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1 Introduction

This manual describes the basics of the CalcEos utility (pronounced kalk-ios, like Cheerios).  It is a crude implementation of the flash algorithms and equations of state (EOS’s) described by Elliott and Lira, [1] particularly the PR and ESD EOS’s.  You should be familiar with those models before reading this manual. It also includes several options for regressing binary interaction parameters (BIP’s). A couple of extra EOS’s have been added like the Peng-Robinson Wong-Sandler (PRWS) EOS[2] and the SPEAD EOS.[3] Furthermore, pure component parameters of the ESD EOS can be regressed from a user data file. The ESD EOS is available in two versions.  The first is the original (symmetric) version, for which (ij =((ii*(jj)½. The second is the one for which (ij =g(()(KAD[exp(((ijAD)-1] where (ijAD =((iiAD+(jjAD)½*(1-hij)/2. For hij=0, these two give very similar results, but hij≠0 permits treatment of strong solvation (e.g. amine-hydroxyl), or solvation with non-associating components (e.g. acetone+chloroform).  The program is a command-line code but it refers to a menu of two-letter options after each user computation.  A brief description of the menu options and where to find output and input files is given in 

The PREOS is well-documented in the introductory text (and in many other references).  The SPEAD EOS is documented in the SpeadIntro.pdf available by emailing jelliott@uakron.edu.  A few hints about applying the SPEAD EOS are given  The PRWS is also documented in the literature.[4]  Therefore, the remainder of this presentation focuses on the ESD EOS.  

2 A Brief Outline of the Menu Options and Sample Input/Output


The menu of CalcEos is a bit old fashioned but it is easy to maintain and relatively easy to teach new students how to update.  Initiate by double-clicking the CalcEos.exe:

1. The program begins by asking you which EOS to use for your desired calculations.  SymEsd uses the original version of ESD and generally converges more reliably for difficult problems (e.g. the critical region or polymer solutions).  ESD is the more general solvation model described above.  FloryWert is the Flory-Huggins model of polymer solutions with ( estimated from solubility parameters, supplemented with Wertheim’s TPT.  This model is quite similar to the Coleman-Painter and Panayiotou-Sanchez models of associating polymer solutions.  Indicate your choice with a number and hit enter (e.g. 4 for ESD with general solvation).  
2. The program then requests the number of components and the id’s for the components.  The number of components can be from 1-44.  We use the DIPPR/DIADEM id’s at this moment.  These are listed and cross-referenced in the file idDipCasCc.txt.  For example, enter 2 for the number of components and 1102, 1921 for the id’s to model the properties of ethanol and water.  
3. The program then searches the database for pure component properties and binary interactions and displays what it finds.  Type N or simply hit enter when prompted to change these if you want to keep the suggested values.  
4. Then you obtain a menu like the following:

ENTER TYPE OF PHASE EQUILIBRIUM CALCULATION

BI FOR LLE Binodal

BP FOR BUBBLE POINT PRESSURE

BF FOR BUBBLE PRESSURE AT FILE CONDITIONS

BT FOR BUBBLE POINT TEMPERATURE

DT FOR DEW POINT TEMPERATURE

FU FOR FUGACITY CALCULATION

GE FOR Excess Gibbs and Enthalpy CALCULATION

IC FOR isochore plot on single component system

KD FOR Kij regression on multi-system Database

KI FOR KIJ ITERATION ON BINARY AT SINGLE POINT

KN FOR NEW BIP INPUT

KO FOR SINGLE KIJ ITERATION FOR FILE OF EXPTL DATA

LL FOR LLE

OB FOR OPTIMUM BIPS WITH MULTIPLE BIPS

PE FOR PHASE ENVELOPE (P,T given X,Y)

PS FOR POLYMER-SOLVENT PARTITIONING ESTIMATION

PX FOR P,X,Y given T

RP FOR REGRESSION OF PURE COMPONENT ESD PARAMETERS

RX FOR REGRESSION OF XA,XD (e.g. from FTIR data)

SC FOR SUPERCRITICAL FLUID SOLID SOLUBILITY

TP FOR 3-PHASE CALCULATION

TX FOR T,X,Y given P

VL FOR VLE FLASH

FC FOR FREEZING CURVE CALC 4 CRYSTAL solid

FO FREEZCURVE KIJ optimization

QT TO QUIT

Note: previous output files may be deleted after your selection.

These are largely self-explanatory but RP and KD-KO are described in more detail in sections below.  
5. For this demonstration choose the TX option at 0.1MPa.  This generates the phase equilibria that would be pertinent to a distillation at atmospheric pressure.  Follow the menu to perform the calculations.  Note that the results are echoed to the file TPXY.txt in the output subdirectory.  You can edit this file and copy/paste the values into excel for easy graphical display.  Type enter to recover the general menu then edit the TPXY.txt file.  Note that the TPXY.txt file will be overwritten by future calculations, so you must edit it before selecting another option from the general menu.  
6. For this example, create a plot of vapor ethanol mole fractions (yE) vs. liquid mole fractions (xE).  Draw the diagonal and note that the yE > xE most of the time but yE < xE for xE ( 1.  To determine the exact position of the azeotrope in accordance with this model, perform a BT calculation and keep trying values of xE until yE = xE.  With kij = 0.0323, we find xEaz = 0.932.  This exceeds the known value of xEaz = 0.895 because the kij value was determined for the SymEsd, which is slightly different, and because the vapor pressures are only accurate to (4%.  
7. You can improve these kinds of details by tinkering with the solvation energy (by changing hij), and using the KI option to find the kij that matches the experimental pressure at the experimental temperature.  When the computed yE = xE from the KI option, you have matched the azeotropic composition.  In general, this level of detail would only be desired if you were specializing in that particular application and you would want to invest some time.  We can achieve a preliminary approximation by assuming Taz = 351K, at xEaz=0.8950 and adjusting kij until the azeotropic composition is matched.  A value of kij = 0.0354 suffices, but the pressure then comes out as 0.0993 instead of 0.101325.  In most situations, it is better to adjust kij until the pressure is matched because this will give a better description of the VLE over the entire composition range.  This is where the KN option and tedious tinkering would come into play and where leave you to your own devices.

3 Details of Using the ESD EOS for Phase Equilibrium Modeling 


This section is intended to provide all the description you will need to characterize a new molecule based on group contributions, add it to the EOS database, regress its binary interaction properties, and perform phase equilibrium calculations.  Even if you are primarily interested in the SPEAD EOS, or the PR EOS, the process of modifying the pure component and binary interaction database is practically identical, so it is recommended that you at least skim this section.

The ESD equation[5] is a generalized equation of state conceived with polymers and hydrogen bonding solutions in mind.  Like the SAFT equation,[6,7] the ESD equation is an implementation of Wertheim’s theory for hydrogen bonding.  The ESD equation is slightly different, however, in that it is designed for generalized application.  That means that the parameters of the equation of state can be easily and reliably estimated from generally available values of experimental data.  For compounds with molecular weight less than 250 amu, Tc, Pc , and ( should be applied, as with traditional engineering equations of state like the SRK equation or the Peng-Robinson equation.  This application is facilitated with the spreadsheet “GivenTcPcAcen” in EsdCritVv.xls, where the “Vv” indicates the version number.  When experimental data are not available for Tc, Pc, and (, their values can be estimated from group contributions using the “GroupC” worksheet and copying and pasting the values to the GivenTcPcAcen spreadsheet.  If your new component associates and you want to match its critical point, then you will need to use the RP option of CalcEos.exe in conjunction with the GroupC worksheet.  The RP option minimizes the error in vapor pressure error while matching the critical point.  The GivenTcPcAcen worksheet presents an example for ethanol where the shortcut vapor pressure equation is used to generate Psat values near Tr = 0.7 and the number of parameters (nParms) is set to 1 such that only the c parameter is iterated while matching Tc and Pc exactly.  Another alternative of the RP option is to set nParms=2, such that the input critical pressure is not matched exactly but is inferred optimally from the available vapor pressure data (e.g. if Pc is estimated from group contribution, then you do not really know it very accurately).  If you set nParms=3, the critical point will be ignored and all three parameters (c, b, (/kB) will be varied to fit the data.  It is a good idea to include iDenOpt=1 if nParms=3 since that will help fix the b parameter by matching the liquid density.

For components heavier than 250 amu, the application is facilitated with the spreadsheet “GivenPsat” if a boiling point is known, and “GroupC” if not.  You also may want to consider these as an alternative to using critical properties for small molecules since they apply a slightly different approach and should give slightly different results.  If the two results are very similar, then you have a simple check of internal consistency.  These two worksheets use group contributions to estimate the solubility parameter (() and the liquid molar volume at 298K (LMV).  These ((, LMV) provide 2 equations for constraining the three parameters.  The third constraint is provided either by a given Psat if known (GivenPsat), or group contribution estimation of the c parameter otherwise (GroupC).[8]  The strength of association is estimated by common rules, e.g. 5 kcal/mol for hydroxyl groups.  The bonding volume is estimated by KAD ( 0.025 c*b, where c is the ESD shape parameter and b is the molecular volume parameter.  Similar to the case for low molecular weights, the solubility parameter and liquid molar volume are estimated from group contributions when experimental data are not available.  Expert users can easily change the values for the solubility parameter and liquid molar volume in the spreadsheet, and that will change the estimated thermodynamic behavior of the ESD model for all mixtures containing that component.  With sufficient experimentation, you may find characterizations of a certain homologous series that work better for your specific experience.  Critical properties and solubility parameters are familiar quantities for chemical and polymer engineers, so providing characterizations in terms of them should not seem onerous or alien.
  The key distinction is to use the critical properties when they are known accurately (ie. which is relatively rare if you carefully check your sources), and to use the solubility parameter otherwise.


Subsequently, adding a pure component to the database proceeds as described below and applying the ESD equation proceeds as usual.  The examples below go through the mechanics of implementing the ESD theory.  These examples cover pure component input and BIP regression.  The applications range from specialty chemicals to petroleum waxes to polymers and copolymers.  

3.1 Pure Component Input and Initial Estimation of Physical Properties


“Pure component input” refers to changing any value in the data bank for any pure component.  This includes changing a specific property value for a component already in the standard component data bank, as well as the creation of an entirely new user-added component.  The procedures for both cases are very similar.

3.1.1 Changing a specific property value for a component already in the standard component data bank:

Before loading a job, edit the ParmsEsd.txt file. Let’s assume you want to estimate new ESD parameters for diisobutyl amine.
 Open the EsdCrit2b.xls file and type the structure for diisobutyl amine into the sheet for GivenPsat.  DiisobutylAmine = {4(CH3),1(CH2),2(CH),1(CH2NH)}. The normal boiling temperature of diisobutylamine is known as 139(C and we will use this as our given Psat. Enter 412K for Tsat and 1 bar for Psat. Invoking the solver gives c =3.068; (/k =261.47; b =52.427cm3/mol; KAD =0.00815; (AD = 1.25 kcal/mol ( (AD/kB = 629K.  You may now type these values in place of the values currently in the databank.  Alternatively, suppose you had spectroscopic results indicating a hydrogen bonding energy of only 0.75 kcal/mol ( (/k = 375K. Simply type this value in place of the 629 K estimated by the group contributions and solve again.  You should obtain: c =3.099; (/k =260.40; b =52.21 cm3/mol; KAD =0.00807; (AD/kB = 0.75.  

Additional examples are given by Elliott and Natarajan. [8]  

3.1.2 Creating a new user-added component:  

If your component is entirely new, you will need to follow the above procedure for editing the ParmsEsd.txt file, but you will need to add a new line to the databank for your new component. You will also need to increment the number of components in the database, located on line 1 of the file.  Furthermore, you will need to add the new component, complete with the identical ID number, to the ParmsCrAdd.txt file.  ParmsCrAdd contains the critical parameters for user added components.  The estimated values are given in EsdCrit2b.xls just above the values for the ESD parameters.  You can copy and paste these values into the file by simply highlighting and pasting.  Don’t forget to increment the number of components in ParmsCrAdd on the first line of the file. 

3.1.3 Characterizing polymer components with the ESD Equation:  

The heat of vaporization and liquid molar volume are well-defined for any compound, no matter what its molecular weight might be.  Furthermore, both of these properties can be proved to be directly proportional to the molecular weight, so estimating them from group contributions has a sound basis.  This is the basis of the spreadsheet EsdCrit2c.xls.  The spreadsheet provides estimates for solubility parameter and liquid molar volume based on group contribution methods.  Incidentally, it provides group contribution estimates for several other properties as described in Table 1.  The important properties for the ESD equation are the group contribution estimates of the shape factor (c ) and the hydrogen bonding parameters.  Knowing these parameters along with the solubility parameter and the liquid molar volume, Elliott and Natarajan (2002) showed how to solve for the equation of state parameters for any molecule of any molecular weight.  
Table 1. Group contribution estimation formulas.

	Property
	Equation
	%error
	Literature Source

	Tc [K]
	Tb*[1+(1.28+((i)-1]
	0.9
	Orazen and Elliott, Ind.Eng.Chem.Res. to be submitted (2006).

	Pc  [bar]
	MW*(0.346+((i)-2
	6.1
	Ambrose

	Vc  [cc/mol]
	172 + ((i
	14.6
	Ambrose

	(
	((i      for MW > 1000 only
	20.1
	Unpublished, crude placeholder value

	Tb [K] (760mmHg) 
	1000/[0.5+35.7/(((i)1/2+1000/(142+((i)]
	4.7
	Orazen and Elliott, Ind.Eng.Chem.Res. to be submitted (2006).

	Tb [K] (10mmHg) 
	1000/[0.5+66/(((i)1/2+1000/(158+((i)]
	3.6
	Orazen and Elliott, Ind.Eng.Chem.Res. to be submitted (2006).

	Hvap(298) kJ/mole
	6.829 + ((i
	3.2
	Elliott and Natarajan IEC Res., 2002.      (cf. Van Krevelen, Elsevier, NY, 1990)

	Hf((298) 
	10.835 + ((i
	8.3 kJ/mol
	Constantinou & Gani, AIChEJ, 40:1704(1994)

	Gf((298) 
	-14.828 + ((i
	7.3 kJ/mol
	Constantinou & Gani, AIChEJ, 40:1704(1994)

	Tm [K]  
	102.425 exp(((i)
	8.9
	Constantinou & Gani, AIChEJ, 40:1704(1994)

	VL(298) 
	((i
	7.7
	Elliott and Natarajan IEC Res., 2002.      (cf. Van Krevelen, Elsevier, NY, 1990)

	c (ESD shape) 
	1 + ((i
	10.1
	Elliott and Natarajan IEC Res., 2002.      (cf. Van Krevelen, Elsevier, NY, 1990)

	Cp(
	A + B T + C T2 + D T3
	
	Joback, MIT thesis, Boston, 1984           (cf. Reid et al., Prop.Gas.&Liq, 1987).

	( (cal/cc)1/2
	[(Hvap-298R)/VL]1/2
	
	Definition

	SG 
	MW/VL
	
	Definition


3.2 BIP Regression for polar solutions and polymers


As soon as you perform your first process simulation using a new user-added component you may say, “Wait a minute, our process doesn’t look like that.”  In that case, there are three possibilities:  (1) your pure component characterization is inaccurate (2) your mixture characterization is inaccurate (3) the EOS model just cannot work for your system.  Given the flexibility that you have in controlling (1) and (2), possibility (3) is actually fairly rare for non-electrolyte systems.  The discussion in this section focuses predominately on possibility (2), assuming that you are familiar with the pure component editing procedure discussed above.  At the end of this section, we outline a few attributes of mixture behavior that are symptomatic of deficient pure component characterization.

3.2.1 BIP Regression for polar solutions


Five approaches are possible for optimal characterizations of binary interactions in your mixture.  The first is to simply iterate on kij at a single point using the KI option.  The second option is to optimize a datafile using the KO option.  Simply type your data into the file, then enter the name of the file when prompted after selecting the KO option.  The file SampleVle.dat illustrates the format that the file should follow.  Note that you must use Kelvins, MPa and mole fraction as units.  The program will automatically determine the best single value of kij for your file.  The third approach is to use the OB option to optimize the binary parameters for kij and its temperature dependence simultaneously.  This works just like the KO option.  The fourth option is to iterate manually on the BIP’s using the KN option.  This is the only option that permits you to vary the characterization of the solvation interaction, given by hij.  The hij parameter works like the kij parameter in the sense that a more negative value will enhance the strength of interaction between components.  The difference is that hij affects the solvation energy as (ijAD = (1- hij)((ii+(jj)/2.  Once you alter the hij parameter using the KN option, it will remain constant while you optimize kij. using the other options.  The KD option is fifth.  It permits you to regress kij values from a database with multiple binary systems included.  Then you can quickly develop a database of bip’s based on your proprietary data.  The format of the file is illustrated by SampleVle.dat.  

3.2.2 BIP Regression for polymers


You will probably need to use the KN option in combination with the PS option for this.  The PS option is for Polymer-Solvent systems, assuming that no polymer is soluble in the solvent-rich phase.  This is especially true for gas and supercritical solvents, but it can generate an initial guess for liquid solvents.  The PS option permits you to specify compositions in weight fraction, but it outputs the molar K-ratio that is required for initial guesses of flash calculations.  Very good initial guesses are required to converge the flash calculations of polymers.  This is the least developed feature of the program, so all we can say is “Good Luck. And let us know if you find some helpful hints.”  

4 A Brief Introduction to the SPEAD EOS 


The SPEAD EOS is an implementation of thermodynamic perturbation theory (TPT) based on molecular dynamics simulation to obtain the pure component properties instead of group contributions.  SPEAD stands for Step Potentials for Equilibria And Dynamics.  As implied by the name, we envision the intermolecular potential function as a series of discrete steps, instead of a continuous function like the Lennard-Jones potential.  The discrete steps give us flexibility to treat the trends in the potential differently for different site types.  For example, methane is nearly spherical and its step potential looks very similar to a stepwise version of the Lennard-Jones potential.  Benzene, on the other hand, is composed of six sites with extensive attractive overlaps.  The attractive overlaps generate regions of higher and lower energy even while the potential for a single site in benzene is fairly flat.  Once characterized the step potentials are transferable like any continuous force field.  That is, a “CH2” site that has been characterized for n-pentane can be transferred to description of n-pentadecane without modification.  

The various types of sites, with their diameters and step depths, play a role analogous to group contributions.  There are to major differences, however. First, we need more than just one quantity for each site type, not just, say, a (vi value for the increment in estimating the liquid volume at 298K.  At the moment, we use three quantities to describe a site: the diameter, the depth of the first well, and the depth of the outer well.  The other wells are interpolated.  The second major difference is that we obtain more than just one property from the database of site types.  Through discontinuous molecular dynamics (DMD) simulation, we can in principle compute all of the configurational and transport properties of any molecule.  We must use DMD because the step potentials are discontinuous, but DMD is generally quicker than conventional MD anyway.  Because the potential characterizes the forces between the molecules, and Newton’s laws connect the forces to the macroscopic properties, DMD can provide an estimate of any property that depends on intermolecular interactions.  These properties include vapor pressure, heat of vaporization, fluid density, solubility, activity coefficient, critical properties, diffusivity, thermal conductivity, and viscosity.  Properties not treated by DMD are basically intramolecular: heat of formation, entropy of formation, and ideal gas heat capacity.

In a general sense, Newton’s laws can be considered as an equation of state, but they are not very practical.  That is, given the potentials, the temperature, the density, and the composition, one can compute the pressure and other properties by integrating the equations of motion through DMD.  The problem is that a DMD simulation for a single computation of pressure takes roughly 8 hours.  If you consider the way that engineering EOS’s iterate multiple times on density until the pressure is matched, and the number of iterations on composition, temperature, and pressure implied by a single phase equilibrium calculation, it is easy to see why DMD by itself does not provide a practical EOS.  

Fortunately, TPT turns out to provide quantitative accuracy for extrapolating the results of DMD simulations, while simultaneously providing an EOS that is just as practical for any other.  There are two aspects of TPT that are important in SPEAD.  First is Wertheim’s TPT for hydrogen bonding. Wertheim’s theory has been discussed in the introductory text and elsewhere in this document. Important in the present context, note that Wertheim’s theory has been extensively tested by molecular simulations and shown to provide accuracy that is comparable to detailed simulations where TPT is not applied.   In detailed simulations, the complete molecule is simulated with the attractive “blister” potential present. The results can be predicted from simulations with the attractive potential removed where the impact of the attraction is computed by Wertheim’s TPT.  Generally, the TPT predictions agree with the detailed simulations within the accuracy of the molecular simulation.  Furthermore, TPT provides the results at all temperatures, whereas the detailed simulations must be repeated for each temperature.  Therefore, we are free to apply Wertheim’s TPT after performing DMD for just the reference (purely repulsive) part of the potential.  Similar results have been found for Barker and Henderson’s TPT when applied to the disperse attractions characterized by the steps of the potential.  This is powerful in extrapolating from simulations of the reference potential, but also in developing the transferable step potentials themselves.  Because the attractive steps are perturbations, their impact is computed after the simulation is over.  This means that multiple values of the steps can be tested for accuracy in characterizing physical properties without needing to repeat the time-intensive simulation.  Finally, TPT implicitly includes a detailed description of the equation of state in the following form:

Z = 1 + Zref + Zatt + Zassoc
Where

Zref = (1 + z1( + z2(2 + z3(3)/(1-()3.

Zatt = (([(A-Aref)/RT]/(( ; (A-Aref)/RT = A1(()/T + A2(()/T2
Zassoc = (([(Aassoc)/RT]/(( ; (Aassoc)/RT = (B=1,nB ln(XB) + (1-XB)/2

z1- z3 are constants regressed from the simulated pressures over a range of densities.

A1(() and A2(() are polynomial ratios regressed from the simulated site distributions and fluctuations

XB is the fraction of sites of type B that are not hydrogen bonded, as described by Wertheim’s TPT.  


As of this writing (7/25/05), the constants characterizing Zref, A1, and A2 must be input manually, similar to the procedure described in section 3.1.  If you are simply applying the given potentials for a well-characterized family of molecules, you can double-click the RegStepsVv.exe after performing CompileResults.bat.  By selecting the 0-option of RegStepsVv, a line will be written to the bottom of file TptCoeffs.txt.  Copy and paste that line into the file ParmsTpt.txt.  We currently use three id#s: the DIPPR/DIADEM reference number, the CAS #, and the ChemCad ID.  The primary one is the DIPPR/DIADEM #.  You will also need to estimate the critical properties and add them to ParmsCrAdd.txt as discussed in section 3.1.  Once the new component has been added, computations proceed as for any other EOS.


The SPEAD EOS is based on site-site interactions, whereas the other EOS options are based on molecule-molecule interactions.  This is significant if you want to include multiple hydrogen bonding sites in a single molecule.  For example, para-hydroxy aniline would involve both hydroxyl and amine interactions.  The ESD options could handle this in principle, but the code has not been implemented in that way.  Therefore, only the SPEAD EOS can handle this kind of situation.  Another example is provided by any carboxylic acid, because the carbonyl is a proton acceptor while the hydroxyl has some properties peculiar to acids.  

An interesting application of the SPEAD EOS can be illustrated with the diethylamine+methanol system (1710+1101).  Select the SPEAD EOS for this system and enter the kij as -0.03.  Then select the PX option at 398K.  Plot this curve and you will see a double azeotrope, a rare beast in the thermodynamical zoo.  Less than 10 are known in the world.  As it turns out, the px curve is systematically overestimated for this system relative to the experimental data of Srivastava and Smith (1985).  Nevertheless, the phase behavior is qualitatively correct.  This behavior is also represented qualitatively by the ESD EOS with zero solvation.  Probably the best answer should involve accurate vapor pressures with a mix of solvation and a non-zero kij value.
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5 Checking for errors


The most likely source of large error is that the vapor pressure is poorly estimated.  Run the program with a single component, ie. the problem child.  Perform a BT calculation at 0.1 MPa.  Is the temperature close to the Tb from the group contribution correlation?  If so, compare the Tb predictions to Tb data that are specific to your interests.  Perhaps the correlation is just not very good for your compound.  If the Tb from BT is in disagreement with the Tb from group contribution, then check your inputs.

6 Suggestions for Improvement


The algorithms used in this code for phase equilibrium calculation are relatively crude.  Much better algorithms have been described by Michelsen and Mollerup,[9] and by Heidemann et al. [10] but we have not had time to implement them.  If you are interested in working with us to improve this implementation please email: jelliott@uakron.edu.
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� It should be noted however, that the solubility parameter is defined in terms of the liquid molar volume and liquid-vapor heat of vaporization at 298 K.  Most compounds with molecular weight greater than 250 amu are solid at 298K.  That means that the quantities in the definition are entirely hypothetical most of the time.  The group contribution methods in ChemCAD take that into account, but experimental measurements or molecular simulations of densities and heats of vaporization at 298K may not. 


� ESD parameters already exist for this component, but let’s suppose that you have evidence that the hydrogen bonding in this component is much weaker than assumed in the standard Databank.  Your data suggest a value of only 0.75 kcal/mole for the energy of hydrogen bonding.  





