ABSTRACT

The 'Group Solution' model, which treats a
solution as a hypothetical mixture of the constituent
functional groups, has been extended to predict the
heats of mixing of liquid mixtures.

The model has been tested using published
data for mixtures containing long-chained n-alkanes and
n-alcohols at 25°C and 45°C and has been found to be
satisfactory. The root-mean-square deviations of the
predictions range from 3% to 17%.

Attempts were also made to predict heats of
mixing of ternary systems containing hydroxyl groups
and methylene groups. Surprisingly good results were

also obtained for ternaries.




HEATS OF MIXING OF SOLUTIONS BY A GROUP SOLUTION MODEL



9

McGill University

HEATS OF MIXING OF LIQUID SOLUTIONS BY
A GROUP SOLUTION MODEL

A

Thesis
by
Nguyen Thi Huong

Department of Chemical Engineering

McGill University

Under the supervision of

Dr. G.A. Ratcliff

Submitted to the Faculty of Graduate
Studies and Research in partial
fulfillment of the requirements for

the degree of Master of Engineering

(© Nguyen Thi Huong 1971 ;

July 1970




To my mother

N.T.H.



ACKNOWLEDGMENTS

The author wishes to express her gratitude to
the following people who made the completion of this

work possible:

To her director, Professor G.A. Ratcliff, for
his kind assistance and guidance on this project;

To the academic staff of the Department of
Chemical Engineering, particularly Dr. M. Lusis, for

many useful suggestions;

To the National Research Council of Canada

for financial assistance.




TABLE OF CONTENTS

ACKNOWLEDGMENTS
TABLE OF CONTENTS
LIST OF FIGURES
LIST OF TABLES
INTRODUCT ION

THEORY
Group solution model and activity coefficients

Group solution model and heats of mixing

PREDICTION METHOD
Requirements for testing the model
Treatments of heat-of-mixing data

Determination of group excess enthalpies from
published data

PREDICTION RESULTS
Binary mixtures
Ternary mixtures

Limitation of the application of the model
DISCUSSION OF RESULTS
NOMENCLATURE

REFERENCES

10
10
17
20

33
33

62
63
65
66



APPENDIX A

Computational data for the reference system
n-butanol + n-hexane

APPENDIX B
Predicted data on heats of mixing
Binary n-alcohol + n-alkane systems at 25°¢C
Binary n-alcohol + n-alkane systems at 45°¢

Ternary_n-alkane + two n-alcohols systems
at 25°C

Binary n-alcohol + n-alcohol systems at 25°¢C

APPENDIX C
Fortran programs
Spline-fit programs
Forsythe polynomial programs

Programs for prediction of heats of mixing



Figure

10

11
12-20
21-25

26

-iv—

LIST OF FIGURES

Plot of AHM vsS. composition

M
Plot of AH /x]x2 VS. X]

Plots of AHM/x X  VS. X for the system
ay g ay
n-butanol + n-hexane at 25°C and 45°C
Plots of AH. vs. X for n-propanol
a3 CH2
systems at 25°¢C
Plots of AR vs. X for n-butanol
a CH2

systems at 25°¢C

Plots of AHH vs. X for water systems
H20 OH
at 25°C

Excess enthalpies of CH2 group at 25°¢
Excess enthalpies of OH group at 25°¢
Excess enthalpies of CH, group at 55°0¢
Excess enthalpies of OH group at 45°¢C
Graphical representation of Equation (22)
Heats of mixing for binary systems at 25°¢C
Heats of mixing for binary systems at 45°¢

Extrapolation of HOH curve at 25°C from

methylene group fraction of 0.80 to 0.75

Page

17

19

20

22

23

L
26
28
29
20
33
35-43
44-48

51



Figure

27

28-35

Page
Extrapolation of HCH curve at 25°¢ from
2
methylene group fraction of 0.80 to 0.75 51

Heats of mixing for ternary systems at 25°¢ 52-59




10

50

-vi-

LIST OF TABLES

Data sources on excess properties of mixing
Fitted parameters for group excess enthalpies

Root-mean-square deviations from experimental
data

Fitted parameters for the extrapolated curves
and predictions results for ternary systems
at 25°C

Heat-of-mixing data for the system n-butanol
+ n-hexane

Computed excess enthalpies of methylene group
at 25°C. Reference system: n-butanol +

n-hexane

Computed excess enthalpies of hydroxyl group
at 25°C. Reference system: n-butanol +
n-hexane

Computed excess enthalpies of methylene group
at 45°C. Reference system: n-butanol +
n-hexane

Computed excess enthalpies of hydroxyl group
at 45°c. Reference system: n-butanol +
n-hexane

Predicted data on heats of mixing
Binary n-alcohol + n-alkane systems at 25°¢C
Binary n-alcohol + n-alkane systems at 45°C

Ternary n-alkane + two n-alcohols systems
at 25°C
Bina5y n-alcohol + n-alcohol systems at

257C

1
31

%9

60

A-3
A-}

A-5

B-1
- B-41



52
53
54

55

57

58

59

60

61

62

63

~vii-

Spline-fit program - Input-output format
Nomenclature of output

Spline-fit program - Fortran statement
Spline-fit program - Sample of output

Forsythe polynomial program - Input-output
format

Forsythe polynomial program - Fortran
statement

Forsythe polynomial program - Sample of
output
Program for prediction of AHM for n-alcohol

+ n-alkane systems at 25°C - Input-output
format

Nomenclature
of output
Program for prediction of AHM for n-alcohol

+ n-alkane systems at 25°C - Fortran
statement

M

Program for prediction of AH for n-alcohol

+ n-alkane systems at 25°C - Sample of
output
Program for prediction of AHM for n-alcohol
+ n-alkane systems at 45°C - Fortran
statement
Program for prediction of AHM for n-alcohol
+ n-alkane systems at 45°C - Sample of

output
Program for prediction of AHM for n-alcohol
+ n-alcohol systems at 25°¢C - input-output
format
M

Program for prediction of AH for n-alcohol

+ n-alcohol systems at 25°C - Fortran
statement

C-22

c-27

c-29

c-31

c-32

C-35

C-36



65

66

67

-viii-

Program for prediction of AHM for n-alcohol
+ n-alcohol systems at 25°¢C - Sample of
output
Program for prediction of AHM for ternary
systems at 25°C - Input-output format

Program for prediction of AHM for ternary
systems at 25°C - Fortran statement

Program for prediction of AHM for ternary
systems at 25°¢ - Sample of output

c-38

c-39

c-40

C-42



INTRODUCTION

The enthalpy change of mixing represents one of
the few practical entry points into the network of functions
relating the thermodynamic properties of functions. Vapor-
liquid equilibrium data represent another commonly used
entry point. Enthalpy change of mixing information is very
useful in constructing theories of the liquid state.

In the last few years, data on heats of mixing
have become more generally available due primarily to the
improvements in calorimetric equipment. This study concerns
itself with the application of a group solution model to the
prediction of heats of mixing using recently published data
for mixtures containing hydrocarbons and alcohols.

In dealing with mixtures of molecules in terms of
their constituent groupings of atoms, it should be clear
that in some way account must be taken of (1) the interac-
tions of various groups which can occur in solutions and in
the standard state, (2) the restrictions imposed upon these
interactions by the organization of the groups into mole-
cules, and (3) the organization of the molecules in the
solution and in the standard state.

Even for mixtures of simple molecules, the effects
are so complicated that completely satisfactory models have
yet to be developed. However, what is needed are perhaps

less detailed and simpler models.



One of the earliest descriptions of simple mixtures
in terms of groups was given by Langmuir (1) some forty years
ago. Langmuir stated that the force field around a group of
radical is largely independent of the nature of the rest or
the molecule.

Butler et al. (2) studied a series of solutes at
infinite dilution in a given solvent and observed a simple
relation between solute carbon number and its activity coef-
ficients. He also indicated that this relation depends
roughly on the nature of the polar grouping.

Some ten years later, Pierotti et al. (3), as had
Butler, considered the infinitely dilute solution and deter-
mined the dependence of the limiting activity coefficients of
families of systems of fixed structural type upon solute and
solvent structure. Pierotti, Derr and Redlich (4) further
developed a group interaction model which calculates the
heats of solution as the sum of contributions from interact-
ing groups proportional to the number of groups present, a
group cross-section characteristic of each kind of group, and
an interaction energy characteristic of each group pair. It
provides a van Laar-like relation for the partial molar ex-
cess heats with concentrations expressed in surface fractions.

In a comparison paper, Papadopoulos and Derr (5)
provided a preliminary test of this model for hydrocarbon
systems. It is still not clear, however, how successful this

free energy model can be in treating polar systems.
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Recently an extension of the above theoretical
model to polar mixtures has been done by Chao et al. (6).
The interaction frequencies between groups were considered
to be independent on both geometrical and energy properties.
The model was tested satisfactorily on alcohol and paraffin
systems.

The group solution proposed by Wilson et al. (7)
does not restrict the molecular activity coefficients to a
van Laar-type relation, but nonetheless estimates the par-
tial molar excess free energy as the sum of the group con-
tributions and provides a concentration dependency on these
group contributions. In this case, a 'group' portion of the
partial excess free energy is taken as the difference bet-
ween contributions in solution and molecular standard state,

*
log Y? = E N ; (log rk - log rk ) (1)

where the log ['s represent the group contribution in the
solution, the superscripts G and * denote the group contri-
bution and the standard state respectively, and Nki is the
number of groups of type k in the solution.

[ is taken as a function of the group composition,

rk = fk (X], X2 e s ) (2)
where
izxi Nii
Xk = TTx N (3)
k) ki

The molecular activity coefficient is taken as the

sum of the group contribution and a contribution concerning



the size,

G

log v, = log vj + log y? (%)

where the size contribution represents the only distribution
between the environment of the same group constitution and
the different molecular constitution. It is evaluated with
a Flory-Huggins-like expression using only the number of

groups in the respective molecules of the mixtures:

i i

log ¥ = log =i 433 (1 - L
g Y3 OgEx.Ni+O’33( <, N (5)

1 ] 1

Wilson applied such an approach to two fairly
extreme cases - CH2-OH and CH2-CN mixtures - making no dis-
tinctions between methyl and methylene groups.

As this model is appliied to paraffin mixtures, the
values obtained are numerically too large. One may think
that the size contribution has been overestimated. This
conclusion leads to the modified group solution model of
Ratcliff and Chao (8) which will be discussed later in det-
ail.

Recently, Scheller (9) has used a 'solution of
groups' idea to make a correlation of a broad range of mix-
tures. The log y's term was calculated in terms of molar
volumes rather than the group numbers. With six base sys-
tems involving hydrocarbons and alcohols and water, log Y's
appeared to be generally within 10% of experimental valves.

Finally, in the most recent paper, Derr (10) has

used the analytical solutions of groups approach. The
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concentration dependencies of log [ in binary group systems
is presented. The technique is particularly attractive for
handling complex systems which contain many more kinds of
molecules than kinds of groups since fewer adjustable para-
meters are required.

Thus, it is apparent that the approach of treating

liquid mixtures in terms of their constituent groupings can

be of considerable practical use.
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THEORY

Group Solution Model and Activity Coefficients

Ratcliff and Chao (8) have modified the group
solution model of Deal and Wilson (7) to predict excess free
energies of liquid mixtuires. The model postulates that the
non-ideal behavior of a molecule in solution may be broken
down into two independent parts. One is associated with the
overall skeleton of the molecule and the other with the
interactions between the functional groups of the molecule
and those present in the solution. In terms of activity

coefficients, one can write:

log v, = log Y? + log Y? (6)
where the subscript i identifies the molecular species, and
the superscripts S and G denote the skeletal and group con-
tribution respectively. The skeletal contribution accounts
only for the differences in size of the molecules. It can
be estimated using the Bronsted and Koefoed (11) correlation

for mixtures of n-paraffins:

tog v; = B (N, - ZN

J

5 x)° (7)

The summation is over all molecular species in the
solution and represents the average size of the molecular
skeletons in the solution. For binary mixtures, Equation

(2) reduces to:

log Y? = B (N - N2)2 xg (8)
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The group contribution to log Y; is assumed to be
the sum of the individual contributions of each group pres-
ent, i.e. all the groups are assumed to act independently.
Each group is assumed to be an individual entity in a solu-
tion of groups.

A group activity coefficient [ is defined in a

similar manner to a molecular activity coefficient v,

G _ ) *

log v = E N.; (log rk log Fk ) (9)
where Nki = number of groups of type k in molecular species i
and Pk* = activity coefficient of group k at standard state

And finally, the group solution model postulates
that the group activity coefficients are functions of temper-

ature, pressure and composition:

log I, = f, [Xys Xo « v+ X T, P] (10)

where . ? x_i Nkj (]])
= T TN. X.
k o NkJ xJ

Group Solution Model and Heats of Mixing

The model has been extended to heats of mixing of

liquid mixtures. The molar heats of mixing of liquid mixe-

tures can be expressed in a similar manner to the activity
coefficients:
aHM = aRS + AHE (12)

where the superscript M denotes the mixing function, and S
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and G denote the skeletal and group contributions as before.

The skeletal contribution to heats of mixing
accounts only for the difference in size of the molecules,
and could be estimated from the heats of mixing of mixtures
of n-paraffins, as in this case. There are no specific
group interactions.

' M

The group contribution to AH is assumed to be the

sum of the individual contributions to each group present,
i.e. all the groups are again assumed to act independently

and the excess enthalpy of a group, H, is defined as:

—G ¥

ARY = ENki (He - H) (13)
where Nki = number of groups of type k in molecular species i
and Hk* = excess enthalpy of group k at standard state.

The standard state chosen for a group is that of
the pure molecular species i under consideration. This
agrees with normal practice, and assures that the partial
molar heats of mixing are zero for pure compounds.

The same group must be referred to different stand-
ard states, depending on the molecular species under consid-
eration. Thus, if aliphatic alcohols are considered to be
made up of methylene and hydroxyl groups, then the standard
state of the hydroxyl group in n-butanol is a state in a
solution containing 20 group % hydroxyl and 80 group % methy-
lene. The standard state of n-hexane is a state containing

100 group % methylene.
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The definition of the standard state of the excess
enthalpies of group k is computed by specifying the tempera-
ture and pressure. The final postulate of the group solution
model is that the excess enthalpies of group k are functions
only of group composition, temperature and pressure:

H o (Xys Xy « « « Xps T, P) (14)

k
where X, is given by Equation (1),

% x_ N

L X
_
X = T3 x.

k J

Kj

N, .
J kJ

Equations (13) and (14) assume that the molecular forces act-
ing on a group and on a whole molecule are uniquely deter-
mined by the average group composition of the solution, i.e.

are independent of how the groups are joined together in the

molecules.

The importance of the group solution model is that
it enables us to calculate the properties of any mixture from

known data on other mixtures of similar molecular groups.
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PREDICTION METHOD

Requirements for Testing the Model

The data for a test of the model should satisfy
the following requirements:

1. Heat-of-mixing data should be available as a
function of composition. The composition

range should be as wide as possible.

2. The data sHou]d be at the same temperature
and pressure.
3. The number of the groups present in the mix-

ture must be greater than the number of

molecular species, since otherwise there are

insufficient equations to determine heats of

mixing.

A literature survey of heat-of-mixing data for
systems containing n-paraffins and aliphatic alcohols has
been done, as shown in Table 1.

These mixtures could be regarded as mixtures of
groups of methylene and hydroxyl. Methyl groups are regar-
ded as equivalent to methylene so that a paraffin molecule
consists entirely of methylene. Aliphatic alcohols consist

partly of methylene and partly of hydroxyl groups.
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TABLE 1

Data Sources on Excess Properties of Mixing

System Range, °c Data Source
n-hexane + n-hexadecane 20, 30, 40, 50 12
n-octane + n-tetradodecane 76 13
n-hexane + n-hexadecane 20 14

n-pentane + n-hexadecane
n-heptane + n-hexadecane
n-octane + n-hexadecane
n-nonane + n-hexadecane

n-pentane + n-decane

n-hexane + n-hexadecane ho, 51, 60, 76 15
n-octane + n-tetradodecane 51, 76
n-hexane + n-tetradodecane 60, 76, 96, 106 "
n-hexane + n-hexatridecane 76 "
n-octane + n-ditridecane

n-heptane + n-hexatridecane
n-nonane + n-hexatridecane

n-hexane + n-hexatridecane

n-decane + n-hexadecane as f(T) 16
n-octane + n-hexane
n-heptane + n-hexadecane

n-hexane + n-hexadecane 1



ethanol

ethanol
n-propanol
ethanol
n-butanol
n-pentanol
n-octanol

n-octanol

n-hexanol
n-decanol
n-butanol

n-hexanol

methanol
ethanol
n-propanol
i -propanol
n-butanol

t-butanol

methanol
2-propanol
ethanol

1 -propanol

TABLE

System

+

+

+

<+

n-decanol

n-hexane
n-heptane
n-nonane
n-heptane
n-hexane
n-heptane

n-nonane

n-heptane
n-heptane
n-undecane

n-undecane

-12-

1 (cont.)

water (high dil.)

water "
water
water
water "

water n

water
water
water

water

k.75,

Range,

35

C

15, 25

Data Source

17



methanol
ethanol
n-propanol
n-butanol
n-pentanol

n-hexanol

methanol
ethanol
ethanol
ethanol
n-propanol

isopropanol

ethanol

n-heptane

n-tetradecane + n-propanol
+ n-octanol

n-heptane
n-heptane
n-heptane
n-heptane

n-heptane

-13-

TABLE 1 (cont.)

System

+ water
+ water
+ water
+ water
+ water

+ water

+ n-hexane
+ n-heptane

+ n-hexane

+ cyclohexane

+ n-heptane

+ n-heptane

+ n-octane

+ n-propanol
+ n-pentanol

+ n-octanol
+ n-pentanol
+ n-propanol
+ n-ethanol

+ n-decanol

(high dil.)

Range, °c

25

30, 45, 64
30, 60
30, 35
25, 35

30, 40, 45

30, 45, 60

20, 25, 30

25

Data Source



“14-

TABLE 1 (cont.)

System
methanol + n-hexane
ethanol + n-hexane
n-propnaol + n-hexane
n-butanol + n-hexane
n-hexanol + n-hexane
n-octanol + n-hexane
ethanol + n-hexane
ethanol + n-nonane
n-pentanol + n-hexane
n-butanol + n-heptane
n-octanol + n-heptane
n-octanol + n-nonane
methanol + n-hexane
methanol + n-heptane
methanol + n-butanol
ethanol + n-butanol
n-propanol + n-butanol
n-butanol + n-hexanol
n-butanol + n-octanol
n-butanol + n-decanol
methanol + n-octanol

Range, °c Data Source
45 25
25, 35, 45 "
1 1" 1 1]
30 6
11 1
H 1

25’ 30, 34,

40, b5, 50 26
30, 45, 60 "
25 27



ethanol
n-propanol
n-hexanol

n-octanol

ethanol
n-propanol
n-pentanol
n-octanol
n-decanol
ethanol
n-propanol
n-pentanol
n-decanol
n-octanol
n-propanol
n-pentanol
n-octanol
n-decanol
ethanol
ethanol
ethanol
ethanol

n-propanol

TABLE 1 (cont.)

System

+

n-octanol
n-octanol
n-octanol

n-decanol

n-heptane
n-heptane
n-heptane
n-heptane
n-heptane
n-octane
n-octane
n-octane
n-octane
n-octane
n-tetradecane
n-tetradecane
n-tetradecane
n-tetradecane
n-proparol
n-pentanol
n-octanol
n-decanol

n-pentanol

_]5_

Range, °c
25
"
1
H
20, 25, 30

Data Source



TABLE 1 (cont.)

System

n-propanol
n-propanol
n-pentanol

n-pentanol

-+

+

-+

+

n~-octanol
n-decanol
n-octanol

n-decanol

-16-

Range

s

°¢c

20, 25, 30

1

Data Source
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Treatments of Heat-of-Mixing Data

The greatest difficulty in fitting the heat-of-
mixing data is thought to be due to the extreme skewness of
the heat-of-mixing curve. |t was almost impossible to
achieve a good fit in the dilute-composition regions.
Attempts to fit the data directly, i.e. to fit AHM data
against composition by power series would be very unsuccess-
ful since the fitted curve could show inflection points, as

is shown in Figure 1.

—-
Region of -
g ' Un§X| Region
pected inflection! of
; i
points ! | unexpected
| inflection
M I poi
M | points

Composition

FIGURE 1

This is particularly important since the data are
to be differentiated. Accuracy in representing these curves
seemed to be related to the steepness of the curves in one

or more parts of the composition interval as compared with

other parts.
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Van Ness (29) recently pointed out that one of the
best ways to treat the thermodynamic excess data is the
spline-fit method. This is a method for smoothing, inter-
polating and differentiating data. This method is very
acceptable, as no unwarranted inflection points could be

introduced.

The spline~-fit technique was first introduced by
Landis and Nelson (30). This method puts a different cubic
between two successive data points such that the curves pass
exactly through each of the two data points, and the first
two derivatives of the curve on the right-hand side of the
data point are equal respectively to the first two deriva-
tives of the curve on the left-hand side of the data point,
all derivatives being evaluated at the data point.

Since the curves pass exactly through each data
point, the spline-fit accomplishes no smoothing of the data
and represents random errors in the data at least as faith-
fully as it does the large scale trends. Van Ness (31)
modified this method by defining interval boundaries in such
a way that each interval may contain a number of data points.

The extended method thus provides a means of smoothing the

data.

For our heat-of-mixing data, the smoothed curves
of AHM/x] Xy were extrapolated to reasonable intercepts if
possible, and these values were used to anchor the end point

(Figure 2), although the extrapolation is not really necess-

ary.
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--= Extrapolated

M
AH
X1 %2

- o

X{| —e

FIGURE 2

The n-butanol + n-hexane system was chosen as the
base system in computing the group excess enthalpies because
of the following advantages:

- The two components of the system have the
shortest size lengths in the sense that the

skeletal contribution of this system, i.e.

the heats of mixing of the n-pentane + n-

hexane system, can be easily estimated.

- The curves AHM/x‘ X, are shown in Figure 3.

No inflection point could be introduced and

hence, there is a better chance of fitting

them.

The partial molar heats of mixing are calculated

@ from the first derivatives of the spline-fit of AH'/x, x.,
P 1 %2
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B = 8 (v + x %%) (15)
M
AH
H‘lg = x; (y -T—:'L;;]') (16)
where M

X1 X2

n-butanol + n-hexane system at 25 and 4500

T T T T

6
000 A At 45°C

A
\ m At 25°C
A

\,
\
AHM 4000 \ A
xa4 th \ \
Ad

(JOULES/ Ny \
MOLE ) \ A
2000}~ .'\\ \
. \
o 2 1 | |
o 2 4 Xay 6 -8 1
FIGURE 3

Determination of Group Excess Enthalpies from Published Data

In order to cover the whole range of group composi -
tions, the skeletal heats of mixing of short-chained binary
mixtures must be available. Heat-of-mixing data for some
short-chained mixtures of n-alkanes, e.g. methane + n-propane
(32), are reported at very low temperatures (- 173°Cc). Cor-

rections for temperature would be very dangerous.
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It was thought that one could back-calculate the
skeletal contributions of these short-chained mixtures. The
partial molar heats of mixing of different series of mix-
tures of the same one component were computed and plotted
against the group fraction (Figures 4-6); for example, for

n-propanol systems, Zﬁg > the partial molar heats of mixing

of n-propanol in different n-propanol mixtures, were plotted

against XeH, These curves exhibit similar shapes and are
2

almost congruent. From Equation (7),

—_M — g % S
AHa3 = 3 (HCH2 HCHQ) + (HOH HOH) + AHa3 (18)

One can see that at certain methylene group compositions,
the differences among these curves must be due to the last
term in Equation (18), i.e. to the skeletal heat of mixing.
The same conclusion is also tirue for n-butanol systems.

However, for the water series (Figure 6), these
curves behave differently. The curves of the partial molar
heats of mixing of water, ZﬁgH, in the three water + alcohol
systéms have markedly odd shapes,'and the skeletal contribu-
tion of these systems could be very large (e.g. ~ 103), as
indicated by the differences among these curves. Thus, it
is not easy to back-calculate this term. The problem of
estimating the skeletal heats of mixing of short-chained
systems remains unsolved.

In the present work, attempts will be made to pre-

dict heats of mixing of long-chained mixtures of n-alkanes

and n-alcohols only.
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FIGURE 4

M

Plots of AHa versus XCH for

3 2
n-propanol systems at 25°C
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FIGURE 5

-—M
Plots of AHa4 versus XCH for

2
n-butanol systems at 25°C
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FIGURE 6

M

Plots of AHH20 versus XOH for

water systems at 25°¢C
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‘E’ The group excess enthalpies for mixtures of
methylene and hydroxyl groups were computed from the data of
Brown, Fock and Smith (25) on the system n-butanol + n-
hexane at 25°C and 45°C. The skeletal contribution is prac-
tically negligible in this mixture; for example, at 20°c,
the heats of mixing of the n-pentane + n-hexane mixture are
of the order of 1 to 2 joules/mole as calculated from the

data of McGlashan and Morcom (12). Hence,

_ 1 =
HCH2 = % PHpexane (19)

The standard state of group excess enthalpy HéH
2

is zero for a paraffin and hence does not appear in Equation

(19). Computed group excess enthalpies HCH are shown in
2

Figure 7 for the methylene group fraction ranging from 0.80
to 1.0.
For the evaluation of HOH’ we first extrapolated
HCH to a methylene group fraction of 0.80, since this cor-
2
responds to the standard state concentration of the groups

in pure n-butanol. For methylene in n-butanol, we thus find:

*
HCH2 = 2]10. (20)

Rearranging Equation (8):
— *
How = MMputanot ~ * (Hew, = Hen,) (21)

*
HOH of n-butanol is chosen to be zero. Here we are concerned

with the difference in group excess enthalpies; therefore the

standard state chosen for the reference system is quite arbi-

trary.
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FIGURE 7

Excess Enthalpies of CH2 Group
at 25°¢C
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The computed values of HOH are shown in Figure 8.
Figures T and 8 are incomplete in the group composition
range, but nevertheless could be used for testing the model
on mixtures of long chains.

Data of the same system at 45°C were used to
determine the excess enthalpies of methylene and hydroxyl
groups in a similar manner as at 25°C. Results are shown on
Figures 9 and 10.

The gap in the group composition data for the
reference system was filled by the data of Ramalho and Ruel
(2%) for the systems n-octanol + n-octane and n-pentanol +
n-octane at 25°C, and by the data of Van Ness (i8) for the
system n-octanol + n-octane at 45°C. Fitted parameters for

Hhy @nd H are tabulated on Table 2, the Forsythe poly-
OH CH,

nomial method (33) being used.

| f the group solution model is satisfactory, these
curves should represent the non-ideal behavior of long-
chained paraffin and n-alcohol solutions at the two tempera-

tures. Interpolation and slight extrapolation should be

satisfactory.
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FIGURE 8

Excess Enthalpies of OH Group
at 25°C
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FIGURE 9

Excess Enthalpies of CH2 Group
at 45°¢
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FIGURE 10

Excess Enthalpies of OH Group

at 45°¢
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TABLE 2

Fitted Parameters for Group Excess Enthalpies

_ m
y o= g Am XCH2
Coefficients Aq x 1073 Ay 1073 A, x 1073 Ay x 1073 A, x 1073
T = 25°C
y = HCH - 2.864T449 7 .6687539 - 4,801 - -
2
y = Ln HOH
- 14.3709 64 .5469 - 108.6505 81.2403 - 22.759754
(0.80 <XCH2< 0.9444)
y = Ln H
OH 0.15209 - 0.33038 0.1870599 - -
(0.944h (X, €0.9916)
2
y =H
OH 659.285 - 649.285 - - -

(0.9916 (xCH2 {1.0)

- lg_



TABLE 2 (cont.)

(0.9286 <xCH2 {1.0)

Coefficients Ay X 1073 Ay X 1073 Ay x 1073 Ay x 1073 Ay x 1073
T = 45°%¢
y = Ln HCH - 3.77753 17.27207 - 29.5606 22.481 - 64.14875
2
y = Ln HOH
10.18123 - 49.91294 90.916313 - 73.024188 21.185534
(0.80 <Xy €0.9286)
2
y = Ln HOH
- 1.1312% 3.5962285 - 3.8078923 1.3518303 -

-2€-
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PREDICTION RESULTS

Binary Mixtures

The model has been tested using the data of
Ramalho and Ruel (24) at 25°C, and of Brown, Fock and Smith
(25) and Van Ness (26) at 45°C.

The skeletal contributions in these mixtures were
evaluated from n-hexane + n-hexadecane heat-of-mixing data,
using the limited principle of congruence formulated by

Holleman and Hijmans (15):

s s Np-6 s
]6-N‘ S '

Equation (22) is shown graphically in Figure 11.

S
AH (6,16, M e e e e e e e -
aH%6 16Nl e TS
AHS<N,.N2 :
] {
1 |
i
f [
S | i
AHT{6, ]6,N]) afunteid 1
i ! i
i | [
i i
I l
L P |
6 N'I n N2 ]6

FIGURE 11
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‘ﬂ’ The four mixtures referred to in Equation (22) are:

1. (N], Ny, n) is the mixture for which the
values of skeletal heats of mixing are
to be computed.

2. (6, 16, n) refers to a reference system
having the same average number of carbon
atoms equal to n.

3. (6, 16, N;) is the mixture corresponding
to the reference system having an aver-
age number of carbon atoms equal to N].

4, (6, 16, N2) is the mixture corresponding
to the reference system having an aver-

age number of carbon atoms equal to N2.

Predicted results are shown in Figures 12-25. The
root-mean-square deviations from the experimental data are

tabulated in Table 3.

The model thus correctly predicts the heats of

mixing of n-alcohol and n-alkane mixtures.
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FIGURE 12

Heats of Mixing at 25°C for the System

n-pentanol + n-heptane
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FIGURE 13

Heats of Mixing at 25°C for the System

n-pentanol + n-octane
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FIGURE 14

Heats of Mixing at 25°C for the System

n-pentanol + n-tetradecane
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FIGURE 15

Heats of Mixing at 25°C for the System

n-octanol + n-heptane
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FIGURE 16

Heats of Mixing at 25°C for the System

n-octanol + n-octane
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FIGURE 17

Heats of Mixing at 25°C for the System

n-octanol + n-tetradecane




Ol 08’ 09" ov: 0T

I T I ] 0
= / -1002

Q.
—~ | —1009
- paldipal4 — -1008
eleg ‘M7 ©
! | ! 000l

~ 3T0W/ S31Nor ‘WHV



-41-

FIGURE 18

Heats of Mixing at 25°C for the System

n-decanol + n-heptane
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FIGURE 19

Heats of Mixing at 25°C for the System

n-decanol + n-octane
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FIGURE 20

Heats of Mixing at 25°C for the System

n-decanol + n-tetradecane
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FIGURE 21

Heats of Mixing at 45°C for the System

n-pentanol + n-hexane
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FIGURE 22

Heats of Mixing at 45°C for the System

n-hexanol + n-hexane
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FIGURE 23

Heats of Mixing at 45°C for the System

n-octanol + n-hexane




pajoIpald
eleq ‘W] ©

{ i | i

00z

ooy

009

008

70N 7 S3TNOP N HV



FIGURE 24

Heats of Mixing at 45°C for the System

n-octanol + n-heptane
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FIGURE 25

Heats of Mixing at 45°C for the System

n-octanol + n-nonane




Ol

08’

pajolpald ——
ejeq ‘M7 Y

oozt

310N / S3TNOP



-49-

TABLE 3

Root-Mean-Square Deviations from Experimental Data

Mixture

n-pentanol +
n-pentanol +
n-pentanol +
n-octanol +
n-octanol +
n-octanol +
n-decanol +
n-decanol +

n-decanol +

n-pentanol +
n-hexanol +
n-octanol +
n-octanol +

n~-octanol +

n-heptane
n-octane
n-tetradecane
n-heptane
n-octane
n-tetradecane
n-heptane
n-octane

n-tetradecane

n-hexane
n-hexane
n-hexane
n-heptane

n-nonane

Ref.

24
24
24
24
24
24
2k
24
24

26
25
25
26
26

T, °C

25
25
25
25
25
25
25
25
25

45
45
45
45
45

R.M.D., %

.71
.94
.35
.69

W o O O

16.38
15.98
17.11

11.23
3.60
7.00

11.10

12.40



Ternary Mixtures

The model has also been tested on eight ternary
mixtures of n-alcohols and n-alkanes using the data of
Ramalho and Ruel (28). Extrarolation of group excess en-
thalpies to a methylene group fraction of 0.75 is required
since these mixtures contain n-propanol. This extrapolation
is reasonable as shown in Figures 26 and 27.

The skeletal contributions were computed from the

following formula of the Koefoed-Bronsted type (11):

AH = A LD x; N& - (TN, x;)?] (23)
|

where A is a constant and was calculated from binary data to
be 4.6 joules/mole. Equation (23) is expected to give a
reasonable estimation of the skeletal contributions at 25°C.
Moreover, since the skeletal contributions of the systems
studied are small in comparison with the group contributions,
our fesults would be little affected by this term.

The results are surprisingly good as in the case
of binary mixtures, as shown in Figures 28-35. Deviations
from the published data and parameters of the extrapolated

curves are tabulated in Table 4.
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FIGURE 26

Extrapolation of HOH Curve at 25°C from

Methylene Group Fraction of 0.80 to 0.75

FIGURE 27

Extrapolation of HCH Curve at 25°C from
2

Methylene Group Fraction of 0.80 to 0.75
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FIGURE 28

Heats of Mixing at 25°C for the System

n-heptane + n-propanol + n-pentanol
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FIGURE 29

Heats of Mixing at 25°C for the System

n-heptane + n-propanol + n-octanol
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FIGURE 30

Heats of Mixing at 25°C for the System

n-heptane + n-propanol + n-decanol
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FIGURE 31

Heats of Mixing at 25°C for the System

n-octane + n-propano! + n-pentanol
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FIGURE 32

Heats of Mixing at 25°C for the System

n-octane + n-propanol + n-octanol
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FIGURE 33

Heats of Mixing at 25°C for the System

n-octane + n-propanol + n-decanol
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FIGURE 34

Heats of Mixing at 25°C for the System

n-tetradecane + n-propanol! + n=-octanol
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FIGURE 35

Heats of Mixing at 25°C for the System

n-tetradecane + n-propanol + n-pentanol
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TABLE 4

Fitted Parameters of the Extrapolated Curves

0.75 £ XCH2< 0.80

Ao Al
v = Hyy - 1600 2000
y = HCH2 642 - 540

Prediction Results for Ternary Systems at 25°C

System Solution R.M.D., %
n-heptane + n-propanol A (x = 0.7409) 12.0
+ n-pentanol ag
B (xa5 = 0.4989) 7.15
C (x = 0.2507) 5.08
5
n-heptane + n-propanol A (x = 0.7349) 15.4
+ n-octanol ag
B (an = 0.5018) 12.0
C (xa8 = 0.2472) 8.1
n-heptane + n-propanol A (x = 0.7421) 28.3
+ n-decanol 410
B (x = 0.4941) 15.7
210
C (x. = 0.2404) 10.6
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TABLE 4 (cont.)

System Solution R.M.D., %

n-octane + n-p opanol A (x = 0.7456) 12.6
+ n-pentanol a5

B (x._ = 0.5096) 5.2
a5

C (x. = 0.2480) 9.2
a5

n-octane + n-propanol A (x = 0.7488) 23.3
+ n-decanol 410

B (xa = 0.4904) 12.6
10

C (x, = 0.2545) 8.7
10

n-octane + n-propanol A (x = 0.6902) 13.7
+ n-octanol ag

B (xa8 = 0.4853) 10.8

Cc (xa8 = 0.2536) 6.5

n-tetradecane + n-propanol A (x = 0.7503) 12.3
+ n-pentanol a5

B (x35 = 0.4975) 10.7

C (x. = 0.2482) 15.0
5

n-tetradecane + n-propanol A (x = 0.7409) 11.0
+ n-octanol as

B (xa8 = 0.4985) 9.3

C (x = 0.3375) 11.20
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Limitation of the Application of the Model

The application of this method requires heats of
mixing of two reference system, one for the skeletal contri-
butions and the other for the excess enthalpies of the
groups. In our case, the n-butanol + n-hexane system was
chosen as the reference system for the group excess enthal-
pies and the n-hexane + n-hexadecane system is for the
skeletal estimations. The number of carbon atoms of the two
components in the system for which the heats-of-mixing data
are to be predicted must be in the range of these reference
system. These conditions can be formulated as follows:

Predicted System:

n C H OH + n Cn H

n] 2n]+1 5 2n

242
Then 15 < my {5
l6(n2(6

For n, smaller than 5, an extrapolation is necessary.
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DISCUSSION OF RESULTS

The Group Solution Model here presented for heats
of mixing gives a very good representation of liquid mixtures
containing the methylene and hydroxyl groups. As in the case
of excess free energies of mixing, the skeletal contributions
are small in comparison with the group contributions. For
mixtures with components of very different length, the size
contributions could be as much as 7.5% of the total heats of
mixing; for example, in a mixture of n-pentanol and n-tetra-
decane at 25°C, the maximum size contribution is T4 joules/
mole whereas the predicted group contribution is 837 joules/
mole at a pentanol mole fraction of 0.5884. Our predictions
would be quite rough if the skeletal contributions were neg-
lected.

The accuracy of the predictions depends very much
on the accuracy of the reference system heats of mixing.
Also, it is sometimes necessary to make small extrapolations,
as in the case of ternaries.

Equation (22) was used to estimate the size contri-
butions for the ternary systems at 25°C since publ ished data
on the skeletal heats of mixing for these mixtures are not
available. Although Equation (22) was found to be incorrect
(34) at high temperatures for many binaries when the heats of
mixing become unsymmetric, it still gives a good representa-

tion of heats of mixing of n-paraffins at 25°C, and we expect
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that the error would be relatively small when using this
formula for ternary systems.

Predictions of heats of mixing for aliphatic
alcohol mixtures have been made for three systems:

n-pentanol + n-octanol (28)

n-pentanol + n-decanol (28)

n-hexanol + n-octanol (27)
The root-mean-square deviations of the predictions of the
three mixtures were very high (50-100%). The results of
these predictions are shown in Appendix B. However, these
systems are very close to ideal and we are most interested
in making predictions for highly non-ideal systems.

Finally, although the model presented is not based
on rigorous thermodynamic relations, the relatively high
precision as well as its intuitive sense suggests that it is
basically sound. We expect that the group solution model
will be applicable to mixtures of other groups, such as in
ethers, aldehydes, ketones, etc. The present work offers a

very good ground for further study of these groups.
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NOMENCLATURE

A constant in Equation (17)

B constant in Equation (3)

H group excess enthalpy

n number of carbon atoms

N number of carbon atoms other than hydrogen in
a molecule

Nki number of groups of type k in molecular species i

P pressure

T absolute temperature

X mole fraction

AHM heats of mixing

Subscripts

i molecular species i

j molecular species j

k group species k

Superscripts

M
G
S

*

Greek

Y
r

mixing function
group contribution
skeletal contribution

standard state

Letters
molecular activity coefficient

group activity coefficient
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APPENDIX A

Computational Data for the Reference System

n-butanol + n-hexane




TABLE 5

Heat-of-Mixing Data for the System
n-butanol + n-hexane

At 25°C
><a)+ AH/xa4 xh6
0.1634 3658
0.1772 3579
0.3151 2650
0.3323 2583
0.5817 1858
0 .5960 1782
0.5971 1825
0.8173 1426
1.000 1280*
At 45°¢C
x34 AH/xa)+ Xy,
0.1581 5605
0.1806 5371
0.3108 3959
0.3360 3823
0.5785 2850
0.5986 2805
0.5994 2803
0.8160 2258
1.000 1920 %

extrapolated



A-2

TABLE 6

Computed Excess Enthalpies of Methylene Group at 25°C
Reference System: n-butanol + n-hexane

XCH2 HCH2 (joules/mole)
0.8000 210™%
0.8019 202
0.8235 194
0.8350 187
0.8462 182
0.8571 177
0.8679 173
0.8785 167
0.8889 160
0.8991 152
0.9091 142
0.9189 130
0.9286 116
0.9381 100
0.9474 85
0.9565 76
0.9655 66
0.9744 52
0.9831 32
0.9916 11
1.0000 0

extrapolated
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TABLE 7

Computed Excess Enthalpies of Hydroxyl Group at 25°C

Reference System: n-butanol + n-hexane

X

— O O O OO O O 0O O OO0 00O OO0 O OO O O

*
extrapolated

CH2

.8000
.8119
.8235
.8350
862
.8571
.8679
.8785
.8889
.8991
.9091
.9189
.9286
.9381
LO4Th
.9565
.9655
9744
.9831
9975
.9940
.0000

Hoy (joules/mole)

0
5
17
36.6
61.4
92.1
130
176
234
308
4o3
527
689
898
1137
1337
1587
2051
2969
7948*
8830 %
10000 %%

*
computed from n-pentanol + n-octane system

+ computed from n-octanol + n-octane system
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TABLE 8

Computed Excess Enthalpies of Methylene Group at 45°C
Reference System: n-butanol + n-hexane

XCH2 HCH2 (joules/mole)
1.0000 0
0.9831 hg
0.9744 80
0.9655 102
0.9565 116
0.9474 128
0.9381 148
0.9286 169
0.9189 189
0.9091 206
0.8990 222
0.8889 236
0.8680 263
0.8785" 250
0.8680 263
0.85T71 276
0.8462 289
0.8350 301
0.8235 310
0.8119 316
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TABLE 9

Computed Excess Enthalpies of Hydroxyl Group at 45°C
Reference System: n-butanol + n-hexane

XCH2 Hon (joules/mole)
1.0000 14600 %*
0.9978 13895%
0.9920 5050%
0.9830 4507
0.9800 3840%
0.9744 3110
0.9655 2404
0.9565 2029
0.9474 1753
0.9381 1431
0.9286 1143
0.9189 922
0.9091 750
0.8991 610
0.8889 4gp
0.8785 384
0.8679 292
0.8570 197
0.8460 110
0.8349 52
0.8235 13.4
0.8119 8
0.8000 0

*
extrapolated

*
computed from data of n-octanol + n-nonane system



Predicted D

APPENDIX B

ata on Heats of Mixing

Binary n-alcohol +
Binary n-alcohol +
Ternary n-alkane +

Binary n-alcohol +

n-alkane systems at 25°¢
n-alkane systems at 45°C
two n-alcohols systems at 25°¢

n-alcohol systems at 25°C



PENTANDL + HEPTANE AT 25 DEG. €
=MNL. FRACT, OF THE ALCOHOL

X ST7E 520UP  LTT.PATA  PREDICT  DEV
0.rpn2 Fa1l 198, 0" 247,77 199.71 17.98
5T Fooh i20.76 244,70 292,87 6u76
FL.r954 Con8 447 47 427,77 447,87 -3,25
P74 .79 555,51 §23.70  556,3" ~6.37

© r. 2064 1.15 53a, a0 570,90 5a7,n4 ~1.01
04244 1.35 675.79  579.77  6NT.14 -4, 86
¢.5129 1.38 Bhdar D 542,07 545,41 ~h.63
r.5779 1.35 471.71 492,57 473.06 3.85
(.6254 1.3 467,12 449,90 441,42 1.69
(.6966 1.17 367,75  374.°7 361,92 3.23
7534 1.73 299.47 311.7) 310,50 3.38
n,221° a2 233.60 222,37 234,50 ~2.85
0.9C18  r.49 141.69 128,70 142,19  -11.78

RMS DEVIATINAN = 6.68



B-2
TAZLE 11

PENRANQL + QCTAME AT 25 DEG,
X=MOL FRACT. NF THE ALCOHOL

X SI7E GCROUP LIT.DATA PREDICT
C.r222 P46 22°.87 268,70 221.33
Cef549 1.7 262.76 282,40 364.77
fallby 2.°" 433,99 477400 497,90
fe1885 3.79 615.15 559,70 618,43
Ne 3169 4.67 646 .68 628.00 651,35
Teb4479 5.35 657,51 629,00 655. 86
f.526n Be 47 27R,69 SRE6 SN 584,78
fa6011 5. 21 515.41 535,300 527.62
06277 APRANY 491,18 5C83,0n 496427
Ce6RE7 4,60 430,15 444,00 434.84
G.7580 4,71 336.96 356,71 341,97
(e R45T 2.86 238,84 235,07 241.69
C.9165 1.68 145;51 129.7n 142.19

RMS DEVIATIODN =




C5-0H+C14 AT 25 DFG, C

B-3

TAZLT 12

.

X=MOL. FRACT. OF THE ALCOHOL, DTH=HFATS OF

.2 83
N,"916
C.16718
n,ngq
Nab4456
05844
N.6676
DNy 7263
CeBT65
N, R795
{.9350
. 0669

"0~,Q9829

ST7ZF

Te7A
23.71
4r 0?2
s£a, 0]
73.92
74,74
6847
6l.74
48, 96
22,57
19,14
10,25

5.39

GROUP

2044 8R
650,47
789, 04
042,22
el15.92
R36,93
740,77
621+45
451.51
104,28
183, 60
QR,32

47,00

LTIT.DATA

22200
LTG0
735,70
8340,""
8a8, "
f38,0N0
752.70
677 .00
523.01
56,07
274400
115,07

58,07

MIXING

PREDICT

212,64
633.17
837.16
17372413
939, 84
a1 ".97
849,17
HR2,10
500,47
237.85
272.83
178.57

53.3¢

R¥S DEVIATINON =

DEV

—4‘| 3.1

-12.95

~18."74
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TARLE 13

CR-OH + C7 AT 25 DIGREE
X=M0OL. FRACT. CF THE ALCOHOL, DTH=HEATS OF MIXTRNG

X STZF GR NP LIT.DATA  PREDICT  DEV
S Wy T 157.13 273070 157,43 25.89
N,C247 o A 264449 287.7N 265.2° 7.60
raf667 1.31 32R.43 367,00 329,74 Re4?
rel24n 2.29 449,506 422,00 451,85 -7.07
(.2217 3.61 512,73 473 00 517.24 -9, 84
C.3325% 4e63 502,27 487,77 576,84 ~4,™7
4157 5.15 472,27 476,10 477.25 ~1.26
(el6"6 5.16 481,73 466,00 486,89 ~4.03
Ce4651 5.16. 484,86 468,00 497,73 ~4.71
Ce5712 5.07 436,724 414,00 441,31 ~6.67
C.7051 4,28 292 .32 378.70 296.61 3.70
C.R569 2.52 134,81 155,10 137.33 11.40
0.9231 1. 45 86.76 84,00 38,21 ~5,"2

RMS DEVIATION = 9.69




X=MOL FRACT.

nL,T172
C."4734
C.0:78"
F.1477
Ca2571
(2771
D437
"aG4 T4
Cob944
0.5291
0.5779
0.7326
C.R72%

n.9323

OCTANOL + NCTANE AT

B-5

ARLE 14

75 DEG. C

PEOTHE ALCTHOL

ST7E

.09
"o 21
re37
[ 64

r'o 97

GRGOUP

174,57
Al4 .65
279.07
514.31
569.89

hp0,20

512.44
55263
453 ,Q2
522.49
142,21

83.77

LTT.DATA

224,00
324,70
387,70
467 00
512,00
523,00
506,77
503,00
494,00
478,70
457,00
315.3%
156,70

83.00

PREDICT

174.59
314,86
379.44
514.96
577%. 86
572,21
572478
499,30
512,74
503.27
455.15
323,39
149.77

34,09

RMS DEVTIATION =

C.64
N T4

—3.()0
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TAZLE 15

Cl"-NH + C7 AT 25 DERRFF
OF THE ALCOHNDL,

X=MDL. FRACT.

n.r112
r.r2qd
rLn55
Fo1r4n
r.1203
r.2886
£.3669
roa101
£.6076
0.5790
0.7059
AL R230
n.8927

€.9494

STZF

12.34
16,47
18,54
19.26
19,79
10, 20
16.22
11.44%
%.43

3.69

SROUP

118.97
DP2hHG67
201.92
389,57
464,79
46%4.33
436,27
415,77
377 ./+7
367.23
254,15
139,26

72.3°0

29.C1

DTH=HEATS 0OF

LIT.NATA

1690’”‘
257,70
323,77

385,77

459,20
458,17
457,70
429,0n
387.70
292.07
186,77
115.79

56,77

MTXING

PREDICT

119.987
228.85
276,75
397.13
477.13
487,80
454 R1
435,03
202,24
385,43
270.37
157. 71
79.74

32.70

RMS DEVTATINN =

DEV

29,11

17.95

"4.75

18.97
37466

41,60

17.58



B-7

TADLE 16

OCTANDL + TETSARFCAME AT 25 pro.
TOTHE ALCCHOL

X=MOL FRACT,

ST7F

GrROUP

2%1.59
573,69
6764032
793,67
843,77
767,53
674,97

675,82

C

LTT.NATA

367,70
573,00
676,50
697,
747,00
737,00
68a,1
642,70
637,70
527,70
373,00
217,50
118.0n

62.70

PREDICT

617.57
R11,6"
B67.77
737,72
771.61
T701.32
"5,87
552.94
356,37
219,57
173,61

54.43

RMS DEVIATION =

DEV

21.72
—le4f
-2.78
=14.44
~-16.16
~7.91
-1.83

=9.24

-¥a,anr




B-8

TARLE 17

DECANCL + CCTANF AT 25 DR,

X=MOL FRACT.

rf.0131
r."327
Faf636h
Ta11094
me2132
fa2215
437
{6487
"«5188
C.6054
r,7292
.8348%
(A e T4 - To!

r.a52n

NE THE

STIZE

ALCOHOL

GrROoyp

138,20
261,36
23", 8"
447,37

518.33

LTTDATA

195, e
20, N
357,50
427, N
468,00
481,
471,00
456,00
417,00
366, 0
275,00
178,70
106.27

53.nr

PREDICT

138,77
262,77
333,45
44K, 98
525,72
517,71
491,53
456.51
412,04
386, 44
301,38
183,94
85.51

29.97

RMS DEVIATINN =

DEV

28.84
Q.Cq.
G667

—b, 47

-12.33

-7.53

—2.23
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TARL

{=

18

DECANNL + TETRADFCANE AT 25 DEG. C
X=MOL FRACT. OF THE ALCOHOL

n.3162
Cob67?
r.581"
. 5966
f.63396
N, 7171
CeRIAN
r.R0Q7
C.9467

r.0724

STZF

23.15
26,78
26.70
264473
25¢47
22.52
16, 27

17,27

GROUP

738e4]
456, 8¢
578,28

754,01

706403
673.71
657.15
67762
545,44
206,17
215447
127412

52,11

LIT.DATA

314,07
456470
573.°4
AR5 G0
6”8, 17
682,410
61%.0%
676457
567,07
484,70
245,70
201,77
117,72

‘;7'"}")

PREDICT

247,63

462. 7'7"

588.06

77776

871,843

822.82

TN G 4T

683.58

696473

567.96

4120972

225.74

125.84

56415

RMS DEVIATION =

-2.63

-21.29

-26.58
-27.65
-13.33
-12.87
=22.76
-17.35
-19.69
-12.31
-14.47

1.49

17.71
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TAZLT 19

PENTANDL+HFXANME AT 45 DEGLC
K=MOL. FRAZT. OF THF ALZOHOL, TDTH=PREDICTED HECATS DOF MIXING

X S17€ 5ROUP  LIT.DATA  PREDICT  DEV
0.0100 0.0 205.41 201.00 205.41 -2.19
0.0200 0.0 260.81 325.00 260481 19.75
0.0300 0.0 113,69 400.00 313.69 21.58
0.0400 0.0 367,15 455,00 360.15 20.85
0.0500 0.0 400,39 499,00 500438 13.76
0.0750 0.0 485.91 572.00 486.91 14.88
0.1000 0.0 558411 622.00 558411 10.27
0.1250 0.0 612,86 662.00 613.86 7.27
0.1500 0.0 6£60.42 696.00 660442 5.11
0.1750 0.0 696 .11 722.00 696411 3.59
0.2000 0.0 728.72 744,00 728.72 2.05
0.32000 0.0 803. 20 785.00 803.39 ~2.34
0.4000 0.0 731.79 778.00 781.79 -0.49
0.5000 0.0 6971 .61 720.00 693.61 3.57
0.6000 0.0 583,48 619,00 583.48 5.74
0.7000 0.0 471.84 487.00 471.84 3.11
0.8000 0.0 327.17 333,00 327.17 1.75
0.9000 0.0 151.36 168.00 151.36 9.91

IMS DEVIATION = 11.23



©

B-11

TAZLE 20

SYSTEM HEXANIL + HEXANE AT 45 JF5. C
X=MAL FRACT. 7OF HEXANAL, TDTH=pREDICTED HEATS OF MIXING

Oo?.[fqn

0.2709

0.5025

0.5230

0.5230

0.7689

SIZF

Gour

583,71

613.64

735.35

741 .24

660,28

536.45

H36 4,65

360.19

LTT.DATA

6£25.00
653,00

T16.00

652.00

353,00

PREDICT

583.98

A60.89
637.06
637.05

360,62

RMS DEVIATION =

NEV




SYSTEM NCTANDIL
X=MDL. FRACT.

0.10Nn3
0.1132
0.2083
0.2270
Deb445
Delbb42
0.4653

0.7233

B-12

TABLET 21

+ HEXANFE AT 45 JF5. C

CF DCZTANDL,

STZE

1.90

4,07

GRNup

494,71
522.23
630,69
644,67
640.82
624,27
617.80

340.83

LIT.NDATA

575.00
593,00
655.00
660,00
£20.00
513.00
A11.00

367.00

RMS DEVIATINON

PREDICT

495,61
5264434
634.16
649,34

645492

TDTH=PREDIZTED HEATS OF MIXTING

DEV

13,63

11.58




B-13

TABLE 22

° SYSTEM NCTANAL+HF2TANE AT 45 DEG. C
X=M1L, FRAZT. NPF THe ALZI4NL, TOTO=PREDICTED HEATS OF MIXING

X S17% . GrOYo LIT.NDATA PREDICT DEV
0.0200 0.13  273.72 322,00  273.90 14.94
0.0300 0.25  319.57 400,00  319.83 20.04
0.0400 0.35 359,73  452.00  360.12 20.33
0.0500 0.43  397.42 491,00  397.85 18.97
0.0750 0.63  476.85  563.00  477.48 15.19
0.1000 0.21 538.13  610.00  538.9% 11.65
0.1250 0.99 586,98  643.00  587.97 8.56
0.1500 1,15 625.92  667.00  627.07 5.99
0.1750 1.2 662.16  686.00 663,45 3.29
0.2000 1.44  683.59  699.00 685,03 2.00
0.3000 1.88  733.82 718,00 740,70 -3.14
0.4000 2.14  T35.64  698.00  737.78 -5.70
0.5000 2.22  673.38  642.50  675.61 -5.15
0.6000 2,13 588.14 554,00  590.27 ~6.55
0.7000  1.85  429.83  443.00  431.68 2.55

- 0.8000 1.41  287.80  307.00  289.20 5.80
0.9000" 0.79  156.60  157.00  157.38 ~0.24
RMS DEVIATION = 10.96
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TAPLE 23

Qﬁ’ SYSTEM NCTAMIL4NDNANE AT 45 N=5
T

. C
K=MOL, FRACT. OF THE ALIDHOL, TOTH=PEEDICTED HEATS NF MIXING

X STZE GROUP  LIT.DATA  PREDICT  DEV
0.0200 0.0 325411 346.00 325.11 6.0%
0.0300 0.0 371.00 440,00 371.00 15.68
0.0400 0.0 414,25 500.00 414,25 17.15
0.0500 0.0 454,20 544,00 454,30 16.49
0.0750 0.0 542 .58 629.00 542.53 13.74
0.1000 0.0 614,9) 688,00 614.91 10,52
0.1250 0.0 672466 730.00 672,65 7.85
0.1500 0.0 719.38. 760.00 719,38 5.135
0.1750 0.0 . 758.67 784,00 758467 3,23
0.2000 0.0 790.06 802.00 790.05 1.49
0.3000 0.0 861.13 822.00 8561.13 -3,50
0.4000 0.0 R71.56 816400 871.55 -6.81
0.5000 0.0 827.08 763.00 327.08 -8.40
0.6000 0.0 719.32 677.00 719.32 -6.25
0.7000 0.0 555.76 552400 555,75 -0.58
0.8000 0.0 373.88 365.00 373.88 -2.43
0.9000 0.0 181.64 205.00 181.64 11.39

IMS NEVIATINN = 9.57
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TMATIT T
J.A"t;,'L;A

24

SYSTEM HEPTAME+P20PANIL+PENTANIL AT 25 DFG,C, SOLUTION A
1=HEPTANE,?=PROPANIL, 3=2 ENTANDL, X, = 0.7409

X1

0.2461
0.2291
0.205¢4
0e1703
0.1357
0.1128
06.0921
0.0745
0.0544

0.0411

SIZE

1.75

GROUP

319.42
308.78
293.94
260.56
212 .60
171.45
131.78
93.43
94,11

73.98

LIT.NDATA

317.00
304.00
285,00
255.00
221.00
193.00
167,00
142.00
108.00

85.00

PREDICT

321.17
310;92
296412
262.28
213.84%
172.79
133.70

96430

97.94%

T8.67

IMS NEVIATINN =

DEV

"1032
"3090

—2.86

10.47
19.94

32.18



SYSTEM PROPANDL+HFPTANE+PENTANIL AT 25 DEG.

X1

0.4752
0et412
0.3942
0.3252
0.2576
0.2134
0.1822
0.1473
0.1068

0.0841

SIZE

GROUP

543.38
522.41
489,34
431.01
379,46
331.91
283,92
224.64
147.04

139.32

LIT.DATA

543.00
526,00
496.00
442,00
377.00
331.00
293,00
248.00
190.00

155.00

Gy SILUTION B
L=HEPTANE,?2=pRCPANIL,3=PENTANIL , an = 0.4989

PREDICT

54454
523. 74
490462
431.99
380.31
333,37
286.73
229.45
153.92

148.21

RMS DEVIATION =



SYSTEM HEPTANE+PROIAMDL+PENTANIL AT 25 DEG,

X1

0.7076
D.6576
0.5860
0.4814
0.3767
D.3151
D.2688
0.1997
0.1382

0.1145

SI17¢

12,07

50UP

604426
615.87
634.50
583.10
506.30
460445
407.33
310.45
201.14

184.20

LIT.DATA

589.00
609.00
612.00
573.00
503.00
446.00
398.00
316.00
233.00

198.00

Cy SOLUTION C
1=HEPTANF,2=PRPANTL ,3=PENTANIL, XaS = 0.2507

PREDICT

604.65
616.36
634.98
583.4%
506.80
461.95
410480
316484
210.27

196.27

IMS DEVIATION =

-3.58

"30 72

—00 27
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SYSTEM HFPTANF+PRODPANIOL+OCTAMNIL AY 25 DFG.C, SOLUTTION A

L=HEPTANE,

X1

0.2492
0.2287
0.,2011
0.1620
D.1255
0.1024
0.0883
0.0592
0.0450

0.0331

2=PPOPANIL,

STZF

10.96
13.15

12.87

TARLE 27

3=0CTANDL , Xa8

GROUP LITLDATA
268,10 291.00
2T74.21 301.0N
270,38 305.00
255.69 295.00
22B.25 269.00
202.77 242.00
179.66 225,00
103.26 174,00
95.71 143.00
75.42 112.00

= 0.7409.

PREDICT

279.06
287.35
283.25
265,09
233.86
206. 75
183.45
106.52
39.49

719.6%

RMS DEVIATION =



B-19

SYSTEM HEPTANF + PIOJDPANOL + NCTANDL AT 25 DEG.C, SNLUTION 8

L=HEPTANE, 2=PROPAVIL,2:0CTANDL, X . = 0.4985
X1 S17E GROUP  LIT.DATA  PREDICT DEV
04665 7.11 496 .97 475.00 502.08 -5.70
0.4263 7.95 459.86 486400 46781 1. 74
0.3735 7.49 444,03 479.00 451452 5.74
0.2978 5,35 296,21 440,00 401.55 8.74
0.2295 3.35 347,64 383,00 350.99 "8.36
0.1867 2.9 304.83 338,00 307.83 8.93
0.1574 3.82 271.06 301.00 274.88 8.68
0.1192 5.08 202.04 247.00 207.12 15.15
0.0807 6.11 121.01 191.00 127.12 33,44
0.0671 7.89 122.94 157.00 130.83 16.57
AMS DEVIATION = 14,27



SYSTEM HEPTANE+PROPAMOL+OCTAMIL AT 25 DEG.C,

B-20

TAZLE 29

L=HEPTANE, 2=PROPANIL, 3=0CTANOL , Xa5 = 0.3376

X1

0.7076
0.6498
0.5716
0.4609
0.3547
0.2922
0.2350
0.1854
0.1345

0.1043

SIz7F

GROUP

544493
567.28
617.65
570.56
489.38
427415
369.96
296430
205.65

145,50

LIT,DATA

537.00
580.00
601.00
571.00
496,00
438.00
378.00
316.00
242.00

197.00

SOLUTION €
PREDICT NDEV
547,17 -1.89
569.91 1.74
620425 -3.20
572.54 ~0.27
490,89 1.03
429,37 1.§7
373.96 1.07
302.88 4,15
214482 11.23
157.064 20.28

RMS DEVIATION =



X1

0.2382
0.72136
0.1824
0.1411
0.1054
0.0841
0.0662
0.0498
0.0356

0.0277

SIZE

27 .93
26445
23.64
14.97

T.T74

B-21

TART.® 30

SYSTFM HEPTANE+PROPANOL+DECANIL AT 25 DEG. €, SDLUTION A
L=HEPTANE, 2=PROPANIL,3=DECANOL X514 = 0,7421

GROUP

238.72

245.60

240.88

229.89

215419

188.16

154,51

108.94

60.20

T4.46

LIT.DATA

302.00
332.00
355,00
355.00
324.00
292.00
257.00
220.00
172.00

142.00

PREDICT

261.65
273.05
264.52
244.86
223.93
193.07
158,17
112.23

63.53

78.21

RMS DEVIATINN =

17.76
25.49
31.02
30.88
33.88
38.46
48.99
63.06

44,92

37.52
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¥ ihe)
F4 9

7 91

SYSTEM HEPTANE+PRNPANIL+DECANDL AT 25 DEG.
1=HEPTANE, 2=PROPANOL, 3=DECANOL , ¥gq4 = 0.4kt

X1

04720
0.4273
0.3699
0.2914
0.2211
0.1772
0.1415
0.1037
0.0742

0.0606

SIZE

13.63

15.16

13.96

9- 5()

GROUP

643.95
458457
429,18
384.02
348.88
302 .99
258.33
185.88
1156.01

118.40

LIT.DATA

471;00
500.00
505.00
470.00
411.00
366.00
321.00
259.00
201.00

170.00

Cy SOLUTION B

PREDICT

457.58
473.73
443.14
393,57
354440
307.20
262.65
190.95
122.05

125.87

RMS DEVIATINN =

254,27

39.28

25.956

20.33
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TABLE 32

‘@’ SYSTEM HEPTANFE+PROPANOL +DECANIL AT 25 NDEG.C, SOLUTINN €
|=HFPTANE, 2= PRNPANDL, 3=DECANOL ’Xalo =O,2L],Ol4.

X1 STZE GROUP  LIT.DATA  PREDICT DEV
0.7109 4.19 511.47 524,00 515.66 1.59
0.6517 4,87 540, 72 579,00 545,58 5.77
0.5708 4.81 576.54 610.00 581.35 4,70
044574 3.64 563,99 5 85.00 56763 2.97
0.3525 ?2.53 488,77 516.00 491,30 4,79
0.2857 2.87 423.36 456.00  426.23 6.53
0.2296 4.329 366.26 396.00  370.656  6.40
0.1761 6.72 293,66 326.00 300.38 7.86
0.1265 9.00 197.59 256,00  206.60 19.30
0.0988 11.25 141.69 206.00 152.93 25.76

RMS DEVIATION = 11.27
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TAZLE 33

SYSTEM NCTANE+«PROPANDOL+PENTANDL

L=0CTANE,2=PROPAN]L,

X1

0.2479
0.2252
0.2020
0.1676
0.1337
0.1113
0.0909
0.0692
0.0510

0.0404

SIZE

1.51

3=PENTANIL ,
GOUP

346,83
339,47
326.31
290.30
238.79
197 .50
151.70
101.47
100.10

8l.94

AT 25 DEG

X5 = O

LIT.DATA

366.00
347.00
326.00
291.00
251.00
222.00
192.00
155.00
121.00

100.00

.C; SOLUTINN A
7456
PREDICT DEV
348.34% 4,82
341.73 1.52
328.65 -0.81
292.14% -0.39
239.92 S |
198.39 10.63
152.79 20.42
103.12 33.47
102.49 15.30
85,15 14.85
14.567

RMS DEVIATION =
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TABLE 3

SYSTEM NCTANE+PROPANIL+PENTAMIL AT 25 DEG. Cy SOLUTICN B
L=DCTANE, 2=PROPANIL, 3=PENTANOL , xg5 = 0.5096

X1

0.463%
0.4282
0.3800
0.3100
0.2433
0.2004
0.1624
O.lé?O
0.0887

0.0698

SIZE

GROUP

583.67
574.57
523.86
467.13
403.40
354,33
288.006
208.90
164,07

133,35

LIT.OATA

593.00
573.00
539.00
479.00
408,00
355,00
304.00
244.00
186.00

151.00

PREDICTY

584.96
576.11
525.39
468,25
404.00
354,98
239,42
211.52
168.17

138.87

RMS DEVIATION =
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TABLE 34

® SYSTEM NCTANE+PROPANIL+PENTAMIL AT 25 DEG. C, SOLUTICN B
L=OCTANE, 2=PROPANIL, 3=PENTANIL, Xgr = 0,5096

X1 ST17E GOUP  LIT.OATA  PREDICT DEV
0.4633 1.28 583,67 593, 00 584.96 1.36
0.4282 1. 54 574.57 573.00 576.11 -0.54
0,3800 1.53 523.86 539.00 525.39 2.5
0.3100 1.11 467.13 479.00 468.25 2.24
0.2433 0.60 403,40 408,00 404 .00 0.98
0.2004 0.65 354,33 355.00 354,08 0.01
0.1624 1.36 288.00 304400 239.42 4480
0.1220 2.62 208.90 244,00 211.52 13.31
0.0887 4.05 - 164,07 186.00 168,17 9.61
0.0698 5.52 133.35 151.00 138.87 8.03

RMS DEVIATION = 6.10




SYSTEM PRNOPANDL+NCTANE+PENTANIL AT 25 DEG.C,

B-26

Tt'\l FLT 7 5

-

1=0CTANF, 2=PROPANIL,3=PENTANIL, Xa5 = 0.2480

X1

0.7042
0.6475
0.5683
04565
0.3530
0.2882
0.7316
0.1858
0.1345

0.1056

S1ZF

GROUP

666 .05
677,71
715.33
640,71
541.08
474,27
409.11
331.37
227.26

167.46

LIT.DATA

633.00
655,00
655.00
610,00
531.00
467.00
403,00
341.00
264.00

219.00

PREDICT

666,52
h78.35
716.03
641.21
541.27
474475
410.75
334.97
233.05

175.50

RMS DEVIATION =

SOLUTION C

JFV

-5.29
-3.56
-9.32
=5.12
~1.93
-1.566

-1.Q3
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TAZLE 36

®

{STEM NCTANE+PROPANDL+NZTANIL AT 25 DEG. C
1=DCTANE, 2=PRCPAMIL,3=DCTAMGL, ASOQLUTION A, xa8 = 0.6902

X1 SIZE - GROUP LIT.NDATA PREDICT NEV
0.2857 11.20 373.34 372.00 384,54 -3.37
0.2598 12.66 351.7% 377.00 364,42 3.34
0.2275 11.80 337.73 374.00 345.59 6.53
0.1798 8,02 307.00 349.00 315.02 9.74
J.1369 4.31 270.66 208.00 274497 10.73
0.1105 | 2.72 236477 272.00 239.48 11.96
0.0830 2.15 184.85 236.00 186.99 20,77
0.0675 2.27 133.10 195.00 135,37 30.58
0.0485 2.69 109.50 158.00 112.19 29.00
0.0363 | 3.26 86473 130.00 89,948 30.78

IMS DEVIATION = 18.90
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TABLE 37

SYSTE" NCTANE+PPOPANAL+NCTANOL,
1=0CTANE,2=PRAPANTL , 3=PETAMNNE

X1

0.4807
NJbht?
0.3211
0.3025
N.2315%
0.187%
0,1497
0c.1131
0.0814

0.0A36

ST7F

().QO

7.66

T.22

f.12

GROUP

525.09

547.11

509,22

4494, R0

294 .56

245,24

290,20

213,83

138.17

130,53

25 DEG.

LIT.DATA

526. 00
536,00
533,090
490,00
425,00
373.00
324.00
265.00
204,00

167.00

Cy

SOLUTION

PREDICY

531.98
554,76
516.5¢4
454,57

337.36

347,21

292.32

2146.81

142.26

135.88

RMS NEVIATION =

R

13.18
30.27

13.52

13.562
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TADLE 3%

SYSTEM OC F+PROPANIL+2ICTANIL AT 25 DEG.C, SOLUTION C
L=0CTANE, 2=PROPANILy3=0CTANDL, ¥ga= 0.2536

X1 SI7E GROUP LIT.DATA PREDICT DEV
0.6987 2442 602.06 574,00 604,48 -5.31
0.6382 7290 626,24 5619.00 62714 -1.32
D.5574 2.92 691.05 641.00 693.97 ~8,26
0.4452 2.15 627.83 608.00 629.93 -3.62
0.3419 1.13 534.47 532.00 535.65 -0.69
0.2775 1.11 462.20 467.00 463,31 0.79
0.2218 2.00 295,98 403.00 398.68 1.00
0.1636 3.65 299,47 320.00 303.13 5.27
0.1182 552 204.24 245.00 209.75 l4.393
0.0924 Te45 175439 199.00 132.8% 8.12

RMS DEVIATINN = 6.43
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TABLE 139

SYSTEM NCTANE+PFODANOL+DECANDL AT 25 neg
3=DECANIL, SOLUTICN A, Xg10 = 0.7488

1=00TANE,

X1

0.2312
0.2068
0.1758
0.1253
0.1006
0.0800
0.0629

0.0457

2=PC2ANDL,

SIZE

GROUp

279.70
291.82
265,53
250.09
231.00
206.80
165.24
110.02

91.30

75.20

LIT.DATA

304.00
340.00
366,00
367.00
336.00
302.00
266.00
220.00
170.00

138.00

-C

PREDICT

303.12
318.74
289.31
264,83
238.28
210.99
167.95
112.10

93.38

77.65

RMS DEVIATINN =

DEV




o
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TARLT 40

SYSTEM NGCTANE +PRI2PANIL+DECANDOL AT 25 DEG.C, SOLUTION
L=OCTANE, 2=PPOPANIL, 3=DECANOL , X 4 = 0.4904

X1

0.4713
0.4240

0.3630

0.2821

0.2116

0.1691

0.1335

0.1061

0.0757

0.0588

SIZF

13.85
15024

13.72

GrOUP

497.08

504 .55

473.74
422455
370.23
323.55
275.49
219,32
139.12

127.59

LIT.NDATA

488.00
521.00
531.00
1497.00
436,00
384,00
332.00
283.00
218.00

177.00

PREDICT

510,92
519.79
487.45
431.49
374.6%
326.48
273.08
222.55
143.15

132. 72

’RMS DEVIATION =

3

15.24
21.36
34.33

25.02

17.92
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TAZLT 41
SYSTEM NCTANE+PROPANIDL+DECANDL AT 25 NFG, C - '
€§§ 1=0CTANE, 2=PROPANIL, 3=DECANNL, SOLUTICN C, Xa1o = 0.2545
X1 STZ¢ GROUP LIT.DATA PREDICT DEV

0.6914 4479 5%6.27 559.00 571.06 -2.16
0.6295 5.54 564439 617.00 599.93 2.77
0.5447 5.40 640.12 647.00 645.53 N.23
0.4292 3.86 507.81 616.00 611.68 0.70
0.3257 2.11 512.56 537.00 512,67 4,53
0.2625 1.566 452.10 471.00 453,75 3.66
N.2085 2.30 385, 87 405.00 388.17 4.156
0.1668 3.87 314, 2¢ 345,00 318.13 T.79
ND.1188 5.61 214.50 265.00 220410 15.9%
0.0923 T.48 . 152.79 215.00 160.27 25.45

RMS DEVIATINN = 10.29
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TAZLE 42

. . ' ' ' '
\YQ!F' IC re /\[,’-‘ 1).'c'+: XA I ‘l’ l"‘\‘!' !\I‘J ”. AT _7 ; )} e [ | ‘;[ l l/ I
- N A ‘ I ) . ( {
l—l r. r'.' A )‘ [..A\lf.t :A)——_))_ YO z-—‘,‘r.’v_ll A Bl ". =} ’75()’)

X1

n.2374
N.2135
0.19A48
01492
N.1147
NaN9\
0.N745
D, 044N
0.0311

0.0241

<17+

7493

Lol

6.02

(.79

5-“5

S0P

LTIT, IATA pRENICT NDEV
AN, 00 544,50 19.58
S7R.,00 536,82 7.1?
§37.000  43A.17 e, 47
469,00 431,28 3,0¢
304,00 356,07 9,673
241,00 204,20 123.57
293,00 234,32 29,07
203,00 145.75 29,20
154,00 107,40 21.15%
127.00 R5.15 22.95
RMS DFVIATIOM = 19,47

A
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TARLT 43

YSTF yg:TpA[)FC/\qu..’)i-"!!)!\‘-I1L+PF-"\JTQ‘-Jﬂ[ AT 28 SPLUTION n

LERSI

N Ty
STET2ANECANF, 2=PPOPANG] , 1=nENT ANAY, x85 = 0.4975

Y1 SI7F GRONP [ [T.OATA  prEnICT NEv
0.4083 20 £90,00 72,00 891.59 -1.55
0.4187 4,00 ¢ya, a6 252,09 91474 ~7.36
N.2528 8,02 231 .44 794,00 339,45 ~5.456
n.277> 10,7 £4, on 709,00 705,13 0.55
0.2n08 e.,a? 859,54 602,00 579,48 3.74
7.1631 7.4 496, 74 524,00 504,17 3,72
0.1403 4,79 435,24 467,00 440,03 5,70
0.1791 2.4% 211. 93 367.00 314,28 14.37
0.0714 0.02  2n7.33 204,00 208, 25 26467
0.0555 0.20 120.00 232.0n 180.20 22.33

IMS NEVIATION = 12.51
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TADLE L4

IYSTEM TETRADFCANE+PIOPANIL+PENTAN AT 25 NDEALL, SOLYTINN ©
=TFTRANDECANT, 2=PINNANAL, 3=PTNTANNOL, s = 0.2L82

Y1 ST7F nROUP LTTODATA  PREDIAT NEV
0.6845 1.53 979,77 337,00 991,30 -11.13
n.6n2a 436 907 .55 913.00  1001.91 -9.74
0.5029 8.77 967,18 899,00 975.9% -R.56
0.2775 13.51 AN, 63 218,00 RA4 14 ~a,3]
0.2753 13.44 727,27 701.00 741,71 ~5.h7
0.2168 ©,97 614,57 612,00 624,56 -2.05
7.1439 6425 504 ,99 526400 511.23 2.31
0.12R82 3.31 423,16 470,00 431.47 3.20
0.0955 1.23- 296,03 362,00 297.26 17.29
0.0743 0. 26 214,01 265,00 214 .27 27.37

RMS DEVTATION = 12.49




ISTEM TETRADFCAMF+O2OBANAL#00TAYIL AT

B-36

TATLE 45

25 NEG,

?

sTRETRANGCANT, 2=PIODANTL,, 3="TTANTYL, Xag = 0.7¢09

X1

0,240
0.2155
0.185%
0.1449
0.1080
N.0R72
0.0608
0.0460
0.02322

N.0272

S17F

1A.35

][‘-'07‘

14,02
Qa,e0n

6ot

S20upP

525,90
477,73
L4777,
405.QR
A46 .44
215,70
283,66
153.95
12475

105.09

LTTLOATA

521.00

£21.00

519,00

472,00

416,00

265.00

314,00

234,10

121.00

152.00

PREDICT

533,89

494,08

ShG TT

419,10

355,24

312,28

257. 55

15%.59

125.35

106.07

aMS DEVIATINN =

SALUTT NNy

nrv

—].!’C)

6,95

100,*5

12.3?

14.37

l4.44

13.50

22,51

3N, 74

30,21

20.12

A .
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TATLE 46 —

YSTEM TETPANECAMT4DIIPAN 1L 4P NCTANMAL AT 25 DER,T, SOLUTINN 8

STETRANFCANE ,2=P20ODANY , 3202 TANCL, Xag = 0.4985

%1 SI7E GROIP LITWOATA  OREDICT DEV
0.4n18 g, 08 741 .44 773.00 770,42 0.33
0.4093 1204 211.06 7R7.00 | 823,12 -4.59
0.3334 1407 747 .40 750,00 757.93 0.02
N.2576 V4 60 640,07 680,00 654 R4 3,73
n.18¢3 11.9¢ 531,24 5764 00 543,20 860
N.1507 £ .24 451,69 499,00 450,03 7.31
0.1176 5.05 291,20 426,00 384,33 9.7]
0.NR2R 24472 272 .54 326,00 274,95 18.17
0.0596 n.08 173.16 258,00 179.04 20.60
N.0463 0.21 153.73 210.00 158.93 24,32

RMS DEVIATION = 14.40



STF¥ TETRADECANE+PRNPAYIL +1CTAYIL AT 25 DF5.0, SCLUTINN
TETRANFCANE, 2=PPIPANNL , 3=0CTANAL 5 X, o = 0.3376

¥ 1 <17r GOOUR LTTOOATA PREDIRT NEV
0.6021 5.65 RR0, P2 420,00 385,43 -3.91
0.5299 Rab? £85,84 RAN, OO0 294,45 ~4.01
0.6416 12,15 926,70 352,00 939,45 ~10.02
n.2214 14,06 739,76 774.00 894421 -2.0n0
0.2410 12,28 A0 .47 657:00 663 .85 -1.04
0.1394 9.60 547,04 567,00 562,54 2.7
N.1474 5,30 457,14 4R3.00 463,03 4,13
0.1214 3,17 232, 86 419,09 391,97 4.45
0.9R50 1.16 266407 317.00 267,18 15,72

0.0725 0,29 215,49 272.00 213.7%8 21.58

RMS NEVTATINY = 2,07
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TABLE 48

SYSTEM PENTANDL + OCTANCL AT 25 DEG. C :
X=MOL. FRACT., GF PENTANOL, TDTH=PREDICTEND HEATS NF MIXING

X SI7¢€ GROUP 'LIT.DATA PREDICT DEV
0.8848 D.11 19.18 4.50 23.68 —2.96
0.8812 0.19 20.01 7436 27T.37 27.97
0.8754 0.33 27.72 10.39 38,11 29.43
0.8689 0446 30.37 ll1.82 42.19 33.04
0.8628 0.57 34,06 11.73 45.80 28444
0D.862¢4 0.58 30.55 11.69 42.24 35.02
0.8588 0.64 26.91 11.07 37.98 37.74
0.8534 0.73 26.39 9.58 35.97 33.39
0.8474 0.82 18.51 7.27 25.78 38.62
0.8414 0.90 12.54 4,42 16.97 34,75
0.8377 0.95 4.56 2.46 7.02 53.22

RMS DEVIATION = 34.19
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TABLE 49

SYSTEM PENTANCOL + DECANDL AT 20 DEG. C
X=MOL. FRACT. CF PENTANDL, TDTH=PREDICTED HEATS NOF MIXING

X SIZE GROUP  LIT.DATA  PREDICT  DEV
0.9064 0.06 -11.11 7.33 -3.78 111.13
0.9038 0.12 ~10.55% 13.05 2.49 95.77
0.8992 0.22 -10.84 20.94 10.10 89.37
0.8916 0.35 4426 28.66 32.92 74.87
0.8830 0.49 23.57 31.62 55.19  62.71
0.8766 0.58 30.93 31.06 61.99 57.83
0.8717 0.66 24,80 29.46 54,26 62.06
0.8686 0.68 39.34 28.04 67.38 51,17
0.8612 0.76 34.76 23.61 58.36 52.16
0.8522 0.85 25.78 16.88 42.66 53.12
0.8441 0.92 20,77 9.95 30.72 45.14
0.8391 0.96 10.72 5.43 16.15 47.90
0.8363 0.98 6.76 2.84 9.59 43.56

RMS DEVIATION

It
o
x

‘.
N
0
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TAZLE

50

SYSTIM HFEXANCL+PCTAMOL AT 25 DEG. C
TDTH=PREDICTED HEATS 0OF MIXING

X=MOL. FRACT 0F KEXANO!,

0.88756
0.8863
0.8847
0.RR27
0.8805
0.8733
0.8741
0.8740
0.8721
0.8716
0.8695
0.8672

0.8649

0.8629

0.8610
0.8593

0.8582

STZE

0.85
0.90

0.95

GROuUP

-4n 06

-0- 16

LIT.NATA

1.04

1.88

PREDICT

10.85

-7c67

‘3.20

RMS DEVIATION =

DEV

82.35
61.63

-1004'

86.11
68.03
66.30
Q6.15
80.47
82.45
50.01
57.05
65.61
'76.97
232.24

214.16

100.56



APPENDIX C

Fortran Programs

Spline-fit program
Forsythe polynomial program

Programs for prediction of heats of mixing
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TABLE 51

Spline-Fit Program

Input-Output Format

Card Column Format Variable Data
1, 2 2-80 80H -- Any alphameric information
(e.g. headings of output)
3 1-10 [1o IANCHOR Anchor option
0 = do not anchor the end
points

anchor the first and
last points

1

1-20 110 NINTS Number of intervals
21-30 110 IPUNOP Punch option
0 = do not punch
1 = punch
31-40 110 INTEOP  Interpolation option
0 = do not interpolate
1 = interpolate
4 1-10 110 NPTS Number of data points
5 to 5+1 1-20 F20.0 X(1) X; value
21-40 F20.0 Y(1) Y. value
6+1 -~ -- -- Blank
T+1 to 0-21 F20.0 XINT Value of independent
T+I+NINTS variables which are to

be interval boundaries

21-40 F20.0 DXINT  XINT (I) - XINT (I-1)




TABLE 51 (cont.)

Nomenclature of Qutput

Variable Data

X Xi values

Y Yi values
YCALC Fitted values of Yi
DEV(PTC) Percentage deviation of

YCALC from Y

DER1 First derivative of Y
with respect to X

DER2 Second derivative of Y
with respect to X



TABLE 52

Spline-Fit Program

Fortran Statement
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THIS DRIVER MAY Bt USEOD TC SPLINE-FIT Y VS X. DATA OVER SPECIFIE
INTERVALS.,

THIS PRCGRaM aLSC FAS THE CPTICN OF PUNCHING THE OQOUTPUT UF THE
BEASIC CALCULATIGNS FCR LSE IN CTHER PRCGRAMS

THE CURVE wilLL BE A CUBIC EXCEPT IN THE FIRST AND LAST INTERVALS
WHERE IT wiLL t& A PAROBCLA., THE CURVE WILL GC AS CLCSE AS
PCSSIBLE TG EVERY PCINT IN A LEAST SQUARES SENSE

BLT THERE IS NU PROGTECTICN AGAINST INFLECTICN POINTS. FIRST AND
SECOND ULERIVATIVES whILL MATCH AT ALL INTERVAL BCUNLCARIES TwWC
HEADERS INTERVAL BCUNDARIES,AND INTERPCLATION INTERVALS ARE READ
X AND Y ARE ReaAD IN FRUM CARDS IN THE FGRMAT (2F20.6) UNTIL A

A GIVEN CASE. THE PRCGRAM PRINTS OUT X,Y AND THE FIRST TWC DERI-
VATIVES AT ALL ThE CATA PCINTS AND INTERVAL BCUNDARIES

THIS ORIVER ALSG INTERPCLATES THE DATA CEPENDING CN THE

VALUES STURED IN XBASE(S) ANLC XCELT(5).THE LATTER TWC ARRAYS
CCNTAIN NULMBERS kHICH FCRM THE BASE NUMBERS AND INTERPCLATICN
INTERVALS. THE PRCGRAM FIRST CALLS XSETLT TC SET UP VALUES

OF XNEw WHICH ARE THE PCINT TC BE INTERPOLATED. IT THEN CALLS
IINTSP TG PERFURM ThE ACTUAL INTERPCLATICNA

Z{1)=GRCUP CHZ FRACTICN

FS2 = SKELETAL PARTIAL REAT CF MIXING

B=CONSTANT whERE HS2=8%((N1-N2)X1)*%2

CIMENSICN HXCEH2(1C1)

DIMENSICN XBASE(S5)yXCELT(5)

CIMENSICN XNEW(1Cl) s YNEW(LC1),DU2NEW(LOL) NFLAG(101)
DIMENSIGN XINT(101),DXINT(1CLl),YCALC(101)

DIMENSIGN X(1C1),Y(1Cl),DER2(1C1)+CER2Y(101),DINEK(101)
CIMENSICN oTHEL(101),0TFB2(101)

DIMENSICN XChz(1Cl)

DIMENSICN ©(101),HS2(101),F(101)

DIMENSICN HGCH1(1C1) 4 HOF2(101)

EQUIVALENCE (CER2Y(1),D2NEW(L))
H(Z)=-2.6647449E (3 +7.6€87539E 03*Z -4.8014063E 03%2%7

INP=5 :

ICUTP = 6

NC=0

Nl=1

Ne=2

NE0=8C

N1O1 = 101
ERROR=5,E-¢&
READ(5,10CCyEND=59GG)
FCRMAT(1Xy7SH

/1X,y7¢H . ’ ,

READ(INP,200) lAKKCR,hIhTS,IPLNOPaINTEOP

2CGC FCRMAT(4I10)
C NI#NULMBER OF CARBCN ATCMS IN ALCCHCL NMCLECLULE

C NJHANUNMBER OF CAREBCN ATUMS IN HYDROCARBCA ATCM

221

300C

READ(INP,221) NIsNJsNK

FCRMAT(3110)
NINTSI=NINTS+]
READ(5,3CC0) NPTS
FCRMAT(I1C)
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READ(5,22C) (X(I)yY(I) s I=14NPTS)
22C FURMAT(2F20.0)
IFININTS)IL7917415
15 DC 1€ I=1,NINTS1
16 READ(INP,21C) XINT(I)
21C FCRMAT(F106.0)
17 IF(INTEGP) 18,41G+18
18 DC 20 I=145
READ(INP,270) XBASE(I)XDELTUI)
270 FCRMAT(2F20.0)
2C CUNTINLE
16 IF(NINTS) 41,411,443
41 DC 42 I=1yNPTS
42 XINT(D)=X(1)
NINTS=NPTS-1
NINTSL=NPTS
43 CC 44 [=2,NINTS1
44 CXINTUL)=sXINT(I)-XINT(I-1)
DXINT(1)=0.
WRITE(IUUTP,1C50)
1650 FCRMAT('1SPLINE FIT PRGCRANM—- HUONG T. H. ')
WRITE(IGLTP,1CCC)
CALL SPLAG(IANKOR XY sNPTSyXINTyDXINTsNINTS,YCALC,CERZ)
WRITE(LOLTP,30250)
3050 FGRMAT('OINFUT PCINTS (* INDICATES INTERVAL BCUNDARY)'/)
CALL XSLEND(XyYyNLOL¢yXINToNINTSL,NFLAG,NPTS)
IF(IANKCR) 464946445
45 WRITE({IULTP,1045)
1045 FCRMAT(' ENC FCINT ANCHCREC ')
46 CALL I2NTSP(DXINTyXINTsYCALCsDER2yXYNEW,DER2Y yNINTS1,NPTSyDINES
WRITE(ICULTP £C50)
€050 FGRMOT(13XsLlHXylSX1HY ) LTXyEHY CALC914X,*DEVI(PCT)* 414X s4HDERL,
1 16X,4HDERZ2//)
CC 1CO I=14NPTS
IFINFLAG(I)) 7C,7C,EC
7C STORE=1CO.*(YNEN(T)=Y(I))
IF(Y(L)) Tlelzy11
71 STORE=STORE/AES(Y(I))
72 WRITE(IGUTP 41C70) X(I)sY(1),¥YNEW(I),STCRE)DLINEW(I),DER2Y(T)
1070 FCRMAT(6E20.€) _
IF(NFLAG(I)) SCs1CC,1C0O
80 WRITE(IUUTP y1C8C) X(I)oYNEW(I) JDINEwW(I)DER2Y(I)
1080 FCRMAT{E20.6520X,E2C+6920X42E20.6)
~9C WRITE(IUuLTP,1050)
1090 FCRMAT(1H+,5Xs1h%*)
IF(IPUNLP)95,1CC,y95
95 WRITE(IPUNCH,1065) XUI)sYNEW(I)DINEW(I) DER2Y(I)
1095 FGRMAT(4E15.6) ,
100 CCNTINUE
IF(XCELT(1))868,888465
65 CALL XSETUP(XBASEXCELT,XMW)NPTNEW,ERRCR)
CALL I2NTSP(UXINTyXINT,YCALC ¢DER2yXNEWN 9 YNEWKy) D2ZNEWJNINTS1,
1 NPTNEh+DINER)

CC 101 I=14NPTNEN
CTHBLUI)=(Loe—XNEW(I))*{1o~XNEW(I))*(YNEW(I)+XNEW(I)*DINEW(I))
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101

102

103
1C4

4050
5050
2050

2049

2051
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CTEB2(I) = XNEW(I)X(YNEW(1I)=(OTHBL(I)I/{L=XNEW(I))))
ANI=N1

ANJU=NJ

[FINK) €4647

CC 102 1=1+,NPTNER

XS12ANI/ (let+ANT)

XS2=ANJ/ (1. +ANJ)

EXCHZ(I) = DTHEB2(L1)/ANJ

XCH2 (L) = ANIRXNEW (T I 4NJ# (Lo =XNEW(T)) )/ (INI+1.)*XNEW(T) +

ING*(Lle=XNEw(])))

F(11)=C.

FGHLOL ) =DTHELILT )= ANI*(H{XCH2 (1) )=237.)

FCH2{I}=0.C

cC TO 104

CC 102 I=1,NPTNEW

ANT=N1

XS1=ANI/(l.+AN])

xS2=A4NJ/(1l.+ANJ)

XCH2 (1 )= (NL¥XNEW( L) #NI* (Lo =XNEW(I) ) )/ CINI+ L IXXNEW(L) +
(NJ+1o)%(Le=XNEW(I)))

F(I)=h(XCRZ(1))

EXCH2{T1)=0,.

FGHL (L )=DTHBLUI)-ANI*(F(I1)-H({XS1))

HOH2 (1 )=0THB2( T )-ANJ*(F(1)-H{X52))

WRITE(IOUTP,1C5C)

WRITE(ICUTP,1CCC)

WRITE(IOUTP y4C50)

FCRMAT ('QINTERPCLATED PLINTS'/)

WRITE(ICUTP,5C5C)

FCRMAT( 13Xy 1HX 219X 9 1HY s 17X 94HDER Ly 16Xy 4HCER2 416X 35HDTHBLy 15X,

1 EHDTHB2//)

WRITE(ICUTP$2050) (MNEW(TI) YNEW(I)yDINEW{T) D2NEW(I),OTEBL(I),

1 CTHB2(1),1=1,NPTNEW)

FCRMAT(€E20.6)

WRITE(IGUTP,2C4G)
FCRMAT{ 13Xy LhXy 19X 4HXCH2 4 13Xy SHHXCH2 y 15X 9 4HHOH1 9 15Xy 4HHCH2//)

WRITE(69205L) (XNEW( 1) 9XCH2UT) ¢HXCH2{T) 4HORLU1) +HOH2(L)F L1},
I=19yNPTNEW)

FCRMAT(€E2O.6)

GC TC 8&8

stae

END

FUNCTION SPLORL(ARGsXHICELXyDER21,DER22+CELY)

VN=-FS017.1

THIS FUNCTICN CALCULATES FIRST CERIVATIVES IN A SPLINE-FITTING
ALGURITHM GIVEN THE SECCAD DERIVATIVES, AN ARGUMENT, AND Y-INCR
MENTS

AKG= ARGUMENT. THIS MUST BE LESS THAN XHI BUT GREATER THAN XHI
MINUS DELX | ‘

DER21 = SECGND DERIVATIVE AT (XHI - DELX)

CER22 = SECCND DERIVATIVE AT XHI

CELY = Y(XHI) = Y(XHI-UELX)
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CCUBLE PRECISICN STCRLI,STCRZ2
STURL1=DER21*( XHI=ARC)*( XHI~ARG)*C.5/CELX
STORZ2=DERZZ*(ARG=XHI+DELX) * (8RG-XHI+DELX)*0,5/DELX
STOR1I=STOR2-STUR1

STORZ2=CELY/CELX

STUR1=STLRLI+STLRZ

STOR2=DEL x*{(UEK22-DER21)/6.
STOR1=STCLx1-STUR2

SPLDR1=STCR1

RETURN

END

SUBRULTINE SPLAG(IANKOR §XoYoNPTSyXINToCXINT NINTS,YCALC,LCERZ)
THIS ROUTINE PERFCRMS 4 SPLINE FIT CF CATA CVER SPECIFIED INTE--
VALS. 1T MATCHES FIRST ANC SECOND CERIVATIVES AT THE INTERVAL
BCUNCARIES AND GCES AS CLCSELY AS PUSSIBLE THRCUGH THE 0DATA
PCINTS (I. &te MINIMIZES LEAST SQUARES CEVIATICNS)
TANKUR=8NCHCRING CPTICN. 0=DC NCT ANCHCR ANY POUINT. 1=A4NCHOR THE
FIRST ANC THE LAST PGINTS ANC PUT 2 CUBIC IN THUSE TwO INTERVALS
IF PCSSIcsLE

XeY=ARRAYS CCNTAINING RESPECTIVELY THE INCEPENDENT AND CEPENDBENT
VARI ABLES TG BE FITTED.

NPTS= NUMBER GF THE CATA PCINTS IN THE CALCULATICN.

XINT= AkkAY CONTAING THE VALUES CF THE INUEPENDENY

XINT=ARKAY CCNTAINING TRE VALUES OF THE INDEFENDENT VARIABLES
WHICH ARE TU BE INTERVAL BCUNCARIES.

DXINT=ARRAY CCNTAINING IN LCCATICN I XINT(I)=-XINT(I-1)
NINTS=NUMBER OF INTERVALS

YCALC=ARRAY CCNTAINING THE CALCULATED VALUES OF THE INDEPENDENT
YCALC=AKRAY CUNTAINING ThHE CALCULATED VALUES OF THE DEPENDENY
YCALC=A4R<AY CCONTAINING THE CALCULATEU VALUES CF THE DEPENDENT
VARIABLE AT THE INTERVAL BCUNCARIES

DER2=ARRAY CUNTAINING THE CALCULATED VALUES OF THE SECCNC
CERIVATIVES AT THE INTERVAL BCUNCARIES

CIMENSIUN X(101),Y(101)

CIMENSICN XINT(5C),YCALC(5C)+DER2(50)},CXINT(50)

CIMENSICN OHEX(S9,101,3)CCNSTS(10L,43),4NS(101,3)

OCUBLE PRECISION STCR1 4STCR2,ySTCR34STCR49ySTCR59yFACsSTORESTCRY
CCUBLE PRECISICN S(11),STCRE,STORY

REAL*8 CBLE,LCABS

ICUTP=6

Nl=1

N2=2

NITS=20

ERROR=5.E-6

NINT=0

AXx=1

STOR3=0.0C

STOR4=C.0C

STORS=C.CC

STCR6=C.DC




STOR7=C.00
STURE=C.DC
STORG=0.0C
IF(NINTS)10,1042C
10 WRITE(IOLTP,1010) NINTS
101¢C FCRMAT('ONINTS="',13:5Xs*SPLAG BY-PASSEC"')
RETURN
20 NINTS1I=NINTS+1
CC 25 (=193
CC 25 J = 143
AFEX(I,I,J)=OO
25 AREX(I+6,KINTS1lyJ)=C.
3C NIN=1
CC 40 I=1,11
40 S(l)=cC.CO
NBASE=NINT+1
BASE=XINT{NBASE)
50 NINT=NINT+I1
60 STURE=X(NX)=XINT{NINT+1)
STORLI=DELE(X(NX)—BASE)
IF(ABES{STORE)-5.,E-6) 10C,10C,70
7C NEND=0
IF(STURE)SC,8C,8C
80 IF(NINT-NINTS)17C,12Cy12C
G0 IF(DABS(STORL)=-5.C-6)11C,12C,12C

10C NEND=1
110 Fac=1.0C
CC 70 1230

120 FAC=2.DO
130 S(1)=S(1)+FAC
STOR2=FACHDBLE(Y(NX))
S(8)=S(8}+STGR2
CC 135 I=2,4
" FAC=FAC*STGRI
STOR2=STCR2*STUR1
S(I)=S(I)+FAC
135 S(I+7)=S(I+7)4STCR2
CG 140 I=5,7
~ FAC=FAC*STOR1
140 S(I)=S(I)+FAC
IF(NEND) 15C,15C,17C
150 IF(NX=NFTS)16C4170,17C
16C AX=NX+1
NIN=AIN+1
_ ¢C To &C
170 ANINT1=NINT+1
IF(S(1))180,1€C,415C
C RGUTINE IS NUT YET EGUIFPED TC HANCLE EMPTY INTERVALS
18C WRITE(IULTP 41CEC)
1080 FCRMAT('OEMPTY INTERVAL DETECTED BY SPLAG, JCB ABCRTED')
caLL EXIT
16C STOR1=DELE(DXINT(NINTL))
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STUR2=C.500/STUR1 .
AREX (L NINT1,10=(S(2)=S(2)/STCR1)/STCR1
AHEX(2 NINT1511=~5{3)/3.DC4{C.500%5(4)~S(5)/6.DC/STORL)/STCR1

AREX(34NINTLl,1)=—STCRZ
AHEX(41NINT11)=STCRE+(S(3)/STCRI"Z.DO*S(Z))/5TGR1+5(1)

STORS5=S5(3) /STCK1/5T1CR1 :
AhEX(SthNT'l)=STOR3+5.CC*S(3)/6.00—5(2)*STCRI/B.CO-(4.DO*S(4)-
1 S$(5)/STUR1)/6.0C/STCR1

STUR3=(S(5)/STLRL/STCR1I-S(2))/€.00

AHEX(6yNINT,1)=STCRZ

TFE SIXTH PCSITICN IS INCREMENTEDL LATER PRCVIDED NINT IS

CREATER THAN 1.

AFEX(T o NINT,1)1=(S8(2)=-S(2)/STCR1)/STCR]
AHEX(B,NINTyl)=(S(b)—S(2)*STCR1+(S(4)—5(5)/STCR1)/STCR1)/6.DO
AREX{9yNINT,1)==-STLR2

CCNSTSININT 41)=STCR4+S(8)~5(9)/STCR1

CCNSTS(NINT,2)=C0.0C

STOR4=S(S) /STCR1
AHEX(lyNINTlp3)=5(3)-5(2)*STCRl+(S(4)—5(5)/STCR1)/STOR1

AHEX(Z,N1NT1.3):(—S(5)-510R1*(3.00*5(4)—2.00*5(3)*STOR1)+(3.DO*
1 S(6)-$(7)/81GRL)/STCR1)/€.LC
STOR2=C.S5CC*STCR1
AFEX(3,NINT1,2)=STGR2
AhEx(4oAlNT,3)=STUR7+5.CC*S(3)-2.00*5(2)*STCR1+(S(5)/STGR1-4.DO
1 S(4))/STGR1
STGR7=S(5)/STCK1/STCR1-5(2)
AHEX(S5yNINT3)=({STUR8+12.D0*S(5)+SI1CRL*(4.DO¥STORL*S5(3)—-12.L0%>
1 )+(S(7)/STCR1-6.D0%S(6))/STCR1)/6.D0
STORE=S(7)/STCRL/STCRL-2.CO%S(5)+S{2)%STORL*STCR1
AHEX(6yNINT2)=STOR1+STCRE
AFEX(TyNINT 92)==2+DC%S{2)+(3.00%S(4)-S(5)/STCR1)/STORL
OHEX{B8 yNINT3)=AHEX(2y,NINT1,3)
AFEX(9yNINT,3)=C.EDC®STCRL
CONSTSININT 93)=STURS—2.CC*S(9)*STCRL+2.D00*S(10)-S(11)/STCR1
STORS=S(11)/STUR1-S(S)*STCR1
IF(NINT-1) 165,1S5,2SC
195 IF(NIN-2)18041GS7,41G¢
166 IF(IANKCR)Z2C242C24165
167 CC 158 I=4,6
168 AKEX(I,+193)=0.DC
CCNSTS(1,2)=0.0C
AREX{54192)=1.CC
AFEX(84192)==1.0C
166 AREX(641,41)=1.00
' CC 201 I=4,9
AREX(Iy192)=AHEX(I,1,3)
AEEX(I91y3)=AREX(I91lsl)
2Cl1 AFEX(I41,1)=0.C0
AFREX(44141)=1.00
CCNSTS(1,2)=CLNSTS(1,3)
CCNSTS(143)=CCANSTS(L,1)
CUNSTS(1,1)=Y(1)
GC TG 300



26C

3CC

31¢C

311
312
313

314
315
316

317

314

316

CC 2C3 I=4,6
AFEX(Ip1l92)=AHEX(I41,3)
AREX(14143)=0.00
AHEX(69193)=1.8C
CENSTS(L92)=CCNSTS(1,3)
CUNSTS(1l.3)=C.CC

¢C TG 3CC
AREX(L1yNINT2)=—1.0C/STCRE
AEEX(2¢NINT ,2)=STURE/6.CC
AREX(34NINTy2)=C.

AREX (4 yNINT,2)=1.DC/STURE+1.,UQ/STORL
AREX(S5yNINT 42)=({STCRE+STCRL1)/3.00
AREX (O NINTy2)=0.

AFEX({ T oNINT92)==1.0C/STCR]L
AREX{B8¢4NINT,2)=STCR1/6.LCC

AFEX (99N INTy21=C.
AkEX(b,NINTrl)=AHEX(6leh71l)*C.EDO/STORé
IFI(NINT-NINTS)20C,31Cy31C
STORE=STCR1

GL TG 3C

AFEX(4yNINTL1y1)=STCR5S

AKEX (5 ¢NINT141)=STCR3
AHEX(64NINTL,13=C.5CC/STCRE
CCNSTSININT1,1)=STURS

AHEX (4 NINT1,2)=SIURT
AFEX(5,NINT1,3)=STuR8/6.CC
AHEX{6)NINT1,2)=STCRE
CCNSTSI(NINTL1,%)=STUORS
IF{NIN-2)1804212,311

IF(IANKUR) 21843184316

CC 2313 I=116
AHEX(IsNINT1,42)=C.DC
CCNSTSININT1,2)=C.0C
IF(NINTS-1)1315,315,21
AFEX{2yNINT1,3)=1.0C
AREX(5yNINTL13)=-i.LO0
AHEX(6¢NINTLy1)=1.0C

CC 317 [=1,6

AFEX (I oNINT1y2)=8REX({IsNINT143)
AREX{ I NINT1y2)=AREX(I,NINTL1,1)
AFEX(I NINT1l,1)=0.0C

AHEX (4 yNINT1,1)=1.00
CCNSTS(NINT192)=CCNSTS(hIthr3)
CCNS]S(NINT173)=CCNSTS(BINT1,1,
CCNSTSININTL,1)=Y{(NPTS)

GC TO 4c¢C

CC 316 I=1,6

AHEX (I NINTL1,2)=AHEX(IsNINT1s3)
AFEX(I:AINTI::)—O LC

AHEX{6 NINT1y3)=1.LC -
CCNSTS(NINTL,2)= =CLNSTSININTL, 3)
CONSTSININT1,3)=C.D0



OO0 nO

400

410

1C

20

3¢
40

5C

60
70
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catL INV3>P(AHEX,CEASTS14NS;AIA1519NITS,ERRUR)
CO 410 I=1,NINTS1 '
YCALC(I)=aNS(L41)

DER2 (I )=4NS(14+2)

RETURN

END

SUBROUT INE INV3SP(ARRAY,CCNSTS,ANSyNSIZ,MAXITS,ERRCR)

THIS ROUTLINE INVERTS A MATRIX ®wHICH HAS NC NMGRE THAN 9 NON ZER:
CIAGCNALS

ARRAY=ARRAY CCNTAINING TFHE ELEMENTS CF THE ARRAY TC BE INVERTE
CCNSTS=ARRAY CONTAINING THE CONSTANTS ON THE RIGHT SIDE OF THE
EQUATIUON

ANS=ARRAY CONTAING THE ANSWERS

NSIZ=NUMBER UF SINMULATICN EGQGUATICNS BEING SOLVED
MAXITS=MAXIMUM NUMBER OF ITERATICNS PERMITTED IN THE IERATER
CAUSSIAN ELEMINATICA,

ERRCR TCLERANCE PERNMITTED BETWEEN TwO SUCCESSIVE ITERATIGNS IN
CCOER TOU CEFINE CUNVERGEANCE

DIMENSICN ARRAY(9,101,3),CCNSTS(1014+3)4ANS(16L,3)

CIMENSION ASTCR(S4CL¢3),CCNSTR(10143),CELANS(101,43)

ICUTP=6

00 10 NKGwW=1,NSIZ

DG 10 I=1,3

ANSINROW,I1=0.0

CCNSTR(NRUWs I )=CCNSTS{ANRCh, I)

DC 250 NIT=1,MAXITS

PC 20 NRUW=1,NSIZ

DC 20 NCCL=1,S

CC 2C I=1,3

ASTOR(NCUL ¢NRChioI)=ARRAY{NCCL yNROW,yI)

DC 7C NIND=2Z,4NSIZ

CC 4C I=2,3

AV1=NIND-1

FAC= ASTCR(41NN111)/ASTCR(49NV111)

CC 30 NCUL=5,6

ASTOR(NCOL sNM1 1) =4ASTCR(NCCL yNML I )-FAC*ASTCR(NCOL yNM1,1)
CCNSTRINM1,I)=CCNSTR(NNY,I)-FAC*CCASTR(AM1,1)
FAC=ASTCR(S ) NM1,2)/8STCR{5¢NM1,2)

DC 5C NCGCL=6,6

ASTOR{NCOL yNM143)=ASTCR(NCCLsNM1,3)-FAC*ASTUGR(NCOL yNM1,2)
CCNSTR(NM143)=CONSTRINNML3)=FAC*CONSTR(AML ,2)

CC 70 I=1,3

Jl = I+1

CC 70 J=1,13

FAC= ASTCR(IoNINDrJ)/ASTCR(l+31NV111)

LC 6C K=Jl,6

ASTUR(K yNIND9yJ)=ASTCRIKyNINCoJ)- FAC*ASTCR(K*3:NM1 I)
COCNSTR(NIND oJ)=CCNSTRININD yJ)~-FAC*CCNSTR(NM1,1I)

CC 90 [=2,3

CC 9C JU=1,3

FAC=ASTCR(I+24NSILyJ)/ASTCR{I+2,NSIZyI~-1)



8C
9C

1CGC
11C
120
130
140

15C

151
152

153
155

15¢
157
16C
170
1sC
2CC
210

220
230
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CC 8C K=1,2
ASTOR(KR+3,NSIZ9J)=ASTCR(K+3,NSIZyJ)—-FACKASTCR(K+3,NSIZ,y1-1)
CUMSTRINSIZ ¢J)=CUNSTRINSIZJ)-FACKCCNSTR(INSIZyI-1) '
CELANSINSIZ¢3)=CONSTRINSIZ43)1/0STCR(E69WNSTIZ43)
DELANSINGSLZ92)=(CCNSTRINSIZ,2)-DELANS(NSIZ3)%ASTCGR(64NSIZ,42)0)/
1 ASTGR({54NSIZ,2)
DELANS{NSIZy1)=(LCNSTRINSIZ,y1)-DELANS({NSIZ3)%ASTCR(64NSIZ,y1)~-
1 DELANSINSIZ2)%ASTCR{54NSIZy1)})/ASTOR(44NSIZy1)
CC 130 NINEC=2,NSIZ
NRUW=NSIZ+1-NINC
NRGWLl=nKROW+1
CO 130 I=1,2
[l1=4—-1
STORE=CCNSTK(NRCh,11)
CC 1CO J=7,5
STUKE=STURE=-CELANS (NRCWL 4J=6)*¥ASTUR(JsNRChyI1)
IF(I-1)13C,13C,11C
STORE=STCRE=UELANS(ANRCW 3 )%ASTCR(6yNRCHW,I1)
[F(1-2)130,13Cy1cC
STORE=STCRE-DELANSI{NRCW2)*8STOR(54NRCH oI1)
CELANSINROW11)=STORE/ASTCR{I1+3,NRCn,y11)
CC 140 I=1,3
DU 140 NROw=1,NSIZ
ANSINROwny I )=ENSINRCW I ) +DELANS(NRCGW,y 1)
IF (NIT=1) 170,17C,15C
CC 1€0 J=1,2
DELMAX=(C.0
BASMAX=0.0
DG 155 I=1,NS1Z
IF(ABS(ANS(14J))=83ASMAX) 152,152,151
BasSMaAx= ABS({ANS(I,4J})
STORE=AES(DELANS(I,4J))
IF(STGRE-DELMAX)155,155,153
DELMAX=STOKE
CONTINLE
IF(BASMAX) 156,157,156
IF(DELMAX/BASVAX—ERRCR) J6C417C,170
IF{DELMAX-ERRCR) 16C,17C,170
CONTINUE
RETURN
DG 250 NROn=1,NSIZ
IF (NRCw-1) 1SC,16C,20C
11=2
GG TO 220
Il=1
IF(NRCw=-NSIZ)z20,21C,21C
12=2
GC TG 230
12=3
CO 250 J=1,3
STORE=C.0
DC 24C K=11l,12¢
I=NRCW=-2+K



240
250
1250
C
c
C
C
C
C
C
C
C
c
c
C
C
C
C
10
2C
30
40
5C
60
70
15
8cC

85

c-12

CC 240 L=1,3

M=3%(K=-1)+L
STURE=STORE+ARRAY (M oARChyJIXANS(I,L)
CONSTRINRUW»JI=CCNSTSINRCWyJ)-STCRE
WRITE(09125C)

FCRMAT(*ONO CCNVERGENCE IN INV3SP'/)
RETURN

END

SUBROUTINE XBLENCUX Yy MAX XINT NINTSLyNFLAGy,NPTS)

TR1IS ROLTINE BLEAUS TOGETHER ThC ARRAYS X AND XINT WHICH ARE

BCTHE URIGINALLY IN ASCENCING CRCER. IT ARRANGES THE ARRAY X SO

AS TO INCLUDE BUTH AND MCVES ENTRIES IN Y TC CCRRESPGOND WITH

THE ORIGINAL ENTRY IN X,

XeY=AKRAYS CCNTAINING ORIGINAL INDEPENDENT AND DEPENDENT VARIABLES
MAX=FMAXIMUM ALLUWAELE SIZE CF X AND Y.

XINT=ARRAY CCANTAINS ADDITICNAL VALLES CF X TC BE EBLENDED

NINTS1=NUMBER GF ENTRIES IN XINT

NFLAG=ARRAY CUNTAINING FLAGS wHICH, AT A GIVEN LCCATICN, INDICATE
THE SOURCE CF THE FINAL ENTRY IN X. O0=FRCM X, 1=FROM XINT,

-1=EQUAL VALUE FRCHM X ANC XINT TwGC VALUES ARE TAKEN TC BE EQUAL
IF THEY ARE AGREE 1€ WITHIN 5.E—-6«. THE X-VALUES(AND CORRESPCANDING
ARE USED.

NPTS=0ON INPLT, THE WNUMBER CF ENTRIES IN X. ON OQUTPUT, THE NUMBER O
ENTRIES IN THE BLENDED X ARRAY, :

DIMENSIUGN X(101)oY(1CL) +XINT(101)yNFLAG(LO01)

NEND=0

NSKP=C

IND=1

CC 6C I=14NPTS

DC 3C J=INDsNINTS1

STORE=XINT(J)=-x(1)

IF(ABS(STCRE)-5.E-6) 50,2C,2C

IF(STORE) 30,+320,4C

CONTINUE

J=NINTS1+1]

NFLAG(I)=J=INC

NSKP=NSKP+NFLA&G(I)

IND=J

IF(IND-NINTS1) 6C4+6C, 70

NFLAG(I)=INC-Jd=-1

NSKP=NSKP+J-IND

INO=J+1

IFCIND-NINTS1) €C+6Cy 170

CONT INUE

NUMB=NINTS1-J+l

CC T4 soO

I=1+1

IND=NINTS1

IF(I-NPTS) 75,75,85
CC 80 J=14NPTS
NFLAG(J)=0

NUMB=0



(aNeEelsNeNalaNaNaN el gl

SU

1€0

110
120

130
140

15C
160
170
18C
150

200
210
22C
230
240
250

260

LLe= APT<+ASKP+ALN5+L
NPTS1=NPTS+1

NFTS=LCC~1
CC 250 I=1,NPTS1

IFCNULME) 14Cy14C,1CC

CC 13C K=1,NLMB

LCC=LCC~-1

IF{LCC-MAX) 110,110412C
X{LOC)=XINT(IND)
NFLAG(LCC)=1

INU=IND-1

IFCIND) 26C,2€C,120 ,
CCNTINUE :
LCC=LOC-1

IF(LLC) <c6(42€C415C
J=NPTS1-1

IF(LCC-MAX) 17C4170,41€0
IF(NFLAG(U)) 21GC424C,1GC
{(LOC)=Xx(J)
Y(LGC)=Y(J)

IF(NFLAG(J)) 20C423Cy1EC
NFLAG(LCC)=C
NLMB=NFLAG(J)
cC TC 250
NELAG(LCC)=-1

INC=IND-1

IF(INC) Z26042€C,220
NLMB=~NFLAG(J)-1
CGC TO 250
NLAC(LCC)=0
NLMB=0
CCNTINUE

THERE SHCULD NEVER BE & NCRNMAL EXIT FRCM THIS DC LCGP.
RETURN

END

SUBRCUTINE XSETUP(XBASEyXDELTyXNEW,1,4ERRGR)

THIS RULTINE SETS UP THE XNEw ARRAY FCR A LATER INTERPOLATION.

IT BEGINS SULCCESSIVELY WITH THE NUMBERS IN THE FIRST FOUR LOCA-
TICNS GF THE ARRAY XBASE ANC ACOS THE INCREMENTS FCUND IN THE
CCRRESPCNLING LGCCATICN CF N XUELTe. RESULTS ARE STORED IN THE NEXT
AVAILAsLE LCCATICN IN XNEws THIS PROCESS CCNTINUES UNTIL THE NEXT
VALUES UF XEBASE IS EXCEEDED CR EQUALED TO WITHIN THE AMOUNT SPECI-
FI1ED BY ERRGR. THE FIFTF LCCATICN IN XxBASE IS THE MAXIMUM VALUE
WHICH wILL BE STORED IN XNEW. THE FIFTH LCCATICN QOF XDELT IS
IGNORED. THE CALCULATICA ALTCMATICALLY TERMINATES IF XNEw IS
FILLED UP UR IF A& ZERQC IS DETECTED IN EITHER XDELT OR XBASE AT ANY
FCINT IN THE CALCLLATICN ,

—D1FEASICN XBASE(S) 4 XCELT(5)yXNEW{101)

. I=0
CG 8C N=114



OO0 NnOO

3C
40

50

60

70
80

85

S0

10
20

30
35

37
40

C-14

IF(XCELT(N)) €£5,85,3C
J=0 ’
I=1+1
XNEW(I)=XBASC(N)4FLCAT(J}*XDELT(N)
J=J+1
STORE=XNEW( I )=-XBASE(N+]1)
IF(STORE) 5C,7C,70
IF(STORE+ERATIR) €C,6C,17C
IfF(I-10C) 4C,cC,SC

I=1-1

CCNT INUE

N=5

I=1+1

XNEW{I)=XBASc(N)

RETURN

END

SUBROUTINE I&hNTSP(DELX yXCLDyYCLDyD2CLD 9 XNEW9y YNEWD2NEW,NPTCLD,

1 NPTNEWDLHEW)

TFIS ROLTINE INTERPCLATES THE DATA FCUNC IN XOLC VS.YCOLD BASED

CN THE ABSIS3SAS SUPPLIEC IN XNEW. THE INTERPOLATICN METHCD 1S

BASEC CN THE CERIVATIVES CALCULATEL BY THE SLINE FITTING METHOD.

DELX=ARRAY CINTAINING IN LCCATICN 1y XOLO(I)=XCLD(I-1).

XCLUyYCLD=AKRAYS CCNTAINING RESPECTIVELY THE CRIGIAAL INDEPEN-
DENT aAND CePENUDENT VARIABLES.

Cz0LD= AKRAY CUNTAINING THE CRIGINAL SECCND DERIVATIVES,

XNEh ¢ YNEWsUNEn= ARRAYS CCNTAINING THE INTERPGLATED INDEPENDENT,
AND DEPENOchT VARIABLES ANC THE SECCNC DERIVATIVES.

NPTOLD= GRIGINAL NUMBER GF DATA POINTS.

NPTNEWw= NUMoER OF INTERPCLATED DaTa PCINTS.

DINEwW= CALCULLATED VALUES CF THE FIRST CERIVATIVE AT THE INTERPO-

LATED PCINTS.

CIMENSICN DELX(ICLl)yYCLC(LCL1),C20LLC(101),XCLD(101)
DIMENSICN XNEn(10Ll) 9YNEW(LCL),D2NEW(LO1)BINEW(L1OL)
ICLD=1

CC 5C I=1sNPTNER

IF(XNEW(I)=XxCLO(ICLE)) 25,30,410
IFCICLO-NPTCLL#1)2C44C,44C

ICLD=1CLD+1

¢cC TQ0 5

YNER(I)=YCLL(ICLD)

DZNEW( I )=C2CLLC(ICLD)

GG To 5¢C :

IF(ICLO-1) 4C+40,37

IGLU=ICLD-1

STOR1=XULO(ICLE+1)-XNEW(I)

STOR2=XNEw{ I)=-XCLC(ICLD)
YNEW([)=STORLI*(D2CLC(ICLE)*STCR1*STCR1/6.0/CELX(ICLD+1)+
1 (YOLD(IOLD)/CELX(ICLO+1)~-DELX(ICLD+1)*C20L0(ICLD)/6.0))+

¢ STOR2*(D2GLLC(ICLU+1)*STCR2*STCR2/€.0/DELX(ICLD+1)+



3 (YOLD(IULU+1)/DELX]IOLD+1)-DELX(ICLD+1)*DZOLD(I
DZNEn(l)=(CZCLD(lCLD)*(XCLD(ICLD+1)-
1 (XNEN(I)-XCLD(ICLD)))/CELX(ICLD+1)

50 DlNEn(I)=SPLUR1(XNEh(l’yXCLD(ICLC+1),DELX(IOLD+l)nDZCLD([OLD)r

1 CZCLD(ICLC+1),YCLD(ILLD+1)—YULC(ICLD))
RETURN

END

CLD+1)/6.0))
XNEN(I))+C20LDIICLD+]1 )%

~




TABLE 53

Spline~Fit Program

Sample of Output




SPLINE FIT PRCCRAM--
BUTANCL+FEXANE AT 45 DEG. C
X=MGL.FRACT.CF BLTANUL, Y=DELTAK/X1X2

INPUT PCINTS (% INDICATES INTERVAL BQUNDARY)

END FCINT ANCHCRED

X Y Y CALC

* Ce1581CCE 00
C.18062CE 00
C.2108CCE ¢Co

* 0.326C0CE 20
0.5785C(E 00
0.5986CCE 00
0.5594C(E 00

* Co8160CCE 00

* C.1000CCE 01}

0.56C5C0E 04
0.5271CCE 04
0.395900E C4
0.38230CE 04
U.28500CE C4
0.28050CE (4
0.28030CE 04
0.2258CCE C4
C.1920CCE 04

0.5605C0E 04
0.5243C2E 04
0.399408E C4
0.384914E 04
0.284093E 04
0.278131E 04
0.277899E C4
0.22€6836E 04
0. 192000E 04

DEV(PCT)

0.000000E
-0.530912E
0.886066E
0.683R843E
-0.318376E
—0.844666E
~0.856504E
0.458807¢E

-0.508626E~-

00
00
00
0o
00
00
00
00
04

DER1

-0.173895E
-0.148375E
-0.604564E
-0.552093¢
-0.303718E
-0.289672E
~0.,289134E
-0.201747E
-0.176905€E

05
05
04
04
04
04
04
04
04

DER2

C.120181€E
0.106657E
0.28395]1F
0.132477€
0.723663E
0:s673871E

0.671888E

0.135009€
0.135009E

1]
06
05
05
04
04
04
04
04

91-3



SPLINE FIT PRGCRAM=— FUCNG T. K.
N-BUTANCL4N-HEX&NE AT 25 GEG. C, REF.(2)
X=MCL.FRACT. GF BUTANOL, Y=DELTAH/X1X2 IN J/MOLE

INTERPOLATED PCINTS

X Y DER1 DER2
C.5000CCE~-01L 0.54S1C7E C4 -0.223503E C5 0.124934E
0.1000CCE 0O 0.4520G9E 04 -0.166274E 05 0.103983E
0.150CCCE 0O 0.381087&t C4 -0.119521€ 05 0.83031¢€E
0.2000CCE CO C.220833E C4 -0.832425E 04 0.620807E
0.25CGCCE 00 0.2G5€C9SE C4 -0.574399E 04 0.411295E
0.30000CE 00 0.271647E 04 =0.421129E 04 0.201785€
C.35020CE 00O 0.252278E C4 -0.366135E 04 0.654878E
0.40006CE 00 0.2347175E C4 -0.3340€4E 04 0.627969E
C.4503CCE QO 0.21884SE 04 -0.303338E 04 0.601059E
C.5000CCE CO 0.204422E C4 -0.273958E 04 0.574150€
0.5500CCE QO 0.191431€ 04 -0.245923E C4 0.547240E
C.6003CCE 00 0.1798C8E 04 -0.219234E 04 0.520331E
0.€500CCE 00 C.16¢485E C4 -0.193890E 04 0.493421E
C.70020CE 00 C.16C3G¢E 04 -0.169892E 04 0.466512E
0.750CCCE 00 0.152474E 04 ~0.14723GE 04 0.439602F
0.8000CCE Q0 0.14565CE 04 -0.125931E 04 0.412693E
0.8500CCE 0O 0.13985€E C4 -0.105970E 04 0.385783E
C.S0000CE 00 0.135031t C4 -0.873531€ 03 0.358874E
C.85000(t 00 0.13110CE 04 -0.700822E 03 0.331964E

06
06
05
05
05
05
04
04
04
04
04
04
04

04

04
04
04
04

04

Lt-9.
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TABLE 54

Forsythe Polynomial Program

Input-Output Format

Card Column Format Variable

1, 2 2-80 80H --

3 1-10 110 NPTS
4 to I+%4 1-20 F20.0 X(1)
21-40 F20.0 Y(I)

Data
Any alphameric information
(e.g. headings of output)
Number of data points
Xi value

Yi value

(I = No. of data points to be fitted; I { 50)

Power series degrees for comparison of fitted curve with data

are specified by NCOM (I) = Nwhere I =1 - 4, 1 { N 6.

I and N are to be specified in the program.



TABLE 55

Forsythe Polynomial Program

Fortran Statement




~ o

c-19

DNYE NSO XEINC) Y (170) ,CrM{4)

1M REAY(S,1,FN0=8An)

1 FUFHAT (1 X, 7

]
2 /1%, 7¢H
3
READ(S, 10) S“PT<,HOMS

1N FURMAT(T 10,500, n)

15 FORMAT(2F20n,n)
TEAN5.15) (XUI)aY(I)y1=1,0MPTS)
WO TTEA,2) '

2 FOPMAT (I

WRITE(A,10)

MITEGRE=¢6
WOy =3
MO 2) =4
MO0 2) =5
MOUMA 4 =1,
cAtL CUQFIT(\OEG?F,NCCMyNPTS,X,Y)
D40 I=1,60TS

4ny Y(I)=ALrG(Y(T1))
caLe (';U‘\’F'IT("J:)EGDE.NCG‘“. NPTS 4X,Y)
GG T 1an

AT Ko D)
Ern

SUBRUGUT INE CU!-.FIT(N]EGRE,NCOM,!\'PTS'X,Y)

SUBTLUTINE ‘:URFA’T(NUEGREN’C“NvNPTﬂyxvY)

NTMERSTOM X(le‘)qY(l'\O),A(IZ),B(l?),C(lZ),D(lZ)pE(3112)9

] f(1?’17)'P('}ol"‘-‘f‘)9’\&Cf":‘1(4),DI(4)92(4JVSDI(4)

ECUIVALENCE (Fy2)y (2,01, (ByZ)y({CySNI) -

T'= NPTS A

FfF‘"‘MT(lHOv?.ﬂX,"C!RTHOGC"JAL REPRESENTATION BY FORSYTHFE METHOD'//)

Ctz2) = 0,0 :

DO 14 y=1

P(1,J)

PL2,yJ)

14 C(2)
<4
XpP
K(C
A(2)
B(2)
D(1)
D(2) I
C(2) Ct2)/7D01(2)
NPRTHC = NDEGoE 4+ >
D0 15 K=3,NJETHO
- A(K) = 0,0
3(K)
C(K)
D(K)

[FY)

|
= NN
= 1.9
Cl2)y + v(4)

e
n
0

D

1
1

LI I | BT BT \C QYRR

o n
DO D
o o
b Ne)




17

lé
179

17
20

en

an

47

2N7
2R
276
208
32

34

33

35
a7

20

—

¢-20

Ka = KA + 1
Kt. = KPP + ]

KL = KC + 1
It (KA=2) 15,16417
Ke =1

ST 20
TP (kiz=7) T1-A,18,19

K= 1

GG TN 2¢C

K( = 1

NG AN g = 1,1

A(K) = AR)+Y(J)IEP (K3, J)*P(KB,J)
Bix) = ¥(K) + X(J)V*P(KA,J)*P (KR, J)
Alk) = A(K)/D(K=1)

2(K) = BIKY/L(K=2)

D22 J = 1,1

PUEC ) = (X({J)=A(K)IIEPLKB,yJ)=B(K)}*P (K4, J)
DY) = D(K) + PKCyJ)*P(KCyJ)

ClK) C{K) + PLKC,JI%Y ()

C (k) CIK)/DK)

COMTIRUF

AP TTE(£43)

WETTE(H,30) .
FURPIAT(LHN 37X, 'PCWFR SEPRIES COEFFICIENTS!)

Flly1) = 1,0
F(3,1) = N2

KA = 2

K = 1

KC =

N 47 J = 1,MNCRTHA
FlJsd) = 047
FllyJ) = 0D

A 31 K=2,NTRTHN
KRER=K=7?

[ FIKDEG=5) 275,206,277

TE(KDEG=9) 205,206,208

TH(RUEC=12) 27542064205

WETTE(643)

WETTE(6,32) KDED

FURMAT(1HD, '"POWER SFERIFS GF DEGFEE',13,10X,

VPPYWER PE XY, 10X, 'CNEFFICIENTY//)
KDEG = K-1

KA = KA + 1

KE = KB + 1

KC = KC + 1
IF(KA=3) 33,33,34
Kt = 1

GC T2 37

TF{KB=3) 35,435,36
KE = 1

¢ TO 37

KC = 1

NPa 31 J=1,KNEG

IF(J-1)29,39,40

E(KC yJ)=8(K)ZE(KR,J) = BIK)*E(KA,J)
GG TO 41



C-21

an THOJ=-K+2)42,80,43

‘@, an ElYC o, d) = F(kP,J=1) + A(K)HE(KR, J)
oL, T:) ] )
43 FOEC,d) = E(KByJ=1)

GO T 41
G2 TLYCad) = FUEB,J=-1) + SOKYRE (KR J) =R IKIHE(KA, )

4] Te = (J+K) /2
o= J o+ K
Vo= TE/2.0
TE(TA = TR) 44,45,44
45 rn = -=1,r
S50 T0 46
A 5 o= ].(‘
LA FUEYJd) = FX=143J) 462U )RE(KC ,J)
Jh = U -1

PETTE G 295) JALZF (X, )
3N TURIAT(I4Y 4 1PE26,T)
3] CoxTImur
82 GFITE(&6,59)
ha FORSATOIRND 321X, 'COYPARISTON COF PALER SERIES REPRESENTATIUN
LWITH EITTEG paTar/y/)
SUOWPTITE (G, 0) (MCOM(T) ,1=1,4)
60 FUFMATINMI) L IX "G TVE Y DATA'H 21X, 'Y VALUES COMPUTED FROM POWER
ISEPTES FF DEGREF M0 4oy e o ITZT
=== /50Xy TPERCENT DEVIATINN FRCM GIVEM YV /B8Xy " X' 314X, 'Y 4 5% ,4( 09X

3X1'N="13)
nr /)5 I
Z(N) = n.n
DI(N) = n.0n
65 SCI(N) = 9,N
NC 67T 1T = 14,NPTS
NC 61 N = 1,4
TFINCORINY) 644,664,672
¢3 K = 2 + NCOCW(N)
2{M) = F{KyK=-1)
KE = K=1
NG 62 J = 2,4,K3
JA = k=
&? 2(M) = Z2(M)=¥{l) + E(x,JA)
DIIN) = (YUI)=Z(N))/Y{1)%100,
SCIINY = SODI(N) + DI(XN)=DI(N\)
61 CONTIMNUE :
€6 wETTE(6O:06) X(I)vy(r)'(Z(N)yN=194)v(CI(N)7N=174)
66 FORMATIIHN, 1P2E15.6432X04F1546/23X,4F15.7)
67 . CONTINUE
FMPT = NPTS
) DG 68 N = 1,4
&8 DIIN) = SQRT(SCI(N)/FADT)
APITE(64962) (DI{M),%=1,4)
69 FORMAT(1HO, *RMS DEVIATIONS ="' 416X, 1P4F15.2)
RETURN .
END '

)
1,4




TABLE 56

Forsythe Polynomial Program

Sample of Qutput




CH2 Ghpup

POWLEE SERTES

PUEix SERIES

POWER SERIES

PAWER SERIES

POWER SERIES

YSTEY PUTANUL+F FXARE AT
= Y=

FEACTI G,

Ot

uf

JF

OFf

CHZ CUNT,.

TO DELTA H

MIXTMG

ORTHGGONAL REPRESENTATICN BY FPRSYTHE METHOD

UEGREE

LEGREE

CEGREC

LEGPEE

CELGREE

"POWER SCRIES COFFFICIFNTS

POWER

POWER

1

POWER

—

PCWER

w N~ O

POWER

AN =D

OF X

OF X

OF X

arF X

OF X

COEFFICIENT

1.4122272€E 02

COEFFICIENT

9.7758594E 02

—-9.3528198E 02

COEFFICIENT

—2.8647449E 03

T.6627539E 03

=-4.8014063E 03

COEFFICIENT

6.3750195E 03

—2.3353801lF 04

2.9847277E 04

—=1.2873396E 04

COEFFICIENT

2.5880969E 05

~-1.153R160E 06
1.925527CE 06
-1.4236620F 06

3.9315419E 05

c¢c-J



COvPOARISIOM CF PAKWER SERTES REPFESEMTATICN WITH FITTED DATA

GIVEN RATA Y VALUES CUMPUTED FRCM PAWER SERIES OF DEGREE N

PERCENT DEVIATION FROM GIVEN Y
X Y N= 1 N= 2 N= 3 N= 4

E,a1184098-01 2.0246308 C2 2. 132485E C2 1.965200E 02 1.991445%E 02 2.033125E 02
=7.794N0641E 00 2,9277317F OC 1.6414719 00 =4,1710919E-01

R.236572¢9(=-C1 L.90040 (2 2.C73542E C2 1.943826E 02 1.948984E 02 1.946875€E 02
~64837368CE 90 =1.5283476E-01 ~4.1963160E~01 -3.1094801E-01

e 3405200H-11 1.,8745300L G2 le€h67C4~ N2 1.910210E 02 1.902148E 02 1.RR5625E 02
=4.HO1246T1E 20 = 1,8490782E 00 -1.4192514E 00 -5.3825116E~01

R.461540E-01] 123272508 €2 1o 8619368 N2 1.865N76E 02 1.850156E 02 1.835000E 02
s ; 2. 2 59 7¢ -

P.57147301-"7] L7774t 30t €2 1.75GQ15%8F 02 1.806116F 02 1.792266E 02 . 1,791875E 02
e CH2GLATT =T = 1,9490414F 00 =9 ,994614TF-01 =9,7T744870F-0]

HehT70250kE=-01 1.72¢14Ct C2 1.652315E 02 1.742910E 02 1.727813E 02 1.740625E 02
3.9292612E CO -9.7154152E-01 ~9.6893370E-02 -8.3915627E-01

He TE5050F-C1 le&7132CE 2 1.599363F 02 1.667T0R0F 02 1.656289F 02 1.676875E 02
6.6GR7208E 20 2.5368011F-01 R.9933830E~01 -3.3237886E-01

Q, 363360E-C1 1.605010F C2 , 1.462241E Q2 1.582239E 02 1.577227E 02 1.608750€ 02
R.8GE1EU3E 00 1.4187536F 00 1,7310390E 00 —-2.3302543E-01

F.OGOR30L-N1 1.525C7CE 2 l.366999g 02 1.480RK2E 02 1.490195E 02 1.525000E 02
1.0283661E O1 2.2459641E 00 2.1584425E 00 -1.2672323E-01

¢.050910E-21 1.422510€ C2 1.273296E C2 1.387461E 02 1.394883E 02 | 1.420000€ 02
1.04RC4BRE 01 2.463RA24E 00 1.,9421377€E 00 1.7644292E-01

€S-2



Ce14G190E-01
G,2365710E-C1
€,2350832E-01
S.H5650CNE-01
CL.HRHC00F=0])
CL,e31000F=01

RMS CEVIATIONS =

1.30169CF C2 1.181377¢ 02 1.2785458 02 1.291055E 02

9.2428265F 2C 1.7780714F 00 8.,1703174E-01 -5.

1.160830GE 02 1.C611C4E 02 1.162544F 02 1.178477F 02

5.9863567E N0 -1.69222126E-01 -1.5420361E 00 -2,

1.0C1CCCF €2 1.0024198 (2 1.039873F 02 1.057031E 02

-1.41R1C606E-01 -3,8R34305F 00 -5,5975361F 00 -5,

7.5719%9F Cl 8.2918277¢ 01 T.765063E 01 7.87T1484E 01

~C.50G85541F N0 -2.54972N8E 00 -3.,9551744F 00 -1,

6.0645C00E C1 T.457129E 01 6.3€1646E 01 6.382R813E 01

—1.2221658E Cl 4.,2641706E 00 3.,9456310E 00 6.

3.24F0CCF €1 5.911035F 01 3.391772F (1 3,117578E 01

-7.8911194E 01 -4.,4265051E 00 4.015438lE 00 -8.

2.10E C1 2.48C 00 2.53E 00

JRTHOG CNAL REPREOSENTATION B8Y FORSYTHE METHND

PCwE:R SERIES COFFFICIENMNTS

POWER SERIES 0OF [FGREE O POWFR NF X CCEFFTCIENT
0 ‘ 4,R601017E 00
POV ER SERTES GF CEGREE 1 PAWER IF X CREFFICTENT
0 1.242459E 01
1 -8.4591606E 00

POWER SERIES OF CEGREE 2 PCWER 0OF X COEFFICIENT

1.308750E 02
4237843E-01

1.187500E 02
3195305 00

1.055000E 02
3946142E 00

7.668750E 01

27T77519€E 00

6.237500E 01
1324253E 00

3.512500€ 01
1434841E 00

2.99€ 00

#2-9
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0  -5,3066208F 01
1 1.3819287F 02
2 -R,1R37A30F 01
PAWER SERTES NF LCEGREE 3 PUWKER OF X COEFFICIENT - - .
0 4,4691R8Q5E 02
1 -1.5405105E 03
2 1.7930840F 03
3 -6.9660986E 02
POWER SERIES OF CEGREF 4 PUWER OF X - COEFFICIENT
0 -2.2044773E 03
1 1.0323074E 04
2 -1.R117809F 04
3 1.4121320E 04
4 -4,1294141E 03
CUMPARISION GF POWER SERTES REPRESENTATION WITH FITTED DATA
GIVEN DATA Y VALUES CCMPUTED FROM POWER SERIES OF DEGREE N

—— " ——— ———— — — T —— — _— — . “———— — V. — " T —— — — ——— —— —— e w—

PERCENT DEVIATION FROM GIVEN Y
X Y N= 1 N= 2 N= 3 N= 4

R,111R8C9F-01] 5.210582¢

(]

(@]

5.6556763E 0C 5.186492E 00 5.328369E 00 5.288086E 00
—4.6356592E 00 2.,3366404E .00 -3,3493459E-01 4.2361093E~01

P.235296E-01 Y.268251F CC 54459231k 00 5.237213E 00 5.264R893E 00 5.266357E 00
-3.6053333E 0N 5.8991271E-01 -6.4516068E-02 3.6711153€E-02

Re349E570F-0] 5.234061EL CC 5.32615601F 00 5.265381F €D 5.221436F 00 5.239258E 00
-2.4367237E N0 -5,9R3806%E-01 2.4122173E-01 -9.9283695E-02

B.4615400-01 5.205247E CC 5.,266842E 00 5.272278F 00 5.191650E 00 5.207520E 00
-1.1834164F CO -1.2878485E N0 2.6111686E~01 -4.3751530€E-02

Gge-J



&

8.,571420F-01
8.)79256E—C1
A, 7R5360E-C)
8, RYQAGNE-( ]
8.657920F-01
G, NS0910E-01
c;1901005—01
G,.2857108=-91
G, 38083CE-01

Qe565C00F=-1

Q, 65500 0F=-01
S.3 20 COF=-01

WMS DEVIATIONS

5.17+706F 0O

5.15105¢&k €O

2.11F784L CO

5.07H20CF C0

4,G575930 CC

4,05RE34F €D

4,7541GCF CO

4,6%¢17CE CC

4.3270428 0C

4,196649 CC

3.480624E 00

5, 173R24F N0
Py

(;.

5.CR2677E 00

5.259064E Q0

o1
1077CC0E-N92 -1.5516911F 00

5.226913F 00

1.32751C4F 00 ~-1,4726143F 00

4,993179E 00

5.176865E 00

2.4527G673F 00 -1.1346569E 00

4,905340: 00
3.4C58635E

4, E8161C7F 0O

5.100009F 00

5.027023E ©0

5.167725E 00
2.1205217E-01

5.145264F 00
1.1249191E-01

5.1184C8F 00
7.3405616E-03

5.082764E 00

00 -6.2242407E-01 -8.,788752¢E-02

5.034180E 00

4.11450€E7F 0 =2.7239N734E-02 —-1.6478062E-01

4.734447C 00
4.5010843E 00

4.651311E OO0
4,4676533E 0N

4.565563F 00
3.,77033%3E 90

4.48G6453% 00
2.5239136E Q0O

44233407 00
—1.4711607E-01

4.2572758 €O
-1.4494476E 0O

4,1C8394E OC

4.9291CBE 0

4.,969238E 00

5.7457906E-01 -2.3489857E-01

4.R16Q86E 00

4.R84T766E 00

1.0648842E 00 -3.2722586E-01

4,691498F 00

1.3166027F8 00 =4,90939561E-01

4.553375E N0

1.1461678E 00 -8.6463130E-01

4,242477E 0D
1.9543180F 00

4,070572E €O
2.9996157g 00

3.696121F 00

4,777R32E 00

4.645996E 00

4.30004°9E 00

6.2381625€-01

4.082031€E 00
2.7265434E 00

3.547852€E 00

5.1735R4E 00
9.8908544E-02

5.134277E 00
3.2577485E~01

5.096436E 00
4.3659580E-01

5.053955€ 00
4,7940016E-01

5.001465E 00
4,R614442E-01

4,940430E 00
3.4620178E-01

4.865723E 00
6.3893795E-02

4.770752E 00

=3.,5046965E-01

4.651855E 00

-9,9183840£-01

4.320313E 00
1.5551329E-01

4.096191E 00
2.3891115E 00

. 3.503662E 00

-1.8036172F N1 -6.1913319E 00 -1.9314737E 00 —-6.6188979E-01

5.4CF 00

2.09E 00

9,03E-01

T.23E-01

9c-J
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TABLE 57

Program for Prediction of Heats of Mixing of Binaries
(n-alcohol + n-alkane)

lnput-Output Format

Card Column Format Variable Data
I, 2 2-80 80H -- Any alphameric information
(e.g. headings of output)

3 1-20 F20.0 NI Number of carbon atoms in
alcohol molecule

21-40 F20.0 NJ Number of carbon atoms in
hydrocarbon molecule

41-60 F20.0 NK 0 = when NI = NJ + 1
1 = when NI # NJ + 1
) 1-20 I10 NPTS Number of data points
5 to 5+I 1-20 F20.0 X(I) X; value (composition)
21-40 F20.0 Y(I) Published data of Y. for

comparison with pFedic-
ted data
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TABLE 57 (cont.)

Nomenclature for Qutput of

All Prediction Programs

Variable Data
X Mole fraction
SIZE Predicted size contributions
to heats of mixing
GROUP Predicted group contributions
to heats of mixing
LIT.DATA Published data
PREDICT Predicted heats of mixing
DEV Percentage deviation of

predicted heats of mixing
from published data



TABLE 58

Program for Prediction of AHM for

n-alkane + n-alcohol Systems at 25°C

Fortran Statement




s EaRa e

1000
10

20

24

80

23

28
55

52

53
48

49
54
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A PROGRAM T0O PREDICT HEATS OF MIXIMG

HXZH42 = 0H2 3RIJP CONTRIBYTINY T HEATS OF MIXING
HIHS = STAMDARD STATE NF 0OH GRIUP

HXZ42S = STANDA?D STATF OF CH42 30UP NF THE ALKANE MOLECJLE
DIMENSIONN ANBAR(S0),HES(50),TITH(50),F(50)
NIMENSTON X2H42(50),X{50),4XCH2(50),434(50),DTH{50)
DTUENSION DTHRI(50),0THR2(5))

NDIMENSION Y(50)

DIMENSION DEVP{50)

REAL NI NJ,NK :

GGLZ) = 659285.%¥7 - 649285

H{7)=-2.864T440F 03 +T7.6587530F 03%7 -4.8014063F 03%7%7
AK(Y) = 4.4T73%(Y- 6.)%(16.-Y) + (39.5/500)%(Y=-5.)%(16.-Y)%*(1l.-

GKI(7)=1.5208971% 02 -3,303801E 02%7 + 1.8705989F 02%7%]

G6(7)= {(-1.427NR8TF Q4 + 6.4545875F J4%7 -1.086505E 05«7Z%Z +

1 B.1240313E Q4%2%7%7 -2.2T759754F 04Xk1¥7%1%7)
READIS5,10,END=520)
FIOMAT(1X,e79H

/1%y 794

) N

READ(5,20) NI, MJyNK
FORMAT(2F10.0)
READ(5,24)INPTS
FORMAT(I10)
READ(S5428){X{T ), Y{I),I=1,NPTS)
FIPMAT(2F20.0)

SDI = 0.0

FNPTS = NPTS

ANT=NT

ANJ=NJ

SX1=AMI/(1. + ANI)
DQ 50 1=1,NPTS

Al=1

Xg42(1) = (X(I)*AMI+(1.—X(I))*VJ)/((l.+ANI)*X(I)+(1.—X(I))*NJ)

CALZJULATINN THE GROUP HEATS OF MIXIMG
DD 80 I=1,NPTS

HXZH2 (1) =H{XCH2(1))

HXZ42S=H{SX1)

IF(SX1-0.96444129,29,28

HOH4S=EXPIG{SX1))

) TJ 55 °

HOHS=EXP (3K {SX1))

DY 54 I=1,NPTS

IF(XZH2(1)1-0.9916) 53,53,52

HOA(T1)=GG(XC42(1))

50 TJ 5S4 |
IF(XZH2(1)-0.9444)49,49,48

HOH 1) =EXP(GK (XSH2(1) 1))

GO T3 5S4

HOH(I)‘EXP(G(XC*Z(I)))

CONTINUF

DY 120 I=1,NPTS

DTHRI(I) = ANT#{HXCH2(I) - HXCH42S) + (HOH(I)=HOHS)
DTHR2{T) = NJ*4XTH2(1)

Y)



1000
19

2

24

80

23

28
55

52

53
48

49
54

1

wW N
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A PROGRAM TO PREDICT HEATS OF MIXIMNG
5ROIP CONTRIBYTINY T 4HEATS DF MIXING

HX2H42 = OH2

HIHS = STAMDARD STATE NF 0OH GROIYP
HXZ42S8 = STANDARD STAYF 0OF

T42 3I0UP NF THE ALKANE MOLECJLE

NDIMENSINY ANBAR({S0),HESI50), TOTHISD),,FI57)
NIMENSTION XZH42i50),X(50),H4HXCH2(50),404(50),DTHI50)
DTUENSTON DTHRI(50),DTHB2(5))

NIVENSION YI50)

DIVENSI?\ Dk

2 AL HI ¢ NJ,
Gr{Z) = A580
“(7.)::"2‘864
AK(Y) = 4.4

GK(Z)=1.5202971%

VP {59)
e

TRS.H7 = 649285
74405 03 +7.6587539E 03%7 -4,8014063F 03%7*7
735 (Y=6e) % (16.=Y) + (39.5/500)%(VY=5.,)%(15.=Y)*(1la~

N2 -3.303801F €2%7 + 1,8705930F Q2%72%7

G6(7)= [-1.427NRBTF 04 + 6.45%5L75F 24%7 ~1.086505E 05%7%7 +
Qax7%7%7 =2,2759754F 04x2x]%1*7)

8.1240313E
READI54104F

N2=520)

FOOMAT(1X,79H

/1Y, 794

READ(5,20)

FORMAT(2F10.

READ(S5,24)N
FOQRVAT(I10)

NT 5 My NK
o)
PTS

READ(S,25){X{I)yY{I),I=1,NPTS)

FOPMAT(2F20.
SDI = 0.0
FNPTS = NPT
ANT=\NT
ANJ=\Y
SX1=aMI/{1.
NN 53 I=1,\
Al=1

XCH2(1) = (X(!)*AMI+(1.—X({))*VJ)/((l.+ANI)*X(I)+(1.-X(I))*NJ)

0)

S

+ ANT)
PTS

CALZJULATION THE GROUP HEATS OF MIXIMG

D2 80 I=1,N
HXZH2(1)=H{
HXZH42S=H{SX
IF(SX1-0.96
HOHAS=EXP{ G
GJ TJ 55 °

HIHS=FXP (5K
NY 54 I=1,N
IF(XZH2(1)~

HOA(T)=GG(XC

G TJ 54

PTS

XCH2(1))

1)
444129,29,28
SX1}))

(SX1))
PTS

0.9916) 53,453,452

42(11))

[F(XZH2(1)~0.9444)49, 49.+e

HOH(T)=EXP(
GO Y3 54

HOH(I)=EXP(
CCONTINUF

D2 120 I=1,
DTHRLI(I) =
DTHR2(I) =

GK(Y”H?(!)))
G(XC%Z(I)))

\NPTS
ANT&(HXCH2(TI)

NJ®HAXTH2(1)

- HXCH2S) + (HOH(I)-HOHS)

Y)
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122 OTH(IY = XUV EDTHRLITY + (Lo=X(ID)XDTHR2(T)
CALZJLATIOM OF THE SIZE CONTRISUTINON

AMT = ANT + 1.,
TFINK )} 69,96,69

69 N 71 T=1,NPTS
ANAR(T) = X(I)*ANI+(1.—X(I))*AVJ

71 HES(I) = AK{AMBAR(IN)-(ANJ-ANRAR(L))*AK{ANT}/(ANJI- wa)
1 -(ANBAR(T)-AMTY*AK{ANJI)/( ANJ=ANT)
6D T2 79

95 D2 92 [=1,NPTS

9R HES{I)=0.

' TOTAL HEATS OF MIXING TDTHUI)

79 DN 72 1=1,NPTS
TOTHI 1) =HES{T)+DITH(T)
DEVPI{TI=INO.&(Y({T)=TOTH(T)}/Y(T)
SNT = SDI + JEVP(I)#DEVP(I)

72 CONTINUE
SOI = SRAT(SHI/FNPTS)
WRITE(6,1)

1 FIRMAT(1HI1)

WRITE(6,10)
WRITF(&,300})

300 FIRMAT(//TR,' X", T17,9S1ZE",T26, 'GROUP?,T3%4,'LIT.DATA?,T45,
1 'PREDICT',TS55,'NEV'//)
WRITE(6,310) IX{LY) yHESCI) oDTH(I),Y (1), TOTH(I),DEVP(I),
1 1=1,NPTS)

310 FORMAT(F10.4,5F10.2/)
WRITF(6,131) SOI

131 FNRMAT(1HO,T35,12MS DEVIATION = *,F10.2)
GD T2 1000

500 STI”
END



TABLE 59

Program for Prediction of AHM for

n-alkane + n-alcohol Systems at 25°C

Sample of Output
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e

TA i‘"I:

[

59

SYSTFY HEXANOL 4 uEYANT AT 45 Do,
X=MOL FRACT, OF HEY LI, TNTH=RPENICTSA HFATS 1F MIXTNA

X c17+% ~20up LTT.NDATA pPRENICT nEy
0.1727 0. 2¢ £32,71 625,00 531,98 LY
n.1298 n.2a 512, 64 (53,71 613.97 5,93
0.2490 0.45 735,135 716400 735,80 -2.77
0.2709 n.ux AT 728,09 741,72 -1.98
N,5024 .60 E6NL 27 A63,00 6HN. 29 Ne 32
0.5230 0,60 525,45 £49,00 637,06 1.6¢
0.5230 0,67 43,45 652.09 537,06 2,29
0.7439 0.4 240,10 253,00 160, 62 -2.15

aMS DEVIATICN = 3.59



TABLE 60

Program for Prediction of AHM for

n-alkane + n-alcohol Systems at 45°C

Fortran Statement




r.
C
r.
C
C
C
.
C
C
C

1007
10

20
24

25

59
80

52

51
55

42

1

)

1

1

2
3

A BINGRA
AN HVAD
W RATCL
= MM
SRER L

HEt = N
;'{:llr":) =
HeeaS = 8§

HXTH2S =
RN N
NrueEN<In
BE RSN N
DR ARATRARN ey
NS T o
AL MY,
H{7)=-2,
D,2484)
AY (7 )=-1
+1,.25]
5(7)=1.0
7.3724]
AK({Y) =
ce(7) =
REAIS, ]
FR2MAT (Y

/1%,70

DEAD(5,?
FRevMAT (2
RFAN(G,2
ECDMAT( |
RFAD(5,2
EMPMAT( 2
SpT = 0,
FMNPTS =
ANT =V ]
ﬁ\]J:\}J
SX1=AMI/
nn 50 I=
Al=1
XCH42(1)
CALCULAT
NN 80 I=
HXZH?2( 1)
HXZH2S=F
1IF(5X1-0
HOHS=F XP
GO TO S5
HOHS=EXP
DO 54 I=
[F(XCH2(
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PPEDICTINN N HEATS NE MpyIyG

Y TN CALTHLATE THE JEATS PF MIXTHs ne ALCOHOL
ACpRRAN ATV TYRES NSTMNG THE GREBUP SOLUTION MODFL
TEE AMG CHAN

CRONF CAZANNY ATNMS TN THE ALCOHNL MNOLECJLF

AED PP TADRON ATOMC [N THE 4VDPACARAQN MO EC LT
SOND COUTPTRNTION TN HFEATS NE MIXTNG

THP SRR mOMTRIRUTION T HEATS OF “IXING
TARNAND STATE AF NH n2nyp

STAYAARD STATE N (42 SFNUYD NE THE ALKANE MOLETJLE

NOANDAL(50),HES(50), TNTH(81),F (RD)

NONSHD(SO) Y {BN) GHXIH2{GN) L HOH(5D) ,NTH{S5N)

MODNTHOL(R0),NTHR(57)

ERZ (e

MOoDRYD{ARN)

AN |

TTTS277 N3 +1,727207F 04357 =2 ,0560AC D4xT%7 +

Eo0an7eT] —«A 41VERT6F N7 %797 %7

C132172724% N3 3 ,504K22A88F Q3%7 ~-2,9NT720922F O34%:7%7
AZOAE Q2R TNR) k7

121240 24 =4 ,9012930F N4%7 +09,0°14313F D4x7x7 -

FRAF DGRTwT%] 2, 1856345 D47 ulw7*x] .
168372 (Y=A,)1%{1A,=Y) + {(21.5/500)x(Y=-6,)%{14.,=-Y)*{11.-Y)

653285,%7 - 649285

O, FMR=500)

Yy T9H

H

) NI JNMJ, K

Fl1o.0)

/.)MDTS

17) .
S5I{XIT)yY{(I),1=1,NPTS)
“20.,0)

)

VPTS

{l. + ANT)
14NPTS

= (XCDIRANTH 0L o=XOT) M) /L L L +ANT I EXCT) + (1 =X{T) ) £NY)
16N THE GRNYD HEATS OF MIXIMG

1,NPTS

SEXO({H{XCH2(T)))

YP{H{SX1))

.128A)52,52,51 .

(G{SXx1))

(5K(SX1))
I)—ﬂ.Q?Q‘\)I’Z,l‘?"AI

HYH(T)=EXP(G(XCH2(1)))
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nT B4
41 HOM{TY=FEXD{GYIXCH2IT)Y)
84  CONMNTINMYT
Nt 120 1=14NPTS
ATHAT (T = ANTR{RYCH?2(T) — HXCH?2S) + (HOH{T)-HTHS)
NTHR?2(T) = NJ¥HNTH2 ()
X(T) = MJR(l.=XOH2{TY /70 (Nd=-MTY + (MT=NJ+1,)=XCH2 (1))}
123 ATH{T) = M{TERNTHRYIITY + (1.=Y (1) )=DTHRI(])
CALTULATION OF THFE ST178 CONTRIRUTION
AMT = AMT + 1.,
TE(MX ) 6£3,9G,67
&Q N 71 T=1,MPTS ‘
ANRA2(T) = X(!)*ANT+(1.—X(¥))*A”J
71 HES(TY = A EANDAD (T))={ANJ=ANRAR{T)Y Y =AK(AMT)/ (ANJ=-AMT)
] —(ANPARP{TY=ANTIRAKIAMI) /(ANG-AMT)
Y Ty 70
Qg ne 93 T=1,MPTS
a8 HESTT)=0D.
. TATAL HFATS NF MTXING TNTH(T)
79 N2 72 T=1,N9TS
TRTH{ ) =HES{T)+OTHIT)
AFVO{TI=100.%{Y{T)=TRTH{ T} /Y(])
SPT = SPT + DEVA{TI*NEYP(T)
72 CoMTIMuUr
SPYT = SNRT{SNI/FEMPTS)
WRITE(A,1)
1 FORMATIIAHL)
WPITE(A,10)
WP ITE{6H,IND)
300 FP?VAT(//TP,’X'.T17,'SIZE',TZS.'SQQJP',734,'LIT.DATA',T45,
1 'DRENICTY ,THR,INEVY/ /)
WRIT:(&,’]D)(X(T).HFS(I’.DTH(Y)»Y(I)rTDTH(I),DFVD(I)y
11=1,MPTS)
310 FCPRMATI(F10.4,5F10.2/7)
WPTTE(A,131) SDI
131 FOPUAT(IHN, T25,'PMS DEVIATION = ',F1N,2)
GO T 1000
ROOD ST
£ND




TABLE 61

M

Program for Prediction of AH  for

n-alkane + n-alcohol Systems at 459¢

Sample of Qutput




PENTAMOL + HEDTAM:

x: MﬂL FQK\PT.

0.0202
N.0590
N, 0084
N.1741
0.2904
N.46244
0.5129
0.5779
0.6254
0.69656
0.7535
0.2219

0.9011%8

DF The
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TAZILE 61

AT 25 DES.
ALDDHN

RN

196,70
327, 9¢
440,40
855,51
c;qo,' (o &4
£05.75
544,07
‘471.71
440,12
350,75
290,47
233,60

][fl .60

r.

L1IT.NATA

240,00
344,00
427.90
522.nd
879,00
570,00
542,00
492.00
449,00
374,00
311.00
228.170

178.00

PRENTICT

195,11
328,22
640,37
556.20
590.04%
607,14
545.41
473.04
441,42
361,92
300.50
234.50

142.19

RMS DEVIATIONM =

nEv

12.7)

4.59

—61’7

""C'UF‘.,J

"O.(J?
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TABLE 62

Program for Prediction of Heats of Mixing

of n-alcohol + n~alcohol mixtures at 25°C

input-Output Format

Card Column Format Variable Data
1, 2 2-80 80H -- Any alphameric information
(e.g. headings of output)
3 1-20 F10.0 NI Number of carbon atoms in
the first molecule
21-40 F10.0 NJ Number of carbon atoms in
the second molecule
4 1-10 I10 NPTS Number of data points
5to 5+I 1-20 F20.0 X(I) X; value (composition)
21-40 F20.0 Y(I) Published data of Y. for

comparison with
predicted data



TABLE 63

M

Program for Prediction of AH for

n-alcohol + n-alcohol Systems at 25°C

Fortran Statement




1000
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A PROGRAM T3 PREDICT HEATS 3F MIXING NF ALCOHOL + ALCOHOL MIXTI
USING RATCLIFF AND CHAQ MODEL

NT=NUMRER (F CARBNN ATNMS TN MOLECULE 1

NJ=NUMOFR CARBON ATNMS IN MOLECULE 2

HCH=NH GROUP CONTRIBUTINN TO HEATS OF MIXING

HXCH2=CH2 GROUP CONTRIBUTION TO HEATS OF MIXING

HPYS 1= STANDARD STATE OF OH GROUP IN MOLECULE 1

HOHS2= STANDARD STATE 0OF OH GROUP IN MOLECULE 2

HCH2 1=STANDARND STATF OF CH2 GROUP IN MOLECULE 1

HCH?2=STANDARD STATE OF CH2 GROUP IN MOLFCULE 2

DIMENSIOM DTHG(S0) ,Y(50)

DIMENSTON ANBAR({50),HES(50),TDTH(50) ,F(50)

DIMENSION DEVPI(50)

DIMENSION XZH2{50),X{50) 4HXZH2({50),HOH{50) 4DTH(50)

DIMENSION DTHB1{50),DTHB2(50)

REAL NIygNJ,NK

AKLY) = 4.473%(Y=-A.)x(16.=Y) + (39.5/500)*%({Y-6.)%{16.~Y)*(11.-Y
H(Z)=-2.8647449F 03 +7.6687539F 03%7 -4.,8014063F 03%72%7
GK(Z2)=1.5208371E 02 -3.303801E 02%7 + 1.8705989E 02%7*1

GIZ)= (-1.4370887E 04 + 6.4546875F 04%7 -1.086505E 05%7%7 +

1 8.1240313E 0Q4%Z%2%7 =-2.275%754E Q4*Z2*I%72%*7)

GG(Z) = 5878857.%7 - 578257,
READ({5,101,END=500)

101 FORMAT(1X,79H

10
20

15

40

52
51

55
53

54
57

41

W N~

/1X,79H

READ{S5,10) NI,NJ

FORMAT(2F10.0)

READ(5,20) NPTS

FCRMAT(I10)

READ(S5,15) (X({TI)yY(I),I=1,NPTS)
FORMAT(2F20.0)

SDI = 0.0

FNPTS = NPTS

SX1=NI/(1.+NT)

SXZ2=NJ/(1l.+NJ)

DO 40 I=1,NPTS

XCH2UI) = (XCI)ANI+({1a=X(T))ENI) QL +ND)EXTI) 4+ (1 -X{I))*{1.4NJ)
HCH21=H(SX1)

HCH22=H(SX2)

CALCULATION OF THE GROUP HEATS OF MIXING
IF{SX1-0.9444)52,52,51

HOHS 1=EXP(G(SX1))

GO TO S5

HOHS 1=FXP (GK{SX1))

GO T3 55

I1F{5X2-0.9444)53,53,54
HUHS2=EXP{G(SX2))

60 10 57 -

HOHS2=EXP (GK(SX2))

D0 56 [I=1,NPTS
IF(XCH2{I)~-0,9916147,42,41
HOH{I )=GG{ XCH2(I))
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GO TD 56
42 TF(XCH2(1)-0.9444)49,49,48
48  HOH{T)=EXP{GK(XCH2(I)))
GO TO 56
49 HCH(T) = EXP{G(XCH2(I)))
56 CONT IMUF
DG K0 I=1,NPTS
HYCH2(1) = HIXCH2(I)) ,
NTHB1(T)=MNI=(HXCH2(I)-HCH21) + (HOH{T)-HOHS])
NTH32 (T)=NJ&(HXCH2{T)-HLH22) # (HOH{T) ~-HNHS2)

60 DTHG(I) = X(I)ADTHAL(I)+(1.-X{I))*NTHR2(T)
Xx=MNLE FRACTION NF THE FIRST MOLECULE
CALCULATION OF THE STZE HEATS 0OF MIXINF
NI=NT+1,

NJ=MJ+1.
DG 80 I=1,NPTS
ANT=NI
ANI=NJ
ANBAR(T) = X({IVHANI+{1.=-X{1))*ANJ
80 HES(T) = AK(ANRAR(I))-{ANJ-ANBAR(I))*AK{ANI)/(ANJ-ANT)
1 —(ANBAR(I)-ANI)*AK(ANJ) /{ ANJ=-ANT)
CALCULATION OF THE TORAL HEATS NF MIXING TDTH(I)
DO 120 I=1,NPTS
TOTH(T) = HES{I) + DTHG{I)
NEVP(I)=100.%(Y{I)=TDTH(I))/Y(I).
SDI = SDI + DEVP(I)=%DEVP(I)
120 CONTINUE
SDI=SQRTISNI/FNPTS)
WRITE(6,1)
1 FORMAT(1H1)
WRITE(6,4101)
WRITE(6,4300)
300 FORMAT(//TB,"X"yT17,*'SIZE",T26,'GROUP' ,T34,'LIT.DATA",T45,
1 *PREDICT*,T55,'DEV'//)
WRITE(6,310) (XCH2{I) o X{I),DTHG(I),HES{I),TDTH(I),DEVPII),
1 I=14NPTS)
310 FORMAT(F10.4,5F10.2/)
WRITE(6,131) SDI
131 FDRMAT{1HO,T35,'RMS DEVIATION = ',F10.2)
GO TO 1000
S00 STOP
END



TABLE 64

Program for Prediction of AHM for

n-alcohol + n-alcohol Systems at 25OC

Sample of Qutput




SYSTEM PENT ANDIL

0.8843
0.8812
0.8754
0.8689
0.862R
0.8624
0.8588
0.8534
0.8474
0.8414

0.8377

- C-38

+ OCTANMTL AT 25
X=MQOL. FPACT. OF PENTANOL, TDTH=PREDICTEND HEATS NF MIXING

ST7E

N.11

0.19

GROUP

19.18
20,01
27.72
30.37
34,006
30.55
26.91
26.39
18.51
12.54

4456

NEG. €

LIT.DATA

10.39
11.82
11.73
11.69

11.07

RMS DEVIATION

PREDICT

?3.68
27.37
33.11
42.19

45480

fl

DEV

-2.96

27.97

29.43

33,04

28.44

35.02

37.74

33.39

38.62

34.75

53.22

34.19
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TABLE 65

Program for Prediction of Heats of Mixing of Ternaries

Card Column
1, 2° 2-8
3 1-10
4 1-10
11-20
21-30

5 to 5+1 1-20

21-40

41-60

Input-Output Format

Format

80H

110
F10.0

F10.0

F10.0

F20.0

F20 .0

Variable

NPTS
NI

NJ

NK

X2(1)

X3(I)

Y(I)

Data

Any alphameric information
(e.g. headings of output)

Number of data points

Number of carbon atoms in
the hydrocarbon molecule

Number of carbon atoms in
the short alcohol mole-
cule

Number of carbon atoms in
the long alcohol mole-
cule

Mole fraction of alcohol
molecule with number of
carbon atoms = NJ

Mole fraction of the sec-
ond alcohol molecule

Published data of heats of
mixing for comparison
with predicted data



TABLE 66

M

Program for Prediction of AH  for

Ternary Systems at 250C

Fortran Statement




lakel

1000
10

24
11

30

22

50

55

41

42
38

39

54

N -

c-40

PPEDICTION HEATS NF MIXING NF TEENARY SYSTEMS AT 25 NEG. C
PSING GPAUP SNLUTINY MANEL IF PATCLYFF AND CHAD

DIMENSTON X](’O),¥°(30)'X%(%O),Y(%O).YCHZKSO),HWH()W).HTHG(GO)
DTHFMSTNN NTHR1(S0),OTHR2(50) ,NT4R3{52),%12(53),X13(52),X23{50)
OIMEMS I H12{80),H23(50),H1I(50),HES{50), TDTH(59) '
DIMENSTNY ylvt(sn),x122(501,7111(50),x1°2(f0),7737(%3),X?%3(Gn)
NTYEMSINN HYOH2{50)
DIMEMSTNY "TAA[SB0Q) ,RR(5Q)
NIMENSTIAN DEVA{S0),

REAL NI, HJ, MK
H(2)==2.864T449F N3 +7,.6583753QF N3%7 -4 PYVTANGAE 03%747
GK{Z)=1.5208371F P2 =3,3028N1E 02%7 + 1.R7059RF 02%7

6(7)= (-1.43T083TF 04 + h,4545875F N4%x72 —1,084505F 05%7%7 +

1 P.12403135 N4kZ%7%7 —2.2759756F 04%71%7%7*])

Gh{Z)=2000,%7 =100,
HH{Z)==-%64N,%7 + 642,
READ(S,10,FD=500N)
FOFPMAT(1X, 79H

/1X,79H

READ(5,24)NPTS

FORMAT(I10) ‘
READ(S,11IMT4NJ,NK

FORPMATI2FE10.0)
READ(5,30)(X2(1)yX3{I),Y{I),I= I,MPTS)
FNRMATI{3F20.0)

~SDI = 0.0
FMPTS = NPTS
ANTI=NT
ANJ=NJ

SY3=NK/(1.+NK)

HOHS3=FXP{G(SX3))

HCHS2=H{[SX3)

N0 50 I=1,MPTS .
X1(T)=1.-X2(1)=-X3(1) -
XCH2(T)=(MI%=X1(T ) +NJ* X?(I)+VK*Y’(I))/

LINT#XI(T) +(1+NJI=X2(T)+(1.+NKI*X3 (1))

CALCULATINN OF THE GROUP HEATS OF MIXING
D0 54 I=1,NPTS
[F(XCH2(T1)=0.3444)42442 441

HOH( T )=EXP(GK(XCH2(T1)))
HXCH? (1) =H{XCH2(T1))

GO TD 54

IF{XCH2(TI)=-0.8)%9,39,38
HOH{T)=FXP{G(XCH2(1)))
HXCH2(T)=H(XCH2(T})

G TN 54

HOH(T )=GGIXCH2(T))

HXCH2 (I)=HH{XCH2(1))

CONTINUE

D0 60 I=1,NPTS

DTHRLI(T)=NT*HXCH2(T)

DTHB2(1)=NJ*{ HXCH2(T)-237.) + (HNH(T)}+100.)
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NTHARZ (] ) =M (HXTH2{T) =HCHS3) + (HAHIT)-HNHS3)
a0 NTHA(I)=X1(T)2DTHRL(T) +X2(T)*NTHR2 (1) +X3(1)%NTHB3(T)

CALTULATION NF THUE STZE HMEATS NF MIXTNG

N0 100 T=1,%PTS

3=4,0

X121 {T)Y=(1+¥YL(T)=X2(1)) /2,
Y1220 1)=1.-X121{1)
X131(T)={1+X2(1)=-X2(1)) /2.
X133(1)=1.-%130L(T1)
X222(1)={1.+x2(1)=X3{1))/2.
X233(1)=1.~-¥232(1)

NJ=NJ+1.,

NK=tX+1

H12(T J=P (N T=Mg )% (NT=NJ) £X12 11 %X122( 1)
H13(T ) =R (MT MK )3 (NT=NK D $X 131 {T)%xX133( 1)
M2 T J =P (M= ) % (NJ=NMKIEX232(T)%X2>33(T)
100 HES(I =YL (T)#¥2(T)#412(1) /X121 1) %X122(T)
1+ XU{I)®X3{T)%H23(T)/X131(1)%X133(1)
2+ X2(I)EX(T)#H23( 1) /X232(1)%X233 (1)
CALCULATINY ~F THE TNTAL HEATS OJF MIXING
£ AN 200 T=1,'12TS
200  TOTH( T)=HES(T)+DTHG(T)
ND 72 I=1,NPTS
DEVP{I11=100.%(Y(T)=TOTH(T))/Y(I)
SPT = SNT + JSVP(I)*DEVPI(I)
72 CONTINUE
SDI = SQ2T{S2I/EMPTS)
NRITE(&,9)
9 FORMAT(141)
WRITE(6,10)
WRITE(6,300)
200 FNRMATI//TS, 1X11,T17, SIZE? ,T26,1G20OUP T, T34, 1L1T. DATA', T45,
1 'PREQNICTY,TS7,1NEVI//)
WRITE(6,310) (X (L) yHESIT) yDTHG (T}, Y(T),TDTH(I),NEVPLI),
1 I=1,NPTS)
210 FORMAT(F1D.4,5F10.2/)
131 FIRMAT{1HO,T25,'PMS DEVIATION = ',F10.2)
WRITE(&,131) SDI
60 TD 1090
500 STOP,
END



TABLE 67

M

Program for Prediction of AH for

Ternary Systems at 25°¢

Sample of Qutput [




c-Up
TAZLT 67

SYSTEM HEPTANE+POOOANIL+DENTANDL AT 26 DF5, €, SOLOTIAN C
I=HEPTANE, 2=00 CPANTIL, A=DENTANAL

X1 ST7E GRAUP  LIT.NDATA  PREDICT DEV

0.7076 0.40 604.26 589,00 604,65 -2.66
Ne6574 0. 49 615.87 609,00 616,36 -1.21
0.5840 0.48 634,5 612.00 634.98 -3.76
0.4814 - 0.35 533.10 573.00 583,464 -1.8?2
0.3767 0.50 506 .20 503.00 506.80 -0.76
0.3151 1.50 460,45 446,00 461.95 -3.58
D.2688 2.47 407.23 398,00 410.80 ~3.22

- 0.1997 6439 310.45 216.00 316.86 -0.27
’ N.1382 9.14 201. 14 233.00 210.27 9.75
0.1145 1?.67 184.20 198.00 196.27 0.87

RMS NEVIATION = 3. 82




