.41932495 0.15163257
0.004716351 0.000206082 3.46839E­05 3.94E­06 198.827718 10.7547354 1.36934832 0.16156656
0.004711554 0.000230731 3.30133E­05 4.3074E­06 194.336107 12.0078746 1.33487608 0.18128574
0.00440867 0.000202006 3.00047E­05 3.0905E­06 191.290284 9.05396807 1.31722132 0.13656929

0.003941054 0.000139939 3.1886E­05 4.2397E­06 205.099596 7.42243021 1.42302254 0.18947254
0.003731041 0.00013119 2.93445E­05 3.2596E­06 202.402903 12.0089357 1.40174397 0.16950724
0.003726244 0.000146174 2.78957E­05 3.4341E­06 197.717684 12.7547651 1.36586638 0.18211356
0.003535704 0.000132006 2.59285E­05 2.2913E­06 195.72916 8.57682722 1.35155705 0.12339367

0.00380808 6.26027E­05 3.93615E­05 5.348E­06 220.510993 9.62848994 1.57014452 0.22258747
0.003008486 6.99132E­05 3.01216E­05 2.867E­06 218.528042 12.6602942 1.53471184 0.16724837
0.003005028 6.93284E­05 2.84259E­05 2.9446E­06 215.645821 13.3279601 1.46935978 0.17397091
0.002903342 7.09064E­05 2.58636E­05 2.9469E­06 208.257579 14.0748918 1.43282648 0.18655962
0.002870341 7.19191E­05 2.46438E­05 1.9985E­06 201.768606 9.38313851 1.42535737 0.12837008

0.002463486 6.07502E­05 2.53403E­05 3.4823E­06 220.788244 18.9164465 1.50677697 0.24116414
0.002510914 6.36266E­05 2.51748E­05 2.5515E­06 218.891808 18.9523834 1.48138724 0.19386792
0.002384394 6.35116E­05 2.27278E­05 2.5441E­06 213.197582 20.2389315 1.44597829 0.20870289
0.002377873 6.52187E­05 2.21092E­05 1.9236E­06 209.39979 21.4596373 1.4360555 0.18899217



0.0024511 7.7737E­05 2.60342E­05 4.6540E­06 222.028986 24.7844359 1.51711746 0.31695347
0.002304432 7.54346E­05 2.50163E­05 3.9025E­06 227.452363 23.990557 1.49214109 0.27670595
0.002341036 4.0066E­05 2.49662E­05 2.5291E­06 224.424578 21.1830736 1.4856464 0.20412467
0.002198327 7.86073E­05 2.24787E­05 2.4629E­06 219.275627 20.660228 1.45790667 0.20412398
0.002195479 8.04392E­05 2.19049E­05 1.9719E­06 217.15446 23.0432815 1.43642769 0.19283223



 

 E* (kJ/mol) v0
* (cm3/mol) v1

* (cm3/mol*GPa) 
D0 (m2/s) 
or ηo (Pa s) R2 

O 75.636 1.315 -3.375E-03 2.089E-07 0.988
Mg 66.530 1.421 -5.046E-03 2.561E-07 0.988
Si 79.246 1.103 -2.584E-03 1.739E-07 0.980
viscosity 41.018 1.455 -4.777E-03 4.549E-04 0.998
 
Table 4. Parameters for self-diffusivities of O, Mg and Si are based on eq (5) in text; 
shear viscosity is based on eq (6). Numerical values for E* and V* in the table are given 
in rational units for ease of interpretation. Note that numerical values should be converted 
to SI units (m3 for volume, J for energy and Pa for pressure) when computing values at 
specific p-T points. No unit conversions are required for the pre-exponential terms Do and 
ηo. 
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σ a V( )  

kJ
mol
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σ

2753.83 4.518 0.011 -5803.4 1.5 
3000.07 4.569 0.0043 -5825.9 0.58 
3075.07 4.574  -5829.2  
3150.07 4.595 0.0067 -5833.4 0.91 
3225.08 4.608  -5836.1  
3300.08 4.644 0.0099 -5839.7 1.3 
3500.08 4.744 0.024 -5845.9 3.3 
3800.09 5.122 0.016 -5871.2 2.3 
3900.09 5.330 0.0084 -5886.8 1.3 
4200.10 5.835 0.021 -5895.6 3.2 
4350.10 6.094 0.015 -5890.3 2.3 
4500.10 6.388 0.011 -5880.0 1.7 
Table 5.  Coefficients for the Rosenfeld-Tarazona (1998) model expression for the 
potential energy of a dense fluid: U V ,T( )= a V( )+ b V( )T 3/5 .  Model equations are 
compared to MD simulation data in Fig. 12. 
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0 19790.2 52.7838 
1 -437356. -471.962 
2 3046190. 1706.03 
3 -11179100. -2690.69 
4 23103100. 1553.34 
5 -26316700.  
6 14597600.4  
7 -2621980.  
Table 6.  Polynomial parameterizations of the Rosenfeld-Tarazona (1998) functions for 

the potential energy: a V( )= aiV
i

0

n

'  and b V( )= biV
i

0

n

' .  V has units cm3/gm or 1000 × 

the quantity in units of m3/kg. See Fig. 13. 
 



Parameter Value Units 
Vv  8.08642 ×10−4  m3 kg  
Kv  0.131575 GPa 

Kv
'  11.8272  

Table 7.  Parameterization of the Universal EOS (Eq. 9) along the nominal 3500 K 
isotherm (T0  = 3582.75 ± 45.75 K).  The standard error on residuals for pressure 
recovery from this EOS is 0.059 GPa. 
 


