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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 tﬁesis is one part of the progi-m.
The objective was to determine the configurational thermod. .unic
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 compoﬁents as a function of density, and
2) the excess thexmodynamic functions for species in solution.

Fifteen nonpolar and polar substances were chosen covexring
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. Empiricél methods for estimating some properties,
particularly heat capacity, are in existence (6, 33 ), and these
methods serve the purpose of supplying reasconably 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 liguids, 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



assumptions should be amended to include, 1) free rotation in the
ligquid for many molecules and 2) a much less (cf. perfec£ gas)
translational entropy contribution for the liquid. As a general
proposition the total liquid phase partition function can be pre-

*
sented as,

QL = 9rg 9gr 91 9c (1-1)
giving for the classical thermodynamic properties,

Ej, = Eqp + Bgp + EI.+ E (1~-2)

5L = Spr T Spr * 51t S (1-3)

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,0) = E(T) + E_(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 dy and dER’ and PVT data.

The overall purpose of this work was to determine the con-

figurational thermodynamic properties of certain substances as a
fdnction of liquid density and the size and shape of the molécule,
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.



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.



13.
14.

15.

TABLE I-PURE COMPONENTS CCNSIDERED

Component My (fgg (g FB1.) o (rfﬁ) (zgm)(g?%nl.) fo ° By
Axgon Ar 39.948 33.96 1.4113 87.46 150.86 48.34 0.535 0.290 =0 0
Methane CH4 16.042 90.68 0.4528 111.7 190.7 45.8 0.1620 0.290 0.013 0
Nitrogen N2 28.016 63.19°0.8694 77.35 126.2 33.5 0.3110 0.291 0.040 0
Cyclohexane C6H12 84.156 279.83 0.7915 353.9 553.67 40.0 0.2730 0.271 0.186 ©
Carbon tetrachloride CCl4 153.823 250.6 1.6809 349.7 556.4 45,0 0.5570 0.271 0.202 0
Benzene C6H6 78.11 278.69 0.8948 353.3 562.1 48.6 0.3000 0.274 0.215 0
2,3 Dimethylbutane C6Hl4 86.17 . 145.19 0.7907 331.2 499.9 30.9 0.24190 0.270 0.257 0
Cis-pentene-2 CcHyg 70.13 121 .80 0.8029 310.10 475.56 40.4 0.237 0.266 0.280 =0.20
N-hexane 66H14 86.172 177.84 00,7579 341.90 507.90 29.92 0.2340 0.264 0.290 0
2,2,4'Trimethylpentane C8H18 114.220 165.78 0.7945 372.4 543.6 25.4 0.2370 0.274 0.310 ¢
Water HZO 18.02 273.16 1.0719 373.16 647.0 218.3 0.3220 0.230 0.348 1.82
N-octane C8H18 114.220 216.38 0.7642 398.83 569.4 24.6 0.2350 0.256 0.408 0
Methyl alcohol CH3OH 32.040 175.48 0.8939 337.8 512.28 78.7 0.2720 0.224 0.556 1.71
N-decane C10H22 142.28 243.51 0.7650 447.3 617.6 20.8 0.2360 0.247 0.586 0
Isopropyl alcohol C3H7OH 60.097 185.20 0.8693 355.39 508.32 53.0 0.2730 0.248 0.773 1168




CHAPTER II
THEORY OF CALCULATION OF CONFIGURATIONAL

PROPERTIES

The liquid energies and entropies can be calculated from

perfect gas state and PVT properties by, refer to Figure 1,

SV
v
— o _ - - -
EL = E AE AE AEAV (IT-1la)
O
sV v
= ° - - - - -
SL S AS . AS ASAV (IT-1b)

and for the liquid at saturation pressure,

sV v

EL = E° - AE - AE (X1-28a)
o}
sv v

SL = §° - AS - AS (II-2b)
o

The configurational energy can be calculated by
Eo = B = (Bqp * Bgp + Bply, (11-3a)

and if we assume that the translational, external rotational, and
internal (vibrational + rotational) energies are the same in the

liquid as in the pérfect gas, then

— - [«] - (-] -— [] —
Ec = EL ETR EER EI (IT-3b)
B sv v
— o - - o _ o _ )
= |E AE AE ETR EER EI
| (@]
[ sV v
= ° °© 4+ RE°) - - — TO . TO _ o
(ETR + EER EI) AE . AE ETR EER EI
sv v
E, = -AE - AE (I1-4)
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When considering the entropy, an important difference is
that STR(liq) # S%R' because the "free volume" for translational
motion is not known, and cannot be calculated with any degree of
certainty. However, as discussed in Appendix D, a configurational

entropy can be defined and calculated by,

* RT/p°
= - d - R]L/P - (<] —- o -
Sc SL (STR R &n VL ) SER SI (II-5)

sv .
= ° - - vi o o - M - o - o
S AS AS il (STR R &n 7 ) SER SI
_ o L
[ sV '
_ o o oy _ _ reV| (a0 - RT/p°
= (STR + SER + SI) AS AS :l (STR R &n v )
a o L
- o - o
SER SI
* sV o
S = - AS - asV + R an RE/R° (I1-6)
c o Vi,

The methods of calculation to determine the perfect gas
properties, the corrections from perfect gas state to the satu-
rated vapor state, and the properties of vaporization are dis-

cussed as subsequent parts of this thesis.

A. Ideal Gas Properties

The perfect gas state properties and the contribution of
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, 4, 5, 25,26,27,28),
Computer Program No. 1 used in this work combines these equations
together into a general program.

Generally speaking there are five different modes of energy

which contribute to the total energy of a perfect gas.



[e) (o]

_ o o o o
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
externol 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 naces-
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).



The number of equivalent positions of a molecule, 0, 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, Ip, the height
of potential barrier, Vg; 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 previowsly,
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 insiance, 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 af
different frequencies and contribute to the total éngery 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 fogefhe-r.

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. ldeal 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



11
calculated by the methods of Lyderson, Greenkorn, and Hougen (37). 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 o 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 fo. 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:

SV =g +ASY (11-8)

and,
SV =62 (s°-5%V)=5°-RIn PV (11-9)

Now
s =zr SIS e (11-10)
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In P¥V (atm) = 2.30259A = In 760~ 2.302598 -11)
(NC-273.16 +T)

Equating (11-9) and (11-10) and substituting (11-11) and 11-12) gives,

[ (5= S{ TPy 1 760—_2.30259/\] X2 +2.3025% X -
’ 2.302598 z Typ =0 (11-12)
which can be solved for X, then,
NC =X +273.16 - Tp
Above two atmospheres Gamson - Watson Constants were developed from
experimental dala obfah'wed from various literature sourcés (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.



CHAPTER HI

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."

Using vapor pressure data obtained fl’Om'VGI’iOUS literature
sources as input data Gamson — Watson Constants were
caleulated using the computer program "Evaluation of
Gamson - Watson Constants for Experimental Vapor
Pressure or Bubble Point Data™ which was developed by
Tseng and Prengle.

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, Greenkorn, and Hougen
as given in tables in Reid and Sherwood (32) the differences
between saturated vapor and perfect gas thermodynamic
properties at constant temperature were 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 Nq. 2, "Configurational
Encrgy, Enthalpy, and Entropy at Saturation" which calculated
values of Ef, §y, Ec-’ S;, EC/RT and SZ/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 all been developed previously (1, 4, 5, 25, 26,
28, 29).
1. Translaotion - The following are the equations necessary to calculate

the translational mode contribution to the overall thermodynamic properties:

ln Q =2.5LnT +1.5LaM - 1.336 (-1)
H® - HY = 2:5RT; E°-E, = 1.5RT (11-2)

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

FO - HZ =T [—2.9841 Ln M +7.28295 - 4.9735 Ln Tj (H1-5)
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=1.5n(Txlx103) -1ln ¢ +88.408 (111-6)
HO - HS = E° - Eg =RT (1n-7)
SO =1.9894 Ln (1 x 10°7) = 2.15787 + 1.9894 Ln T (11-9)

FO-Ho=T El 19894 Ln (I x 10%%) +4.14506 -
1.9894 Lnﬂ (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.
5° = 1.9894 Ln (I x 10°%) - 0.78045 + 1.9894 Ln T (i-11)
FO-HO=T L—] 9894 Ln (1 x 10°7) +2.76764 -
1.9894 LnEJ (111-12)
For a substance having a non—linear molecule the equations are
Ln Q=1.5LnT +0.51Ln (Iy x 10°7) +0.5 Ln (i x 10%%)
+0.5Ln (I x 103%) - Ln o +133.186 (111-13)

H - HY =E° - EQ = 1.5RT (11-14)
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CS=1~.5.R (111-15)
5°=0.9947 [Ln (1 x 10%) 4 Ln (1y x 10%) +1n
(I x 103‘51- 1.9894 Lno - 0.3329 +
2.9841 Ln T | (11-16)
Fo-H3=T [-0;99471 Ln (I % 10°%) + Ln (ly x 10°) |
+1n (I; x 10°%)) +1.9894 Lno +3.01407 - |
2.9841 Ln 'I_‘__] (111-17)
The number of equivalent positions, 0 , of most polyatomic molecules
is equal to one, and is ’rtwe number of possible positions of the molecule which
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 Iy, lY,v and
IZ are equal.
3. Internal Rofation - Some early workers in statistical thermodynamics
made calculations for internal rotation based on the assumption of free
rotation about singlé bonds (25). Pitzer later extended their methods to
allow for a sinusoidal potential barrier, V, restricting internal rotation (28),
and published tables of corrected values of C;, H°/T, S°, Sf-So, -F°/T,
(F°-F§)/T as a function of V/RT and Q allowing for f.he resfric.fed 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 |/Q and performs a search

procedure to find the corresponding values of Cg and H%/T. For values
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of I/Q > 0.25 this same procedure was repeated for $° and -F°/T. For
I/Q values < 0.25 a different procedure is necessary to find $° and
-F°/T since fh; entropy and free energy approach infinity as I/Q approaches
zero. The computer calculates values for Sg and Ff/T assuming free rotation,
and correction factors are read from data tables as described above.
The input data required by this calculation are; |, the reduced
moment of inertia of the rotating group; V, the height of the sinusoidal potential
barrier; n, the number of maxima of the potential barrier per 360°.
The required equations are:
Q =2.7935 l:(lrx 10°9) T] /2 s (111-18)
S¢=0.5RLnT +0.5Ln(I;x 1040) -Llnn -0.775 (11-19)
Fe=-R T E.s LnT =0.5Ln(, x 100 = Lnn -
1 .275] (111-20)
The routine described above to determine the internal rotational
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 colcuhlofe the vibrational coniri-

butions to the thermodynamic properties are listed below.
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Y =1.4387 v/T (11-21)
CS=R Y2 o'/ e - 12 (111~22)
(o) (o] [o) (o]
HO-H_ =E°-E =R T Y (111-23)
$°=R Y-RLn(1-e7) . (111-24)
¥
e
o o o o
F*-Hy =H° =TS (111-25)
o (o]
lh@=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, N1g, is always three.

d. The degrees of freedom due to external rotation, Ngp, 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, Njp, is equal 1o the

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

3N = Npg = Ngp - NIR
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° - Eg.
EC - EQ = (HO - HY) - 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 previo'usly and the
Gamson - Watson Equation above two czhﬁos@heres. Antoine Constants for
each of the substances were available from APl 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 weré
calculated using a computer program by Tseng and Prengle (38) and vapor
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

Thé 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 cor;wpufer program developed by Tseng an,d
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 fif.
D. Property Change from ldeal Gas to Saturated Vapor

As indicated previously the difference in the respective propzrties
between the perfect gas state and the real saturated vapor must be calculated.
Tables developed by Lyderson, Greenkorn, and Hougen, given in Reid
and Sherwood, (32) were used to make these calculations. These tables
list values for H® ~ H/Tc, {/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,
EC - ESV = HO - 4S8V + 7, (Z-1) (11-28)
RT, RT,
5 -5V = o - 1V 4 Ln £/p +LnP (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." Listed below is the input data to this program



for each of the 15 substances under study.

1.

Eo _ ESV

0 _ g0
E"-E
s°
Z (vapor)

<o SSV

SER
Antoine constants

Gamson ~ Watson Constants

Francis Constants

Using the above information the computer calculates and prints

out values for the following properties at the desired temperatures for

each substance.

Vapor pressure
d(LnP)/dT

Liquid volume

Vapor volume

P(Vg - V)

Energy of vaporization
Enthalpy of vaporization
Entropy of vaporization

Liquid density

21
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10. Energy due fo external rotation
11.  Energy of the liquid, E;
12, Configurational energy of the liquid EC
13.  Entropy of the liquid, S
14. EC/RT
15. SR
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-BT-C/(E-T) (111-30)
Near the criﬁ.cal temperafure it is necessary to use the following equation.
tps ) =G @ -7 (11-31)
Two An‘roine. Equations were used to calculate vapor pressures from
the triple point up to a vapor pressure of two atmospheres.
LogP =A-B/ (NC - 273.16 +T); P < 10mm (111-32a)
logP=A-B/(C~273.16+T); 10mm < P <2atm (i11-32b)
Above two atmospheres the Gamson — Watson Equation is used to
calculate the vapor pressure.
LogP=AT_/T+B e ~20 (1/T¢ -b)? (111-33)
The valve of d Ln P }dT is calculated ot 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 -Vy) | T dLlnP/dT - ].O] 24.21 (111-34)

The enthalpy and entropy of vaporization is calculated from the following

equations
MY =2 EV+P (Vg - Vi 24,21 (111-35)
sV = AV /T (11-36)

The configurational properties and the suturated liquid properties are

then calculated.

E, =~ AElf’," - AEY (111-37)
* sV v
S, =~ |, - As +RlIn RT/P : (111-38)
4 Vi
sV v . .
EL=E - AE|_ - A (111-39)
s =5~ as|CV-asY (111-40)

In order to smooth out some irregularities in the properties of some
substances in the range between the triple point and 10 mm Hg vapor
pressure the following steps were taken. A straight line interpolation
between the triple point and 10 mm Hg for the energy of vaporization
was made. From these values of A EV 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 1A to XVIA
are presented. Also summaries of the densities and configurational properties, |
as o function of temperature, tabulated in Appendix C, are presented us
Tables 1B through XVIB. In addition, empirical least squares fits of the

configurational energy and entropy functions, of the form,

- _ 2 3
Cfep) =1+ A0/ )38 0pf P +C 0% o/ ) (V-1
and

(S:/ScTP) =1+AQ0-¢/p, ) *B (1 /pTP')2 +C (1+ o/ DTP)B (IV-2)
along with the Francis equations for the density as a funclion of the
temperature were made and are included for each substance.
Figure 2 is a plot of the entropy as a function of the temperuture
and graphically shows the relationship between S (solid), S (saturated
liquid), S° and S (saturated vapor): also a breakdown of Sy into STR,
Sl and Sc.
Figure 3 is a similar plot for the energy, (E*Eg) - values. These
plots very strikingly indicate that for,
P< latm, (E’ - E%) =0

SV
P< latm, S =-5°=RInP°V #0
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TABLE 1A - ARGON, THIRD LAW ENTROPY & LIQUID

PHASE CONFIGURATIONAL VALUES

(83.96, 87.46, 150.86° K) Clusius &

Our
Frank (7)) Work
1. S (0~ 10° K, extrapolation) 0.303
2. AS(10 »83.96° K, crys) 8.815
3. as(83.9) 3.352
S (83.96) 12.470 . 12.7
4 A St 0.16
4, DS (83.96~ 87.46liq) 0.413 A Spp-i -0-
A SC 0.06
5, (87.46) 12.883 12.92
5. AsY (87.46) | 17.84 17.85
6. (S°-5S), (87.46) 0.13 0.16
S37.46 30.85 30.93
7. AS® (87.46  298.15) 6.104 6.10
$%98.14 36.95+0.2 37.03
presently accepted value 36.99 (Eﬂlf_____ )
g mol, K’

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



TABLE 1B

PROPERTIES OF ARGON
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*
T o -E. =S,
oK 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 1.2034 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 0.76%90 0.742 2.56
150.86 0.5356 0.603 2.16

P =1.9309 - 0.4768 x 1072 T - 10/(167.83 - T), T < 146.33

( p- .5356)2:37 = 01144 (150.86 - T), T > 146.33

A B C

E/EcTp -0.3863 -3.0314 3.4992

S¢/SCTp -1.0243 ~2.9068 4.4109




TABLE IIIA - METHANE, THIRD LAW ENTROPY & LIQUID
PHASE CONFIGURATIONAL VALUES
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(90.6, 111.7, 190.7°K)

1. $(90.6 °K)
2. A5f(90.6)
L
590.6
3, AS(90.6 51117 lig)
L
ST11.7
4. AsVI11.7)=19.55/111.7
5. s° -5 ), 1M.7)
(o}
Sty
6. AS® (111.7 > 298.16)
(e}
5298.16

presently accepted value (1)

Our
Kelley (21) Work
13.63
2.47
16.10 16.03
2.70  ASTp 0.75
ASER"l 0._63
*
AS, 1.45
18.81 18.86
17.50 17.50
0.22 0.22
36.53 36.58
7.98 7.98
44,51 £0.20 44 .56
44.50 (CGIS )
T ‘gmol K

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



TABLE 1B

PROPERTIES OF METHANE
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*

T o ~E, -S,

oK 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

0 =0.5925 - 0.8749 x 1073 T - 9/(239.84-T) T< 163.16

( p-.1620272= 2859 % 1073 (190.70-T), T >163.16
A B C
Ec/Ectp ~1.1800 ~0.0336 0.6593
S/ -2.3680 2.3901 -0.6982




TABLE IVA - NITROGEN, THIRD LAW ENTROPY & LIQUID
PHASE CONFIGURATIONAL VALUES

Giaugue & Our
(63.19, 77.35, 126.2 °K) Clayton (13) Work
1. S (0 »10°K) | 0.46
2. AS (10 + 35.61, cry 1) 6.03
3. as'(35.61)=54.71/35.61 1.54
4, AS (35.61 +63.19cry 1) 5.59
5. asf(63.14=172.3 /63.19 2.73
L y
5319 16.36 1.
*
6. AS (63.14> 77.35 lig) 2.73 A Spp 0.75
ASgR-1 0.40
*
AS, 1.14
L
577 39 19.07 18.96
7. AS(77.35)= (1333 /77.35) 17.24 17.23
8. (S°-S) 77.35 0.22 0.22
$%7 35 36.53 36.41
9.  AS°(77.35 298.16) 9.24 9.40
s9 45,77 + 0.1 45,81
298.16 1
(AP])

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

PROPERTIES OF NITROGEN

*

T o -E. S,

oK 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 0.6%905 0.990 5.02
125.00 0.4211 0.615 .54
126.20 0.3110 0.504 2.12

p = 1.1510 - 0.3318 x 10727 -6/(146.62-T) , T < 120.0

( 0-0.3110) 330 = 0.5030x 107 (126.20-T), T > 120

Eo/EcTp -1.1550 -0.0721 0.5857




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 13°K) 0.201
2. AS (13 +186.1K, cry 1) 23.887
3. AST (186.1) = 1610.8/186.1 8.655
4, AS (186.1 = 279.82, cry 1) 11.478
5. ast (279.82) = 639.8/279.82 2.286
> 46.50 4
579 82 6.507 ) 6.35
6. AS (279.82 ~298.16 lig) 2.330  ASg 0.24
ASER—I 1.24
*
AS ¢ 1.00
o ey 5598.,6 48,84+ 0.10 48.83
7.  (s°-5°Y), 298.16 4,079 (~4.08)
8. SV (298.16) = 7,895/298.16 26.48 (26.48)
(o]
$298.16 71.24 ) (71.23)
9. AS (298.16  353.90, lig.) ASTR 0.65
ASgR-| 4,00
AS, 2.12
L
‘ 5353.90 - 33.60
10.  AS® (298.16 - 353.90) 4.84 -
1. AsY (353.40) - 20.32
12. (% -S) 353.90 - 0.16
(o]
$353.90 76.08 76.07

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



TABLE V B
PROPERTIES OF CYCLOHEXANE

*

T o “E. =S¢
oK 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
393.1% 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 1075T - 10/(592.03T) , T < 473.16
(P -0.2730) 298 = 05701 x 1073 (553.67-T) , T > 473.16

A B C

E/Ecrp  -1.5835 1.2933 ~ -0.7131

S/Scrp  ~2.9082 4.5091 ~2.9601
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TABLE VIA - CARBON TETRACHLORIDE, THIRD LAW ENTROPY &

LIQUID PHASE CONFIGURATIONAL VALUES

(250.3, 349.7, 556.4°K) Hicks, Hooley Our
Stephenson(16) Work
1. SO »18°%K) 1.39
2. AS (18 > 225.35, cry II) . 34.12
3. AST (225.35) = 1095,/225.35 4.86
4. AS(225.35 » 250.3, cry I) 3.01
5. ast250.3=601/250.3 2.40
L
$350.3 45,78 45.92
6. AS (250.3 - 298.16 lig) 5.48 ASTR 0.64
ASpp-i 2.50
AS, 2.89
st 51.26 0.2 51.9
298.16 +26 £ 0. -5
7. (s°-5%Y), 298.16 -3.76 (-3.76)
8.  ASY(298.16) (25.86)
(o]
| $S08 16 74.04 MCA (74.05)
9. AS(298.16 - 349.7 lig) - ASTR 0.6
' ASER-| 2.49
AS, 1.68
st - 56.73
349.7 -
10. AS® (298.16 » 349.7) 3.28 -
. sV (349.7) - 20,46
12.  (5°-5) (349.7) - 0.14
. .
Sa49.7 77.32 77.33

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



TABLE VIB

PROPERTIES OF CARBON TETRACHLORIDE

*

34

T 0 E, - -S.
°K g/ml K cals/mole cals/mole °K
250.30 1.6815 8.037 14.00
298.16 1.5861 7.124 1.1
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 5.83
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 10727 - 10/(571.32-1) , T < 523.16
(p -0.5570)3-27 = 0.1780 x 1072 (556.40-T) , T >523.16
A B C
Ec/EcTP -1.6366 1.4192 -0.7688
Se/sc1p -3.0229 4.6606 -2.9208
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TABLE VHA - BENZENE, THIRD LAW ENTROPY &

LIQUID PHASE CONFIGURATIONAL VALUES

(278.69, 353.3, 562.1°K) Ahlberg, _
Blanchard Our
Lundberg(?) Work
1. S0 +20°K) : 0.73
2. AS (20 -+ 90°K, cry) 10.16
3, AS (90 5278.6 cry) 20.02
4, asf278.6)= 2345./278.6 8.43
st 39.34 38.94
278.69 : . -
5. [5(278.69 +298.16 lig) 2.15 ASTR 0.24
ASER‘[ 0.94
AS,, 1.15
st 41.49 41.27
298.16 : -
6. (57 -5%Y), 298.16 -4.13 (-4.13)
7. aSY ,(298.16) 27.13 (27.13)
$%98.16 64.45 (64.28)
*
8.  AS (298.16 - 353.3, lig) - AS o 0.65
: ASgp-| 2.83
*
ASC 2.25
sk - 47.00
353.3 -
9.  AS°(298.16 - 353.3) 3.67 -
10.  as’ (353.3) - 20.83
N.. (5°-5), (353.3) - 0.12
(o]
$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 . “E, =Se

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 7.2 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 x107°T - 10/(599.49-T), T <-553.16

( 0-.3000)2"70=0.6250x 1073 (562.10-T) , T > 553.16
A B C

Ee/Ectp -1.8013 2.2663 ~1.6828

Sc/SCTP -3.2125 5.7827 -4 ,153]



TABLE VIIIA - 2, 3 DIMETHYLBUTANE, THIRD LAW ENTRO?Y
LIQUID PHASE CONFIGURATIONAL VALUES

37

(145.19, 331.30, 499.90 °K) Douslin & Our
Huffman (10) Work
1. S0 »13°K) 0.318
2. AS (13 +136.07, cry H) 23.326
3. AST (136.07) = 1552/136.07 11.406
4. AS(136.07 > 145.19, cry 1) 2.127
5. st (145.19) =191.42/145.19 1.318
st 38.495 38.48
145.19 - . -
6. AS(145.19 - 298.16 lig) 27.833  ASL 2.52
ASeR-| 15.04
*
AS, 10.47
st 66.36 66.50
oV 298.16 : ~
7. (s°-5""), 298.16 -2.28 (-2.34)
8.  £sY,(298.16) 23.34 ' (23.32)
(o]
S%08 14 87.42 *  (87.48)
9.  AS(298.16 4 331.20 lig) - ASTR 0.41
ASerop 2.28
*
ASE 1.21
L
_ 5331.20 - 70.41
10.  AS®(298.16 > 331.20) 2.81 -
1. ASY(331.2) - 19.70
12.  (5°-5)331.2 - 0.18
) .
$931 .20 90.23 90.29

(10) Douslin, D.R., Huffman,H.M., J. Am. Chem. Soc. é8, 1704 (1944).



TABLE VIiIB

PROPERTIES OF 2.3 DIMETHYLBUTANE

*

38

T . ~Ee -5
oK g/ml k cals/mole cals/mole °K
145.19 0.7%907 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

3 - 10/(549.70 - T), T < 448.16

P =0.9283 - 0.7774 x 10
( p-0.2410)2-7% = 0.2600 x 1073 (499.90-T), T > 448.16

A B C

E‘-'/ECTP -1.3088 -0.0795 0.6148

Se/scTp -3.7542 6.7063 -4.4921



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

39

2,

10.
1.

12,

(121.8, 310.10, 475.56)

L
5121.8

AS (121.8 + 298,16 liq)

L
529816
(5°-55V) 298.16
Vv
AsY (298.16)
[o]
5298.16
AS (298.16 - 310.10 lig)
L
$310.10
AS° (298.16 » 310.10)
ASY, (310.10)
(s° -'S), 310.10
(o]
5310.10

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

Our
API(1) Work
32.79 32.81

ASTR 3.21

ASER-1 12.71

AS, 12.91

61.81 61.54
-0.85 (~0.85)
(21.88) (21.88)
82.76 (82.57)
- AST; 0.15
ASER-g 0.65

Asy 0.36

- 62.70

0.83 -

- 20.55

- 0.16
83.59 83.40



TABLE IXB

PROPERTIES OF CIS-PENTENE - 2

*

T o -E. =S¢
oK 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 2.91
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 - 0.8060x 1075 T - 6/(468.57-T) , T < 353.16

( £-0.2370)2-9% =0.3299 x 1073(475.56 - T) , T > 353.16

Ec/Ectp -0.8517 ~1.7554 - 2.1287

Se/ScTp -3.7174 . 6.4078 -4.1025



TABLE XA - H-HEXANE, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

41

(177.84, 341,90, 507.90°K)

1. S (0~ 13)

2. AS (13 »177.84)
3. Asta77.84=3126.1/177.84
L
$177.84
4, AS (177.84 » 298.16 lig)
L
5298.16
5. (S°—SSV),(298.16)
6. 4sY (298.16)
(o}
5298.16
7. A5(298.16 ~341.90 lig)
L
5341.90
8.  AS®(298.16 - 341.90)
9. s’ (341.90)
10.  (5°-5)341.90
[o]
5341.90

Douslin & Our
Huffman (10) Work
0.299
30.838
17.579
48.72 48.74
22.045  ASrp .84
ASgpoy 12.87
AS,, 7.37
70.76 70.87
~3.22 (-3.21)
25.29 (25.29)
92.83(APD) (92.89)
*
- ASqe 0.54
A
Seg-) 4,28
AST 1.88
- 77.51
4.96 -
- 20.71
- 0.18
97.79 97.86

(10) Douslin, D.R., Huffman, H.M., J. Am. Chem. Soc., &8, 1704 (1946).



TABLE XB

PROPERTIES OF N-HEXANE

*

T p . -EC —SC
oK g/ml 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

-3
P =0.9183 - 0.7492x 10 T - 10/(545.67-T), T < 473.16 |
(0 - 0.2340)2-%7 = 0.4726 x1073 (507.90-T), T > 473.16

A B C

SC/SCTP -3.2443 4.7014 ~2.6617



TABLE XIA - 2, 2, 4 TRIMETHYLPENTANE, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

(165.78, 372.40, 543.60°K)

S(0 »14.13)
AS (14.13 ~+165.78, cry)
A ST (165.78) = 2201.6/165.78

L
5165.78
AS (165.78 5 298.16 lig)
L
"y 5998.16
(s°-5>Y) 298.16
A 5Y(298.16)
[o]
5298.16
AS (298.16 = 372.40 liq)
L
5372.40
A $°(298.16 ~ 372.40)
AsY (372.40)
(5° - S) (372.40)
(o]
5372.40

Our
Pitzer(27) Work
0.683
35.309
13.279
49.27 49.28
29.132 AS?R 2.04
ASER—I 17.91
ASc 9.31
78.40+ 0.20 78.54
-5.41 (-5.43)
28.16 (28.16)
101.15 (101.27)
- ASTR 0.86
AS, 2.81
- 91.02
9.90 -
- 19.90
- 0.26
111.06 111.18

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



TABLE XIB

PROPERTIES OF 2, 2, 4 TRIMETHYLPENTANE
*

T ' 0 ' -E -S

c 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 0.6837 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 0.50%90 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 1073 T -10/(585.25-T), T < 493.16

( p- 0.2370) 2-68 = 04167 x1073 (543.60-T) , T > 493.16

A B C

EC/ECTP -1.3233 0.0800 0.3747

S./ScTp ~3.6008 6.2620 ~4.1486



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

45

11.

12,
13.

14.
15.

16.

(273.16, 373.16, 647.0°K) Giauque & Our
Stout (14) Work
S (0 = 10°K) 0.02
AS (10 +273.16, crys) 9.08
AS (randomness of H~bonds in . 0.81
ice crystals, R In 6/4)
f
AS (273.16) = 1435.7/273.16 5.26
L -
$573 .16 15.17 . 15.20
ASTR 0.27
AS (273.16 > 298.16, liq) 1.58 AS, 0.97
L
N S008.14 16.75 +0.03 16.70
(s°-5>"), (298.16) -6.89 (-6.82)
asY (298.16) ' 35.26 (35.24)
[0}
. $908.16 45.13 ) (45.12)
AS (298.16 + 373.16) - ASTR 0.75
ASER_I 0.68
As, 2.69
L
5373.16 - 20.83
A S° (298.16 » 373.16) 1.81 -
asY, (373.16) - 26.05
(S° -s), (373.16) - 0.04
O
5373 16 46.94 46.92

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



TABLE X11B

PROPERTIES OF WATER

*

T 0 -E, -5,
oK 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 0.93%0 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 6.01
623.16 0.5668 5.349 5.10
635.00 0.5082 4,630 4.37
647.00 0.3220 3.844 3.67

b =1+0.1342489 (647. - T)/3 - 3.946263 x 1073 (647. - T) B
3.1975 - 0.3151548 (647. - T)1/3 - 1.203374 x 1073 (647. - T) + 7.48908 (647.-T)"

T < 600.
2.51 -2
( o-.3220) =.,1226 x 10 © (647. - T) T > 600.

A B ‘ C

E./EcTp -1.6823 2.0683 -1.3123

Sc/SCTP -3.2551 6.5945 -4 .,8535
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TABLE XIIA - N-OCTANE, THIRD LAW ENTRO?PY &
LIQUID PHASE CONFIGURATIONAL VALUES

—
.

(216.38, 398.83, 569.40 °K)

L
5216.38

AS(216.38 > 298.16 liq)

L
5298.16
A (SO - $SV), 298.16
A sY (298.16)
O
5298.16

asY (298.16 +398.83 lig)

L
5398.83

A S° (298.16 + 398.83)
A sV (398.83)

A (S° - S), (398.83)

(o]
5398.83

API(1)

Qur
Work

67.52

A STR 1.14
A Spo .27
ASY, 6.37

86.25

-7.95

33.25

86.31
(-7.94)

(33.25)

111.55

14.01

(111.67)

A STR 113
A S| 12.86
ASY 4.64

104.95

20.96

0.02

125.56

125.93



TABLE X11IB

PROPERTIES OF N-OCTANE

T P -E¢ =S,
oK 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 9.7
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
3

p =0.9446-0.7158 x 10 ° T - 10/(608.12 - T), T< 503.16

(P -0.2350)2-%1 = 0.4288 x 1073 (569.40-T) , T > 503.16
A B C
E/ECTp -1.5208 0.7034 0.0825

Se/ScTp -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)

S0 » 16.5°K)

)

L
5298.16

(o]
5208.16

L
5337.8

2, AS (16.5> 157.4, cry )
3. AST = (154.3/157.4)

4, AS (157.4~> 175,22, cry
5. aSF = (757.0/175.22)

6. AS (175.48 > 298.16. lig)
7. (s°-3%Y), (298.16)

8. rsY, (298.16)

9. AS (298.16 > 337.8, lig)
10. A S®, (298.16 * 337.8)
1. ASY, (337.8)

12. (s°-5), (337.8)

337.8

Kelley (20) Our
MCA (10) Work
0.26
14.18
0.98
1.24
4.32
20.98 21.02
9.90  /ASTg 1.83
A SERoy 1.39
AST, 6.64
30.88 0.2 30.88
-3.59 (-3.59)
30.00 (30.00)
57.29 (57.29)
- A STR 0.47
A SER-1 0.67
A Se 1.49
- 33.52
1.31 -
- 24.96
- 0.12
58.60 58.60

(20) Kelley, K. K., J. Am. Chem. Soc. 51, 180 (1929).

(10) MCA Tables



TABLE XIVB

PROPERTIES OF METHYL ALCOHOL

*

T . “E, s,

oK g/ml k cals/mole cals/mole °K
175.48 0.8939 9.389 20.34
273.16 0.809%99 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 0.441 4,501 5.64
512.28 0.2720 3.207 3.92

3

P =1.0493 -0.7827x 10 ° T - 6/(507.77 - T), T < 423.16

( p-0.2720"%=0.1010x 1072 (512.28 - T) , T > 423.16
A B C
EC/ECTP -0.9886 -0.5942 0.9140

S/SCTp -3.0302 4.8328 -3.0584



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

51

(243.51, 447.28, 617.6 °K)

L
5243.51
A S (243.51> 298,16 lig)

L
5208.16
(s° - s3Vy, 298.16
AsY, (298.16)
o]
5998.16
A'S (998.16 > 447.28 liq)
L
S447.28

A S° (298.16~ 447.28)
AsY (447.28)

(s° - S), (447.28)

$347.28

API( 1)

Our
Work

*
ASER-
*

AS,

 88.26

0.7
9.43
4.37

101.66

-12.66

41.17

102.78
(-12.19)

(39.95)

130.17

27 .56

A SgR-y
As

(130.53)

1.57
24.97

6.85

136.16

21.00

0.36

157.73

157.52



TABLE XVB
PROPERTIES OF N-DECANE

T o - -E -S

C C
oK 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 12.48
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 9.43
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
3

P =0.9491-0.6899x 10 “ T-6/(615.33~T) , T < 443.16

(p -0.23602-39 =0.5379 x 107> (617.60 - T) , T » 443.16

Ec/EcTp -1.5316 0.6537 0.0146

S¢/ScTp -3.3240 5.6059 -3.7328



TABLE XVIA - ISOPRO?YL ALCOHOL, THIRD LAW ENTROPY &
LIQUID PHASE CONFIGURATIONAL VALUES

355.39

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

(185.20, 355.39, 508.32 °K) Andon, et al(3) Our
Green (15) Work
1. S(0 > 10°K) 0.097
2. AS (10 5 185.20 °K) 21.95
3. st (1293/185.20) 6.98
4, | S, (185.20) 29.03 28.77
*
5. AS (185.20 » 298.15, lig) 14.12 ASTR 1.63
8 SgR-i 6.21
ASe 6.59
6. 5, (298.15)  43.15 43.20
7. (s°-5Y), 298.15 -5.64 (-5.67)
8. asY 36.52 (36.45)
(o]
9. S908.16 74.03 (72.97)
10. A's (298.15~ 355.39) 7.50  ASTR 0.67
- A SgRp-y 2.80
*
As. 3.56
1. 5, (355.39) 50.65 50.22
12. A s°(298.15 > 355.59) (4.00)
13. A sV ,(355.39) 26.77 26.81
4. (s® - ), 355.39 0.61 .61
So 78.03 77 .64



TABLE XVIB

PROPERTIES OF ISOPROPYL ALCOHOL

*

T . E, -5,
oK 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
3

p =1.0171-0.6472x 10 °T-9/(507.39-1T) , T < 383,16

(o -0.2730)2-%7 = 0.6650 x 1072 (508.32-T) , T > 383.16

E/EcTp -1.3253 -0.9604 1.7289

SC/SCTP -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 inéicq'res that E.. is related directly to molecular

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

The relationship between E_ 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 -E. 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.

~Ec1p (benzene) =7.845 (MW =70.11)
~Ec1p (isopropy! 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 paroflfins studied, shown on Figure 7,
ind.iccfes that =S also increases with increasing molecular weight and decreases with
branching of the molecule. However, the position of the curve for methane is not

understood af this time.
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C. Application of the Correlations

*
Correlation of the configurational properties E_ and S_ 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
caleulation of the energy and entropy, E; and S 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, 0 ) =EfR (N +ERR (N +EJ (M +E, ( o)
=E° (T) +E. ( p) ‘ (V-1)

ST, p ) =S§r-R In(_ATD) #sgp+s9s. (o)
p

=®-Rin ( Ty 4 S.(p) (V-2)
rCh
The above approach is in contrast to the "Classical Thermodynamic" method,
E (T, p)=E2(M- E|¥- wva | o mY (V-3)
L (Tre) =62 o Joos Ty, . 9°

S (Tp) =s°M- s|¥- s+ [° (as) dp (v-4)
o]

Yoy, o0 Iy
which require a much greater knowledge of the liquid PVT relationships (integrals) in

order to make the calculations.

(31) Prengle, H. W. Jxr., private corﬁmunicofion (Nov. 1970).

—
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2. " Liquid Solutions -

Once the molecular parameters have been deduced (interaction energies,
*
coordination numbers, etc.) from the E_ 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. [t 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 present all methods of calculating liquid heat capacities are empirical.

A theoretical r_ne'rhod of calculating liquid heat capacities from configurational

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

2. cp® = 2.5R

3. F° - Hg = T(-2.9841 1n¥ + 7.28295 - 4.9735 1nT)

4. s° = 2.9841 1nM .- 2.31498 + 4.9735 1nT

Extexrnal Rotation

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

5. ®° - =®
6. Cp =
7. for g =1 F° -ul =1 Edd9894(lnAI x 10°%) + 4.14506

- 1.9894 1nT]

8. s° =1.9894 ln(AI.x 1039) - 2.,15787 + 1.9894 1InT

9. for 0 >1 ¥° -8 = T[-1.9894 In(al x 10%°) + 2.76764
- 1.9894 1nT]
10. §° = 1.9894 In(AT x 10°°) - 0.78045 + 1.9894 InT
For non-linear molecules

11. ®® - Hg = 1.5RT

12. cp° = 1.5Rr

13.° F° - 80 = 7[-0.9947(1n(aI x 10°°) + In(BI x 107°)

+ 1n(CI x 10°2)) + 1.9894 1no + 3.01407
- 2.9841 1n§]
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o) 39

14. s© = 0.9947(In(AT x 10°2) + In(BI x 10°2) + In(CI x 10°7))

~ 1.9894 Ino - 0.03329 + 2.9841 1nT

Internal Rotation

15. (free rotation) FO - Hg = -RT(0.5 1nT) + 0.5 ln(IredX 1040)
- 1lnn - 1.275

16. (free rotation) s® = R(0.5 1InT + 0.5 ln(Ired X 1040)

- lnn-0.775

1.
17. Qg = 2.7935(10°°1__ 1) "/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 l/Qf
(Qf z partition function for free rotation calculated by

equation 17) .

Heat Capacity, C

Heat Content, H/T

Entropy , S

Entropy Decrease from Free Rotation, Sf— S

Free Energy, -F/T

Free Energy Ipcrease from Free Rotation, F - Ff/T
Values for V/RT and l/Qf are rgad‘in as data from the tables
also. .

VO/RT and 1/Qf are calculated and compared to the table

vélues until VO/RT and l/Qf are less than the table wvalues.

The program then chooses the largest values for V/RT and l/Qf

*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/Q; is less than 0.25 the free rotation values for
S and -F/T ére calculated. The correction factors are
picked from the tables for (Af - 8) and (F - Ff/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. 8% = R — - rin(1.0 - &)
e -1.0 '
20. Ho _ Ho = RTY
e -1.0
2y .
21. Cpo = Rg = —
(e” - 1.0)
o o o o o
22. F -H = (H -H) -S5T
Input Variables Definition:
MW = Molecular Weight
K = No. of Temperatures read in
T = Temperatures
AI,BI,CI = External Moments of Inertia
SIG = No. of Egquivalent Positions, o
Z = No. of Rotating Groups

VO = Potential Barriers
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REDI = Reduced Ininrrnal Moments of Inertia, I

red
NEQPO = No, of Min , n (Integer)
BIGNU = Also No, of Minima, n (Real)
J = No, of Different Vibrational Freéuencies
FNU = Frequencies, v
G = Degeneracy of the Frequencies

Note: Input Variables: C, H, 8, 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 xT)-(C/(E -T) ) T < Tmin
2, PS=G (TC-1)
3. LNPS =Ln (PS)/HF

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

Antoine Equation

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

6. DLNP =2.30259 B /(C -273.16 +T)2

Gamson - Watson Equation

7. log P=(-GWAxTC/T) + GWB - EXP  -20(T/TC - b)2

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

Liquid and Gas Volumes

9. VL= MW/ ( ox 1000)
10. VG=ZxRxT/P

N. VL (e) =VG (e)



Vaporization

12 AEY =P (VG - VL) (TxDLNP)-l.(ﬂ

13, an = AEY 4P (VG - VL)

4. Y= Y

Configurational

15. EER=15 RxT

16. Ec=- AEFV- AeY
(s}
*

17. S, =~ Asﬁ)v - AsY +R In RT/P®
Vi
_gO _ SV _ \4
18. E =E AE~'° AE

: v
19. 5. =5°- As,iv— AS



Input Variables Definitions

K = No. of temperatures read in
XMW = Molecular weight
OMEGA = Acentric factor,

Te = Critical temperature

T = Temperatures

VDELE =E° - ESV
EPG =E° - E o
SPG =°

Z = Compressibility factors

VDELS = 5° - 55V

A, B, C = Antoine Constants

CWA, GWB = Gamson - Watson Constants, A and B
GWBL = Gamson - Watson Constant, b

SER = Entropy of external rotation

AF, BF, CF, EF, GF, HF = Francis Cons;fcmfs
RHOC = pcritical)

TMIN = Tmin for Francis Equations
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APPENDIX C-1

CONFIGURATIUNAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELDPED BY Ko E. BUSH AND H. We PRENGLE, JR.

SUBSTANCF: ARGON MOLECULAR WEIGHT: 39,9480 OMEGA: -0.,0020
JRIPLY POINTS 83,90 K N=BUILING POINT: Bl.46 K
CRITICAL POINTZ 150,06 K 48,34 ATM 0.0740 L/GMOLE ) 26 0.2900

VAPOR PRIZSSURE CONSTANTS @
ANTCINMES A= Geb1691 B= 304.22681 . C= 267.31932 NC= 268.00635
GAMSUN~WATSOi1: A= 2.3199 L= 0.0 B= 6.8794

1.92309 = 0.4768F~02 C= 10.00 E= 167,83

FRAGCES CUNSIANTS: A=
. G= O.lta4k-01 H= 2.39

\.

TPUT DATA:

fimp CLOY-E(SV) E(0)-E(Q0) S(0) Z(VAP) SLO)-5(SV) STR
33.96 3.00 250,30 30.72 0.9420 -0.173 30.72
dla46 6H.00 260.70 3093 0.9810 016 30.93
“H L 0N 700 . 268,30 31.07 0.9800 0,70 31.07
10U . 06 24.U0 278.10 3lahy 0.9620 2.46 31.59
103,146 36.00 307.450 31.75 0eJ510 3.08 ' 31.75
ictoe 54.00 337.30 . 32.21 G %0050 4eb3 32.21
12314 . 107.09 367.10 A12.67 08340 .08 32.63
133.t6 L67.00 396.90 33.02 0.7070 T.61 33.07
1iu. 16 209.00 411.80 33.20 0.6500 - 8.37 33.20
143,16 275.00 4264170 33.138 05720 9. 24 33,38
1afi. 16 383.00 441460 33.55 0.4600 10.43 33.55

150.86 60%.00 449,170 31.64 02900 12.32 33.64

*juswiJedaq buruassurbul |ediwsy, uo3lsnoy
SJdALUN BY3 uL sL 3nojutuad [eulBrao ay]

L

30 f3



TEHP
83,96
87.46
90.00
100.00
1o3.16
113,10
123.14
132,16
liv.ib
143.16
140,16
LGl

TLMP
83,4960
HYalb
YLD

1O00.00
103.16
113.16
123.10
13%.16
13n.16
143,16
lda.l6
1DU RS

P ATHM
00,6940 00
0.10191- Ul
O.132110 01
N.3152L 01
LGe4aLILE O}
Q80697 01
Galadhe u2
L2461 02
02497200 U2
Oe3H001 0
004238 D2
Qe 7425 02

.

RH{)
ls4117
13895
L3733
1.3067
L2844
le20H4
lellun
10016
a.14%]
bats4 30
e T6HYO
Ua51506

DILN #)Y/0T

Os1148
U L0B2
G.01989
0., 0H06
V. 0758
0.00L29
U.0541
V0454
Ja0422
Q.04
C.0%67
0.03454

EL
~1163.39
~1136.63
~1117,42
=10%9,0672
=103%6.15

=22 .83

~T97.37

-601,/21

=-513%.41

~411a24

=-300. 17

-153.%0

VL L/GMDLE

0.,02830
0.0287%
U.024909
0.03067
0,01110
0033006
0.038507
ND.C396%
Uellth 212
0.04779
0.05149%
0.074%9

£C
~1413.69
-1397.33
-132¢6.12
-1357.72
~1343.6%
~L260413
~l1m4 .47
~98.11
-02h. 2
-037 .94
-142.37
=-601%.00

VGy L/GMOLE
0.9749C 01
0.69707¢ 01}
D5H400F 0O
0.2504E DY
0.199%C 0L
0.1044E 0L
05373 QO
U 329315 00
0.2524E 00
Belu?te 0O
Q.12921F 00
Oe7459F=01

SL
12.70
12,92
13.13
13.0
14,173
1%.18
16437
17.72
107
L1746
20.1%
2l.32

PLVG=VL)
163,323
167,743
174,294
1HB.7RS
L9844
197.012
191,667
164,517
148,269
1721.610

ANLISE
0.0

ST
19.80
19496
20.07
20.48
20461
21.00
2141
21 .49
22.11
22412
22.11
23.48

NDEL E(V)
1411,
1391.
1377.
]3‘3['0
1308,
12064
1062 .

#3l.
Tl6.
“H3.
259,

U.

SC*

-7.10
~7.04
—b6aDh
-be7
—~bet?
=583
-9l
-3.2
-3.54
~-3,07
=255
~2alb

DEL H{vV)
1574,
1561,
1551,
1€23.
1900.
1403,
12%4.
976

RYY/IN
68Y,
G460,

U

EC/RT
-8447
-1,04
=175

~Gerdd -

—-6H.55
=5..40
-hal6
-3.77
=-3.37
-2.9%
—-7252
-2.01

DEL

stv)
18.75
17.85
17.24
15.213
14.54
12.40
10.18
Te08
GCa26b
4.178
2.97

0.0

SCx/R
-3.57
-3.54
_:4:.1")
-3.31
-3.726
-2.93
~2.94
-1.91
-l.75
~lehéh
~laez?

-1.09

8L
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e e s arres a4 =y P, " b A . A A T T T S T

FERFECT GAS STATE THERNQUDYNAMIC PRUPERTIES BY STATISTICAL THERMODYMAMIC METHODS

INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

T DEVELOPED BY K, E. BUSH

SUBESTANCE ! ARCGON . Mkt 39,9480 TTP: 83.96K " TNBP 87,46K TTC: 150,06k

FSSTLNMENTS T

EXTERMAL KUTATION MOUMENTS$ G000+000 00004000 .0000$0ﬂ0 SYM NOs 400

CIRT hOT MOoMa € 1y ,0000x000

INT KOT FGTS: (1) .00
. LoVl RREW:D € 1yt .00 — e e e e
’ FREQ LEfikN? 0
W . TOTAL OUALTITIES — - e e e e e e e e e e e e e e
) TEMP PEG K Lb C(0) S H{0)=H00) S€0) FLO)Y=HLOO) RT E(UY=E(O0),
£3.9¢ V1271402 ,4568+01 L417114+03 V30723402 -, 21624404 166,54 L2508+04
‘-". e €/ 46 L 153T8%02 __ JA9EB+0L 43450403 30927402 -,22703+04 173,60 ,2607+03
U, 00 W1haane0? 4968401 W H4712403 L31N69+062 “,234%1404 7 77 178,8Y 2685403 T
1L0,00 JIE70h+ie (4960401 L A9680403 31998402 - 26625404 198,72 L2951403
103,16 JiuThosue T 49nBe01 51200503 C31746402 27626404 205,00 L3N75403
118,16 C1ALLITHGY 608401 (55215403 LEEP0HENZ - 800254054 . 224,47 L 3573403
169,10 YL P LAUnB+01 LHLUHAHDD CSRB29%0 -, 34067404 244,74 JIHTLH0S
Y03 S Len MG W GYeBH0L L 0610803 887402 =, 873800408 264,61 . 3969408
158,16 V16516402 L H968+01 LBHAIBANS V3821402 ~, 3Y000L+UA 274,55 ,4118+03 -
193,14 VIBGOLHU2 L AY%60+UL J71122463 (33877402 =,40671404 284,49 L4267+03
146,16 J166YLr Gy VEYol+ Ul , 736006403 V3I0d84UP “,423444+04 294,42 L 4416408
150,86 J6730%0g L AY5u401 ,79947403 JE8636402 -, 43252404 299,79 SA497408
213,16 CANE21402 L4965 +01 L13971«04 WE6HYI UL -, 86381409 : 542,82 JB142403 ©
e @SE Y6 L MEE3YeNg G A96n%01 L LABA3+04 L 870264U02 =, 95585404 592,50 ,BuBB4+03



APPENDIX C-2

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PRUGRAM DEVELUPED BY K. E. BUSH AND He We PRENGLE, JR.

SUHSTANCE: MliF THANE MOLECULAR WEIGHT: 16.0400 CMEGA:  0.0130
TRIPLL POINT: Y0« 68 K N-BOILING POINT: 1l11.70 K
CCRITYCAL PULNT:  190.70 K 45.80 ATM 0.0995 L/GMOLE 2C  0.2900

VAPOR PREIESSURE COHSTANTS:

ANTUINE: A= be.61184 A= 389.92993 C= 266400000 NC=  266.28369
BAMSUN=WATSUNHE A= 2.3383 BL= 0.0477 B= 6.8787
FRANCIS CONSTANTSS A= 0.592% B= 0.8749E-03 C= 9.00 L= 239.84
G= 0,23%9E-03 H=  2.72
INPUT DATA:

TeMpe E{O)—-E(S5V) C(0)-E(0O) S{0) ZIVAPY S(0)}=S(Sv) STR
00.68 0.0 540.60 34,92 1.0000 4,29 28.38
93.16 0.0 54% 440 35,13 0.9990 -3.67 28.52
100.00 1.00 596420 35.70 0.9%00 ~2.15 28.87
103.16 8.00 615,00 35.94 0.9850 . -1.51 , 29.02
L10.00 11.00 649% .80 36.45 0.9680 -0.28 29.34
1Ll. /v : 13.00 665.90 ' 36.58 0.9640 0.22 T 29,47
113.16 1%.00 674,60 364068 0.9600 V.74 29.49

120.00 22.00 715.40 37.15 0.9450 1.63 29.78
123.16 . 26.00 134,20 37.35 0.9200 i 2,23 29.91
130.00 53,00 775.00 37.78 0.9050 3.10 30.148
133.16 57.00 793.90 37.99 0.8940 : 3.50 30.27
140.00 60.00 834.70 3d.37 0.58690 4,25 30.54
143.16 712.00 853,60 38.55 0.8570 4.61 30.65
150.00 90.00 894 .40 .92 0.8240 %39 30.89
1%3.106 Log.0n | 913.30 . 39,09 0.8040 9.78 30.99
160.00 ’ Laz.00 oo o954020 0 B T S 0.7580 L 6452 31.21
th3.t6 i74.00 973.10 39,59 0.7460 6.96 ) 31.31
170.00 227.00 1014,00 39.92 0.568R0 7.75 31.51
173.16 257.00 . 1033.00 40.01 ) 0.06590 8.13 311.60
LBO.00 | 141,00 1074.00 4G, 30 0.5760 9.08 31.84
lu3.16 380,00 1093.00 Y. 0.5360 Y H4 32.04
190 . 00 704,00 1134,00 40491 0.3260 . ~11.84 33.87

1. 10 762.00 1139.00 . hie 4 C.2900 12.22 34.30



LMPp
90.68
3.14
100.00
1u3. 1y
11000

B S V)
L1316
1204430
123,16
T80.00
lFJ.lb
IRVl
[43.10
1?o.uo
lb3. 164
l‘;O.()()
163.106
LfQ.-. 0
I13.16
130, U0
Lod. 16
LG 00
1170470

ILMP

Y. 68
9%.16
LOV.00
L0316
110,00
L1L.70

t1s.te

L20.00
123.16
Psu.oo
133.16
140,00
t43.16
150,00
(53,16
160.00
163.16

L713.00

173.16
L8600
1i3.16
Ly0.00
Lou. /10

P ATM
0.1154L 00
D,1574E 00
0.3396L 00
V460691 00
liaB6IEE OO
0.1602c U1
Oe 2y 0L
Vel sl D1
0.2379C 01
0.3073% 01
De4a56F O]
Ve 090 O
Do 70280 01
1059 02
0.12201 02
Ge L2510 Q2
Dot 84006 02
G.231300L 0¢
0.20461T8 07
V.33105C 02
Ue365H8E 02
Oea/ThHi. 02
0.45%661 02

RHO
V.h528
Ued0ub
U407
Uate384
0269
0.0924%
Uab225
U.h 24
0.4076
UetIGH
Uddlb
Q37499
Ue3742
Uesell
O. 39410
0.339y
Ged324
Ue3137
0.3047

U.Z24d10

Us20060
Ua20%7
Uel620

DILN PY/DT
0.1287
O.1214
Del42
0.0974
0.0849
L.0R22
O {9
C.0/10%

TUJ0619
Ve 00O0OY
0.0%80
U.0b524
00501
0.0456
0.0438
V.0401
0.0346
0.0358%
0.0342
0.0317
0.0306
0.02u4
e0242

EL
-1380.86
=1343.31
-1260.,07
-1216.19
-1112.51
-1CR84H0
-l067. 176
-974,39
-9%0.94
—~BO8.36
-822.62
~715.09
-HTheb
=964 .92
~51h,04
-4 14,72
~-367.0%
-230.18
-17%.30
—-23.41
B4 .08
263.62
377.00

Vi, L/GMOLE
0.,03542
U.03567
0.03640
0.03676
0.03757
0.03778
0.03797
0.03889
0.0393%
0.04042
0.04096
0.04222
V.04287
0.04442
0.04523
0.04721
0.04826
0.05113
0.05264
0.05708
0.06016
0.07799
0.09901

EC
-1921.46
-1904,.71
-1856.217
-1831.19
-1768.317
~-1L754.70

~1742.36 .

~1689.79
-168%.14
-1643.36
=1616HeH2
-1549.75
-1528.07
-1458.92
-1428.34
~1368.92
~1340,1%
-125%0.18
-12038.30

~1097.8L

-LU3R .92
-470.33
-762.00

VGy L/GMDLE

Qe.b446E 02
U.44852E 02
0.2392¢ 02
0.1786E 02
0.100%F 02
V.8814E Q1
0. 7300F 01
0.4935 0l
39500k 01
Ua.2614E 0OI
0.2192E 01
0.1537 01
O.L3168 OL
099 74E 00
0.8282€ 00
U. 6205 00
0.5428 00
Q0.4049C 0G
0.353HL 00
L.2575E 00
0.2202€ 0O
O.l1l28E OO0
0.99201L-01

St
16,03
16.30
17.29
17.43

- lB.84
13.46
18.78
19.76
19.82
20,68
21.02
2L.890
22.12
2289
23.19
23.87
24,14
24436
25438
26420
20.64
21.90

20462

PLvG-vL)
180.052
1e24.757
196.381
2014655
210.750
213.005
214,782
223.913
22%.284
230,118
232.049
235,047
235.813
234,197
231.281
225.550
220.313
203.017

T lu2.917
160.877
141.760

37.780
0.0

STR*
17. 7(’
17.85
18.10
18.22
l8.45
18.51
18.56
18.78
18.83
19.10
19.1%9
19.40
tv.50
LY9e71!
19.81
20.02
20.13
20.36
20448
20.44
21.11
2334
24424

DEL £(V)
1921.
L90S .
1849,
1d23.
1757,
1742.
17127
1648,
lov9,
1590,
Louh.
1490,
1456,
L369.
1319,
1222.
1166,
1023.

ghl.
157,
653,
166,

O.

SCx

~He2b
-8.09
~Te54
-7.30
-be12

_—6.81

-Le97
-ULe 39
—64.50
~6.02
-H.H5
—5443
-5.27
=4.90
-4, 12
-4,33
-4 .28
-3.82
3.0l
~-3.14
-291
—2. 39
—-2.16

DEL H{V)
2102,
2089,
20406,
2025,
1968,
199%.,
1942,
L189l.
1384,
1820.
1792

1725,
1692.
1603,
1551,
l’r‘: ’-
1380
1220.
1144,

Jid,.
195,
204,

(VS

EC/RT

-10.656
-10.29
~7e 34
-8493
-8.09
~-7.91
-T7.75
-7.09
r6.89

~6.36

~hell
-5.97
-5.37
- .89
-4 .69
-4.73)
4413
-3.10
-3.51
=-3.07
2845
-2.31
-2.01

" DEL S(V)
23.17
22443
20446
19.63
17.89.
17.50
17.16
15.76,
19.30
14400
13.45
12.32
ll.a2
10469
lu.12
© Y. 05
B450
T.21
6.b1]
5410
4,34
1.07
U.0

SCH/R

~4s1b
-4 .07
—3.80
-3.08
~-3.48
—3.473
-3.51
-3.22
-3.217
-3.03
=245
—2e.13
-2.65
-2.41
—2.38
=-2.21
2.1

-l.92

-1,82
=194
-1l.46
-1.20
-1.09

[ BRI R R
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APPENDIX C~-3

CUNFIGURATIUNAL FNERGY, ENTHALPY, ANU FNTRUPY AT SATUKRATION

PROGRAM DEVELOPCD BY K, Eo BUSH AND He We PRUINGLE, JR.
SUBSTANCL ¢ A1 TROGEN MOLFCUL AR WEIGHT e 28,0160 OMLGA: 0.0400
TrIPLE POIRT: 63.19 K N-BUILLING POIwNT: T/.35% K
CRITLCAL POINT: 126.20 K 313.50 ATM 00901 L/GMOLL (C N.2910
VAPDR PRESSURE CONSTANTS:
AMTIINE S A= T0O9810 = 337. L7676 C= 215, 79597717 NC= 274493066
GAMS U= AT SO A= 2.3903 uL= vel401 = Hal84S
FRAGCLES CUMNSTANTS: A= l.15%10 B=  (0.33182€C-02 C=  A.OU L= 146,62
Gz UHUIOF-013 H=  3.136
[APUT DATA:
1fmp {0)-E SV} E{Q)Y=-C(00) slu) JIVAP) S(0)=S{Svy) TR
03.19 0.0 IL3.90 3%,00 09G4 ~heln 23.25
7,00 700 312,60 FoelY 0.9400 -Ue 58 29l
71/.14% 10.60 334430 36 M) O.928% (1e 272 220
TU0, 00 5 .00 406 80 Fu .20 Q.fe2U0 G117 30,53
12500 411,00 u21.00 3y 15 03800 10,57 2l.04
12620 621,00 3).47 0e2910 11.5% lebr )

PRI OVTS



1Lup
ol Yy
5,00
17415
tub.Go
Lesw. GO
120,70

(ohp
GAL L
715,00
T7.35

Ltu0.00
12%.00
leha20

P AT
012314
0.7452¢
U lunuL
Col7uUvE
0.30G41-
a32620

M

00
un
Gl
Ul
G
u2

Ri0}
Detl,94
LUelilnag
Vet OTY
Q64908
Jes 211
D.3110

L Py

Vel 704
Gel2a9
Lal215
D695
We04485
(JaDVl §4

1
~481.70
-1%6.75
-1, 47
—423,27
.‘).Uﬂ
123,00

VLe LZ6GMOLL

008222
DeG34273
Qe13040H
Ue140,457
0.060L4%3
V.0 10U

LC
~1295.60
~12c7435
=120U.77

=430 07

-(_)l‘) -()I'

=514 ,00

Voo L/GMOLE

Go&L9UF (O
OJ7R4EE O}
Oe53940 01
Ua 1791 00
Lal20GC QU
Us9006rL=-n1

Si.
1heta?
15461
1Aen
22452
21T.20
28,27

P LVG-vL )
125. 366
140,933
141.342
1545.335

44,4537

0.0

ST
te,1%
18479
L8490
17,98
¢1.63
2220

DEL.

£lv)
1296,
1227.
1191,
9¢5 .,
203,
0.

SC*

~H.24
=127
=7.10
Y02
~Zdehts
=212

DEL

H{V)
la2l,
1303,
13313,
JRVEINIIN

PN
Oa

EC/RT

~10.32
4.l
-T.41
=4 ')
"‘.? ol
=720t

beL

Stv)
22469
1e.17
17.23
16.60
1.94
0.0

SCx/n
—'-'r- Ll)
-3.060
-3.57
-Z2.53
=1l.28
~leu/

78



FERFECT CAS STATE THERMUODYNAMIC PRORERTIES BY STATISTICAL THERMODYNAMIC METHQDS

IMCLULING HINUERED INTEHNAL ROTATION CORRECTIONS RY PITZER

" DEVELOPEL BY K, E, BUSH

LU vt

[P

TTC:  126,20K

~E(00)
39403
264038
45408
63+08
10+03
70+03
He+0S
SE+0S
qag+04 "
B1+04

c SURSGTANCE ¢ NITROGEN MW 28,0130 TTYPT  63,19K TNBP 77,35K
1 '
'w" TUASSTGHRMENTS - B oot o e e e e T
EYTEKRWNAL KOTATIGHK MOMENTS!E T 41394038 21394038 ,0000+000 SYM NOt 2,00
,k . L INT RUT MOME 30y 00pL+000 e e e e et e e
INT ROT FOT:  ( 1)1 00 o
VIt FREQ: L 1)1 €345,00 e e
FiEQ LRGENG ’ B ]
TOTAL OUANTITIES e — e e e e e e e e e e
TEMP LEC K L N ] (o) CHD)Y=H(00) S(0) Feoy=H(00) RY ECO)
63,19 105446463 1 6955+01 43950403 W 350024072 -, 17723404 125,57 .31
L_ 7B 11015403 ,6995+01  ,52164403 36195402 «,21930404 149,04 37
77 .55 LI1IUE7403 V0955401 53798403 fS8410+02 ~, 2?7634+04 154,71 T
1u0, 00 2 11130+03 L6955+01 169552403 f 3190402 -, 31243404 195,72 .49
1zb, 00 e 33219+08 H995+01 26940403 WS9752+02 -, 40996+04 248,40 .62
126,20 L 112238+68 W H955+01 87774403 L39N19402 -, 41474404 250,78 62
10, LU 112V A0S 6955401 JALAa32an4 LATLEPe0 -,51100+u4 294,08 .74
L RuTLUD__ 13407403 V695BHUT 18510404 L4B0PHHUR =, 72139404 397,44 99
-1 #o0,00 , 11496403 , 6956401 L 1.73864+04 L 44D 7b 402 -, 94058404 496,80 W12
298,16 CG11R67403 L6950+ UL 220738404 A4hu05402 ~,11583+CH 592,50 .14



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 CM
TRIPLE POINT: 279,83 K N=-BOILING POINT: 353,90 K
CRITICAL POINT: 651,67 K 40.00 ATM 0.3080 L/GMOLE ZC 0.2710
VAPUR PRESSURE COMSTANTS:
ANTUOINF: A= 6.84498 B= 1203.,52588 C= 222.86299 NC=
GAMSUON-WATLON: A= 2.8127 BL= 0.1805 B= 7.2908
FRANCIS COMSTANTS: A= 1.0584 B= 0.8395C-03 C= 10.00 E= 592,03
G= 0,5701L£-03 H= 2.58
INPUT DATA:
I EMp E(O)-E(SV) E{0)-E(00) S(0) Z(VAP) Sto)-S{sv)
279.2a3 0.0 3232.00 69.60 0.9980 -5485
290.00 0.0 3457.00 7054 0.9940 -4.84
298,16 0.0 3645.00 71.23 0.9916 -4.08
300.00 0.0 3688400 7Le39 0.99C0 ~3.92
310,00 0.0 3930.00 72.25 0.9860 -3.07
323.16 0.0 4263.00 73.38 0.9800 -2.04 .
310.00 22.00 4443,00 73.98 0.9770 -1.55
348,10 31.00 4946,00 75.56 0.9690 -0.35
353.90 44,00 Y112.00 7607 0.9651 0.16
373.106 77.00 5694.00 77.78 0.950C 1.38
an3.16 6,00 6012.00 78.67 0.9380 1.85
393.16 110.00 63640,00 749,57 0.9240 2.37
400.00 121,00 6570.00 40.18 0.9160 2.75
403,16 132.00 6678.00 BU4T 0.91C0 2.90
423,16 209.00 7384 .00 82.27: 0.8760 3.91
433,16 253.00 71752.00 83.18 0.8570 4,37
448,16 ¢ 31v.00 . 8322.00 84,54 0.8260 5.07
458,16 : 374,00, 8714.00 85.45 0.8050 5.50
473.16 473,00 9319,00 Bhabl 0.7700 6.20
408,16 715.00 10370.00 89.08 0.7020 7.41
500.00 148,00 10450.00 89.25 0.6960 T.51
$23.16 1045.00 11480.00 91.35 0.5960 8.74
548.1¢ 1815.00 12640.00 94.60 0.3980 10.93
H93,.67 2499 .00 12900.00 94.10 0.2710 12.28

EGA: 0.1860

224.51636

STR

38.93
39.11
39.25
39.29%
39%.44
39.65
39.75
40.02
40410
40.37
40.50
40.63
40,71
40.75
40499
41.11
41-28
“le39
41455
41.80
41.82
42.05
42.28
42.33



TeMmp
279.813
290400
298,16
BU0.O0
Blu.0GO
123.16
CB30.00
148.16
Av3.90
Nr3.teo
Bl 1A
J3. 16
00,00
U316
h23.16
433,16
EQB.I&

1hda 16O
v73.16
hOB. 16
500.00
h23.16
4816

53.67

a
279.4%
290.00
2980416
300.00
310.00
323.16
330.00
J4t.16
354,90
313.16
Jul.te
394.16
400- OO
4073, 145
423.16
433%. 16
HaB. 16
45b6.16
413,16
408.16
»00.00
G23.16
VoL L6
5393.67

P ATM
0.5258E~-01
0.8775E-01
0.1284k 00
0.1394E 00
0.2134F 00
0.3%76E 00
0.4535%E GO
0.8385€ 00
0.1000c 01}
D.1724L 01
0218481 0L

27868 01
0.3263L 01
G.31903€ 01
0.5351t Ol
0.6513L 01
O.84%99E vl
0.1024E 02
0.1313L 02
0.1921k V2
0.1973& 02
D.2710L 02
0.3705F 02
0.345%4E 02

RO
07915
O.7818
Qe7741
07723
U 16271
0499
V.7432
Va7251
GCa7lY3
Ven'394
O.: 849
Genfl
GeHr 705
0.6670
Dels439
O.03184
Ueb L 27
Vevyyl
G.HT71
0.9393
Ueb319
U.4810
Us3801L
0e2130

DILN P}/DT
0.0526
Q0.0482
L.0451
0.0444
Ua0%11
0.0372
0.0354
0.0312
0.0301
0.0266
0.0249
0.0235 .
0.02¢7
Ua.0221
0.0201¢
0.0192
0.0179
0.01/1
0.0160
0.0145
J.0143
0.0131
0.0119
0.6117

EL
~4377.63
—3911.34
-3663.09
-35v84,75
-3190.76
-2664.91
=2412.36
-1682.13
_11'1'5.81,

62066

~-113.11

146,80
697,69
Hll.19

1765.09

2262403

3042.19

35617.8¢8

4385.38

5600.6867

5900.48

1430.40

9923442

10501.00

VL, L/GMOLE
0.10633
0. 1076‘#
0.10872
0.10897
0.11034
0.11222
O.11322
011606
0.11700
0.12032
0.12217
0.12411
0.12551
0.12617
0.130069
0.13320
0.13736
0e164048
Q0.14584
0.15722
0.15823
0.17497
0.22139
0.30826

eC
~-7609.63
~71434.34
-7308.09
-7272.75
—7120.74
-6927.91
-6855.36
-6628.173
-56557.84
-6314.66
-6125.11
-5993.,20
-5912.31
-58066.81
~5618.91
-5489.97
~5273.81
-5146.12
=4933.62
~4569.13
-4549.52
-3999,60
-3116.58
—-2399.00

VGy L/GMOLE

0.4359E 03
0.2696E 03
0.1390£ 03
0.1748E 03
0.1173E 03
0.7267c 02
0.57711E 02
0.3301E 02
0.2R803E 02
0.1688E 02
0.1348F 02
0.1070c 02
0.9214E 01l
0.8594E 01
0.5685E 01
0677 01
0.3533t 01
0.29%5€ 01
0.2277¢ 01
0.1494% 01
0.1448E 01
0.9442t 00
0.4833L 00
0.3083& 00

SL
46.35
47.76
48,83
49.10
50.38
52.04
52.88
5%.05
55.060
57.81
59.22°

6042 .

6lelh
61.56
63.88
65.056
66.82
68,01
6E9. 75
T72.69
772.91
" 76400
79.87
gl.82

PLVG-VL) DEL E(V)
554,682 7610,
5T72.448 T434.
587T.031 T7308.
589,673 1273.
606.674 7121,
628.200 6928.
6394265 6833,
667.860 6595.
675.711 6514,
699.256 L6238,
707.547 6037,
713.344 9883,
718.000 5791
718.159 573%.
719.50% 9410,
TiL6.4806 5237.
706,829 4496 .
697.885 47172
6T77.448 LHbHl.
621628 3854,
H15.7T91L 3802.
5044652 2955,
234,870 1302.

0.0 0.
STR* SCx
28.25 -12.64
28.38 ~-12.05
28449 ~1lles64
28.51 ~11l.52
28.63 -11.05%
28.79 -10.48
28.87 -10.21
29.048 -9.57
29.14 -9.52
2930 -8.96
29.417 -8.42
29.5¢8 -8.10
29.465 -T.96
29.68 ~7.84
29.90 ~7.30
30.01 -7.01
30.17 -6.61
30.28 -6.33
30.45 -5.96
30.7% -5.34
30.78 -5.1%0
31.11 ~h o842
31.72 -3.17
32.41 ~-2e36

DEL H{V}
8l64.
8007,
7895.
1862
7727
7556,
T473.
7263,
7190,
69317.
6745,
6597,
6509
6453,

6129,
5953.
5668
5470,
513¢6.
4476,
10417.
3459,
1536.

Oa

EC/RT

-13.68
-12.90
"12033
-12.20
-11.56
-10.79
-10.45
-7+58
~-9.32
-8.52
~8.04
-T.67
~T.44
-7.32
-6.68
~-6.38
-5.93
-5.6%
-5.26
-4.62
-4.58
-3.8%
-2.86
-2.18

DEL Stv)

29.18
27.61
26.48
26.21
24,93
23.28
22.64
20.86
20.32
T'8.59
17.60
16.78
1627
16.01
14.48
13.74
12.65
11.94
10.86
8.98
8.H3
6.61
2.80
0.0

SCx/R

-6.36

~6.06
-5.86
-5.80
-5.56
~5.27
-5.14
-4.82
4,79
-4e51
-4 24

~4.08

-4.01
—3.94
=3.67
-3.53
-3.33
~3.19
-3.00
—-2.69
=-2.67
-2.22
-1.60
‘1019

L8
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PERFECT GAS STATE THERMODYNAMIC PROPERTIES DY STATISTICAL THERMOOYNAMIC METHODS

INCLUDING HINDERED INTERNAL ROTATION CORRECYJONS BY PITZER

DEVELOPED By Ke Eo BUSHK

r

SURNSYANCE? CYCLOKEXANE _ MW! B84e1540 TTPY 279,83K TNBP! J53¢90K TTC! 553467K
ASSIGNMENTS

EXTERNAL ROTATION MOMENTS! 023246%037 02326017 023246037 SYM NO! 4400

INT ROT MOM: ( 1) +0000+000

INT ROT POTY ( 1) 00

Vi8 FREQ! { 8¢ 2950400 1450,00 1100,00 100000 335.00

FREQ DEGEN? 12 é i8 5 . &

TOTAL QUANTITIES

TEMP DEG X LN 0 clo MID)uH{DO) S0} F(DO)en(0O) RT E10)et (00}
279483 092517403 02360402 ¢37883+04 Wh9677402 = }5709+05 566,08 «3232+04
290,00 «101I0*0Y 12440+02 D334+ 04 070538402 »e16423+05 576429 3457404
298416 108U 0N $2543+402 242375404 071232402 s 17001405 592.50 e J6HBeUY
3Ie0.00 11012404 12546 1+02 14284440y e 713R9+D2 ~el7132+05 596,16 s 368804
310400 o1 1972+04 v2644+02 W HGHST7+0Y W72246+02 ~e 1785} +Ub 616,03 2393V LH

L 323416 013328+04 s 2800402 v 49062404 «73382+02 ~e1B809+05 642418 P 4263404
33000 W 1HU7S 04 2 2872+02 50991404 «739746+02 ~e19313¢05 655477 UM IL0Y
348416 +16203+04 030462+02 +54379+04 s 7556502 “e20671%05° 691486 LAV TEL]
353.90 s16919+04 23122%02 eHa104404 76071402 »e21106+05 703.27 511204
373416 19484404 0 3323+02 s 63600y 7777902 ~e22588+05 THi454 «e5674+0M
W 38316 e 209423%04 1 3426+02 067735+04 «78671 %02 ~e23370+05 741441 b0 2e0HY

323416 0224)12+04 03529+02 «71212+04 7954674002 2416 ¥+05 781.28 Y-ERIE IR
400400 023477+04 0 3598+02 023650404 «80182+02 ®e24708+0% - 7924.86¢& 5570404
4031} 4 «23980+04 0 3630+02 74792404 sHOUB LY 2 ~e2H962+05 B0leld bb678+04
423416 $272328+04 23829402 282251 +04 «82272+02 e26589+05 B40490 ¢ 7384H+DH
423e16 0291092+04 2 3926+02 e84129+04 e83178+u2 =e27417+05 860477 e 77%2+04
HY4EB.16 319ta+DY 4069+02 «92126+04 eBUS3IF+02 »e28675¢05 890,58 ¢ 8322404
458,16 +33879+04 ©eH163v02 «P4242404 cUHHHBe - 29525405 10,45 «B714+04

' 47316 «36961 40", . S ewdN04+02 v1Q259+06 sBaBL¥02 =e30817+05 24026 e 7319604
98416 42460+ 0H s4521+02 s 11362+06 BY083¢032 ~e¢330146+05 989,94 21037405
500.00 0 42892+04 4527+ 02 114454015 «89250+02 ~¢33180+05% 993,59 ¢ 104505
523416 HBYHYI+0Y eH732+0)2 «12519+0% WR1349+02 =e35271¢U5 {039,462 1 1 4B40LS
SHBel b 54888 YUN 4933+02 v 123727+05 $93805+02 =437583+0%5 1089,.,30 1264405
563447 056372404 4976402 o L 4UO0D+0Y [RARLDE Y =eJBIOL+0S 1100425 2 1290405

88



APPENDIX C=5

CONFIGURATHUNAL ENERGY, ENTHALPY, A ENTRUPY AT SATURATION

PROGRAM DEVELOPED HY Ko Eo BUSH AND M. We PRENGLE, JR.

SUhSTANCE: CARBON TETRACHLORIDE MOLECULAR WEIGHT:1%3,.8400 GHEGAT 0. 2020
TRIPLL POINT: 250470 K N=-BOILING POINT: 347,70 K )
CCRITICAL POINT: 556440 K 45.00 ATM 042760 L/GHMOLE LC 0.2710

VAPOR PRESSUKL CONSTANTS: :
ANTOINE: A= 688790 N= 1214.3%984 (= 276.53999 nC= 223.73344

GAMSUN—KATHO A= 2.7796 b= Ve L2237 fy= 3062
FRA4CIS CUNSTANTS: A=’ ?2.1832 B= 0.1880r-02 C= 1Nn.00 L= 571.32

G= 0.1 780L-02 H=  3.27

TPUT DATA:R

TEMP E(OY-E(SY) SE(O0Y=E(00) 5(0) 2IVAPR) SLUYI=-S{SV) STR
250430 T 0.0 268,00 T0. 6% 0.9900 -4 31 40414
293416 : N I517.00 . 74405 N.ous4 R 7 41.0n
300.00 0.b JIs90.0U Thalld Q. =3, 06U Al
149,70 22.00 O 4471.00 7o 0.9710 V.14 41e84
3150.00 25.00 RTINS 1.4 0.9700 ueln | Al
It 16 6400 G908 400 T84 171 [ RY YY) el LYau Wi
3010 110,00 S416.00 0.0 0.9220 2.86 VD)
400.00 121 .00 S45% .00 ) 2022 0.9170 2.9 42.91
423,16 /144,00 Y2100 Ulehts G.H 80 4409 4207
448,10 .00 o4h3l.00 - n2.7> OBy ‘ 9423 ' 43,03
4t3. 16 464,00 6940 .00 A3, 0.7740 636 R TR
498,16 b9 1.00 T473.00 2. 1A a0 7.53 43,60

. 500.00 7T17.00 7912.00 B, 29 T0.T7U0 Te61 Y,
$23.16 994,00 800 .00 R4 30 Uehu9gd Hets0 43,85
548.16 lut4.00 8548,00 . 8739 Uadbe0 10.6% 46 0l

556440 . 2410.00 . 37Lhn.00 61,74 2114 12.50 Aol



A i N A

TEmp
250.10
298. 16
300.00
349. 10
350.00

| 313,16
Y810
HU0. U0
h23.16
hhB. b
47T3.16
G98. 16
500.00
L2316
H4B. 1l
B Y]

TLMP
250.10

29N 16 -

. 300.00
349,170
3%0.00
373416
39d. 16
40000
423.106
HGihot b
4734164
49t o
200.00
G2%.16
whBa16
556440

P ATH
0.92166£~02
QelwliL wU

0416378 00

010008 21
0.100%c vl
0.1940L ul
034691 01
0306150 Ut
O.h8921 Ol
0.9421E UL
Ocl @30t 02
e 2030L 1Y
0214901 07
Q.2946F v/
O.0018L U2
O.h424t U2

RItY
LesHLYH
leofinl
19427
LeaHOL
14500
e 31e
leS 162
le 3278
Le3202
le2%9%
Lalsl s
l.11uu
1.1020
U320
Daev sl
Uebalu

DILH PY/DY
DeQOY2
U142
0047130
L0304
(VRSO E- 1911
V.OLOP
Q12260
Geti23
G010
VaGLT Y
CalULlhHY
el lfd
Je)la2
C.OL3G
U1 L7
\).I)l lr)

-L.
=-L348.16
-360l.9%
546,67
2031 U4
=201J.500
-1327.27

=Hh oW1

-377.3%

3. 10

111,56

2U28 433

2e98.v4

2961.00

3Ul6.59

H¢31 .06

(AR 1V]

VL, L/GHULE
U.3'9149
U700
0.097122
U.lu390
D.l034
010749
Q.11 73
O.11206
OellOW3
Gol2215
Ut 2908
Vel 35560
Oal %940
O.15508
D.18442

LLTELY

-C
‘HU ’70 16
=1124 455
=1096.62
~6504 .04
049760
-6313,22
=54 4 51)
~5 532440
-596' .90
~9239,.34
400,67
~4579.712
~45,0.20
-4028.41
-3306.492
=2410.09

Sthaborinds mbrrod S B e f m e A b s

Yo,y L/GMOLF
0,220l Q4
VelolGle 01
0. 14850 03
o2 1d6L U7
0.2750% 02
Qela24F 02
UePaaBbe 0L
UsH¥3int C1
Ol 740L U]
Us32780L 01
Oe2049H8 vl
Celinst: 0)
Vel 342F 0L
Ue®7He OO0
tebhlnHhi OO
V2702 00

6,97
91499
“Z2elh
YW, 17
frtsa TY)
Hiehth
6HLlail
Hleln
63,00
[ R}
e g fer
Bttt
62 [
Tadl
72.11
19.29

PLVG-VL)
492.210
“89.119
H583. 105
672,015
aTled 34
711.040
TL9.424C
7196497
T2l b9z
Tudedre
FH2.T732
6H3 i Ol
25740
22308
999

0.0

STt
29402
.00
0,008
W7
00T
30698
31420
31.22
3letr !
At. 14
22,01
12,30
32.33
i2.07

.16
RE/PRIIY

DEL E(V) DEL Hlv) OEL Stv)
BO3T . 8949 Y4 .08
T1eY. 77104 /he8b
(097 TLl5. 2502
6hbd . 7154, 20446
O 1% T1ab. 2041
6261, S AT leath
PNEXN 6Ohé6h, loedt
Tl a4l lée28
H3L0. OGUd L ta.37
H30 . RY{IONIN 1eenls
hhnT, hl's s, 1480
380 ). 4914, a6
2l Hiohsf . Gaul
o33, Ihhn, L, B0
1693, FUTSEIN 3.69

0. NS ety
SU% LL/«r SuE/
-14,00 ~ltialts ~-l.Un
-11.11 ~-l2.u02 -Deutl
-11.0u2 RN ~e Y
—Ja4h3 ~Jeln LA
e 3 - e 4 ~he 1l
-le )} ~-e 0l —hah)
~ledl =700 =313
-7.77 = .34 -4. 71
—f(. 14 ~t et/ -4.%)
~het] N 3] R RS
—-Letl -4l -2ein
. —h .6 ~d oDty
-3..23 L] .03}
-heh? ~-3.97 -2.23
—3. 34 -31.0"% "‘1.4";‘/
~2¢ 25 ~c el -felo

06
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. " a e ko indansd. , " ek 5 2 i £ i LA " % L,le._.‘._/L.
FENFECT GAS STATE THERMODYNAMIC PROPERTIES HY STATISTICAL THERMOUYNAMIC METHODS
INCLUDING HIKNDERED INTESNAL ROTATION CORRECYIOMS tY PITZER
) Ty T T TTT UUTREVELOPED HY K, EL HUSH T o e n o rTmmomr e oo i i i
SUBSTANGE? CARBON TETRACHLORIDE CMW1153,8400 TTPt  250.30K THEPT 349,70 TTC: 556,40K
- TTASSTULNMENTS oot T o T T e e e i
EXTERNAL KOTATION MOMENTS! +4690~037 © ,4990.037 4990037 SYM NO$12,00
e JINT RQT MOME ¢ 33 ,0000+000 - e - —- e e e e e e e -
] . INT hOT POTY  ( 1) LU0
e NIW FREQY _C 4yt 775,00 450,00 311,00 230,00 o i L -
« FREQ DEGENS - '3 1 3 2
‘ e — . . TOTAL QUANTITIES . — F e e o
} TEMP LEG K R O] Ctoy H{0)=H(DO) 5(0) F{0)=H{00) RT E(D)Y=E(NO)
250,30 LB1200403 « 1857402 .31867+04 70663402 - 14505+ 497,39 L, 2689+04
e ZYb,16 L 1P134+04__ 41994402 41095404, 74055402 =,17971+05 592,50 ,3517+04 _
S0, by L12286+04 " 1998+02 V41462404 L 74178402 -, 18107405 . 596,16 L 3550404
349,70 V17445404 V2107402 ,51677+04 V77327402 =, 21874405 694,42 L4475+04
gbC, 0o \1767h+U4 W210B+02 ,51740+04 L 77346402 -, 21897405 695,52 L44764+04
373,16 yeL201+04 ,2150+02 ,50672+04 L787210407 -, 28704409 741,54 , 4926404
SYh.l0 L, PdZb14+04 ,2190+02 L H2097+04 LA014 6402 -, 2%690+85 791,22 Jod18+04
. o 4“0, 00 _______.?;,ou:'.“eu_-"_* ,'?-")2+0.2___..-°25Q()*04__.--~.. .!50?3,‘7-&02__~_-..2‘Jl338+l35_‘_ _________794.&58 o __.‘_7-1‘):+04 o .
1 ded, 10 28740+ W22V 02 C07010+04 L BLAG3+L2 -, 27710+05 649,90 oYl 04
1 448,10 dtedeaua 0 2250+02 J73216+04 WEB2/745402 ~,29763+0) 890,54 6431404
473,16 341zd+Ua \2283+02 ,73893+04 W B3GHReuZ 31648405 940,76 Y4904
- ay6,16 W 3u114+04 2308402 L, 84632404 B5104402 e 33905408 986,94 L7478404
LU0, 00 LSHG15+04 2309+02 55057404 LBO250462 -, 34115%UY 993,59 ,7512+04
FWL~-~——~ _ bE3.16_ L AZEQAELA 2829402 90429404 ,6AB0C+CR2_ ~,36106+C5 1039,62  ,on03+04 9O
b4 ,1b L AB6LT U4 \ 23849402 V9hET77404 JETEO34LE -, 38277405 1089,30 LELILE U4 =
L6, 41 LAB1 34404 L 2855+02 S .93215+04 L b7744402 -, 38999+05 1105,67 LUT7L6404

4 e e




APPENDIX C-6

CONFIGURATIUNAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELOPED BY Ko Eo BUSH AND H. We PRENGLE, JR.

SUBSTANCE: RENZENE MOLECULLAR WEIGHT: 78.1100 OMEGA: 0.2150
TRIPLE POINT: 278.69 K N-BOILING POINT: 353,30 K
CRITIUAL POINT: 562,10 K 48.60 ATM 0.2600 L/GMOLE IC 0.2740

VAPUR PRESSURE CONSTANTS:

ANTOINE: A= 6.90565 B= 1211.03296 C= 220.78999 NC= 223.46680
GAMSON-WATSON: A= 2.8152 DL= 0.1924 B= 7.3835
FRANCILS COUNSTANTS: A= 1.1928 B=  0.9575€-03 C= 10.00 E= 599.49

G= 0.6250E-03 H= 2,70

INPUT DATA:

fLuwp E(0)}~-C(SV) E(0)-E(00) Sto) Z(VAP) S{0)=-5(Ssv} STR

278.69 0.0 2492.00 63.01 1.0000 ' -6.07 38.69
293,16 0.0 2733.00 63,95 0.9960 ~4.60 38.94
238.16 0.0 2820.00 64.28 0.9929 -4.13 39.03
300.00 O.U 2852.00 64 .40 0.9910 ~3.96 39.06
323,16 ’ 11.00 3243.00 65.93 0.9810 -2.05 39.43
3484160 33.00 3796.00 67460 0.9680 -0.32 39.80
353.30 44 .00 3907.00 67.95 0.9670 0.12 39.87
373.16 67.00 43156.00 ) 67.30 0.9490 1.35 40414
ER T 111.00 4963.00 71.00 0.92C0 - 2.72 40447
400.00 122.00 5010.00 71.13 - 0.9160 . 2.84 40.49
423,16 178.00 5615.00 72.71 0.8860 3.99 40.77
4B l6 290.00 0310.00 Thaet2 0.8380 5.15 41.05
473.16 413,00 7044.00 76412 0.78460 bo24 4l.32
200.00 699,00 787%.00 TTe94 0.7170 7453 41460
S523.16 . 215.00 8626.00 77.50 0.6320 B.64 4l.82
D4l lb 1485.00 Y668.00 . 8l.16 0.5380 10.29 42.06

962410 . 2401.,00 T 9954,00 B2a09 0.2140 12.69 42.18



tYEhP.
- 2T8.69
293416
298416
300,00
123,106
34H.106

%3430

73.10
Ildelo
400,00
42310
Gad. 16
413.16
400,00
923416
S48.106
Yol2. 10

JEMP

278409
291.16
298.16
100.00
1213.16
344,16
19%.30
31%.16
Iy lo
400.00
He3.16
hhd.l b
HT3.106
500.00
23,16
Dhoelh
b602.10

R ATM
0.0719E-01
0.9535E~01
0.124%2F 00
04130300
0351708 00
Q.852%L 00
O.10L0LE OL
01777 01
0.73334 0l
03474 01
0.57712¢ 0Ol
0.9296c 01
U.143J)F 02
02Y17L 02
0.13006 02
0.4130E 02
V. 4810C Q2

RHO .
0.8948
0.8795
00741

Fu.B722
Q42

L U.dLlub

U.H41139

07913

Uelt1 9

0.7597

0.17309

0.6116

[V A

GaHr1739
o609

0.4125

Ue 3000

yin'eyIur
0,044
0. 0481
0. 0602
‘0.04%%
‘0.0380
0.0319
‘0.0308
‘0.02f1
"0.0234
0D.02132
0.0205
‘U.0lu82
0.0161
V.0146
‘0.01133
Lotz
0.0115

EL
-5353,21
—4862.93
-468) .84
-461l.26
-3423.12
-24977.19
-2819.11
-2082.15
-1130.57
=-1075.,79

—171.23

859.5%

"1948.54

3157.459

4326 .16

5607.37

75%3.00

‘i, 'WIGMOLE
0.04729
‘0. 08882
0.009336
0.0u8956
"0.09220
0.09530
0.09497
"V.09871
'0J10252
010282
0.10087
‘0.11197
‘0.11824
0.12731
0.13927
0.16%27
0.26037

EC
~T84%.21
-759%.93
~7501.84
-7463.26
~-7112.12
6773419
'6726-11
~6438.75
-6093.57
-6085.79
~-5786.23
-5450,45
-5095.40
—4717.41
-4229.23
~3860.63
-2401.00

s B sl e s e ke

“VO, 'L/GHOLE

‘0.4846E U3
"V2471E'03
‘Val1940L 03
0179103
"O.T28RE 02
B.3245C'02
"0.2R00E '02
‘0.14358 02
‘0.9005€ '01
"U.HB65RE 0L
"0.%331E 01
‘0.3294E 01
U.2121E'01
0.1352E 01
"D.I02TE QO
"0.9850% '00
‘0.2604E 00

SL
38.94
40466
4127
41,51
Gt o 06
G6He 65
47.00
49.00
S5le4h
S5le97
S53.74
56.15
58.51
‘61.00
&3.46
65.717
69.40)

B (vG=vt)
593.565
579.869
587809
590,342
629.016
G6T.519
"676.401
699,290
719,446
Tela627
729.907
720,747
697.651
hh5 129
555,523
47204651

0.0

STRx»
27.063
27.81
27.87
27.90
28.18
2347
28.52
28,74
29.01
29.03
29.28
29.54
29.81
30.12
30.44
30.91
31.89

'DELE (V)

=l

1645,
1596,
7502,
‘7443,
“7101.

‘6740,
‘6682,
‘6372,
5983,

5964 .
H608.
5160.
4682,
4058,
1314,
2376,

0.

SCx
-13.00

=12s16

—

-11.85
-11.72
-10.62
-3.63
. -9.60
-4.90
-8.10
-4.10
~1.48
~-6.,76
-6+10
-H.46
—%e65
-4.25
—2.40

'DELH(V)

8399,
81764
8090
8U%4.
T7730.
T0408.
7359,
7011.
6702
6685,
6334.
5881
53d0a
4704,
3870.
2196,
U.

"EC/RT
-16.17
-13.04
=12.66
-12.52
-11.07

-9.79
-9.5E
-8.68
~-1.70
-T.66
-6.68
-6412
-5.42
~4 .15
-4.,07
-3.94
—24J15

R s Tt T T B e

at L
DEL SV
30.14
27.89
27.13
26.45%
23.92
21.28
20,83
‘18.95
16.83
16.71
14.98
13.12
11.37
9.4l
T7.40
5.10
0.0

SC*/R
—6.54
-bel2
-HeUb
-5.40
-5.35
-4 .84
—4H. 83
-h 48
-"008
-4.,07
-3.76
~3.40
-3.07
=-2.15
-2.34
—2a )%
-1.21

€6



et v e ik ks 8 Sty

PERFECTY

SUBSTANCES BENZENE

ASS]IGNMENTS

INCLUDING HINDERED INTERNAL ROTATIOWN

EXTERNAL ROYATION MQMENTSS

INT ROY MoOMi
INT ROT POT} {

VIiB FREQ! ( 611

FREQ DEG™ENY

TOTAL QUANTITIES

TEMP DEG K
2784469
293416
298416
Ju0.00
323418
JH841 6
353030
373418
398416
GULNUD
423416
448,16
473416
SUCWUU
523416
548,146

' b62el 6

1y

IR R

3000.00

LN @
4932203
+55603+0U3
¢57957+02
«5BBHR+0L]
e71218+03
87096+03
e 20700+03
s 10575+04
1273204
e 12Y03%04
e 15190+04

Lo 17958404 -

e21042+U4
e 247UBYUY
0e281692+04
e32217+04

$34626%08, "

DEVELOPED BY Ko Eo

s7750-0238

«0000+¢000

200

1025400

cto)

«1804+02
01916402
01955+02
¢1970+02
02151+02
02345+02
02385+02
02535+02
02718+02
«2731+02
e2893+02
03059+02
¢3215+02
¢3374+04
«3502+02
1363"‘4}02

6GAS STATE THERMODYNAMIC PROPERTIES 8Y

STAVISTICAL THERMODYNAMIC METHODS

CORRECTIONS BY PITZER

BUSH
Mwi 7801100 TYP! 278469K
072750+038: 02000037
1050,00 {50000 390,00
3 3 3
H{0)wH{00) s{0}

s 306104 ¢ 63008+02
033152+04 063949402
e34l20+0¢4 e 64277+02

e Jy481+0yY 4398402
+39253+04 «65930+rQ2

s Hy874+04 67605402

s HeULT?O*0N W b7952402
Su?76+04 2 69297+432
057545404 e710UL*02
eSHL4 S0 71127202
eSO L0+0H4 v72710+02
e720UL+04 s 749418+02
W7ou4 6404 2 76122v02
eBut9le4 W 77940vu2

s 76655+04 WTIHYT Y2
vlh56+05 811463402
el U7 1408 B2UBP+0Z

e3704+02

TNBP!

SYM NO! 6000

850400

F{Q)wH(DO)

s 145 14+US
=015432¢05
=9} 5753405
=e 15871 +05
“e 17381205,
~e ] P2050+05
=0 193984(05
=e20761+US
~e22515+05
s 22646405
=e24312+05
e 26151405
e 28033405
e 30101+05
=e} | 724¢05
=¢33933+05
~e35076+05

353430K

. RT

553.8)
582.56
592,50
5944146
64218
671+86
702407
743 eH
791422
794.88
8B40 90
890¢58
UL e 26
993.59
1039462
10B94+30
1117412

TTCH

E(0)=E(00)
22492404
v2733¢U4
2820404
e2852+U04
¢3283+04
¢3796+04
03907404
e43H6«04
s4963+014
eSLIV+YLY
v H615+404
¢eb631UvUY
e TUHN+YH
7287504
«B8626+U4
94468104
e 9954+04

[ PR O P YU

5624+ 10K

49)



APPENDIX C-7

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELOPED BY K. E. BUSH AND H, w.'PRENGLE, JR.

SUHSTANCE 293 DIMETHYLBUTANE MOLECULAR WEIGHT: 8641700 OMEGA: 0.2570

fRIPLI: POINFS  14%.19 K N=-BOILING POINT: 331,20 K

CRITICAL POINY: 499.90 K o 30.90 ATH 0.3580 L/GMOLE Z2C 0.2700

VAPDR PRESSURE CORSTANTS:

ANTOINES A= 6,80943 B= 1127.18677 C= 228.89999 NC= 241.89180 .-
CAMSUN-KATSUNS A= 2.8915 BL= 0.1866 8= 1.2554
FRANCITS CUNSTANTS: A= 0.9283 B= 0.7774E-03 C= 10.00 E= 549.70

6= 0.2600€E-03 H= 2.93

ITRPUT DATA:

fEMp ELO)-ELSV) ELO)}=E(00)} ste) . 2(VAP) SLO)Y=S(SV) STR
145419 0.0 1587.00 66,87 1.0000 —-27.30 35.74
160.00 . 0.0 1849.00 70.81 1.0000 -22.87 36.22
180.00 0.0 - . 2231.00 73.32 1.0000 -18.,05 . © . 36.81
200.00 0.0 2670.00 75.86 1.0000 -14.19 37.33
220.00 0.0 3100.00 77.98 1.0000 : -11.03 37.81
240.00 0.0 3570.00 80.02 1.0000 -8.37 38.24
260.00 C.0 4233.00 B3 .43 1.0000 —-5.93 38.64
21310 0.0 4567.00 . 84479 T 1.0000 ~4.5% . 38.88
280.00 4 .00 4740,600 85,32 0.9950 -3.90° : 39.01
29H8. 10 7.90 5319.00 87.40 0.9795 -2.34 a 39.32
300,00 ¢ 16.90 5370.00 CoB8l.63 0.9780 ‘ -2.19 39.35
323.16 24.00 6039.00 8Y9.65 0.9610 ~0.51 39,72
331.20 39,00 6282.00 90.29 0.9550 0.18 39.84
48,16 79.00 6951 .00 92.58 0.9300 1.31 . 40.09
313416 1372.00 8044 .00 94.89 0.8970 2.80 40444
393.16 218.00 ., B777.00 D674 0.85H0 3.86 40.70
400,00 248,00 . 9037.00 97.38 0.8420 4,21 40.78
c 4230106 : 387.00 .- 9999,00 T 100026 0.7960 S.37 41.06
448,16 615.00 11040.00 102.4A8 0.7130 6.76 © 41435
455,16 - T 7725.00 11470.00 103.51 0.6740 © 7.29 4] .46
4/3.16 933,00 12140.00 104.90 0.5970 - 8.21 41.62
498,16 - 1907.00 "13300.00 107.21 0.3360 - 1l.11 . 41.87

499.90 21L75.00 ‘ 13380.00 107437 0.2700 11.78 . 41.89



{ .
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. ]

reMp P ATH DILN P)/DT VLe L/GMOLE VGy L/GMOLE P{VG-VL)} DEL ELtV) DEL HLV) DEL S(V)

145,19 0.,10830-05 0«2000 0.10898 0.1100E 08 288.445 H0B7. - 8375. 57.68
16000} 0O 1004FE-04 0.1648 0.11072 . 0.l308E 07 317.867 1962 8240. . 51475
180,00 Oell3bE-03 0.12606 . 0.11319 0.1300C 06 35T7.600 1794, Blb2. 45.29
200,00 0.7921L-03 0.1010 0.11579 0.2072E Q5 397.331 ) 1626, BU23a 40.12
220.00 0.38H4E-02 U.0Hl1 0.L1854 U.4648E 04 437.056 1457, T894, 35.88
Z24U.00 0.1481L-01 U067 0.12146 U.1330c 04 416,197 1274 7751, 32.30
Z00.00  0.5%061L-01 V.0558 0.12458 0.4215C 03 S16.381 6970. 487 28.80
274,16 O.lulle OU 0.0495 V12076 0.2218% 03 o 56Z2.%068 6797, 7339, 26.87
2BUU0 01409 00 0.0467 012793 0.1628E 03 553.051 HHTYe 7232. 29483
ZUyitelh  0OJ308BTL LU 0.0401 O.13121 Qe ?7/703FE 02 579.2¢1 6374, 6951, 23.32
S0 VL.I3Z3F OO 0.01397 0.,13155 0.72461 02 S8l.830 ‘©345. 6u2T. 23.09
32%.16 0.7717¢C 00 0.0334 0.13614 + 0.33026 02 6lh.429 6011, 6625, 20.%0
331,00 0.1002< 0L U.0315% . 0.13186 U«2591L 02 625,032 5901, 6520 19.70
Jabel 0L.1059F 0L V.0241 0.14172 0.1601E 02 637.568 HoUle. 6238, 17.92
31316 L.3LSH0 O U.0241L O.14817 0.3870%€ 01 653.668 ©224. 56878 15.75
3934106 . Va4 280 0L V.0216 0159421 U.5558 0Ot 651.5/13 4856 5937, 14.08
400,00 Qeuvulk 01} 00209 D.15652 0.479912 01 647.289 4754, 5402. 13.50
423.16  G.90488F J) © 00106 . O.16561 0.30028 0L 624,335 4292 41 6. 11.62
G416 0414100 02 U.0lb6 017899 O.1860E 0L 5T3.724 3689, 4262, 9.51
498410 O.16540 02 0.0159 0.18957 0.1528% 01 537.393 3367. 390%. 8.52
413006 De2uBle 04 VeU149 " 0.20301 O.1L10E O} 458.593 2l68. " 3226, 6.82
4 lBelo 0e2971L 02 Ua.0134 0.27513 U.4623c 00 134.630 165, 200. : l.81
499.90 0,3041F 02 0.0133 0.35755 0.35764E 00 ‘0.0 Oe V. 0.0
LN LYY Riil) EL eC SL STRx* SCx EC/AT SCx/R
149.19 . U907 -6499.78 ~4086.78 © 3d.48 26441 ~-21.06 -28.03 ~10.60
100.00 V0.7783 -0113.20 =-7962.20 41493 26.73 ~19.39 -25 .4 -9.76
150.00 Oe7613 =-5562.98 ~71793.98 46.08 27413 -17.5%6 . -21.179 —B.84
200.00 Dal44? =4255.71 =1625.71 49.93 27.49 ~-16.08 ~19.19 -B.09
220.0N 0e7769 ~4357.34 ~7457.34 53,13 27.82 -la.87 -17.06 ~T.48
240.00 0.7094 ~3704.29 =1274.29 56.10 28.13 -13.81 =15.25 -6.95
26U.00 .01 -27%7.38 ~6970.38 6leu7 28.42 =12.6% ~-13.49 ~6.36
213.16 Ueta 7YY =2229.5%5 =~6796.59 b2.47 28.60 -12.03 -12.52 ~6.0%
280.00 UeO/l13b c=1943.12 ° -6683.12 63.39 28.69 -1l.61} -12.01 ' ~5.84
296416 0.06360 =-1062.81 -6381.41 66450 28.93 -10.59 ~1G.77 -5.33
30J.00 U550 -991 .86 -6361.86 6673 28.95 =10.5%0 -10.67 ~5429
323.16 Ueb32) 4old ~6034.86 69.66 29.24 -9.51 —=9.40 —4.79
33L.20 V.6251 342.40 ~5939.60 T0.41 29.34 ~'7+38 ~9.0¢ ~4.72
343410 U.60d0 1271.41 =5679.59 73.36 29.55 ~B.68 -8.21 ~4.37
373.186 . U.98Ln 20680.60 -5363.34 764324 29.84 =196 . =7.23 —-4.00
393416 O.hu88 36173.3%6 ~-5103.064 78,80 30.08 c =17.33 —6e53 ~3.69
400.00 VeH50" 4U034.53 -5002.47 T3.67 30.16 -7.09 ~-6.29 =3.57
423,16 Vo203 5320.33 . =40 TRe67 83.27 30.44 -6.36 -5.56 -3.20
4h5.16 . O.0814 ’ 673642 -4303.57 86431 30.76 -5.69 -4.83 ~2.86
458.16 045406 13771.65 O =4092.35 87.70 v0.94% ~-5.30 ~4 49 -2.07
4T73.16 Vet 24h 84739,41 -3700.59 89.87 3l.18 -4.,499 -3.94 -2.31
498.16 0.3132 10628411 . =2671.89 94427 31.93 —2.98 -2.70 ~1.50

499,90 02410 112054000, =217%.00° ¢ 95,59 32.41 ~2.36 -2.19 -1.19

96



ca s v me

0

SURSTANCE ¢ 203 DIMETHYLBUTANE MW: B641700 TTPY 145¢19K TNOPY 33
ASGIGNMENTS
EXTERNAL ROTATION MOMENTSS ~ ~ 003315£e37  043316Ee377  0019326+37 'Sy N8I 1400
INT RBT MOMI  ( S)i 0e52E%39  0¢52Ee39 0452E«39 0052E»39 0+55Ew38
INT ROT POTI ¢ 5)% 7 7741000007 4100000 4100400  4100+00 230000 T TN
Via FREGE ( &)1 2950400 1405400 1074400 989400 465100 330,00
" FREG DEGEN: ST LR 16 3 5 e
TOTAL QUANTITIES .
TEmMP DEG K LN Q co) H(Q)eM (0O} . Sto) PO (00}
145419 0025278£403 001937407 0418759E+04 0 6357&E‘02w_ 018{236E 06
130400 O!309¢9E+O3 0*2241E+Q2 0e25E649E 404 0.73320C*°2 ‘ 30010609E+05
200409 OOBSBb“F"OB 002“13E602 Q2067 4E+04 Qs 70KBRE+QR €01 121 03E 4G5
220400 01 42164E+Q3 012574E+02 0+ 35371E+04 077579402 w(0ei3617E+05
240400 o.#9936£¢03 0'2745E402 0040hT7 1L +0h OsbOURHESD2  w0r1H1592405
260400 0+59320E+03 0e2279E402 Oe47495F+Q4 Oso3430E+02 <01 1694HE+05
’ T273016 7 0e66432E403 77 0030768402  0+51097E+0k T 0uB4786E402 01130516409
220+00 0ev70437E+03 0v3136E+02 "0452367E+04 Ceb3321E+02  «0+18593L4C5
294416 0¢H82130 403 0332702 0+s591168 +04 Ceb7481E+02 w01 2017PE+05
320400 0+23404C+03 0+3344E+402  0+50663E+0%  0eB762LE+CZ  »00120222E405
323016 0¢10058Z 40k 003545E402  00668L4Lv0%  CebIE4SE+02  #Qe22259E+05
- '331'20 = 10110759E+0“._““ 0+3620E+02 B CebI40Q6E+0H CaDQE92ZL+02 ”0'229é“E*GS_,~“”m N
348416 00122Q.9E¢C'“ 003i03£002 Qe 7642060, 04 De925790 402 *0'5"9591'5.4-05
373+ 16 0 14839L 404 0*4047ED2 Qe8786CEL+04 De94891E+02 « 04 26627E +05
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.- , : - APPENDIX C-8

COMFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELUPED BY K. E. BUSH AND H. W. PRENGLE, JR,'

SUBSTANCE: CIS—PENTENE=-2 MOLECULAR WEIGHT: 70,1300 OMEGA: 0.2800
TRIPLE POINT: 121.80 K N-BOILING POINT: 310.10 K

CRITICAL PUINT: 475456 K ' 40,40 ATM 0.2950 L/GMOLE 1C 0.2660

VAPUR PRESSURE CUONSTANTS:

ANTUOINES A= 687274 b= 1067.95093 C= 230.58499 NC= 266.55499
© LAMSON-WATSUN: A= 29633 BL= 0.2272 h= T.4491
FRANCIS CONSTANTS: A= 0.9104 B= 0.8060E-03 C= 6.00 €= 468457

G= 0.32996-03  H= 2.95

INPUT DATA: - , .
LEMp ELO)-E(SV) E(0)-E(00) S(0) Z{VAP) S10)-S(SV} STR

121.80 0.0 1217.00 65.40 1.0000 -33,07 34.25
125.00 0.0 1255.00 65.69 1.0000 -31.70 34430
190.00 0.0 1604.00 86T 1.0000 ~23.02 35.29
200.00 0.0 2347.00 73.36 1.0000C -12.15 36.72
250.00 C.0 ‘ © 3230.00 TT.94 0.9980 ~5.29 37.83
213.16 0.0 3616.00 - 79,96 0.9940 —2.93 . Jue27
298.t0 19.00 4226.00 82.51. ° 0.9840 =085 , 38.71
3u0.00 28.00 4:66.00 . 82.70 0.9630 -0.72 38.74
3010 . n.00 4496400 . 83.40 0.9750 U.l6 38.90
123.16 57.00 4804.00 84,373 0.9610 ) 1.05% 39.11
3483.10 - 113.00 5464.00 86.33 0.9140 ’ 2.60 39.48
350.00 122.00 5%12.00 86.46 0.9040 2¢74 - 39,50
A7v.le - 236400 6141.00 £8.11 0.84%50 4.35 39.682
398.16 434,00 6066.00G 89.90 G.7700 6.08 40414
400.00 444,00 6921.00 9G.03 01640 6.20 40.17
423016 708.00 7669400 . 91.95 0.6760 T T.75 40.45
448416 108,00 - 8485.00 ) 93.85 ° 0.5460 - 9.38 40.73
490,00 ' 1096.00 + -+ 847,00 : © 93,99 0.n34%C Yt 40,749
4AT30106 1984.00 . 9345.00 95.75 E 0.3030 12.06 . 41.00

475456 2136400 J466.00 9%e93 0.2660 12.48 41.03
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Tempe
121.40
12%00
120,00
200,00
25U 00
213.16
298416
0000
LN YTV
I/3.10
Syl
TH0. U0
173416
WeL.lG
HUU.UU

423.16

L3/
4590400
4P3.16
L15.0%

TLMp
L21.80
125.00
1%0.00
200.40
290.00
213.16
295446
UL . U0
3110
423.16
4,16
3%0.00
3131.16
T9b. 16

400400
42310

Chqu, 16
450.00
473.18
HT15.5%6

P ATM
0.5934E-07
De1182E~06
0.93341:-04
062206L-02
Ueb6271E-01
(0.22%93¢ 0L
0.6%081: LU0
0.6912F 0O
0.9999L 00
D134 01
Ue 37069 ul
0.3437t O1
UeblEZL UL
ColOGTE 02
O.L10bu Q4
Oel f29L 02
020531 02
Ue2/33c0 G2
0.38901 U7
0.40278L G2

RHU
U.3029
0.it002
V7787
0.7349
0 0GHYY
0.66TH
00429
VeaHh 10
Jets3U6
Q.6107
Ue BBO
Ded8%7
05541
04254
0.2231
veb il
V.43
0.4351
U.3259
0.c3/70

N

DILN P}/OT

0.2114
Ve2b171
0.175%
U.09h3
Us05/72
U 04062
U.031706
0.031/71
0.0344
V.031L2
0.0214
0.0270
U.0215%
0.0205
00,0201
0.01u1
00162
C.01l460
0.0145
U.0143

EL
-6538,59
~6h76.89
~5942.,52
-4828.74
=33%4,45
=265%2.%96
=-1734.64
=1067J9452
-1315.23

-825.26

40,10
123.40

1151.40

2301.98

2400,30

315664.93

5031 .50

514).48

6879.66

7330.00

VL L/GMOLE

0.08734
0.08764
0.09006
0.09543
0.10172
0.10%06

0410909

0.10941
O.11121
0,11372
O.il928
0.11974
0.12656
0.13347
0.13407
0.14321
0.15944
O0.16117
0.21522
0.29591

EC
-1755.59
~7131.89
-75%46.52
~T175.74
6584 .45
6268456
~5960.04
-5945,52
-5411.23
~-5629.26
-5423.90
—-5348.60
-4983%.60
-45%8.04
-4520.70
-4102.07
~34%53.,50
-3405,12
~2465,.34
-2136.00

'

VG, L/GMOLE

0.1684L 09
0.06H2E 08
Q.1319t 07
0.7440€ 04
0.2937c 03
V.9T16E 02
0.3699F 02
0.3471E 02
0.24H1E 02
0.1661E 02
V.79871 01
0.759%E 01
0.4219E 01
0.2357E 01
D.2263E 01
0.1358€ 01
0.7569E 00
0.7230E 00
0.3025L 00
U.2959E 00

SL
32.81
33.55%
39,39
47.65
$4,92
57.96
ble54
bLl.74
624170
bholb
btieh9
66.90
69440
72.02
T2.21
T4.97
TB3.27
T18.56
B2.50
$83.45

T L L T

PLVG=-vL)
241.977
248.334
298.000
397.328
495,502
538.839
581.149
584.022
537.971
612.751
622.753
622.095
610.521
574.591
571156
508.348
383.723
371.662

82.161
0.0

STR*
24.83
24.92
25.52
26.49
27.28
27.61
27.9%
27.97
28.10
28.27
28459
2B8.61
28.9]
29.21
29.24
2954
29.92
29.95
30.68
31.33

PP -

LR

s tuy 1

t

DEL E(v):
1756,
7732
1547,
T176.
6584 .
6269,
b942.
5918.
5773,
5572

"w3il.
5267.
4748,
4124,
4077,
3394,
2396
23049.

481 .
O.

SC*
-23.18
-22.68
-19.51
~15.48
-12.48
—1lle34
-10.27
-10.19

~3e91

-9.36

~B8.76

-8.07

-7.80

-be 95

—~6.89

-6.,06

4,77

—4.64
_"2.‘)3

~2.78

DEL H(V)
7998,
7980,
7845,
75173,
7080.
6807
6523
6502
6371.
6185,
5934,
SHRY.
5358.
4699,
4648,
3902.
2179,
2681.

564
0.

EC/RT
-32.04
-31.13
~25.32
-14.0%
-13.25
-11.5%
-10.06
~9.97
-J 43
-8.77
"7‘810
—T7.75
-6.72
-5.76
—')‘(Jq
-4.88
-3.88
-3.81
' —2.62
-2.26

DEL S(V)
65.667 77"
63.84
52.30
37.87
28.32
24.92
21.68
21.67
20.55
19.14
17.064
16.82
14.36
11.80
11,62

9.22
6420
5.96
1.19
0.0

SC*/R
-11l.66
-ll.41

-9.62

-T.79

~-6.28

-L)o-,l

=517

-9%.13

=-6.99

4,71

-habhl

-4.37

-3.93

=3.%0

—-3.47

~-3.09

-2.40

-2.33

~-l.47

-1.40
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APPENDIX C-9°

' CONFIGURATIUNAL ENERCY, EMNTHALPY, AND ENTRUPY AT SATURATINON

PROGRAM DCVELOPED LY Ko Fo BUSH AND He We PRLIIGLE, JR.

SUBSTANCE 3 H=1E XANE MOLECULAR WCIGHT: E6.1T720 OMEGAT 0. 2900
TRIBLL PUINTT  L77.84 K N=BOILING POINT: 341,90 K
CRITICAL POINT: 507.90 K 29,92 ATM 0«3680 L/GMULE IC V.2640

VAPOR PRUSSURE COMNSTANTS :
ANTOENE S A= LLB8TTT6 HB= 1171.52979 C= 224436600 Ne= 235%. 09067

GAMSUI=WATL SUNS A= 2.9978 bL= 0.2110 b= 7.3480
FRANCTS CUNSTANTS: A= 0.9143 R= Q.7492¢-03 C= 10.00 L= 545,67

L= 0.4720E-07 H=z  2.57

»

TorUT DATAG

Tehpe . ELOY-ELSV) ELG)-ELO00) $40) L{VAP) SLO)=-S(SV) STR
177.84 0.0 . 2741.00 T7.46 1.0000 —-20.06 16475
18O 00 0,0 2841.00 78.13 1. QUOD -19.54 36.81
190,00 C.0 - 3043.00 - 19 .06 1.0000 -17.48 37.08
200,00 0.0 3252.00 1997 1.0000 —1%.54 31433
210.00 0.0 . 354%5,00 a82.19 1.0000 -13.47 37453
220,00 0.0 3784.00 £3.10 1.0000 ‘ -12.31 37.81
230.00 . a0 G044 .00 ¢h 29 1.0000 -10.39 ° 34403
2640.00 0.0 4302.00 - Ha 13 1.0000 -3.5Y .24
250,00 0.0 4544 ,00 . Bueh?d 0.99,0 - 3Y 35,44
2h0,00 0.0 4836.00 PI.0S 0eI960 -7.0% Srheboh
271%.16 (.0 T L172.00 #5359 - 0J9uLn =% 60 18RY
2It. L Lol AU45 .00 92. 10 Ve he -3.21 39,32
300,00 R Uau 0l03,00 . 93.u7 e840 ~3.0% 2935,
323.16 . 2.02 6691.00 R/ I : Y 0.0k -1.2% 3.7
3.0 . lnala 7561.00 ' 9186 0.945%09 ety 40,00
34,10 26424 T790.00 YR 45 0660 G.n2 4n.0)
Y3416 . 1065 H747.00 1on, 32 0.91130 . 1.9% 4044
YTIB LG . 151440 U .00 103,21 Ot ?76 3,64 4070
4L, 00 16U00 984700 103,39 U HTOO 3. HO A0, TH
423,10 260,40 Lu78U. 00 106.51 O.8l7u 4.89 4l.Ca
H1%.16 ) 77%.10 1318U.D0 Itles . O.6380 T.0] )62
AL 1130400 L4440.00 114,02 0.4200 o Y. HR 41487
SO0 .00 .o1lre.00 14530.00 114,20 0.4 (60 e I8 . 4} .89

0790 200400 1a%&60.00 L1u.31 Ve OGAD ’ 11.8b "7 4la97



TeMe
177.04
180.00
190400
200.00
2LU.00
2/0.00
L 230,00

24000
2h0aul)
200,00
21341
dUite 1O
Tua. N0
vi.ie
341 .90
Tle b
A73.16
RN
EXVIVIPRYI]
HWeldath
hlid.lo
G'5H,. | 6O
L0000
Suleny

TEMP
L17.44
LB0N0
L93.90
20u.00
Z1u.00
2¢70.00
230.00
240.00
Z250.00
260,00
273.14
2. lb
306,07
334016
4190
ELR P I
313,14
3Uhalb
4000Ga00
helda Ll
H413.1h
448410
LU0.00
‘)07. "0

P ATM
e l220L-04
059246304
N.15161-07%
0a3930-07
0.9 3080~-01
el 3T=02
Dol g =02
.03 30~07
Oets9ar-01l
Q. 2819t -0}
O.59035-0)
Q. 1920+ 06
0.218%4c 00
053340 00
D¢l LGOE 1L
O.12128 01}
.24 41 01
0,483 G
N0.456%9L 0L
Q. 7290L 01
Dl TISE 02
Q. 2%7H5L C¢
Ge?2t:43 O/
O.29410 D2

Rt
CeTH79
UeIhbl
Gt 18
Uel3uY
0.71712
V. 1221
L7141
Ve fUHSE
C.64972
Dewdlh
D.HTTO
Galanat»
walh 2l
Uas312
Oets1 31t
Uahlii
O.nul
Vet l2
O0.9500
Ge 196

a2 1

Uedsi?
Oedate

U 2360 . .

pLn Py/oT

O.138!
Ga!346
GeldU]
0.1077
w0971
U.O87T9
.07 9
Va1 29
Jalivho
e BHULY
GaldnH2

Qeubh 34
Jal342?
0.035%8
O.13314
0.07301
007256
Q0.0227

T .0220

G.016
Q.uLh 7Y
Datil4]
Q.0140
J.0l1136

£L
-54541.72
=54 66400
-5191.,21
=409 442
~-4531,69
—423%1 .11
~35946.90
=356T1.93
=-3210G.41
=213 1.16
-213)., 70
-112.0%
~u22.74
Th2.08
1290.59
1,60.52
2)63.7%
429276
47479443
SrL8.52
911 .33

Lli49.44
L1A (086

12460.00

VLs L/GMOLE

0.113/70
0.11397
011523
011652
UalL785
DaY1922
0.12064
U.127210
0.123060
012516
012129
O.1310h
0.13200
0.136%1
0.140%6
U.14290
O. 1448348
Qe lWOGULY
u.19%06%
0.16943
U.202343
De24123
O0.267192
V30826

. FC

~H322.72
-8307.00
-8234.21
-Hlol.42
~-80HE M9
~30 5.1
=714 40
~TRLD 93
~TTuR .41
~T513.16
-7331.76

—69%1.05

-0Y926.34
-6h38.42
~-6210.41
-4lu9.48
-57718.74
~H416.273
-5467T.87
=-50b6Ll.48
060,67
=30'70.40
=305, 14
=2309.00

Visy L/GMOLT

D.35408 06
Q.20GIE N4
D.1028E 06
Ustl 761 05
0. LH92F 05
GWHBGYIE 04
Qa.aB285 (34
Va2 H28 U4
0.13728 04
De7H3% 03
(G372 07
O.lz1tE 0l
UoLl/.l'E U‘
O.H6798F 02
Oel2GHTE UZ
Ue223: 02
O.LLYHE 02
0.6538E Q1L
De2299F 01
0.38398 01
(S IR RV A KR
DeT620¢ 0O
0.71391 09
Ue4682L 00

SL
Hize 14
h)eh?
S5le21
S544 716
et
HOet)
B ebsbs
LU
61492
63,87
66439
T0..2
It.on
T4 .87
10,51
THa V5
], 7H
4,50
Hbo b2
Htie 12

Juaqn’

10045
191,01
1rd.4a47

PIVG-VL)

T353.309
A57.601
AT7 4027
3974393
H17.190
4’57.!)()[
L6922
416717
466124
B14.302
837.010
BHB2.904
H58%.T1T6
6l T.718
Ghl.llb
6nuholou
6631 1Y
HiT,1400
678,613
L5717, 166
S12.17648
324.6473
314,.2Y7

0.0

ST
27410
2714
21.33
27450
e 7
27.82
271.949
214
282
IR
28,01
26.94
sB090
202
29 .40
294495
29,85
S04
3104106
.44
31.1Y7
.67
SLe 4
A2.51

DEL EtV)

532%
g10ut.

TE234.

dl6l.
HOET .
010G
19473,
1810,
TT6d .
Tatd.
(242,
69y .
626 .
6H36 .
nd‘)d.
ol
Ylub.
VP ATIN
U8 .
440 .
dzun,
1900,
1duYa

{)e

SCx
-159.07
-luelti9
~1lt. 10
-17.34
~16. 13
—1l6.13
=15%.99
-1l9.09
-14.5%
~13.50
=12.92
—=Lllesf0)
-11.00

mlu.42

—eis2
—-945%%
—deh4h
-d.09
-el5
-7.17
~5.20
b U?
-3.03

—Z.4h,

.

NEL Htv)

B6l0e
BH6HY o
9612
B9 Y
B506
453,
8400,
B4 s
B20L%.
LSRN
1349
1540
12
1154,
L3890,
2250 WS
6ilca
(NI AN
DG
PIOURIN
ERLIIVIN
22K,
2203,

Ue

EC/RT

2205
~23.22
~2)1.481
=20 b
=19.34

-18.%4

=173

=16.50 -

-15.54
—l4 .66
-13.91
-1l.7%
-ll.h2
=101
~Ge? )
-89
-7.79
~6a')2
-0 447
-t 02
—~4 .37
-3.12Z
-3 4 U8

—2.28

DEL Stv)

4de 19
HB L4
4h.32
Hz o 9
HU L0
3u.42
3beH2
34.1/8
3.0t
3l.11
2841
29424
25404
22414
2Lal?
1957
14.09
19,07
Lha7
1ee0
.03
by ottt
Haty )
(V]

SC¥/R

~2e0 U,

=945

=41
_[1"{5).

~Yehd -

-U.12
-TetY
ENEEY
-{.32
TR A
6ol
~5eH9
-5 eHh
-2elh
—heh
-Hha3l
~b4 .
=4 .Ul
=4.lu
-3.61
—é'-(al
~L.04
-le93
—l.2%

coT
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APPENDIX C=-10

CONF!GURATIUNAL ENERGYs ENTHALPY, AMD ENTROPY AT SATURATION

PROGRAM DEVLLOPED BY K. E. HUSH AND He W. PRENGLE, JR.

SUBSTANCE:  2,2,4 . TRIMETHYLPENTANG . MOLECULAR WEIGHT®114,2200 OMEGA: 0.3100

TRIPLE POINT: 165,78 K N-BOILING POINT: 372,40 K
CRITICAL POINT: 543,60 K . 25440 ATM 0.4820 L/GMOLE IC 0.2740

VAPOR PRESSURE CONSTANTS:

ANTOINL: A= 6.81L89 B= 1257.83984 C= 220473499 NC= 235453909
GAMSUN-HATSUN: A= 3.0760 BL= 0.0 f= 7.3614
FRANCIS CUNSTANTS: A= 0.9371 B=  0.7162E-03 C= 10.00 E= 585.25

G= 0.4167E-03 H=  2.68

[NPUT DATA:

e ELO)=-E(SV) El0)=-£(00) S(0) ZIVAP) S(0)=-S(SV) STR

165.78 " 0.0 2429,00 80.44 1.0000 ~26492 37.24
180.00 0.0 2838.00 : 03,22 1.0060 -23.15 37.65
200.00 0.0 3380.00 86.23 1.0000 -18.75 33.18
220.00 0.0 3991.00 49.37 1.0000 . -15.15 34.65
2640.00 0.0 4584.00 91.72 1.00060 ~12.15 39.03
213,16 0.0 5916400 97.79 0.99860 -8.09 . 39.73
294,106 0.0 6883.00 101.27~ 0.9916 ~5.43 40.16
100400 0.0 . ©752.00 ) 10L.46 0.9910 ~5.26 40419
323.16 : 0.0 v T7983.,00 104.85 0.9860 ~3.27 40.56
348,106 22.00 T 9148.00 L08.38 0.9740 , ~le4? 40.93
8.6 43,00 9851 .00 109,42 0.9680 ~-C. 84 41.07
372.40 65,00 10520.00 111.17 0.9568 . 0.26 41.27
390,41 86.00 11470.00 113.72 0.9430 1.30 41.51
393,16 97.00 11590.00 114.01 0.9310 1.43 41.54
400.00 108.00 11940.00 114485 0.9250 1.75 41.62
423,16 194,00 13280.00 114.43 0.8820 2.98 41.90
448,16 302,00, | 164730.00. 122.17 C.2260 4.21 42.19
BHEL LG ) 367.00 .« ' 15329.00° or1e3.ae0 0.2010 4,67 42430
473,16 475,00 16220.00 125.25 0.7520 5.43 42.46
498,16 756.00 18020.00 C 129473 0.6820 6.76 42.71
500.00 7656.00 18140,00 129.95 0.6740 6.88 42.73
bz3l.16 1145.00 ST 19749.00 132.79 0.%490 8.31 42.96
533,16 1463.00 20420.00 134,01 0.4690 9.24 43.05

5473460 2323.00 21140.00 135.28 0.2740 11.34 43.15



P IRG PR T R

PR T AT

i et 241

DTN

TEMP
LOuSa I8
1640.00
200,00
220.00
240400
21316
2184106
3I00.00
323.16
348,10
3ubelb
372.40
3. 0L
3I73.16
400400
42310
Gl
4uB.)6
41316
GIB.16
500400
Y23.10
533,16
543,40

rMe
165.78
t80.00
200.00
20600
240,00
27T3.18

298.16 .

300,00
323.16
146416
Ibtalt
317.40
3u0.81
393.16
400.00
423.16
448416
Ab.10
H413.16
496 LA
500.00
923416
533.16
24 3.00

P ATM
0.13070-0%
0.,8717E-05
0.796920-04
O 3T7E-Q1
0e22091:=002
0L 7098-01L
Qab428-01
D.7087F=01
0.1928L GO
DeaT62c 90
0.65601 00
0.1000f ol
Oalt3ne O
O.L/136E 01
O.192946 ul
0.33281 01
0.5617C 01
0.617458 01
00,8844 01
0.1330C 02
Uel369r 02
Oel925C 02
0.2210 02
0.2%381 02

RHO
0.7945
U. 7835
VaTHT9
V7522
Ue 7362
0.17094
Vet BB (

L DenBiT2
Ua0OHTY
VehtSa
Ve bl0A
Veb?234
0.6050
0.0035
V000
V5723
Uah432
0.9303
V5090
.4640
Y3
D.40%9
G.3685
)42370

DI(LN PY/DT

Oel763
0.1480
0.1160
0.0260
0eNTI4
0.0594
0.0480
Ce006177%
0.63925
U.N331
0.0310
0.0283
U.0253
0.C249
0.0241
0.0215%
0.0192
U.0Luy3
0.0172
0.0159
0.0LS4
0.0141
U.0L3%
0G.017%0

EL
-6B69.55
-0329,.01
=5601.96
-480%.93
-4027.78
-2335.45

~925,9%

-326.38

542 .03

2053.,72
. 28A1.80

3141.97

4910.54

H158.07

8570, 79

7213.10

SQOTH RG
9816.T74

Y09 75.60

13255.11

13434.03 "

15500.09
16393.03
18817.00

VL, L/GMOLE

0.14376
014578
0.14874
0.15136
0.15514
0.16100
0.165uU4
016621
0.17112
0.176493
Vel I4G4
0.14322
0.18855
0.18928
0.19144
0.19957
0.21023
0.21939
0e22440
0.245d4
0.24770
0.29137
0.309v8
O.40194

EC
~9298.55
-9167.01
-898l.906
-B8796.93
-86ll.78
—8251.45
~780849%

~=7778.38

—1440.92 -

-T094.28
-0969.20
~06172.03
=-6559 .46
-h431.93
-63069.,21
6066490
-5054.16
—-4503.26
=-5244 .40
4764 .89
-4701.97
=3939.90
-3526.97
-2323.00

VGs L/GMOLE

0.1041E 08
0.18624F 07
0.2059E 06
0.3702e 05
0.8916E 04
0.1309E 04
037378 03
0.3443£ 03
G.1356E 03
D.5%43¢ 02
0./43376 ©?
0.2924E 02
0.1858EL 02
U.L730E 02
0.1%2)e 02
0.7058¢ 01
0.53958 01
OS5 0L
0e3246E 01
0.2096E 01
0.210208 0Ol
0.1225€ 01
0.9236E 0O
V.4819: 00

SL
4‘).28
53.45
58.09
62.55
66.00
73.69
7854

78.8%

83.14
67461
RY.0Y
91.02

93.99

94 o b4
99.64
D415
104 .44
106.01
0.3
113.73

P(VG-VL)

114,02,

118.20
120.29
123.94

329.3250
357.600
3974333
437.066
4764192
541.526
587.108
5904352
632.225
ATY.05S
685.926
7(3.438
T728.566
T719.229
725.815
7254143
705.051
693.749
HHBe245
595.779
S5U87.425
439,446
330.946
0.0

STR*
28.20
28.47
28.83
29.1%
29446
29.92
30.24
30.26
30.54
30.83
304,94
31.10
3130
31.33
31.40
31.6%
31.93
32.04
32.22
2455
32.5%
32.97
33,22
34.15

DEL E

(V)
9299,
9167.
£982.
§797.
2612.
6251
7809.
1178,
Tasl.
1072
0926
6707,
6473,
6335,
626)a
5873
5352
5136.
4769
4009
3936.
2795,
2059.
0.

SC*
~-22.11
-20.59
~-18.80
~-17.32
~-16.09
-14.29
-12.80
-12.70
-11.69
-10.66
-10.28

~-3.99

~9.%2

-9.15

-8.99

-8+32

~Tebb

=714
~6.,68
~5.84

—5T7

~-44.50

-3.89

—2.34

CEL H(V)
9628
9525,
9379.
9234
9089.
8793,
8396.
8369.
8073,
T1464.
7612.
7410.
7202,
7054.
[
6598,
60S57.
5830.
5438,
4605,
4523,
3234.
2390.

0.

EC/RT
-28.23
-25.63
-22.60
-20.12
—-18.06
~-15.20
-13.18
-13.09%
-11.59
~-10.25
-9.79
-9.15
~8e45
~8e23
-8.01
-1.21
-6e35
-6.04
-5.58
-4.81
-4 4713
-3.79
~3.33
—2.15

DEL S(vVi}
58.08
52.91
464990
41.97
37.87
32.19
28.16
27.90
264.98
22.24
21.25
19.90
13.43
17.94
17.47
15.59
13.52
12.72
11.49

Q.24
9.0%
6.18
4 .48

0.0

SC*/R
-11.13
-10.3¢C

-9.46

-R3.72

—H4.10

-7.19

~0Oolrty

-6+ 39

-5.88

-5.37

-5.18 .

~5.03
-4.79
-4.061
—-4.53
-4419
-3.76
-3.59
-3.36
~2.94
_2.:‘)0
-2.27
-1l.906
-l. 18

Q0T



b o et rms o s ate Ve

SUBSTANCE 22224 TRIMETHYLPENTANE

== =-ASSIGNMENTS

-~ PERFECT—GAS- STATE- THERMBDYNAMIC PROPERTIES BY STAT{STICAL- THERMODYNAMIC ME THBDS

-eme— INCLUDING HINDERED INTERNAL RUTATION CARRECTILNS BY-PITZER

PEVELOPED -BY Ky -E4- BYSH

Mg 1l4.22 TTPY 165478 K

TNBPY

372440 K

. TCY 343460 K

EXTERNAL-RYTATION -MUMENTS|—- - 0670037

INT ROT MOMS ¢ 73 g

Q¢4200E®36 - - Ce1330Tm36——---SYM NBJ 1400

0e52E®39 0Qe53Zw39 Qe53E«39 Oo4l1E=38 OakiEe3z 0,52E~33 0.52E~39

4304+00 0926423404 Q0 BE UL 40U 01127 3IFE40D - Ce 114805403 a0+ 3320 HE4CH
423015 0¢30978F+04 0r63123L+028 0161245405 Crllb43E+03 ~0r3L,9892405

$48 016 Qe BLARTE 4 QY- —— QeéaDbE+02 CGe15024E 305 .. 001221 7E403 —a0e31P6E4CH

4584154 0e387A3E404 QrEB2LE+QL Qe lH230L+05 e 1R2340E+03 Ge4)308E405
-8 73¢16 = Qe bPHIYT L~ - Q670K +02 S Qel71618 405 0212922E+03 - — 2041035405
- 498014 Q0e49025C+04 CrbYula+d Cel8utav+ie 129735 ¢03 ~Qelbinnl0g+08%

- 500000 ——04 495338+ 04— (v 696 E+CE
5031036 0+5A191E+04 Qe7214L+02
533018 - 05928 LE4+ 8- Q27322E+02
543100 Crbr4bBE+D4 Q743K +02

0+20782E+C5
Crainhie+ls -
Ca27219E+35

09137798403
0e)3aCLE4CT
0'13‘3&:)E+03

wCebHEDT 0N

=0e21317E405

e Cr UL SO0 (e L2FDDE 5T e Qe LR ADC 405

e TS 0 BB

B L1 1- 130 Tol: S

54090
8910454
91045
S40.26
96994
L 2CF.57
1039462

1059049

108024

-0l 1945400

Q013262405

Q414730405 - .-

0elHu2E+05
Delel2E+05
02182224059

D 1811',":4.:..)5 -

0e197sL+025
Oa2C42L+0Y
O'Ell’*f‘_%')b

INT RAOT-PBTY (-7} 1~ 4BO0O*00Q - 4800400 - 4800900 - 3400+00 —- 3400200 - - 3800:00 380000

VIG FREQY ( 531 300C»00 144000 110000 1000.00 400400

FRCG DEGENY - ~—rrmem———m oo - 48 - 16 L R S R

TOTAL GUANTITIES

TEMP DEG X LN Q cto) H{Q)wH(QC! (0! F(O)wrinn) RT E(0)=E(00)
165478  ---0433555£403 -~ -0 2720E+02 Ca275g5E+C4H ~  0450439E402 - «0,10577£405 3Z944b 0, 24EGRAOY - - - e
18000 02377995E+03 Cr2Y2u4t+08 C*31961L+04 0+83215E402 v L1 7825405 357469 Or2838E+04
2O0 0009 4543/E 403 ~——(03157E+02-——Ce377 /80404 Debb6283E+0? w0} J4LEE 405 == 33T v 44 OeI3n0L 0l —mrmemmee o
D200 0e552L5E+03 Q*34108+02 Qeah286E+04 Ce853/3E+02 «Cr152330403 437810 Dv32915+04
240¢00 - -0eb6/208E4+C03 ——— —~0¢364)1E+02 - - 09HGOQ7E+0L - - - CeIL1721E4C2 ~ - 201169520405 h745993 CehDodiaGh - .o -
273016 04927248403 Or41138402 Cr64591K+08 QeYV7795E+02 vQe29254040% B42+52 CeBJ1bi«0%
298 e} Qe 1BEDESOYS — ... Qb0 33ERDE Qe74756L+04 ... Q0101278403 .- »042071924C5% 522459 D16853L 4700 R -
30000 0*11R20E+04 Os4hbule02 D9 75H432E+04 DelO146E+02 ~0e228912405 526416 026320+ 04

- AR Y Oeliunubdgage Q47850408 e 02 BE2B LT 40U Qo L UASONAQT w30 220954 08 cme—eeee 642018 O /0338408

516 0+178545+00 OeB1R/ER02 0e98326E+04 0e10H3%E+D3 “0227895L 405 6I] e Bn JeI148E+0b
358316 - - QelO338BT 404 - (eH2EHE+0C 0+109632+3H SO LOUUREADT =0 236265405 7111473 0+98LLE+04 -
372440 01215285404 QebusbsE+0R 0+112635+CH Coitl11nEe03 «0+30138E405 760103 0e1052T+pb
350981 - - 092087485408 —— §15703E4+08 -« QeLZ2UGE405 o Cel1372E403 . .mQe321975405 - . 77561 De1147E£+05
39316 Qe2B1678+04 Ce5733E402 CrLll3685405 Q114018403 ~0s32499E€405 78Ye28 Cel11D2E405

-



APPENDIX C-11

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELUPED BY K. E. BUSH AND H. W. PRENGLE, JR.

‘SUBSTANCE s WATER ' MOLECULAR WEIGHT: 18.0200 OMEGA: 0.3480
TRIPLYL POINT: 273.16 K ) N=-BOILING POINT: 373.16 K

CRITICAL PUInNT: 647.00 K 218430 ATM 0.0560 L/GMOLE ¢ 0.2300

VAPOR PRESSURL CONSTANTS:

ANTOINE: A= 7.84819 8= 1614.00000 C= 224492000 - NC= 227.56396
GAMSON-WATSOM: A= 3.1287 BL= 0.1700 B= . 8.3468
FRANCIS COMSTANTS: A= 1.2637 B= 0.8835E-03 C= 9.00 E= 91l.44

G= 0.1226E-02 H= 2.51

SMITH-KEYLS CONSTANTS: = -0.31515479 B8=-0.12033738E~-02 C=0.74890799E-12 D= 0.13424885
2=—0439462596E-02 F=  3.,1975 G=  5/47.27

INPUT DATA: |

[EMp EL0Y-EISY) E(0)-E(00) 5¢0) L{VAP) S{0)=-5{sVv) STR
273.16 0.0 1629.00 44442 1.0002 -9.72 34.21
298410 0.0 1779.00 45412 1.000C0 -6.82 ’ 34465
300.00 0.0 1790.00° ' 45417 1.0000 ~6.60 34.68
3L0.09 13.00 2092.00 L46.41 . L.0000 -l.74 35.45
373.106 13.00 2233.00 46492 0.9990 0.04. 35.77
215,00 26,00 2244400 45496 0.9980 o 0.7 35.79
1984106 39.00 2386.00 47.45 0.98%0 176 36.09
400,00 51.00 2397.00 HhT b9 0.9840 1.91 36.11
423.16 64.00 2540.00 4 T.95 0.9667 3.24 . 36439
448,16 . 154.00 2695.00 4842 0.94G00C 4465 36468

' 473416 270.00 . 2852400 L, U7 C.71C0 5.98 36.9%
49016 ¢ 411.00 . 3010.00 , 49,30 C.n750 Ta23 37.20
L00 .00 ’ 424,00 " 3022.00 ¢ ' 49433 ' ¢.a730 7.31 37.22
523.16 591.00 3170.00 49.71 0.8330 .43 37.45
“ellale 797.00 3331.00 50.10 T0.TTTD 9.62 37.68
$T73.16 1067.00 3494.00 50.454 0.7040 10.77 37.90
598.16 1491.G0 3658.00 50.89 0.62%0 12.2¢ . 38.11
623.16 2057.00 ' 3824.00 51.20 0.5%130 13.67 38.32
635.00 2167445 3903.00 51.306 0.4370 - 14.37 38.41

647.00 Iga4.00 3UE4.00 515} 0.2320 17.29 38.50



- : - . X s "y ey Lt A - 0 . -~ St - T b b et o er e 7 h e

TEMP P ATM LN PY/DT VL, L/GMOLE vGy L/GMOLE P{VG-VL) DEL EL(V) DEL H{v) DEL S(V)

21316 0.7497:~02 0.0718 0.01802 029908 04 562.675 10096, 10638, 38.95
298416 0.3231L-01 00595 0.01L808 0.7573E 03 592.331 9916 10508, 35.24
3J0.00 0.3602:-01 0.0586 0.01809 0.6835€ 03 595.945 9887. 10483. 34.94
350,00 0.4157E 00 0.0408 0.01850 0.69098 02 695.148 9235, 9930. 28.37
373.16 - 0.1000L 01 0.0352 0.01880 0.3059E 02 T40.149 89B2. 9723. T 26405
175,00 0.1067E OL 0.0348 U.01R83 0.2979E 02 T743.024 8955. 9698. 25,867
3ud. b 0.23070 01 0.0306 0.01919 0.1395E 02 778.07% #702. 948, 23.81
400.00 0.264401 01 0.0303 0.01922 0.132481 02 THO.HLR 8676 9457, 23.64
423,16 0.4711E U1 VaU?67 0.01965 0.7126€ 01 ALO.443 8334, . 9145, 21.61
468010 0.8BUYE 01 U.023% 0.02020 0.3924E 01 #32.617 7945, 8777. 19.59
403,16 0.1935% 02 0.0210 0.02084 0.2303¢ 01 841,668 7561. 8409, 17.77
h93.16  DL2H220 U? o.0LER G.02161 0.1418E O1 852,773 7153, 8006. 16.07
S00.00  Ul.261YE G2 0.0187 G.02167 Vs1372E 01 R53.483 T128. 7902, 15.496
9r3e 10 0.3948E U2 0.0171 0.02255% 0.905R% 00 64,223 6089. 7533, 14.40
B4B.l6 0.39300 02 0.0155 0.02373 0.5894F 00 812.0v98 6098. T 691 0. 12.61
S713.16  U.8%94& 02 G.U142 0.02529 0.3453& 00 149.008 5344, 60Y3, 10.63
Hudelh 00,1207 03 0.0130 0.02755% 0.2%41€ QO 62185 4498 ., 5160. 8.63
b23.16  0.1650k 03 0.0120 0.03179 0.1589F 0O 508.061 3292. 3800, 6.10
039,00 0.1897t U3 0.0i16 0.03546 0.1200L 00 38B.406 2463 2851, 4,49
66700 0.?2174c U3 0.0111 0.055%96 0.5596E=01 0.0 0. 0. .0
TEMK RO £t EC St STR* SC* EC/RT SC*/R
213.16 0.9998 -8466.55 ~10095.55 15.20 20.05 -15.06 ~18.60 ~7.58
2918.16 U.9968 -A136.95 -9915.95 16470 20.32 -14.09 -16.74 : -7.09
300.00 0e9964 -8uUNT.4) -9887.41 16.83 20.34 ~14.00 -16.59 -7.05
350.00 UVe9 738 -715%.68 ~9247.68 19.738 20485 -12.03 -11.30 -5.05
373416 VLT A -6762.43 -8995.43 20.83 21.07 -11.40 -12.13 ~5.74
375%.00 G.9%T1L -6737.30 -3981.30 20.93 21,09 7T =11.33 ~12.05% -5.70
D IO Y G300 -6355.09 -8741.09 21.8¢0 21.30 -10.79 ~11.05 —S.43
4uU .00 Ve 1175 -6330.15 -8727.15 2194 21.32 -10.76 -10.98 -5.42
42316 0.9169 -58%8,50 -5396.50 23.10 21.53 -3.9% -9.9Y -5.03
463,16 0.0922 -5403,6) ~3098.61 24418 21.76 ~-9.32 -9.09 —4 .69
41816 0.3b64 1 —-4979.40 —-1431.40 25.12 21.98 -B. 19 -t.33 ~4.42
44416 3339 -4554,3% - (564,35 26400 22.21 -fe31 ~Tob4 -4.18
H00.00 ITRY Y -4530.34 © =T592.34 26.065 22.23 ~B.28 —-7.60 —4.11
SlA.16 Uel992 —-4109.84 ~7279.84 2648 22.44 -7.82, . =7.00 ~3.94
2484 L6 Uelb94 -3563.70 -6B94.70 27.82, 22.638 -7.23 ~6.33 -3.64
913,16 . G.712% -2916,063 -0410.63 29.08 22.94 —ba bl _ -5.63 -3.24
SThel6 U.6540 -2331.26 —-5949.26 29.96 23.24 —6.01 ~-5.04 ) -3.03
623.16 N AN -152%.21 -5349.21 3ledd 23.64 -5.10 -4.32 -2.56
u3%.00 U.2032 ~727.09 -4630.0) 32.50 23.92 ~4.37 -3.67 ~2.20
6417.00 0.3220 140400 —3344.00 3424 26.88. -3.07 -2.99 -1.85

80T
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APPENDIX C-12

CONFIGURATIUNAL ENERGY, ENTHALPY, AND EMTROPY AT SATURATION

PROGRAM DEVELOPED BY Ko C. BUSH AND He We PRENGLE, JR.

“SURSTANCE: N~UC TANE MOLECULAR WEIGHT:114.2200 UMEGA:  0.4030
TRIFPLE POINT:  216.38 K N=-BOTLING POINY: 393.83 K
CRITICAL POInT:  %569,40 K . 24.60 ATM C.4860 L/GMOLE 2C 0.2660

VAPOR PRESSUKRE CUNSTANTS:

ANTOLULET A= 692317 = 1355.12598 C= 209.517060 NC= 219.05%06%3
BAMSON-LAT S0 A= 3.2266 BL= 0423064 B= T.4928
FRANC LS CONSTANTS: As 02446 B= 0O.7158L~03 C= 10.00 L= 608,12

G= 0.428HE-03 o H= 2061

IMPUT DATA:

FeEMp FLOY=E(SV) E{0)=E{00) $10) Z(VAP) S{0)=S(SV) STR
216,38, - UV 4B43,00 93.75 1.0060 ~19.71 34457
250400 0.0 5987.00 103.94 0.9940 -13.97 39.29
298.16 0.9 1926.00 111.62 0.9596 ~7.94 4016
30U.00 0.0 8003.00 111.84 ! C.9890 -7.73 40419
17316 0.0 © 9002 ,0V 115,60 0.9170 -5%.139 4045060
. Lo 11,70 10120.00 1ls.72 0.9200 ' -3.29 40493
173,16 61.10 LI580.60 122467 0.9710 -1.53 41.28
393418 23,480 12940.00 - 125.8% 0.95490 -0.04 41.6U -
LN 94.00- 12970.00 125.93 . 0.95a7 0.02 41.61
400 .00 107.00 13040.00 126,08 094506 0.1l 41.62
HERolh 155,60 . 14340.00 130413 0.9310 1.71 41.90
Kbl 2414.00 15460,00 133,42 0.8410 2.96 42,19
473,16 352000 17600.00 C137.00 0.8220 4o l7 42 06
L6810 565,00 1928000 140.26 C0JTLT0 5.43 42.71
500.00 4BB.00 19400.0U S R Y 07560 Se %4 K2a17
N23.16 B59,00 21030,00 143,50 0.6790 0. 78 42490
568,10 ©oL1323.000 . 22320.00 147.71 05480 8.43 43,17

96440 : 2T50.00 ZJUbOaOO' ! 159 .4 (e2b60 11.40 A3.38



- L i b padn. L . B R T Ak At I 2 o
TEMP POATH  OLLN PY/DT VL, L/CHMOLE VG, L/GMULE  PLVG-vL) DEL EtV) CEL HIV) DEL S(V)____
216438 0.4923L-04 Oe11y5 0.14947 0.3607E 04 429,875 10592, 11022, 50.94
250,00 0.88731L-073 Ge0HY6 0.15483 0.2312¢ 05 495,670 16109. 10605. 42,42
248416 0.18390-01 00567 L1542 013175 04 SH6.1L1 3329, 9915, 33,25
300,00 0.2040t-01 0.0559 Galt378 U lLnan 04 5894303 9286 94706, 12,47
323,16 0.606260-01 U401 0.16842 0.3350L 03 633.7%56 BELO. 9453, 29.3%
34u.16  0.19GHE 00 UL RS 0.17387 U.l469c 03 617.043 8409, UG, 26.10
313,16 Caat2lE 0O 0.0326 0.17249 OehhI4E 02 717.733 2007, 9725, 23.34
AN l6 0.9817L 0O C.0279 0.13664 S G.3192E 02 Thholas Toly. B373. 21.03
9.4 0.10000 U1 Baazte U. 18084 031365 02 156,779 T6Ub. 8360, 20.96
400,00 0416336 Gl U.0276 0.18718 U.30%%E 02 Tohe2eh 1566, RV 20180
423416 0.187HL O} 0.0241 0.1943%7 0.112726 02 T13.4834 7131, T90u. 18.68
44u.)6 0.323E 0] 0.02113 0.20349 0.10126 02 171.350 6633, thid. 16453
4130160 0.9348R 0L 0.0190 0.21477 0.5968E 0] T4h 860 5944, 60L89. Ja.l4
46,16 0.8%3840c 01 Ga0111 0.22278 0.1738L 01 T12.422 9348, 606G. Lzt
SUULLO UL RLUAE U 0.0169 0.23112 0.3%P4LC N1 702.537 - 5251, 5954, 1t.91
523,16 0.12590 02 G.UL55 0.26958 G.2315E 0L 629,034 A6, 5005, Yatt
54k.16  0.1621k 02 u.0141 021537 0.1354L 01 470,913 S 3165, 36734, b.63
569.40  0.2429L 02 .0130 0.41604 0.4860C 00 0.0 0. . 0.0
Temp R10 Lt £C SL ST SC* FC/RT S5C#/R
216.38 07642 -5740.68 -10591.68 b1a52 29.07 -21.73 —24.03 ~10.44
240.00 Cel377 ~4122.40 -10109.40 T5 a0t 29.57 -1d.74 ~20.35 =43
2n.l6 068 -1407.%52 —=9328.52 56431 30.21 -15.36 ~15.174 ~l. 13
30G.00 Gals 14 ~120%,22 -9266.22 8665 30.23 -15.22 -15.53 =760
32316 0.6 f82 152414 ~8449 .46 Y165 30451 ~13.490 ~13.14 -6.99
40416 Gebrh) L7%9.29 ~846640,70 9v.92 30,79 ~12.66 -12.20 -6.37
37416 N 3912.72 ~B0O6T.HY 10u. 84 31.07¢ -ll.64 ~10.83 -5.48b
395,10 T APy 5225452 1711443 10h .80 11.34 -106.73 -5 -5.40
390,13 Gatill3 5209433 =1100.67 1G4 .05 31.%4 -10.72 -9.12 -5.39
40000 Ueli 102 536h49H —TL13.47 105417 3.6 -10. 44 -9.60 -5.306
heldelh 05370 T650.48 -1289.32 104974 11460 -10.09 -f.07 -5.08"
44160 Uenhll 8YT9.50 ~0HB0.50 L13.92 31.30 .t ~1.13 C=4.61
40316 ehlln 11294441 —6305.67 112,69 32.13 -7.494 -6.11 =440l
406l 6 C.n911 13366 .97 -%913,03 L2 F6 3242 =740 =57 -3.07
300.00 (ativi? 13460.n7 -5839.13 123.05 12,44 ~T.10 -5.18 -3.60
v23.10 Debnto 15106400 ~57324.00 17aan 32.72 —6.29 .o=hal2 3.6
Shtalh Uah 003 1in2.48 43752 132065 33.13 ~H.til ~4ol2 -2.42
DO P4l U.? 35y 2114000 -27%0.00" Tihony B4. 51 -2.73 ~?.43 C=1.3¢

o

s
doiw

ITT

PR
-
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PLRFECT GAS STATE THERMODYNAMIC PROPERTIES BY STATISTICAL THERMODYNAMIC METHOLS

InCLUDING HINDERED

SUBSTANCES  N=OCTANF

TTTTREVELOPED Y K, E, AUSH T

__ASSIGUHENTS

MW1114,2240

TTe:

INTEFKNAL ROTATION CORRECTIONS BY PITZER

216,38K

TNBP:

398,83K

- B T L T

TTC: 569,40

EXTHFRUAL ROTATION HORENTSE

ILT DT HOMS  ( 7)1

5650-037

15650037

+1000=~037

1,00

SYM NO:

14510039 ,1600-038 ,4400-038 ,5000-038 ,440U~038 ,1600~038 ,4910-039

JUT KOT POTT ( 7) 4200.00 1600,00 1600,00 1600,00 .1600,00 1600,00 4200,00
ViU FREGS  ( b)3 $000,00 1440,00 950,00 1.000.00 280,00
FREL LEGENS R 18 12 22 7
TOTAL QUANTITIES
TEMP LEG K Lo ctu) H(O)=H(DO) S(0) FCOY=H(UO) RT E(O)=ECOM)
V216,384 (76201403 3574402 52727+04 98758402 -~,16097+05 429,99 L4843+04
290,00 VI6050+04 V5023402 ,64833+04 10394403 “,39501+0% 496,80 5967+04
e 295,16 14Bou+iA 44521402 ,8%1b4+04 211162408 «,24763405 592,50 ,7926+04
Suli,uy L1H101 %04 ,4547+02 JBY991+04 V11164403 -, 24955400 590,16 ,B00S+U4
. 363,16 CW10Z60+04 CWAT67+02 946445404 V11560403 - 27712405 642,18 ,90U2+04
348,16 W22166+04 5121+02 10870405 V11872403 -, 30461+05 691,86 L10106405
873,10 LPO6H6U+04 5497402 ,12319+05% 12269+U3 -, 53462405 741,54 1156409
A% Ln L31708+04 . ,H836+02 .13728+05% (12585403 -, 56360+0% 791,22 ,1294405
e L T Y L LU AT R WD04v+02 - 13707405 L12593403 -, 36459+05 792,55 W 1297405
S0, by La20 704 JHHGL+02 L13835+09 s 12608+03 36595405 794,88 ,15U4+g>
a4 10 7980+ 6051402 L1176 +05 L1301 8+u3 -, 39889405 . 840,99 . 1434405
490,160 99 71L+04 JHSoH+02 L16749+09 213342+03 -, 43046+0"% Caf0.u8 WAHLO+(0DH
473,16 H0a1ets 61402 L LHD40+05 L18700403 - h6284+0D 241,20 J176040%
aY3,16 JETHGY YIS (GYE0+02 L20264%0% L1402640% -, 49605 +G5 989,94 L1928+05
e e BUULUD b an2e0A 09587402 20398405 140904009 - A9BhSHNY 998,49 L154040%
b3 to LHT O+ T21neu? C22neneyn 14350408 “ B30GY+UY 163y, 672 T 2103400

ALK
N MY 20

Baf, L0
b9, 4

e 7346+02
I5R902

W 20416400
25024500

114771463
y1ruA1+0d

=, D75957+05
-, 066210+0%

108v,30
1138151

2232+0%
RV EDL]



: ' APPENDIX C=-13

CONFIGURATIONAL ENERGY, ENTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELUPED BY Ko Eo« BUSH AND He W PRENGLE; JR.

SUBSTANCE: METHYL ALCOHOL HMOLECULAR WEIGHT: 32.0400 OMEGA: 045560
TRIPLE POINT?: 17%.48 K N-BOILING POINT: 337.80 K
CRITICAL PUINT: 512.28 K 78.70 ATM 0.1180 L/GMOLE 2C 0.2240

VAPOR PRESSUKRE CUNSTANTS: v '
ANTUINE: A= 7.89750 B=  1474.07983 C=  229.12999 NC=  243.70482

FRANCUS CONSTANTS: A= 1.0493 B= 0.,7827€-03 C= 6.00 €= 507.77

6= 0.1010E-02 H=  2.47

IHPUT DATA:

I EMP . £E{0)-E(SV) E(0)-FE(00) s{0) Z(VAP) SL0)=-S(Sv) STR
175448 0.0 1223.00 53.27 1.0000 =23.24 33.73
273.16 D.0 1900.00 56.26 0.2760 -6.48 35.93
298416 . 0.0 2126.00 57.29 0.9640 -3.59 36.37
300.00 O.u 2140.00 57.35° 0.9620 =3.40 36440
323.16 20.00 2345.00 5H.18 0.9530 -l.21 . 36.77
337.84 41.00 2471.00 58.60 0.G94 14 0.12 36.99
Ihelt 71.00 2587.00 ' 59.04 0.9400 0.97 37.14
373.16 143.00 25616.00 59.76 C.9210 2.86 37.48
398.10 264,09 3064.00 60.58 0.8920 ) 4.53 37.81
400.00 274400 3082.00 60.67 0.8900 ) 4e 69 37.83
he3.lo 437.00 3348.00 6blens 0.8380 6.18 38.11
444,14k 682.00 3616.00 62a.1t 0.7530 7.83 38.40
413.10 1055.00 . 3876.00 62.76 0.6510 .64 38.66
498,16 1689,00 4176.00 63.54 0.4560 11.80 38.92
500.00 1761.00 4198.00 63.59 0.4800 12.02 38.94

512.24% . '3207.00 4347.00 . 63.90 0.2240 15.60 39.06



TEMP
17%.48
273.16
298416
30000
323,106
337.d6
3n8.16
313.16
I LG
4U0.00
423.16
4498410
473416
itte L6
500400
512.28

TEMP

17948
273.16
294.16
300,00
323.106
337.36
340016
373.16
394416
400060
H23.106
Hh8.106
4HT13.16
494416
500.00
1228

P OATH DILN PYI/DT
0.£8356L-05 0.1592
0.3831E=01 0.N647
D.164%C 00 0.0526
0.1A11E 0N 0.0518
0.%441F 00 Q.0436
0. 9998 0O 0.0393
0.1478E 01 0.0347
0.3474E 01 0.0311
0.TIBOE UL 0.0271
UeTHaumt vl s 0.0268
D.1354L 02 0.0238
023106 02 0.0212
0.39250 02 0.0140
0.61641 02 0.0171%
0.6361k 02 0.01/0
0.780LE G2 CaUlo2

RH( EL
0.8939 -8166.24
0.8099 —£923.41
V.7A73 -6248.62
U T856 —6194.54
V1539 —566%.4]
0.7495 -5367.490
U.7322 -5122.28
0.7121 -4527.31
OabriizYy 4014, 14
UataftDY ~3979.89
Vb2 -3342.82
Geb22 -2563,01
Uant23 -100b. 14
0.4509 -415.59
Detrtll -303.9%
0.2720 1140.00

VLy L/GMOLE

0.03%84
0.03956
0.04070
0.04078
0.04194
0.04275
0.04334
0.04496
0.0460692
0.04708
0.04951
0.05321
0.05908
0.07L05
0.07264
C.1L779

£C
-9389.24
-0823.41
-8374.62
-8334.54%
-8014.41
-7838.90
-7709.28
~7343,31
-7078.14
-7061.89
—(690.82
-6169.01
-3%02.14%
—-4591.59
-4501.95
-3207.00

VGy L/GMOLE

0.1723& 07
0.5711E 03
U.1434E O3
0.1308E 03
0.46445 02
0.2627E 02
0.1916k 02
0.810870 01
0.405%9k 01
0.38721: 01}
O.2l48L OL
0.1175¢ 0L
0.6440% 00
0.3289: 00
0.3096E 00
0.1178E 00

SL
21.02
28.50
30.88
31.05
32.76
33.52
The29
35,78
37.19
37.23
33.86
40.00
42490
45414
L4h. 36
413430

PLVG=-VL)
348,621
529.617
570.859
573.173
6ll.284
634.375
648.620
67%.993
697.427
648.65%
588,255
645,167
9%95.807
384.845
364.939

0.0

STR*
21.82
23.33

23.65

23.67
23.95
24.12
2424
24452
2'}-80
24.82
25.09
25.40
2%.717
26.29
26435
27.38

DEL E(V)
91389,
85823,
8375.
8335.
17994 .
7798.
7638.
7200
c68la.
6788 .
6254 .
S5487.
4444,
2903 .
2741

O

SCx
—20.34
-15.16
~-13.70
-13.57
~12.60
-12.21
-11.87
-11.01
-10.39
-10.40

-9.5%6

-8.42

-7.31

-5.77

-5.6%

"30")2

DEL H{W)
9738.
9353,
8945.
8908,
8606,
8433.
82u7.
7879.
7512.
T487.
6942
6l3ze.
5000.
3287
3106

Ua

EC/RT
—26.93
-16.25%
~-14.13
-13.98
-12.48
-11.68
—1l.1%
-9.90
~8.9%
-4.88
-7.96
-6.93
-5.85
-4 o b
-4.53
-3.15

DEL S(v)
55.49
324
30.00
29.69
26.63
24.96

—23.80 -

21.12
18.87
18.72
1641
13.68
10.57
6.60
6.21
0.0

SC*/R
~10.24
-T7.63
-6.89
—-6.83
-6e34
~6.15
~5.97

=5.54 .

-5.23
-5.23
4,81
~4.29
-3.68
~-2.90
~2.84
~1a907

ANY
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APPENDIX C-14

COMFIGURATIONAL ENERGY, ENTHALPY, ANMD ENTRCPY AT SATURATION

PROGRAM DEVELOPED BY ¥. E. NUSH AAD He We PRENGLE, JR.

SUBSTANCE 2 M-DECANE MOLECULAR WEIGHT:142.2800 OMEGA:  0.5860
TRIPLE POINT: 243,51 K M=BOILING POINT: 447.30 K
CRITICAL PUOINT! 617.60 K 20.80 ATM 0.6020 L/GMOLF T IC 0.2470
VAPOR PRESSURE CONSTANTS:
ANTOIWE: A= 6.95367 B= 1501.2678K2 C= 194 . 48000 NC= 206.01499
GAMSUN=wATSUNT A= 3.4177 i KL= 0.0 = 7.6037
FRANCIS CUNSTANTS: A= 0.9491 B=  0.6899:-03 C= 6.00 E= HhlYy.31
G=  0.9379E-03 H=  2.39
[whUT UATA:R
fEMp CLOY=E(SV) F(O)=E(N0) S0y | ZIVAP) S{0)1-SLSV) STR
243.51 0.0 7216.00 120410 0.9700 —-20.31 59.81
250.00 0.0 7500.00 121.07 0.97C0 -19.16 19094
21816 0.0 8580.00 120,11 0.9090 ~15, 51 40. 54
293.16 0.0 9919.00 130.5%7 0.9494 ~12.19 600.82
100.00 0.4 10020.00 135.81 GuYn i -1l.97 40,85
323.16 3.0 11240400 - 135.n4 0.9660 -%.38 41.22
340,16 600 . 12730.00 139.52 0.9640 —b. 85 41459
373.16 11.00 14500.60 . LYan.27 0.9600 ' ~4. 69 41.93
.' Ju .1k 13.00 L6220.00 16ita23. QeG"60 -Z.07 4t
400.00 354,00 16350.00 1ai5.57 0.9%5%0 =2.14 42.2%
423,16 62.00 17940.0¢C 152,98 Cu4 10 ' -1.31 H2.56
a6t 28 . 123,00 19780.,00 157,452 0.935] 0.36 42.83
44016 135,00 19850,00 . 157 .66 0.79210 Outth Lh7.34
413,16 211.00 22000.00 16297, T0.9] %0 1.90 43,11
498416 3%1.00 24110400 LA o it Gufs 747 3,12 43,37
L0000 397,00 24270.00 thn 37 T0.EORT 3. 26 63,39
23.16 515,00 26310.00 , /0,10 ¢ 0. 79300 A 43,61
541,16 ' SHYUS G0 . 0T 27BINL0O0 R L T Collhn 5492 A8
573.16 L207.00 : 3015000 179.30 O.6180 7.33 Q6. 07
598,16 1316.00 124%50.00 15320 04320 9.C0 hhou
COLL00 TLunZ .00 12730.00 3,4 Ceh660 el Hiv 2
61T.60 ° TLY9.C0 34500 .00 106,55 C.24710 1l. 44 L4 .44



fL.Mp
2at.hH)
250400
213.16
2ok lh
100.00
323.16
Ve lb
313,16
dldelh
40.00
WA Y
47,708
Gh8.16
4713.16
LD 23 I S
00 .00
923.16
Bhhtalo
wl3.106
2 I 3
00u0 .U
L1760

TLip
241.51
250.00
273,16
21l
300,00
323.16
348,16
303,16
e lbh
4010 .00
43,16
H4T.208

THhhuall b

LN TS
G lite 1 b
200.00
w23.16
whit.1lh
903.16

S598a16

GU0.00
6l1.60

P AlM
03638604
Oeb6482E~04
0.4081L-03
Ve21b4F~02
0.2420E~0G2
0e3892L-02
0431 74E-01L
G, 1431 -ul
U.230%L VU

0.2516E 0O

O.5%186L OO
QeI 00
0.102310 0t
0.18%0E G
0.3060L U]
D.31721 ul
Qe lL 0l
Q.745)1E 01
0.1097L 02
O.1h630 02
Uale(3e 02
020191 02

KHi}
JaTH50
Ue 16072
Uel431
Uellhy
GUal241)
Ue fUHY
thetsdta s
GahbrtrY
(Ja2li s
Gelitits }
Ushrbiy
V.39
Ueut)dl
Vel
Oetendl
UeuhHly
el 3N
Ve 887
Ot
Ua3Hb4
Ua37H3
U.z3060

DILN

PY/DT
N.1111
Q. 1047
U084
D.0696
C.00136
005705
V.0h (b
U.01399
0.0339
0.07%3%
Je0¢l
QeOZ294
D251
V.0222
g.016
Q.09
0.01L78
Oa0lu2
G 0148
0.0136
Da0173H
UeilL27

[ .
-ui)l3,29
462527
-3161.91
-1417.18
-1280.30

133,27

2342.71

21402

HThlen 2

623,95

Btz .79
1L091.)4
111uz. 3
LY ?71.22
Ladag,. 04
Y6904
L4290 .17
cA2V4.36
24335,69
2inHlele
21320421
LI0LL 00

.
.

V0L

L/7GHOLFE
Ue 1 8600
t.l88716 '
O.1914a7
019639
UelI676
0.20104
0. 20121
D.21335
0.21998
Ge22049
Ve22731
0.235062
C.2359%
Ue24559
0.25724
0.25H820
0.27163
0.29113
031929
0.37018
D.37610
0602 38

[
=12223.29
-1212%.27
-11741.91
-L143,. 78
-11300.30
-109%)6. 73
-10387.23

~957H.94
055,28

—Ja245,05 .

-2047.21
—0n88 N4

-8uh2.27

~832%.78

=TT40.97
~-Tiu0.80
-Tubh .83
6515 .04
—3414.73%
—-4RY5 .84
~4N0Y . T9
-319%.00

VG, L/GMOLE
0.9328L 0h
N0.3070L 06
%3235 0%
Ba1095%L 05
U9HBE 04
D.28K1 U4
QottHh 120 03
0.211%2 03
O.14210 07
D 1246 03
Veh3420 02
N.34320 02
.3349F 02
Gall6E 02
D168 02
V11178 02
D453 01
Q.4 3231 N}
V26615 0L
U191 0L
Uala3le 01
Ve HG29F 0O

X

Bedt
deAl
Yo I
tolZe.n
031
LOv 6
Lla.oh
120enl
1729457
L2%. 30
131.700
Lin.léb
134,39
Intadt
1he e 39
l4é .92
L51.60
157.67
LHhzoltn
1,3
CLAKGTR
Liaa it

[Sa T of
o~
.

P(VG—-vL)
4694260
At YeTOA
525.854
SY3.73%
9iheIL7
LZ704140
hHtlhhe OV LG
Til.2u4
T4 4907
I57.565
TI%.2069
H25%.223
E23.011
Bav.241L
Hht. 219
33,100
1848904
T2T.21°
H160548
h32.606
L) 1e9 2D

D.0

STRx*
30.52
30.61
3002
31.23
41420
311.52
Tlenll
2706
3237
12004
32.506
20

12T

33.00

17,320

3%.32
13099
1300
RIS )
$h.57
EXOMCR
.63

L e L O R S

NDLL Ftv) CFL hiv} DEL S(v}
12229, 12699, H2.19
12126, 12607, 5043
11742, L2268, Hh4 91
11337, [t ltol L.~ 19 .9%
11300, 1197/, 19,69
106907 . 1ive?. I5.A7
1636l llGaiy,. 31.73

9itan, 10979 21 a35
9475 . 10145C. 2h.n7
GINA . L0144, 250730
R8s, GITH, 2.1
uhath . 934G, 21.00
Belv. UETIVIN ZU0.84
fienp, 0o, . 12.82
T410. deSe. 16.97
1307, Biat. LAhd29
Ll 7430 14.01
2121, Lhails 1t.70
4012, Be2l. J.12
30483, Nl 6. Hahed
2900, 4t /. HeD?d
(V2 e 0.0
SC* /AT SCR/R
=-22.94 ~rt9adl -1l.44,
-21.43 —-24 .41 -11.04
—-17.94 -2L.01 -10.03

L mlaal? ~-17.1% -9.14

’ —1%. 02 -1 0 -9.47 .
- 1.9 —16e0 —-He3H

-1%.049 =15 .Ul -7.59%
~-13.79 -13.32 =4
~-12.71 ~11.99 ~6.h2
A rRL =11l.85 YT
~1latl -10.70 ~5 .04
L -ll.32 . =918 -5.70
- TTh11.25 .17 ~5.¢L¢
~1lebhy =-8.,806 -%e
B Y -Ten? —l bk

= hl RV -4, 11
~Uebb Ol ~4 a2
~-1e07 607 ~3.i6
—heh 3 -1l ~3.249
-H.,17 -4.12 —-Zeh0
-H.07 -4 .04 T-Z.u3
—-%.07 -7a01 -1.%3

LTT"



"ASSIGNMENTS

HECK

SUBSTANGE

PERFECT GAS STATE THERMODYNAMIC PROPERTIES BY STATISTICAL THERMODYNAMIC METHODS

N=DECANE

INCLUDING HINDERED INTERNAL ROTATION CORRECTIONS BY PITZER

EXTERNAL ROTATION MOMENTS:

INT ROT MOM:
- INT HUT POTY

V1B FREQS

( 5)1

FREQ UEGENI

¢ 91

9

DEVELOPED BY K, E. BUSH

MW1142,2760

12680036

.2680=036

TP

. $780~038

243.51K

TNBP1

SYM NO:

447, 28K

1.00

,4400=039 ,1600-038 ,4400-038 ,5000-038 ,5500-038 ,5000-038 ,4400-038 ,1600-038

+4400=0

4200.
4200,

. 8000,00

TOTAL QUANTITIES

TEMP LEG K

243,51

290,00
2/3.16
298,16
300,00
Jed. 16
348,16
$/3.16
398,16
400,00
423.16
447,28
448,16

4/3.16.
498,16 -

500,00
Yed. 16
v48,16
/8,16
2Y8.16
oud, 00
617,60

LN @

T ,11531+04

112287+04
115297404
v 19123+04
e 19429+04
1 235868+04
28731+04
,34582+04
41167404
41681+04
,48508+04
,56321+04
v H6620+04
,65514+04

'.7bZUU+U4

795944404
B85682+04
v 96962+04
,10904+05
2y 12192+05
V12290+0>
2 13248+0%

22

$Y

00  1600.00

v

1440,00

14

C(0)

v 4760+02
«4864+02
19148402
W H602+02
WDHEIBE02
HB97+02

1 6543+02
6809+02

W 1285+02

W 72664+02 /i
/488402
/862+02
7876402
V8249402
WB601+02

626402y

BRI9+02
' 9086+02
1 9892+02
P683+02
W9704+02
W9878+02

950,00

1600,00

28

H(0)=H(00)

. 76998+04
179965404
91227404
«10%1140%
«10642+0%5
»11886+05
018420+0%
y19245+05
17010405
17144405,
18776405

4 2060694+05

20740405

222944405

25102+0%

29265405

v27d47+05
,28920+05
31291405
V33738405
33921 +05°
W3N726405

1600,00

1000.00

280,00

S¢0)
+12030+403
12107409
0 12611+03
(15081400
113564+098
118952408
!14427+05
1 14823+04
(16892408
«15358+08
1D /D240
10766408
116203408
e16008+08

T 16637408 )

v1/7010+03
1/985+08
17980408
118820408
L1US849+09
L LRI

1600,00

1600.00

FCO)Y=H(00)

-, 21545+05
«,22269+409
~,25327+0%
~,28410+0Y
«,28634+05
-, 3194540%
~,351554+0%
-, 38992+0%

~ 42007405

-, 42262+05
‘146213+Ob
-, 492786+0%
=,49918+05
"153723+0b
-, b7632+0>

-'57923.‘.05 T

, 61641405
=, 67199402
-, 71474409
-, 75846+05

Ste, 76172405

=-,79489+0>

1600,00  1600,00

RY
485,90
496,80
542,82
592,50
596,16
642,18
091.86
yﬁlcbﬁ
/91,22
794,88
840.90
68y,83
894,58
940,26
47,94
994,59
103v,62
L089,30
1188.98
1188.66
1192,381
1227.29

TTCt 617,60K

E(0)=E(00) _

7216404
7500404
,8H80+04
V9919404
v1002+05
01124405
1273405
1450405
11622409

T, 068%40Y

«1794+05

1978405

, LB L6Y .
L 2200+05
J2411+0%

JR4uTa0y T

20331+05
V2785405
W05 +05
V3259405
3873409
. 3450405

8TT+



APPENDIX C~15

CONFIGURATIUNAL ENERGY, CNTHALPY, AND ENTROPY AT SATURATION

PROGRAM DEVELOPED BY K. F. HBUSH AND He. W. PRENGLE, JR.

" SUHMSTANCE: [SOPROPYL ALCOHOL MOLECULAR WEIGHT: 60.0900 OMEGA: 0.7T730

TRIALE POINT: 185,20 K N-BOILING POINT: 355,39 K

CRITICAL POINT: 508,32 K _ 53.00 ATM 0.2200 L/GMOLE ZIC 0.2480

VAPUR PRESSURE CONSTANTS:

ANTOINE:T A= B.14504 B=  1581.00977 C= 218.09999 NC= 235.41866

GAMSUN-WATSON: A= 3.8997 : BL= 0.3128 B= 8.5015

FRANMCIS CONSTANTSE A= 1.0171 B= 0.64726-03 €= 9.00 E= - 507.39
G= 0.6650F-03 H= 2.89
1dPUT DATA:

TEMp "E(Q)-E(SV) E(O0}-E(00) S(0) Z{VAP) S{0)=-S{sV) STR
185.20 0.0 1678.00 65440 1.0000 24,97 35.88
273.16 0.0 3067 .00 72.11 1.0000 —8499 37.81
298416 0.0 3530.00 73.97 0.99730 . =5.67 38424
300.00 0.0 A461.00 T4.07 0.9890 -5.45 38.28
12496 10.00 4002.00 } 7H.36 0.9700 -2.76 : 38467
139,23 2N.00 - 4346.00 . T6.59 0.95C0 -1.37 38.89
3545439 40.00 4684 .00 7164 0.9438 0.61 39.12
173.10 70.00 5139.00 78.56 0.9200 1.55 39.36
398,16 . 151.00 5718.00 an.ol 0.88170 . 3.34 39.68
400.00 161,00 5760.00 80.11 0.8710 3.48 39.71
423.16 262.00 6354.00 81.98-, 0.83%0 4,95 39.99
468,16 454,00 6981.00 83,41 0.7820 654 40.27
473,16 777.00 7640.00 B4.873 0.6760 8429 40.54
4984106 1474.00 8329.00 ) Boel2h 0.48490 10.77 #0480
400.00 . 1565.00 , 3380.00 Bbal4 ) 0.4620 11.03 40.82

501.32 ’ 2546.UQ', ¢, B689.00 . ‘- 8le47 0.2480 13.61 40490



e "

et St itiatesd it gL

| PR

TeMp
1H .20
271316
2954 16
300.00
3z4.496
149.23
1H49%,. 19
3/3.156
ENHIS
4400..00
423406
Hatae Lo
Gl 16
L7 2 I )
SULJGO
508,32

Ti:mp
185.20
27%.16
29B. 10
300.00
3006
33).721%
399439
3713.16
Jubhelt
400,00
4z3.16
Han .1k
473.10
h9nalo
LU0 N0
LUn,. 32

P AIM
N0.3488L~05
0.1GH3E~OL
0.5764-01
0.6450E~01
0.24G9C 00
D019 00
0.1u00C vl
Oalv6Be Gl
Uea267 0L
Q.4H%06E U
Ve BB4%41: 0L
Qela?0L 02
Da26O0L 02
Cett379k U2
Qetv29L L2
N.5259L 02

RHO
Ga8693
U.d019
Ge.rtl}

Dol I3y -

[ W &3}

e 7440
Vel21¢9
0V.708%
D.677TH
Q0754
Vetiht33
Ueu013
O.9%%0
Ui 5G4
Vet 3fiu
0.2130

DILN P)/DT
0.1674
0.0761
0.0b16
0.0607
0.0501
0.045%1
Q.040G4
0.0%G60
0.029%
0.0295
C.02%9
0.0229
VaN204
0.0184
ua.0183
0.0LT77

cL
~9362.26
=7678.75
~6744.91
-69T71.37
-5%49,91
-4810.06
—4221.02
-333%.20
=1999.67
~1l?67.07
-711.39
433,99
1975.67
H()V5 .64
4303.32
T 6143,.00

VL, L/GMOLE

0.06912
0.07494
0.07693
0.07708
0.07929
0.08076
0.08255
0.084861
0.08866
0.08397
0.07341
0.0994973
0.11013

ND.13340

0.13701
0.22011)

eC
-11040.26
-10740.75%
~10274.91
-10138.37
-7551.91
=9156.86
—8105.062
-49494,20
~T6TT.67
—-7927.67
-7T06%.39
~-6547.01
—-5664.33
-4232.36
~407H .68
—-2546.00

VG, L/GMCLF
0./3%8E 07
0.2069E 04
O.4241E£ 03
0.3775C 03
N0.1034% 03
0.5269E 02
0.2153& 02
C.1431€ 02
D.0792t D1
ND.H345C 01
0.3393% 01
0.1832 01
02735 00
DAaS519E 00
Oe4ln6E Q0
0.2201k OO

SL
28.77
39.80
43420
43,76
4679
49,14
5022
S2eH2
50.02
5651
59.34
tl.81
65.07
69,25
69.07
73.856

PLVG~-VL)
367.931
5424658 .
591.645
589.324
624.909
6319.260
564.7304
677.996
692.469
682.450
682.644
6584262
563.566
337.591
308.700

0.0

STR%
25.16
26.48
26.79
26%82
27.11
27.28
27.46

27.66

27.94
27.7%6
28.23
28.53
28.89
29.42
29.49
30.48

NDEL E(V)
11040.
10741,
10275
10138.

9542 .
9137
8865,
B424.,
1527.
73617,
6803,
6093 .
4887
2758
2512«

0.

SCx
~-25.91
~20.99
-19.32
-18£.85
-17.01
-15.84

L =15.76
-14.24
-12.24
-1).85
-10.488

-3.86

-B.l5

-5.61

-5.34

-3.19

DEL H(V}
11408.
11283.
10867
10728,
10167.

9776
9529
9102.
821l3.
8049
7406,
6751
5451 .
3096.
2820.

O.

EC/RT
-30.00
-19.79
—-17.34
-17.01
~14.01
-13.58
-12.561
~1l.45
-7.70
-9.47
-840
-T7.35
-6.02
-4.28
-4410
—2.52

DEL S(V)
61.60
41.31
36.45
35.76
31.33
28.82
26.81
24439
20.04
20.12
17.69
15.06
11.52

6a.21
5464
0.0

SCx/R
-13.04
~-10.56

-9.72

~-9.4Y

-8.56

-T7.97

-7.93

-T.17

-06a16

-5.97

-9%.48

-4.96

-4.10

-2.82

~2.09

~1.00

0CtT



SUBSTANCE !

ASSIGNMENTS

EXTERNAL ROTATION MOMENTSS

INT RaT MaMy  { 3)3 0¢B0E"39 0+50Ee39

INT ROT pOTH ¢ 31 4000+ 00

VIB FREGY  { &)} 3020400 1423.00

FREG DEGEN: 3

TOTAL QUANTITIES ,

TEMP DG K LN @ €(o)
18529 022645 +03 0v1488Ee02
273416 0+37151E+03 p*1961E+02
29316 Or44284E403 D*R2103E+02
300,00 Qr44371E+03 0e2113E402"
3pueH6 0:53BCRE+03 Q224258402
339+23 0t59548F+03 0*2331E+02
355,39 01563660403 Q24238 +02
X VATRL) 0+ 758218403 0*2526E+07
398016 019009/7/£403 Q2653 +Q2
400109 0s91228F403 0v2669E+02
423416 0v10hAL1E+04 QrA784E+02
448016 OrlPanbtE+04 Q'2912E+0?
473+16 00145435404 0*303vE 402
498416 Ot 168E5F 454 031542402
200¢32 0217002E404 Q*31635+02
9n8.32 0r 173140404

PERFECT GAS STATE THERMBDYNAMIC PROPERTIES BY STATISTICAL THERMODYNAMIG METHEDS

INCLUDING HINDERED INTERNAL ROTATIEN CORR{CTIUNS By PITZER

I1SHPRAPYL ALCHHAL

DEVELOPED OY Ka £

MWl 60.0970

0r2700E~37

©Qr3178E402

4000+00

BUSH
TTPY 185¢20K
0+2700Ew3? Qe 1170E~37
0+13E=39
80000
117300 917+00 §00+00
5 4
0i90n65E008 04658008402
0e360525+04 Qs+72112E+02

Cir41221E+CH
Qeb1570E+04
OrbGHOIE+CY
0¢50203E+04
053902+
CyB20010+04
096507 1E40H
Ce6HBHRE G
De749515+CH
Ce78719L+04
01858000 +04
0.03135L+04

Ce9374CE+Q4

Ce96992L 404

0739755402
Qa274C7.,E402
O 78360E+Q2
Ce/76590E+02
Qe /7844E+052
Q785638402
GeBOCO7E+QR
Ce80113E+02
CeplboapL«02
0v83410E+07
Qeg45235+02
CaROH230E+D2
CeB6341E+02
Cod7467£+02

TNBP}

SyM N8t 1,00

h00,00

CP(0)eR(00)
w0 10066E+CS

=0s16093E405 |

Q179346405
-0t Li806LE+05
w0219812E405
=0+2D9A2E405
*0r22205£+05
~0¢23416E+08
“0e2H346E405
~0e254205+05
wD12700654+05
0 29509E405
rQe3155754+05
«0s33560154C5
~0¢33776E405
w0+34761E+05
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APPENDIX D—-~CONFIGURATIONAL ENTROPY

In a manner similar to the energy the entropy can be

represented by,

SL = STR + SER + SI + SC
-— 3 [e] o -—
= STR(llq) + SER + SI + SC (D-1)
or,
- - . _ a0  _ ° ‘ -
SC = SL STR(llq) SER SI | (D-2)

' The important difference is that STR(liq) # S%R! How can it be
calculated?

By analogy with the translational partition function for a
perfect gas, a liquid phase partition function might be defined

as,
N N N
2mkT 3N (vl 2wk 3N (Vi) v
k)= 0 o 2k S5 L () (03
h : h : L

dpg (1iq)

where conceptually Vf is a free volume in which the liguid trans-

lates. Then,

W N N
_ 3N 2mmk, 2 (V") \Y% _
dln g
TR 3N :
(—357 )y = 3% (D-5)
9 1In drgr
Substituting (4) and (5) into (6) gives,
3/2 £
. _ S5R KT ,27mkT v _
STR(llq) = '-2—— 4+ R 1n f)—o- (?———) + R 1n W—o (D 7)
The first two terms on the right are recognized as S%Ri then,
f .
L RT/P° v _
STR(llq) = STR R 1n 7 + R 1n T (D-8)

L L
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Substituting into (2) gives,

£
- _fao RT/P° _ Z_ _ @6 _go
Sc = Sp —(Spr -R In =5%=—) -R 1ln 5— -S&. -S2
L L
and
vE o RT/P°, _co _co
(Sc + R 1In _\—7-—) = SL —-(STR -R 1ln 7 ) —SER --SI (D-9)
L - I
Now since Vf is unknown, let (left hand side),
% f
S. = S.+RI1n L (D-10)
cC T TcC VL

Finally, the calculatable configurational entropy can be
represented as,

'pO
RTé‘ ) -Sg, -82 (D-11)

*
= -— o —
S SL (STR R 1n .

C




APPENDIX E

NOMENCLATURE

A, B, C = Antione Constants
AF¥, BF, CF, EF, GF, HF, = Francis Constants

AG, BG, b = Gamson - Watson Constants

Cg = Heat capacity of the perfect gas
Eg = Enerqgy of the perfect gas at 0°k
E® = Enerqgy of the perfect gas
ETﬁ = Translation energy of the perfect gas
EE% = External rotational energy of the perfect gas
EIE = Internal rotational energy of the perfect gas
EV%B = Vibrational enexrgy of the perfect gas
E%L = Electronic energy of the perfect gas
EL = Total energy of the liquid
E, = Configurational energy of the liquid
Eopp = Configurational energy at the triple point
E; = Internal energy of the liquid
Epg = Translational energy of the liquid
g%V = Energy of the saturated wvapor
A E iv = Energy difference between.the perfect gas and-the

saturated vapor



A EY = Encrgy of vaporization
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AE AV S Energy difference between the saturated liquid and
the liquid at a point above saturation pressure

Hh
i

Fugacity
F~ = Free energy of the perfect gas

Ff = Free energy of free rotation

H 2 = Enthalpy of the perfect gas at 0° x
i = Enthalpy of the perfect gas

‘ %Y = Enthalpy of the saturated vapor
A H = Enthalpy of vaporization

/’

I = Moment of inertia of the molecule

IX = Moment of inertia of the molecule about the
IY = Moment of inertia of the molecule about the
IZ = Moment of inertia of the molecule about the
IR = Reduced moment of internal rotation

M = Molecular weight

n = Number of maximi of the potential barrier to

rotation per rotation
N = Number of atoms in the molecule

NC = Modified Antoine Equation constant

=

X axis
Y axis

7 axis

internal

TR = Number of degrees of freedom of translational motion
NER = Number of degrees of freedom of external rotation
NIR = Number of degrees of freedom of internal rotation
P = Vapor pressure
P® = Pressure at which a substance exists as a perfect gas
PV = Vapor pressure of saturated vapor
Q = Partition function
q = Mode partition function
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R = Gas constant
s© % Entropy of the perfect gas
S£ = Entropy of free internal rotation
SC = Configurati?nal entropy of the liquid
*
_Sg = Sc + R 1n %;
SCTP = Configurational entropy at the triple point

8, = Total entropy of the liquid

n

SER External rotational entropy of the liquid
s®V = Entropy of the saﬁurated vapor
ASV = Entropy of vaporization
AS zv = LEntropy difference between the perfect gas and the
saturated vapor
T = Temperature
TC = Critical temperature
TR = Reduced temperature
TTP = Triple point temperature
V = Potential of restricted internal rotation as defined by
Pitzer
Vf = Free volume of the system
VG = Gas volume
VL = Liquid volume
. X =NC ~273.16 + T
Y = Dummy variable, 1.4387 v/T

Z = Compressibility factor

|

p = Liguid density
Pe = Critical Density
Ppp = Density at the triple point

0 = Number of equivalent positions of the molecule

Il

Y Frequency of the molecular vibration
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w = Acentric factor



