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ABSTRACT

A program has been underway in the Chemical Engineering 

Department to investigate properties of liquids and solutions; 

the work presented in this thesis is one part of the progiim. 

The objective was to determine the configurational thermod- .mic 

properties of certain substances as a function of liquid 

density and molecular size and shape, which could be used later 

in theoretical molecular models for, 1) the configurational 

properties of pure components as a function of density, and 

2) the excess thermodynamic functions for species in solution.

Fifteen nonpolar and polar substances were chosen covering 

a wide range of molecular weights and acentric factors:

Hydrocarbons: methane, cis-pentene-2, cyclohexane, benzene 

n-hexane, 2,3 dimethylbutane, 2,2,4 trimethylpentane, 

n-octane, n-decane.

Hydrogen bonded substances: water, methyl alcohol, iso

propyl alcohol.

Others: argon, nitrogen, carbon tetrachloride.

Using the approach of molecular statistical thermodynamics, 

a "sum of contributions” method was employed, involving transla

tion, external rotation, internal vibration plus rotation, and 

intermolecular configuration; also the total property can be 

visualized as made up of two parts: one temperature dependent 

and the other density dependent.



The results obtained for the configurational energy 

indicate a very decided effect of molecular size and shape 

for all classes of substances, and similarly for the config

urational entropy; however for the latter, the trends are 

somewhat obscured, and not as apparent as for the energy.
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CHAPTER I

INTRODUCTION AND PURPOSE OF THE WORK

Methods of calculating or correlating the thermodynamic 

properties of liquids based on theory are not as highly developed 

as for gases. Empirical methods for estimating some properties, 

particularly heat capacity, are in existence (6, 33), and these 

methods serve the purpose of supplying reasonably accurate num

bers which are satisfactory for many design requirements. Few of 

these methods, however, can be applied on a general basis with 

predictable accuracy. At the present time if accurate numbers 

are required it is necessary to rely upon experimental data.

For several years a program has been underway in the Chemical 

Engineering Department of the University of Houston under the di

rection of Dr. Prengle to investigate properties of liquids and 

solutions. The work presented in this thesis is one part of the 

program.

Hildebrand and Scott (16) state, "....in order to calculate 

the thermodynamic properties of a system by statistical mechanical 

methods, we must be able to evaluate a partition function for the 

system. The success of any theoretical treatment of the liquid 

state will depend upon the validity of the simplifying assumptions 

made two assumptions are fairly general and common to most 

theories of liquids, a) the translational degrees of freedom of 

the molecules are essentially classical, and b) the internal 

degrees of freedom are the same in the liquid as in the gas." The 

work of Davies and Matheson (9 ) and others indicates that these 



2

assumptions should be amended to include, 1) free rotation in the 

liquid for many molecules and 2) a much less (cf. perfect gas) 

translational entropy contribution for the liquid. As a general 

proposition the total liquid"phase partition function can be pre- 
* 

sented as,

QL = «TR «BR qI gc (I-1)

giving for the classical thermodynamic properties,

EL = ETR + EER + EI + Ec (1-2)

SL = STR + SER + SI + Sc (I-3)

This "sum of contributions” method also leads to visualizing the 

total property as made up of two parts: one temperature dependent 

and the other density dependent; e.g.

EL(T,p) = E(T) + Ec(p) (1-4)

Using this approach the most difficult parts to evaluate theo

retically are the translational and configurational partition 

functions. Prengle and Mauk (30) proposed that the configurational 

contributions could be evaluated by a combination of perfect gas 

state calculations, to get q_ and and PVT data.

The overall purpose of this work was to determine the con

figurational thermodynamic properties of certain substances as a 

function of liquid density and the size and shape of the molecule, 

which can be used later in theoretical molecular models for, 1) 

the configurational properties of pure components as a function 

of density, and 2) the pure component parameters for species in 

solution. Fifteen substances listed in Table I were chosen 

*Nomenclature presented on p 124. 
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covering a wide range of molecular weights and acentric factor, w.

More specifically the following were the objectives of this 

work:

1. -To prepare a generalized computer program to calculate 

the perfect gas state thermodynamic properties, including correc

tions for hindered rotation, of pure components.

2. -To prepare a general computer program to calculate the 

configurational thermodynamic properties of pure components.

3. -To calculate the configurational thermodynamic properties 

of each of the fifteen substances.

4. -To attempt preliminary empirical correlation of the con

figurational energy and entropy.



TABLE I-PURE COMPONENTS CONSIDERED

Component MW
T Prp-D 

(g.Zfnl
NBP

.) °K (°8)
^c

(atm) (g.^ml.;
Z

> C
0)

(D)'

1. Argon Ar 39.948 83.96 1.4113 87.46 150.86 43.34 0.535 0.290 -0 0

2 . Methane ch4 16.042 90.68 0.4528 111.7 190.7 45.8 0.1620 0.290 0.013 0

3. Nitrogen N2 28.016 63.19 0.8694 77.35 126.2 33.5 0.3110 0.291 0.040 0 •

4 . Cyclohexane C6H12 84.156 279.83 0.7915 353.9 553.67 40.0 0.2730 0.271 0.186 0

5. Carbon tetrachloride cci4 153.823 250.6 1.6809 349.7 556.4 45.0 0.5570 0.271. 0.202 0

6 . Benzene C6H6 78.11 278.69 0.8948 353.3 562.1 48.6 0.3000 O'. 274 0.215 0

7 . 2,3 Dimethylbutane C6H14 86.17 . 145.19 0.7907 331.2 499.9 30.9 0.2410 0.270 0.257 0

8 . Cis-pentene-2 C5H10 70.13 121 .80 0.8029 310.10 475.56 40.4 0.237 0.266 0.280 -0 .20

9 . N-hexane C6H14 86.172 177.84 0.7579 341.90 507.90 29.92 0.2340 0.264 0.290 0

10. 2,2,4 Trimethylpentane C8H18 114.220 165.78 0.7945 372.4 543.6 25.4 0.2370 0.274 0.310 0

11. Water H20 18.02 273.16 1.0719 373.16 647.0 :218.3 0.3220 0.230 0.348 1. 82

12. N-octane C8H18 114.220 216.38 0.7642 398.83 569.4 24.6 0.2350 0.256 0.408 0

13. Methyl alcohol CH3OH 32.040 175.48 0.8939 337.8 512.28 78.7 0.2720 0.224 0.556 1. 71

14. N-decane C10H22 142.28 243.51 0.7650 447.3 617.6 20.8 0.2360 0.247 0.586 0

15. Isopropyl alcohol c3h7oh 60.097 185. 20 0.8693 355.39 508.32 53.0 0.2730 0.248 0.773 1. 68



CHAPTER II

THEORY OF CALCULATION OF CONFIGURATIONAL

PROPERTIES

The liquid energies and entropies can be calculated from

perfect gas state

(Il-la)
o

(Il-lb)
o

for the liquid at saturation pressureand

(II-2a)E° AE
o

(II-2b)AS
o

The configurational energy can be calculated by

(II-3a)

if weand assume that

internal (vibrational + rotational) energies are the same in the

liquid as

(II-3b)

o

o

-AE

E c

E c

E c

EL

SL

EL

SL S°

AE.Av

and PVT properties by, refer to Figure 1

the translational, external rotational, and

EER + ^L

EI

B"

in the perfect gas, then

eer

(eJr + eer + EP - AE

EL "" (ETR

S° - AS

E° - AE

E° - AE T? O — F, ° 
TR ER

SV
- AE

el - etr

sv
- AE

sv
- AE

sv
- AE

SV
- AE

sv
- AS

sv
- ASV - AS.

Av

e5r - eer - E?

o
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When considering the entropy, an important difference is

translational

and cannot be calculated with any degree of

as discussed in Appendix D configurationala

defined and calculated byentropy can be

(H-5)

S° AS

sv
AS AS R

sv
(U-6)AS

o

perfect gasThe methods of calculation to determine the

properties of vaporization are dis-

of this thesis.cussed as subsequent parts

properties and the contribution ofThe perfect gas state

each mode were calculated by methods of statistical thermodynamics.

The theory and equations necessary to make these statistical

calculations have been developed by others (1,4Z 5, 25,26,27,28).

Computer Program No. 1 used in this work combines these equations

together into a general program.

there are five different modes of energyGenerally speaking

which contribute to the total energy of a perfect gas.

* 
S c

*
S c

(S°R

(s°R

AS .+ R

SL

that STR(liq) S°R

motion is not known

(S°R

rated vapor state, and the

because the "free volume” for

properties, the corrections from perfect gas state to the satu-

Un ET/P°

J_l

certainty. However

c o 
bER S°

c O . C o
ER I

RT/p° .
VL

R £n
VL

(s;R - R £n SER SI

SER SI

£n
VL

sv
- AS 

o

A. Ideal Gas Properties
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o o O o o o
E =ETR + EER + E|R + EVIB + EEL (H-7)

A particular substance will not necessarily have contributions from all of 

these modes.

1. The Translational energy is that due to the translational motion of the 

molecules. The only information required to calculate this contribution

is the molecular weight and the temperature.

2. The External Rotational energy is that due to the rotation or tumbling 

of the molecule about three mutually perpendicular axis. A monoatomic 

molecule will have no external rotational contribution since the mass is 

located at the origin.

In order to calculate this contribution it is necessary to have the 

external moments of inertia and the number of equivalent positions of the 

molecule. For simple molecules such as ethane or propane this data is 

available in the literature (26). However, for most substances it is neces

sary to calculate these quantities. To calculate the moments of inertia 

about each axis it is necessary to know, the atomic masses, the bond angles, 

and the bond lengths. For complex molecules the procedure is complicated; 

large molecules sometimes have several possible configurations making the 

moments of inertia somewhat arbitrary. However, by choosing the most 

convenient configurations and calculating the moment about each of the 

three axis an average value will be obtained which is satisfactory (26).
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The number of equivalent positions of a molecule, o , is determined 

by rotating the molecule about each of its three axis and finding the number 

of positions that are equivalent to other positions.

3. The Internal Rotational energy contribution is due to the rotation about 

the bonds between atoms. Monoatomic molecules such as argon or diatomic 

molecules such as nitrogen have no internal rotational contribution. Some 

polyatomic molecules such as methane will have no internal rotational 

contribution; others like ethane and propane have rotation of the methyl 

groups about the carbon - carbon bonds.

Early workers in the field of statistical thermodynamics obtained 

unsatisfactory results, however, when they assumed completely free rotation 

about these bonds. Pitzer (26) extended their early methods to allow for a 

sinusoidal potential barrier restricting rotation. The potential barrier cannot 

be obtained by direct means, however, and is determined from experimental 

entropy values (27). This parameter, therefore, absorbs all the inaccuracies 

and approximations in the method of calculation.

The data required to calculate the energy contribution for internal 

rotation of a particular group is the reduced moment of inertia, Ir, the height 

of potential barrier, Vo; and the number of maximi in the barrier. Typical 

values for the height and number of maximi of the barrier for certain rotating 

groups have been published, (26, 27) however, as pointed out previously, 

sometimes the barrier height must be adjusted to agree with experimental 

data. Aston and Fritz (4) present a method of calculation for the internal 

reduced moment of ertia of a rotating group.
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4. The Vibrational energy contribution is that due to vibration (stretching, 

bending, etc.) of the atomic masses in the molecule. All molecules except 

monoatomic molecules have one or more vibrational contributions to the 

energy. Numerous vibrations are present in the more complex molecules. 

For instance, in an ethane molecule the hydrogen atoms vibrate in three 

different ways: (1) stretching of the C-H bonds, (2) bending of the H-C-H 

bonds, and (3) bending of the C-C-H bonds. Also present is the contribution 

from the stretching of the C - C bond. These vibrations all take place at 

different frequencies and contribute to the total engery in different magnitudes

Pitzer has presented a good method for determining the frequencies 

and the number of contributions (multiplicity or degeneracy) of the various 

vibrations (14). This data can also be obtained from an infrared spectrogram 

of the substance in question. The relative magnitude of the vibrational 

contribution to the total energy is such that small errors in assigning 

frequencies will make only slight differencies in the total energy; consequently 

similar vibrations can be assigned average frequencies and calculated together

5. The Electronic contribution to the total energy of a molecule is that due 

to the excited states of electrons within the atoms. This contribution is 

significant only at very high temperatures and consequently was not considered 

in this work.

B. Ideal Gas to Real Gas Correction

The thermodynamic property changes which take place as each 

substance goes from the perfect gas state to the saturated vapor state were
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'calculated by the methods of Lyderson, Greenhorn, and Hougen (32). These 

calculations were made by hand and were part of the input data to Computer 

Program No. 2; "Configurational Energy, Ethalpy, and Entropy at Saturation 

Pressure."

C. Property Change Due to Vaporization

Computer Program No. 2 takes as input data information calculated by 

Computer Program No. 1, along with the property differences between the 

ideal gas and the saturated vapor. Using this information Program No. 2 

calculates vapor pressures, liquid densities, property changes due to vapor

ization, and the configurational thermodynamic properties of the substance.

Two Antoine equations were necessary to calculate the vapor pressures 

from the triple point up to two atmospheres. Since most of the Antoine 

equation constants given in the literature (e.g. API Project 44, Ref. 1) cover 

the range 10mm to 1500mm Hg, it was necessary also to have suitable constants 

applicable down to the triple point. A second set of constants (A, B, NC) 

was obtained by use of the Third Law Entropy, and assuming that A and B did not 

change, and solving for a new C-Value, called NC, at the triple point, in the 

following manner:

Ssv = SL + ASv (11-8)

and,

Ssv = S° - (S° - Ssv) = 5°-R In Pv (11-9)

Now

. v _ DT.dlnP . _ DT 2.30259 B 2
AS zRT( dJ ) zRT (Nc-273.16 +T) 10)
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In PSV (atm) = 2.30259A - In 760- 2.30259B (H-11)
(NC-273.16 +1)

Equating (II—9) and (11-10) and substituting (11-11) and 11-12) gives.

(S°- SJP ) + |n 760-2.30259A X2 + 2.30259B X -

2.30259B zTTP=0 01-12)

which can be solved for X, then,

NC =X +273.16 - Ttp

Above two atmospheres Gamson - Watson Constants were developed from 

experimental data obtained from various literature sources (1, 8, 22, 23, 24).

A computer program developed by Tseng and Prengle (38) was used to obtain 

the Gamson - Watson Constants.

Liquid densities were calculated by the Francis Equation, using 

constants obtained by correlating experimental data from the literature and 

a computer program developed by Tseng and Prengle (37).

The Clapeyron Equation was used to calculate property changes due 

to vaporization, using vapor pressures and liquid densities calculated by the 

same program.
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METHODS OF CALCULATION

In order to calculate the configurational thermodynamic properties 

for each of the fifteen substances described in this thesis the following 

steps were taken.

1. - The perfect gas thermodynamic properties were calculated

for the substances using Computer Program No. 1, "Perfect 

Gas State Thermodynamic Properties by Statistical Thermo

dynamic Methods Including Hindered Internal Rotation 

Correction by Pitzer."

2. - Using vapor pressure data obtained from various literature

sources as input data Gamson - Watson Constants were 

calculated using the computer program "Evaluation of 

Gamson - Watson Constants for Experimental Vapor 

Pressure or Bubble Point Data" which was developed by 

Tseng and Prengle.

3. - Using liquid density data also obtained from literature

as input data Francis Constants were calculated using 

the Computer program "Saturated Liquid Densities and 

Mole Volumes by Francis Equation" developed by Tseng 

and Prengle.
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4. - Using the methods of Lyderson, Greenhorn, and Hougen

as given in tables in Reid and Sherwood (32) the differences 

between saturated vapor and perfect gas thermodynamic 

properties at constant temperature v/ere calculated by 

hand. Compressibility factors for each saturated vapor at 

the various femperatures were also calculated by this 

method.

5. - Data generated from all the above sources were fed as

input data into Computer Program No. 2, "Configurational 

Energy, Enthalpy, and Entropy at Saturation" which calculated 

values of E|_, S^, E^, S^, b^/RT and S^/R.

A. Perfect Gas Properties

The first phase of the work described by this thesis was to develop 

a general computer program to calculate the perfect gas thermodynamic 

properties of a substance using statistical thermodynamic methods. The 

necessary equations have al! been developed previously (1, 4, 5, 25, 26, 

28, 29).

1. Translation - The following are the equations necessary to calculate 

the translational mode contribution to the overall thermodynamic properties:

Ln Q=2.5LnT + 1.5 Ln M - 1.336 (IIM)

H° - Ho° = 2.5 RT; E° - Eo°=: 1.5 RT (111-2)

Cp° = 2.5 R (111-3)
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S° = 2.9841 Ln ,M + 2.31498 + 4.9735 Ln T (111-4)

F°-H° = T -2.9841 Ln M + 7.28295 - 4.9735 Ln T_ (111-5)

2. External Rotation - The equations required to calculate the thermodynamic 

property contribution due to the external rotation mode for a substance having 

a molecule composed of two identical atoms are as follows.

Ln Q = 1.5 Ln (T x | x 1039) - Ln o + 88.408 (111-6)

H° - H° = E° - E° =RT (111-7)

C^ = R (111-8)

S° = 1.9894 Ln (I x 1039) - 2.15787 + 1.9894 Ln T (111-9)

F° “ Ho = T -Z149894 Ln (• x 1 °39) + 4 •14506 "

1.9894 Ln T (111-10)

For a substance having a molecule composed of two different atoms 

the following two equations apply; the other quantities are the same as those 

for the molecule with two identical atoms. . .

S° = 1.9894 Ln (I x 1039) - 0.78045 + 1 .9894 Ln T (111-11)

F° - H° = T Lzl .9894 Ln (I x 1039) + 2.76764 -

1.9894 Ln T (111-12)

For a substance having a non-linear molecule the equations are

Ln Q = 1.5LnT + 0.5 Ln (lx x 1039) + 0.5 Ln (ly x 1039)

+ 0.5 Ln (lz x 1039) - Ln a + 133.186 (111-13)

H° - H° = E°-E° = 1.5RT (111-14)
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Cp = 1.5 R

r— ?Q 'IO5° = 0.9947 Ln (!x x 10 y) + Ln (ly x 10 ) + Ln

(lz x 1039) - 1.9894 Ln a - 0.3329 + 

2.9841 Ln T .

OQ 39F° - = T -0.9947\ Ln (lx x 10'3y) + Ln (ly x 10 )

+ Ln (lz x 1039) ) + 1.9894 Lna +3.01407 -

2.9841 Ln T

(111-15)

(111-16)

(111-17)

The number of equivalent positions, O , of most polyatomic molecules 

is equal to one, and is the number of possible positions of the molecule v/hich 

are indistinguishable from other positions. Molecules which are symmetrical 

and equivalent about each of three axis are known as spherical tops. The

number of equivalent positions is 12 and the moments of inertia lx, ly, and 

are equal.

3. Internal Rotation - Some early workers in statistical thermodynamics 

made calculations for internal rotation based on the assumption of free 

rotation about single bonds (25). Pitzer later extended their methods to 

allow fora sinusoidal potential barrier, V, restricting internal rotation (28), 

and published tables of corrected values of Cp, H°/T, S°, Sf-S°z “F°/T, 

(F°-Ff)/T as a function of V/RT and Q all owing for the restricted rotation.

For the statistical thermodynamic properties Program No. 1 each 

of Pitzer's six tables were read into the program as arrays of data. The 

computer calculates values for V/RT and l/Q and performs a search 

procedure to find the corresponding values of Cp and H°/T. For values 
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of I/Q2. 0-25 this same procedure was repeated for S° and -F°/T. For

l/Q values < 0.25 a different procedure is necessary to find S° and

-F°/T since the entropy and free energy approach infinity as l/Q approaches 

zero. The computer calculates values for Sp and Fp/T assuming free rotation, 

and correction factors are read from data tables as described above.

The input data required by this calculation are; lr, the reduced

moment of inertia of the rotating group; V, the height of the sinusoidal potential 

0barrier; n, the number of maxima of the potential barrier per 360 .

The required equations are:

Q = 2.7935 [_(lrxl038) TJ V2 /n

40
Sf = 0.5RLnT + 0.5 Ln (lr x 10 ) - Ln n -0.775

Ff = - R T 2.5 Ln T - 0.5 Ln (lr x 104°) - Ln n -

1.275

The routine described above to determine the internal rotational 

(111-18)

(111-19)

(111-20)

contribution to the total thermodynamic properties must be repeated for 

each rotating group in the molecules. Among the 15 substances studied in 

this work the number of rotating groups varied from zero for argon, nitrogen, 

methane, water, carbon tetrachloride, cyclohexane and benzene, to nine 

rotating groups for n-decane.

4. Vibration -The equations necessary to calculate the vibrational contri

butions to the thermodynamic properties are listed below.
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Y = 1.4387 v/T (111-21)

Cp=R Y2 eY/ (eY-l)2 (111-22)

H° - H° = E° - E° =R T Y (111-23)
° ~y—r- e' - 1

S° = R Y - R Ln (1 - e (111-24)

F° - H° = H° - TS° (111-25)

Ln Q = 1 - (F° - H°) (111-26)

Pitzer described an excellent method for determining the 

frequencies and number of vibrations for hydrocarbons (25). Although 

this is an approximate method its accuracy is sufficient for these purposes. 

To determine the total vibrational contributions of the molecule the 

following procedure can be used,

a. Take the number of atoms in the molecule as N.

b. The total number of degrees of freedom of the molecule is then 3N.

c. The degrees of freedom due to translation, Nyp, is always three.

d. The degrees of freedom due to external rotation, Npp, is either zero,

two, or three depending upon whether the molecule is monoatomic, 

linear, or nonlinear.

e. The degrees of freedom due to internal rotation, N|p, is equal to the 

number of rotating groups in the molecule.
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f. The degrees of freedom due to vibration, Nyjg, is thus equal to

3N - NTR - Ner - N,r

5. Total Quantities - The total thermodynamic properties are the summation 

of the contributions of all the modes. The computer print out of the results 

for each of the 15 substances included in this study is included in Appendix C.

The properties were calculated at various temperatures between the 

triple point and the critical point including the normal boiling point. In 

addition to those properties previously discussed the print out also includes 

the value for RT and the total value of E° - E°.

E° - E° = (H° - Hg) - RT (111-27)

B. Gamson - Watson Constants

To calculate vapor pressures of the various substances two Antoine 

Equations were used below two atmospheres as described previously and the 

Gamson - Watson Equation above two atmospheres. Antoine Constants for 

each of the substances were available from API Project 44 Tables (1), 

"MCA-Selected Values of Properties of Chemical Compounds," (22) or else

where. Gamson - Watsons Constants were not as readily available, but were 

calculated using a computer program by Tseng and Prengle (38) and yapor 

pressure data. The vapor pressure data were available from API Project 44 

Tables (1), "Selected Values of Properties of Chemical Compounds, " (22) 

Chemical Engineers Handbook, (24) or other sources.
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C. Francis Constants

The Francis Equations (11) were used to calculate the liquid 

densities of each of the substances. In order to obtain Francis Constants 

for the substances another computer program developed by Tseng and 

Prengle was used; liquid density data were obtained from various 

literature sources.

The Francis Equation was found to give a poor fit for water liquid 

density data. In this case the Smith - Keyes Equation (35) was used to 

obtain a satisfactory fit.

D. Property Change from Ideal Gas to Saturated Vapor

As indicated previously the difference in the respective properties 

between the perfect gas state and the real saturated vapor must be calculated. 

Tables developed by Lyderson, Greenhorn, and Hougen, given in Reid 

and Sherwood, (32) were used to make these calculations. These tables 

list values for H° - H/Tc, f/p, and Z as functions of critical compress

ibility factor, reduced temperature, and reduced pressure. Using the values 

obtained from the tables the information required was calculated using the 

equations,

E° - Esv = H° - Hsv +Tr (Z-l) (111-28)
RTC RTC

S° - SSV = H° - HSV + Ln f/p + Ln P (111-29)

R RT

E. Configurational Energy, Enthalpy, and Entropy at Saturation

The data generated by calculations and computations to this point 

were used as input to the computer program "Configurational Energy, Enthalpy 

and Entropy at Saturation.11 Listed below is the input data to this program



21

for each of the 15 substances under study.

1. E°-ESV

2. E°-E°

3. 5°

4. Z (vapor)

5. S° - SBV

6. SER

7. Antoine constants

8. Gamson - Watson Constants

9. Francis Constants

Using the above information the computer calculates and prints 

out values for the following properties at the desired temperatures for 

each substance.

1. Vapor pressure

2. d(LnP)/dT

3. Liquid volume

4. Vapor volume

5. P(VG-VL)

6. Energy of vaporization

7. Enthalpy of vaporization

8. Entropy of vaporization

9. Liquid density
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10. Energy due to external rotation • .

11. Energy of the liquid, E^

12. Configurational energy of the liquid E

13. Entropy of the liquid, S|_

14. Ec/RT

15. S^/R

The liquid density was calculated by the Francis Equations (11).

The following equation is used from the triple point up to near the 

critical temperature.

p =A - B T - C/(E - T) (111-30)

Near the critical temperature it is necessary to use the following equation.

(p_pc )H = G(Tc -T) (111-31)

Two Antoine Equations were used to calculate vapor pressures from 

the triple point up to a vapor pressure of two atmospheres.

Log P = A-B/(NC - 273.16 + T) ; P< 10mm (lll-32a)

Log P = A - B/ (C - 273.16 + T) ; 10mm < P <2atm (lll-32b)

Above two atmospheres the Gamson - Watson Equation is used to 

calculate the vapor pressure.
2

LogP =ATc/T+B-e "20 (VTc -b) (111-33)

The value of d Ln P /dT is calculated at each temperature by using

a differentiation of either the Antoine Equation or the Gamson - Watson
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Equation. A value for d (Ln P)/dT is required to calculate the energy

of vaporization.of a substance using the Clapeyron Equation:

A EV = P (VG - VL) T d Ln P/dT - 1.0 24.21 (111-34)

The enthalpy and entropy of vaporization is calculated from the following 

equations

AHv= AEV + P (Vg -Vl) 24.21

ASV= AHV/ I

(111-35)

(111-36)'

The configurational properties and the saturated liquid properties are 

then calculated.

Ec = -6E|oV- aEV 011-37)

* . SV V
S =- ZS |o - AS +Rln RT/P (111-38)

C VL

o , SV V
el = e " AE|O - AE (111-39)

SL=S°- AS|®V-ASV' (111-40)

In order to smooth out some irregularities in the properties of some 

substances in the range betv/een the triple point and 10 mm Hg vapor 

pressure the following steps v/ere taken. A straight line interpolation 

betv/een the triple point and 10 mm Hg for the energy of vaporization

V
was made. From these values of A E a NC value was calculated at 

each temperature. This NC value is a new C constant for the Antoine 

Equation and is discussed in Chapter II. From the NC value the properties 

of the substance are calculated in the range between the triple point 

and 10mm Hg.



CHAPTER IV

RESULTS OF THE CALCULATIONS

In order to indicate the agreement between Third Law Entropy values and 

our configurational and perfect gas states properties. Tables IIA to XVIA 

are presented. Also summaries of the densities and configurational properties, 

as a function of temperature, tabulated in Appendix C, are presented as 

Tab! es I1B through XV1B. In addition, empirical least squares fits of the 

configurational energy and entropy functions, of the form.

and

(Sc/ScTp) = ,+A(,VpTO)+B(1-p/pm .) +C(l+p/p )d (IV-2) 

along with the Francis equations for the density as a function of the 

temperature were made and are included for each substance.

Figure 2 is a plot of the entropy as a function of the temperature 

and graphically shows the relationship between S (solid), S (saturated 

liquid), S° and S (saturated vapor): also a breakdown of S|_ into Sj^, 

Sj and Sq .

Figure 3 is a similar plot for the energy, (E-E°) - values. These 

plots very strikingly indicate that for, 

SV
P < latm, (E - E°) = 0 

SV _ qv
P < 1 atm, (S - S°) = R In P / 0
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TABLE IIA - ARGON, THIRD LAW ENTROPY & LIQUID

PHASE CONFIGURATIONAL VALUES

(83.96, 87.46, 150.86° K) Clusius & 
Frank (7 )

Our
Work

1. S (0->10°K, extrapolation) 0.303

2. AS (10 ->83.96° K, crys) 8.815

3. ASf (83.96) 3.352

$L (83.96) 12.470 * 12.70
A STR 0.16

4. As (83.96-> 87.46 liq) 0.413 A - 0 -

A Sc 0.06

SL (87.46) 12.883 12.92

5. A SV (87.46) 17.84 17.85

6. (S° - S), (87.46) 0.13 0.16

c°s87.46 30.85 30.93

7. A S° (87.46 298.15) 6.104 6.10

5^98.16 36.95 10.2 37.03

presently accepted value 36.99 ,cals x
_______  g mol, K

(7) Clusius, K., Frank, A., Ztschr. Electrochem. 49, 308 (1943).
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TABLE IIB

PROPERTIES OF ARGON

T P -Ec
* 

o 
</)1

°K g/ml K cals/mole cals/mole °K

83.96 1.4113 1.413 7.10
87.46 1.3895 1.397 7.04
90.00 1.3733 1.386 6.94

100.00 1.3067 1.357 6.57
103.16 1.2844 1.343 6.47
113.16 1.2084 1.260 5.83
123.16 1.1198 1.164 5.04
133.16 1.0076 0.998 3.92
138.16 0.9351 0.925 3.54
143.16 0.8430 0.837 3.07
148.16 0.7690 0.742 2.56
150.86 0.5356 0.603 2.16

P = 1.9309 - 0.4768 x 10"2 T - 10/(167.83 - T), T < 146.33

( p- .5356)2-39 = .01144 (150.86 - T)z T :> 146.33

A B C

Ec/EctP -0.3863 -3.0314 3.4992

Sc/SCTP -1.0243 -2.9068 4.4109
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Our
(90.6, 111.7, 190.7°K) Kelley (21 )____________  Work

TABLE 1HA - METHANE, THIRD LAW ENTROPY & LIQUID

PHASE CONFIGURATIONAL VALUES

1.

2.

S(90.6°K) 13.63

2.47ASf(90.6)

<;L
s90.6 16.10

*

16.03

3. AS (90.6 ->111.7 liq) 2.70 a S"[R

ASEr-|
*

0.75

0.63

A Sc 1.45

cLSlll .7 18.81 18.86

4. A SV(111.7)= 19.55/111.7 17.50 17.50

5. (S°-S ), (111.7) 0.22 0.22

s° b111.7 36.53 36.58

6. AS° (111.7 > 298.16) 7.98 7.98

S° :>298.16

presently accepted value ( 1 )

44.51 +0.20

44.50 (Cals j 
g mol K

44.56

(21) Kelley, K. K., Bureau of Mines Bulletin No. 350 (1932).
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TABLE IIIB

PROPERTIES OF METHANE

T P "Ec i </
> 

o *

°K g/ml k cals/mole cals/Mole °K

90.68 0.4528 1.921 8.26
93.16 0.4496 1.904 8.09

100.00 0.4407 1.856 7.54
103.16 0.4364 1.831 7.30
110.00 0.4269 1.768 6.72
111.70 0.4245 1.754 6.81
113.16 0.4225 1.742 6.97
120.00 0.4124 1.689 6.39
123.16 0.4076 1.685 6.50
130.00 0.3968 1.643 6.02
133.16 0.3916 1.616 5.85
140.00 0.3799 1.549 5.43
143.16 0.3742 1.528 5.27
150.00 0.3611 1.458 4.90
153.16 0.3547 1.428 4.72
160.00 0.3398 1.368 4.38
163.16 0.3324 1.340 4.28
170.00 0.3137 1.250 3.82
173.16 0.3047 1.208 3.61
180.00 0.2810 1.097 3.14
183.16 0.2666 1.038 2.91
190.00 0.2057 0.870 2.39
190.70 0.1620 0.762 2.16

p = 0.5925 - 0.8749x 10"3 T - 9/(239.84 - T) Tx 163.16

( P - .1620)2'72 = . 2859 x 10"3 (190.70 - T), T >163.16

A B C

Ec/ECTP -1.1800 -0.0336 0.6593

Sc/SCTP -2.3680 2.3901 -0.6982
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TABLE IVA - NITROGEN, THIRD LAW ENTROPY & LIQUID

PHASE CONFIGURATIONAL VALUES

(63.19, 77.35, 126.2 °K)
Giaugue & 
Clayton (13)

Our
Work

1. S (0 ->10 °K) 0.46

2. AS (10 -> 35.61, cry II) 6.03

3. AST (35.61)-54.71/35.61 1.54

4. AS (35.61 ->63.19 cry I) 5.59

5. ASf(63.14)= 172.3 / 63.19 2.73

SL 16.36 16.
63.19

6. AS (63.14^ 77.35 Hq) 2.73 a 0.7-j

aser-i 0.40

*
ASC 1.14

SL 
b77.32 19.07 18.96

7.
AS^77.35)= (1333 /77.35)

17.24 17.23

8. (S°-S) 77.35 0.22 0.22

S77.35 36.53 36.41

9. AS° (77.35 298.16) 9.24 9.40

S° ^298.16 45.77 + 0.1 45.81
(API)

(13) Giaugue, W. F.z Clayton, J.O; J. AM. Chem. Soc. 55, 4875 (1933).
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' TABLE IVB

PROPERTIES OF NITROGEN

T P "Ec
*

"Sc

°K g/ml k cals/mole cals/mole °K

63.19 0.8694 1.295 8.24
75.00 0.8184 1.229 7.27
77.35 0.8077 1.200 7.10

100.00 0.6905 0.990 5.02
125.00 0.4211 0.615 2.54
126.20 0.3110 0.504 2.12

P = 1.1510 - 0.3318 x 10~2T-6/(146.62-T) , T < 120.0

( P- 0.3110) 3,36 = 0.5030 x 10"3 (126.20-T), T> 120

A B C -

Ec/ECTP -1.1550 -0.0721 0.5857

Sc/sCTP -2.2844 1.9914 -0.3825
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TABLE VA - CYCLOHEXANE, THIRD LAW ENTROPY &

LIQUID PHASE CONFIGURATIONAL VALUES

(279.83, 353.90, 553.67°K) Ruehrivein & Our
Huffman (33) Work

1. S (0 4- 13°K) 0.201

2. AS (13 -> 186.1 K, cry II) 23.887

3. AST (186.1)= 1610.8/186.1 8.655

4. AS (186.1 279.82, cry 1) 11.478

5. ASf (279.82) = 639.8/279.82 2.286

5*" 
:’279.82 46.507 46.35

6. AS (279.82 ->298.16 liq) 2.330 AS™1 K 0.24

aSer-i 1.24

L
aS*c 1.00

cv S298.16 48.8410.10 48.83
7. (S° - S5V), 298.16 -4.079 (-4.08)

8. SV (298.16) = 7,895/298.16 26.48 (26.48)

s° 
^298.16 71.24 (71.23)

9. AS (298.16 353.90, liq.) astr 0.65

aser-i 4.00

ASC 2.12

L
S353.90 - 55.60

10. AS° (298.16 -> 353.90) 4.84 -

11. ASV (353.40) - 20.32

12. (S° - S) 353.90 - 0.16

S° a353.90 76.08 76.07

(33) Ruehrivein, R. A., Huffman, H. M., J, Am. Chem. Soc. 65, 1620 (1943).
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TABLE V B

PROPERTIES OF CYCLOHEXANE

T P -E c

* 
o 

cni
°K g/ml k cals/mole cals/mole °K

279.83 0.7915 7.609 12.64
290.00 0.7818 7.434 12.05
298.16 0.7741 7.308 11.64
300.00 0.7723 7.272 11.52
310.00 0.7627 7.120 11.05
323.16 0.7499 6.927 10.48
330.00 0.7432 6.855 10.21
348.16 0.7251 6.628 9.57
353.90 0.7193 6.557 9.52
373.16 0.6994 6.314 8.96
383.16 0.6889 6.125 8.42
393.16 0.6781 5.993 8,10
400.00 0.6705 5.912 7.96
403.16 0.6670 5.866 7.84
423.16 0.6439 5.618 7.30
433.16 0.6318 5.489 7.01
448.16 0.6127 5.279 6.61.
458.16 0.5991 5.146 6.33
473.16 0.5771 4.933 5.96
498.16 0.5353 4.569 5.34
500.00 0.5319 4.549 5.30
523.16 0.4810 3.999 4.42
548.16 0.3801 3.116 3.17
553.67 0.2730 2.399 2.36

P= 1..0584 - 0.8395 x 10"3T - 10/(592.03-T) , T .< 473. 16

( P - 0.2730)2,58 = 0.5701 x 10“3 (553.67 -T) , T :> 473.16

A B C

Ec/Ectp -1.5835 1.2933 -0.7131

Sc/sCtp -2.9082 4.5091 -2.9601



TABLE VIA - CARBON TETRACHLORIDE, THIRD LAW ENTROPY & 
LIQUID PHASE CONFIGURATIONAL VALUES

33

(250.3, 349.7, 556.4°K) Hicks, Hooley
Stephenson(l 6)

Our
Work

1. S (0 -> 18°K) 1.39

2. AS (18 225.35, cry II) . 34.12
3. AS1" (225.35) = 1095/225.35 4.86

4. AS (225.35 -> 250.3, cry 1) 3.01
5. ASf 250.3 = 601/250.3 2.40

c-L
s250.3 45.78 45.92

6. As (250.3 -9-298.16 liq) 5.48 ASj^ 0.64

Aser-i 2.50

> LA
O

 * 2.89

SL 
^298.16 51.26 ±0.2 51.95

7. (S° - SSV), 298.16 -3.76 (-3.76)

8. ASV(298.16) (25.86)

<;05298.16 74.04 MCA (74.05)

9. aS (298.16 -> 349.7 liq) asTr 0.61

aSer-i 2.219
*

ASC 1.68

<-L
S349.7 — 56.73

10. AS° (298.16 -> 349.7) 3.28 -

11. ASV (349.7) - 20,46

12. (S°-S) (349.7) - 0.14

c°5349.7 77.32 77.33

(16) Hicks, J.F.G., Hooley, J. G., Stephenson, C.C., J. AM. Chem. Soc. 66, 1064 (1944).
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TABLE VIB

PROPERTIES OF CARBON TETRACHLORIDE

T P -E c "Sc

°K g/ml K cals/mole cals/mole °K

250.30 1.6815 8.037 14.00
298.16 1.5861 7.124 11.11
300.00 1.5823 7.096 11.02
349.70 1.4806 6.504 9.43
350.00 1.4800 6.497 9.38
373.16 1.4312 6.313 8.93
398.16 1.3769 5.854 7.81
400.00 1.3728 5.832 7.77
423.16 1.3202 5.569 7.14
448.16 1.2595 5.239 6.47
473.16 1.1918 4.920 5.88
498.16 1.1100 4.579 5.29
500.00 1.1030 4.550 5.23
523.16 0.9920 4.028 4.42
548.16 0.8319 3.306 3.36
556.40 0.5570 2.410 2.35

P ’= 2.1832 - 0.1880 x 10"2T - 10/(571 .32-7) , T < 523.16

(p -0.5570)3-27 = 0.1780 x 10"2 (556.40-T) , T :>523.16

ABC

Ec/EcTP -1.6366 1.4192 -0.7688

Sc/Sctp -3.0229 4.6606 -2.9208
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TABLE VIIA - BENZENE, THIRD LAW ENTROPY &

LIQUID PHASE CONFIGURATIONAL VALUES

(278.69, 353.3, 562.1°K) Ahlberg, 
Blanchard 
Lundberg(2)

Our
Work

1. S (0 20°K) 0.73

2. AS-(20 ->90°K, cry) 10.16

3. AS (90 ^278.6 cry) 20.02

4. ASf(278.6)= 2345./278.6 8.43

SL 
b278.69 39.34 38.94

5. AS (278.69 ->298.16 liq) 2.15 A$tr 0.24

aSER-| 0.94
AS*c 1.15

b298.16 41.49 41.27

6. (S° - SSV), 298.16 -4.13 (-4.13)

7. ASV ,(298.16) 27.13 (27.13)

s398.16 64.45 (64.28)

8. AS (298.16 -> 353.3, liq) AS* 
dtr 0.65

aser-i 2.83

as*c 2.25

^353.3 - 47.00

9. AS° (298.16 -> 353.3) 3.67 -

10.
ASV (353.3)

20.83

11. . (S° - S) , (353.3) - 0.12

S° ^353.3 68.01 67.95

(2) Ahlberg, J. E., Blanchard, E. R., Lundberg, W. D., J. Chem. Phys. 5, 539 (1937).



TABLE VIIB

PROPERTIES OF BENZENE

T p ~Ec
*

-Sc

oK g/ml K cals/mole cals/mole °K

278.69 0.8948 7.845 13.00
293.16 0.8795 7.595 12.16
298.16 0.8741 7.501 11.85
300.00 0.8722 7.463 11.72
323.16 0.8472 7.112 10.62
348.16 0.8196 6.773 9.63
353.30 0.8139 6.726 9.60
373.16 0.7913 6.438 8.90
398.16 0.7619 6.093 8.10
400.00 0.7597 6.085 8.10
423.16 0.7309 5.786 7.48
448.16 0.6976 5.450 6.76
473.16 0.6606 5.095 6.10
500.00 0.6135 4.717 5.46
523.16 0.5609 4.229 4.65
548.16 0.4726 3.860 4.25
562.10 0.3000 2.401 2.40

P = 1.1928 - 0.9575 x 10~3T - 10/(599.49-T), T ^553.16

( P -.3000)2'70 = 0.6250 x 10"3 (562.10 - T) , T > 553.16

A B C

ec/ectp -1.8013 2.2663 -1.6828

VSCTP -3.2125 5.7827 -4.1531
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TABLE VIIIA - 2, 3 DIMETHYLBUTANE, THIRD LAW ENTROPY & 

LIQUID PHASE CONFIGURATIONAL VALUES

(145.19, 331.30, 499.90 °K) Douslin & 
Huffman (10)

Our
Work

1. S (0 -> 13°K) 0.318

2. AS (13 136.07, cry II) 23.326

3. AST (136.07) - 1552/136.07 11.406

4. AS (136.07 145.19, cry 1) 2.127

5. ASf (145.19) = 191.42/145.19 1.318

SL 
b145.19 38.495

*
38.48

6. AS(145.19 -> 298.16 liq) 27.833 AStdi K 2.52

■ ASer-i 15.04
r*ASc 10.47

sv 298•16
66.36 66.50

7. (S° - S ), 298.16 -2.28 ("2.34)

8. A SV, (298.16) 23.34 (23.32)

e° 
^298.16 87.42 (87.48)

9. aS (298.16 -> 331.20 liq) astr 0.41

asEr-i 2.28
*

ASC 1.21

SL 
b331.20 - 70.41

10. AS° (298.16 331.20) 2.81 -

11. aSV(331.2) - 19.70

12. (S°-S) 331.2 - 0.18

S° ^331.20 90.23 90.29

(10) Douslin, D.R., Huffman, H.M., J. Am. Chem. Soc. 68, 1704 (1946).
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TABLE VII IB

PROPERTIES OF 2.3 DIMETHYLBUTANE

T P -Ec
* 

u 
G
O 1

°K g/m! k cals/mole cals/mole °K

145.19 0.7907 8.086 21.06
160.00 0.7783 7.962 19.39
180.00 0.7613 7.793 17.56
200.00 0.7442 7.625 16.08
220.00 0.7269 7.457 14.87
240.00 0.7094 7.274 13.81
260.00 0.6917 6.970 12.65
273.16 0.6798 6.796 12.03
280.00 0.6735 6.683 11.61
298.16 0.6568 6.381 10.59
300.00 0.6550 6.361 10.50
323.16 0.6329 6.034 9.51
331.20 0.6251 5.939 9.38
348.16 0.6080 5.679 8.68
373.16 0.5816 5.363 7.96
393.16 0.5588 5.103 7.33
400.00 0.5505 5.002 7.09
423.16 0.5203 4.678 6.36
448.16 0.4814 4.303 5.69
458.16 0.4546 4.092 5.30
473.16 0.4245 3.700 4.59
498.16 0.3132 2.671 2.98
499.90 0.2410 2.175 2.36

P = 0.9283 - 0.7774 x 10"3T - 10/(549.70 - T), T < 448.16

( P-0.2410)2193 = 0.2600 x 10“3 (499.90-T), T> 448.16

-3.7542

ec/Ectp

A_________________ B___________________ C_____________________

-1.3088 -0.0795 0.6148

6.7063 -4.4921



TABLE IXA - CIS-PENTENE- 2, THIRD LAW ENTROPY & 
LIQUID PHASE CONFIGURATIONAL VALUES

39

(121.8, 310.10, 475.56)
API(l)

Our
Work

1.
L

S121.8 32.79 32.81

2. aS (121.8 298,16 liq) ASTR 3.21

aSer-| 12.71
AS* 12.91

3. SL 
b298.16 61.81 61.54

4. (S°-SSV) 298.16 -0.85 (-0.85)

5. ASV (298.16) (21.88) (21.88)

6. S° ^298.16 82.76 (82.57)

7. AS (298.16 -> 310.10 liq) astr 0.15

aser-i 0.65

AS* 0.36

8.
SL 
^310.10 - 62.70

9. AS° (298.16 -> 310.10) 0.83 -

10. A SV, (310.10) - 20.55

11. (S° - S), 310.10 - 0.16

12. S°5310.10 83.59 83.40

(36) Todd, S.S., Oliver, G. D., Huffman, H.M., J. AM. Chem. Soc. 69, 1519, (1947).



TABLE 1XB
40

PROPERTIES OF CIS-PENTENE - 2

T P -Ec
*

-Sc

°K g/ml K cals/mole cals/mole °K

121.80 0.8029 7.755 23.18
125.00 0.8002 7.731 22.68
150.00 0.7787 7.546 19.51
200.00 0.7349 7.175 15.48
250.00 0.6894 6.584 12.48
273.16 0.6675 6.268 11.34
298.16 0.6429 5.960 10.27
300.00 0.6410 5.945 10.19
310.10 0.6306 5.811 9.91
323.16 0.6167 5.629 9.36
348.16 0.5880 5.423 8.76
350.00 0.5857 5.388 8.67
373.16 0.5541 4.983 7.80
398.16 0.5254 4.558 6.95
400.00 0.5231 4.520 6.89
423.16 0.4897 4.102 6.06
448.16 0.4398 3.453 4.77
450.00 0.4351 3.405 4.64
473.16 0.3259 2.465 2.93
475.56 0.2370 2.136 2.78

P =0.9184 - 0.8060 x 10~3 T - 6/(468.57 - T) , T £ 353.16

( P"0.2370)2*95 = 0.3299 x 10"3(475.56 - T) , T > 353.16

A________________B___________________ C_______________ '

Ec/eCTP -0.8517 -1.7554 2.1287

Sc/SCTP -3.7174 6.4078 -4.1025
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TABLE XA - H-HEXANE, THIRD LAW ENTROPY & 
LIQUID PHASE CONFIGURATIONAL VALUES

(177.84, 341.90, 507.90°K) Douslin &
Huffman (10)

Our
Work

1. S (0-> 13) 0.299

2. . aS (13 -> 177.84) 30.838

3. ASf(177.84)= 3126.1/177.84 17.579

L
S177.84 48.72 48.74

4. AS (177.84 -> 298.16 liq) 22.045 aSjR 1.84

aser-i 12.87
*

ASC 7.37

^298.16 70.76 70.82

5. (S°-SSV), (298.16) -3.22 ("3.21)

6. A SV, (298.16) 25.29 (25.29)

S° ^298.16
92.83^AP|) (92.89)

7. 65(298.16 ->341.90 liq) A STR 0.54

A SER-1 4.28
*

ASC 1.88

CL 
s341.90 - 77.51

8. AS° (298.16 341.90) 4.96 -

9.
ASV(341.90) - 20.71

10. (S° - S) 341.90 - 0.18

b341.90 97.79 97.86

(10) Douslin, D.R., Huffman, H.M., J. Am. Chem. Soc., 68, 1704 (1946).
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TABLE XB

Sc/SciP

T P -

PROPERTIES OF N-HEXANE

-Ec

*
-Sc

°K g/m! k cals/mole cals/mole °K

177.84 0.7579 8.322 19.07
180.00 0.7561 8.307 18.89
190.00 0.7478 8.234 18.10
200.00 0.7395 8.161 17.38
210.00 0.7312 8.088 16.73
220.00 0.7228 8.015 16.13
230.00 0.7143 7.942 15.59
240.00 0.7058 7.869 15.09
250.00 0.6972 7.768 14.55
260.00 0.6885 7.573 13.80
273.16 0.6770 7.331 12.93
298.16 0.6545 6.957 11.70
300.00 0.6528 6.926 11.60
323.16 0.6312 6.538 10.42
341.90 0.6131 6.270 9.82
348.16 0.6068 6.189 9.55
373.16 0.5808 5.778 8.44
398.16 0.5522 5.476 8.09
400.00 0.5500 5.467 8.15
423.16 0.5196 5.061 7.17
473.16 0.4259 4.060 5.20
498.16 0.3572 3.090 3.07
500.00 0.3476 3.059 3.03
507.90 0.2340 2.300 2.48

P =0.9183
-3

- 0.7492 x 10 T - 10/(545.67-T), T < 473. 16

(P - 0.2340)2*57 -- = 0.4726 x 10"3 (507.90-T), T > 473.16

A B C

Ec/Ectr -1.2463 0.5059 1.1107

-3.2443 4.7014 -2.6617
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TABLE XIA - 2, 2, 4 TRIMETHYLPENTANE, THIRD LAW ENTROPY & 

LIQUID PHASE CONFIGURATIONAL VALUES

(165.78, 372.40, 543.60°K)
Pitzer(27)

Our 
Work

1. S (0 14.13) 0.683

2. AS (14.13 -> 165.78, cry) 35.309
3. a Sf(165.78) = 2201.6/165.78 13.279

SL
5165.78 49.27 49.28

4. AS (165.78 298.16 liq) 29.132 AS*
1 K

2.04

aS£R-I 17.91

aSc 9.31

S298.16 78.40+ 0.20 78.54
5. (S°-SbV) 298.16 -5.41 (-5.43)
6. ASV(298.16) 28.16 (28.16)

o
S298.16 101.15 (101.27)

7. AS (298.16 -> 372.40 liq) astr 0.86

aSer-i 8.80

as: 2.81
L —

S372.40 — 91.02

8. AS°(298.16 ->372.40) 9.90 -

9. A SV (372.40) - 19.90

10. (S° - S) (372.40) - 0.26

c°5372.40 111.06 111.18

(27) Pitzer, K. S., J . Am. Chem. Soc. 62, 1224 (1940).
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TABLE XIB

*
PROPERTIES OF 2, 2, 4 TRIMETHYLPENTANE

T P -E
c

-S c

°K g/ml k cals/mole cals/mole °K

165.78 0.7945 9.298 22.11
180.00 0.7835 9.167 20.59
200.00 0.7679 8.981 18.80
220.00 0.7522 8.796 17.32
240.00 0.7362 8.611 16.09
273.16 0.7094 8.251 14.29
298.16 0.6887 7.808 12.80
300.00 0.6872 7.778 12.70
323.16 0.6675 7.440 11.69
348.16 0.6456 7.094 10.66
358.16 0.6366 6.969 10.28
372.40 0.6234 6.772 9.99
390.81 0.6058 6.559 9.52
393.16 0.6035 6.431 9.16
400.00 0.5966 6.369 8.99
423.16 0.5723 6.066 8.32
448.16 0.5432 5.654 7.46
458.16 0.5303 5.503 7.14
473.16 0.5090 5.244 6.68
498.16 0.4646 4.764 5.84
500.00 0.4611 4.701 5.77
523.16 0.4059 3.939 4.50
533.16 0.3685 3.526 3.89
543.60 0.2370 2.323 2.34

p = 0.9371 - 0.7162 x 10""3 T -10/(585.25-T)z T < 493.16

( P- 0.2370) 2-68 = 0.4167 xlO"3 (543.60-T) , T > 493.16

A B C

Ec/ECTP -1.3233 0.0800 0.3747

Sc/SCTP -3.6008 6.2620 -4.1486



TABLE XIIA - WATER, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

(273.16, 373.16, 647.0°K) Giauque & 
Stout (14)

Our
Work

1. S (0 10°K) 0.02

2. AS ( 10 ^273.16, crys) 9.08

3. AS (randomness of H~bonds in 0.81
ice crystals, R In 6/4)

4. ASf(273.16) = 1435.7/273.16
5.26

5* S273.16 15.17
*

15.20

astr 0.27

aser-i 0.27

6. AS (273.16 298.16, liq) 1.58 aS*c 0.97

7. SL
16.75 ±0.03 16.70

8. (S°-S ), (298.16) -6.89 (-6.82)
9. A SV (298.16) 35.26 (35.24)

10, S298.16 45.13 (45.12)
L *

11. AS (298.16 373.16) astr 0.75

aser-i 0.68

Asc 2.69

L - ■ • ---- ------- ■ ■ ---------------- ----
121 S373.16 -• 20.83
13. A S° (298.16 -> 373.16) 1.81 -

14. A SV, (373.16) - 26.05

15. (S°-S), (373.16) - 0.04

161 S373.16 46.94 46.92

(14) Giauque, W. F., Stout, J. W., J. Am. Chem. Soc. 58, 1144 (1936).
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TABLE XIIB

PROPERTIES OF WATER

T P -Ec -S * c

°K g/ml k cals/mole cals/mole °K

273.16 0.9998 10.095 15.06
298.16 0.9968 9.915 14.09
300.00 0.9964 9.887 14.00
350.00 0.9738 9.247 12.03
373.16 0.9584 8.995 11.40
375.16 0.9571 8.981 11.33
398.16 0.9390 8.741 10.79
400.00 0.9375 8.727 10.76
423.16 0.9169 8.398 9.99
448.16 0.8922 8.098 9.32
473.16 0.8647 7.831 8.79
498.16 0.8339 7.564 8.31
500.00 0.8315 7.552 8.28
523.16 0.7992 7.279 7.82
548.16 0.7594 6.894 7.23
573.16 0.7125 6.410 6.44
598.16 0.6540 5.989 6.0,1
623.16 0.5668 5.349 5.10
635.00 0.5082 4.630 4.37
647.00 0.3220 3.844 3.67

p = 1 +0.1342489 (647. - T)ly/3 - 3.946263 x 10"3 (647. " T)

3.1975 - 0.3151548 (647. -■ T)1/3 - 1.203374 x 10"3 (647. - T) + 7.48908 (647.-T)4

T < 600.

( P- .3220)2'51 = .1226 x 10"2 (647. - T) T > 600.

A B C

EcAcTP -1.6823 2.0683 -1.3123

Sc/Sctp -3.2551 6.5945 -4.8535
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TABLE XIIIA - N-OCTANE, THIRD LAW ENTROPY &

LIQUID PHASE CONFIGURATIONAL VALUES

API( 1 )_______________ Work
(216.38, 398.83, 569.40 °K) Our

L
1. S216>38 - 67.52

2. A S (216.38-> 298.16 liq) A Sjr 1.14

ASER.| 11.27

AS* 6.37

^298 16 86.25 86.31

3. A(S° - SSV), 298.16 -7.95 (-7.94)

4. A SV (298.16) 33.25 (33.25)

S298.16 T11-55 (11L6?)

v *
5. AS (298.16 1:398.83 liq) - A STR 1.13

A SER_| 12.86
AS* 4.64

S398.83 " ,M'95

6. A S° (298.16 398.83) 14.01

7. A $V (398.83) - 20.96

8. A (S° - S), (398.83) - 0.02

S398.83 125.56 125.93
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TABLE X1IIB

PROPERTIES OF N-OCTANE

T P -Ec
*

"Sc

°K g/ml k cals/mole cals/mole °K

216.38 0.7642 10.591 21.73
250.00 0.7377 10.109 20.35
298.16 . . 0.6989 9.328 15.36
300.00 0.6974 9.286 15.22
323.16 0.6782 8.849 13.90
348.16 0.6569 8.440 12.66
373.16 0.6349 8.067 11.64
398.16 0.6120 7.711 10.73
398.83 0.6113 7.700 10.72
400.00 0.6102 7.673 10.64
423.16 0.5876 7.289 10.09
448.16 0.5613 6.880 9.17
473.16 0.5318 6.305 7.98
498.16 0.4971 5.913 7.30
500.00 0.4942 5.839 7.16
523.16 0.4576 5.324 6.29
548.16 0.4003 4.487 5.01
569.40 0.2350 2.750 2.73

p = 0.9446 - 0.7158 x 10"3 T - 10/(608.12 - T)z Tk 503.16

( P -0. 2350)2'61 = 0.4288 x 10"3 (569.40 - T) , T > 503.16

-1.5208 0.7034 -0.0825

-3.5020 6.1559 -4.1669



TABLE XIVA - METHYL ALCOHOL, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

49

(175.48, 337.8, 512.28°K) Kelley (20)
MCA (10)

Our
Work

1. S (0 16.5 °K) 0.26

2. AS (16.5-* 157.4, cry II) 14.18
3. A ST = (154.3/157.4) 0.98

4. AS (157.4175.22, cry 1) 1.24

5. a Sf-(757.0/175.22) 4.32

SL 
^175.48 20.98 21.02

6. AS (175.48 -> 298.16. liq) 9.90 / A 1.83

aSer-i 1.39
AS*C 6.64

5298.16 30.88 + 0.2 30.88
7. (S° - SSV), (298.16) -3.59 (-3.59)
8. A SV, (298.16) 30.00 (30.00)

c° ^298.16 57.29 (57.29)

9. AS (298.16 337.8, liq) A STR 0.47

aSer-l 0.67

as; 1.49

SL
s337.8 - 33.52

10. A s°, (298.16 337.8) 1.31 -

11. a SV, (337.8) - 24.96

12. (S° - S), (337.8) - 0.12

s°
337.8 58.60 58.60

(20) Kelley, K. K., J. Am. Chem. Soc. 51, 180 (1929).
(10) MCA Tables
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TABLE XIVB

PROPERTIES OF METHYL ALCOHOL

T P "Ec
*

"Sc

°K g/ml k cals/mole cals/mole °K

175.48 0.8939 9.389 20.34
273.16 0.8099 8.823 15.16
298.16 0.7873 8.374 13.70
300.00 0.7856 8.334 13.57
323.16 0.7639 8.014 12.60
337.86 0.7495 7.838 12.21
348.16 0.7392 7.709 11.87
373.16 0.7127 7.343 11.01
398.16 0.6829 7.078 10.39
400.00 0.6805 7.061 10.40
423.16 0.6472 6.690 9.56
448.16 0.6022 6.169 8.52
473.16 0.5423 5.502 . 7.31
498.16 0.4509 4.591 5.77
500.00 0.4411 4.501 5.64
512.28 0.2720 3.207 3.92

P = 1.0493 - 0.7827 x 10" T - 6/(507.77-T)z T< 423.16

( P - 0.2720)2,47 = 0.1010 x 10"? (512.28 - T) ,T > 423.16

A B C

Ec/ECTP -0.9886 -0.5942 0.9140

-3.0302 4.8328 -3.0584



TABLE XVA - N-DECANE, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

(243.51, 447.28, 617.6 °K)

API( 1)
Our

Work

b S243.51 - ’ 88.26

2. AS (243.51^ 298,16 liq) astr 0.71

ASer-| 9.43

ASc 4.37

SL 
^298.16 101.66 102.78

3. (S° - SSV), 298.16 -12.66 (-12.19)

4. A SV, (298.16) 41.17 (39.95)

o
S298.16 130.17 (130.53)

5. AS (298.16 -> 447.28 liq)
*

A STR 1.57

ASER-| 24.97

A $* 6.85

SL 
^A47.28 136.16

6. A S° (298.16-* 447.28) 27.56 -

7. A SV (447.28) - 21.00

8. (S° - S), (447.28) - 0.36

5^47.28 157.73 157.52
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TABLE XVB

PROPERTIES OF N-DECANE

T P -E c "Sc

°K g/ml k cals/mole cals/mole °K

243.51 0.7650 12.229 22.54
250.00 0.7602 ■ 12.125 21.93
273.16 0.7431 11.741 19.94
298.16 0.7245 11.336 18.17
300.00 0.7231 11.300 18.02
323.16 0.7056 10.906 16.59
348.16 0.6864 10.387 15.09
373.16 0.6669 9.879 13.79
398.16 0.6468 9.458 12.77
400.00 0.6453 9.426 12.68
423.16 0.6259 9.047 11.81
447.28 0.6039 8.688 11.32
448.16 0.6031 8.652 11.25
473.16 0.5793 8.328 10.66
498.16 0.5531 7.740 9.62
500.00 0.5510 7.700 9.48
523.16 0.5234 7.055 8.44
548.16 0.4887 6.615 7.67
573.16 0.4457 5.814 6.53
598.16 0.3844 4.898 5.17
600.00 0.3783 4.809 5.02
617.60 0.2360 3.199 3.03

P =0.9491
-3

- 0.6899x 10 T - 6/(615.33 - T) , T < .443.16

( P - 0.2360)2-39 = -30.5379 x 10 0 (617.60 - T) , T > 443.16 '

Ec/ECTP 0.6537 0.0146

-3.3240 5.6059 -3.7328



TABLE XVIA - ISOPROPYL ALCOHOL, THIRD LAW ENTROPY & 
LIQUID PHASE CONFIGURATIONAL VALUES

(185.20, 355.39, 508.32 °K) Andon, et al(3) 
Green (15)

Our
Work

1. S (0 -> 10 °K) 0.097

2. AS (10 185.20 °K) 21.95

3. ASf(1293/185.20) 6.98

4. SL (185.20) 29.03 28.77

5. A S (185.20 -> 298.15, liq) 14.12 AS*tr 1.63

aS|R-| 6.21

A Sc 6.59

6. SL (298.15) 43.15 43.20

7. (S° - SSV), 298.15 -5.64 (-5.67)

8. ASV 36.52 (36.45)

9. c° b298.16 74.03 (73.97)

10. AS (298.15^ 355.39) 7.50 A Sjr 0.67

* A Ser-i 2.80
A S*

Jc 3.56

11. SL (355.39) 50.65 50.22

12.
o

AS (298.15 -> 355.59) (4.00)

13. A SV,(355.39) 26.77 26.81

14. (S° - S), 355.39 0.61 .61

S°
355.39 78.03 77.64

(3) Andon, R. J . L., Counsel I, J . F., Martin, J . F., Trans. Faraday Soc. 59, 1555, (1963).
(15) Green, J . H.S., Trans. Faraday Soc., 59, 1559, (1963).
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TABLE XVIB

PROPERTIES OF ISOPROPYL ALCOHOL

T
P

-Ec
*

"Sc

°K g/ml k cals/mole cals/mole °K

185.20 0.8693 11.040 25.91
273.16 0.8019 10.740 20.99
298.16 0.7811 10.274 19.32
300.00 0.7795 10.138 18.85
324.56 0.7578 9.551 17.01
339.23 0.7440 9.156 15.84
355.39 0.7279 8.905 15.76
373.16 0.7085 8.494 14.24
398.16 0.6778 7.677 12.24
400.00 0.6754 7.527 11.86
423.16 0.6433 7.065 10.88
448.16 0.6013 6.547 9.86
473.16 0.5456 5.664 8.15
498.16 0.4504 4.232 5.61
500.00 0.4386 4.076 5.34
508.32 0.2730 2.546 3.19

P =1.0171 - 0.6472 x 10""3 T - 9/(507.39 - T) , T 383.16

( P - 0.2730)2'89 = 0.6650 x 10"3 (508.32 -T) , T > 383.16

-1 .3253 -0.9604 1.7289

-3.2643 4.4834 -2.3601
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CHAPTER V

CORRELATION OF CONFIGURATIONAL PROPERTIES

A. Configuration Energy

Figures 4, 5, and 6 show the relationship between the configurational energy 

and the liquid density for all the substances studied. The saturated paraffins studied 

are shown in Figure 4; the plot indicates that Ec is related directly to molecular 

weight and inversely to the amount of branching of the molecule.

The relationship between Ec and p for all the substances studied vary from 

the low slope straight line of argon to the steeper curve of n-decane. Note that the 

triple point values of -Ec increase with molecular weight (molecular size) and decreases 

with branching (symmetry). Also note that -E is larger for polar molecules than for 

nonpolar molecules of the same molecular weight.

-Ectp (benzene) = 7.845 (MW = 70.11)

-E^TR (isopropyl alcohol) = 11.04 (MW = 60.097)

B. Configurational Entropy Correlation

Figures 7, 8, and 9 show the relationship between the configurational entropy 

and the liquid density. The curves for the saturated paraffins studied, shown on Figure 7 

indicates that -Sc also increases with increasing molecular weight and decreases with 

branching of the molecule. However, the position of the curve for methane is not 

understood at this time.
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C. Application of the Correlations

Correlation of the configurational properties Ec and Sc for a wide variety 

of substances will have several important applications.

1. Pure Component Liquids -

It has been suggested (31) that once the correlation of the configurational 

properties has been accomplished by an appropriate molecular model, then the 

calculation of the energy and entropy, E|_ and S^, of single component liquids, over 

the entire range from the triple point to the critical point, by a "sum of molecular 

contributions" method will be possible. That is, having the temperatures and densities 

of the triple, normal boiling and critical points, the calculations could be made at any 

temperature and density by,

EL (T/ P ) = E?R (T) + EER (T) + E° (T) + Ec ( p )

-E°(T)+Ec( p) (V-l)

SL (T, p ) = S°TR - R In ( pLRT) + S°ER + + Sc ( p )
P°

- S° - R In ( PLRT) + S* ( p ) (V-2)
— — c

The above approach is in contrast to the "Classical Thermodynamic" method.

EL(T, p )=E°(T)- e|‘V- AEV +
fp 1

J P5L (
3E )

;2P .)T d p (V-3)

sl(t, p ) =s°(T)- s |sv - 
o

ASV + f p <_ 
J %L(

3 S ).
3 P rp

d p (V-4)

which require a much greater knowledge of the liquid PVT relationships (integrals) in 

order to make the calculations.

(31) Prengle, H. W. Jr., private communication (Nov. 1970).
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2. Liquid Solutions -

Once the molecular parameters have been deduced (interaction energies, 

coordination numbers, etc.) from the Ec and Sc values they can be used as a starting 

point in an appropriate model to predict the excess thermodynamic properties, including 

the activity coefficients, and hence the phase equilibria for the solutions.



CHAPTER VI

FUTURE WORK

It is obvious from the Figures in Chapter V that a correlation 

exists for the configurational properties of substances; further work 

along these lines is necessary to better define this relationship.

The first step in defining a general correlation would be to 

expand the study to include more substances with varying types of 

molecular structure. It is desirable to have a wide range of acentric 

factors and varying degrees of branching represented among the 

substances studied.

With a wider range of substances represented on plots similar to 

Figures 4 - 9 a series of empirical equations could be derived. These 

equations would most likely be a polynomial type equation with several 

constants. It is likely that some relationship will exist between these 

constants and the acentric factor or molecular structure of the substance.

A further extension of this work would be to investigate the 

relationship between the configurational energy and the liquid heat capacity. 

At presentail methods of calculating liquid heat capacities are empirical.

A theoretical method of calculating liquid heat capacities from configurationa 

energies would be a very practical extension of the work done in this study.
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APPENDIX A

PERFECT GAS STATE THERMODYNAMIC PROPERTIES

BY STATISTICAL METHODS INCLUDING HINDERED

INTERNAL ROTATION CORRECTIONS BY PITZER

LIST OF EQUATIONS

Translation

1. H° - H° = 2.5RT
o

2. Cp° = 2.5R

3. F° - H° = T(-2.9841 InM + 7.28295 - 4.9735 InT)
o

4. S° = 2.9841 InM - 2.31498 + 4.9735 InT

External Rotation

For linear molecules (Al = BI, CI = 0)

5. H° - H° = RT • ' '
o

6. Cp° = R

7. for g = 1 F° - H° = T ^-1.9894 (InAI x 1039) + 4.14506

- 1.9894 InT]

o 398. S = 1.9894 ln(AI x 10 ) - 2.15787 + 1.9894 InT

9. for a > 1 F° - H° = T [-1.9894 In (Al x 1039) + 2.76764

- 1.9 894 InT]

o 39
10. S = 1.9894 ln(AI x 10 ) - 0.78045 + 1.9894 InT

For non-linear molecules

11. H° - H° = 1.5RT
o

12. Cp° = 1.5R

13. ' F° - H° = T [-0.9947 (In (Al x 1039) + ln(BI x 1039)
° 39

+ ln(CI x 10 )) + 1.9894 Ina + 3.01407
- 2.9841 InT]
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n 3Q 39 3914. S = 0.9947(ln(AI x 10 y) + ln(BI x 10 ) + ln(CI x 10 3))

- 1.9894 Ina - 0.03329 + 2.9841 InT 

Internal. Rotcxtion

15. (free rotation) F° - H° = -RT(0.5 InT) + 0.5 ln(Ire(jx 10^®)

- In n - 1.275

16. (free rotation) S° = R(0.5 InT +0.5 ln(Ire^ x 10^^)

- In n - 0.775

3 R +
17. Qf = 2.7935(10 IredT) 2/n

Pitzers Corrections* to Internal Rotation:

The following tables are read in as data in a form 

to correspond to the appropriate values of V/RT and 1/Q^ 

(Qjz = partition function for free rotation calculated by 

equation 17).

Heat Capacity, C

Heat Content, H/T

Entropy , S

Entropy Decrease from Free Rotation, S

Free Energy, -F/T

Free Energy Increase from Free Rotation, F - F^/T 

Values for V/RT and 1/Q^ are read in as data from the tables 

also.

Vo/RT and 1/Q^ are calculated and compared to the table 

values until Vo/RT and 1/Q^ are less than the table values. 

The program then chooses the largest values for V/RT and 1/Q^ 

*See Pitzer, K. S., Quantum Chemistry, Prentice Hall, N. Y. (1953). 
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from the table that are smaller than the calculated values.

The appropriate numbers for C and H/T are then picked by the 

program.

If 1/Qf is less than 0.25 the free rotation values for 

S and -F/T are calculated. The correction factors are 

picked from the tables for (A^ - S) and (F - F^/T).

If 1/Qf is 0.25 or greater the program moves to the 

left five columns and picks the corresponding values for 

S and -F/T.

Vibrational

18. Y = 1.4387V/T

19. S° = RY-----------Rin (1.0 - e-Y)

e - 1.0

20. H° - H° - -
° eY - 1.0

2 Y
Di n ° RY e21. Cp = -------------y

(eX - 1.0}Z

22. F° - H° = (H° - H°) - S°T
o o

Input Variables Definition:

MW = Molecular Weight

K = No. of Temperatures read in

T = Temperatures

Al/BI,CI = External Moments of Inertia

SIG = No. of Equivalent Positions, a

Z . = No. of Rotating Groups

VO = Potential Barriers
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REDI Reduced Ini <'rnal Moments of Inertia, I
red

NEQPO i= No, pf Min / n (Integer) 

gIGNU s= Also No, of Minima, n (Real)

J e= No, of Pifferent Vibrational Frequencies

FNU «= Frequencies, v

G e= pegeneracy of the Frequencies

Note; Input Variables; C, H, S, F, SOF, FOF, VCOL, & QROW 

are from Pitzers tables for restricted internal rotation and 

are the same for all substances. Handle this data as if it 

were part of the body Of the program.



APPENDIX B

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY

AT SATURATION — LIST OF EQUATIONS

Francis Equation

1. P = A - (B x T) - (C /(E - T) ) T < Tmin

2. PS = G (TC - T)

3. LNPS = Ln (PS)/HF

4. P =EXP (LNPS) + Pc T > Tmin

Antoine Equation

5. Log P = A - B/C - 273.16 +T

9
6. DLNP =2.30259 B /(C -273.16 +T)

Gamson - Watson Equation

7. Log P = ( - GWA x TC/T) + GWB - EXP -20(T/TC - b)2

8. DLNP = 2.30259 GWA x TC/(T)2 + (40 (T/TC) - b) x EXP -20 (T/TC - b)2

Liquid and Gas Volumes

9. VL = MW/ ( Px 1000)

10. VG=ZxRxT/P

11. VL(c)=VG(c)
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Vaporization

12. AEV=P(VG-VL) (TxDLNP)-l.O

13. aHV= aEV+P(VG-VL)

14. ASV= AHV/T

Configurationa I

15. Eer = 15 R x T

18. El=E°- AEpV- ^Ev

19. $l = S° - AS I SV- ASV
I O
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Input Variables Definitions

K = No. of temperatures read in

XMW = Molecular weight

OMEGA = Acentric factor,

T^- = Critical temperature

T = Temperatures

n SVVDELE =E° - E

EPG = E° - E o

SPG = S°

Z = Compressibility factors

VDELS = S° - SSV

A, B, C = Antoine Constants

Q/VA, GWB = Gamson - V/atson Constants, A and B

GWBL = Gamson - Watson Constant, b

SER = Entropy of external rotation

AF, BF, CF, EF, GF, HF = Francis Constants

RHOC = P(critical)

TMIN = Tmin for Francis Equations



APPENDIX C-l

CONF IGURATIUNAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. PRENGLE, JR.

SUBSTANCE: ARGON MOLECULAR. WEIGHT: 39.9A8O OMEGA

JRII’LF POINT: BA. 96 K
CRITICAL POINT: 150.Ph K

N-BUILING POINT: fif.66 K
AU.34 ATM 0.0740 L/GhOLE ZC 0.2900

VAPOR PRESSURE CONSTANTS: 
ANTOINE: A= 6.61651 
GAMSUN-WAI S'Jh: A= 2.3199

IJ= 304.22681
BL = 0.0

C= 267.31982 NC= 268
P= 6.8796

EK ANC IS CiJMSIANTS: A= 1.9309
G= 0.1166E-01

8= 0.4768E-02
H= 2.39

C= 10.00 E= 167.83

INPUT DATA:
f MP CIOl-EISV) FIOI-EIOO) SIO) Z(VAP) S(O)-S(SV)8 3.96 3.00 250.30 30.72 0.9U20 -0. 738 7.4 f, 6.00 260.70 30.9 3 0.9810 0.16•8).on 7.00 268.30 31.07 0.9800 0. 70100. Oil 24.00 2 OB. 10 3 1 . 59 0.9620 2.4 6103.16 36.00 307.50 31.75 0.9510 3.08113.1o 54.00 337.30 32.21 G.905.3 4.63123.14 102.00 367.10 3 2.63 0.8340 6. 08133.16 167.00 396.90 3 3.02 0.7070 7.61138.16 209.00 411.80 33.20 0.6500 8.37143.16 275.00 426.70 3 3.38 0.5720 9. 24148. Ih 383.00 441.60 33.55 0.4600 10.4315 0.‘J 6 603.00 449.ZO 33.64 0.2900 12.32

-0.0020

00635

STR 
30.72 
30.9 3
31.07 
31 . 59 
31.75
32.21
32.6 3
33.02
33.20
33.3.'!
33.55
33.64

The original printout is in the U
niversity of 

H
ouston C

hem
ical 

Engineering D
epartm

ent.



TEMP P ATM l)(LN P)/DT VL. L/GMDLE VG, L/GMOLE P(VG-VL) DEL E(V) DEL HIV) DEL S(V)8 3 « 96 0.6960L- 00 0.1168 0.02830 0.9769E 01 163.323 1411 . 1574. 1 8.758 7 . S 6 0.10191- u I 0.1052 0.02875 0.6907E 01 169.743 1391. 1561. 1 7.8590.00 0.13211 01 0.0989 0.02909 0.5680E 01 174.294 1377. 1551. 17.24100.00 0.31521 01. 0.0806 0.03057 0.2506E 01 188.785 1 334. 1 5 2 3. 15.23103.16 0.60351; 0 1 0.0758 0.03110 0.1995G 01 191.864 1308. 1500. 14.54I 1 3 . 1 6 O.H069C 01 0.0o29 0.0>306 0.1 0 6 6 E 0 1 197.01? 1206. 14 0 3. 12.401 ? 3 . 1 6 O.1635L 02 0.0531 0.0 1567 0.5-3 73E 00 191.667 1 06? . 12 54. 10. 1813 3.1 6 0.2 3 661: 0 2 O.0656 0.01965 0.32935 00 164.517 8 3 1. 996. 7 • 4 8I 16. 16 0.2920c 02 0.062? 0.06272 0.2526E 00 14 8.21;9 716. a 6 4. 6.2616 3. 16 0.3->il0|; o? 0.0 3"> 3 0.06739 O.1U77E 00 121.610 56 3 . 6 R 5. 4.781 6H . 16 0.63291" 02 0.0367 0.05195 0.1292E on 80.95L 3 59. 4 4 0. 2.07191,. (.' 6 O.6772E 02 0.0356 0.07659 0.7659I--0L 0.0 0. U. 0.0

TEMP RII1J EL EC SL STP.» SC* EC/HT . SC«/R8 3.97> 1.4113 -1 163.39 -1413.69 12.70 19.80 -7.10 - 8.4 7 -3.57H 7.4 h I .3895 -1136.63 -1397.33 12.92 19.96 -7.04 -8.04 -3.5690.00 1.3733 -1 I I 7.82 -13:16.12 ! 3. 13 20.07 -6.94 -7 . 7 5 - ? •')100.00 1.307, 7 -1059.6? -1357.72 1 3 .1 20.4 8 -6.97 -6.83 - 3. 3110 3.17) 1.2844 -1036.15 -1343.65 ■ 14.13 20.6 1 -7,. 4 7 -6.55 -3. ?u113.17) 1.2084 -922.83 -1260.13 1 5 . 18 2 1.00 -5.83 -5.67) - Z . 9 312 3.17) I. 1 19P. -797.37 -1164.47 17,. 37 21.41 -•? . 04 - 4 . 7 6 -2.5^133.16 1.00/6 ■ -601.21 -9 18. 11 17.93 2 I . 8 5 -3.92 -3.7 7 -1.97138.16 0.9 18| -5)3.47 -925.27 18.67 22.11 -3.54 -3.17 - 1 . 7 b14 3.17) 0.8430 -411.24 -837.94 19.36 22.42 -3.07 -2.95 - 1.5 41 4 . 1 7, 0.7690 -300.77 -742.37 2 0.15 22.71 -2.5 7, -2.52 -1.291 50.87) 0.5157) -153.30 -603.00 2 1. 32 2 3.48 -2.17, . -2 .01 -1.09'

00



FGPFECT GA5 STATE THERMODYNAMIC PROPERTIES BY STATISTICAL THERMODYNAMIC METHODS
INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

DEVELOPED" BY- K,' E 9USH

SUBSTANCE: ARCOf.' MW. 39,9400 TTPt 63.96K TNHPl 87.46K

 ASS J M'lMENlb .......

EXTERNAL ROTATION MOMENTS! ,0000*000 ,0000*000 .0000*000 SYM NO: ,00

TTC; 150,b6K

It.'T huT MOMi _( __1 ) !_____ a U0 00*0.0 0  

INI ROT pot: ( 1); .00

V Ik F KEO : ( 1) I. 00 

FREQ Il-JiEN: 0

TOTAL OUALTITIES   

TEMP REG K LN 0 CIO) H(0)-H(()0) 5(0) F(0)-H(00) RT E(0)-E(00)
L3.96 ,15271+02 ,4968*01 .41711+03 ,30723*02 -.21624+04 166.84 .2503+03
C / * 6 . 15373*0? ,4968*01 .43450+03 .30927+02 -.22703+04 173.80 .2607+03
9 U , 0 (■ .15445+02 ,4968*01 ,44712+03 . 31'069 + 02 - .23491 + 0 4 178,85 .2683+03

100.00 , 10 7 0 6 + 02 ,4966+01 ,49680+03 . 319 v 3 + 0 2 -,26625+04 198.72 .2981+03
K'O . .1 6 .IkVbh-rOZ ,4968+01 .51250+03 .31748+02 - .27626*04 205,00 .3075+03
113,16 . 16l 17 + (12 ,4968+01 ,56218+03 , 322O'! + U2 -.30825+04 ?24 , !I7 . 3373 + 03
1 'c o , 1 0 , H PPO + U? ,4968+01 .61186+03 , 32629 + 02 - . 34067 + 04 244,74 .3671+03
1.16 .16424+ue , 4 9t.8 + 01 ,66154+03 , 330.17 + 02 -,37350+04 264.61 . .3969+03
1 or) , 16 , 16516+02 , 4968 + 01 , 6 li6 3 (> + 0 3 , 332111 + 02 -,39006+04 274,55 .4118+03
1 •< .5, J 6 , 1 66 05 + 0 2 , 4 9 6 d + U1 . 71122 + 0 3 . 3337 7 + 0? -.40671+04 284.49 . 4267 + 03"
14b,16 ' , 1 (.<>91 + 02 ,49o8*Ul .73686+03 ,33548+U2 -.42344+04 294,42 .4416+03
160,06 ,36736*02 ,4968+01 .74947+03 , 3 3 6 3 8 * 0 2 -,43252*04 299,79 .4497+03
223,16 .16221+02 ,4968+01 .13571+04 ,36591+02 -,86381+04 542,82 .8142+03
29^,10 .If 439 + 02 .4966+01 .14813+04 .37026+02 -.95585+04 592.50 ,8888+03



APPENDIX C-2

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W. PRENGLE, JR.

SUBSTANCE: Ml'THANE MOLECULAR WEIGHT: 16.0400 OMEGA: 0.0130

TRIPLE POINT: 90.68 K N-B0IL1NG POINT: 111.70 K
CKi TUAL POINT : 190. 70 K 45.80 ATM 0.0995 L/GMOLE ZC 0.2900

VAPOR PRESSURE CONSTANTS:
ANTOINES A= 6.61184
GAMSON-WATSOTi: A= 2.3383

B= 389.92993
BL= 0.0477

C= 266.00000
B= 6.8787

NC= 266.28369

FRANCIS CONSTANTS: A= 0.5925
G= 0.2859E-03

B= 0.8749E-03
H= 2.72

C= 9.00 E= 239.84

INPUT DATA:
TEMP EIO)-E(SV) E(O)-EIOO) S (0 ) .Z(VAP) S(O)-S(SV) STR
90.68 0.0 540.60 34.92 1.0000 -4.29 28.389 3.16 0.0 555.40 3 5.13 0.9990 -3.67 28.52100.00 7.00 596.20 35.70 0.9900 ,-2.15 28.87
103.16 8.00 615.00 35.94 0.9850 - -1.51 29.02
110.00 11.00 655.80 36.4 5 0.9680 -0. 28 29.34
1 I 1 . 70 13.00 665.90 36.58 0.9640 0.22 ' 29.42
113.16 15.00 6 74.6 0 36.68 0.9600 0.74 29.4 9
120.00 22.00 715.40 3 7.15 0.9450 1.63 29. 78
123.16 26.00 734.20 3 7.35 0.9300 2.23 29.91
130.00 53.00 775.00 37. 78 0.9050 3.10 30.18
133.16 57.00 793.90 37.98 0.8940 3. 50 30.29140.00 60.00 834.70 38.3 7 0.8690 4. 25 30.54
143.16 72.00 853.60 3 8.55 0.8570 4.61 30.65
150.00 90.00 894.40 38.92 0.8240 5.39 30.8 9
193.16 109.00 913.30 . 39.09 0.8040 5.78 ' 30.99
160.00 14,7.60 . ‘ • 9-54 J 20 ' • 3 9.44 0.75 P.O . 6.52 31.2 1
163.16 174.00 973.10 39.59 0.7460 6.96 31.31170.00 227.00 1014.00 39.92 0.6880 7. 75 31.51
173.16 257.00 . 1033.00 4 0.07 0.6590 8.13 31.60
180.00 341.00 1074.00 4G. 38 0.5780 9.08 31.88
183.16 38<>.OO 1093.00 4 0.52 0.5360 9.54 32.08190.00 704.00 1134.00 4 0.8 1 0.3240 ,11.84 3 3.87
190.70 762.00 1139.00 40.84 0.2900 12.22 34.30



TCMP
90.68 
9 3.16
1Q0.00 
l63.L6 
I io.00 
■111.
U 3 . I 6 
1^0.00 
123.16

'I >30.0()
I » 3 . L 6 
1 40.00 
14 3. 1<>
I j»O.UO I 1> "3 . 1 6.
1 (>0.00 
163.16
1 /u.-.o 
I Z 3 . 1 6 
1 DO . UU 
I o 3 . I 6 
I. JU. 00 
1 90. ZO

I tMI*
90.68 
9 3.16 
100.00 
103.1 6
I 10.00 
1111.70
Il 1 3. I 6 
120.00 
123.16 
I 30.00 
1133. 16 
140.00 
143.16 
150.00 
15 3.17. 
luO.OO 
163.16 
170.00 
17 3 . I 6 
I 110.00 
11> 3 . I 6 
190.00 
190.70

l» ATM DILN Pl/DT VL, L/GMOLE VG, L/GMOLE P(VG-VL ) DEL E(V) DEL H(V) DEL S(V)
. 1L54U 00 0.1287 0.03542 0.64461: 02 180.052 1921 . 2102. 2 3 . 1 7
. 1 5 746 00 0.1214 0.03567 0.4852E 02 184.757 1905. 2089. 22.43
.33961 00 0. 104 2 0.03640 0.2392E 02 196.381 1 849. 2046. 20.46
.46690 00 0.0974 0.03676 0.1786E 02 201.455 1823 . 202 5. 19.63
.86906 00 0.0849 0.03757 0.10051- 02 210.750 1 7 5 7. 1968. 17.89.
.1G02t 0 I 0.0822 0.03778 0.8 8 14 E 01 213.005 1 74 2. 1955. 17.50
.1128L 01 0.0 7 )9 0.03797 0.79OOF 01 214.782 1 72 7 . 1942. 17.16
.16 8 61: 0 I 0.0 Z 0 5 0.03889 0.4935E 01 223.513 1 66 8 . 189 1 . 1 5.76,
. Z 3 79u 01 ‘ 0.06/9 0.03935 0.39501: 01 225.284 165'). 1 3 8 4 . 15.30
.3u)3t 01 0.0609 0.04042 U.2614E 01 230.118 1590. 1820. 14.00
.44566 01 0.0 5 8 0 0.04096 0.2192E 01 232.085 1 960. 1792. 13.45
♦64966 01 0.0524 0.04222 O.1537E 01 235.057 1490. 17 2 5. 12.32
.7o38L 01 0.0501 0.04287 0 . 1 31 81: 01 235.813 14 56. 1692. 11. d2
.10591". 02 0.04 5f> 0.04442 0.9574E 00 234. 159 I 369 . 160 3. 10.69
.12206 02 0.0438 0.04523 0.B282E 00 231.281 1 3 1 9 . 1 5 5 1 . 10.12
.16251". 02 0.0401 0.04721 0.6205u 00 225.550 1222. 144 7. ■9.05
. 1 11406 02 0.0386 0.04826 0.5428E 00 220.313 1166. 138o. 8.50
.23ZuL 02 0.0355 0.05113 0.4049E 00 203.017 1023. 122o. 7.21
.26476 02 0.0342 0.05264 O.3538L 00 "192.977 95 1 . 1144. 6.61
.33L5G 02 0.0317 0.0 5 70 8 O.2575E 00 160.877 757. 9 18. 5.10
.3658 6' 02 0.0.306 0.06016 0.2202E 00 141.760 653. 795. 4.3 4
.44 761: 02 0.0284 0.07799 0.11281: 00 37.780 166. 204. 1.07
.4 5661-, 0 2 0.02132 0.09901 0.9901E-01 0.0 0 . 0. 0.0

RHO EL EC SL STR* SC* EC/RT SC«/K-
0.4528 -1380.86 -1921.46 16.03 17.76 -8.26 -10.66 -4.16
0.4496 -1349.31 -1904.71 16.38. 17.85 -8.09 -10.29 -4.0 7
0.4407 -1260.07 -1856.27 17.39 18.10 -7.54 -9.3 4 -3.80
0.4364 -1216.19 -1831.19 17.83 18.22 -7.30 -8.93 -3.68
0.4269 - 11.1 2 . ■> 1 -1768.31' ■ 18.84 18.45 -6.72 -8.09 -3.3 8
0.4249 - 1088.HO -1754.70 1 8.86 18.51 __-6.8 1 -7.91 -3.4 3
0.4225 -1067.76 -1742.36 18.78 18.56 -6.97 -7.75 -3.51
0.4124 -9 . 39 -1689.79 19.7Z, 18.78 -G. 39 -7.09 -3.22 ' . ■
0.407(> -950.94 -1685. 14 19.82 18.88 -6. 50 ■r6.89 -3.27
0.3968 -868.36 -1643.36 20.68 19.10 -6.02 -6.3 f> -3.03
0.3916 -822.62 -1616.52 2 1 .02 19. 19 -5.85 -6.11 ' -2.95
0. 3 Z99 -715.03 -1549.75 21 . BO 19.40 -5.4 3 -5.5 7 -2.7 3
0.3742 -674.47 -1528.07 22.12 19.50 -5.27 -5.37 -2.6 5
0.3611 -564.52 -1458.92 22.85 19.7 1 '-4.90 -4.89 -2.4 7
0.3 >4 7 -515.04 -1428.34 2 3.19 19.8 1 -4.>2 -4.69 -2.3 8
0.339(1 -4 14.72 -1368.92 2 3.87 20.0? -4.38 -4.3 1 -2.21
0.3324 -37> 7.05 .-1340.1 5 24 . 14 20.13 -4.28 -4.13 -2.15
0.3137 -2 3r>. 18 -1250.18 24.96 20.36 -3.82 -3. 70 -1.92
0.3047 -175.30 -1203.30 2 5.3 3 2 0.48 -3.0 I -3.5 1 -1.82
0.2810. -23.31 ■ -1097.81 . • ( Zb.20 2,0.8 4 -3.14 -3.07 -1.58
0.2o66 54 J 08 -1'038.92 2 6.64 21.11 -2.91 -2.H5 -1.46 ”
0.205 I 263.62 -870.38 2 7.90 23.34 -2.39 -2.31 -1.20 H
0.1620 377.00 -762.00 2 8.62 24.24 -2.16 -2.01 -1.09



z'.'T ?a: th;, oiu DYibx.'tic p;. cfcatk., st at thcsmodynamic mcthods

..... . HI H SC 9 xh T L P !< AL ‘.i 0 T A T ICX' C 0 7 :\C C T1 OH S jY PITZCR
. 3- v; lc?T5~jy* k. c. j'JT'i .

...!•. T!.ia;<;_______ _____ ... ml it. .csac. .. .. tjf: oc.stk . . tnop: . iii.tck _ ttc: isc.tok

' X T ' UAL 5t'< T I*") .1" HO H C.'i T'I: * ' '.c22l-OJj ’ .1220-1)39 " .22?n-.i33 SYM'nC!12.00

I'.T J_ L-L?_______ iliJxUlTlLllj_______________ ______________________ ;_________________________ ______________________________________

:-.r ..OT' r'"t-: ( x): ........ Vdij"

.'•'.71."-2 __ .l..J2 x j j ; .tivi___ Ijf if fJ_.;JL lluO .'.10

T' ' .;c >• L1; I (L ) '!(u)-H(0.J) SI J 1 F(0)-H(DC) RT C (C )-2 ICC )
7 . ; , . 7 - '-i■* f. • r. .j 11 : 4 ( 2 .ixl’f.S + l 2 -.leAf!t’+l.A 1AL.ZE . A3C 1* C2
\ . I 7 _ j * *.'• . 7 j .7207 3*-rl3 . X A 31 7 + .! 2 -.2AACS+0A 130.20 , 5 Q 2 C + C 3

. ' + t • 7 - ft V’ 4 I 2 .za'l: . 2 L 2 2 ? 4 r ? - e 2 L '»2 f; + f g IOS.lx . S L £ 4 + C 7

. 1 w ' 7 * .7 . + Pi • 1 J*t M j j *’ 5 '* "i T. * < j - .277A ■’+0A . 133 .72 .5002+03
11 1 . . V • — i - * • • -■ . "I A ‘J t i:- » i. - L 1 L 11 . 11r. a " *: c -, ?7 ■"* + r m 2 0 S . 0 C .CIS 0*0 3
* T . 1 : , t, .7?i jt,L . 37'1 37*".'x . * t. »• *2 — • 31 "L S r +0 0 213 .S3
111* 1L • ** L Vi .. + I. L . T-‘. .•i! x • . ■ ? V u *f‘ 1 • L i 7 f +12 -. 117 7 *■ r a 22 1. 'j 7 .CEIO+Cx

1 ‘ 1 <• 7 r ' ' . 7 ‘j H .) +U 1 ■ ...JIA Jf.lJ « ■ ':. +11 -.3 2 I 17*fJ q x 22A .37 • ^* 7 *4 + 0 **

i:: .- ( . . r t -r । . - 7 ' ! + f ' . ’ 1 ' r + f „ .1 7xA 7 -Lf -. 21 c ?r- a r a 221.30 .711 A*03
L,'? .1,1 .1 rO. J . 1 -J 1 L * r.' 1 . 3 7.3 IJtTZ .. . 2 7 ISA *■.;? -.3221 5-*ri A 2AA .7A . 7 3 A 2 + 2 3
X . K. • 1 | .... i1 . +1 : . 7'. ■■ * r i . .it-»i-a . x 7 7 . " ■< r 7 - • 2 7 j r + ( 0 r p •* •? . 775 (.* 2'
.L • • - e . . . i." i . f-’l . . *-1.2 . x-7 j7x+'!2 -.333 33*0 A. 2GA .31 .7333+2'
i i, u . : i .•/-•.‘.-Ill . 1112 „ft.i-' . ;.; U 7 A * I ? -.A2'i?r+1A 276.21 .E2A7+C7

. f 7.:2 .i.L?'ri^L' • Li J 'I r'"i/i -.A 3 -31 n+c A 2 3 A . A 3 .2530+03
i:; .it « 2. i _ 2 * { _ . 7 i' 1 f T x e . 1 - 1 1 •* 1 l* a >■ 7 - . 0 ( A L 1 * r A IS £ . 08 . 30 A A* Cx

1 _ ... • X- *. • . . । - «1; j H * t ■ .. .1^177^'4 . . . .III, 2."' * J 2 - .A7C 3A *'2 A .. 3"A.3G .'2133+23
I' 1.: 0 « L 4 _ . + !' . . 7 s 7 _ r i .117: i*i a _ _ ■ j. . . -t ' . -. 11 ?i * r a 217.OS .OSA 2+Ox

' ' . > *17 1 .7 ♦ a y ,7 j7x«-ul i ** i f - *i| 1 ■ ' r + ■ -) -.Ill" ?'3*'TA 32A . 23 .3731+03
^7;,. 11 • X — - + f • 7 - i; 41 • a. .xi'l-*I A' • w + I .. -. I A 3 A - * I A 327.32 . 1C1A+CA. •» ■ rj ;■ ■P vi____ 7 7 ?.*• 'V- . a .j J7r +.i ? - .3>313+DA 3A A.10 . 1 0 12 + .3 A
1. J. •-( .lx 1 <, * I „ . X A 7 2 * ! A . alxi '•*: :■ TjCA A*ca 3C2.S7 .CCS 2+0 A

, . uj • 1 e _ L. — . 1 U . i w12 V 1 *1. 1 . _ . .11176 t-.-A , q <') b J + .1 2 -.■127 12+Ca 27 3 . 30. . 11 3 2 + 2 A co
.. 7: . • .i.i : t l :. .; ‘ : • • .1 1M . ,.t ' + L . -.'27C7n*CA S A 2. A 2 . 1CSA+0A NJ

.LZ’ . :7 17*.•! . ,;m i; 1 *-.'A . A A J - .10 3 7 3 +0.3 r n t* n ’ 2 "V * r n



APPENDIX 03

CUNFIGURATIO.mAL FMERCY, ENTHALPY, AMb F.NTRUPY AT SATURATION
PROGRAM DEVlLOPGD HY K. E. BUSH AND H. W. PRENGLE, JR.

SUBSrAMCL: JI litOGEfl MOLECULAR WtlGI'T: 28.0160 OMEGA: 0.0400

6 1.19 K N-HUILIhG POLmTFiUPLE PCIINI
CRITICAL POINT: 126.20 K 33.50 ATM 0 .0901 L/GMULi. ZC 0.2910

VAiMIP. PRESSURE 
Ahl JINE: 
GAMSlIJ-k A T

CONSTANTS: 
A= 7.06816
SU.i: A= 2.3901

8= 337.17676
L1L= 0 . 1401

C= 275.75977 
b= 6.7845

NC= 274. 93066

f/< Ar;C I S CUfiSTrtJ TS: I.1510
<;= U.5U10F-03

8= 0.3318E-02
H= 3.37>

O 6.00 l-.= 146. 62

IJPUT DATA: 
1 f- y p 

61.19 
76.00 
7 1. 15 

100.00 
125.00 
126.20

l-IO)-E(SV) E(0)
0.0
7.50 ■

1 0.00
5U . 00

413.00
5 C' 4 . u 0

-El 00 I S
3 1 3.90
3 7 2. . 60
384.30
4 b,. 8 0 
021.00
627.00

(0)
3 5.00
3 6.1 9
36.4]
3tj .20
39.75
3 1.8?

ZIVAP) S
0.9594
0.9500
0.9285
0.8200
0.3800
0.291 0

(0)-S(SV)
-4. l:>
- u. 58
0. 22
4. 7 7
10.6/
11.59

S TR
2.-1.2 5
29.10
2'1.26
30.53
31.04
31.61



1 IMP P ATM L'd.l'l P)/D|0 1.19 0.123/1: 00 0.1794/b.QG 0.76522 00 0. 1 2<)977. 35 O.IUOCl 01 0.12151 00 . (i(j ' 0.77091 01 0.06961/5.00 0.30941: 02 d.04451 ?<i . ?O 0. 326?l 1)2 0.0?, )/,

f o'-'P Rill) l.-l6 3.19 O.tl 694 -oRI.707 5.00 0.015?, -f.56.7 57 7.35 I). <1)7 7 -II 16.4 71 OU.00 0.1,90 5 -493.271?5.no J . 4 2 1 1 5.061/6.20 0.3110 12 I.Ou

VL, L/GMOLL Vo, L/GMOLE P(VG-VL)0.0 3222 0.4 I OOP 02 125.3660.03423 0.7fl46h 0 1 140.9330.03465 0.5394L 01 14 I .<3420.04057 U.M 72 9I-: 00 155.3350.06653 0.1260C O-j 44.5370.0 >Uu-l U.90U)’L-0 I 0.0

LC SI. STR#-1295.60 1 6 . o 7 IP . 1 5-1229.35 11) . 6 I 1 H . 7 9-1200.77 ia .9,, lii.90-990.07 2 2.62 1 9.9<;-6 I 5.94 27.20 2 1.63-504.00 2H .2 7 22.2 6

EL E(V) DEL H(V) DEL S(V)1296. 1421. 22.491 222. 1 361. H:. 17119 1. 1 333. 17.2392 5. 1 U>30. 10.60203 . 2 4 7. 1.91-!0. 0. 0.0

SC* tC/RT sc*/:i-H. 24 -10.32 -4.15-7. 27 - !i . 2 o -3.66-7. 10 -7.111 -3.5 7-5.02 -4.93 -2.5 3- 2 . 5 -2.4,1 -1.28- 2 . J 2 - 2 . U 1 -1. u I

03



Plzhl'ECT CAE 5TaT6 THERMODYNAMIC PROPERTIES BY STATISTICAL, THERMODYNAMIC METHODS
IMCLUL'ING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

J. u
f

 ' " DEVELOPED BY 'kT E , RUSH”". ............ " ” ' ' ’ .... ;

c SUBSTANCE: NITROGEN MW: 26,0130 TTP: . 63.19K . TNBP; 77.35K TTCi 126,20K

......... assignments 7 " . ......  .
EXTERNAL ROTATION MOMENTS: ',1394-036 ' .1394-036 ,0000*000 SYM NO: 2.00

...... ] NT RUT _MOM.:. _______...Qtl.OU + OuO_____________________ _ . ______ __________ ____

I KT ROT POT: ( 1): ,00 '

vi.d .freq:.. ^345,,op___________________ _______________________ _____________

FREQ bFGLNi " 1 '

TOTAL OUAIJTITI.ES  

CO 
Ui

TEMP LEG K LM 0 CIO) H(0)-H(00) S(0) F(0)-H(00) RT E(O)-EIOO)
63,19 ,10946+03 ,6955+01 .43950+03 .35602+02 -.17723+04 125,57 . 3139 + 03
7 b . U 0 .11016+03 .6955+01 .52164+03 .36195+02 -.21930+04 149,04 .3726+03
7 7.3i> .11C27+03 ,6955+01 .53796+03 .36410+02 - .22783 + 04 153,71 . 3 u 4 3 + u 3
luO,00 ,11130*03 .6955+01 .69552+03 . 3;.'19i. + 02 -.31243+04 19a,72 .4966+03
121.00 .31219*03 .6995+01 .86940+03 . 39752 + 0? -.40996+04 246,40 .6210+03
126.20 ,11223+03 ,6955+01 .67774+03 . 391119 + 02 -.41474+04 250.7(1 .6270+03
ISO,00 .112 9 2 +• II3 ,6955+01 .10433+04 , 1 f; C 2 ' -.51100+04 296,08 . . 7452 + 03
20 0. U1) . 11 -107 + 03 ,6955+01 .13910+04 . 43025+62 -.72139+04 397.44 , 9936 + 03
P'J’O.UO ,11496+03 ,6956+01 . 17366 + 04 , 4 4 5 7 I- + 0 2 - , 94058 + 04 496,00 , 12 4 2 + 0 4
296,16 .11667+03 .

 

. 6-950 + 01 .20736+04 .45605+02 - , 11563 + 05 592,50 . 1451 + 04

   



APPENDIX C-4

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W. PRENGLE, JR.

SUBSTANCE: CYCLOHEXANE MOLECULAR WEIGHT: 84.1560 OMEGA: 0.1860

TRIPLE POINT: 279.83 K N-BOILING POINT: 353.90 K
CRITICAL POINT: 553.67 K 40.00 ATM 0.3080 L/GMOLE ZC 0.2710

VAPOR PRESSURE CONSTANTS: 
AN 10 I NF: A= 6.84498 
GAMSUN-WAT50N: A= 2.8127

B= 1203.52588 C= 222.86299
BL= 0.1805 B= 7.2905

NC= 224.51636

FRANCIS CONSTANTS: A= 1.0584
G= 0.5701E-03

B= 0.8395C-03
H= 2.58

C= 10.00 E= 592.03

INPUT DATA:
1 EMP E(0)-E(SV) E(O)-EIOO) S(0) Z(VAP) StO)-S(SV) STR
279.83 0.0 3232.00 69.68 0.9980 -5.85 38.93
290.00 0.0 3457.00 70.54 0.9940 -4. 84 39.11
298.16 0.0 3645.00 71.23 0.9916 -4.08 39.25
300.00 0.0 3688.00 71.39 0.99C0 -3.92 39.23
310.00 0.0 3930.00 72.25 0.9860 -3. 07 39.44
323. 16 0.0 4263.00 73.38 0.9800 -2.04 39.65
330.00 22.00 4443.00 73.98 0.9770 -1.55 39.7 5
34 8. lu 33.00 4946.00 75.56 0.9690 -0.35 40.02
353.90 44.00 5112.00 76.07 0.9651 0. 16 40.10
3Z3. 16 7 7.00 5694.00 7 7.78 0.9500 1.38 40.37
383.16 8 8.00 6012.00 78.67 0.9380 • " 1.85 40.50
39 3. 16 110.00 6340.00 79,57 0.9240 2.37 40.63
400.00 121.00 6570.00 80.18- 0.9160 2.75 40.71
403.16 132.00 6678.00 80.47 , "0.9100 2.90 40.75
423.16 209.00 7384.00 8 2.27 0.8760 3.91 40.99
433. 16 253.00 7752.00 83.18 0.8570 4.37 41.11
448.16 . 319.00 8322.00 84.54 0.8260 5.07 41.28
45 8. 1 6 374.00. 1 . ' 871 4.00 05.45 0.8050 5. 50 41.39
473.16 473.00 9319.00 8 6.81 0.7700 6.20 41.55
498.16 715.00 10370.00 89.08 0.7020 7.41 41.80
500.00 . ' 748.00 10450.00 89.2 5 0.6960 7.51 41.82
523.16 ' 1045.00 11480.00 91.35 0.5960 8.74 42.05
548.16 1815.00 12640.00 93.60 0.3980 10.93 42.2 8
553.67 2399.00 12900.00 94.10 0.2710 12. 28 42.33



TtzMP P ATM D(LN P3/DT VL, L/GMOLE VG, L/GMOLE P(VG-VL) DEL E(V) DEL HIVl DEL StV>279.03 0.5250E—01 0.0526 0.10633 0.4359E 03 554.682 7610. 8164. 29.18
290.00 0.87758-01 0.0682 0.10764 0.2696E 03 572.448 7434. 8007. 2 7.61
2^0.16 0.1286t 00 0.0651 0.10872 0.1890E 03 587.031 7308. 7895. 26.48
300.00 0.1396E 00 0.0666 0.10897 0.1743E 03 589.673 7273. 7862. 26.21
010.00 0.2138b 00 0.0611 0.11034 0.1173E 03 606.674 7121. 7727. 24.93
323. 16 0.3576E 00 0.037.’’ 0.11222 0.7267c 0? 628.200 6928. 7556. 23.38
33U.OO 0.6585E 00 0.0356 0.11323 0.5771E 02 639.265 6833. 747 3. 22.64
3 68.16 0.8388E 00 0.0312 0.11606 0.3301E 02 667.8l>0 6595. 7263. 20.86
363.90 0.1000c 01 0.0301 0.11700 0.2803E 02 675.711 6514. 7 190. 20.32
3?3, 16 0.17261 01 0.0266 0.12032 0.168BE 0? 699.256 . 6238. 693 7. 1'8.59
383.16 0.2 I OBE 0 1 0.0269 0.12217 0.1348E 02 707.54? 6037. 6745. 17.60
333.16 0.27B6E 01 0.0235 0.12411 0.1070c 02 713.344 5883. 6597. 16. 78
600.00 0.3263L 01 0.0227 0.12551 0.9214E 01 718.000 5791 . 6509. 16.27
?i u 3 . 1 6 G.3603E 01 0.0223 0.12617 0.8594E 01 718.159 5 735. 6453. 16.01
623.16 0.5351E 01 0.0201 0.13069 0.5685E 01 7L9.505 5410. 6129. 14.48
633.16 0.6513E 01 0.0192 0.13320 0.4677E 01 716.486 5237. 5953. 13.74
6 6 B . 1 6 0.86991: Ul 0.0179 0.L3736 0.3533E 01 706.829 4961 . 5668. 12.65
6 ’> 8 . 1. 6 0.1026E 02 0.0171 0.16048 0.2955E 01 697.885 4772. 54 70. 11.94
673.16 0.1313E 02 0.0160 0.14584 0.2277E 01 677.448 4461 . 5138. 10.86
6 9 8.16 0.192 IE 0 2 0.0165 0.15722 0.1494E 01 621.628 3854. 4 4 7 6. 8.98
500.00 0.1973E 02 0.0163 0.15823 0.1448E 01 615.791 3802. 4417. 8.8 3
523. 16 0.2710L 02 0.0131 0.17497 0.9442E 00 504.652 2955. 3459. 6.61
56 8. 16 0.37051- 02 0.0119 0.22139 0.4833E 00 234.870 1302. 15 3 6. 2.80
5'53.6? 0.3956E 02 0.0117 0.30826 0.3083E 00 0.0 0. 0. 0.0

TCMP RHO EL EC SL STR* SC* EC/RT SC*/R
279.83 0.7915 -6377.63 -7609.63 46.35 28.25 -12.64 -13.68 -6.36
290.00 0.7818 -39/7.34 -7434.34 47.76 28.38 -12.05 -12.90 -6.06
298.16 0.7761 -3663.09 -7308.09 48.8 3 28.49 -11.64 -12.33 -5.86
300.00 0.7723 -3586.75 -7272.75 49.10 28.51 -11.52 -12.20 -5.80
310.00 0.7627 -31.90.76 -7120.76 50.38 28.63 -11.05 -U .56 -5.56
323.16 0.7699 -2664.91 -6927.91 52.04 28.79 -10.48 -10.79 -5.27
330.00 0.7632 -24 12.37) — 6 8 55•36 52.88 28.87 -10.21 -10.45 -5. 14
36b . 1 6 0.7251 -1682.13 -6628.13 55.05 29.08 -9.57 -9.58 -4.82
3b3.90 0.7193 -1445.84 -6557.84 55.60 29.14 -9. 52 -9.32 -4.7 9
373.16 U • o 9 9 4 -620.66 -6314.66 57.81 29.36 -8.96 .-8.52 -4.51
J:: 3.16 . 0.6889 -113.11 -6125.11 59.22- 29.4 7 -8.42 -8.04 -4.24
39 3. 16 G.O781 346.80 -5993.20 60.42 , 2'9. 5 8 -8. 10 -7.67 -4.08
600.00 0.6705 657.69 -5912.31 6 1.16 29.6 5 -7.96 -7.44 -4.01
60 3.16 0.6670 811.19 -5866.81 61.56 29.68 -7.84 -7.32 -3.94
623.16 0.6639 1765.09 -5618.91 63.88 29.90 -7.30 -6.68 -3.67
633.16 0.6318 2262.03 -5489.97 65.06 30.01 -7.01 -6.3 8 -3.53
668.16 0.6127 3062.19 -5279.81 66.82 30.17 -6.61 -5.93 -3.33
658.16 9.5991 3567.88 -5146.12 68.01 30.28 -6.33 -5.65 -3.19
673.16 0.5771 4385.38 -4933.62 69.75 30.4 5 -5.96 -5.25 -3.00
698. 16 0.53b 3 5800.87 -4569. 13 72.69 30.75 -5.34 -4.62 -2.69
600.00 0.5319 5900.48 -4549.52 72.91 30.78 -5.30 -4.58 -2.67
523.16 0.6(110 . 74BO-.4O -3999.60 76.00 31.11 -4.4 2 -3.85 -2.22
b6.'3. 16 0.3801 9b23.42 -31 16.513 79.8 7 31.72 -3.17 -2.86 -1.60
553.67 0.2730 10501.00 -2399.00 81.82 32.41 -2.36 -2.18 -1.19



PERFECT GAS STATE THERMODYNAMIC PROPERTIES DY STATISTICAL THERMODYNAMIC METHODS

INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS bY PITZER

SUBSTANCE: CYCLOHEXANE

DEVELOPED BY K. E. BUSH

MWt 81.1560 TTPI 279.83K TNBPI 353.90K TTCI 553.67k

ASSIGNMENTS

.2326-037 •2326-037 .2326-037 SYM NO! 6.00EXTERNAL ROTATION MOMENTS!

INT ROT MOM! ( m .0000*000

INT ROT POT! ( 11: .00

VIB FREQ! ( 5) 1 2960,00 1150,00 |100.00 1000.00 335,00

FREQ DEGEN!

TOTAL QUANTITIES

12 6 18 6 • 6

TEMP DEG K LN Q C(0) H(O)-HIOO) SIO) F(O)-H(OO) RT E(O)-E(OO)279.83 ,92517*03 ,2360*02 .37883*09 ,69677*02 -.15709*05 556,08 .3232*09
290.00 .10110*01 ,2960*02 .10339*09 ,70538*02 -,16923*05 576.29 .3157*09
298.16 ,10811*09 .2513*02 .92375*09 .71232*02 -> I 700 1*05 592.50 .3695*09
300.00 .11012*01 .2561*02 ,92899*09 ,71389*02 *.17132*05 596,16 ' ,3688*09
310.00 .11972*01 ,2669*02 .95157*09 ,72216*02 -. 17851 *05 616,03 .3930*09
323.16 ,13328*01 .2800*02 .99052*09 .73382*02 -.18809*05 612.18 ,9263*09
330.00 .11075*01 .2872*02 .5()9 9 1*01 .73976*02 -.19313*05 655.77 ' .1913,09
318,|6 .16203*09 .3062*02 ,5*379*09 ,75565*02 -.20671*05’ 691.86 ,1916*09
353.90 .)6919*09 ,3122*02 • .58159*09 .76071*02 -.21106*05 703.27 .5112*09
373.16 .19181*09 . 332-3*02 .61360*09 .7/779*02 -.22588*05 711.59 .5699*09
,383.16 .209|3*09 ,3926*02 .67735*09 .78671*02 -.23370*05 7 6 1,-11 .6012*09
393.16 ,22912*09 .3529*02 .71212*01 .79567*02 -.21161*05 781.28 .6390*09
100.00 ,23177*09 .3598*02 . 2.3650*09 .80182*02 -.29708*05 ■ 791.88 .6570*09
103,16 .23980*09 .3630*02 .79792*09 .80966*02 -.21962*05 801.16 .66/8*09
123. 1 6 .27328*09 .3829*02 .82251*09 .82272*02 -.26589*05 890.90 .7389*01
133.16 .29109*09 .3926*02 .86129*01 . 8 3 ! 7 8 * 0 2 -.27917*05 860.77 .7752*09
116.16 .31916*0-1 .9069*02 .92)26*09 .89539*02 -.28675*05 890.58 ,8322*09
158.16 .33879*09 ■ ,9163*02 .96292*09 .85198*02 -,29525*05 910,15 .8711*01

. 173.16 • .3696'1 *09. ‘ , ■ •: .9i300*02 .,10259*05 .86811*02 -.30817*05 910.26 ,9319*09 CO198.16 .92168*09 ,9521*02 ,11362*05 .89083*02 -.330 1 6*05 989,91 . 1037*05 co
500.00 .92892*09 .9537*02 . 1 1 9 95 *(15 .89250*02 -.33180*05 993.59 ,1095*05
523.16 ,18913*09 .9732*02 .12^19*05 .91399*02 -.35271*05 1039.62 •1198*05
518,16 .59888*09 .1933*02 .13727*05 .93605*02 -.37583*05 1089.30 .1261*05
553.67 ..56372*09 .1976*02 .19000*05 ♦ 99100*02 - , 3 8 I 0 I ♦ 0 5 1100.25 .1290*05



APPENDIX C-5

CUiilF IGURAT1Ui'4AL ENERGY, ENTHALPY, AND ENTRuPY AT SATURATION
PROGRAM DEVELOPED HY K. E. PUSH AND H. k. PRElMULE, JR.

MOL C-CUL AR WE I GUT : I b 3 . BA 00 (I ML-GA O.2020SUBSTANCE CARBO.-I TETRACHLORIDE

349.70 KN-BOILInG POINT
45.00 ATM 0.2 7 60 L/GtlOLE ZC 0.2710CRITICAL P01NI 556.40 K

T.= NC =(1 =
2.7796

1214.T19H4
BL= 0

ANTOINl:! A-
G AM S UN-Vi A T S 0. i

226.53999 
B= 7.3062

TRIPLE POINT: 250.30 K

VAPOR PRLSSUP.l CONSTANTS: 
6. H8750 
A =

FRANCIS CUNSTA'ITS: A= 2.1832
G= 0.1780C-02

B= O.1HHOI7-O2
H= 3.27

C= 10.00 L= 571.32

Input data:
TEMP L(O)-E(SV) E(O)-uIOO) S(0) ZlVAP) S(O)-S(SV) S TR
250.30 ' 0.0 2689.00 70.68 0.9900 -9.31 4 0.18
29;-l. 16 0.0 35 I 7.00 74.05 0.9884 ’ -1. lb 4 1.0 •>
300.00 o.o 3550.00 74.1 8 0.98 7-.. -3.60 h I . 0 it
V4 9. 70 22.00 ■ 4471.00 7 . 3 3 0.9/10 0.14 4 1.84
350.00 25.00 44 78.0O' 7 7. 34 0.9/00 U.14 4 1.1! 5
373.16 64.00 4926.00 7 8. 71 0. G/X.IJ l.bl 42.17
39 IT. 16 110.00 5418.00 8 0.12 2.86 4 2.4 9
4 0i). 00 121.00 94 5-, .00 80.2? 0.9180 2.98 42.5 1
42 3.16 210.00 592 1.00 8 1.4f, 0.8/80 4.09 4 2.7,
448. lr> 309.00 6431.00 8 2.7 -j 0. BJ’iO 5.23 4 3 . U 8
4/3.16 464.00- 6949.00 .•1 3.9 A 0.7740 6.36 4 3 . 1 9
49B. 16 69/.00 • 74 7 3.00 8 5.16 0.7090 7.53 4 3.6 0
500.00 719.00 /■'I 12.00 8 9.2 5 ' 0.70 30 7.61 4 3.62
523.16 995.00 800 1 ;00 8 5.3 0 O.6U90 8.80 4 3.8 5
548.16 1014.00 8518.00 8 7.3 9 0.440 10.63 4 4 . u 8
556.40 2410.00 3716.00 f, i. ? <; 0.2/19 12. 50 4 4.1 :



TL-MP P Aftl DfLrl P)/I)T VL, L/GHULfr VG, L/GMOLF PlVG-VL) DEL EIV) DEL. HIV) DEL S(V)
250.30 0.92168-02 0.0692 0.09169 0.22u6l- 06 692.270 8037 . 8529. 34.08
29U. 16 0.15108 00 0.0662 0.09/00 U.loOlL 03 585.119 7125. 7 7 10. 2 5.86
300.00 . 0.163/L 00 0.0636 0.09722 0. 16 851" 0 3 5 8 8 . 1 u 5 /09 7. 7 U 8 5 . 2 5.62
369./0 0.1000b 01 G.O3U6 0.10390 0.2/86l 02 (.72.0/5 r> 6 8 2 . /I 56. 2 0.46
3!>0.00 0.100'Jc ul U.03o6 0.10396 0.27608 02 r.7 1.936 f,6 / 3 . 7 16 5. 20.4 I
3/3.16 0.1960L ul O.0262 0.10/69 O.1526F 02 711.090 626 / . 6 >5 . 12.65
39<!. 1 6 0.36691-' 0 1 0.0226 0.11173 U.P'.,H6u 01 719.930 u 76 6 . 66 66 . l.,.2.4
600.00 0 .361 v> L 0 1 0.0223 0.1 12 o 6 0.83 *. 5 L 0 1 7 19.69 7 5/11. t>6 3 1 . 16.08
62 3.1 6 0.5 8921. 0 1 0.0199 0. 1 16 53 O.j176l 01 721.692 5 360. 6! '.3 1 . 14. 17
668.16 0.962 /E 0 1 0.0 1 7 / 0.12215 0.32301 01 709.328 6 9 30 . 566 a . 1 2 .•->>;
673.16 0.16 351. 02 C . 0 I *>9 0.129 08 0.20‘>‘">r. ul 682.732 6 6'>7. 5 13 1. 1 0 . Bo
698. 16 O.2O93L 02 0.0 I 6 6 0. 1 3 .-160 0.1385U 01 631.666 3 83 . 6 5 16. 9.06
5UO.OO 0.2 I 69L j2 0.0 16 2 0.13968 0 . 1 3 6 2 F 0 I 625.766 3 8 11. 66 5 / . 8.91
*>23.16 0.2 9 6 6 F u 2 0.0130 0.15508 0.8 8 76 c. 00 522.308 .3 0 3 *.. 355,,. l , . >• 0
568. It, 0.6O181 0? 0.01 I • 0.18692 0.59151 00 3 0 / .999 1093. 2 00 1 . 3.65
596.60 0.6626t 02 ,,.0115 0.2 76 19 0.2/621- 00 o. o 0 . ., - 0.0

1 LHP ,31 ll) Fl. EC SI. 5 T il-1 5C.» 1 L / ,< r Si.*/?.
250.30 1.6815 -5348.16 -80 17.16 4 5.92 2 9.4 2 -14.00 -Lt, . 16 - / . u->
298.16 ' 1.9861 -3oO/.55 -7124.59 5 1.‘>5 3 0.0o -11.11 - 1 2 . 9 2 •* > . -J 9
300.00 1.5823 -3546.62 -7096.62 5 2.16 10.08 -11.02 -) 1 .9 9 ■* "j . ", *,
.14 9. 70 I.4806 -2(; 11.04 -6504.04 1 6 6. 73 30.67 -9.43 - > • 3 r> —• A . 7 4
350.00 1.4800 -20 1 J. u<> — b4 9 7.65 5t>. 79 ■io. i>r - 9 . 3 L1 — , — /, . 7 3
3 7 3.16 1.4312 - 1 3 8/.2 2 -63)3.22 5 .<. 9 *> 30.9 3 -8. ) 1 . 5 1 — A .49
3 98.1 6 I . 3 /6 9 -4 I/, • 50 -5894.50 6 1.0? 3 1.20 -7.81 -7 .40 - i . 9 1
400.00 1. 1 728 -177.39 -98 12.35 61.lt, 31.22 -7.77 -7 . 14 - i . /I
423.16 ' 1.320? 3 *> 1. 1 0 -5569.90 6 3.00 3 1.4/ -7.14 — f ; — I . 5 9
448.16 1.25 J 5 1191.66 -5? 1-1.34 6 4.9 3 31 . 7 4 -6.4 7 — . 8.) -3 . ? b
47 1.16 1.1911 2028.33 -4920.67 '>>->. /<, 3 2.0 1 - 9 . h !< - . . 2 1 — > . Jo
498.1 o 1.1100 2<1,>3.?8 -4b79.7? 6 8. . 17 32 . to -5 . ?9 — A .6 1 i1 . 61 >
500.UO 1.1030 2961.80 -45>0.20 b‘l. /3 .12.3 1 - •>. 2 1 — 4 . >>1 — ? .o3
523.16 U. '•)')/u 39/4.59 -4028.4 I 70. 70 3 2 . t, 7 -4.42 — t .3 7 -2 . > 1
948.16 O.dllJ 5? 3 1 .(,8 -3306.92 7 3.11 3 3.1 (> — 3. 37, — 3. . o ■, -1 . < ■>')
5 5 6.4 0 0.55 7u 6 HK.. 00 -2410.09 7*>.24 34 . Ou -2.35 .1'1 -1 . lu



■
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PEfifECT GAS STATE THE'K'MODYNAM! C PROPERTIES UY STATISTICAL THERMODYNAMIC METHODS 
including hindered internal rotation corrections l-y pitzer

. DEVELOPED UY K, EV' HUSH' '■ ■ ■■" ... .....

SUDSTANCEl CARBON TETRACHLORIDE- . MW:153,8400 TTPt 250.30K TNbPt 349.70K TTC: 556,4QK

     “ ASSIGNMEiaS ~ : ~~~~
EXTERNAL ROTATION MOMENTS: " ,4990-037 .4990-037 ,4990-037 SYM NOI12.00

l_________ lNT.RCT..MO.h.:. tJLJJ______ . 0000*000 :...... . .... ......... .... ......... .......

J NT ROT POTI ( 1): .00

__________ Vllt. FREQ: _ ( 4 ) I_________ ?.?5.JDO 45p._00____ 311...0P____ 230.00________________ _____ _ .......... . .... ... ..... ...

FRLQ DEGENS -■'31 3 2

__________ TOTAL QUANTITIES _______________________________________________________________ _ _______ __ ___ _____________ _______    

    

TEMP LEG K LF1 U CIO) H(0)-H(00) SIO ) F(O)-HIOO) RT EIO)-E(OO)
250,30 ,81200*03 ,1857*02 .31867*04 ,70683*02 -.14505+05 497,39 ,2689+04
29h,16 .12114*04 ,1994+02 ,41095+04 ,74055*02 -.17971+05 592,50 .3917*04
3uo,OU .12286*04 ,1998*02 ,41462*04 ,74178+02 -.18107*05 596,16 ,3550+04
349,70 ,17442+04 .2107+02 ,51677*04 ,77327*02 -.21874*05 694,92 .4473+04
UDO,00 ,17476+04 .2108+02 ,51740*04 ,77346*02 -.21897+05 695,52 » 4 4 7 b + 0 4
373,16 , 20'2 01+0 4 .2150+02 ,5o672*04 .78710+02 -.23704*05 741,54 ,4926+04
J 91.. j o ,23261+04 ,2190+02 .62097+04 .89118^02 - , 25690 + 05 791,22 ,5418+04
'«u0.0 0 .2^603*114 ,2192+02 .62500+04 ,80219*02 - .25838 + 1)5 794,88 .545U+04
423,16 .26740+04 .2225+02 , o 7 61.6 + 0 4 ,81463+02 -.27710+05 840,90 , 5921 + 04

, A'iti.lo , 3 C c 3 0 + U 4 ,2256+02 ,73218+04 .62749+02 -.29763+05 890.58 ,6431+04
473.16 . 3 4 j 2 4 * (i 4 ,2283+02 , 7 3893 + 04 ,33982+02 . - ,31848*05 940,26 .6949+04

। 490,16 ,30114+04 .2308+02 ,84632+04 , 85164 + 0'2 -.33962+05 989,94 .7473+04
D u 0 , U U , 384 15*04 , 2309 + 02 ,85057*04 ,85250 + 0 2 -.34119*05 993.59 ,7512 + 04 .
523,16 , 4?2 9 4*04 ,2329+02 ,90429*04 ,66300+02 *’ ,361G6 + C^ 1039.62 ,6003+04 VO
5 4 6,1.6 ,46657+04 ,2349+02 .96277+04 , 87 3 9 3 + 02 - ,38277*05 1089,30 , 8 5 3 6 +04 1-1
556,40 . 48134 + 04 ,2355+02 ■ ,98215 + 04 ,87744+02 -,30999*05 1105,67 ,8716+04



APPENDIX C-6

CONFIGURATIONAL ENERGY, ENTHALPY, ANO ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH ANO H. W. PRENGLE, JR.

SUBSTANCE: BENZENE MOLECULAR WEIGHT: 78.1100 OMEGA: 0.2150

TRIPLE POINT: 278.69 K N-BOILING POINT: 353.30 K
CRITICAL POINT: 562.10 K 48.60 ATM 0.2600 L/GMOLE ZC 0.2740

VAPOR PRESSURE CONSTANTS: 
ANTOINE: A= 6.90565 B= 1211.03296 C= 220.78999 NC= 223.46680
GAMSON-kATSON: A= 2.8152 DL= 0.1924 B= 7.3835

FRANCIS CONSTANTS: A= 1.1928 B= 0.9575E-03 C= 10.00 E= 599.49
G= 0.6250E-03 H= 2.70

INPUT DATA:
TLMP EIO)-E(SV) EIO)-E(OO) S(0) Z(VAP) S(0)-S(SV) STR278.69 0.0 2492.00 63.01 I.0000 -6.07 38.69293.16 0.0 2733.00 63.95 0.9960 -4.60 38.94298.16 0.0 2820.00 64.28 0.9928 -4. 13 39.03300.00 O.U 2852.00 64.40 0.9910 -3.96 39.06323.16 11.00 3283.00 65.93 0.9810 -2.05 39.4334 8.16 33.00 3796.00 ' 67.60 0.9680 -0.32 39.80353.30 44.00 3907.00 67.95 0.9670 0. 12 39.87373.16 67.00 4356.00 69.30 0.9490 1.35 40.143913. lt> 111.00 4963.00 71.00 0.9200 ' 2.72 40.4 7
400.00 122.00 5010.00 71.13 0.9190 2. 84 4 0.49423.16 178.00 5615.00 72.71 0.8860 3.99 40.77448.16 290.00 6310.00 74.42 0.8380 5. 15 41.05473. 16 413.00 7044.00 76.12 0.7860 6. 24 41.32500.00 669.00 7875.00 7 7.94 0.7170 7. 53 41.60523.16 . 915.00 8626.00 7 9.50 0.6320 8.64 41.8254 8. 16 1485.00 9468.00 81.1/, 0.5380 10.29 42.06562.10 2401.00 9954.00 82.09 0.2740 12.69 42.18



ITEM* • 
270.69 
^93.16 
298.16

l> ATM 
0.47I9E-CJ1 
0.989bt-01 
O.'12->2F 00

j<LN ' 0 )VUT 
"o; 054 4 
'0.0481 
'0.0462

vVL', lL//GMl!)ilE 
0.08 7 2'9 
'0.08882 
0.08936

"VO, 1 L/GMtiLF 
’ 0.4846E 03 
"0.2421E '03 
' 0. 1940E 03

'piVg-vl1)
553.565
57'9.86'9
587.809

'DEL E*^)
7 845.
7 596.

Z7502.

DEL H(V)
8399.
,8176.
809 0.

DEL .5 ( V 1
30.14
27.89
27.13

300.00 0.l3o3E 00 '0.0455 0.08956 '0.1791b'03 590.342 ,7463. 8054. 2 6.85
iZ'J. 16 0.3.‘>70l 00 '0.0 32/0 0.0'9220 '0.7288b 02 629.016 '7101. 7 7 3 0. 2 3.92
348.16 0.8523E 00 0.0319 0.09530 0.32458'02 667.5/9 '6740. ‘740 8. 21.28
363.30 0. 1L01E 01 ' 0.0308 0.09597 0.2800b '02 '676.401 ’ 6682. 7 359. 2O.U3‘
373.1b 0.1777c 01 '0.02/1 0.09871 '0.1635E 02 699.290 >372. 70 71. ‘18.95
398.1 o 0.3330 r. U I '0.0234 ' 0.'10252 ‘0.9005L: '01 '71 9.446 598 3. 6702. 16.83
400.00 0.3484C 01 0.0232 0.10282 ‘0.8658= 01 721.627 5964 . 668 5. 16.71
423.lo 0.5772b 01 0.0205 0.10687 '0.533 IE 01 729.909 5 608. 6338. 14.98
44.1. 16 0.9396c 01 'O.Old? 0.11197 '0.3294E 01 720.747 5160. 5881. 13.12
473.16 0.1433b 02 0.0163 '0.11824 0.2121E '01 697.651 4682 . 5380. 11.37
^00.UO 0.2 1 77L 02 0.0 1 4 b 0.12/31 0. 1352E '01 645.129 4 0 58. 4704. 9.41
523.16 0.3006c 02 0.0133 0.13927 'O.9O27E 00 555.523 '3 314. 3870. 7.40
548.16 0.4130E 02 ' 0.0 12 I 0.16527 '0.5860E '00 420.651 2 376. 2796. 5.10
5o2 . 10 0.48 ZOE 02 0.0115 0.26037 0.2b04E 00 0.0 0. 0. 0.0

Jemp

RH0 EL EC SL STR* SC* ■EC/KT SC*/R
270.69 0.0948 -535’3.2*1 -7845.21 '3 8.94 27.63 ->13.00 -14.17 -6.54
293.16 0.0795 -4 8 6'2.9'3 -7595.93 40/66 27.81 -12.16 -13.04 -6.12
290. L7> 0.0741 -4681.84 -7501.04 41.27 2 7.87 -11.85 —12.66 -5.96
100.00 1 0.13722 -4011.26 -7463.26 ■41.51 27.90 -11.72 -12.52 -5.90
32 3.16 0.0472 -3829/12 -7112.12 44. 06 2 8.18 -10.62 -11.07 -5.35
34 8. 16 ; 0 . d 1 '9 (i -2977.19 -6773.19 46.65 2 3.47 -9.63 -9.79 -4.64
353.30 0,8139 -2819.11 -6726.11 4 7.00 28.52______ _ -9.60 -9.58 -4. 8 3
37 3. 16 0. 7913 —2082. 7.5 -6438.75 4 9.00 28.74 ' -8.90 -8.68 -4.4 8
398.16 . 0.7619 -1130.57 -6093.57 51.4 5 29.01 -8. 10 -7.70 -4.08
400.00 0.7‘>97 -1075.79 -6085.79 51.57 29.03 -8.10 -7.6/> -4.07
4 2 3 . 1 6 0.7309 -171.23 -5786.23 5 3.74 29.28 - 7.48 -6.88 -3.76
44.1. 16 : 0.6 376 859.55 -5450.45 56.15 29.54 -6.76 -6.12 -3.40
■473.16 0. (>60 j 1948.54 -5095.4b 58.51 29.81 -6. 10 -5.42 -3.07
500.OJ ' ' 0.6135 3157.59 -4717.41 ■61.00 30.12 -5.4 6 -4.7 5 -2.7 5
!>2 3. 16 0.5609 4396.76 -4229.23 6 3.46 30.4 4 -4.6 5 -4.07 -2.34
:> 4 ;>. 16 ; 0.4726 5607.37 -3860.63 65.7 7 30.91 -4.25 -3.54 -2. 14
562.10 0.3000 7553.00 -2401.00 69.40 31.89 -2.40 .-2.15 -1.21

<oLu



PERFECT GAS STATE THERMODYNAMIC PROPERTIES 6Y STATISTICAL THERMODYNAMIC METHODS

INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

DEVELOPED BY Ke Ee BUSH

substance: benzene MWf ZBelloO TTPI ZZBeAVK TNBPI 353,3OK TTC: 562.IOK

ASSIGNMENTS

EXTERNAL ROTATION moments: .7750-038 .7750-038 .2000-037 SYM NOt 6.00

1NT ROT MOM! ( |H .0000*000

I NT ROT POT: III; .00

VIB FRED: ( 611 3000.00 1025.00 |050,00 1500.00 370.00 850.00

FREQ DEgENI 6 12 3 3 3 3

TOTAL QUANTITIES

TEMP DEG K LN Q CIO) HIO>-H(OO) SIO) FIOI-HIOO) . RT E('O)-EIOO)
27B ,6V .49322*03 • .1804*02 .30461*04 .63008*02 -.14514*05 553,81 .2492*04
293 . I 6 ,55603*03 .1916*02 ,33152*04 .63949*02 -.15432*05 • 582.56 ,2733*04
29B,16 ,57957*03 .1955*02 ,3u!20*04 .64277+02 -•15753*05 592,50 .2820*04
300.00 .58848*03 ,1970*02 .3q481*04 .64398*02 -•15871*05 596. 1 6 ,2852*04
323.|6 ,71218*03 .2151*02 .39253*04 .65930*02 -.17381*05. 642.18 .3283*04
348.16 .87096*03 .2345*02 . 4 q 8 7 4 ♦ 0 4 ,67605*02 -.19050*05 691,86 .3796+04
353 , JU .90700*03 .2385*02 ' .46090*04 .67952*02 -. 1 9398*05 702,07 ,3907*04
373.16 .10575*04 ,2535*02 . 5oV76*O4 .69297*02 -.20761*05 741.54 .4356*04
398,16 .12732*04 ,2718*02 .57545*04 .71001*02 -.22515*05 79J.22 .4963*04
‘IUU .00 .12903*04 .2731*02 .58046*04 .71 I 27*02 -.22646*05 794.88 .5010+04
423.16 .15190*04 ' ,2893*02 ,64560*04 ,72710*02 -.24312*05 840.90 ,5615+04
448,16 ..17958*04- ,3059*02 .72001*04 .74418*02 -.26151*05 890.58 .6310*04
473.16 ,21042*04 .3215*02 .79846*04 ,76122*02 -.28033*05 940.26 .7044*04
500.UO .24708*04 .3374*02 .8n691+04 ,77940*02 -.30101*05 993.59 ,7875+04
523.16 .28169*04 .3502*02 .96655*04 .79497*02 -.31924*05 1039.62 ,8626+04
548,16 .32217*04 •3634*02 . I 0 5 5 8 * 0 5 .81163*02 -.33933*05 1089,30 .9468*04

• 562.1 6 ' . 34 626*04, ' . ■ , 3704*02 ..11071*05 ,82089*02 -.35076+05 1117,12 ,9954+04



APPENDIX C-7

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W.1 PRENGLE, JR.

SUBSTANCE: 2,3 DIMETHYLBUTANE MOLECULAR WEIGHT: 86.1700 OMEGA

IRIPLI. POINT: 145.19 K N-BOILING POINT: 331.20 K
CRITICAL P01N1: 499.90 K . . 30.90 ATM 0.3580 L/GMOLE ZC 0.2700

VAPOR PRESSURE CONSTANTS: 
ANIDINE: A= 6.809H3 B= 1127.18677 C= 228.89999 NC= 241
GAMSUN-WAISUN: A= 2.8915 BL= 0.1866 B= 7.2554

FRANCIS CONSTANTS: A= 0.9283
G= 0.2600E-03

B= 0.7774E-03
H= 2.93

C= 10.00 E= 549.70

INPUT DATA:
Tl-.MP ElO)-E(SV) EIO)-E(OO) SCO) Z(VAP ) S(O)-S(SV)
145.19 0.0 1587.00 68.87 1.0000 -27.30
I 60.00 0.0 1849.00 70.81 1.0000 -22.87
180.00 0.0 2231.00 73.32 1.0000 -IB.05 .
200.00 0.0 2670.00 75.86 1.0000 -14.19
220.00 0.0 3100.00 7 7.98 1.0000 -11.03
240.00 0.0 3570.00 80.02 1.0000 -8. 37
260.00 0.0 4233.00 83.43 1.0000 -5.93
273.16 0.0 4567.00 84.79 1.0000 -4.55
280.00 4.00 4740.00 8 5.32 0.9950 -3.90'
298. lb 7.90 5319.00 87.48 0.9795 -2. 34
300.00 16.90 5370.00 8 7.63 0.9780 -2.19
323.16 24.00 6039.00 89.65 0.9610 -0.51
331.20 39.00 6282.00 90.29 0.9550 0. 18
348. 16 79.00 6951.00 92.58 0.9300 1.31
3/3.16 139.00 8044.00 94.89 0.8970 2.80
39 3.16 218.00 . 8777.00 96.74 0.8580 3.86
400.00 248.00 9037.00 97.38 0.8420 4.21

•423.16 38 7.00' 1 ■ • 9999.00 ' . 100.26 ' 0.7860 5.37
448.16 615.00 11040.00 102.58 0.7130 6. 76
458.16 ' 725.00 11470.00 103.51 0.6740 ' 7.29
4/3.16 933.00 12140.00 104.90 0.59 70 8.21
498.16 ' 1907.00 13300.00 " 107.21 0.3360 • 11.11
499.90 2175.00 L338U.OO 107.37 0.2700 11.78

0.2570

89180 • •

STR
35.74
36.22
36.81
3 7.33
37.81
38.24
38.64
38.88
39.01
39.32
39.35
39.72
39.84

, 40.09
4 0.44 
'40.70
40.78
41.06
41.35
41.46
41.62
41.87
41.89



fl-mp P ATM D(LN P)/DT VLt L/GMOLE VG. L/GMOLE P(VG-VL) DEL E(V) DEL HIV) DEL SIV)
145.19 0.10831:-05 0.2000 0.10898 O.llOOE 08 288.445 8087. 8375. 57.68
160.U0 0. 10048-04 0.1628 0.11072 0.1308E 07 317.867 7 962. 8280. 51.75
180.00 0. 11368-03 0.1266 0.11319 0.1300G 06 357.600 7794. 8152. 45.29
200.00 0. 79211-03 0.1010 0.11579 0.2072E 05 397.331 7626. 8023. 40.12
220.00 0.3U84E-02 0.0821 0.11854 0.4648E 04 437.056 7457. 7894. 35.88
240.00 0.14B1L-01 0.06 7 I 0.12146 O.1330E 04 4/6.757 72 74. 7 75 1. 32.30
Pc. 0.00 0.506 11-01. 0.0558 0.12458 0.4215E 03 516.381 6 9 70. 748 7. 2 8.80
2/1.16 0.10 1 IE 00 0.0495 0.12676 0.2218E 03 542.368 6 797. 7339. 26.8 7
2110.00 0. 14 051: 00 0.0467 0.12793 0.1628E 03 553.051 6679. 7232. 29.83
2 08.1 6 0. 30H/u 00 0.0403 0.13121 0.77638 02 579.221 6374. 695 3. 23.32
1U0 . <jO 0.33238 00 0.0 39 7 0.13155 0.72 4 68: 02 581.830 6345 . 692 7. 2 3.09
323.16 0.7 71 7C 00 0.0334 0.13614 ■ 0.3302E 02 614.429 6011. 662 5. 20.50
3 11 ..'0 O.lOOPu 01 O.()315 0.13786 U.2591E 02 625.032 5901. 6526. 19.70
348 . L.5 0. 16598 01 0.0281 0.14172 0.1601E 02 637.568 5601 . 6238. 17.92
3 7 3.16 0.3 1 SBC 0 1 O.024 1 0.14817 0.87058 01 653.668 5224. 5 8 7 8 . 15.75
193.16 . 0.4780c 01 0.0216 0.15421 O.5558L- 01 651.573 4 8 8 6. 5937. 14.08
400.00 0.57598 01 0.0209 0.15652 0.4 7998: 01 647.289 4 7 54 . 540 2. 13.50
4 2 3 . 11> 0.90888 01 • 0.0166 0.16561 0.3U03E 01 624.335 4 292. 4 9 16. 11.62
4 4 U . 1 6 0.14 1 Ou 02 0.0166 0.17899 0.1860L 01 573.724 36 89. 4262. 9.51
4 *> ti . 1 6 0.1658C 0? 0.0159 0.18957 0.15288 01 537.393 3 3 6 7. 390 5. 8.52
4 7 3.1 {> i) . 2 0 8 7 8 • 0 2 0.0149 0.20301 0.1 HOC- 01 458.593 2 768. ' 3226. 6.82
A •) V. . 1 <> 0.29 711: 02 0.0134 0.27513 0.4623c 00 134.630 765. 900. 1.81
499.00 0.30418 02 O.0133 0.35755 0.3576E 00 ‘ 0.0 0. 0. 0.0

r lmp RHU EL EC SL STR* SC* EC/!> r SC*/R
145.19 0.7907 -6499.78 -8086.78 38.48 26.41 -21.06 -28.03 -10.60
loO.OO 0.7783 -6113.20 -7962.20 4 1.93 26.73 -19.39 -25.04 -9. 76
180.00 0.7613 -5562.98 -7793.98 46.08 27.13 -1 7.56 -21.79 -8.84 •
20U.00 0.7442 -4955.71 -7625.71 4 9.93 2 7.49 -16.08 -19.19 -8.09
2/0.00 0.7 27,9 -4357.34 -7457.34 53.13' 27.82 -14.87 -17.06 -7.48
240.00 0.7094 -3704.29 -7274.29 56.10 28.13 -13.81 -15.25 -6.9 5
260.00 0 . o 9 1 7 -2737.38 ,-69 70.3 8 60.5 7 28.42 -12.65 -13.49 -6.36
2 7 3. 1 6 0.6798 -2229.55 -6796.55 62.47 28.60 -12.03 -12.52 -6.0 5
280.00 0.6/35 -1943.12 * -6683.12 63.39 28.69 -11.61 -12.01 -5.84 ,
298.1 fi 0.6568 -1062.81 -6381.81 66.50 28.93, -10.59 -10.77 -5.33
300.00 0.6550 -991.86 -6361.86 66.73 28.95 -10.50 -10.67 -5.29
32 3. 16 0.6 329 4. 14 — 60 34.86 69.66 29.24 -9.51 -9.40 -4.79
3 3 1.20 0.6251 342.40 -5939.60 70.41 2 9.34 -9.38 -9.02 -4.72
348.1 C. 0.6080 1271.41 -5679.59 7 3.35 29.55 -8.68 -8.21 -4.37
37 3. 16 0.5816 2680.66 -5363.34 76.34 29.84 -7.96 . -7.23 -4.00
393.16 0.5988 3673.36 -5103.64 78.80 30.08 • -7.33 -6.5 3 -3.69
400.00 0.5505 4034.53 -5002.47 79.67 30.16 -7.09 -6.29 -3.57
42 3. 1(> 0.9203 5320.33 . -4678.67 83.27 30.44 -6.36 -5.5 6 -3.20
448.16 0.4814 6736.42 -4303.57 86.31 30.76 -5.69 -4.83 -2.86
4 5 8.1 7> 0.4 54 6 7377.65 -4092.35 87. 70 s30.94 -5.30 -4.49 -2.67
473.16 0.4245 8439.41 -3700.59 89.8 7 31.18 -4.59 -3.94 -2.31 m
498.16 0.3132 , 10628.1 1 . -26/1.89 94.29 31.93 -2.98 -2.70 -1.50
499.90 0.2410 1 120.5.00' . -21 hi.00' 95.59 32.4 7 -2.36 -2.19 -1.19



PERFECT GAS STATE THERMODYNAMIC PROPERTIES [)Y STATISTICAL THERMODYNAMIC METH0DS 
INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PJTZER

DEVELOPED BY K. E. BUSH

SUBSTANCE! 2#9 DIMETHYLBUTANE MW! 86.170Q TTPI 145.19K TNDP1 331.20K, . . TTCI 499»50K

assignments

external Rotation moments; ' " o«3315e«37 o«3316E«37 o«1932E-37 .."sym Noi' i.oo

INT ROT MOm: ( 5)1 0e52E-39 0»52E-39 0«52E"39 0.S2E’39 0»55E»38

int rot pot;' t 5>; ' *" “ ^loo’Oo" moo.oo' aioo.oo aioo-oo 2100.00

via freq; : 6>; 2950.00 iaos.oo 107A.00 989«oo 465.00 330.00

FREG DEGEN: ' 1* ” 16 8 t> ' ' 4 2

TOTAL quantities

TEm.P DEG K145.19 
160*00 
180.00 
200*00 
220.00
E'.O.OO 
260*00 

" 273.16
2A0.00
296.16 
300*00
323.16 
331,20 

... 343.16
373.16
393.16 
400*00
423,16
448.16
458.16
473.16 

. 498.16
499.90
500.00

LN Q 
0*25278e*03 
0*27291e*03" 
Q.30969E+03 
0•35884E*03 
0*42164E*Q3 
0.49936E*03 
0.59320E+03 
Q.66432E+03 
0.7043/E+03 
0.821.10^403 
0.83404C403 
0»100S8E+04 
0.10759E+04 
0*12289E4Q4 
0«1483dE*04 
0.17131E*04 
0«179712*04 
0.2.1027E*04 
O«247Q1E*O4. 
0.262812*04 
0.287742*04 
0*332552*04 
Q.33583E+04 
0*336022*04

C(o)
Q. 1937e*02 
0*2067e*02 
0*22412*02 
C*2413E*02 
0 *2574E*02 
0*2745£*02 
0*2979E+02 
O*3o78£+o2 
0*31362*02 
0*332/2*02 
0*33442*02 
0*354b£*02 
0*36202*02 
0.3803E*0? 
0*40472+02 
0*4238E*02 
0*43032*02 
Q.4498£*02 
0*47282*02 
0*43192*02 
0*49532+02 
0*51702*02 
0*5185£*02 
0*bl86E*02

H(0)»W(00> . 0.18759E+04 
0.216662*04 
0.258392*04 
0.306742*04 
0.353712*04 
0.404712*04 
0*474952*04 
0,510972*04 
0.529672*04 
0.591182+04 
0,596632*04 
0*668142+04 
0.694062+04 
0* 7642bt.*04 
0«878602*04 
0.955872+04 
0.9S316E+04 
0*108392+05 
O'. 1193 22 + 05 
0* 12385E + 05 
0*13031t>05 
0.1 4285!. + 05 
0.14371E+05 
0- 143762*05

S(0> F(0).H(00) RT E(0 > »E COO)0.638712*02 "0*812362*04 288.52 0.15872*04
0*70'811E*02 +0.916312*04 317.95 0.18492*04
C*73320E*02 ■0*106092*05 357.69 0.22312+04
0* 758582*02 .0*121032*05 397,44 0.26702+04
0*779792*02 •-0*136172+05 437,18 0.31002+04
0.80C24E+02 *0’151592+05 476.93 0,35702+04
0*634352*02 +0’169442+05 516,67 0.42332*04
0.847862*02 «0*13o51E*C5 542,82 0.45672*04
0.853212*02 .0’185932+05 556,41 C. 47402 + 04
0.874812*02 +0*201722+05 592,50 0.53192+04
0*876262+02 .0.202222*05 596,16 0.53/02+04
0.896482+02 +0’222892+05 642,18 0,60392*04
0.902922*02 +0*229642+05 658,16 0,62822+04
0.925792*02 +0*245912+05 691,86 0,69512*04
0.948912+02 +0’266232+05 741,54 0,80442+04
0,967452+02 +0*284772+05 781.28 0,87772+04
0.9/380E+02 .0*291192+05 794,83 0.90372+04 vo
C.13C26E+03 +0’315842*05 840*90 0.9999E+04
0.102582+03 +0’340382*05 890*55 0,11042+05
0. 103512 + 03 .0’350362*05 910,45 0.11472+05
0*104902*03 .0*365512*05 940*26 0,12142+05
0.107212+03 -0*391212*05 989,94 0.13302+05
0.1073/2+03 -0’393022*05 993.40 0.13382+05
0. 107382+03 -0*393132+05 993,59 0•133ft£*0b



APPENDIX C-8

COMF IGURAT10MAL ENERGY, ENTHALPY, ANO ENTROPY AT SATURATION
PROGRAM OEVELOPED BY K. E. BUSH AMO H. W. PRENGLE, JR.'

substance: CIS-PENTENE-2 MOLECULAR WEIGHT: 70.1300 OMEGA

TRIPLE POINT : 121.80 K N-BOILING POINT: 310.10 K
.CRITICAL PUIN1 : 475.56 K 40.4C) ATM 0. 2950 L/GMOLE ZC 0.2660

VAPOR PRESSURE CONSTANTS:
ANTOINE: A= 6.87274

■ l.AMSOH-WA f'.Uti: A= 2
B= 1067.95093

•9633 BL= 0.2272 C= 230.58499
B= 7.4491

NC = 2.6.

FRANCIS CONS TANTS: A= 0.9104 B= 0.
G= 0.3299E-03 . H= 2.

8060E-03 C=
95 6.00 E= 468 .57

INPUT DATA: 
. IEMP 

121.80 
125.00 
150.00 
200.00 
250.00 
2/3.16 
298.1 6 

■ 300.00 
310.10 
323.16 
348.16 
350.OO 
373.16 
398.16 
400.00 
423.16 
448.16 
450.00 
473.16 
475.56

E(0)-E(SV)
0.0
0.0
0.0
0.0
0.0
0.0
19.00
28.00
38.00
5 7.00
113.00
122.00
236.00
434.00
444.00
708.00

1058.00
10.96.00 ■
1984.00
2136.00

E(O)-EIOO) 
1217.00 
1255.00 
1604.00 
2347.00 

■ 3230.00 
3616.00 
4226.00 
4Z66.00 
4496.00 
4804.00 
5464.00 
5512.00 
6141.00 
686o.00 
692 I.00 
7669.00 
8485.00 
8547.00 
9345.00 
9466.00

SIO)
65.40 
65.69 
68.67 
7 3.36
7 7.94 
79.96
8 2.5 7.
82.70 
83.40 
84.3 3 
86.33 
86.46
8 8.11 
89.90 
90.03 
91.95
9 3.85
9 3.99 
95.75 
9 5.93

Z(VAP)
1.0000
1.0000
1.0000
1.0000
0.9980
0.9940
0.9840
0.9830
0.9750
0.9610
0.9140
0.9090
0.8490
0.7700
0.7640
0.6760
0.5460 •
0.5350
0.3030
0.2660

S(0)-S(SV) 
-33.07 
-31.70 
-23.02 
-12.15 
-5.29 
-2.93 
-0.85 
-0. 72 
0. 16 
1.05 
2.60 
2.74 
4.35 
6.08 
6. 20 
7.75 
9.38 
9.48 
12.06 
12.48

•

0.2800

55A99

STR 
34.25 
34.311 
3 5.29 
36.72
3 7.83 
3d. 2 7 
38.71 
38.74 
38.90 
39.11 
39.48
39. 50 
39.82 
40.14
40. 1 7 
40.4 5 
40.7 3 
40. 75
4 1.00 
41.03



I bMP P ATM D<LN Pl/DT VLe L/GMOLE VG, L/GMOLE P(VG-VL) DEL E(V) DEL H(V) DEL S(V}
121.HO 0.5936E--07 0.2714 0.08734 0.L684E 09 241.977 7 756. 7998. 65.66
125.O0 0. 1 182E'-0 6 0.2571 0.08764 0.B682E 08 248.334 7732. 7980. 63.84
1 -jO. 00 0.9336E--05 0.1755 0.09006 0.1319b 07 298.000 7547. 7845. 52.30
2U0.00 0.2206E--0 2 0.0953 0.09543 0.7440E 04 397.328 7176. 7573. 37.87
25u.00 0.6 ) l lb--0 1 O.05/2 0.10172 0.2937b 03 . 495.502 6584. 7080. 28.32
2/3.16 0.2293E 00 0.0462. 0.10506 0.9 7 16 E 02 538.839 6269. 680 7. 24.92
2') B . 1 6 0.650HI: 0 0 0.03/6 0.10909 0.36991: 02 581.149 5 94 2 . 6523.' 21.88
300.00 0.69 /2l- 00 0.03/1 0.10941 0.3471E 02 584.022 5918. 6502. 21.67
<10.10 0. -)-/99l 00 0.0364 0.11121 0.2 4 H 1 E 02 597.971 5773. 6371. 20.55
3/3. 16 0. 15361. 01 0.0312 0.11372 0.1661E 02 612.751 5 5 72. 618 5. 19.14
1 *t H . 1 6 0. 3/69I-. 01 0.0274 0.1 1928 U. 7987b 01 622.753 5311. 5934. 17.04
3'.i0. JO 0.3637b 01 0.0270 0.11974 0.7595E 01 622.095 5267. 5889. 16.82
3/3.16 0.6LO/u 0 1 O.0235 0.12656 O.4219E 01 610.521 4 748. 5358. 14.36
V)ti. 16 G. 1 0671: 02 0.0205 0.13347 0.2357E 01 574.591 4 124. 4 699. 11.80
600.00 0.1lObu 02 0.0203 0.13407 0.2263E 01 571.165 4077. 4g48. 11.62
623.16 0.1/29L 0 2 0.0101 0.14321 0.13586 01 508.348 3 394. 390 2. 9.22
A 4 B . 16 0.26531. 02 0.0162 0.15944 0./569E 00 383.723 2 396. 2 7 7 9. 6.20
650.00 0.2/336 0 2 0.0160 0.16117 0.7230E 00 371.662 2 309. 2681. 5.96
6/3.16 0. 3 8901: 0/ 0.0145 0.21522 0.3025E 00 82.161 48 1 . 564. 1.19
6 7 5.-/6 0.6027b 02 0.0143 0.29591 0.2959E 00 0.0 0. 0. 0.0

TLMP RI8J EL EC SL STR* • SC* EC/RT SC*/R
121.80 U.8029 -6538.59 -7755.59 32.81 24.83 ’ -23.18 -32.04 -11.66
126.00 0.11002 -6476.89 -7731.89 33.55 24.92 -22.68 -31.13 -11.41
150.00 0.7787 -5942.52 -7546.52 39.39 25.52 -19.51 -25.32 -9.82
200.DO 0.7349 -4828.74 -7175.74 47.65 26.49 -15.48 -18.05 -7.79
250.00 0.6894 -3354.45 -6584.45 54.92 27.28 - 12.48 -13.25 -6.28
2/3.16 0.6675 -2652.56 -6268.56 5 7.96 27.61 -11.34 -11.55 -5.71
298.1 6 0.6429 -1734.64 -5960.64 6 1.54 27.95 -10.27 -10.06 -5.17
3uo.00 0.6410 -1679.52 -5945.52 61.74 27.97 -10.19 -9.9 7 -5. 13
310.10 ■ 0.6306 -1315.23 -5811.23 62.70 28.10 -9.91 -9.43 -4.99
32 3. 16 0.6167 -825.26 -5629.26 64.14 28.27 -9. 36 -8.77 -4.71
3 4 t!. 16 U.-P.BO 4 0.10 -5423.90 6 6 • 6 9 28.59 -8.76 -7.84 -4.41
350.00 0.5857 123.40 -5388.60 66.90 28.61 -8.6 7 -7.75 -4.3 7
3/3.16 0.5 54 I 1 15 / .40 -4983.60 69.40 28.91 -7.80 -6.72 -3.93
39b. 16 0.5254 230/.9b -4558.04 72.02 29.21 -6.95 , -5.76 -3.50

• 400.00 0.5231 2400.30 -4520.70 72.21 29.24 -6.89 ' -5.69 -3.47
423.16 0.4119 7 3566.93 -4102.07 ■ 74.97 29.54 -6.06 -4.88 -3.05

. 448. 16 0.4398 5031.50 -3453.50 78.27 29.92 -4.77 -3.88 -2.40
450.00 0.4351 5141.88 -3405.12 7 8.56 29.95 -4.64 -3.81 — 2.33
473.16 0.3259 6879.66 -2465.34 82.50 30.68 -2.9 3 . -2.62 -1.47
475.56 O.^3/O 7330.00 -2136.00 8 3.45 31.33 -2.78 -2.26 -1.40



PERFECT-GAS”s"TA7E"THERMo'DYNAMfc PRePfR’rlESTBY'sTATisTiCAU 'THERMQDYNAMlc'METHtiDs"  
..-ciuoYQ---jnD~e"rfn"Y^RNaT RtiT AT i9N~CeRR|E,CT 18'NS' By" PlTZER

DEVELOPED.BY K, E« BUSH ’

12.1. &O K _. ...GVBSTANCE.I.___ GI.S*P.E.NTef>'£»2__________ :____________Ni!/J_7O.«13QO ____ ________LTEL_.1t^T7X TNBP|_ 310* 1Q><TTCl—475.36K______  

ASSIGNMENTS
      

ext.erna'l" rbt'at !ON~mumenifsT oT^Bo'E.y? oTejEoE"."^? 671615^37 ""sYm~^T~i7oo   
_____ I NT RnT MflMt ( 3):_______ Qi45E»39 Q<43£«38 o,45E»39____________________________________

      ’NT Rot" P'J.TI "‘("3) I 800*60 " " 8"oo*oo AlOO'tOO
    

YI U_F.tiEILl (_£.L1—_______300.0*00___ 1**0.* QD____ 950-1110__ 10.00100___U 00*00____ 3 2^-* 00-
     FREC DEGEnI 10 7 12 3 j 3    

   

total quantities 
  

TEMP DEti K LN Q c (0) H (0 )-H(00) S(0) F(O).HtOO) RT E(0)w E(00)121*83 0*21866E*03 o* 1493E+02 0.14594E+Q4 Q*65401E*q2 +0•65o63E+q4 242*0'1 O*1217E+o4 ,125*00 0»E2103E+03 0*1505E+02 0.15029E+04 0.65689E+02 -0*670815+04 . 248*^0 9.1255E+04IbQ.CO Q.24539E+03 o*16Q8E+02 0* 19Q17E+Q4 Q.68671E+02 +0'83991E+04 298*03- -0*16045*04 _
■ 2no*oo 0'33641E+03 0*1803E+02 0.27447E+04 0.73358E+02 "0*119275*05 397*44 0.2347L+Q42!; 0 • c 3 0*49401E+03 0*2111E+02 0.37266E+04 0.77943E+Q2 -0*157555+05 496.80, 0* 3230E +04_____________273 • 16 ■ 0.,.VJ4blE + 03 0*2242E+q2 0«41591E+04 0.799595+02 +0.176825*05 542.82 0,36165+04298.16 □•72524E+03 0’2446^+02 0.4818UE+04 0.825665+02 +0.198015+05 592,50 ,0.42265+04'Joo*co ■ 0*73533E+03 0’2460L+02 0.48626E+04 0.826965+02 -0«199*75+05 596*16 0,42665+04

310*10' 0*79639E*03' 0.2537E+02 0.51120E+04 0.834055+02 40’207535+05 616,23 0.44965+04
323.16 0.88099E+03 . 0•263rtE+o2 0.54461E+Q4 0.843275+02 •0.218065*05 642*18 0’48045+043'»8,16 0«10635E+04 0.2837E+02 0.615612+04 0.863235+02 . -0.23901E+05 691,8/l. 0*54 645*0 4_____________

• 3‘j0.00 0* 10/81E*04 0*28blE+02 0.b20/9E-r04 0.864605+02 -0.240545+05 695,52 0•5512 E + 04373.16 0* 12/44E + 04 O*3O2-3E+o2 0*688265+04 0.88112E+02 -0’259985+05 741.54 0.61415 + 04 ___  ■398.16 0« 15149E+04 Q.3215E+02 0.76568E+04 0.899025+02 -0.231405+05 791.22 ' 0.68665+04*00.00 Q. 153392+04 0*3228E+02 0.771565+04 0«90C345+Q2 -0’282995+05 ____ 7.94,83'. .0*69215 + 04423.16 O’ 178b2E+04 0.338/E+02 0.85034E+04 0.919475+02 +0’303985+05 840.90 0.76695+04 _448.16 0.2C890E+04 0*3561E+02 0.93/582+04 0.938535+02 -0’326845+05 890*58 Q. 8 4855*04_______ q450.00 0*21126L+04 0*3B73L*02 0,944125+04 0.939935+02 -0’3?854E+05 894.24 0.85475+04 0473.16 Q.24241E+04 0.3728L+02 0,10285L + 05 0.957495+02 -O’ 35018-+05 940.26. 0’93455 + 04____________475.66 0.24580E+04 (J.3744E+02 0.10 + 11E+05 0*959305+02 +0’35209E+05 .945,03 0’94665+04 .



APPENDIX C-9

CUNF IGUKAT IU.MAL ENERGY, EMTIIALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED UY K. F. BUSH AND' II. W. PREilGLE, JR.

SUBSTANCE: tl-IIEXAME MOLECULAR WCIGHI: E6.17?0 OMEGA: 0.2900

1RIPLL POINT: 17 7. HA K. N-BOILIMG POINT: 34 1.90 K
CHITICAL POINT: S07.90 K 29.92 ATM 0.3680 L/GMOI.E ZC 0.2640

VAPOR PRLSSURL CONSTANTS:
A.’iro INC : A= 6.B7776
GAMSbN-hAISUN: A= 2.9978

8= 1171.52979 C=
bL= 0.2110

224.36600 NC= 239.09067
8= 7.3480

C= 10.00 E= 545.67

Irll'UT DATA!
TEMP E(O)-EISV) E10)-EI 00 ) SIO) ZIVAP I St 0)-S(SV) STR177.84 0.0 . 27d1.00 7 7.46 1.0000 -20.06 36. 7'5I HO.00 0.3 2H41.00 7 8.13 1.0000 -19.5.3 36.81190.00 0.0 3043.00 79.06 1.0900 -17.48 37.08200.00 0.0 3252.00 79.97 1.0000 -15.58 3 7.31210.00 0.0 3555.00 82.19 1.0000 -13.d7 3 7.53220.00 0.0 37d4.00 83.1<) 1.oooo -12.31 3 7.1-1230.00 U. 0 4046.00 «4.29 1.0000 -10.8*) ‘ 3 5.0 3240.00 0.0 4302.00 • 8 6.7 3 1.0000 -9.59 3g .2'<250.00 O.G 45sd.00 C b . 6 3 0.99 )0 -8.3 5 38.44260.1)0 0.0 4H3o.OO 8 7.85 0.9960 -7.09 38.64273.16 0.0 5192.00 8 9.59 - 0.9910 -5.60 3 H . 8 82 ;t< . 16 ■ . M . 0 6045.00 92. <0 0.9852 -3.21 39.32300.00 O.u 6103.00 • 93.07 0.9(140 -3.05 39.3 532 3. 16 2.02 6891.00 95. 76 ' O.Oo'jO -1.25 39.72341.90 1 H . 1 6 756 1.00 ' ') 7.8 6 0.9505 u. lu 40.0034H. lu 26.2 4 7790.00 ' 98.45 0.9460 0. J 2 4 0.0 )3/3.16 , 70.65 H747.00 100.3 2 0.9130 1.95 A 0,4 >.39H . It, 151 .,'4,0 ■ ■ .9 789.00' ' . 103.21 0. t;7 7G 3.64 40.7 64bO.00 ' 16 o. 0 0 9*14 7.00 103.39 0.1-7 60 3. 80 4 0.78423.10 260.40 10780.00 106.51 0.8170 4 . 8 9 4 1.0 o471.16 773.10 I 3 I 8 u . 0 0 111.53 0.6380 7.61 ■ 41.624'911.16' " 1 130.GO 1 4 4 4 0.0 u 114.0? 0.4l?.()0 8.68 4 1.8 7500.00 . 1170.00 14530.00 114. ?<> 0.4760 >1. 7 8 4 1 . H 4507.90 2 100.GO 14860.00 115.31 o . 2 (> 4 0 11.86 ' 4 1.97



TtMP P ATM D(LM Pl/OT VL, L/GMOLC- VO, L/(.MOL( 1' ( VG-VL 1 DLL E(V) DEL HIV) DEL SIV)
177. 0.41/2L-04 0.1381 0.113 /O 0.3540E 06 ‘353.309 8323. 86 7o. 4d.79
180.00 O.5263r-O4 G.I 346 0.1 I 397 0.2 80 rt o/> 357.601 8307. b 6 6 5 . 4 8.14
IVO.uO 0.1516L-03 0.1201 0.11523 0.10211E 06 377.467 12 34. 56 12. 4 5.32
2 00. of) 0. 3930i:-03 0.1077 0.11652 0.41761: 05 397.333 8 161. Ei 5 5 4. 42. /9
?Hj.uO 0.3 10 5 C.-0 3 O.0971 0.11785 O.11.I52E 05 417.198 8 0119 . 8506. 40.50
2/0.00 0.20 37i:-O2 0.0879 0.1 1 9 2 2 0 . >13 6 It 0 4 437.061 8 016. 8 4 5 3. 38.42
230.00 (1. 4 I Ji81 - 02 0.07 >9 0.12064 0.452U8 04 456.922 7943 . 84 00. 36.52
2'<0.00 0. -3 0 3 1C.-0 2 0.0 /2‘> 0.12210 0.24 521: 04 476.777 7 8 70 . H 3 4 7 . 34 . /8
200.00 0. 14 04b-0 I 0.0l>6 6 0.12360 0.13728 04 496.12‘i 7 7<><l . 8 2 0 5. "3 3.06
2e>U. oo O./filOh-Gl 0.0604 0.12516 0.743 t 0 3 614.382 7 5 7 3 . dr) 8 :). 31.11
2/1.10 0. rrj<,3l:-0 I 0.0436 0.12729 (>. 3 72 5r. 03 53 7.61.0 7 3 12. 7 81.9. 28.81
2 •) ?.. 1 t> 0.1 0 JOI- 00 0.u434 0.13166 0.12118 03 682.944 695 7 . 7 54 0. 2'1.29
300.00 O.?l‘.4u 00 0.O427 0.13200 0.11Z4C 03 585.776 6-J26. 7 5 I 2 . 2 5.04
32 3.1 b 0.433 1i 00 0.03 r> B 0.13651 0.47981 02 <>17.7/ El t> 53 6. 7 15 4. 2 2.14
I'll .00 0. 1000b 0 I O.<)114 0.14056 0.26671 02 642.216 6/52. G ts 4. 2 0.17
3'iH. 1 <• 0.1212t 01 0.0301 0.14200 o.2230>: 02 650.160 611.3. 6 8. 1 3. 19.5 7
3 7 3.16 0.24 1 41: 0 I 0. (l/‘jfi 0. 14.8311 0.H4HE 02 66.3 . 1 75 5 7u8 . 6 1 / 6 . 1 7.09
3 Ot! . I u 0.41B3L SI 0.0223 0.15 605 0.65 381 01 677.160 5 3 2 5 . 60i.'Z . 1 5.0 7
400.00 0.4565L 01 0.02/0 0.15668 0. <129'18 01 678.813 4 308. 59” <,. 14.9 7
4/3.16 0.73)01 01 0.0136 0.16583 0.38398 01 65 7.166 4 <10 1 . 54 58. 1.2.90
4/3.16 o.iz/sr o2 0.01 r> 7 0.2023 3 0. 1 3958 01 5 12. 768 3 2 8 8 . 3 G 0 . 8.03
43 8. 1 b 0.2-;7‘>l C2 0.6141 0.24123 • O.7i,2OL; 00 324.61,3 1 96 0. "2 2 *> • /
800.00 0.2l.i, 3l 0/ 0.0140 0.24792 0. 7 391U 00 314.217 1 dU9. '22U i. 6.61
5u / . -JO 0.294 /t 02 0.0 136 0.36826 0.36838 00 0.0 0 . U, 0.0

rr.Mp . Kill) ■ EL . FC SL STP* SC* EC/Ilf SC»/R
177.84 C. 7 5 7 9 -5541.72 -8322.72 4b. 74 27.10 • -19.07 -23.>5 -9.<,0
180.00 u. 7 >6 1 -5466.00 -8307.00 49.57 2 7.14 -16.89 — ? *> . 2 2 -9. 5 1
190.00 G.7478 -5191.21 -8234.21 51.21 2 7.31 -18.10 -21.til -9. 11
20u.00 U.7395 -4>09.42 -8161.42 5z. 76 27.50 -17.38 -21, .54 -71.75
21u.00 0.7312 -4533.59 -8088.59 5 5.5 (i 2 7. n 7 - 16. 73 -19.36 -8.4 2
220.00 0 . 7 2 Z 8 -4231.7 / -8015.77 56.99 2 7.8 .1 -16.13 -18.34 - 'J . 1 2
2 10.00 0.7143 -3896.90 -7>42.90 5:-l. bf> 2 7.99 -15.99 -17.3 ‘i - 7.8 5
240.00 0.7058 -ISG7.93 -78o9.93 28.14 -15.09 -16.50 -7.59
250.00 0.6972 -3210.41 -7768.41 61.')2 2 8.2 9 -14.55 -15.84 -7.32
ZOO.00 O.udtib -27 17.16 -75 73 . 16 6 3.83 28.4 3 -13.80 ,—14.66 -6.9 5
273.16 0.6770 -2139.7b -7331.76 6<.. 3'i 28.61 -12.91 -13.51 -6.5 1
Z‘J.i.16 0.6-J4 5 -■>12.05 -b'JOZ.Oy " 70. ,.2 28.94 -1 I . 70 -11.74 -5.89
300.09 <,.6 5/8 -823.34 -6926.34 7 I . 08 2 8.91, -11.60 -11.62 -5.84
32 3. 16 O.(>31 2 352.58 -6538.42 7 4.8 7 ?').?•> -10.42 -10.18 -6.24
341.90 0.6 1 11 1290.59 -6270.41 7 7.51 -9.<>2 -9.2 .1 -4.94
348.16 0.6068 loOO.52 -6189.48 78. V. 2 9.55 — (y - * j 5 -8.95 -4.31
3 7 3. 1 r> 0.5.'",0 8 2)68.76 -5778.24 V 1 . 7 8 29.8 5 -.1.44 -7.7) -4.2 ->
39b. 1 6 0.5522 4292.76 -5476.23 8 4.50 30.14 -8.09- -6.') 2 -b . 0 7
400.00 0.5500 4379.43 -54J/7.57 8 4.62 3 0.16 -8. 15 -6.83 -4. lu
42 1.16 0.'>1 96 5718.52 -5061.48 8 b. 7 2 30.4 4 -7. 17 -6.02 -3.61
4 7 3. 16 I). 4 25 911 7.33 -4060.67 9b.39 ' 31.17 —b. 2 0 -4.3 2 -2.61
498.16 O.l'vV? . 11 14 1.6 3 ' - 3 C> 9 0.3 6 ■ 100.75 3 1.7,7 -3.0? -3.12 - 1.54
500.00 O.14 7<> 114/0.86 - 10 59.14 191.01 31.74 -3.03 -3.08 -1. b3
507.90 ■ 0.2 340 . 12560.00 -2300.00 I 0 1.4 3 32.5 7 -2.48 -2 . /8 -1.25
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arccf C.Vt CTAt_' Irtji-’IO SYtJAMAC f.t 0FZ.<T 1C 2 3Y STATISTICAL THERMODYNAMIC METHODS
, tern'Vl "ROT AT ie‘! CORRECTICNS" DY PITZER

    . 3CVZLCPE3 3Y K. I.'-UEH " ” ~‘

T-'LS.ii;... i.-.’rx ANr. ________ _______________ mi. ;... 3.; .1723 _______ _ ttf:_ . 177.....  . ..tndp: 3m. ook___...... ttc: sct.ock

  

;xT-.;NAL .iOTATiuM H0"(<;7tl': "‘".17’ 35-C J7...  .1733-037 .MOCO-dZS ' SYM NO! 1 .00

_____ :*'T ;3t : .■ !:i •; > :.nsLiJ-d 33 .gsTu-'Tii .lss.t-'J L'i_ .lASAirlLS.i.^.-'i.'tZOcOZO______ ____  . _______ _ ____ _____________________

i'.r /jt t'Af; '(" 7): ”2u.ju.rji1 zaju.oii " i^ac.ua icau.on icoa.no

  v:. ' jj:t si:.jijj.iiu itun.nu■>5u.u 3_3O .uji z?r> .go

r. -; de?-. : m ' iu ig e m

_____ T'. V..L..LIAZeILLLLJ_...   

. . . .1" b-. .3:3.!'. .......UM. .. . .. . .:tui ___H ( u 1 - ' ! t 3d ) F(O)-!ltOO)
177 . i;>. .2. •L7rl _ .IA Jx + l.E . jiZ'i'-’-r m .7747r*t? -.iicqi+rs

..........   . ' ..u^u . H 3 !i..tU2. j.'i .7 > ? n 7 + • 1 ? . . -.ic°, jS+GD.. ..
’.'.1. . ' " t1.1L _ .3 4SL7+!-,i .7'T S7*LE -. 11 c c 1 + r. *
.. J'Jel. Li ___ .3-1 .GutU^. • 1 • ■' 7 t* L* . .. ... . 3 j'l-DS ♦JS.-.. ._ . .. .73 J74 *.'.'? -.12 3 47 *7’3

; 1 .1 1 . <t -JultC.- ♦. L _ * 112 . 2-/711 ♦I.’A iis.oc + r.s
....... U-'L.UU . 3 7 -J. ’■ J j . .2774 <-uU __•4221' +2** .23J37*32 -.1'4 0 0'1*0 5

1 • l : . : -1♦ 1 . . . / f: . a- :.'. 11 + l q . . 1; I.. 7 * ' 2 -.iqju-s + rs
^_"u.7 tV.—. . .4 7.7.2 3 t.uq. .. .. .-.157 00*0 5. ... .

: i l. . । 1 .’Ll - * I - .7ii*i i> . 4 1 2 7) + L ? 17711*75 ‘
— . — (_1 I l_ __ ■ • , _ — J Y" ’ , . • "J .. * L" ■ « . . V. J * ' 11 . _ . . . :? ;-'l7*:J? .... - .17471*3 7.

/ * • 1 . . 7 r 7 *; _ - 1 7 _ . L. 7'27 1 *l.‘; . '2 -J 1 n I * r 2 -.1 -721 + C5
.«__ J • 1_ _• __< , ■ "i * ^L. */ . . . , ". 7 74 .cq . 37 3 30+32 -.213-31*05 . .

I Li • *.L . 7u; .1. .." i. ‘.. < I _ .i.l-i-JItI' ‘1 ." • r ■ c.c 4 > s
■ > ■ < ... v.2* ,?.'.7 C-*J?. -.2 34 11+'! 5

■■ l> 1. -. 1 . 111-. 1 * t'l, • " ^l. L H . . "tiL . -tL'i . - 7 _ 7. * 1Z -.25217*15
_ . _ . _ . _ __ •« J, i ■ . — ...•1 - 3-- ♦ 2 . ............... j.:.7*u2 . _ • j 2:; *• -4. _ • j 44 V: +i’ 2 . -.2'57 34 *'.'5 . ..

?'7 I..I .1L7‘iltI 1, • . 4 J L $i i 4 • J. . i, .4 L ' J -.2 .7124 + 75
, <4 "3 + , , - . . .1.37.1*1;. .. .. .. -.30534+05

<; r i- • L 1 . tr “i 2 - i ! - k : . 1r" - ■; - 4 l ? -. 7 7 7 17 + 7 51 > . . • , ': -i < • n " " J ■* * ' '' 1 . 1 . * *. -.3344 S+0 0
.1. . " - + L’» • L 1 _ • * | ' » ‘ 11 2 t i 2 - . 3 ". 7.! . 4 + 5 5

_ ! j« —_ ___ _ 1 a 7 _ _i . *j.. ,___ ; ♦ ij J . ,, . —— l *■ 1 *■ W - .114:24.*? -.41374+05 . .
. . L . 1 (, • L f ■* - :i e . + | _ e _ ' ' 4 V k. .-142' * L "I 41577+75

r i 7 . ’• j 7 r j . * L. . .12j7!i*L'. .Ll-Zl+J2 -.42C71+C5.

RT E(C)-EIOC)
353.4C .'2781 + 24
35 7 .5-3. .2241+04
377.57 .3243+24
397 .44 .3252+04
417.31 .3555+24
4 37 .13 .3754+04
457.25 .4247+04

.4 7C .5 3. ____ .4 302+04______
4 S C . 3 2 .4555+24
5 1'5 .27 .4032+04
5 4 2.7? .515 2+24
532.50 . .204 5+24
5 37 . 17. .7173+24
54 2.13 _____.59'21+04_____
E 7 2.4 2
501.35 _ _ .
741.54 .5747+24
791.22
794.82 .2547+243 q q e q n 9 -»1 x f> r
24 C. 2f .1317+05
33 9 .94 .1444+05
203.53 . 14;2+25

1203.23 . .. .14^2*05
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APPENDIX C-10

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH ANO H. W. PRENGLE, JR.

SUBSTANCE: 2,2,A TRI METHYLPENTANE MOLECULAR WE IGHT: 114.2200 OMEGA: 0.3100

FRIPLE POINT: 165.78 K N-BOILING POINT: 372.40 K
CRlriCAL POINT: 543.60 K 25.40 ATM 0.4820 L/GMOLE ZC 0.2740

VAPOR PRESSURE CONSTANTS:
ANTOINE: A= 6.81189
GAMSUN-WATSUN: A= 3.0760

B= 1257.83984
BL= 0.0

C= 220.73499
B= 7.3614

NC= 235.53909

FRANCIS CONSTANTS: A= 0.9371
G= 0.4167E-03

B= 0.7162E-03
H= 2.68

C= 10.00 E= 585.25

INPUT DATA:
I LfIP EIO)-E(SV) EIO)-E(OO) S (0) Z.I VAP ) S(O>-S(SV) STR165.78 0.0 2429.00 80.44 1.0000 -26.92 37.24'I KO.00 0.0 2838.00 83.22 1.0000 -23. 15 37.65200.00 0.0 3380.00 86.23 1.0000 -18.75 3 8.18220.00 0.0 3991.00 89.3 7 1.0000 . -15.15 3 b . 6 5240.00 0.0 4534.00 91. 72 1.0000 -12.15 39.08273.16 0.0 5916.00 9 7.79 0.9980 -8.09 39.7329b. 16 0.0 6883.00 101.2.7— 0.9916 -5.43 40.16300.00 0.0 . O952.00 101.47, 0.9910 -5.26 40.1932 3. 1 b 0.0 1 798 3.0'0 104.85 0.9860 -3.27 4 0.5634 8. 16 22.00 9148.00 108.38 0.9740 -1.47 40.93358.16 43.00 9851.00 109.42 0.9680 -0. 84 41.07372.40 65.00 10520.00 111.17 0.9568 0.26 41.27390.81 86.00 11470.00 113.72 0.9480 1.30 41.51393.16 97.00 11590.00 114.01 0.9310 1.43 41.54400.OU 108.00 11940.00 114.85 0.9250 1.75 41.62423.16 194.00 13280.00 118.43 0.8820 2.98 41.9044 8. 1 (> 302.00. 14730.00. 122. 1 7 0.8240 4.21 4 2.19'4 5 E . 1 /> 3 6 7.'0'0 ■ ’ ■ 1 15320'.00' ■123.40 0.8010 4.67 4 2.304 7 3 . Uj 4 7->.OO 16220.00 125.25 0.7620 5.43 42.46498. 16 756.00 18020.00 • 129.73 0.6820 6.76 42.7 1500.00 766.00 18140.00 129.95 0.6740 6.88 42.73‘>23.16 1145.00 19740.00 132.79 0.5490 8.31 42.96533.16 1463.00 20420.00 134.01 0.4690 9.24 4 3.05543.60 2323.00 21140.00 135.28 0.2 740 11.34 43.15



.wrmil tAi

TEMP P ATM DILN P)/DT VL, L/GMOLE VG, L/GMOLE P (VG-VL) DEL E(V) DEL HIV) DEL SIV)
L65. r\ 0. 13O7C -0 5 0.1763 0.14376 0.10416 08 329.350 9 299. 9628. 58.08
180.00 0.0717E -0 5 0.1480 0.14578 0.16 14E 07 357.600 9167. 9525. 52.91
200.00 0.7>769l -04 0.1 IdO 0.14874 0.2059E 06 397.333 8982. 9379. 46.90
220.00 0.4<)77E'-0 3 0.0960 . 0.15186 0.3702E 05 437.066 6 797. 92 34. 41.97
260.00 0.22 091:--02 0.0794 0.15514 0.8916E 04 476.792 8612. 9089. 37.87
273. 1 6 0. 1 709k--01 0.0594 0.16100 0.1309E 04 541.526 6 2 51 . 8793. 32.19
2J8. 16 0.6492E--01 0.0480 0.16584 O.3737E 0 3 587.108 7809. 8396. 28.16
300.00 0.7087E--0 I 0.0473 0. 16621 ’ 0.3443E 03 590.352 7 778. 8369. 27.90
323. 17. 0. 19281. 00 0.0395 0.17112 0.1356E 03 632.225 7 441 . 8073. 24.98
3'03. lb 0.4762c 00 ’ 0.0331 0.17693 0.5‘34 3 6 0 2 671.655 7072. 7 744. 2 2.24
3b8.16 0.656Of: 00 0.0310 U. 1 7944 0.4337E 0? 685.926 6926. 7612. 21.25
372.'.0 0.1000E 0 I 0.0283 0.18322 0.2924E 02 703.438 6707. 74 10. 19.90
300. P. 1 0.IbjbL 01 U.O253 0.18855 0.1 8 5 8 E 02 728.566 64 73. 7202. 13.43
3-7 3. 16 0.1 /36E 0 1 0.0 24') 0.18928 0. 1 73OE 02 719.229 6335. 7054. 17.94
600.00 0. 199 61- U1 0.0241 0.19144 0.152 JE 02 725.815 6261. 6987. 17.47
4 2 3.1b 0. 333 IE 01 0.0215 0.19957 0.9058E 01 725.143 58 73. 65 98. 15.59
4 4 6.1 6 0.5617C 01 0.0192 0.21028 0.5395E 01 705.051 . 5352. 6057. 13.52
4bH . ] 6 0.6775E 0 1 0.0153 0.21539 0.4445E 01 693.749 5136. 5830. 12.72
4/3.16 0.8 8441: 01 0.0172 0.22440 0.3 3 4 6 E 01 668.245 4 769. 54 3 8. 11.49
4 7H. 16 0.133OC 02 0.0155 0.24584 0.2096E 01 595.779 4 009. 460 5. 9.24
500.00 0.1369E 02 0.0154 0.24770 0.2020E 01 587.425 3936. 4523. 9.05
5 2 3 ." 1 b 0. 192 5(1 0 2 0.0141 0.2'3137 0.1225E 01 439.486 2795. 3234. 6. 18
533.16 0.2 2 10 E 0 2 0.0135 0.30998 0.9286E 00 330.946 2059. 2390. 4.48
543.60 0.25381- 02 0.0130 0.48194 0.4 819L- 00 0.0 0. 0. 0.0

TEMP RUD EL EC SL STR* SC* EC/RT SC*/R
165.78 0.7945 -6869.55 -9298.55 49.28 28.20 -22.11 -28.23 -11.13
180.00 0.7835 -6329.01 -9167.01 53.45 28.47 -20.59 -25.63 -10.36
200.00 0.7679 -5601.96 -8981.96 5 8.09 28.83 -18.80 -22.60 -9.46
220.00 0.7522 -4805.93 -8796.93 62.5 5 29.15 ‘ -17.32 -20.12 -8.72
240.00 0.7362 -4027.78 -8611.78 66.00 29.4 6 -16.09 -18.06 — 8. 10
273.16 0.7094 -2335.45 -8251.45 73.69 29.92 -14.29 -15.20 -7.19
298. 16 0.6887 -925.95 -7808.95 78.54 30.24 -12.80 -13.18 -6.44
300.00 . 0.6872 -826.38 -7778.38 78.8 3" ' 30.26 -12.70 -13.05 -6. 39
32 3.1 6 0.6675 542.08 -7440.92 ' 83. 14 30.54 -11.69 -11.59 -5.88
34 8. 16 U . 7> 4 5 6 2053.72 -7094.28 6 7.61 30.8 3 -10.66 -10.25 -5.37
358. It, 0.63t>6 . 2881.80 -0969.20 8 9.00 30.9 4 -10.28 -9.79 -5. 18
372.40 0.6234 3747.97 -6772.03 91.02 , ' 31.10 -9.99 -9.15 -5.03
390.81 • 0.6050 . 4910.54 -6559.46 93.9'9 "" 31 .-30 -9.52 -8.45 -4.79
39 3.17, 0.6035 > 5158.07 -6431.93 9 4.64 31.33 -9.16 -8.23 -4.61
400.00 0.5967, 5570.79 -63b9.21 9 5.64 31.40 -8.99 -8.01 -4.5 3
4 2 1.17, 0.5723 7213.10 -6066.90 99.35 31.65 -8.32 -7.21 -4.19
448.16 0.5432 9075.84 —5654.16 104.44 31.93 -7.46 -6.35 -3. 76
4 5b. 16 0.5303 9816.74 -6503.26 • 106.01 32.04 -7.14 -6.04 -3. 59
473.16 0.5090 10975.60 -5244.40 108.33 32.22 -6.68 -5.58 -3.36
4 9b. 16 0.464b 13255.11 -4764.89 113.73 32.55 -5.84 -4.81 -2.94
500.00 0.4 6 1 1 13438.03 ' ' -4701.97 114.03 . 3 2.53 -5.77 -4.73 -2.90
52 3.17, 0.4059 15800.09 -3939.90 118.30 32.9 7 -4.50 -3.79 -2.2 7
533.16 G.3685 16893.03 -3526.97 120.29 33.22 -3.89 -3.33 -1.96
643.bO 0.2370 18817.00 -2323.00 123.94 34.15 -2.34 -2.15 -1.18
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....... PERFECT—(5AS- STATE-THERmBD YNAMIC PROPERTIES By- STAT | ST IC A(.- THERmODYM Ah' IC METHODS
 --- -.... ......... including hindered internal rotation corrections by pitzer ■

-------------------------------DEVELOPED by K, -f,- bush-----------------------------------------------------------------

SUBSTANCE) B/2/4 TRI METHYLPENTANE MWJ 114’22 TTP! 165,78 K TnBP| 372,40 K . TCI 503«6Q K

—assignments-------------------------------------------------------------------------------------------------------------------------------------------------------------------------

EXTERNAL-ROTATION-MOMENTS!--- 0»6700F>37 Q,12Q0E"36- 0» 1330E’36>---- SYM Ng ; 1,00

INT ROT mom; ( 7); 0»52E«39 0.53E-39 0-53E-39 0.41E-38 0,41E»38 0,53E,39 O.SBE-Gg

I NT ROT POT! -(-7) --- 4800*00 - 4800*00 - 4800*00- 3400*00 -- 3^00*00 -• 3800,00 3800*00

VIB PREQI ( 51! 3000,00 1440*00 1100*00 1000.00 400,00 

FREG DEGEn) ■ • 18 - 16 is 7 — 9---- ----------

TOTAL QUANTITIES
   

temp DES K LN Q C(0) H(0)"H(00) S(0> F(0)-H(00 > RT E(O)-EIOO)
165,7g -- 0,33565E+03---- 0*2720E*02 0.275j5E+C4 - 0.804392+02 - +0,1()577e + 05 ......... - 3<a,44 0,24292+04 ■
180*00 0»37799E+Q3 0*29242+02 0*319olE+04 0*832152+02 +0*117822+05 357*69 0.28382+04
200-00--- -0.45437E+03---- -O*3157E*Q2- - -0*377/82*04---- 0,86 2 28 2+02--- **0* 134682+05--- *--- — 397,44 - - 0*33802 + 0 4-—
-220*00 Qt552u5E*03 0*34102+02 0.442862+04 0.893732+02 -0*152332+05 437,1b 0*3991E + (;4
2A0.00 ■■ - - 0.67268E+03 ---- 0 < 364 J, t.*02 -- - 0*506072*04 ...0*917212*02 -- -0*169522+05 476,93 0.45b42*04
273.16 0*927542+03 0*41132+02 0.645912+04 0*977952+02 -0*2j254r*05 542*89 0*59162+04

. 298*16 —- 0*116652*04 --- 0*44382*02 - 0*747582+04 --  0.101272+03 --•0*227192+05 532.50 0*68832+94
300*00 0* U8.80E+04 0* 446;:E+02 0*7548?E+04 0*101462*03 -0*228912+05 596*16 0*69522+04

--- 323.16---- -0* 145462*0 4---- -0*47862 + 02--- 0’862512+04. --- 0*104852+03 --- 0 • 8525'32 + 05 ------ 642.18. 0 • / 'J -ic. + D ■—
348.16 0* 178-342 + 04 0*51272*02 0*983982+04 0*10-7382 + 03 -0•278952+05 691.8b 0*91482+04
358*16- ■ Q*193r,8r + o4 ■ 0 *52852+02 0*105632*05 - 0•109422+03 —-0*236262+05 711.73 0*98512+04
3 72.‘-0 0*21598E+04 0*54652+02 0*112632+05 0*111182+03 +0*301382+05 740,03 0,10522+05

■ 350*81 - •- 0 * 247 + 5E + 04---- 0*57032+02 - 0*122452*05 0.113722+03 - --0*321972+05 ----- 7 7 6 • 61 O*1147E+o5 .
393 * 16 0.251672+04 0*57332*02 C*123692+05 0*114012+03 -0•324552+05 781*28 0.11592+05

---  400*00--- ■0*264232+04---- 0*58192 + 02-- 0*127332*05 --- 0*1148tiE*03- --- 0*3-+2C8E+C5------- .— 754*88 --0*11942+05 -
423.16 0*309782+04 0’61232+02 0*1‘*124E + 05 0 • 118432 + 03 -0*359892+05 840,90 0*13232+05
448 • 16--- 0* 364-272+04-—- 0*64052+02 0*15*1241 +05 - - - 0* 122172+03 -0*391?6E + C5 ... - 890*58 0*14732+05 ■
458.16 0»38763E+04 0*65252+02 0*162302+05 0.123402+03 -0*403082+05 910*45 0 * 15322 + 05

• -473.16--- 0* 42439E + 04- 0*6700E+02 -■ 0* 171612+05 0*125252+03 -- '*0*4'21032 + 05- - - 940*26 0 * 16222 + 05
■ 493*16- 0*490252 + 04- . 0*69412+02 C* 190146 + 05 0* 129732+03 -0 * 456102 + 05 989.94 0*18922+05

--  - 500*00--- •0*495332+04---- -0*69622+02 -- 0*191362+05 --- C.12995L+O3 --- 0*4->839E + 05------- -.993*59 -- 0-1814E*.j5 —
523.16 0*5ai91£+Q4 0*73162+02 0*207832*05 0-13?792+03 -0 • 4'-5685£*05 1039*62 0*19742+05
533 * 16-- 6*592,IE+04--------- 0*73222+02 0.21 4h;_E + C5 - • 0 ») 3 C ?4 0 3 .q , 4')9f:br*C5 . . . 1059.49 0*20422+05
543*60 q.624852*04 0*74322+02 0*222192*05 0* 1352.-12 + 03 -0*513172+05 1080*24 0*21142+05

90
T:



APPENDIX C-ll

CONFIGURATIONAL ENERGY, ENTHALPY, ANO ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W. PRENGLE, JR.

SUBSTANCE: WATER MOLECULAR WEIGHT: 18.0200 OMEGA: 0.3480

TRIPLi. POINT: 273. 16 K N-BOILING POINT: 373.16 K
CRITICAL POINT: 647.00 K 218.30 ATM 0.0560 L/GMOLE ZC 0.2300

VAPOR PRESSURE CONSTANTS: 
ANTOINE: A= 7.84819 8= 1614.00000 C= 224.92000 NC= 227.56396
GAMSON-WATSOM: A= 3.1287 BL= 0.1700 B= 8.3468

FRANCIS CONSTANTS: A= 1.2637 B= 0.8835E-03 C= 9.00 E= 91.44
G= 0.1226E-02 H= 2.51

SM I TH -REYES CONSTANTS: A= -0.31515479 8= -0.12033738E-02 C=0.74890799E-12 D= 0.13424885
E=-0 .39462596E-02 F= 3.1975 G= 647.27

INPUT DATA: 
IFMP

i
E(O)-EISV) E(O)-EIOO) S(0) Z(VAP) S(O)-S(SV) STR

273. 16 0.0 1629.00 44.42 1.0000 -9.72 34.21
298. 16 0.0 1779.00 45. 1? 1.0000 -6.82 34.65
300.00 0.0 1790.00 4 5.17 1.0000 -6.60 34.68
350.00 13.00 2092.00 4 6.41 i.oooo -1.74 35.45
373.16 13.00 2233.00 46.92 0.9990 0.04,. 35.77
375.00 26.00 2244.00 4 6.96 0.9980 0.17 35.79
398.16 39-.00 2386.00 4 7.45 0.9850 1.76 36.09
400.00 51.00 2397.00 47.49- 0.9840 1.91 36. 11
423.16 64.00 2540.00 47.95 . 0.9667 3.24 . 36.39
448.16 154.00 2695.00 48.42 ■ 0.9400 4.65 36.68

। 473.16 2 70.00 2852.00 4 '3.8 7 0.9100 5. 98 36.9 5
498.1 b • 411.00 30 10,. 00 49.30 0.8750 7.23 37.20
500.00 424.00 ■ ' . 302?'.00 ' ' 1 49.33 0.8730 7.31 37.22
523.16 591.00 3170.00 49.71 0.8330 8. 43 37.45
548.16 797.00 3331.00 50.10 ' 0.7770 9.62 37.68
573.16 1067.00 3494.00 50.48 0.7040 10.77 37.90
598.16 1491.00 3658.00 50.85 0.6250 12.26 . 38.11
623.17, 2057.00 3824.00 51.20 0.5130 13.67 38.32
635.00 2 16 7.4 5 3903.00 51.36 0.4370 • 14. 37 38.41
647.00 3844.00. 3984.00 51.53 0.2320 17.29 38.50



TEMP P ATM 13(LN Pl/DT VL, L/GMOLE VG, L/GMOLE P(VG-VL) DEL E(V) DEL HIV) DEL S(V)
2/3.16 0.7697E-02 0.0718 0.01802 0.2990E O'. 562.675 10096. 10638. 38.95
2'ia. 16 0.3231L-01 0.0595 0.01803 0.7573E 03 592.331 9916. 10508. 3 5.26
3J0.00 0.36021:-01 0.0586 0.01809 0.6835E 03 595.985 9887. 10683. 36.96'
3‘>0.00 0.7.157E 00 0.0608 0.01850 0.6909E 02 695.168 9235. 9930. 28.37
373.16 ■ 0.1000L 01 0.0152 0.01880 0.3059E 02 760.169 8982. 9723. ' 26.05
175.00 0.1067E 01 0.0368 0.01883 0.2 8791- 02 76 3.02/) 8955. 969 8. 2 5.86"'
3'1 li . 17) 0.23070 01 0.0306 0.01919 0.1395E 0? 778.075 8702. 9680. 23.81
600.00 0.2660E 01 0.0303 0.01922 0. 13261: 02 780.8 18 8676. 96 5 7. 2 3.66
623.16 0.6 7 I 1 F. 0 1 0.0267 0.01965 0.7126G 01 810.663 8336. 916 5. 2 1.61
6 6 8.1 b 0.8H09G 01 0.0235 0.02020 0.3926E 01 832.617 7965. 877 7. 19.59
673.16 0.1‘)35E 02 0.0210 0.02086 0.2303c 01 867.668 7 561 . 8609. 17.77
603.1b 0.2522E 0? 0.0188 0.02161 0.1618E 01 852.773 7153. 8006. 16.07
500.00 O.27.11E 02 0.0187 0.02167 O.1372E 01 853.683 7128. 7982. 15.96
5/3.16 0. 3 0 6 (11: 0 2 0.0171 0.02255 0.905Pc 00 866.223 6689. 7533. 16.60
566.16 0.5930E 02 0.0155 0.02373 0.5 8961- 00 812.098 6098. ' 69)0. 12.61
5/3.16 0.8596i: 02 0.0162 0.02529 0.38 5 31': 00 769.008 5 366. 609 3. 10.63
*> JH . 1 7. 0. 120 <r. 03 0.0130 0.02755 0.2541E 00 662.185 6698 . 5160. 8.63
623.10 0.16501; 0 3 0.0120 0.03179 0.1589E 00 508.061 3292. 3800. 6.10
o 3 5.1)0 0. lH9 7t 0 3 0.0116 0.03566 0.1200E 00 388.607, 2663. 2 8 5 1. 6.69
667.00 0.2176c 03 0.0111 0.05596 0.5596E-01 0.0 0. 0. 0.0

TEMP RHO El. EC SL STR* SC* EC/RT SC*/R
2/3.16 0.9998 -8666.55 -10095.55 15.20 20.05 -15.06 -18.60 -7.58
298.16 0.9968 -8136.95 -9915.95 16.70 20. 32 -16.09 -16.76 -7.09
300.00 0.9966 -8097.61 -9887.61 16.83 20.36 -16.00 -16.59 -7.05
360.00 0.9738 -7155.68 -9267.68 19.78 20.85 -12.03 -13.30 -6.0 5
373.1 6 0 .95F'/t -6 762.7)3 -8995.63 20.83 21.07 -11.60 -12.13 -5.76
3/5.00 0.957 I -6737.30 -8981.30 20.93 21.09 ... -11.33 -12.05 -5.70
3 H-. Io 0.9390 -6355.09 -8761.09 2 1 .88 21.30 -10.79 -11.05 -5.63
6UO.00 0.91/5 -6330.15 -8727.15 2 1.97, 21.32 -10.76 -10.98 -5.62
623.16 0.9169 -5858.50 -8398.50 23.10 21.53 -9.99 -9.99 -5.03
66 3. lf> 0.P922 -5603.61 -8098.61 26.18 21.76 -9.32 -9.09 -6.69
671-16 0.366 / -6979.60 -7831.60 2 5.12 21.98 -8. 7 9 -8.33 -6.62
693.16 0.3339 -6556.35 - 7566.35 2 6.00 22.21 -8.31 -7.66 -6.18
50').00 0.8 3 1 1 —6530.36 -7552.37, 26.05 22.2 3 -8.28 -7.60 -6. 1 7
•>2 3.16 u .7992 -6109.86 -7279.86 26. 38 22.66 -7.82. . -7.00 -3.96
•>6H. 16 0.7596 -3563.70 -6897), 70 27.88, 22.68 -7.23 -6.33 -3.64
•> / 3. 16 0.7 1 2 ■> -2916.63 -6610.63 29.08 2 2.96 -6.66 -5.63 -3.26
595.16 0.6560 -2331.26 -5989.26 29.97, ; 23.27, -6.01 -5.06 -3.03
623.16 ().5 67.8 -1525.21 -5369.21 3 1.63 2 3.66 -5. 10 -6.32 -2.56
u35.00 0.1082 -727.09 -6630.0 ) 32.50 2 3.92. -6.3 7 -3.67 -2. 20
66 7.00 0.3220 160.00 -3866.00 37,. 26 26.88. -3.67 -2.99 -1.85
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APPENDIX C-12

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. HUSH AND H. W. PRENGLE, JR.

SUBSTANCE: N-OCTANE OMEGA: 0.4030MOLECULAR WE I GUT : UA. 22u 0

TKIPLc POINT:
CRITICAL POINT:

216.38 K
569.40 K-

N-I30U ING
2 4.60

POINT: 398.83 K
ATM 0 .4860 L/GMOLE ZC 0.2560

VAPOR PRESSURE CONSTANTS:
ANIOI.NL-: A= 6.92377 B= 1355.12598 C= 209.51700 NC= 219.05653GAMSON-WAI SO,;: A= 3 .2266 BL = 0.2364 B= 7.4920

FRANCIS CIINS IAN TS: A= 0. 9446 ' 8= 0. 71 SUE -03 C = 10.00 E= 608 . 12G= 0.4? 8HE-03 H= 2. 61

INPUT DATA:
I' FMP ElOl-ElSv) F(O)-FIOO) S ( 0) Z(VAP) S(O)-SISV) STR216.3.') 0.0 4843.00 98.75 1.OOCO -19.71 38.57250.00 0.0 ■>9 8 7.00 103.94 0.9980 -13.97 39.29

?') '1. 16 0.0 7926.00 111.62 0.9396 -7.94 40.16300.00 0.0 8003.00 111.84 1 0.9890 -7.73 40.1932 3 . 16 0.0 9002.00 115.60 0.9870 -5.39 40.563 4 <1 . 1 o 31.70 10180.00 118.7? 0.9800 -3.29 , 40.933 M . 1 6 6 1.10 11580.60 122.69 0.9 7 10 -1.53 41.2839J. 16 9?. RO 12940.00 125.85 0.9590 -0.04 41.6039B.b3 9‘>. GO 12970.00 125.93 0.9 5 ri 3 0.02 41.6140(1.00 TO 7 .00 13040.00 126.08 0.9550 0.11 41.62423. 16 158.00 . 14340.00 130.13 0.9310 1.71 41.904 4 rt . 16 24U.00 15860.00 133.42 0.8 9 10 2.96 42.19473.16 ' 362.00 17600.00 137.00 0.8270 4.17 42.46.498.16 565.00 19280.00 140.26 . 0.7670 5.43 42.71500.00 uBB.OO 19400.00 140.50 0.7-j 6 <) 5.54 42.7352 3 . 16 1159.00 21030.00 143.50 0.6790 0.78 42.9654 8. 16 •' 1 323..00 22320.00 147.71 0.5 4 80 8.43 43.195 6 'i. 4 0 2 75 0..00 '. ' 23890.00' • 150.4! 0.2560 11.80 43.38



IE HI* P ATM 0(LN Pl/UT VL, L/CMOLE VO. L/GMULE P(VG-VL) DEL E(V) DEL HIV) DEL S(V)__
216.38 0.69231 -04 0 . 1 111 5 0.14947 0.3607E 06 429.875 10592. 11022. 5 0.94
260.00 0.3 H 3 1L -0 3 0.0856 0.15433 0.23181 05 495.670 10109. 10605. 42.42
298.16 0.18371" -01 0.0567 0.16342 0.13171: 04 586.111 9329. 9915. 33.25
300.00 0.20601: -01 0.055'1 0.16378 0.11940 04 58.9. To 3 9 2 86. 9 8 7 6. 3 2.92
323.16 0. -0 I 0.0463 0.16842 0.3 1500 03 633.396 8 8 50. 94 8 3. 29.35
3-18.16 0.19G6E 0 0 0.0385 0.17387 U.14690 0 < 677.043 84 09 . 9 0‘! 6. 2 6.10
373.16 U.6621E 00 0.0326 0.17 189 0.6434E 02 717.833 8007. 8725. 2 3.31!

1 6 0.911178 0 0 C.O279 0.1-1664 0.31920 0? 754.144 7619. 8 3 7 3. 21.03
3911..! J 0. 1 0001" 0 1 0.02 0.18684 0.3136E 02 754.779 7 6 U 6 . 8360. 20.97)
<i Ju. 00 0. 1O3 3I-: 0 1 U.0Z/6 0.18713 0.3 0 3 4 E 0? 754.2,6 "7 5 66. 8 32 I. 20; 30
623.16 0. 1 f!7Hi 01 0.0261 0.19437 0.1 7 221: 02 773.834 7 13 1. 790 5. 18.68
<« 611 . 1 f. 0.32 3/E 0 1 0.0213 0.20349 0. 10I.2E 02 777.350 6 6 33. 74 1 0. 16.53
v, 7 3.16 0.5 368 r. 0 1 0.0190 0.21477 0.597.8E 01 744.8bO 5944 . 6689. 1 4.14
6 •18. )6 0. 8 38Hr. 01 G. 01 /1 0.22978 O.3738E 01 712.422 5348.' 6060. 12.17
200.00 0.116 56 E 01 0.0169 0.23112 0. 3 5P4E 01 702.537 525 1 . 5954. 11.91
52 3. 16 0. 12u9i: 0 2 0.0155 0.24958 0.23 15E 01 629.634 4 4 65. 509 5. 9. 74
5 6 8. 16 0. 16211: 02 0.0141 0.28537 0.13540 01 470.973 3 165. 363 5. 6.63
569.60 0.242 ->L 0 2 0.0130 0.48604 0.48600 00 0.0 0 . 0. 0.0

Tlhp RIH) LI. EC SI. SIR* SC* FC/RT SC*/R
216.38 0.7642 -5740.68 -10591.68 6 7.52 29.07 -21.73 -24.63 -10.94
250.00 C . 7 3 7 7 -4122.40 -10109.40 75.49 29.'57 . -18.74 -20.35 -9.4 3
2';h. 16 0.6989 -1402.52 -93213.52 86.31 30.21 -15.37, -15.74 -7.73
300.00 0.6974 -1283.22 -9286.22 86.66 30.23 -15.22 -15.58 -7.7,6
32 3. 17, 0.7. 782 192. 14 -8 849.87, 9 I .65 30.9 1 -13.90 -13.78 -6.99
34 H. 17, 0 • 6 '»6 9 1739.29 -8440.70 95.9? 30.79 -12.67, -12.20 -6.3 7
3 7 . 17, 0.7. 14 1 3512.72 -8067.88 100.84 31.0 7 -11.64 -10.83 - 5 . !i 6
39b. 17. 0.7, I 2 U 52 25.52 -7711.43 1 04 . <1 . 34 - 17-. 7 3 -9. 75 -5.40
398.H3 0.7,1 13 52o9.33 -7700.67 104 ..J5 31 .34 -10. 72 -9.7 2 -5.39
400.00 0.6102 5366.58 -77. 73.42 105.17 3 1 . 36 -10.64 - 9 . G ■> -5.36
4/3.16 0.5376 7050.68 -7289.32 109.74 3 I . 60 -10.09 -8.67 -5.08
448.16 0 . ‘> 6 1 3 8979.50 -6880.90 113.93 3 1.:!6 -9. 1 r -7.73 -4.61
4/1.17, U . ' 3 1 *< 11294.31 -6305.69 1 12.69 32.13 -7.98 -6 . 7 L -4.01
49g.16 0 .9 11 I 3366.97 -9913.03 122.66 32.4/ -7. 30 -5.97 ' - 3 . o 7
600.00 0.4942 13960.H7 -5839.13 ' 123.05 3 2.44 -7.10 -5.8 8 -3.60
523. 17, 0.4 5 11> 1 5 706.00 -5324.00 126.98 ,3 2.7 3 -6.29 . -5.12 — 3. 16
5 46.16 'j .00 3 1 78 3/. .4 8 -4487.52 ■ 132.65 33.13 -5. (il -4.12 -2.52
569.40 0.735D 2 1140.00 -2750.00 ' 34. JI -2.73 -2.43 • -1.3/



 

Pf.liFi-:CT Gas STATH thermodynamic properties BY STATISTICAL Th.ERMODvnAMI c methods

including hindered internal- rotation corrections by pitzer
 .....  DEVELdPEn"Ef"KVE"."'BUS"H" "........ . ... " ........

SUHSTAMCE.J. N-OCTANF. ... MW: 114,2240 TTP: 216,38K TNBP: 398,U3K . . TTCi 569,40
   

ASSIGNMENTS.   
EXTERNAL ROT AT I ON HOREN T S ,5650-037 , 5650-037 ,1000-037 SYM NO: 1,00

II-.T ROT MOM: ( 7): ,4510-039 ,1600-038 ,4400-038 .5000-038 , 4400-038 ,1600-038 ,4510-039

|I1T ROT PUT; .( 7 ): . .. 4200..0U 1600,00 1600.00 1600,00 .1600,00 1600.00 4200,00

VID" FREQ: ( h);  ""SOOO.OO 1440.00 950.00 1000.00 280.00
 

.FREG UECL-N:  .. .18 . 12.. .. 22 7 6

TOTAL QUANTITIES
  

TEMP DEG K LN 0 C(0) H< 0 >-H(00) SCO) F(0)-H(U0)
.216,38 ,70201+03 ,3574+02 .52727+04 .98758+02 -.16097+05
250,00 ,96850+03 ,3923+02 ,64833+04 .10394*03 -.19501+05

 298,16 .14 Bou + 0 4 .4521+02 .85184+04 .11162+03 -.24763+05
3u (i , OU . 15101 + 1) -I ,4547+02 , 85991 + 04 .11184+03 - .24955 + 05

, 323.16 .10266+04 .4767+02 ,96443+04 .11560+03 -.27712+05
348,10 ,22168+04 .5121+02 .10870+05 ,11872+03 - , 30461 + 05
373,16 ,266b0+04 .5497+02 ,12319+05 .12269+03 - . 33462 + 05
3 9 6 '. 1 6 .31700+94 .5836+02 .13726+05 ,12585+03 - ,36380 + 05
e 9 6. o s • .31846 + 64 ■ ■ •.5649 + 02 ■ ,137o7+05 . 12593 + 03 - .36459 + 05 
4 0 0 , u ■ ,32097494 .5861+02 .13635+05 , 1260h + i)3 - ,365°6+05
423.16 . 3 7 o 3 r> + 0 4 .6051+02 ,l‘-17l<-05 , 13 013 + U 3 - . 39889 + 05
4 4 . 16 , 43971 + 04 , 6 3 o 5 + 0 2 ,16749+05 .13342+03 - .43046 + 05
473.10 .504]9+04 , 6 661 + 02 ,18540+05 .13700+03 - . 4 6 2 0 4 + o 5
493,16 . A7tl<) 7 *-0 4 ,6946+02 .20268+95 . 1 4 026*03 -.49605+05
5 0 0 . u 0 .5'' '.62 + 04 ,u957+02 .20398+05 .14 0 5n* u 0 - . 4 9 u 5 3 +1) 5
523.16 . b - o •> 1 + 0 <; < 7 i 1 ‘i + u 2 . 2 21) 6 6 + U 5 , 14350+03 -.530U8 + 05
548.16 . 7 4 7 02 + 0 4 .7349+02 . 24 11? + 0 5 , 14771 + 03 -.57557+05
‘.x:9.4 0 , ('Vofi:> + o4 .7559+02 .25(121 + 05 ,1 > U 4 1 + 0 3 - , 6 0 6 2') + 0 5

RT
429,99
496,80 

_________ 592,50 
596.16 
642,18 
691,86 
741.54 
791.22 
792.55 
794.88 
840,90

'' 890.58
940,26 
989.94 
993.59 

"1039,62 
1089,30 
1131.51

E(0)-E(00) 
,4843+04 
. 5987 + 04
 , 7926 + 04 
,8003 + 04 ‘ 
, 9002 + 04 
,1018+05 
.1158+05 
, 1294 + 05
,1297+05 
", 13 0 4+09 * 
. 1434 + 05 
,1586+05 
,1760+05 
. 1928^05
 , 1940 + 05 
. 2103 + 05 " 
. 2232 + 05 
.2389+95
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APPENDIX C-13

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W. PRENGLE, JR.

SUBSTANCE: METHYL ALCOHOL MOLECULAR WEIGHT: 32.0400 OMEGA: 0.5560

TRIPLE POINT: 175.40 K N-BOILING POINT: 337.80 K
CRITICAL POINT: 512.28 K 78.70 ATM 0.1180 L/GMOLE ZC 0.2240

VAPOR PRESSURE CONSTANTS: 
ANTOINE: A= 7.89750 B= 1474.07983 C= 229.12999 NC= 243.70482
..AMSIJN-WA TSO,'!: A= 3.6072 _DL= 0.2222 8= 8.3802

FRANCIS CONSTANTS: A= 1.0493
G= 0.1010E-02

8= 0.7827E-03
H= 2.47

C= 6.00 E= 507.77

INPUT DATA:
c M P £<0)-E(SV) E(O)-FIOO) S(0) Z(VAP) sio >—s <sv> STR'175.48 0.0 1223.00 53.27 1.0000 -23.24 33.73273.16 0.0 1900.00 56.26 0.9760 -6.4 8 35.93298. 16 0.0 2126.00 5 7.29 0.9640 -3.59 36.37300.00 O.U 2140.00 57.35 " 0.9620 -3.40 36.40323 . 16 20.00 2345.00 58.18 0.9530 -1.21 36.77337.86 41.00 2471.00 5 8.60 0.9474 0.12 36.99348.16 7! .00 2587.00 59.06 0.9400 0.9 7 37.14373.17> 143.00 2616.00 59.76 0.9210 2.86 37.48393.16 264.00 3064.00 60.58 0.3920 4. 53 37.81400.00 274.00 3082.00 60.63 0.8900 ' 4.69 37.83423.16 437.00 3348.00 61.45 0.8380 6. 18 38.114 4 >>. 1 6 682.00 3616.00 62.11 0.7590 7.83 3 8.40473.16 1058.00 . 3896.00 62.76 0.6510 9.64 38.66498. 16 1689.00 4176.00 6 3.54 0.4960 11.80 3 8.92‘>00.00 1761.00 4198.00 6 3.59 0.4800 12.02 38.94512.28 . '3207.00 ; ■ 4347.00 6 3.90 0.2240 15.60 39.06



i*l*ikv.'»ee lnljl MileiNM iw«el*eVww*eW*»

TEMP P ATM DI LN P)/DT VLt L/GMOLE VG, L/GMOLE P(VG-VL) DEL E(V) DEL H(V) DEL S(V)
175.48 0.83-J6L-05 0.1592 0.03584 0.1723E 07 348.621 9389. 9 738. 55.49
?73.16 0.3831l-:-01 0.064 / 0.03956 0.57UE 03 529.617 8823. 9353. 34.24
298. 16 0.1645C 00 0.0526 0.04070 0.1434E 03 570.859 8375. 8945. 30.00
3(10. UO 0.181 IE 00 0.0510 0.04073 0.1308E 03 573.173 8335. 8908. 29.69
323.16 0.5441E 00 0.0436 0.04194 0.46445 02 611.284 7 994. 8606. 26.63
3 37. <16 0.9998E 00 0.0393 0.04275 0.26Z7E 02 634.375 7798. 8433. 24.96
348.16 0.1478E 01 0.0357 0.04334 0.L816E 02 648.626 7638. 82u /. - 23.80 -
3/3.16 0.34781: 01 0.0311 0.04496 0.8108E 01 673.993 7200. 7879. 21.12
398 . 16 0.71 HOE 0 1 0.0271 0.04692 0.40598 01 697.427 6814. 7512. 18.87
4UO.00 0.7545 E ul • 0.0268 0.04708 0.3 8 721: 01 693.655 6 788. 748 7. 18.72
4 2 3.16 0.1354L 02 O.O23B 0.04951 0.2 1 48E 0 1 688.255 6254. 694 2. 16.41
448.1G 0.23/60 02 0.0212 0.05321 0.11751- 01 645.167 5487. 613 2. 13.68
473.16 0.3925C 02 0.0190 0.05908 0.6440E 00 555.807 4 4 4 4. 5000. 10.57
498.16 0.61641 0 2 0.0171 0.07105 0.32891: 00 384.845 2903 . 3287. 6.60
500.00 0.6361 L- 02 0.01 /O 0.07264 0.30966 00 364.939 2741. 3106. 6.21
512.28 0.7U01E 02 0.0162 0.11779 0.1178E 00 0.0 0. 0. 0.0

TEMP RH(1 EL EC SL STR* SC* EC/RT SC*/R
175.48 0.8939 -8166.24 -9389.24 21.02 21.82 -20.34 -26.93 -10.24
273.16 0.8099 -6923.41 -8823.41 28.50 23.33 -15.16 -16.25 -7.63
298. 16 0.7873 -6248.62 -8374.62 30.88 23.65 -13.70 -14. 13 -6.89
300.00 ■0.7856 -6194.54 -8334.54 31 .05 2 3.6/ -13.57 -13.98 -6.83
323.16 0.7639 -5669.41 -8014.41 32.76 23.95 -12.60 -12.48 -6.34
337.86 0.7 49 5 -5 167.90 -7838.90 33.52 24.12 -12.21 -11.68 -6.15
34 >i. 16 0.7392 -5122.28 -7709.2,3 34.29 24.2 4 -11.87 -11.14 -5.9 7
373.16 0.7127 -4527.31 -7343.31 35.78 24.52 -11.01 -9.90 -5.54
398.16 0.6829 -40 14.14 -7078.14 37. 19 24.80 -10.39 -8.95 -5.23
400.00 0.6805 -3979. (19 -7061.89 37.23 24.8 2 -10.40 -8.88 -5.23
4 2 3. 16 . 0.6472 -3342.82 -6690.82 38.86 25.09 -9.56 -7.96 -4.81
448.16 " 0.6022 -2553.01 . -6169.01 40.60 25.40 -8.52 -6.93 -4.2 9
.4 73. 16‘ 0.6423 -1606.14 -5902.14 42.56 25.77 -7.31 -5.85 -3.68
498.16 0.4509 -4 15.59 -4591.59 4 5.14 26.29 -5.7 7 -4.64 -2.90
500.00 0.4411 -303.95 -4501.95 45.36 26.35 -5.64 -4.53 -2.84
512.28 0.2 72 0 1140.00 -3207.00 48.30 27.38 -3.92 -3.15 -1.97
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■.."'Ji '.'i.r: th".i :v 3Y'.,;..:'_c .'.<:? j ; r i: .. ly jt ;t ittical th^.iycdy'-iayic method"

’;-:jl.j..: ,j :!:fi,j.i..' :;:T*'i;i.iL '"gtat-O.'i ’cc"\jc riCN- jy pitzcr 

'SdrvTL'cFFr-7y“”.—"zT 'L'usii .   '

t \: j : .'. thy'__ \l "j;-. l .  m:. : j; ...:.■< jl, . ttp: 17-j.mjk tndp: 337.sok tic: 512.28K

"IT-; •:,.l" •'t/,' ‘rz. * -: CYit nct" 1.20

•_____ J.?_L_ I’' .':J________!_ z;.Li________ .".UJ-JJ-__ __ ___ _  _ ____ _ ___ _ __ _______ __

r r ..er ;• •,t : i :). ” i jl- .Ju...........

_ v 7 j; _____ ___________. ;jl.________ir:zj.njj___ zq_2zL*'::;__i’2|"i.no_________ ______ _

1 ; j j 1 1 z

____ r., r.;:i w.1.?.___ _____________________ ....___________  __ ______ __ _ ....... ■_______

1 .. L' ‘ ■2 ( L ) !• ! j ) - H ( 2. , ) st..) FtU>-H (00) RY L (0 )-CCOC )
' - ' ; . 71 71f‘ - L ’ f ! a 1 1 * ' H . \ ‘ 7 ‘ ♦ f 7 -.7777. *14 34?.71 . 122 7+24
1 • ’ 7 7 • j ‘ ♦ 11 _> . 2 ■..' J . ►>’ j .■ 1 j 3 *■ ■ 4 <•> •» — e 1 ' J + ‘J "J 542.32 .1220+24

_ ’ . '■ ! /; h ' , .Il i’ I - + I i. .:: 7:11 + >' <• . ‘ 7 1 + : n -. 2 4 2' t 5 1 > • 2. L. .2122+24
" i < ' . 1 ■ e ‘ t L 1 _ . ?. t : ** , ? 7 “ V. 2 -r /> 4 -.14 4 0 '’+nS 5 Jl .15 .2142+04
- 1 . ... <1 * u - .' . * * ■ . " I l- e <., . , 4- 1 12r j.4* r C4 2.1q .2247+24
f • I-• " « — J * ; ■' ■* * r > • ? . . _ < ■ ' * *. j "* e 7 , * ! J • L 7 1.3'3 .2471+24

e J. 1 > ■*’ L .. . l : ?. 1 ♦: >; • 2 ■! v 2 4 : - • i "t 2 2 g •* r 5 : •» _ '■ r .2527+24
.. . '2- /. • •'• • z j 7 z'' + ■1 - .137 4 +i’S 74 1.5'4 .2015+24

» ’ - e . . . I l ' "* f w « .'Lt*' - " •" •’ -1 ' i-l . » L ' 1 •« >’ ' -./1*2747- 771.22 .7524+24
qjL'..; a _ 2 i - T J J' _ . . . ‘ j 7 7 ■* ♦ *. 4 - a i * . I ■ + J J 7 34.3 3 .7232+24

• ’• - 4 t . » 4 „ U T 1, *1 • 1 1 *■! r * l -e2j.''J.C4rL C 4 5 . c< .7742+54
•1 *i • a 2. - . ■ : . .4: J •» ’ • f. ~ a 3 2 3 3 P + n -J 302.03 .35 15+24
>>71. . : . 1 ~ i * 1 ’ — • I 1 * t • H ! 1 *. fi a L, . i i L 4 ■ 7 -.24101+rO 5 u c ■. 21 .2202+54

.. J J . • L11! ■*■« * ... j •> 4 +11 :* -.23412+05 3 3 3 . -2 4 .4172+24
. 2 1.. + I - , ■ ; ; j. + 1 tt . c 2 L . *1 + L. 7 -.21CCi+CF c r - _ r <: .4125+54

. — , • a - 1 . 1 L e.. j * j *::. ~ a 2 7 3 7 1 +12 □ * W * w • k* . 4 3 4 q + 2 4 (j.



APPENDIX C-14

COMFIGURAT10NAL ENERGY, ENTHALPY, ANO ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. HUSH AND H. ki. PRENGLE, JR.

SUBSTANCE: M-DECANE

TRIPLE POINT: 2A3.51 K
CRITICAL PUIrlT: 617.60 K

MOLECULAR WE IGHT:1A2.2BOO OMEGA: 0.5860

N-B0IL1NG POINT: 647.30 K

20.60 ATM 0.6020 L/GMOLF ZC 0.247U

VAPOR PRESSURE CONSTANT?,:
ANIOhJE: A= 6.95 367 .
GAMSUN-wAISUN: A= 3.4177

8= 1501.26782 C=
HL= 0.0

194.48000 NC- 206.01999
B= 7.6037

FRANCIS CONS I A, u TS : A= 0.9491
G= 0.5379E-

13= 0.6899L—03 C =
03 H= 2.39

6.00 E= 615.33

Input data;
TEMP EIO)-E(SV) E(O)-EIOO) S(0) Z(VAP) S(0)-S(SV) S TR243.51 0.0 7216.00 120.16 0.9700 -20.3 1 39.8 1250.00 0.0 7500.00 121.07 0.9700 -19.16 39.942 7 3.17, 0.0 8580.00 12u. 11 0.91>9 0 -'15. -,1 40. 3(3293. 16 0.0 9919.00 13O.5"!/ 0.96 8 7, -12.19 4 0.82100.00 0.0 10020.00 130.81 0.9r> 80 -11.97 4 () . 8 532 1. 1(> 0.7J 11240.00 1 3 5 • h 4 0.967.0 -9.38 4 1.2?348. If, 6.00 12730.00 139.52 0.97,40 — 6. 8 5 4 1.5 9373.16 1 1.00 14500.00 144.27 0.9600 -4.6 9 4 1.93398.16 33.00 17,220.00 148.23. 0.9',60 -2.87 4 2.2 7,400.00 38.00 16380.00 148.52 0.9550 -2. 7 4 4 2.2 842 3. 16 62.00 17940.00 163.58 0.9470 -1.31 4 2 . !> 7;447.28 123.00 19780.00 157.52 0.9351 0.37, 4 2.8 3448.16 136.00 19850.00 1 5 7.67, 0.9 3 1 0 0.4 4 4 2.3 4473.16 271.00 22000.00 16 2. ;) 3, ’0.913 '.I 1.90 4 3.11498.17, 33 I .00 24110.OU I Ar, . i'i . 8 / 7, 3 3.12 4 3.37500.00 392.00 24270.00 16n.37 ' 0.8 6 3 7 3.26 4 3.3952 3 . 1 7, 516.00 26310.00 , 170.10 ' 0.7900 4.4 9 4 3.6154ii . to ■ 895.00 . ■ . 27830.00 17 6.35 C. 7 lf,0 5.9 2 4 3.8 >,573.16 1202.00 30 I-,0.00 179.30 0 . b 17,0 7. 33 4 4.0759 8 . 16 1 8 16.00 32950.00 183.20 0.4.120 9. CO 4 4.2 H600.00 1902.00 32 7 10.00 1 8 3.4 9 0.4 7,60 9 . 1 8 4 4.2 9617.60 ' 3199.CO 34600.00 186.55 0.2470 11.84 4 4.4 /,



ri.Mi' P AIM I) (LN Pl/or VL. L/GhOLE VG, L/GMOLE P(VG-VL) DEL F(V) DEL h(V) DEL S(V1
! .51 0.36381--06 0.1 111 0.18600 0.5328E 06 669.260 12229. 12699. 5 2.1 5

250.UO 0.66H2L--06 0.1067 0.18716 ‘ 0.3070L- 0 7> 6°. 1.766 12125. 1 260 7. ■ 50.63
2 0.16 0.60811-03 0.0856 0.19167 0.5323:-" 05 525.856 11762. 12268. 6 6.91
2 >H . 16 0.2 1661--02 0.069 7> 0.196 39 0. 1095f. 0 5 573.735 11337. UTIL 119 11 39.95
<00.00 0.26208-02 C.0686 0.19676 0.9 6 6 E 06 576.917 1J 300. 118 7 7. 3 9.5 9
323.16 0.3892L-02 0.0575 0.20166 0.2881 !- 06 620.160 1 0907 . 1 152 7. 3 5.67
6>J.l 6 0.3 1 761.-0 I 0.06 77> 0.20727 O.f.6 72E 0 3 666.619 10361. 1 1068. 31.73
373.16 0.963 71-ul 0.0 399 0.21335 0.3115: 0 3 71 1.206 91> 6 8 . 10579. 2h. 35
3 15 0.2 3 o 5 L 0 0 0.0339 0.21998 0. 1 3 2 K 0 3 756.968 9 6 2 5 . 10 1 8 C . 2 5.5 7
00.00 .0.2516E 00 0.0 3 3 5 0.22069 0. 1 267 0 3 757.565 9 3 88 . 10166. 2 5.3 7>

•'> 2 3 . 1 7> 0.51861 00 0.029 1 0.22731 0.6 3 6 2 E 0 2 793.269 8 9 ’< 5 . 9 7 7 8. ? 3.11
•V, 7.28 0.90 9911 0 0 0.0256 0.23562 0.36321 0? 825.223 ti 5 b G . 9 3 9 1 . 2 1.00
6 6 8.1 (> 0.10231: 0 1 0.0253 0.23593 9. 3 3 6 °. E' 02 P.2 3.0 71 8 5 17. 9 3 6 v . 2 0.86
673.16 O.ltOiOH 0 1 0.0222 0.26559 0.1916c 02 867.231 8 0 "> >’ . 8 9 0 >. 18.82

) 8 . 1 7> 0. 30601- 0 1 0.0196 0.25726 0.1168E 02 866.219 76 10. 16.5 7
‘>00.00 0.31721 01 o. n j ■-) 0.25820 0. 1 I 1 7E 02 8 3 3 . 1 I b 7 3 09. 8 16 7. 16.29
5 2 3.1 i> 0.687 71- u 1 0.0178 0.27183 0.69 5 31: 0 1 788.986 6 561 . . 7 3 3 0. 16.01
5 6 8. 1 o 0.76511 01 o.on.? 0.29113 0.63238 01 727.21° ■j 721. b 6 6 i:. 1 I. /<>
573.16 0.1007E 02 0.0168 0.31925 0.2 6 6 1 E 0 1 7.1.6..66 8 66 12. 52 2 ;. 9.12
r.‘>n. 15 0.1563 L- 0 2 0.01 3 7, 0.3 70 18 0.1 5 1 3 L 01 632.666 3 0 8 3. 3 5 1 G . 5 . n

(>U0.00 0.16031 02 0.0135 0.37610 0.16 1 L 0 1 6 0 1.525 2908 . 3 3 1 7 . 5.5 3
617.60 0.20191 02 0.0 1 2 7 0.60238 0.60291" oo 0.0 0 . -J . 0.0

1 LHP RHi) LL EC S L STR* SC* rc/.<r SC*/H
263.51 0.7650 ->9 13.29 -12223.29 8 8.2 7, 30.52 -22.54 -25.27 -1 1 . 34
250.00 U.7602 -67,2>.2 7 -12125.27 P ) . 3 I 30.6 1 -21. 73 -2', .41 -11.04
273.16 0.7631 -3161.91 -11/61.91 96.71 30.9 2 -19.94 -2 1.63 -10.03
298.1 7i 0 . f <• 6 5 -16 1 7. 78 - 1 13 36.7 8 I 0 2 . 7 II 3 1.23 -16.17 -19.13 -9.16
300.00 0 . / 2 3 1 -1280. 10 -11300.30 103.19 3 1.2 > - 1 “. 0 ? -IP. Io -9.07
32 .3. 17, 0. /os.-, 333.27 -10906.73 109.3 7> 3! .52 — 16 . ‘J '■) -16.98 - 8 . 3 5
36 8 . 16 0.7,86 7, 2 3 6 ? . 7 7 -10387.23 1 I 6.66 3 1.8 0 - IS.09 -15.01 ' -7.5'-;'
3/3.16 0.6669 6/>2 1.02 -9 8 7 8.9.1 12u.>l 32.07> -13.79 -1 3.,12 -6.94
398. 16 (J. ->6 7.8 67'. l.r.2 -9658.38 125.53 3 2.3 2 - 1 2.7 I -11.95 -6.4 2
600.90 (>.'.6 5 1 6923.95 -9626.05 . 125. ;o 3 ? . 3 6 -1 2. 7,8 -I 1 .U.S -7,. ill
623.16 U . 8892.79 -9067.21 1 3 1 . / P. 3 2 - 5 (> -11.81 -10.7> -5. s'*

7, 7 . ? 8 0. ->039 1 109 1 . J 6 -P688.86 1.3,,. 16 *12.8 () -11.32 . -9.78 -5.71)
zi *1 u . 1 6 O.uO3 1 11197.73 -8 6 52.2 / 136. >° 3 2. hl' "" '■■-11.25 -9.77 - 5.7. 6
6/3.16 U.S 79 "3 1 3,. 71.22 -8323.78' 161.31 3 3.05 - Uj • 6 6 - a . a /> . 'j
6 9 8 . 1 (> 0 . 5 3 1 17,37,9.08 -7760.92 16->. 39 3 3.30 -9.02 -7.o2 — z,
>00.00 0 . > 5 1 9 16569.16 -7 /UO. 8', 166.S2 3 3.12 -9.6 8 ' - 7 . / "j -4. 7 7
>23.16 U .5/3 192‘>6.1 7 - /USS.8 3 151.60 3 3.5 5 -8.44 -6.79 —e ?

>6 8. 16 0.6 8 8 7 • 2 12 16.37, -6615.66 1 5 7.7,7 3 3 . ° I -7.67 -6.0 7 - 3 . G

573.16 0.6 65 / 26 335.7.5 -5816.35 • 17,2.85 36.15 -6.5 3 -5.1 7J -3.29
59y.16. 0.3 87,7, 2/7,5 1.12 -689'3.88 168.32 36.5 7 -5.17 -4 . 12 - 2 • 6 0
600.00 0.3783 27920.21 -61309.79 16 8.7 8 36.6 1 -5.02 -4.0 3 -2.53
617.60 0.2360 31301.00 —3199.00 176. / I 3 > . b 3 -3.0 3 "2.61 -1.53



PERFECT GAS STATE THERMODYNAMIC PROPERTIES BY STATISTICAL THERMODYNAMIC METHODS 
INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

DEVtLOPED BY K, E. BUSH

SUBSTANCEI N-DECANE MWil42.2760 TTPt 243.51K TN8PI 447,28K

ASSIGNMENTS
EXTERNAL ROTATION MOMENTS: ,2680-036 .2680-036 ,3780-038 SYM NO: 1,00

TTCI 617,60K

INT ROT MOMt ( 9): .4400-039
.4400-039

,1600-038 .4400-038 .5000-038 .5500-038 ,5000-038 ,4400-038 .1600-038

INT HUT PUT; ( 9): 4200.00 1600.00 1600.00 1600.00 1600,00 1600.00 1600,00 1600.00
4200.00 •

V1B FREQI ( 5); .3000.00 1440.00 9B0.00 1000.00 280.00

FREQ DEGEN: ' 22 14 28 9 8
HECK

TOTAL QUANTITIES

TEMP DEG K LN 0 CIO) H(0)-H(00) SCO) F(0)-H(00) RT E(0)-E(00)
243.51 .11531+04 .4760*02 .76998+04 ,12010*03 -.21545+05 483,90 .7216+04
250.00 .12287+04 .4864+02 .79965+04 ,12107+03 -.22269+05 496,80 .7500+04
2/3.16 .15297+04 ,5148+02 .91227+04 ,12611+03 -.25327+05 542,82 .8580+04
298.16 .19123+04 .5602 + 02 '• .10511+05 .13053+03 ' -.28410+05 592."50 ,9919+04
300.00 ,19429+04 .5635*02 .10612+05' . 13081 + 03 -.28634+05 596;16 ,1002+05
323.16 ,23588+04 .5897+02 .11886+05 ,13564+03 -,31945+05 642,18 . 1124 + 05
348.16 ,28731+04 .6343+02 ,13420+05 ,13952+03 -.35155+05 691.'86 .12/3+05
3/3.16 ,34582+04 ,6809+02 , 15245+05 ,14427+03 -.38592+05 741,54 .1450+05
398.16 .41167+04 .7235+02 ,1/010+05 ,14823+03 -.42007+05 /91.22 ,1622+05
400.00 • .41681+04 .7266 + 02 । ,17144+05- .14852*03 -.42262+05 794.88 ",1635+05
423.16 .48508+04 . /483 + 02 ,18776+05 .15358+03 -.46213+05 840.90 .1794+05
447,28 .56321+04 , /862 + 02 ,20669+05 ,15/52+03 -.49786+05 888,63 .1978+05
448.16 .56620+04 .78/6+02 .20740+05 . 15/66 + 03 -.49918+05 89V,58 ,19 8 5 + 05 .
4/3,16. ,65514+04 ■ k8245+02 ,22944+05 ,16203+03 -.53723+05 94U,26 ,2200+05
498.16 ■ •. 75200+04' ‘ .8601+02 .25102+05 ,16608+03 -.57632+05 989.94 .2411+05
500.00 .75944+04 .8626+02) • ,25265+05 ' ,16637 + 03 ■ -.57923 + 05 993,59 ,2427+05

' 523.16 .85682+04 ,8939+02 ,27347+05 .1/010+03 -,61641+Q5 1039,62 , 2031 + 05
548.16 ,96962+04 .9086+02 .28920+05 ,1/535+03 -.67199+05 1089.30 ,2783+05
5/3.16 , 10904 + 05 .9392+02 .31291+05 .1/930+03 -.71474+05 1138.98 . 3015 + 05
598.16 ,12192+05 .9683+02 .33/38+05 ,18320+03 -.75846+05 1188.66 ,3255+05
600,00 .12290+05 ,9/04+02 .33921+05 .18349+03 76172 + 05 1192,31 , 3273 + 05
61/.60 .13248+05 .9878+02 .35/26+05 ,18655+03 -.79489+03 122/.29 .3450+05

:• U
S'



APPENDIX C-15

CONFIGURATIONAL ENERGY, ENTHALPY, ANO ENTROPY AT SATURATION
PROGRAM DEVELOPED BY K. E. BUSH AND H. W. PRENGLE, JR,

SUBSTANCE: ISOPROPYL ALCOHOL MOLECULAR WEIGHT: 60.0900

TRIPLE POINT: 185.20 K N-BOILING POINT: 355.39 K
CRITICAL POINT: 508.32 K 53.00 ATM 0.2200 L/GMOLE ZC

VAPOR PRESSURE CONSTANTS:
ANTOINE: A= 8.16504
UAMSUN-WAISON: A= 3.8997

B= 1581.00977
BL= 0.3128

C= 218.09999
B= 8.5015

OMEGA: 0.7730

0.2480

NC= 235.41866

FRANCIS CONSTANTS : A= 1.0171 B= 0.6472E-03 C= 9.00 E= 507.39
G= 0.6650E-03 H= 2.89

INPUT DATA:
TEMP EIO)-E(SV) E(O)-EIOO) SIO) Z(VAP) S(0)-S(SV) STR185.20 0.0 1678.00 65.40 1.0000 ,-24.97 35.88273. 16 0.0 3062.00 72.11 1.0000 -8.99 3 7.81298.16 0.0 3530.00 73.97 0.9990 , -5.67 38.24100.00 0.0 3561.00 74.07 0.9890 -5.45 38.28324.56 10.00 4002.00 . 75.36 0.9700 -2.76 38.67339.23 20.00 • 4346.00 76.59 0.9500 -1.37 38.893'>6.39 40.00 4684.00 77.64 0.9433 0. 61 39.12373. Io 70.00 5159.00 78.56 " 0.9200 1.55 39.36
398.16 . 151.00 5718.00 80.01 0.8870 3.34 39.6 8400.00 161.00 5760.00 80.11 0.8710 3. 48 39.71423.16 262.00 6354.00 81.98 , 0.8350 4. 95 39.99448. 16 454.00 6981.00 83.41 0.7820 6.54 40.2 7473.16 777.00 7640.00 • 84.83 0.6 7.60 8.29 40.54498.16 1474.00 8329.00 , 86.24 0.4840 10. 77 40.8 0. 500.00 ,1565.00 3380.00 ' 86.34 0.4620 11.03 40.82508.32 • 2 54 6.00,' , ' 8689100 ' 87.47 0.2480 13.61 40.90



i* Um eiieeili'MifiieWi/<tilXMl>,w**w*f। ii I'ewini • jehilM ।

I IMP P AIM D(LN Pl/DT VL, L/GMOLE VG, L/GMOLF P(VG-VL) DEL E(V) DEL HIV) DEL SIV)
1H1.20 0.3688C--0 5 0.1676 0.06912 0.6358E 07 367.931 11060. 11408. 61.60
273.16 0.1G83E'-01 0.0761 0.07696 0.2069c 06 562.658 10741. 11283. 41.31
296. 16 0.5766t -01 0.0616 0.07693 0.6261E 03 591.665 10275. 10867. 36.45
300.00 0.66501:'-01 0.0607 0.07708 O.3775E 03 589.326 10138. 10728. 35.76
3Z6.‘>6 0.2699L- 00 0.0501 0.07929 0.1036E 03 626.969 9 562. 10167. 31.33
359.23 O.SOIOL 00 0.0651 0.08076 0.5269E 02 639.260 9137. 9776. 28.82
3‘j‘.». 3 9 0. LuOOC U1 0.0606 0.08255 0.2753E 02 666.366 8 865 . 9529. 26.81
3 I 3 . 1.6 0.1968c G 1 0.0360 0.08681 0.16 31E 02 677.996 8624 . 9102. 24.39
3'1)1. 16 0. 626 71: 01 0.02 9 >! 0.08866 0.O792E 01 692.669 7527. 8219. 20.64
600.00 0.6 5 01> E 0 1 0.02)5 0.08397 0.6365E 01 682.450 7 367. 8049. 20.12
623.16 0.8 566 1: 0 1 0.0259 0.09361 0.3393E 01 682.666 6803. 7486. 17.69
6 6 (i . 1 u 0. 1 •>70l 0 2 0.0229 0.09993 0.1832E 01 658.262 6093 . 675 1. 15.06
6/3.16 0.2696L 02 0.0206 0.11013 0.9735E 00 563.566 4 8 8 7. 545 1. 11.52
6 9 H . 1 b 0.6 3 791: 02 0.0186 0.13360 0.6519E 00 337.591 2758. 3096. 6.21
500.00 0.65290 0 2 0.0183 0.13701 0.6186E 00 308.700 2512. 2820. 5.64
‘>08.32 0.5259L 0 2 0.0177 0.22011 0.220 IE 00 0.0 0. 0. 0.0

TEMP RHCJ EL EC SL STR* SC* EC/RT SC*/R
185.20 G.f!69 3 -9 162.26 -11040.26 28.77 25.16 -25.91 -30.00 -13.04
27 1.16 0.8019 -7678.75 -10740.75 39.80 26.48 -20.99 -19.79 -10.56
298.16 0./811 -6744.91 -10274.91 43.20 26.79 -19.32 -17.34 -9. 72
300.00 0.7795 ■ ■ -6577.37 -10138.37 43.76 26'7'82 -18.85 -17.01 -9.49
12 4.96 u. 7678 -5549.91 -9551 .91 46.79 27.11 -17.01 -14.81 -8.56
33 1.2 3 0.7440 -4810.86 -9156.8/> 49.14 27.23 -15.84 -13.58 -7.97
3 5 -j . 3 9 0.7279 -4221.02 -8905.02 50.22 27.46 -15.76 -12.61 -7.93
373.16 0.7085 -3335.20 -8494.20 52.62 27.66 -14.24 -11.45 -7.17
3o;>. 16 0.6778 -1959.67 -7677.67 56.02 27.94 -12.24 -9.70 -6. 16
4 Ou.00 0.6756 -1767.67 -7527.67 5 6.51 2 7.96 -11.85 -9.4 7 -5.9 7
423.16 0.6433 -711.39 -7065.39 59.34 28.23 -10.88 -8.40 -5.48
448.16 " O.oOl3 433.99 -6547.01 61.81 28.53 -9.86 -7.35 -4.96
471.16 0.5456 1975.67 -5664.33 65.02 28.89 -8.15 -6.02 -4.10
49-1.16 . . 0.4504 4096.64 -4232.36 69.2 5 29.42 -5.61 -4.28 -2.82
900.00 0.4 3 8 u 4303.32 — 4 0 76.68 69.67 29.49 -5. 34 -4.10 -2. 69
‘..04! . 32 0.2730 6143.00 -2546.00 7 3.36 30.48 -3.19 -2.52 -1.60
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PERFECT GAS STATE THERMODYNAMIC PROPERTIES BY 
including hindered internal rotation 

DEVELOPED BY K. £. BUSH

ISOPROPYL ALCOHOL MWI 60.0970

external rotation moments) 0fp700E»37

0»50E-39 0.50E-39

STATISTICAL THERMODYNAMIC methods

CORRECTIONS by PITZER

substance:

ASSIGNMENTS

!nt Rot mom: ( 3);

INT ROT POT; ( 3) :

vjb freq:' ( 6): 

FREQ DEGEN:

4000’00 4000’00

3030.00 1423.00

8 7

TTP: 185.2CK

0.2700E-37 0’1170E-37

0.13E-39

800.00

1173.00 917.00 500.00

5 4 ?

TNBPI 355.39K

SYM NO! 1.00

400.00

1

TOTAL QUANTITIES

temp deg k LN Q185.20 0.226452*03
273.16 0’371512*03
293.16 . 0’A42«4£*03
300»00 0’443712*03
3P4.56 0.535622+03
339.23 0’595482*03
355.39 0’663662*03
37-5.16 O’ 758212+03398.16 0’900972+03
400’00 0’912282*03
423.16 O’10641E+04
448.16 0«124642*04
473.16 0’145432+04
4981 16 O’ 168252+04
500.00 0.170022*04
5ri8.32 ' O’17316E*O*

CIO)
011488E*02 
0’1961E*02 
0’2103E+02 
0’2113E*0B 
0’2242E*02 
0’2331E+02 
0’2423E*02 
0’2526E*02 
0’2659E+02 
0•2669E+02 
0’2784E+02 
0’?912E+0? 
0’303‘jE+02 
Q.3154E4.02 
0’3163E+02 
0’317tiE402

H(O)-HIOO) C.20465E+04 
0.360b2E*04 
C.41221E+04 
0.41575E+04 
0.46469E+C4 
0.502032*04 
0.539Q2E+04 
0’59001B+04 
0.6b0'ME*01’ 
0•655522*04 
0.719512*04 
0.787192*04 0.858002*04
0-93t35L'*C4 
0.937402*04 0.96992E+04

S(0)0.654Q0E+02
0.72112E+02 0’739752*02 
0’74C71E*0? 0’7536uE*02
0’765902*02 
0«776442*02 0’78!-.6jE*02
0.80C07E+02 0’801132*02 
0.819822*02 
0*834102*020.84823E+02 
0« 8 6 2 3 i'i 2 * 0 2 
0’863412*02 
Q.87467E*02

.F(O).HIOO) RT*0’10066E+C5 - 368.03
-O’16093E+OB . 542.82
*0’17934E+05 592.50
-0.180642+05 . 596.16
*0’l°812E+05 644.96
-0’20962E+05 674,11
-0•22205E+05 706.23
-0’234162*05 741.54
-0‘25346E*05 791.22
-0 ’ 25490E + 05 794.88
-0’274962+05 840.90
-0’295092*05 890.58
*0’315572+05 940’26
-0’336412+05 989,94
*0«33796E+05 993.59
-0’347612+05 1010’13

TTC. 508,3P!<

EIO)-E(OO) 0.16782*04 
0.3062E+Q4 
0.35302*04 
0.35612*04 
0. AQ02E+04 
0’43462+04 
0’46842*04 
0«51592^04 0.57182*04 
0’5760E*04 
0.63542*04 
0.69312+04 
0.76402*04 
0.83292*04 
0.83802*04 
0.8689E+04
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APPENDIX D-'-rCONFIGURATIONAL ENTROPY

In a manner similar to the energy the entropy can be 

represented by,

SL = STR + SER + SI + SC

= SIR(liq) + S»R + Sl» + Sc (D-l)

or,

SC = SL " STR(li^ " SER " SI° {D"2)

The important difference is that Smr)(liq) S”! How can it beIK IK
calculated? 

By analogy with the translational partition function for a 

perfect gas, a liquid phase partition function might be defined

as f N - v N , N
,, . . ,27rmkT,^4 (V ) ,2irmkT.r-^- (VL) ,Vr.

qTR(1l.q) = (—2—) 2 = <.—2—1 2 (^-j (D-3)
h n L

where conceptually V is a free volume in which the liquid trans

lates. Then, 3n n n

ln qTR = ~2 ln T + 1 (—2-) ‘Hn- (V-) (D-4)
h ' L

9In q 3N ,
9T 2T (D

9 ln qTR
Now, STR(liq) = k[ln qTR + T (------ ---------) ] (D-6)

Substituting (4) and (5) into (6) gives,

STR(liq) = |R + R ln kT (2jmkT)3/ + R ln (D_?)

The first two terms on the right are recognized as S° then, 1K

sTR(iiq) = sTR - R In 52/^1 + R in Y_ (D-8
L VL
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Substituting into (2) gives,

SC = SL “(STR ~R ln “R ln VT ”SER -SI
J-J J_j

and

(Sc + R In Y2) = SL -(S»R -R m 5^) -S»R -S” (D-9)

L L

Now since is unknown, let (left hand side),

SC* - SC + R ln V (D-10)

Finally, the calculatable configurational entropy can be 

represented as,

SC* = SL -(S?R "R ln 5^) -SER -S£



APPENDIX E

NOMENCLATURE

A, B, C = Antione Constants

AF, BF, CFZ EF, GF, HF, = Francis Constants

AG, BG, b = Gamson - Watson Constants

c°p

*Oo

Heat capacity

Energy of the

E° = Energy of the

of the perfect gas 

perfect gas at 0°K 

perfect gas

^t8. " Translation energy of the perfect gas

E o = External rotational 
ER

energy of the perfect gas

E^g = Internal rotational energy of the perfect gas

EyO^ = Vibrational energy of the perfect gas

EgL = Electronic energy of the perfect gas

E^ = Total energy of the liquid

Ec = Configurational energy of the liquid

EcTP = Confi9urati°nal energy at the triple point

E^ = Internal energy of the liquid

ETR = Transla'kional energy of

SVE = Energy of the saturated

A E = Energy difference 
saturated vapor

the liquid

vapor

between the perfect gas arid the
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A EV = Energy of vaporization

A E . y = Energy difference between the saturated liquid and 
the liquid at a point above saturation pressure

f = Fugacity

F° = Free energy of the perfect gas

Ff = Free energy of free rotation

H ° = Enthalpy of the perfect gas at 0° K

H° = Enthalpy of the perfect gas

SVH = Enthalpy of the saturated vapor 
v

AH = Enthalpy of vaporization

I = Moment of inertia of the molecule

Ix = Moment of inertia of the molecule about the X axis

IY = Moment of inertia of the molecule about the Y axis

I„ = Moment of inertia of the molecule about the Z axis

= Reduced moment of internal rotation
X

M = Molecular weight

n = Number of maximi of the potential barrier to internal 
rotation per rotation

N = Number of atoms in the molecule

NC = Modified Antoine Equation constant

NmD = Number of degrees of freedom of translational motion

N„_. = Number of degrees of freedom of external rotation 
£jX

Nt_. = Number of degrees of freedom of internal rotation • 
JLX

P = Vapor pressure

P° = Pressure at which a substance exists as a perfect gas

SVP = Vapor pressure of saturated vapor

Q = Partition function

q = Mode partition function



JL26

R = Gas constant

S° = Entropy of the perfect gas

Sf = Entropy of free internal rotation

S = Configurational entropy of the liquid
* " vf

Sc = Sc t R m x_

L
^cTP = Configurational entropy at the triple point

$ = Total entropy of the liquid

^ER = External rotational entropy of the liquid

SVS = Entropy of the saturated vapor

V •AS = Entropy of vaporization
। sv

AS |o = Entropy difference between the perfect gas and the 
saturated vapor

T = Temperature

Tc = Critical temperature

T- = Reduced temperature tx

TTp Triple point temperature

V = Potential of restricted internal rotation as defined by
Pitzer

= Free volume of the system

V?= Gas volume

VT Liquid volume Jj

X = NC -273.16 + T

Y = Dummy variable, 1.4387 \>/T

2 = Compressibility factor

p = Liquid density

Pc = Critical Density

PTp = Density at the triple point

a = Number of equivalent positions of the molecule

v = Frequency of the molecular vibration



to = Acentric factor
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