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Abstract:  Accurate information on the thermodynamic properties of 
supercritical fluids is highly sought for the chemical technology, especially, 
supercritical extraction technology. The thermodynamic properties of fluids 
near the critical region are strongly affected by the presence of fluctuations 
and therefore, can not be described by conventional equation. We have 
investigated an interim formulation for the behavior of the thermodynamic 
properties of n-hexane in the vicinity of the critical region. For this reason 
we have used the so-called “crossover model” to describe the 
thermodynamic properties of n-hexane in a wide range of temperatures and 
densities around the critical point. 
 
Keywords:  crossover, fluctuations, n-hexane, supercritical, 

thermodynamic properties.   
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INTRODUCTION 
 
n-hexane is a key substance due to its technological importance for which reference data 
tables are considered necessary. The work described in this paper is part of a research 
effort to develop a comprehensive but preliminary fundamental equation for the 
thermodynamic properties of n-hexane in the critical region that extends to the classical 
region. The formulated equation of state covers the entire range of temperatures and 
densities around the critical region and also can describe the behavior of the 
thermodynamic properties of n-hexane in the classical region far away from the critical 
region. Several analytic equations of state as well as non-analytical equations of state 
were proposed earlier [1].   
 
 
SPECIFICATION OF THE CROSSOVER MODEL 
 
The so-called crossover model used earlier by Chen, Abbaci, Tang and Sengers (CATS) 
[2] is developed to give a new theoretically based equation of state for n-hexane in the 
critical region that incorporates the crossover from the scaled thermodynamic behavior 
asymptotically close to the critical point to the analytic classical thermodynamic 
behavior far away from the critical point. CATS [2] verified that their crossover model 
yields an accurate representation of the thermodynamic properties of several fluids in 
the critical region covering a large range of densities and temperatures around the 
critical point and extending into the far-critical region where analytic equations of state 
should be accurate. Hence, we decided to apply this crossover model to n-hexane.  
 
 
FUNDAMENTAL EQUATION  
 
Asymptotically close to the critical point the thermodynamic properties of fluids satisfy 
scaling laws with universal critical exponents and universal scaling functions [3, 4]. 
Equations of state for fluids incorporating these scaling laws have been developed earlier. 
In previous works, a linear-model parametric equation of state revised to include a lack of 
vapor-liquid symmetry and extended to incorporate the first corrections beyond asymptotic 
scaling [5 – 7] has been used. The range of validity of such a scaled equation of state is still 
somewhat restricted and the agreement with the experimental data deteriorates very rapidly 
as soon as the scaled equations are extrapolated outside the near-critical region. On the 
other hand, outside the critical region the thermodynamic properties can be adequately 
represented by classical equations that are analytic everywhere. In order to combine the 
scaling laws near the critical point with classical equations one needs to use a certain 
mechanism that includes the crossover from scaled behavior near the critical point to 
analytic behavior far away from the critical point. 
Starting from earlier work Nicoll et al. [8 – 10], we have developed a crossover model to 
represent the thermodynamic properties of fluids in the critical region [8, 9]. This 
crossover model is based on the renormalization group theory of critical phenomena to 
include the cooperative effects associated with the long-range critical fluctuations up to a 
maximum microscopic wave number. 
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Let ρ be the density, T the temperature, P the pressure, μ the chemical potential and A/V 
the Helmholtz free energy per unit volume. We make these properties dimensionless with 
the aid of the critical parameters [7]: 
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In addition we define: 
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Here )~(~
0 Tμ and )~(~

0 TA are analytic background functions of T subject to the conditions that 

at the critical temperature 0)(~ ==Δ cTTμ and 1)(~
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Classical equations of state for the Helmholtz free energy density A imply that the classical 
part Acl has an asymptotic expansion of the form: 

   ...
2
1

2
1~ 4

0
2 ++=Δ MuMtAcl                   (4) 

where t and M are temperature-like and density-like variables related to ΔT and Δρ in a 
manner to be specified below. In the sequel we find it convenient to write the coefficient u0 
of the M4 term in (4) as Λ= uu0 , where Λ is a dimensionless cutoff wave number [5 – 7].  
In order to obtain a fundamental equation that can be applied in a large range of densities 
and temperatures around the critical point we retain six terms in the classical Landau 
expansion (4) for ΔAcl: 
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As shown by Abbaci [7] the theoretically predicted asymptotic behavior can be recovered 
from this expansion by the following transformation: 
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where the functions UD,T, , V and K are defined by: 
( ) ων //12−=YT ,     ωη /−=YD ,    ω/1Y=U  

 (7) 
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In terms of a crossover function Y to be determined from: 
( ) ( ) ω/12/122 /111 YuYu KΛ+=−−             (8)  

with: 

      DUTK 22/1 Mut Λ+=                                               (9) 

and: 
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         */ uuu =           (10) 
In these expressions, the constantsν,η, ω and ωa are universal critical exponents, u* is also 
a universal constant. The values of the universal critical–region parameters are specified in 
Table 1. 
 

Table 1. Universal critical-region constants 
ν η α = 2 – 3ν Δ ωa u* 

0.630 0.033 0.110 0.51 2.1 0.472 
 
In order to apply the crossover model (6) to fluids we need to introduce a proper 
translation to fluids variables [8]. This is accomplished by the transformation [8, 9]: 

     ( )trt MAcTct ∂Δ∂+Δ= /~~                                   (11) 
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The coefficients c, ct, cρ and d1 are system-dependent constants. Finally, the total 
Helmholtz free-energy density is obtained from (3) as: 
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The pressure is deduced from (14) as 

                      ( )TAAP ~~~~~~~
0−Δ−ΔΔ+Δ= μρμ                        (16) 

 
 
APPLICATION TO n-HEXANE 
 
The crossover model as applied to n-hexane contains the following system-dependent 
parameters: The critical parameters Tc, ρc, and Pc to be deduced either from an 
asymptotic analysis of the thermodynamic–property data near the critical point or 
reported by several experiments. The crossover parameters u  and Λ, the scaling-field 
parameters c, ct, cρ and d1, the classical parameters 05a , 06a , 14a  22a  and the background 
parameters Ãj which can be determined by fitting the crossover model to the P- ρ -T 
data of Grigoryev et al. [11], and finally the caloric background iμ

~  which can be 
determined from experimental specific heat data reported by Abdulagatov et al. [12]. 
Actually, the coefficients iμ

~ (i = 0, 1) are related to the zero-point values of energy and 
entropy and are not considered here. A survey of the available experimental information 
for the thermodynamic properties of n-hexane can be found in the paper of Grigoryev et 
al. [11]. The primary experimental information for developing a thermodynamic surface 
in the critical region is provided by the P- ρ -T data reported by Grigoryev et al. [11] 
from which the system-dependent parameters of equation of state were determined. 
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A decision must be made concerning the values of the critical parameters for C6H14. For 
a reason of consistency of our work, we adopted the critical parameters for n-hexane 
used by Kurumov [13], which are as follows:   
                       MPa0282.3,kg.m60.233,K2.507 3 === −

ccc PT ρ              (17)                             

The values of the system-dependent parameters adopted for C6H14 in this work are 
presented in Table 2. The equation of state for n-hexane is valid in the range of 
temperatures defined by: 

K293K97 ≤≤T  
and densities defined by: 

33 kg.m 300kg.m 85 −− ≤≤ ρ  
                                                            

Table 2. System-dependent constants for C6H14 
Critical parameters Tc = 507.2 K,  Pc = 3.0282 MPa,   ρc = 233.60 kg/m3 

Crossover parameters u  = 0.2303,   Λ = 1.415 

Scaling-field parameters ct = 1.739,  cρ = 2.498,     c = - 0.04367 

Pressure background parameters Ã0 = -1,  Ã1 = -6.543, Ã2 = 9.642, Ã3 = 6.846,  

Ã4 = -16.840, d1= -0.9565 
Classical parameters 904.005 =a , 376.206 =a , 775.014 =a , 485.122 =a  

Caloric background parameters 
96.722

~ −=μ ,  223.03
~ −=μ ,   86.114~

4 −=μ , 
03.68~

5 −=μ  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  Percent deviation in pressure as a function of the inverse compressibility 
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The formulated equation of state reproduced the pressure data measured by Grigoryev et 
al. [11] with an average percent deviation of 0.0405.  Figures 1 and 2 present the 
percentage deviation in pressure and the specific heat for n-hexane respectively. The 
points are the experimental data and the curve in Figure 2 represents the prediction from 
our equation of state. 

 
Figure 2. Specific heat CV as a function of temperature. The data points are those of 
Abdulagatov et al. [12] and the curve is the prediction of our crossover formulation. 

 
 
CONCLUSION 
 
In a previous publication we have developed an equation of state for carbon dioxide 
[14]. We extend this work to n-alkanes. The present equation of state is only a tentative 
formulation of the thermodynamic properties of n-hexane that is a part of series in 
n-alkanes equations that we are developing based on the crossover model, which 
parameters will in turn be correlated in terms of the accentric factors of the 
corresponding n-alkanes.  
 
 
ACKNOWLEDGMENTS 
 
We acknowledge the financial support from the Agence Nationale pour le 
Développement de la Recherche Universitaire (ANDRU) for the computer time and the 
grant awarded to the "LSBO FNRE/MESRS Algeria". 
 
 



AN INTERIM THERMODYNAMIC PROPERTY FORMULATION FOR SUPERCRITICAL n-HEXANE 
 

St. Cerc. St. CICBIA  2010 11 (2) 241

REFERENCES 
 
1. Kurumov, D.S., Grigoriev, B.A.: Int. J. Thermophys., 1991, 12, 549-562; 
2. Chen, Z.Y., Abbaci, A., Tang, S., Sengers, J.V.: Phys. Rev. A., 1990, 42 (8), 4470-4484; 
3. Sengers, J.V., Sengers Levelt, J.M.H.: Ann. Rev. Phys. Chem., 1986, 37, 189-222; 
4. Sengers, J.V., Levelt Sengers, J.M.H.: Int. J. Thermophys., 1984, 5, 195-208; 
5. Abbaci, A., Berrezeg, A.: Int. J. Thermophys., 2004, 25 (3), 739-752; 
6. Abbaci, A.: J. Mol. Liq., 2005, 18 (1-3), 31-36; 
7. Abbaci, A.: PhD Thesis, University of Maryland at College Park, College Park MD, University of 

Michigan Press, 1991, 52-06, Section: B, 3121; 
8. Nicoll, J.F.: Phys. Rev. A., 1983, 24, 2203-2220; 
9. Nicoll, J.F., Bhattacharjee, J.K.: Phys. Rev. B., 1981, 23, 389-401; 
10. Nicoll, J.F., Albright, P.C.: Phys. Rev. B., 1985, 31, 4576-4589; 
11. Grigoryev, B.A., Rastorguyev, Y.L., Gerasimov, A.A., Kurumov, D.S., Piotnikov, S.A.: Int. J. 

Thermophys., 1988,  9 , 439-452; 
12. Abdulagatov, I.M., Kiselev, S.B., Levina, L.N., Zakayev, Z.R., Mamchenkova, O.N.: Int. J. 

Thermophys., 1996, 17, 423-440;  
13. Kurumov, D.S. : PhD Dissertation, 1978, Grozny Scientific Research Institute, USSR;   
14. Abbaci, A., Acidi, A.: Studii şi Cecetări Ştiinţifice - Chimie şi Inginerie Chimică, Biotehnologii, 

Industrie Alimentară, 2006, 7 (2), 259-268.                                               
 
 



 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


