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program PURES
what is the application of 

properties of pure gases to fluid 

inclusion research?review  of eos of pure 

gases for most relevant gas 

components that are found 

in fluid inclusions

GERG-2004 (and 2008) 

(Groupe Européen de 

Recherches Gazières)

Kunz et al. (2007)

Kunz and Wagner (2012)

Cf.

NIST Chemistry WebBook

Thermophysical Properties of Fluid 

Systems
CH4

CO2-H2O-NaCl
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special application to fluid inclusion research

program PURES

homogenization

LV ➛ L

-126.1 ˚C

CH4

qtz
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H2O – CO2 – CH4 – NaCl – KCl mixtures

Helmholtz energy function: a (T, v, x)

program Loner AP fluid inclusion

CO2-H2O-NaCl

1. position of solvus

2. liquid – vapour equilibrium conditions

3. homogenization conditions

4. isochore calculations

−𝑝 =
𝜕𝐴

𝜕𝑉
𝑇,𝑛𝑖,𝑛𝑗,⋯

𝜇𝑖 =
𝜕𝐴

𝜕𝑛𝑖 𝑇,𝑃,𝑛𝑗,⋯

main equations:
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𝐷𝑒𝑡𝑠𝑝𝑖𝑛 =

𝐴𝑉𝑉 𝐴𝑛1𝑉 𝐴𝑛2𝑉

𝐴𝑛1𝑉 𝐴𝑛1𝑛1
𝐴𝑛1𝑛2

𝐴𝑛2𝑉 𝐴𝑛1𝑛2
𝐴𝑛2𝑛2

= 0

𝐷𝑒𝑡𝑠𝑝𝑖𝑛 =  𝐴𝑉𝑉 ∙ 𝐴𝑛1𝑛1
∙ 𝐴𝑛2𝑛2

− 𝐴𝑛2𝑉
2

∙ 𝐴𝑛1𝑛1
+  𝐴𝑛1𝑉 ∙ 𝐴𝑛1𝑛2

∙ 𝐴𝑛2𝑉 − 𝐴𝑛1𝑛2

2
∙ 𝐴𝑉𝑉 +

𝐴𝑛2𝑉 ∙ 𝐴𝑛1𝑉 ∙ 𝐴𝑛1𝑛2
− 𝐴𝑛1𝑉

2
∙ 𝐴𝑛2𝑛2

 = 0

Spinodal

𝐷𝑒𝑡𝑠𝑝𝑖𝑛 =  𝐴𝑛2𝑉 ∙ 𝐶𝐴𝑛2𝑉
+  𝐴𝑛1𝑛2

∙ 𝐶𝐴𝑛1𝑛2
+  𝐴𝑛2𝑛2

∙ 𝐶𝐴𝑛2𝑛2
= 0

cofactors

𝐴𝑉𝑉 =
𝜕2𝐴

𝜕𝑉2
𝑛1,𝑛2

e.g.

A = Helmholtz energy

program Loner AP what else can we do with this equation of state?
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Critical Point 𝐷𝑒𝑡𝑐𝑟𝑖𝑡 =

𝐴𝑉𝑉 𝐴𝑛1𝑉 𝐴𝑛2𝑉

𝐴𝑛1𝑉 𝐴𝑛1𝑛1
𝐴𝑛1𝑛2

𝐷𝑉 𝐷𝑛1
𝐷𝑛2

= 0

𝐷𝑒𝑡𝑐𝑟𝑖𝑡 = 𝐶𝐴𝑛2𝑉
×

𝜕𝐷𝑒𝑡𝑠𝑝𝑖𝑛

𝜕𝑉
+  𝐶𝐴𝑛1𝑛2

×
𝜕𝐷𝑒𝑡𝑠𝑝𝑖𝑛

𝜕𝑛1
+  𝐶𝐴𝑛2𝑛2

×
𝜕𝐷𝑒𝑡𝑠𝑝𝑖𝑛

𝜕𝑛2
 =  0

𝐷𝑉 =
𝜕𝐷𝑒𝑡𝑠𝑝𝑖𝑛

𝜕𝑉
=

𝐴𝑉𝑉𝑉 𝐴𝑛1𝑉𝑉 𝐴𝑛2𝑉𝑉

𝐴𝑛1𝑉𝑉 𝐴𝑛1𝑛1𝑉 𝐴𝑛1𝑛2𝑉

𝐴𝑛2𝑉𝑉 𝐴𝑛1𝑛2𝑉 𝐴𝑛2𝑛2𝑉

×

𝐶𝐴𝑉𝑉
𝐶𝐴𝑛1𝑉

𝐶𝐴𝑛2𝑉

𝐶𝐴𝑛1𝑉
𝐶𝐴𝑛1𝑛1

𝐶𝐴𝑛1𝑛2

𝐶𝐴𝑛2𝑉
𝐶𝐴𝑛1𝑛2

𝐶𝐴𝑛2𝑛2

e.g.

cofactors

matrix of cofactors

program Loner AP what else can we do with this equation of state?

𝐴𝑉𝑉𝑉 =
𝜕3𝐴

𝜕𝑉3
𝑛1,𝑛2

e.g.
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program Loner AP

binary mixtures: solvus, spinodal, critical point

examples:
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program Loner AP

isochores, homogenization conditions fluid inclusions

examples:
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ternary mixtures



program Loner AP examples:

adding a little bit NaCl: major effect on immiscibility
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program Loner AP examples:

critical points
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program Loner AP examples:

12/18



program Loner AP

but ....

this equation of state has abundant serious problems

which are only popping up after using this software

literature provides many manipulated images

tables and images in literature cannot be reproduced

multiple mathematical solutions (e.g. critical points)

accuracy (significant misfits)

abundant mistakes in original papers
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program Loner AP
but ....

o multiple intersections isochore – bubble-dew-point curve ?

o spinodal exceeds binodal (solvus) ?
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e.g.

Frantz et al. (1992)

Diamond (1996)

irrelevant

mathematical

solutions

(no physical meaning)

For example:



program Loner AP
but ....

o multiple critical points ?

o multiple dew-point curves ?

o multiple bubble-point curves ?

several irrelevant mathematical solutions

(no physical meaning)
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in more detail:



program Loner AP but ....

Li et al. (2020)

o critical point above 350 MPa ?

o solvus below 400 ˚C ?

o solvus coincide with part of spinodal ? 

o solvus coincide with wrong dew-point curve ?

o isochores correct ?

undesirable consequence of multiple mathematical solutions:

selecting the wrong critical point and solvus

critical point
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this equation of state is a very rough first approach of fluid properties of 

H2O – CO2 – CH4 – NaCl – KCl mixtures

application of this software:

program Loner AP

software illustrates all the misleading applications presented in literature

software offers the possibilities to detect deceptive mathematical solutions

formulations of critical points and spinodal offers the possiblity to improve solvus models

but please: do not take Duan et al. (1995, 2003) as a standard reference for fluid immiscibility

and it needs a lot of improvements/corrections
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thank you for your attention

software will be available on the websites

https://fluids.unileoben.ac.at

https://rohmin.unileoben.ac.at
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or you can ask me for a copy during this conference
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