
ABSTRACT 

The IGroup Solution l 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 250 C and 450 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. 
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INTRODUCTION 

The entha1py change of mixing represents one of 

the few practica1 entry points into the network of functions 

re1ating the thermodynamic properties of functions. Vapor-

1iquid equi1ibrium data represent another common1y used 

entry point. Entha1py change of mixing information is very 

usefu1 in constructing theories of the 1iquid state. 

In the 1ast few years, data on heats of mixing 

have become more genera11y avai1ab1e due primari1y to the 

improvements in calorimetric equipment. This study concerns 

itself with the application of a group solution mode 1 to the 

prediction of heats of mixing using recent1y pub1ished data 

for mixtures containing hydrocarbons and alcohols. 

In dea1ing with mixtures of molecules in terms of 

their constituent groupings of atoms, it should be clear 

that in sorne 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 mo1e­

cules, and (3) the organlzation of the molecules in the 

solution and in the standard state. 

Even for mixtures of simple mo1ecules, the effects 

are so comp1icated that completely satisfactory mode1s have 

yet to be deve1oped. However, what is needed are perhaps 

1ess detailed and simpler models. 
1 
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One of the earliest descriptions of simple mixtures 

in terms of groups was given by Langmuir (1) sorne fort y 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. 

Sorne 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 1S 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 Igroupl portion of the 

partial excess free energy is taken as the difference bet­

ween contributions ln solution and molecular standard state? 

log Y~ = ( 1 ) 

where the log fis represent the group contribution in the 

solution, the superscripts Gand * denote the group contri­

bution and the standard state respectively, and Nki is the 

number of groups of type k in the solution. 

f is taken as a function of the group composition, 

fk = f k (X 1 ' X
2 

... ) (2 ) 

where l: x. Nki i 1 

Xk = l: l: x. Nki i k 1 

(3) 

The molecular activity coefficient is taken as the 

sum of the group contribution and a contribution concerning 
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the size, 

log Yi = log Y~ + log Y~ (4) 

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: 

log y~ 
1 

= 
N. N. 

log ~ x~ N. + 0.4343 (1 - ~ x~ Ni) 
1 1 i 1 

(5 ) 

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 thls model is applied to paraffln mixtures, the 

values obtalned are numerically too large. One may think 

that the size contribution has been overestimated. This 

conclusion leads to the modified group solution mode 1 of 

Ratcliff and Chao (8) which will be discussed later in det­

ail. 

Recently, Scheller (9) has used a Isolution of 

groups 1 idea to make a correlation of a broad range of mix­

tures. The log yls 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 yls 

appeared to be generalJy within 10% of experimentaJ values. 

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 r in btnary 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 1 iquid m~xtui·es. The mode 1 postulates that the 

non-Ideal behavior of a molecule in solution may be broken 

down into two independent parts. One is associated with the 

overal1 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 y. 
J = log y~ + log y~ 

J J 
(6 ) 

where the subscript i identifies the molecular species, and 

the superscripts Sand 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: 

log y~ 
J 

2 = B (N. - L N· x.) 
J • J J 

J 
(7) 

The summation is over all molecular species in the 

solution and represents the average slze of the molecular 

skeletons ln the solution. For blnary mixtures, Equation 

(2) reduces to: 

(8) 
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The group contribution to log y. is assumed to be 
1 

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 r is deflned in a 

simi lar manner to a molecular activity coefficient y, 

log y~ = (9) 

where Nki = number of groups of type k ln molecular species 

* and Pk = activlty coefficient of group k at standard state 

And finally, the group solution model postulates 

that the group activity coefficients are functlons of temper-

ature, pressure and composition: 

log r k = 

where 

= 
L: x. N

k
. 

j J J 
L: L: Nk. x. 
k j J J 

•• Xk, T, p] 

Group Solution Model and Heats of Mixing 

( 10) 

( 1 1 ) 

The mode1 has been extended to heats of mixlng of 

1iquid mixtures. The molar heats of mixlng of liquid mix-

tures can be expressed in a similar manner to the activity 

coefficients: 

= ( 12) 

where the superscript M denotes the mixing functlon, 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. 

The group contribution to 6HM 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: 

6H~ 
1 

= ( 13) 

where Nk i = number of groups of type k in molecular species 

and Hk * = excess enthalpy of group k at standard state. 

The standard state chosen for a group i s 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 astate 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 postu1ate of the group solution 

mode 1 is that the excess enthalpies of group k are functions 

on1y of group composition, temperature and pressure: 

= 

where Xk is given by Equation (ll)~ 

= 
~ xk Nkj 
J 

2: 2: x. Nk . 
k j J J 

( 14 ) 

Equations (13) and (14) assume that the molecu1ar forces act­

ing on a group and on a who1e mo1ecu1e are unique1y deter­

mined by the average group composition of the solution, i.e. 

are independent of how the groups are joined together in the 

mo1ecu1es. 

The importance of the group solution model lS that 

it enab1es us to ca1culate the properties of any mixture from 

known data on other mixtures of simJlar molecu1ar groups. 
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PREDICTION METHOD 

Reguirements 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 should 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, 9S 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, Oc Data Source 

n-hexane + n-hexadecane 20, 30, 4O, 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 Il " 
n-nonane + n-hexadecane " " 
n-pentane + n-decane " " 

n-hexane + n-hexadecane 40, 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 " " 
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TA BLE 1 ( co nt. ) 

System Range, Oc Data Source 

ethano1 + n-decano1 25 17 

ethano1 + n-hexane 30, 45 18 

n -propano 1 + n-heptane Il Il Il 

ethanol + n-nonane Il Il Il 

n-butano1 + n-heptane Il Il Il 

n-pentanol + n-hexane Il Il Il 

n-octano1 + n-heptane Il Il Il 

n-octanol + n-nonane Il Il Il 

n-hexano1 + n-heptane 35, 45 19 

n-decano1 + n-heptane Il Il Il 

n-butano1 + n-undecane Il Il Il 

n-hexano1 + n-undecane Il Il Il 

methano1 + water (high di1.) 4.75, 15, 25 20 

ethano1 + water Il Il 35 Il 

n-propano1 + water Il Il Il Il 

i -propano 1 + water Il Il Il Il 

n-butano1 + water Il Il Il Il 

t-butano1 + water Il Il Il Il 

methanol + water 25 21 

2-propanol + water Il Il 

ethanol + water Il Il 

1 -propano 1 + water Il Il 
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TABL E 1 (con t . ) 

System Range, Oc Data Source 

methano1 + water (high di 1 • ) 25 22 

ethano1 + water Il Il Il Il 

n -propano 1 + water Il Il Il Il 

n-butano1 + water Il Il Il Il 

n-pentano1 + water Il Il Il Il 

n-hexano1 + water Il Il Il Il 

methano1 + n-hexane 30, 45, 64 23 

ethano1 + n-heptane 30, 60 Il 

ethano1 + n-hexane 30, 35 Il 

ethano1 + cyc10hexane 25, 35 Il 

n -propano 1 + n-heptane 30, 40, 45 Il 

isopropano 1 + n-heptane 30, 45, 60 Il 

ethano1 + n-octane 20, 25, 30 24 

n-heptane + n-propano1 25 Il 

+ n-pentanol 

n-tetradecane + n-propanol Il Il 

+ n-octanol 

n-heptane + n-octanol Il Il 

n-heptane + n-pentanol Il Il 

n-heptane + n-propanol Il Il 

n-heptane + n-ethanol Il Il 

n-heptane + n-decanol Il Il 
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TABLE 1 (cont.) 

System Range, Oc Data Source 

methanol + n-hexane 45 25 

ethanol + n-hexane 25, 35, 45 Il 

n-propnaol + n-hexane Il Il Il Il 

n-butanol + n-hexane Il Il Il Il 

n-hexanol + n-hexane Il Il Il Il 

n-octanol + n-hexane Il Il Il Il 

ethanol + n-hexane 30 6 

ethanol + n-nonane Il Il 

n-pentanol + n-hexane Il Il 

n-butanol + n-heptane Il Il 

n-octanol + n-heptane Il Il 

n-octanol + n-nonane Il Il 

methanol + n-hexane 25, 30, 34, 26 
40, 45, 50 

methanol + n-heptane 30, 45, 60 Il 

methanol + n-butanol 25 27 

ethanol + n-butanol Il Il 

n-propanol + n-butanol Il Il 

n-butanol + n-hexanol Il Il 

n-butanol + n-octanol Il Il 

n-butanol + n-decanol Il Il 

methanol + n-octanol Il Il 
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TABLE 1 (cont.) 

System Range, Oc Data Source 

ethano1 + n-octano1 25 27 

n -propano 1 + n-octano1 Il Il 

n-hexanol + n-octano1 Il Il 

n-octanol + n-decano1 Il Il 

ethano1 + n-heptane 20, 25, 30 28 

n-propano1 + n-heptane Il I! Il Il 

n-pentanol + n-heptane Il Il Il Il 

n-octano1 + n-heptane Il Il Il Il 

n-decano1 + n-heptane Il Il Il Il 

ethanol + n-octane Il Il Il Il 

n-propanol + n-octane Il Il Il Il 

n-pentanol + n-octane Il Il Il Il 

n-decano1 + n-octane Il Il Il Il 

n-octanol + n-octane Il Il Il Il 

n-propanol + n-tetradecane Il Il Il Il 

n-pentano1 + n-tetradecane Il Il Il Il 

n-octanol + n-tetradecane Il Il Il Il 

n-decano1 + n-tetradecane Il Il Il Il 

ethanol + n-propar:ol Il Il Il Il 

ethano1 + n-pentanol Il Il Il Il 

ethanol + n-octanol Il Il Il Il 

ethano1 + n-decano1 Il Il Il Il 

n-propano1 + n-pentanol Il Il Il Il 
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TABLE l (cont.) 

System Range, Oc Data Source 

n-propano1 + n-octano1 20, 25, 30 28 

n-propano l + n-decano1 Il Il Il Il 

n-pentanol + n-octanol Il Il Il Il 

n-pentanol + n-decanol Il Il Il Il 
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Treatments of Heat-of-Mixinq 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. It was almost impossible to 

achieve a good fit in the dilute-composition regions. 

Attempts to fit the data directly, i.e. to fit ~HM data 

against composition by power series would be very unsuccess­

fuI since the fitted curve could show inflection points, as 

is shown in Figure 1. 

M 
AH 

Region of unex-, 
pected inf/ection: 

points : 

Composition 

FIGURE 1 

Region 
of 

uneltpected 

inflection 
points 

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 perts. 



-18-

Van Ness (29) recently pointed out that one of the 

best ways to treat the thermodynamic excess data is the 

spI ine-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 spI ine-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, 

aIl 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

fullyas 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 6HM/x 1 x2 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 

-

FIGURE 2 

The n-butanol + n-hexane system was chosen as the 

base system in computing the group excess enthalpies because 

of the fo1lowing advantages: 

The two components of the system have the 

shortest size lengths in the sense that the 

skeletal contribution of thi s system, i.e. 

the heats of mixing of the n-pentane + n­

hexane system, can be easily estimated. 

The curves ~HM/xl x2 are shown in Figure 3. 

No inflection point cou1d 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 spl ine-fit of ~HM/xl x2 ' 
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a4 

FIGURE 3 

1. 

( 15) 

( 16) 

( 17) 

Determination of Group Excess Enthalpies from Published Data 

ln 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 (- 1730 C). 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, ~HM , the partial molar heats of mixing a3 
of n-propanol in different n-propanol mixtures, were plotted 

against XCH • These curves exhibit similar shapes and are 
2 

almost congruent. From Equation (7), 

= ( 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 true 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, 6H~H' in the three water + alcohol 

systems 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 terme The problem of 

estimating the skeletal heats of mixing of short-chained 

systems remains unsolved. 

ln 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 

Plots of ~HM versus XCH for 
a3 2 

n-propanol systems at 25°C 
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FIGURE 5 

Plots of ~H~ versus XCH for 
4 2 

n-butanol systems at 25°C 



r-----r-----~------O . ... 

o 
C 
t"CS 
X 
<L> 
..c 

1 

s::: 

+ 

<L> 
C 
t"CS 
X 
<L> 
..c 

1 

c 
+ 

-- :: 

~ 0 

o 
0. 

~------------1or-------------~------------~L-~g g g 
"t 

V 
l?HU 

V\j-

o 

3101/\/ / S31nOr ' 

C\I . 
:c 
u 

x 



-24-

FIGURE 6 

-:::-;-;M 
Plots of 6HH 0 versus XOH for 

2 

water systems at 2SoC 
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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 250 C and 450 C. The skeletal contribution is prac­

tically negligible in this mixture; for example, at 20oC, 

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 -
0' 6Hhexane ( 19) 

* The standard state of group excess enthalpy HCH 
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: 

* HCH = 210. 
2 

(20 ) 

Rearranging Equation (8): 

= (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 7 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 450 C were used to 

determine the excess enthalpies of methylene and hydroxyl 

groups in a similar manner as at 250 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 

(24) for the systems n-octanol + n-octane and n-pentanol + 

n-octane at 250 C, and by the data of Van Ness (i8) for the 

system n-octanol + n-octane at 450 C. Fitted parameters for 

HOH and HCH are tabulated on Table 2, the Forsythe poly-
2 

nomial method (33) being used. 

If 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 sI ight 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°C 
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Excess Enthalpies of OH Group 

at 4SoC 
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Coefficients 

T = 25°C 

y = HCH 2 

y = Ln HOH 
(0.80 < XCH < 0.9444) 

2 

Y = Ln HOH 
(0.9444 < XCH < 0.9916) 

2 

Y = HOH 
(0.9916 < XCH < 1 .0 ) 

2 

TABLE 2 

Fitted Parameters for Group Excess Enthalpies 

m 
y = ; Am XCH2 

AO x 10-3 Al x 10-3 A
2 

x 10-3 A3 x 10-3 

- 2.8647449 7.6687539 - 4.80141 

- 14.3709 64.5469 - 108.6505 81 .2403 

0.15209 - 0.33038 0.1870599 

659.285 - 649.285 

ct 

A4 x 10-3 

- 22.759754 

1 
LV 



Coefficients 

T = 45°C 

y = Ln H
CH2 

y = Ln HOH 
(0.80 < XCH < 0 .9286) 

2 

Y = Ln HOH 
(0.9286 (XCH (1.0) 

2 

AO x 10-3 

- 3.77753 

10 • 18123 

- 1. 13124 

T ABL E 2 (con t . ) 

A, x 10-3 A
2 

x 10-3 A3 x 10-3 

17.27207 - 29.5606 22.4841 

- 49.91294 90.916313 - 73.024188 

3.5962285 - 3.8078923 1.3518303 

fi 

A4 x 10-3 

- 64.14875 

21 .185534 

1 
L.ù 
ro 
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PREDICTION RESULTS 

Binary Mixtures 

The model has been tested using the data of 

Ramalho and Ruel (24) at 250 C, and of Brown, Fock and Smith 

(25) and Van Ness (26) at 450 C. 

The skeleta1 contributions in these mixtures were 

evaluated from n-hexane + n-hexadecane heat-of-mixing data, 

using the 1 imited princip1e of congruence formulated by 

Hol1eman and Hijmans (15): 

= 6HS (6, 16, n) - ~g~~ 6HS (6, 16, NI) 

16-N1 S ro=o 6H (6, 16, N2 ) (22) 

Equation (22) is shown graphically in Figure Il. 

S 
AH C6,16,n) 

A H
S
(6 ,16,~) 

6 n 16 

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

1. (NI' N2 , 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, NI) is the mixture corresponding 

to the reference system having an aver­

age number of carbon atoms equal to NI. 

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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F J GURE 12 

Heats of Mixing at 25°C for the System 

n-pentano1 + 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-pentano1 + n-tetradecane 
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FIGURE 15 

Heats of Mixing at 25°C for the System 

n-octano1 + n-heptane 
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FIGURE 16 

Heats of Mixing at 25°C for the System 

n-octano1 + n-octane 
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FIGURE 17 

Heats of Mixing at 2SoC for the System 

n-octanol + n-tetradecane 
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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-decano1 + n-octane 



-------------T------------~----------~3 

ttS -0 
+J Cl> 
ttS -1-' 

0 U 

-0 . 
ID +J '-

--' Cl.. 

0 

/0 
1 
0 

o 

o 

0 
~ 

0 
-q 

0 
~ . 

o 
("'II 

• 

L ___ --'_~--~~====-~ 0 o 0 o o 
...q 

310V'J 1 S31nOr 

o 
N 

HV 
V\J 

0 
~ 

xttS 



-43-

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 
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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 
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TABLE 3 

Root -Mean -Square Deviations From Experimental Data 

Mixture Ref. T, Oc R.M.D., % 

n-pentanol + n-heptane 24 25 6.71 

n-pentanol + n-octane 24 25 6.94 

n-pentanol + n-tetradecane 24 25 8.35 

n-octanol + n-heptane 24 25 9.69 

n-octanol + n-octane 24 25 8.02 

n-octanol + n-tetradecane 24 25 10.27 

n-decanol + n-heptane 24 25 16.38 

n-decanol + n-octane 24 25 15.98 

n-decanol + n-tetradecane 24 25 17 • 11 

n-pentanol + n-hexane 26 45 11 .23 

n-hexanol + n-hexane 25 45 3.60 

n-octanol + n-hexane 25 45 7.00 

n-octanol + n-heptane 26 45 11 • 10 

n-octanol + n-nonane 26 45 12.40 
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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). Extra;Jlation 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): 

= A [~x. N~ - (~ N. x.)2] 
i 1 1 1 1 

(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 250 C. 

Moreover, since the skeletal contributions of the systems 

studied are small in comparison with the group contributions, 

our results would be little affected by this terme 

The resu1ts are surprising1y good as in the case 

of binary mixtures, as shown in Figures 28-35. Deviations 

from the pub1 ished data and parameters of the extrapo1ated 

curves are tabulated in Table 4. 
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FIGURE 26 

Extrapolation of HOH Curve at 250 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-propanol + n-pentanol 
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FIGURE 32 

Heats of Mixing at 25°C for the System 

n-octane + n-propanol + n-octanoJ 
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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 < XCH < 0.80 
2 

y = HOH 

y = HCH 
2 

Prediction Resul ts for 

System 

n-heptane + n-propanol A 
+ n-pentanol 

B 

C 

n-heptane + n-propanol A 
+ n-octanol 

B 

C 

n-heptane + n-propanol A 
+ n-decanol 

B 

C 

- 1600 

642 

Ternary Systems 

Solution 

(x = 0.7409) a5 
(x = 0.4989) a5 
(xa = 0.2507) 

5 

(x
a8 

= 0.7349) 

(x
a8 = 0.5018) 

(x
a8 = 0.2472 ) 

(x = 0.7421 ) a 10 
(x = 0.4941) 

al O 
(x = 0.2404 ) 

al O 

2000 

- 540 

at 250 C 

R .M. D ., 

12.0 

7.15 

5.08 

15.4 

12.0 

8. 1 

28.3 

15.7 

10.6 

% 
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T ABL E 4 (con t • ) 

System Solution R.M.D., % 

n-octane + n-p opanol A (xa = 0.7456 ) 12.6 
+ n-pentanol 5 

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 al0 

B (x = 0.4904) 12.6 
al0 

C (x 
al0 

= 0.2545) 8.7 

n-octane + n-propanol A (x
a8 

= 0.6902 ) 13.7 
+ n-octanol 

B (xa = 0.4853) 10.8 
8 

c (x
a8 

= 0.2536 ) 6.5 

n-tetradecane + n-propanol A (xa = 0.7503) 12.3 
+ n-pentanol 5 

B (xa = 0.4975) 10.7 
5 

c (x = 0.2482 ) 15.0 a5 

n-tetradecane + n-propanol A (x
a8 

= o .7409) 11.0 
+ n-octanol 

B (x
aS 

= 0.4985) 9.3 

c (x
a8 

= 0.3375) Il .20 
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Limitation of the Appl ication of the Model 

The appl ication 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 fol1ows: 

Then 

Predicted System: 

15 < n l < 5 

16 < n2 < 6 

For n l 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 250 C, the maximum size contribution is 74 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. 

AIso, 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 250 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 stil l gives a good representa­

tion of heats of mixing of n-paraffins at 250 C, and we expect 



-~-

that the error would be relatively small when using this 

formula for ternary systems. 

Predictions of heats of mixing for al iphatic 

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 weIl as its intuitive sense suggests that it is 

basicaI1y 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 

constant in Equation (17) 

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 

P pressure 

T absolute temperature 

x mole fraction 

~HM heats of mixing 

Subscripts 

j 

k 

molecular species 

molecular species j 

group species k 

Superscripts 

M 

G 

S 

* 

mixing function 

group contribution 

skeletal contribution 

standard state 

Greek Letters 

y 

r 
molecular activity coefficient 

group activity coefficient 
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APPENDIX A 

Computational Data for the Reference System 

n-butanol + n-hexane 



At 22°C 

At 42°C 

A- 1 

TABLE 5 

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

x ~H/x xh a4 a4 6 

o .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* 

x ~H/x xh a4 a4 6 

o. 1581 5605 
o . 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 

XCH HCH (joules/mole) 
2 2 

0.8000 2104(-

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 

* extrapo1ated 



Ct 

A-3 

TABLE 7 

Computed Excess Enthalpies of Hydroxyl Group at 250 C 
Reference System: n-butanol + n-hexane 

XCH HOH (joules/mole) 
2 

0.8000 0 
0.8119 5 
o .8235 17 
0.8350 36.6 
0.8462 61.4 
0.8571 92. 1 
0.8679 130 
0.8785 176 
0.8889 234 
o .8991 308 
0.9091 403 
0.9189 527 
0.9286 689 
0.9381 898 
0.9474 1137 
0.9565 1337 
0.9655 1587 
0.9744 2051 
0.9831 2969 
0.9975 7948+ 
0.9940 8830* 
1 .0000 10000** 

** extrapolated 

* computed from n-pentanol + n-octane system 

+ computed from n-octanol + n-octane system 



A-4 

ct TABLE 8 

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

XCH HCH (j ou 1 es/ mo 1 e ) 
2 2 

1 .0000 a 
0.9831 49 
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 
0.8571 276 
0.8462 289 
0.8350 30 1 
0.8235 310 
0.8119 316 
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TABLE 9 

Computed Excess Enthalpies of Hydroxyl Group at 450 C 
Reference System: n-butanol + n-hexane 

XCH 2 
HOH (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 492 
0.8785 384 
0.8679 292 
0.8570 197 
0.8460 110 
0.8349 52 
o .8235 13.4 
0.8119 8 
o . Booo 0 

** extrapolated 

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



APPENDIX B 

Predicted Data on Heats of Mixing 

Binary n-alcohol + n-a 1 kane systems at 25°C 

Binary n-alcohol + n-alkane systems at 45°C 

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

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



B -1 

ct 
Pr-NTMJ!lL + HFP T M':r: fiT ?'5 f) U;. C 
x= 1-1nl. FR/KT. 1F T!lF tJLC0IF"IL 

X SIlE r,~OUP L TT. f) .. '\ TA PREOICT DEV 

0.;;>''''2 r .11 199.<?~ 24'. ,."1'" 199. "1 17.~"j8 

,-' • r ') ~:~: (, • "lo "":..???6 ?44. .~ ...... '3??'1:? 6.?4 

".("9'54 r. If B 4 4 ~ • 4~' l~ 27. ", ,'" 44~'. R7 -1.25 

('.'741 r .7q ~C:;5.~1 '523. :'1 (\ 556.3(~ -6.37 

c.?n64 ] • 1 5 5qQ.Q() 570. -",... 50"'. ~4 -1. 0 } 

0.4244 1.3'5 6·5.79 t; 79. :-or' 6" 7 • 14 -4.86 

fi.51ZQ 1. l~ 54't.f'Z 54Z.'~!'" 545.'tl -'-1.63 

r.'5779 1.35 471. 71 492. .: ,1"\ 471.;":'6 3.05 

r·. 6254 1. 3 ~ 44.1 .12 44n. :)f' 4't 1 .• 4? '.(.Q 

(.6960 1. 17 36'1. 75 37/+.'" ,-. 31)1.9? 1.23 

(',.7531, 1.'" 3 2 99.lt 7 311.'""') 3'10.5~ 3.38 

".R21" t'.Cl2 213.60 22 R.i ': 23't.5 r -2.~5 

("1.9(18 r .'+C1 141.69 l 28 •. ") (' 142.19 -11 • ."8 

R~S DEV!ATrnl.,J = 6.68 
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TASLE: 11 

• . PF. NR MJOL + rCTM'F. I\T 25 OEG, 
X=MOL FR/\CT. OF THE I\LCOHOL 

)( SrZF GR.nllP lTT.DflTA PREOrCT DEV 

r.t?22 r.I+6 t? 2 ~ .• f17 268.("':" 221.33 17.41 
r.f''54 0 ]. , :' :6?'.'6 :3 q.-: .• r:.'" 364.?7 1+.1/t 

t"'.lI"4 /i ? ".f", 4 ::1 3 • 99 't 7'~ • .-', ('1 4 0 ..... C)o -4.47 
('.18R5 3.?9 61.5.15 559. ."\.: 618.43 -F,.63 
('\.31.6C) 1 •• 67 646.69 62f!.OC 65' .• 35 -3.72 
r.447q 5.35 65~·.51 6t?9."" 655.86 -4.2 7 

0.536Fl "5. 1+"'. 57n.{;q 5 Rf,. ~*' -: 5r'\4.r[-l 0.?3 
('.6('. J. 1 1). 21 515.'tl 535 •. i1 52"'1.62 2.6Q 
0.6?77 ".('ICl "cn • ~ q 5r 9. ,ît't 496.27 2. 31 
r.6R6? 4.f:>Cl ',}r"~. 1 ') 4/t4.'~0 434. ,Q4 2."6 
C.7580 4. r 1 336.96 356. - ,"1 341'1.97 4.22 
r.$lIt57 2.R6 238.R4 235 •. 1t'1 2 /t1.6Q -2.85 
('.9165 1.613 14", .5.1 12().:-,'" 142.19 -1':.?2 

RI-1S DEVT A T JO"J = 6.Qq 
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TA0L~ 12 

C5-[lH+CJ.4 AT 2') DFr.. C 
X=MOL. FR~CT. OF THE ALCOHOL, OTH=HFATS OF MIXING 

x STZr: GR OUP LIT.DATA PRE:OICT DEV 

('.(l?Cn 7.7f.. -::( 4. PA ? ?? "'-1 ~ , ? • (-,4 ? • 0'. 

n. r q16 23.71. 6·~o. 4'7 6,'·7. ': '.') 633.1 n -4.31 

r. J (> 7Q 4r ")? . .. 7RC). Olt 715. r (' .g ?F:. 16 -1?.Q5 

~",.?P,6q ~o. Q1. Olt 2. ?? ~41).""i' 1(j"?13 -18.'-4 

r.4~5n 73.92 915.91' 898. '")'"1 9B9.84 -1".1'3 

f'.5Q44 7 /t • .- 4 fl36. °3 R3,Q.î!' Ql".<?? -R.71 

0.6676 6fl.4'· 74'~·. 77 752. ""f'. 8'Î9.17 -'7.6 'Î 

('. 7263 61.74 621.45 6 7'~ .1)/'1 6A3.JQ - t • Q7 

O.8r6~ 4 A. 9A 451.51 523. r".') 51n.47 4.31 

('.R7Q5 ?? C;7 .., ~\4. ? R "')n.c'" "3'37.R5 li. l:~ 

f.9359 1<).14 pn.6° 2 t~4. ('t') 2~2.P.3 ~.57 

0. 0 6(-,Q 'c.?5 QR.32 1 u: •. '),"\ InS.57 1.3r: 

. (I.Qq?,Q 5.3 Q 47.Qr 5R.('II'~ 53.3(~ A.ll 

RW$ DF.VIATTO'l = 8.2r 
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TABLE 13 
i 

(1 C 11- OH + (7 AT 25 nnw r:F 
x= HOL. FRAC T • (iF THf I\LCnHOl., DTH=HEIITS OF MIXTNG 

X STZr: GR nup LIT.DATA PREOICT I1EV 

r.;",1/+7 (' .3'- 1 5~. 13 2f"\'3.~,'; 15"".43 25.qq 

('1 • (' .,,47 r .7" 264.'1,9 'l87. ro,f) 265.21" 7.6(', 

('.(667 1.1] 328.43 36'-'. \~ f"\ 32Q.74 '"1.4' 

('.1248 7.'l9 449.56 422.(\.'1 451.85 -7.r7 

r.?217 3.61 51?73 It 71 • ,.., (' 'j~. 7. ? 4 -q.R4 

C.3"325 It. f., 3 5012.22 't87."'"' 5 r ' 6. fVt -4. t'7 

(I.41C:;7 5.nr.; if. 7~ .2 r 476.1".0 477.25 -·).26 

f'.46"6 5.16 4ql.?3 4 64.0;") 486.RC} -4.°3 

r.4651 5. 16, 4fV •• 86 468.1'1" 49').03 -4.71 

r'.57'"12 5.07 436.74 414.()("\ 441.31 -6.6!" 

C.7051 4.28 29?.32 3 '18. r') 0 296.61 3.7t 

r.R569 2.52 13'4.81 155."0- 137.33 11.4r: 

C'.Q231 1.45 R6.76 R4.1"I1) 9R.21 -5.('2 

Rt-AS OEV 11\ T ! f")'" = 9.09 
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TA'?LE 14 

OCTANnL + nCTA~F ~T ~s DE~. C 
X=MOL FRACT. rF THF ALcrHnL 

x STlE GR OlJP 

t • (, Cl 

Î.('/.34 1'.11. 3lLt.65 

r.".'18" r.37 

r. lA 77 r .6'. 514.3i 

î. 2571 

C.2771 , • ;"? 

0.463 7 1. 26 

1". 4 r~4 

0.5291 1.26 

0.C,779 453.°2 

0.7326 fl.99 

r-. 5f. 

('I.Q323 83. 7 7 

LTT.r)ATA PREOTCT DEV 

124. ~,r'\ ??06 

314. 86 2.82 

379.44 ,"-.67 

4ô"'.ri: 

51.2.0" 57'!.86 -11.50 

-<l.'"'5 

5C6. :î'~ 0.64 

5C3.;"It'I 499.3'" 

513.70 -3.qQ 

47R.-,(' -5.29 

455.'5 -1. J.5 

315.'Jr) 323.3° -2.66 

156. (:;~ 149.77 3.99 

'34.('0 -1.31 

R~S DEVY~TTn~ = 8.12 
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TA2LE 1.5 

• Cl n -nl-! + (7 AT ?~ nE~~FF 

X = \1 n L. FR" CT. (l F TH F A L UH n L, f) TH = H E fi T S n F ~H X l "1 r, 

x ST7F L TT. nA TA PREDICT Of V 

().rl12 :-'. CI r 1 69. ,'r 

22R.R5 }'î.95 

r-.· ... 55·~· 

7.56 389.57 397.13 -.3.15 

r. 1 q Q3 12. Vt 477.13 

(\.2886 -4.75 

.('.3669 lR.54 436.27 458.")" 1+54. Al " -'1'\ ;. l ' 

·".41'11 19.26 415.77 435.C3 3.33 

~.'i6 

0.579" 3<36.43 ('1. 15 

16.22 270.37 7.41 

·"1.87 jl" 11..44 1 A6.,... ..... 

72.3 r 1]5."·') 3";.66 

(". C)494 56. '"1:) 3.? 70 41 • .'-,(' 

RMS OEVTATlnN = 17.58 
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ne TAn (î L + T r: .,. r:: t f) Fe ,'\ ~: F Il T :~ ') fi r r,. C 
X=M(lL FRflCT. 'IF THE I;L(P-IOL 

x SJ1F LTT.DATA 

r. ,;? 71 ?75 ?81.5Cl 36-' • :"'l'! 

(',.36 5,'" 3 • t1 r' 

6'~6. 32 

1 q ,-,,.-, 
, . 

(.1559 24. /')3 747. ,":,'"1 

76".53 73'"'. , .... r 

?.6.71 6~Q. ,'1'"' 

f.6366 25.5:' 675.82 

C.64?'- 25.31t 

t'.7335 21.73 531.21 527."1(1 

r.8281 15.96 373. ;"1,:' 

°.61 2 ,'Iq. 06 

5.31. 98. V IlB.II" 

2. R,'" 61.63 62.:'l () 

PREDTCT 

284.34 

617.57 

R',l • 6~ 

867.71' 

787.72 

7:"\1.61 

7''] 1. 32 

552.94 

356.37 

219.57 

64.4~ 

RMS DEV!ATTON = 

m:v 

-1.4f 

-2.~Fl 

-16.16 

-1.<)1 

-1.83 

-9.?4 

4.46 

12.2e 
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T ,~ 1:>I li' 17 [ ... 1 : _11..1 

DECANOl + n(T~~F AT 25 n~G. ( 
X=",,'nL FR/lr:T. nr TH( ALcmlnl 

X ~TZF: GPOUP 

(".("'3' (' • c; r 1·3Q.2r 

r • '" 32 7 1. 41 ?61.36 

r.f'636 ? 64 ?, '1 " • H:-

,.. • 1194 4.(,5 44".3? 

r.2132 7. '~q 51B.13 

('.??15 q. S(1 S-iR.~4 

(, .4 (\ 37 F'. '51 47) .... :2 

f.t..4R(' If'. 77 4'.5.7/+ 

r.51R8 , r. ,R4 t.n' ?,-, . , ' ...... ' 

C'.6(\54 l r • ?3 3 76. 11 

(',.72 Q 2 A. '+'1 ::: q? • PQ 

C.R34R 5.1:1 0 17Q.r4. 

r. (l(l sr. 3.66 81.85 

r.C}52'1 1. q 1 ?8.r6 

L r T. nI' TA PREDTCT orv 

105. Il ('. 138.77 lB. Bit 

2A'l. -:" 2 62. 77 9.CQ 

357 •. -,1'" 331.45 6.6'":' 

4 ..,.... ,-,,, 
( '. . '+4f).9R -f,.4? 

468. (1,-, 525.72 -1?'33 

48 1.'~'~ 517. 71 -7.A3 

4 7 1 • ,~.", 4g1.53 -2.23 

456. -:d) 456.51 -(". Il 

417. r f"l 41 ?C4 J .1. 0 

366.Îf'\ 3 R6.44 -5.5A 

? 75. n 0 301.3 q -9.59 

17R."'() lR3. Q 4 -3.3't 

1 ~6. ;~'! 85.51 19.33 

53.{'\1" 29.97 43.46 

R~S D E=V 1 AT r rJ ~'J = 16.t6 
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TABLE 18 

OECANnL + TETR~nrCANr AT 25 nE~. C 
X=I·H1L rQACT. OF TfJf ALCO!--lflL 

X STZF GPOUP LTT.DATA 

r..~'2l7 2.71 711:1.4J 3 1 LI. :": '" 

C. r 546 '5.':\'-1 1+5(-,. )31 4·l)f·.;·~'" 

r. 1 r' 39 9.77 578.2B 573.1 ri 

r. ' n q:' J (". ~ c:; 7')4. (" A '2. r::, r," . .' .. 
"'.3162 23.15 P/t7.73 6 n Q.:'.-:· 

r.l~47? 'N,.7R 7'16. r·3 6Q2.~!" 

r.5Al" 26.'f", 673.71 61q.Gr-~ 

('.5966 26.43 657.15 6 i~6. 'i-: 

r'.63gb ? 5. It' 6 7 ".A2 5 6 7. i)"} 

n.7171 22.1)2 545.44 484.'11" 

r.R16:" , A. ~: ? C)6. !. ' ?/t5.~n 

r.AQq7 1"'.27 215./t 7 201. ,"'."'1 

<:.9467 5.72 12~.12 11".10 

r· .Q724 ":l, • ~'" 5"3.J('· 57. ·10 

PREDTCT 

;>/t "'.63 

462.?~' 

5RR.t:6 

77"..'6 

A7{\.AA 

822.82 

7,;ri.4tj 

683.58 

6 Q 6.(", 

56 7 • Q6 

412.°3 

225. 7 4 

125.84 

5f,.15 

R~S DEVIATION = 

OFV 

23.37 

-l.?b 

-2.63 

-?J.?Cl 

-26.5R 

-2"'.65 

-13.33 

-12.8':' 

-22.76 

-17.35 

-1°.69 

-12.31 

-l't.4,":' 

1.4 0 
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T.i\::I ~ 19 

P F N TAN ~ L + H F X A '" r ô.T 45 [,FS.C 
b<= MnL • r::P'Ô.:T. rF T~F .'1 L:: Cl'·~(lL , TDTH=P,<F.OT:TEO HE ATS OF "1IXJNG 

X SIlE :,R8UP LIT.[),'\TA PREOICT DEV 

0.0100 0.0 201).41 701.00 205.41 -2.19 

O.020() 0.0 2f.0.Rl 325.00 260.8l 19.75 

O.O~OO 0.0 313.6Q 400.00 313.6:) 21.58 

O.OltOO 0.0 36'1.1'3 455.(\0 360.15 20.R5 

0.0500 0.0 400.~9 499. () () 400.18 19.7(:-

0.0750 0.0 486.91 572. 00 4A6.<J1 14.8A 

0.1000 0.0 5')0.11 62?00 '5'58.11 10.27 

0.1250 0.0 61.3.86 6fl2.0() 611.86 7.?7 

0.150;' 0.0 660.42 696.00 660.42 5. Il 

0.1750 0.0 696.11 722.(\0 696.11 3.59 

0.2000 0.0 728.72 744.00 728.72 2.05 

O.~OOO 0.0 R03.3Q 785.00 803.39 -2.34 

0.4000 0.0 7~1.7Q 778.00 7'H.79 -0.49 

0.5000 0.0 69':\.61 720.00 6~3.61 3.57 

O.600t) 0.0 583.4R 619.0n 58"3.48 5.14 

0.7000 0.0 471.84 4'37.00 411.84 3.11 

0.8000 o.n 377.17 333.00 327.17 1.75 

(1.9000 0.0 151.36 168.00 l1H.36 9.,91 

~"1S DEVIATZO'\l = 11.23 



1 8-11 

TA:~L: 20 

SYSTEM I-iEXfI'JlL + HFXI\\J[- fiT I.S ,1F~. r. 
X = M fl L F ~ ~ CT. ~ F H r X fi "1'1 L, T [) T H = PRE 0 TeT F 1') HF" T S Cl r- m X T N G 

X SJlF G~(lur LTT.I)/ITA PC{EOTCT nFV 

0.1227 0.7(-. 5'11.71 625.00 58'3.98 ~.5S 

0.1398 0.29 613.(-.'t 653.00 61'3.93 5. cH~ 

o.?'{tgn 0.45 735.35 716. 00 735.fl~ -2.77 

0.2709 0.48 741.24 778.0r) 741.7? -1.RR 

O.502S 0.60 660.?8 f63.f'O I,60.S::) :).32 

0.5210 O.6~ 636.4c; 6 l t8.00 637.06 1.~9 

0.5230 R. (.,0 (l'3( •• 4C; 652.00 617.0t, 2.29 

0.7689 ().43 360.19 353. ('\ 0 360.6'. -2.16 

~r..,~ n fVI A T l nr--I = 3.5') 
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'rABL;]; 21 

SYSTE~ r-,r.TA\Jll + HFXfI\JF AT 45 )F:;. C 
X=MrL. FRA:T. 0F ~:TA\JnL, TDTH=p~EnJ~TED H~ATS OF MTXTN~ 

X SJlE GDnUr LTT.nAT~ p~f.f)rCT [lEV 

0.10n3 1..90 4 9 t ... 71 5 7..,. 00 1~96. 61 13.63 

0.1.132 2. Il t:i22.23 593.00 524.34 Il.58 

O.20~3 3.45 630.éQ 655.00 614.14 3. 18 

0.2270 3.67 6't't.67 66f).OO 64'3.34 1.77 

0.4445 'i. 10 640.e2 620.()() 645.92 -4.18 

0.4642 ').13 624.27 613.00 629.41 -2.68 

0.465~ 5.13 617.80 1,11.00 622.94 -1.95 

0.7233 4.07 3'tn.~3 367.00 344.91 6.02 

~MS DEVIATION = 7.05 
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TABLE 22 

SYSTE~ nCTA~lL+HF~r!~C ~T 45 OFG. C 
X=M~l. F~A:T. rF r~~ hl:J~nl, TDTO=PRFDJCTED ~FATS lF MIXTNG 

x GR (1IJD LIT.DATA PREDICT DEV 

0.0200 2 7 3.72 322.00 273.90 14.94 

0.0300 0.26 400.00 319.R3 '10.04 

0.0400 0.35 35c).7~ 452.00 360.12 20.::n 

0.0500 0.43 397.4'1 491.00 397.85 1R.97 

0.0750 476.e5 563.00 477.4g 15.19 

(,.lono 538.1.3 610.00 53fl.9!t 11.n5 

0.1250 586.98 643.00 587.97 8.56 

O.lS0r) 1.15 625.92 667.00 627.07 5.99 

O. 1750 662.16 686.00 663.45 3.29 

0.2000 1.44 699.00 685.03 2.00 

0.3000 739.82 718.00 740.70 -3.16 

0.4000 2.14 735.64 69R.OO 717.78 -5.70 

0.5000 2.?? 673.38 64?50 615.61 -5.15 

0.6000 2.13 588.14 554.00 590.27 -6.55 

0.1000 1.85 443.00 431.68 2.55 

0.8000 287.90 307.00 2g9.20 5.80 

0.9000· O.7~ 156.60 157.00 157.38 ";'0.24 

Q.MS DEVT4TIOr-.J = 10.96 
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TA2L"S 23 

SYS T E"l 'leT 1\ 'J1L +Nfl\JAf'IE /1 T 4. 5 [):: ~. r: 
K=MOL. F~J\CT. nr THE "L::04nL, TDT,=r>EE=orr.TEO HEflTS nF MIXHlG 

x SIZr: GRr)ur LtT.04TA p~EDlrT Dr:V 

o.O?OO 0.0 325.11 346.00 325.11 6.04 

o.lnno 0.0 371.00 440.00 371.00 15.6~ 

0.0400 n.o 500.00 41"'t.25 17.1'1 

0.0')00 0.0 454.30 ~44.00 454.30 16.49 

0.0750 0.0 629.00 542.53 13.74 

0.1000 0.0 614.9] 6RR.OO 614.91 IJ.f>? 

~.1250 0.0 730.0n 672.6& 7.85 

O.I'inO 0.0 719.38-

0.1750 0.0 758.67 7 8 't. 0 0 75 A • 6 7 3.73 

0.2000 0.0 790.06 802.00 790.0~ 

0.3000 0.0 R61.13 R3?.OO 861.13 -1.5~ 

0.4000 0.0 816.00 871.5S -6.81 

O.500Q 0.0 827.08 763.00 1327.08 -8.40 

0.6000 0.0 719.32 -6.25 

0.7000 0.0 555.76 552.00 555.7S -0.58 

O.AOOO 0.0 365.00 371.89 -2.43 

o.qooo 0.0 181.64 2 05. 0 0 1 8 1 • 6 4 11.39 

~~s n.EVIATIf1N = 9.57 
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r1;'2IL~ 2~ 

SYSTEM H~PTh~f+P~DPh~1L.PFNTA~JL AT 25 OFG,C, SOLUTION A 
1 = H F. P T t\ ~ E , ? = P ~ r P Il \l J L , ~ =:J E "1 T A ~I 0 L, Xa5 = 0.7409-

Xl SIlF GROUP LIT.f)ATA P~EDICT DEV 

0.2461 1. 7S 319.'t? 317.00 3?1.17 -1. 32 

0.7.291 7..14 30A.7R 30 /t.OO 310.92 -2.7.A 

0.7.054 2.1R 791.9(t 28S.00 296.12 -3.90 

0.1703 1.73 760.56 255.00 ~62.2B -2.Rf> 

0 .. 1357 1 • ?4 212 .60 221.00 2t1.R4 ~.24 

0.1128 1. ::v. 171.4;; 193.00 1 7?. 79 10.47 

0.0921 F.91 131.78 167.00 13:\. 70 19.94 

0.0745 7..87 93.43 142.00 96.30 32.18 

0.0544 3.81 94.11 109.00 97.94 9.32 

0.0411 4.69 73.98 85.00 7f3.67 7.45 

~"1S I)EVIATION = 13.14 



8-16 

"Tl' 'DI '7 25 J.\.:J ._ ~ 

SYSTE~ p~nDA~~l+HFPTn~E.PENTA~1L AT ?5 OES. C, S1lUTION R 
l=HEPTANE,?=PRrPA~JL,~=PENTANJL ,X = 0.4989 

85 

Xl SI ZE GQOUP LIT.DATA PREDICT D~V 

0.4752 1.16 543.38 543.00 -0.28 

0.4412 1.?3 522.41 526.00 52?7!t 0.43 

1.29 489.34 496.00 490.62 

0.3252 0.98 431.01 447.00 431.99 2.'17 

0.2576 O.B4 377.00 3AO.31 -O.flA 

0.2134 1.45 331.91 331.00 333.37 -0.71 

0.1822 2.82 283.92 293.00 286.73 2.14 

0.1473 4.Al 224.64 '148.00 229.45 7.48 

0.1068 147.04 190.00 153.92 18.99 

0.0841 8.89 139.32 155.00 148.21 4.38 

~MS DEVIATION = 6.69 



o 
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TA;:lE 26 

SYSTEM HEPrA'JE+pq~:>I\~'1L+PENTI\'J1L AT 25 DEG, C, snLUTION C 
I=HFPrANF,?=p~rPA~ll ,3=PE'JTAN1l, XS5 = 0.2507 

Xl SIlE LIT.OATI\ P~F.DICT ~EV 

0.1076 0.40 604.26 589.00 604.65 -2.66 

0.6576 0.49 615.87 609.00 61().,6 -1.21 

0.5860 0.48 634.50 612.00 634.98 -3.76 

0.4814 0.35 583.10 573.00 583.44- -1.~2 

0.3767 0.5::> 506.30 503.00 500.80 -0.76 

0.3151 1.50 ' .. 60.45 446.00 461.95 -3.58 

0.2688 407.33 ~98.00 410.80 -3.?2 

0.1997 310.45 316.00 316.84 -0.27 

0.1'382 0.14 201.14 233.00 210.27 9.75 

0.1145 12.07 184.20 198.00 196.27 0.A7 

~MS DEVJAT[O~ = 3.82 
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TAE~L3 27 

Syc;TEM HFPr"'Jf+PRCPAf\~'lL+nr.TMl~L AY 25 DFG.C, SOLUTTml A 
L=HEPTI\NF., 2=PPr,PI\\JJL, 3=:l~TAWH. , Xa8 = 0.7409. 

Xl STZF G~nllP LIT.rJATJ\ P~Ef)ICT DEV 

0.2492 10.96 268.10 291.00 4.10 

0.2287 ) :.1. 15 274.21 'Ol.0n 4.53 

0.2011 12.87 270.38 3 05. () n 283.25 7. 13 

0.1670 255.69 265.09 10. 14 

::l.1255 5.61 228.25 269.00 23,.86 13.06 

0.1024 202.77 242.00 206.7S 14.56 

0.0883 3.78 179.66 225.0n 183.45 18.47 

3.?6 103.26 174.00 106.52 38.78 

0.0450 3.78 95.71 143.00 qq.49 30.43 

0.0331 4.22 75.42 112.00 28.90 

R.MS DEVIATION = 20.44 
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TA::lL2 28 
~ ....... 

SYSTEM HFPTA~F + P~JDANDL + nCTANOL AT 25 OEG.C, SnLUriON ~ 

I=HFPTANE, 2=PRnPA~JL,3=D:TAN~L t X = 0.4985 
a8 

Xl SIlE G~OllP LIT.DATA PREDICT DEV 

o .'t605 7.11 't 7~. 00 502.08 -5.70 

0.4263 459.86 4~6.00 467.81 3.74 

0.3735 7.49 444.03 (t 79.00 't51.52 5.74 

0.297R 396.21 4'tO. 00 401.55 8.74 

0.2295 3.35 347.64 383.00 350.99 'S.36 

0.1867 304.83 338.00 307.83 R.93 

0.1574 3.82 271.06 301.00 274.88 8.68 

0.1192 5.08 202.04 2 /t 7.00 7.07.12 In.15 

0.0807 6.11 121.01 191.00 127.12 33.44 

7.89 122.94 1'57.00 130.R3 16.67 

~MS DEVIATION = 14.27 



B-20 

SVSTEr-1 HF.PTA~F.+PRO[l'\~11,-+nCTMIJL AT 25 OEr..C, Sr.LUTIOr\) ( 
l=I-fEPTANE,?'=PRrPA\J1L,3=nCTMIrlL, xag = 0.3376 

Xl SIlE G~OUP LIT.DATA P~EDj(T DEV 

0.707(, 2.24 '5 /t4.93 537.00 547.17 -1.SQ 

0.6498 2.62 567.28 5RO.00 569.91 1.74 

0.571(-, 2.hl 617.65 601.00 620.25 -3.20 

0.4609 1.90 570.56 571.00 57~.54 -0.27 

0.3547 1. 52 48q.3A 496.00 490.89 1.03 

0.7922 2.22 427.15 438.00 429.37 1.97 

0.2350 4.00 369.96 37f1.00 373.96 1. rn 

0.1854 6.5A 296.30 316.00 302.SB 4.15 

0.1345 9.17 205.65 242.00 214.A? 11.2'3 

0.1043 Il. 54 145.50 197.00 157.04 20.28 

RMS fJEVJATION = 7.60 



8-21 

TAnT.R JO 

;VSTFM HEPTA~E+rRnPANOL+DECANJL AT 25 [)[G. C, SnLUTInN A 
l=HEPTANE, ?=ppnrA~JL,3=OECANO~ Xa l0 = 0.7421 

Xl SIlE G~OUP lIT.f)ATA PREOrCT OEV 

0.2::\R2 2?93 218.72 302.00 261.65 13.36 

0.?136 26.45 24!l.60 332.00 273.05 17.76 

0.1824 23.64 24D.88 355.00 264.52 25.49 

0.1411 14.97 229.89 355.00 244.86 31.02 

0.1054 7.74 71~.19 324.00 22':3.93 30.88 

0.Og41 4.90 188.16 292.00 193.07 33.88 
t' '. 

0.0662 ?>.66 154.51 257.00 158.17 38.46 

0.0498 3.29 108.94 220.00 112.23 48.99 

0.0356 3.33 60.20 1 72.00 63.53 63.06 

0.0277 3.75 74.46 142.00 78.21 44.92 

RM$ DEVI!\TrnN = 37.52 



• 

8-22 

SV'STFM H~PTANE+pp.rlDl\'lJL+f)r.CflN11. l\T 25 DEG. C, SOLUTION B 
l=HEPTANE, 2=PROPft~JL, 3=f)ECA~aL 1 x810 = O.4~41 

Xl SI7E GROUP LJT.1t\TA PREDICT DEV 

0.4720 ]~.03 4 /t3.95 471.()0 457.58 2.85 

o. 42 7~ l".lfJ 458.57 ')00.00 473.73 5.75 

0.3699 13.90 429.1R 505.00 4't3.14 I2.?5 

0.2914 9.56 38 /t. 02 470.00 393.57 16.26 

0.2711 5.52 ~48. 88 411.00 354.40 1"l,.77 

0.1772 4.21 302.99 36fJ.00 307.20 16.07 

0.1415 It. 33 258.33 321.00 262.65 Hl.17 

0.1037 5.07 185.88 259.00 190.95 26.27 

0.0742 6.05 116.01 201.00 122.05 3C).28 

0.0606 7.47 118.40 1 70.00 125.87 25.96 

RMS DEVIAT InN = 20.33 
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TABLE 32 

SYSTEM H~PTA~F+PRn~A~nL+DcCANJL AT 25 nEG.C, snLUTJn~ C 
L=HFPTMJE, 2= PRnPA\lJL, 3=DE:=CA~JnL ,xa10 =0.2404 

Xl SIZE G~OUP LIT.DATA PP.EDICT DEV 

O.710Q 4.19 5t1.47 52' .. 00 515.66 1.59 

0.6517 4.87 540. 72 519.00 545.58 5.11 

0.5708 4.81 576.54 610.00 '58.1.35 4.70 

~.4574 3.64 561.99 ') 81).00 567.03 2.91 

0.3525 7.53 488.17 516.00 491.30 .4.79 

0.28r,7 2.A1 423.36 456.00 426.23 6.53 

0.7.296 't.3Q 366.26 396.00 370.66 6.40 

0.1761 6.12 293.66 326.00 300.38 7.86 

0.1765 9.00 191.59 250.00 206.60 19.30 

O.OqqA 1 1.25 141.69 206.00 152.93 25.76 

R.MS !)EVI~TIO~ = 11.21 
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TA?,LE 33 

SVSTFM ~CTA"JE ... rp.(lPl\'JOL+PF!'JThNQL ,\T 25 f)E(;.C, SOLUTIrtN A 
L =:J CT /1 NE, 2 = il RD P "" J L, 3 = P F. \J TA \J J L, Xa .5 = o. 7456 

Xl SIlE G~nUI> LIT.D,\TA P~FDlr.T DEV 

0.2479 ] .51 346.83 366.00 348.34- 4.82 

0.2252 2.26 339.47 347.00 341.73 1.52 

0.2020 2.34 326.11 326.00 378.65 -O.Rl 

0.1676 1.R3 290.30 291.()O 2CJ2.14- -0.39 

0.1337 1.13 238.79 251.00 239.92 4.41 

0.1111 0.89 197.50 222.00 198.39 10.63 

0.0909 r.09 151.70 192.00 152.79 20.42 

0.0692 1.65 101.47 155.00 103.12 33.47 

0.0510 2.39 100.10 121.00 102.49 15.30 

0.0404 3.21 81.94 100.00 85.15 14.85 

~MS DEVIATION = 14.67 
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TA8l:E J}.j 

SYSTEM nCTA~E+PROP~~1L+PE~TANJL ~T 2S OEG. C, SOlUTrON A 
L = neT ANF., 2 = P R n P J\ "1 J l, 3 = P f: 1\1 T J\ '.w L. xa 5 = o. 5096 

Xl SIZE G~nup lIT.)flTA PREOICT DEV 

0.46'31 1.?8 583.67 59~.00 584.96 1.36 . 

0.42A2 574.57 573.00 576.11 -0.54 

0.3800 1.53 523.86 539.00 525.39 2.53 

0.3100 1.11 467.13 47Q.(l0 46~. 25 2.24 

0.60 403.40 408.00 0.98 

0.2004 0.65 354.33 355..00 354.98 0.01 

0.1624 1.36 288.06 304.00 299.42 4.130 

0.1720 2.67 708.90 744.00 211. 52 11.31 

0.0887 4.01) 164.07 186.00 168.17. 

0.0698 5.52 131.35 151.00 138.87 8.03 

RMS D~VJATION = 6.10 



8-25 

TA8lS .31.1 

SYSTEM nC:TA\JE"'PROPA\J'lL ... PE~TMIJL AT 2'> DEG. C, SOLUTION R 
L=nCTANE, 2=PRnpfI"-IJL, 3=PF:NTA'JOL. Xa .5 = 0 • .5096 

Xl SIZE G~flUP LIT.JI\TA PREDICT DEV 

0.46" 583.67 59~.00 584.96 1.36 

0.42H2 574.57 573.00 576.11 -0.5 /+ 

0.3800 1.53 523.86 539.00 525.39 2.53 

0.3100 1.11 467.13 479. Cl 0 468.25 2.24 

0.60 403.40 40A.00 40' •• 00 

0.200't 354.33 355.00 ::3 54.98 0.01 

0.1624 1.36 2A8.06 304.00 299.42 4.60 

0.1720 2.67 708.90 744.00 211. 52 1,.31 

0.0887 4.01) 164.07 186.00 168.17 

0.0698 5.52 13,.35 151.00 138.87 8.03 

RMS DEVIATION = 6.10 
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TAPI.:::: 35 

SYSTF.~4 PROPA\Jfll +nCTA'JE+PE\JTANJL 4T ?5 DEG.C, SOLUTInN C 
l=OCThN"F, 2=PRflP/lt\lJL,3=»E'HANJI., xa5 = 0.2480 

Xl SIlF Gq,oup LIT.Dl\Tt\ P~r:f)ICT )FV 

0.7042 0.46 633.00 666.52 

0.63 677.71 65'5.00 (,78.35 -3.51) 

0.5683 0.70 715.33 655.00 716.03 

0.4565 640.71 610.00 641. 21 -5.12 

0.3530 0.19 541.08 1) ":\1. 00 541.27 -1.93 

O.2A82 o. (t8 474.27 467.00 474.75 -1.66 

O.?316 403.00 410.76 

0.1858 3.60 331.37 1":\4.97 1.77 

0.1341) 227. 26 ? 64.00 11.72 

0.1056 219.00 1 75.50 19.86 

~MS DEVIATrO~ = 8.36 
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rA3LS 36 

(STEM nCTA~E+PRnDA~JL+~:TAN1L AT 25 nr:=(;. C 
l=DCTANE, 2=PRrPA~JL,~='CTANOL, ASOLUTI'lN A , Xas = 0.6902 

Xl SIZE G~OUP LI T.l1hTA PRf:OICT f)F.V 

0.28'>7 Il.20 373.34 372.00 384.54 -3.37 

0.2598 12.66 351.75 377.00 364.42 3.34 

0.2275 ll.80 337.7q 37'-t.00 349.59 6.53 

0.1798 r.o? 307.00 349.00 115.02 9.74 

0.13(,') 4.31 270.h6 ~ 08. 00 274.97 10.73 

0.1105 2.72 236.77 272.00 239.48 11.96 

0.0880 ? 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 1 09.50 158.00 112.19 29.00 

0.0363 3.26 86.73 130.00 R9.9!l 30.78 

<MS DEVIATJO~ = 18.90 
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TABLE 37 

SYS TP~ ,., r: T'\ I\! F + PD n r A hl '1 L + '1 C T lU'! (l ~ , 2'1 DEr,. r. , S~l L LI T.I [11\' R 
1=~CTA~JE,?=p~"'rM"1l, 1=rST,,~!nL 

Xl ST1F G~rlJD LlT.OI\TI\ PREOlfT f)fV 

0.4~(l7 6.9() 52S.0\l 526.00 531.9R -1.14 

n • 't'~ '.2 7.6') '5'.7.11 '536.00 '5 5 'te 76 -3.50 

0.':\811 7.3? 509.22 53'3.01 516.5G. 1.09 

0.3026 f.;.12 lt49.80 t.qO.OO 45 t .. S? 7.16 

O.?~15 ~.80 39G..5A 4?5.00 '~7.36 6.50 

0.1~71) 1.cH 345.24 373.00 347.2] 6. CH 
" 

o.l'tQ7 ?.l~ ?GO.20 324.00 292.32 9.78 

0.1131 ?9R :n"'.81 265.00 216.81 13.18 

(l.OR14 4.0~ 13>i.17 ? 04.00 142.26 30.27 

0.0~36 5.~5 110.53 1 67.00 l35.RR 18.63 

RMS nFVY!\ T lm .. ! = 13.62 
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T.ti.DL·E 3~ 

; vs T r= ~1 nr ,F+PRrPA~JL+~CTA~JL AT 25 DEG.C, SOL UTJ n"J c 
L=:JCTANE, ~=rRnPA~lL,~=~CTAN~L , xa8= 0.2536 

Xl SI7E G~[1UP LIT.DATA PREDJCT DEV 

0.6987 2.lj? Ao?06 574.00 604.48 -5.31 

0.63R2 7.90 f-24.24 619.00 6'?7.l!t -1.32 

r>.5574 7.92 691.05 641.00 69"1.97 -8.26 

0.4452 2.15 627.83 6 OB. 00 fi2 9. 9~ -3.62 

0.3419 1 • t:} 534.'t7 512.00 535.65 -0.69 

0.2775 1 • ) 1 462.20 ft 67.00 '.63.31 0.79 

0.??18 2.00 396.98 403.00 398.9R 1.00 

0.1636 3.65 299.47 320.00 303.11 5.27 

0.1182 :'.52 704.24 245.00 209.75 14.39 

0.0924 7.45 175.39 t 99.00 192.84- 'l.I? 

RMS DEVIATInN = 6.43 
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e 
T/ŒlLE 39 

SYSTEM nr.T~NE~ppr~ANOL+D~CANnL AT 25 DEG.C l=OCTANE, 2=P~C~A\JJL, 3=DECANJL, SI)LUTIC~ A 1 Xa l0 = 0.74·88 

Xl ~rZE G~ nllD LIT.DATA PREDICT DEV 

0.2312 23.42 '279. 70 3 O'to () () 303.12 0.29 
0.2068 ?~.92 291.82 31+0.00 318.74 6.25 
0.1758 '23.78 265.53 366.00 2139.31 20.95 
0.13~1 14.74 750.00 367.00 264.83 '27.84 
0.1006 7.28 231.00 336.00 2'38.28 29.08 
0.0800 4.19 206.80 307..00 210.99 30.13 
0.0f,29 2.72 165.24 '266.00 167.95 36.86 
0.0457 2.08 110.02 220.00 112.10 49.05 
0.0~25 2.08 91.30 1 70.00 93.38 45.07 
0.0252 2.45 75.20 138.00 77.65 43.73 

'{MS I)EVI4 TI '1~ = 12.73 



B-31 

TABLZ 40 

5YSTE~ nCTA~E +PR1~A~lL+DECANDL AT 25 DEG.C, SOL~TION ~ 

l=OCTANE, 2=PPOP4~JL, 3=DFCA~OL , xa10 = 0.4904 

Xl SJ7f GROUP LIT.')ATfI PQ.EDICT JEV 

0.4713 13.85 497.0A 48R.00 510.92 -4.70 

0.4240 504.55 52l.00 '519.79 O • .:?3 

O.36~0 1~.72 531. 00 4f37.46 8.20 

0.2821 8.94 497.00 4~1.4~ 13. 18 

0.2115 370. :n 436.00 14.07 

0.]691 2.93 323.55 384.00 326.48 14.98 

0.1335 2.58 275.49 332.0n 273.08 15.24 

0.1061 3.23 219.32 283.00 222.55 21.36 

0.0757 4.03 139.12 218.00 143.15 34.33 

0.OS8A 5.13 127.59 1 77.00 132. n 25.02 

~MS OEVIATIO"J = 17.92 
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TA~L~ 41 

SYSTFp.I nCTh~E+PP~PA~1L+O~[ANDL AT 25 f)FG. C . 
l~OCTA"'E, 2=PRflPi\\lJL, 3=:1ECANnL, SOLUTIGN C, xa10 = 0.254'5 

Xl STZr- GRJUP LIT.DATA P~EDICT OEV 

0.6914 4.79 5~6.27 559.00 571.06 -2.16 

0.6295 5.54 594.39 617.00 599.93 2.77 

0.5447 5.40 640.12 647.00 645.53 O.2~ 

0.42C)2 3.86 607.81 616.00 611.6R 0.70 

0.3257 2.11 51Q.56 537.0n 51~.67 4.5~ 

0.2625 1.66 't52.10 471.00 45'3.76 '3.66 

0.20·135 iI.30 ~ 81). 87 405.00 '3 R8. 17 4.16 

0.1668 3.87 314.26 345.00 318.13 7.79 

O .• 118 B 5.6] 714.50 265.00 220.10 16. l)ft 

0.0923 7.48 152.79 215.00 160.27 25.45 

~ I-1S DEVIATIr1N = 10.29 
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TA2LE 4·2 

1 = TI: T n. " n r r. ,\ " ~ , ? = '):> , ? f '1 ,- L , ~ = r r'! T /1. '1·""\ 1. , 

Xl S 17::: r;'?(l11p LlT.'1'1 T ,'I n~rrlJrT nFV 

o • :' l ~ 'l ?o::) r; 4 l • " 1 r.,()O.P("\ "i4'-t.5Q l0.Cji) 

n.?~15 '+ • l, 4 S?·~.lo c:; rA. n,') ') l'>o 8 ~ 7. 1 ? 

n.10 f,c:; (~.(\? 1,;ln.Je; S~7.nn 4 ~A. 1 7 °.47 

0. H'?2 (, • 7 q L.?I+.t,C'1 11 60. n i"l l~~1.?r 8.0 6 

n.l14~ f, • () c, ,r;r"J.nl 10'+.1}0 3'1 fl. 07 q • f.l ~ 

n.l")q~l It.!.C:; ? \~ g • O/~ "ll,l.nn ? C) 4. :.F.' l'.A7 

O.Î)7/+S ?~2 ? 11 • I~o ? 0:~. ("\ n ?Vto 3? ?r).01 

("\. 0 / .. 1 .. !) 1. 2::: 14/~.5n ?O~.O() 14'1.75 ?p.?') 

0.1)111 0.4') J"'~).O" 15~.on lCH.!t() ~ 1. 15 

().rl:>41 n. ](' '.'r;. n~ 1?7.r"JO 8f).1'i ~?Q'1 

q~S I)FVTfo,rFl'l = lq.~..;" 
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TA8L:::: 4'3 

(S T r ',' T r: T r. !\ Cl F C fi" r + :-> ~ rl P'\ 'Il L + f' r= '.J T ~ '](1 t 
= T FT :l ". ~ r r. !\ \J r- , ?:: p r ri ') !, \1 r ) l , (=!) t: (,1 T " ~, '1 1 , 

.'1 T ,7 c:; r) r ~ • C, snI UT f n'! n. 
X 5 = 0.4'975 a 

Xl Sf7F G~ n'lp 1 IT.l)".TlI. pqr:r)I~T rH: V 

0.4""1 ? • (.rI f'~q.q() 87"..011 891 .5Q -1."5 

n.41 p7 lf.tl/l C;')Il.f16 QIJ~.n) q lit. 7 /t -7.'J,(~ 

" ?,t;?t; fl.n? r'J, 1 • (,4 ",gr,. ()I) =3 3 g. It C) -5.41.) 
\. .. - .. 

"'.77·")? ln • .,? fC)4.Qn -, nt). ri., 70r;.11 O.C)5 
O.21')()~ O.CI? c::;r,(}.r..(, f)n~.('lO 57 g. /~ ~ 1.74 
1.1A~1 7. /f? 4(:')(, • 74 'j?!t. rVI ';)4.17 3.7 Q 

n. 1 '+01 4.79 tt'3c;.2 /t ' t 67.1')0 44().O? 5.7 P 

o. ! 1'')1) 2. fi " ~11.P.3 367.1)0 31 / •• ? R lIt.37 

n.n""1', n.C}2 21)7.3~ 2P.4.f)O ;?()R.,?" ?6.f.,7 

o.oC)"il) o.?o 1'30.nn 232.f)() I80.2n ?? -:q 

~IvIS n !: v U. TT 0 ~'J = 12. 51 
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;YSTF'~ T r= T R h i1 r r l\ 1.' F + r> ~ r 1 P f, \J'11. + r r "H ,".'l!ll J\T ?5 n~:~.C, snI. YTT f)~' r 
= T FT P Il ~ J? r /1 \j r: , ? :: r "'( n"l .\ ~! '""1 L , j:: P ::- ~ J T 1 \1 '1 L t j: 

a5 = o • 2l~82 

X' 1 ST7F ~ 'Hl! J P t.TT.i1Il.Tfl p~~rlTrT f)I:V 

O.bR/tf, 1.51 C: 7Q ."r7 8~P.()') 9'n .10 -lJ.l~ 

n.f,0?Q l, .3() ~}q7.1)r; 911.00 lOrn.ell -o. 7 /t 

O. '"dl? ') H.77 Cl (.7 • ] 8 /}fi9.00 97S.g lï -R. 5', 

0.?,775 11.t)1 p q f) • (Il P]~ .. ():1 R 0 't. l 4 -o. ':\] 

0.27lïl 11.44 7?7.?7 701.00 74 r).71 -5.(,7 

O.?l6R (') .97 61 /~ • r:: 7 Al?OO 6?4.54 -l'.O'5 

J.l~·~q f'.?f1 ") ()Lf • q ~ lï?fl.00 'ill.21 2.R1 

O.1?'8? 3 • :H I·?~.lf"l It 70. () () 4~1.47 ,q.?O 

O.OQf,5 J.2"3· 2()().O1 '36~.0~ ~97.?.6 17.~'3 

0.0741 0.?A 21'to ~)l ?S,.on 211+e 27 77.37 

~ ~-1S D EVT à TT IJ~J = 12. lt q 
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Xas = 0.7409 

Xl SI?r:: r;:? ntJP LrT.l.I\T:~ pen: rH rT flrv 

0.?L.!)J 1;:'.01 ~)? li. '-} ~~ S? 1. nn ')1~.Fl9 -1 • ~ q 

O.216S If1.3S 477.7', c;'l..nn t~ q LI • OP. (~. C') S 

O.Pl')p' ](, • q 7 i./.7. c l r;1Q.on .'t 64. 77 1 () • t,5 

0.1440 14.r? 4')S.OQ 47 Q .'10 41Q.l0 1? 1? 

0.1()~O Q.P() ':\ 4f> • l,l, lil (,. 00 35~.2~ )li •. ~ 7 

().0FH?, 6.4C) ~,)5.7q ~f,~.nn 11~.?~ lf!.44 

O.OAq9 ~.pq ;>'ï~~.(,6 l]t,.n('l ~57.5'ï P1.'5n 

O.O/t60 l . (-.fI l Sl.Q'1 214.'1n 1'5';.'59 ? 'l,. 51 

o.n-:13? o. (, l 124.71) lQLnf) 125.3~ ~!).74 

0.0277 ().l Q IOS.PC) l'ï2.nn 106.07 3n.71 

:n1 S DEVT" Tf m" = ?O.12 
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VSTr.:~A TFT"l\')r:rf."f"+rn -1r'l," ll+P 'lr.T;PIr]1 I~T ?t; nt;,.:, S~ll'lTrrl~J .~ 

=rF-rPfl')rr!\~~F ,?=f'~r)P'd""1L ,3=n::ri\"I('I, X
ag 

= O.l~985 

x 1 ~ J 7 r: r,? r:ll[J LI Te r)-\ TA DPFnrCT DEV 

O. If r, 1 n q. CHI 7 I, 1 .4/, 77'>,. Of') 77 (l. (.2 0.13 

O./fn9~ 1 ? • n(, ,'111.0(, 787.M) 8?1.12 -4.1)9 

O.lVi /• 14. 1,'>, 74:>, .4n 7~'Îr.n() 75 7 • ~n 0.02 

('\.?C;76 1 1 • • (, :> ('40.0? 680.1f) ôC;4.f,!t 3.73 

().n~cB J1.q(- 'ï ~ll • ? l, 57(Je 0('1 541.?0 c; • ~,q 

0.1"iO? P. ~4 li =; l • () Ci It qq. 00 4 t)n.03 7. q l 

0.1176 C:;."I) ?qI.2~ 42. t. rH) :1 A f.,.13 9. ":lI 

o.nn?,R ? It? ?7?C;/, 3~6.~"" ?.74.9~ 18.17 

0.05 Q 6 O.~H 17'3.l6 2I)Q.()() 17Q.04 ~O.(1) 

().O463 O.?1 l l'j'). T~ 210.00 15~.93 24.3:> 

p~S DFVIATT'!\I = lIt. 40 
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S T F \~ TF T ~ 1\ r)r~ (tlf\! f + r rulP Il', 11 + " r T .~ \'l '- "T ;) r; [) F:; • r., sr LI JT r n~J ,.. 
TfTQ flnFr.M·J':::, ?=pPlf)t\"':-1' ,··~=nrTt\W1L , Xe.8 = 0.3.376 

Xl ~17r r;n('IJP LTT.;1"To\ D~FDI~T C1EV 

O.60?1 r';.4C) nno.?" ~l ? o. 0') '385.~'1 -'"le f)1 

O.'5?q<) P. • (-, ? iqr.;.P,4 8An.0(,) ~'14.(IS -4.01 

().{L(+lA ]:,.,r; O?6."lO 8'13.00 93~.41) -lo.n? 

().<~14 ]/f.P.(, 7 'F~. ? (, 77/t.OO R~H.?l -~.()n 

().?Lj1O 1"l.?8 1) C; () • If 7 6S7:nn 663.~5 -1.04 

('l.1~<)4 C) • (,0 '" ft "l .• :l L. 5A7.~n '55,.54 ? "l.7 

0.1474 5.~q 457. 14 It A3. n O 4f, ~. 03 4.J~ 

0.1214 1. } ? "BP..8f, IdG."') 3<)1.97 t,.4C; 

(\.I)R50 l • 1 C; 2Ab.Ol 317.nn 267.1R 15.72 

O.()7~5 0.7 Q ?lS.4 Cl ?7CJ.n() 21~.7p, 21."'8 

R '-1 S r')CVT,\TTn', = 'J. P 7 
01.. 
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TABLE 48 

SYSTEM pr:f\lTIIf...![1L + (leTM·ml AT 25 OFG. r. 
X=MflL. FPl\rT. OF PF.r\TA"'~lL, TOTH=flf~Ef)ICTFf) HEATS nF MIXTNG 

y. SIlE GROUP LI T. 0/\ T" PREDJCT OEV 

0.8848 0.11 19. 18 4.50 23.68 

0.8812 0.19 20.01 7 .36 27.37 27.97 

0.8754 o.:n 27.72 1 o. ~ 9 38.11 29.43 

0.13689 0.46 30.37 11. B2 42.19 33.04 

0.8(-.2~ 0.57 34.06 Il. 73 45.PO 28.44 

O.A6?4 O.5R 3().55 Il.69 42.24 35.02 

0.858A Il.07 37.9A 37.74 

0.8534 0.73 9.58 35.97 33.39 

0.8474 O.8? 7.27 25.78 38.62 

0.8414 0.9n 12.54 4.42 16.97 34.75 

0.8377 0.95 4.56 2.46 7.02 53.22 

RMS DEVU\TION ': 34.19 



8-40 

TABLE 49 

s YS T (-"" P f NT t1 r W L + f) E C t! t--! [f L "T 2 0 DE G. C 
X=MOl. FRACT. rF PENTA~Ql, TOTH=PREOICTEO HE~TS nF ~JXJNG 

x 

0.90A4 

0.9038 

0.8992 

0.8'H6 

0.8830 

0.876~ 

0.8717 

0.8696 

0.8612 

0.8522 

0.8441 

0.839i 

0.8363 

SJ7F GROUP 

-11.11 

o. 17 -10.5> 

0.72 -10.84 

0.35 

0.49 23.57 

0.58 30.93 

0.64 24.80 

0.6~ 39.34 

0.76 34.76 

0.85 25.7A 

0.92 20.77 

10.72 

0.98 

L J.T. DA TA PREOICT DEV 

7.33 -3.78 111.13 

13.05 2.49 95.77 

2 0.9 / .. 10.10 89.37 

3?92 74.87 

31.62 55.19 62.71 

31.06 '57.83 

29.46 54.26 67..06 

28.04 67.38 51.17 

23.61 5 B. 36 52.16 

16.88 42.66 53.12 

9.95 30.72 45.14 

5.43 16.15 47.90 

2.84 9.59 43.56 

RMS DEVIATION = 68.29 
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TA-aLE 50 

SYSTrM HFXANCL+rCTANOL AT 25 OEG. C 
X=f.1C1L. FQflCT fJr f-lEXANOI, TDTH=PRHHCTED HEATS OF MrXING 

x SIlE GROUP LI T.nATA PRFDICT OEV 

0.R876 9.81 1.04 10.85 -80.78 

0.R863 0.10 -0.10 1.A8 1.7B 82.35 

0.8~47 2.81 2.82 5.64 61.63 

O.RA27 0.24 15.47 3.73 

0.8ROl) (). 31 16.?A 20.73 8.29 

0.8783 0.39 -1 • 4t~ 4.92 3.47 86.11 

0.8701 0.46 3.19 5.15 8.34 68.03 

o. 87'~0 5.17 8.76 66.30 

0.8721 0.59 -4.06 5.03 0.97 96.15 

0.8716 0.61 -o. 16 4.80 80.47 

0.8695 0.67 -0.54 4.63 4.09 82.45 

0.8672 6.38 4.07 10.45 50.01 

0.8649 0.80 3.38 7.47 57.05 

0.8629 0.85 2.07 2.64 4.71 65.61 

0.8610 0.90 0.34 1.87. 2.16 76.97 

0.A593 -8.74 1.07 -7.67 232.24 

0.8582 0.97 -3.74 0.54 -3.20 214.16 

R""S DEVIATION = 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 

SpI ine-Fit Program 

Input-Output Format 

Gard Golumn Format Variable Data 

1,. 2 

3 

2-80 

1 -10 

1-20 

21-30 

31-40 

4 1-10 

5 to 5+1 1-20 

21-40 

6+1 

7+1 to 0-21 
7+1+NINTS 

21 -40 

80H 

rIO 

110 

110 

110 

110 

F20.0 

F20.0 

F20.0 

F20.0 

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

1ANCHOR Anchor option 
o = do not anchor the end 

points 
1 = anchor the first and 

last points 

NINTS Number of intervals 

IPUNOP Punch option 
o = do not punch 
1 = punch 

INTEOP Interpolation option 

NPTS 

X(I) 

Y(l) 

XINT 

DXINT 

o = do not interpolate 
1 = interpolate 

Number of data points 

X. value 
1 

y. value 
1 

BI ank 

Value of independent 
variables which are to 
be interval boundaries 

x r NT (I) - X I NT (1 - 1 ) 



C-2 

TA BLE 51 ( co nt. ) 

Nomenclature of Output 

Variable Data 

X X. 
1 

values 

y Y. 
1 

values 

YCALC Fitted values of y. 
1 

DEV( PTC) Percentage deviation of 
YCALC from Y 

DERI First derivative of Y 
with respect to X 

DER2 Second derivative of Y 
with respect to X 



TABLE 52 

Spl ine-Fit Program 

Fortran Statement 
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C ThIS URIVER M4Y èt uSEJ TC SPLI~E-FIT y VS X. DATA OVER SPECIFIE 
C l''TERVALS. 
C THIS PROGR4,"l t.\lSC roAS TrE cPTle" OF PUI\CHING THE OUTPUT ùF THE 
C BASIC CAlCUlATIGkS FeR LSE IN CTHER PRCGRA~S 

C ThE CURvt ~lLL B~ A CUtllC EXCEPT IN THE FIRST AND lAST II\TERVAlS 
C ~rERE IT hlll t~ A PARâ8ClA. THE C~RVE WILL GO AS CleSE AS 
C PCSSI~lE TU EVERY POI"T IN A lEAST SQUARES SENSE 
C ~LT THERE IS "C PROTECTICN AGAINST INFLECTICN POINTS. FIRST AND 
C SECOND uERlvATIVtS hlll ~ATCH AT ALl l''TERVAl BCUI\CARltS TWC 
C hEAUERS I~T~RVAl bCUNOARIES,AND INTERPClATION INTERVAlS ARE READ 
C X AND Y AR~ R~AD 11\ FRU~ CARDS 1~ lHE FORMAT (2F20.6) UNTll A 
C A GIVEN CASE. THE PRCGRA~ PRINTS OUT X,Y A"O ThE FIRST TWO DERI-
C vATIVES AT ALl ThE CATA POINTS AI\D INTERVAl BCU~DARIES 

C THIS OKIVEk ALSG Il\lERPClATfS THé DATA CEPENDII\G CN THE 
C VALUES STùRtD IN XbASE(5) ANC XOElT(5).THE lATTER TWe ARRAYS 
C CCNTAIN ~LM8ERS hHICH FCR~ THE BASE I\UMBERS AND INTERPClATICN 
C INTERVALS. TrE PRCGRAM FIRST CAllS XSETLT TC SET UP VALUES 
C CF XNEw hHICH ARE THE PCII\T TC ~E INTERPOlATED. If THEN CAlLS 
C Ill\TSP TG PERFLR~ ThE ACTUAL INT(RPClATICI\ 
C Zel)=GKGUP CH2 FRACTICN 
C rS2 = S~ELETAl PâRTIAL hEAT CF ~IXI~G 

C E=COI\STANf IIhERt: HS2=JJ*( (t\!-N2)Xl )**2 
C 

CIME~SICN HXCr2(lCIJ 
DI ME N SIC N X B ~ S E ( 5) ,)( CEL T( 5 ) 
o l ME N S 1 (N X NE h ( le 1J , 'r' N E rd 1 C 1 J , () 21\ E ~ ( 10 1J , NF l AG ( 10 1 ) 
o l ME N S 10 {\. X 1 f\ T ( 1 0 1) , 0 X 1 f\ T ( l CU, y CAL C ( 1 0 U 
o J ~E 1\ S 1 Cl\ X ( 1 Cl) , 'r' ( 1 Cl) ,DE R 2 ( 1 0 l ) , Cf: R 2 Y ( 10 1 ) ,01 NE Vi ( 101 ) 
CIMENSIGN ùTHeU 101) ,DTrB2(101) 
OJME~SICN XCh2(lCl) 
OIMEI\SICN d(101),HS2(101),F(101) 
DIME~SICN HOhl(lClJ ,HOr2UOU 
EÇUIVALEr'4CE (DER2Y( 1) ,D2I\E~d 1)) 

~eZ)=-2.6647449E C3 +7.6687539E 03~Z -4.8014063E 03*Z*Z 
1 f\P= S 
ICUTP = 6 
f\C=O 
rd=1 
~2=2 
~eO=8C 
~101 = 101 
ERROR=oS. E- 6 

8aH READ(5,lOCO,tI\O=S9S9J 
100C fCRMAT(lX,7Sh 

1 

REAO(INP,200) lAI\KCR,f\I~TS,IPlNOP,INTEOP 
2CG FCRM~T(4IIO) 

C NI#~l~BER OF CARBCf\ ATC~S If\ AlCCHCl ~QlEC~LE 
C NJ#~U~BE~ OF CAReC~ ATO~S IN HYD~OCARBC~ ATCM 

oREAO(INP,221) f\1,NJ,f\K 
221 FCRM~T(3IIO) 

r.. 1 NT S 1 =1\ 11'-. T S+ 1 
REAO(5,3COOJ f\PTS 

3000 FCRMAT(llC) 
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MEAU(5,22G)(X(I),Y(I),I=I,~PTS) 

220 FGRMAT(2F20.0) 
IF(~INrSJ17,17,15 

15 oc lé I=l,NINTSl 
16 READ(INP,210) Xl~T(I) 

21e FCRM~T(Flb.O) 
17 If<lf\TEUP) le,19,le 
18 OC 20 1=1,5 

270 
2e 

19 
41 
42 

REAO(INP,270) X8ASE(I),XOELT(I)" 
FCRMAT(2f20.0) 
CG/\iT INLE 
IFCNINTS) 41,41,43 
OC 42 l=l,NPrs 
XIl\iTCI )=XCIJ 
l\INTS=NPTS-1 
rdNTS1=I\PTS 

43 CC 44 I=2,NIf\TSl 
. 44 C X IN TC 1 ) = X 1 f\ r ( 1 ) - X 1 f\ T ( 1- U 

DXINTCl)=O. 
~RITE(IUUTP,IC50J 

1050 FCRM~T('lSPLlf\E FIT PMOGRA~-- HUOI\G T. H. ') 
~RITE(IOLTP,lCCC) 
CAlL SPLAG(IANKOR,X,y,NPTS,XINT,OXINT,~INTS,YCALC,CER2) 

WRITE(LOLTP,3050) 
3050 FGRMAT('OINF~T POII\TS c* II\OICATES INTERVAL BCuNOARY)I/) 

45 
1045 

46 

CALL XdLENDCX,Y,~101,XIf\T,f\II\TSl,NFLAG,f\PIS) 
If(IANKURJ 46,46,45 
~RITECIULTP,1045) 
FCRMAT(' El\C PCII\T Af\CHCREO 1) 
CALL I2NTSP(DXII\T,XIf\r,YCALC,OER2,X,Yf\EW,DER2Y,NINTSl,NPTS,DINE~ 
~RITE(ICuTP,éC~O) 

6050 FGRMAT(13X,lHX,1~X,lHy,lïX,éHY CALC,14X,'DEV(PCT)',14X,4HDERl, 

7C 

71 
72 

1070 

80 
1080 

90 
1090 

95 
1095 

100 

65 

1 16X,4HOEM2/1) 
CC lCO I=I,(ljPTS 
IF(NFLAL(l» 70,70,€C 
STORE=lCO.*(~Nt~(I)-YCl» 
IF(Y(I» 71,72,71 
STORE=SlORE/AéS(YCI» 
~ R If E ( 1 UUT P tl C 70) XCI), y ( 1 ) , y NE W ( 1 ) , ST OR E ,0 U\ E w ( 1 ) , DE R 2Y ( 1 ) 
FCHMAT(6t:20.é) 
If(NFlAG(IJ) SC,lCC,ICO 
hRITE(IOUTj>,lC8C) X(I),Yf\EWlC!),OlNEr'/(I),DER2Y(I) 
FCRMAT(E20.6,20X,~2C.6,20X,2E20.6) 
\\RITE( IUlJTP dOSO) 
FCRMAT(IH+,5X,lh*) 
If(IPLNGP)95,lCC,95 
h R 1 TE ( 1 P l.J1'4 CH, 109 ~) x ( 1 ) , 't' NE loi ( 1 ) ,Dl NEW ( 1 ) , 0 ER 2 Y( 1 ) 
FGRMÂT(4l15.6) 
CCNTINUE 
If(XCELT(I))8SS,See,05 
C~ll XSETLP(XeASE,XCElT,X~EW,~PTI\E~,ERRCR) 
CAll I~NTSP(UXrNT,XINT,YCALC,DER2,XNEh,YNEk,02NEW,NINTSl, 

1 NP Ttü; h ,OLNE ... ) 
CC 101 I=l,(ljPT~Eh 
CTH~l(I)=(l.-XNEW(I»*(I.-XNEW(I»*(YNEn(I)+XNEW(I)*DlNE~(I») 
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101 CTrt;;2(I) = XNErdIl*(\,NbdI'-(OTHBUIJ/(l.-XNEW(I)J» 
At\l=NI 
AI\J= I\J 
If(NK} é,6,7 

6 CC 102 l=l,~PTNE~ 
XSl=:·ANil (l.+A~l) 
XS2=ANJ/(1.t~"J} 
hXCH2( U = OT .. B2( 1 lIAt\J 
XC HZ ( 1 ) = ( N 1 * X NE: w , 1 ) -+ ~ J * ( 1. - X NEW ( 1 ) ) ) / ( lN! + 1 • ) * X NEW ( 1) -+ 

INJ*( 1.-XNEvd 1») 
f(l)=O. 
f-OHl( 1 )=tJTHtUl )-ANI*(H()<CHZ(I) )-237.) 

102 hCH2(I'=O.C 
GC TO 104 

7 OC 103 I=l,NPTt\Eh 
At\I=Nl 
X S 1-= AN 1 j( 1. + A1\ 1 ) 
XSZ=41\J/(1.+AI\Jl 
X CH 2 ( 1 ) = ( N 1 * XN 1:: h lI) + N J * ( l • - X" E rd 1 ) , ) / ( <rd + 1. l * X NEw ( 1) + 

1 l NJ + 1 • )~, ( 1 • -)\ 1\ E h ( 1 ) ) ) 
F( n=h(XC/-:2U» 
h)<CH2(I)=O. 
t-GH l( 1 ) = D TH tH l 1 l - 4N 1 * l f ( 1 ) -H ( X S 1) ) 

103 t;GHZ( 1 )=DTHtiZ( 1 )-AI~J*(f (1 )-H{XSZ» 
104 hRITElIUUIP,lC5G) 

~~ITE(IOuTP,lGOC) 
hRITE(IOuTP,4C50) 

4050 FCKMAI ('OINTtRPCLATED PCIl\rS'/) 
hRITE(!CLTP,505C) 

5050 FeRMATl 13X,lHX,19X,lHV,17X,4HOERl,16X,4HCERZ,16X,5HDThBl,15X, 
1 5HOlh6ZI/l 

hR 1 T E ( lU UT P , 2050) ( )1" bd 1 ) , YNE h ( 1 ) ,D 11\ Er" l ) , D 2NE:W ( 1 ) , DTt- BI ( 1 ) , 
l DTHH2{l),I-=l,NPTNE:~) 

2050 fCKMAT(éc20.6) 
h~ITE(iOuTP,2C4S) 

2049 FCRMAT(13X,lhX,19)\,4HXC~2t13X,5HHXCH2t15X,4HHOH1,15X,4HHCH2//) 
WR 1 TE (0,20 SU (XNE rd 1 ) , XC H2 ( 1 ) ,HXCH2 ( 1 ) t HOH l( 1) ,HOH2 ( 1 ) ,F ( 1 ) , 

1 I=l,NPTNEw) 
2051 FCRMAT{tE20.6) 

Ge TO 888 
C;9C;C; STOP 

c 
c 
c 
c 
c 
c 
c 
c 
c 

Ef\D 

fLNCTION SPlORl{ARG,XHI,CElX,DEP21,DER22,CELV. 
~t-.-FS017.1 
Tr.IS ~U~CTICN CALCulATES FIRST CERIVATIVES IN A SPLINE-FITTING 
ALGURIIHM Glv~N THE SECC~O DERI~ATIVES, AN ARGUMENT, AND Y-INCR 
MENTS 
AkG=ARGLMENT. THiS ~LST BE LESS THAN XHI BUT GHEATER THAN XHI 
foIINuS DcLX 
OER21 = SECOND DERI~~T[~E AT (XHI - DElX) 
CER22 = SECGND DERIvATIVE Al XHI 
CELY = ~'XHI) - ~(XH(-OElX) 



C 

C 
C 
C 
C 
C 
C 
C . 
C 
C 
C 
C 
G 
C 
C 
C 
C 
C 
C 
C 
C 
C 
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CCUBlE PKECISIC~ SlCRl,STCR2 
STUKl=OfR21*(XHl-4~G)*(XHI-ARG)*O.5/CElX 
STOK2=Uf.kl~*(ARG-XHI+OElX)*(ARG-XHI+DllX)*O.S/OElX 
STORl=STCR2-STLRl 
STOR2=CEl'r/DElX 
STuRl=STLKl+STOK2 
STOR2=OElx*(UER22-DER21)/6. 
STURl=STCKl-STOR2 
SPlORl=$TC.Kl 
I<ETURN 
E~D 

SLbROLTI~~ SPlAL(IA~KOR,X,y,~PTS,XINT,CXINT,NINTS,YCAlC,CER2) 

ThIS ROUTINE P~~FCRMS 4 SPLINE FIT CF DATA CVER SPECIFIEO INTE-­
VALS. Il MATCHES FIRSr A~C SECOND DERIVATIVES AT THE INTERVAl 
eGUNCARl~S AND GetS AS ClUSElY AS POSSlel~ T~RCUGH THE DATA 
peINTS (1. t. MINIMIlES lE4ST SQLARES CEVIATIC~S) 

IANkUK=O~CHCKI~G CPTIGN. O=OC NCT ANCHCR ANY POINT. l=ANCHOR THE 
FIRST A~C THE lAST PGINTS A~C PUT t CUBIC IN THOSE TwO INTERVALS 
IF PCSSIblE 
X,Y=ARRAYS CCNTAINI~G RESPECTIVElY THE INDEPENOENT AND DEPENDENT 
~ARIA8lES TG HE FITTEO. 
~PTS= NLM~ER OF ThE D4TA PCI~TS IN THE CAlCUlATICN. 
XINT= AkkAY CONTAING THE ~AlUES CF THE INOEPENDENY 
XINT=ARRAY CC~rAl~ING ThE ~ALUES OF THE INDEFENOENT VARl~8lES 
WhICH ARE TO eE INTERVAL HCL~D4RIES. 
DXI~T=AkR4Y CCNTA1~I~G I~ lLC4TICN 1 XINT(I)-XINT(I-l) 
f\INTS=MJfdER Of Il\TERV4lS 
YCAlC=AKR~Y CGNTAI~I~G THE CâlCUlATED VALUES OF THE INOEPE~DENT 

YCAlC=4RRAY CUNTAINI~G TbE C~lCUlATEO VALUES OF THE OEPENDENY 
YCAlC=A~KAY CCNTAI~I~G ThE CâLC~l4TEU VALUES OF THE OEPENOtNT 
~ARI~elE AT lhE INTERVAl EC~~CARIES 

OER2=ARRAY CCNTAINING T~~ CALCUlATEO VALUES OF THE SECCNG 
DERIVATIvES AT T~E INTERV4l ~CUl\CARIES 
D 1 ME l\ SIL N X ( 1 0 lJ , Y ( l 0 1) 

CIMEl\SICl\ XINT(SC),YCAlC(SO),OER2(50),CXINT(SOJ 
CIME~SIC.N âHEX(9,lOl,3) ,CCl\STS(lOl,3) ,A~S(lOl,3) 
DOUBLE PRECISION STCRl,STCR2,STCR~fSTCR4,STCRS,FAC,STOR6,STOR7 
CCUBLE PKcCISICN S(11J,STCR8,STOR9 
REAL * 8 (; b LE, CA e S 
ICUTP=6 
f\1=1 
f\~=2 

NITS=20 
ERROR=S.E-6 
NI~T=O 
f\)(=1 
STOR3=O.üC 
STOR4=C.DC 
STORS=C.CC 
STOR6=C.OC 



10 
1010 

20 

25 
30 

40 

SO 
60 

7C 

BO 
90 

10C 
110 

120 
130 

135 

140 

150 
16C 

C 
IBC 

loeo 

ISC 
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STOR7=C.OO 
SlOR8=C.OC 
STOR9=0.DC 
IF(NIN1S110,10,2C 
hRITE(IOLTP,1010) NI~TS 
FCRMAT('Oi\JINTS=' ,I:1,5X,'SPLAG EY-PASSEC') 
RETURN 
I\INTSl=NINTS+l 
CG 25 1 = l , 3 
CO 25 J = 1,3 
At-EX(l,l,J)=O. 
AhEX(I+6,NINT51,J)=C. 
~ IN= 1 
CC 40 1=1,11 
5(11=C.CO 
I\BASE=NINT+l 
HASE=XIC\T(NBASE1 
C\INT=t'dC\T+l 
STüRE=X(NXJ-XINT(NI~T+l) 
STOR1=DELE(XCC\X)-eA5EJ 
IFCA~S(STOKE'-5.E-6' 100,10C,70 
NENO=O 
IFCSTURE)9C,8C,ac 
IF(NINT-~INTS)17C,12C,12C 
IFCOAeS(STORl'-5.C-6'11C,12C,12C 
"END:1 
FAC=l.OC 
Ge TO 130 
FAC=2.00 
S( U =S( 1 HFAC 
STOR2=fAC*UblE(Y(NXJ) 
S(8J=S(8J+SJOR2 
CC 135 1=2,4 
F~C=fAc*srGRI 
STOR2=STCR2*SlORI 
S(I)=S(IJ+FAC 
S(I+7'=S(I+7)~STCR2 
CG 140 1=5,7 
FAC=FAc*srORI 
S(Jl=S(IJ+FAC 
If(NENOl 15C,15C,17C 
IF(NX-I\PTSJ 16C,170,17C 
I\X=NX+l 
" 1"=" 1 1\+ 1 
Ge TO 6C 
t\INT1=NI1\1+1 
IFCS(1JJ180,1EC,IÇC 
RLUTINé IS NGT VEr ECUIPPED TC HANClE EMPTV II\TER~AlS 
hRITE( WLTP ,lC8el 
FCRM~T('OEMPIV It\TER~AL DETECTED SY SPlAG, JOB ABCRTEO') 
CAll EXIT 
~10Rl=D~LE(DXI"T(NI~TlJJ 
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SlUR2=C.5DO/SIURl 
AhEX(1,~lNTl,1)=(S(2)-S(3)/STCRl)/STORl 
AhtX(2,~I~rl,1)=-S(3}/3.0C+(C.50G*S(4)-S(5J/6.0C/STORl)/STeRl 
AhEX(3,NINTl,1)=-SfCR2 
AHéX(4,NI~T,ll=STCR:+(S(3}/STCRl-2.DO*S(2»/STGRl+S(l) 
STOR5=$(3)/STCkl/S1CKl 
AhEX(5,~INT,1)=STOK3+5.CC*S(31/6.DC-S(2)*STORl/3.CO-(4.00*S(4)-

1 S(S)/STUKl)/6.DC/STGRl 
5TUR3=(S(5)/SlLRl/~lCRl-S(3»/t.00 
AHEX(6,~INT,1)=SlCR2 

C H~E SIXTH PCSI1ICI\ IS If\CREl"ENTf:D LATER PRCVIOEO NINT IS 
C GREAIEK ThAN 1. 

A~EX(7,NINT,1)=(S(2)-S(3)/STCR1)/SICRl 
AhEX(8,NINT,l)=(S(j)-S(2)*STCR1+(S(4'-S(5)/STCRl)/STCR1)/6.00 
AhEX(9,NINT,1)=-SfLR2 
CCN51S(I\INI,1)=STCR4+S(8'-S(9)/STCRl 
CCNS1S(~INT,2)=C.ÜC 
STOR4=$(S)/SlCRl 
AHEX(1,NINT1,3)=S(31-S(2)*STCRl+(S(4)-S(S)/STCRl)/STOR1 
AHEX(2,NINTl,3)=(-S(5)-SlORl*(3.00*S(4)-2.00*S(3)*STOR1)+(3.00* 

1 S(b)-S(7)/S10Rl)/STORl)/6.DC 
STOR2=C.5CC*51CR1 
AHEX(3,NINTl,3)=STGR2 
AhEX(4,I\INT,3)=SlUK7+5.CC*S(3)-2.DO*S(2)*STCR1+(S(S)/STGRl-4.DO 

1 S(4»/STCRI 
STOR7=S(S)/STCkl/STCR1-S(31 
AH 1:: X ( S , ~ 1 NT, 3 1 = ( s' 1eR 8 + 1 3 • 0 U *!:i ( 5 ) +!:i 1 CRI * ( 4 • 0 O-*-ST 0 R 1 * S (3 ) - Il • 1,; U lÇ: !) 

1 )+(S(71/STORl-6.00*S(6»/STCR1)/6.DO 
STORe=S(7)/STCRl/STCRl-2.CO*S(S}+S(3)*STORl*STCRl 
AhEX(6,I\INT,~)=STOK1+STC~6 
A~EX(7,NINT,3)=-2.DC*S(3)+(3.00*S(41-S(S)/STCkl)/STORI 
AHEX(8,NI~T,3,=AhtX(2,~If\Tl,3) 
A~EX(9,NINT,3)=C.50C*ST(RI 
CGNSTS(NINT,3)=STUKS-2.CC*S(9)*STCR1+3.DO*S(10)-S(11)/STCRl 
STOR~=S(11)/STUR1-S(S)*STCRl 
IF(NINT-l) lS~,lS:,2~C 

195 If(NIN-2)160,lS7,19é 
1~6 IF(IANKOR)2C2,2C2,IS; 
197 CC IS8 1=4,9 
198 AhEX(1,1,31=O.DC 

CCNSTS'I,~)=O.DC 
AhEX(5,l,31=1.CG 
A~EX(8,1,3)=-1.DG 

199 ~hEX(6,1,1)=I.DO 
CC 201 1=4, <1 
AhEX(I,l,21=AHEX(1,1~3) 
A~tX(I,I,3)=AhEX( 1,1,1) 

2e1 A~EX(I,l,l)=O.DO 
A~EX(4,1,1)=1.DO 

CCNSTS( 1,2' =CCI\S1S( 1,3) 
CCNSTS(1,31=CC~STS(1,1) 
CUNS T S ( 1 rI) =y ( U 
Ge TG 300 
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2C2 CC 203 1=4,9 
ArEX(I,1,2)=AHtX(I,1,3) 

Le3 AhéX(I,l,,3,=O.OO 
tlhEX(6,l,3)=1.LJC 

. CCNSTS(l,2'=CC~STS(I,3) 
(CNSTS(I,3)=G.DO 
GC TO 3CO 

2SC AH~X(1,~lNT,~'=-1.OC/STCR6 
AhEX(2,~1~T,2)=STÜRé/6.CC 
AhEX(3,~INT ,~)=c. 
AhéX(4,~INT,2)=1.DC/STURt+l.UO/STORI 
AhEX(5,NI~T,~}=(Sl(Ré+SlCRl'/3.DO 
AhEX(6,~I~T,~)=O. 
AhEX(7,~INT,2}=-I.Dc/srCRI 
AhEX(a,~I~T,2)=SlCRl/6.CC 
ArEX(9,f\. INT,;d=C. 
ArEX(6,NINT,1'=AHEX(6,Nl~T,IJ+C.500/STOR6 
IF(NINt-NINTS)30C,31C,31C 

3CG SlURé=SlORl 
GL TO 3C 

310 AhEX(4,NI~Tl,I'=STCR5 
AhcX(~,Nl~Tl,1)=STCR3 
AhEX(6,~INT1,1)=C.5CC/STCR6 
CCNSlS(NlNTl,l)=STUR4 
AhéX(4,NI~Tl,~)=SIUR7 
AhéX(~,Nl~Tl,3)=ST~R8/6.0C 
AHtX(6,~INTl,3)=STCRé 
C(NSlS(NlNT1,~)=STûRÇ 
IF(NIN-2)1~O,312,311 

311 IF(IANKLkJ318,318,316 
312 CO 313 1=1,6 
313 AhEX(I,~I~Tl,3)=C.DC 

CC~SlS(NINT1,3)=C.UC 
IF(NINIS-l)31:,315,314 

314 AhE~(2,NINT1,3J=I.DC 
315 AhEX(5,Nl~rl,3'=-1.CO 
316 AhEX(6,NINTl,lJ=1.DC 

CC 317 1=1,6 
AhEX(l,~INT1,2'=AhtXCI,~I~Tl,3) 
AhEX( I,NINTl,3)=AhéX(I,"I~Tl,1) 

317 AhEXCI,NINTl,lJ=C.DC 
AhéX(4,NINTl,J'=1.UO 
CCNS1S(Nl~Tl,2)=C(NSTS(~I~Tl,3) 
CGNS1~'Nl~Tl,3)=CC~STS("1~Tl,lJ 
CCNSTS(NINTl,I)=~{~PTS) 
Ge TO 4CC 

318 CC 31S 1=1,6 
AHEX'I,Nl~Tl,2J=AHEX(I,~I~Tl,3) 

319 AhEX(I,~lNTl,~)=O.uc 
4hEX(6,NINTl,)=1.UC 
CC~STS{NINTl,2)=CC~STS(~INTl,3) 
CGNSTS(NINTl,3)=C.DO 
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400 CALL INV3SP(AHEX,C(~STS,ANS,~INTS1,NITS,ERRUR) 
CO 410 I=l,NI~TSl 
YCALC( l)=ANS(I,l) 

410 DER2(I)=4NS(I,2) 
RETURt\ 
END 

SLUROUTINE INV3SF(ARRAy,CCNSTS~ANS,NSIZ,~AXITS,ERRCR) 
C THIS ROUTINE INVERTS A ~ArRIX hHICH HAS Ne ~CRE THAN 9 NON ZERi 
C CIAGCNALS 
C ~RRAY=ARRAY CC~TAINING T~E ElE~E~TS Cf THE ARRAY TC BE INVERTEI 
C CCNSTS=A~RAY CONrAINING THE CO~STA~TS ON TbE RIGHT SIOE OF THE 
C E'lJATIOt\ 
C A~S=~RRAY CONTAl~G THE A~ShERS 
C ~SIl=NUMBER Of SI~uLATIC~ EÇLATILNS BEING SOLVEO 
C ~AXITS=MAXIMLM NUMBER OF ITERATICNS PER~ITTEO IN THE IERATER 
C GAUSSIAN ELEMINATIC~. 
C ERRCR TCLE~ANCE PER~ITTED 8ETWEEN ThO SUCCESSIVE ITERATIONS IN 
C ceUER TO OEFI~E CCNvERGE~CE 

Dl ME N SIC N ARR A Y ( 9 ,1 01 ,3 1 , C eN S T S Cl 0 1 ,3 ) , ANS ( 1 G 1 , 3 ) 
DI~ENSILN 4STCR(9,!Cl,3"CC~STR(101,3"CELANS(101,31 
ICUTP=6 
DO la NkOW=I,NSIZ 
DO 10 1 = 1,3 
~f\/S(NROk,I'=O.C 

10 CGNSTR(NROh,I)=CGNSTS(~R(h,I) 
DG 250 NIT=l,~AXITS 
OC 20 NROk=l,NSIZ 
OC 20 NCCl=1,9 
CC 2e 1::1,3 

20 ASTOR(NCUL,NkC~,l)=~RRAY(NCCL,NRO~,l) 
OC 7C NINO=2,NSIZ 
CU 4C 1=2,3 
"fJl=~lNo-1 
FAC=ASTCR(4,NfJl,I)/~STCR(4,N~I,lJ 
OC 30 NCOL=5,C; 

30 ASTOR(NCOL,~Ml,I)=ASTOR'~CCl,~~l,l)-FAC*ASTOR(NCOL,NMl,1) 
40 CCNSTR(NMl,I)=CCt\STR(N~l,I)-FAC*CC~STR(~Mltl) 

FAC=ASTCk(5,~~1,3)/ASICR(5,~Ml,2) 
OC SC I\COL=6, ç 

50 ASTOR(NCOL ,N"'1,3)=ASTCR(~CCL,N~I,3)-FAC*ASTüR(NCOL,NMl,2) 
CCNSTR(NMl,3)=CONSTR(N~1,3)-FAC*CO~STR(~Mlt2) 

CC 70 1=1,3 
JI = 1+1 
CC 70 J=1,3 
FAC=ASTCR(I,NINO,J)/ASTCR(I+3tN~1,11 

CC 6C K=Jl,6 
60 ASTUR(~,NI~D,J)=ASTCR(K,~I~D,J)-FAC*ASTCR(K+3,NMl,I) 

70 CCNSTR(~lND,J)::CCNSTR(NI~U,J)-FAC*CON~TR(~Ml,l) 

CC 90 1=2,3 
CC 90 J=I,3 
fAC=AST(R(I+2,NSIL,J)/ASTCR(I+2,t\Sll,I-11 
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CC BC K=I,3 
BC ASTOR(K+3,~SIl,J)=ASTCR(~+3,~SIl,J)-FAC*ASTCR(K+3,~SIl,1-1) 
90 CCNSlk(NSll,J)=CC~~TR(~Sll,J)-FAC*CCNSTR(NSll,[-ll ' 

D~lA~S(~SIl,3)=C(NSTR(~5IL,3)/ASTCRC6,~SIl,3) 
D~tANS(~Sll,2)=(CC~STR(~SIl,2)-DELANS(~SII,3)*ASTOR(6,NSll,2»/ 

1 ASTGR(5,~SlZ,2) 
OElANS{NSIl,I)=(LC~STR(~SIl,1)-DELA~S(~SIZ,3)*ASTCR(6,NSIl,ll-

1 OELA~S(~SIZ,2)*ASTCRC5,~SIl,1»/ASTOR(4,NSll,1) 
DO 130 NI~C=2,~SIZ 
NRUW=NSll+l-~I~C 
~RUh l=l'4kOv.+ 1 
CO 130 1=1,3 
r 1=4- 1 
STORE=C[NSlk(~RCh,ll) 
CC ICO J=7,S 

ICa STÜkE=STUR~-UElA~S(~RLnl,J-6)*ASTUR(J,~ROh,11) 
lf(l-l) 13C,13C,llC 

11C STORE=STCR~-DllA~S(~RCW,3)*ASTCR(6,NRCW,Il) 
[f( 1 - 2) 130, 13 C , 1 ~ C 

120 SlORE=STCRt-OllA~$(~RC~,2)*ASTOR(5,NRC~,I1) 
130 DtLA~S(NROw,Il)=STORE/ASTCR(Il+3,NRCh,11) 

CC 140 1=1,3 
00 140 NRO~=l,NSIZ 

140 A~SCNKÜ~,I)=t~S(~RCh,I)+DtLA~S(~RO~,I) 
IF (NIT-Il 170,17C,15C 

15C cc 160 J=1,2 
DELMAX=O.O 
BASMAX=O.O 
DG 155 1 = l ,N SIL 
IFCA8SCAr-..S( I,J) )-dAS",AX) 152,152,151 

1 51 B A SM A X = Ab S ( Ar-. s ( l , J ) ) 
152 STORE=AtSCOELANSCI,J» 

IFCSTOKE-OEL~AX)155,155,153 

153 DELMAX=STOkE 
155 CONIINLE 

IF(BASM~X)156,157,156 
156 IF(DELMAX/dA5~~X-EkRCR)J6C,170,170 
151 If(D~LMAX-ERRCR) 16C,17(,170 
16C CONTINUE 

RETURN 
170 DG 250 ~ROh=1,NSIl 

If(NRCw-l) lSC,1SC,20C 
ltiC 11=2 

GU TO 220 
2eo 11=1 

IFCNRO~-NSIZ)~~0,21C,21C 
210 12=2 

Ge JG 23'0 
220 12= 3 
230 CO 250 J=I,3 

STORE=C.O 
OC 24C K=Il,I~ 
I=NROw-2+K 



CC 240 L=1,3 
t' = 3* ( K -1 ) + L 

c- 12 

240 STURE=STOKE+ARRAY(M,~~U~,J).ANS(I,L) 

250 C(~STR(~kUW,J)=CC~STS(~H(h,J)-STCRE 

~RITE(o,125C) 

1250 FCRMAT('O~O CL~vEKGE~CE I~ I~V3SP'/) 

RETURN 
H.D 

SLBROLTINE XBlc~CIX,y,t'AX,XI~T,~INTS1,~FL4G,~PTS) 

C T~lS ROLTI~E BL~~~S TOGETHER TkC ARRAYS X A~D XINT WHICH ARE 
C BeTH ùRIGIN~LLY I~ ASCE~CI~G GRD~R. IT ARRANGES THE ARRAY X SU 
C AS TO I~CLUDE bUTH A~D ~(VES ENTRIE$ I~ Y TC CCRRESPOND WITH 
C ThE ORIGI~AL E~TRY I~ x. 
C X,Y=ARRAYS (G~TAI~I~G ORIGI~AL INDEPE~DENT AND DEPENDENT VARIABLES 
C t'AX=~AXI~UM AlLU~4eLE SIlE CF X AND Y. 
ç XINT=AKkAY CC~TAINS ~ODITIC~~l VAlLES CF X TC SE 8LE~DED 
C ~INTS1=~UMBEk OF E~TRIES l~ XINT 
C ~FLAG=ARRAY CL~TAi~I~G FLAGS hHICH, AT A GIVEN LCCATIC~, INOICATE 
C THE SOURCE Cf THE FI~AL ENTRY IN X. O=FROM X, 1=FROM XINT, 
C -l=EQLAl VALUE FRC~ X A~C XI~T T~O VALUES ARE TAKEN TC BE EQUAL 
C IF THEY ARE AGREE lC wiThIN 5.E-6. TH~ X-VALuES(A~D CORRESPG~OING 

C ARE LSED. 
C NPTS=ON INPGl, THE ~U~BER CF ENTRIES I~ X. ON OUTPUT, THE NU~BER 0 
C ENTRIES IN THE BlE~OED X ARRAY. 

DI ME ~ S 1 GN X ( 10 lJ , Y ( 1 C 1) ,)( 1 ~ T ( 101 ) , (\; FLA G ( 10 1) 

"'END=O 
~SKP=O 
1(\;0= 1 
OC 60 1=1,NPT5 

10 OC 30 J=I~O,NI~TSl 
STORE=XINTIJ)-X(I) 
IF(ABS(STORE)-5.E-6) 50,20,20 

20 IF(STORE) 30.30,4C 
30 CONTINUE 

J=~I"'TS1+l 
40 ~FlAG(I)=J-l~C 

NSKP=NSKP+NFL~G(l) 

I~O=J 
IF(I~D-NINTS1) 6C,6C,10 

50 t\FlAG( l")=lND-J-l 
t\SKP=NSK.P+J-It\U 
1 f\O=J+ 1 
IF(IND-~INTS1) 6C,6C,10 

60 CONTINUE 
t\ l MB = N 1 t\ T S 1- J + 1 
Ge Ta 90 

70 1=1+1 
. 1 ~ 0= NIN T S 1 

IF(I-NPTS) 75,75,85 
75 CC 80 J=I,NPTS 
8C t\FLAG(J)=O 
85 t\LMB=O 



C 
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SO LLL=KPTS+~SKP+~L~d+l 
1\PTS1=I\PTS+1 
~FTS=LCC-1 

lCO 

110 

120 

130 
1~0 

15e 

160 
170 

1SC 
1"0 

200 
210 

22C 

230 
240 
250 

260 

CC 250 I=1,t'\~TSl 
IF(~L~e) 1~C,14C,lCC 

cc 130 K=l,t\Lf-AB 
LCC=lCC-1 
IF(lOC-~AX) 110,110,120 
X(lUC)=Xl~T(II\G) 

1\FlAG(lCC)=1 
1 t\1.J= U\iD-1 
IF(INO) 26C,2tC,1.30 
C(;f\iTINUE:: 
LCC=lOC-l 
IF(lLC) 26C,2éC,150 
J=NPTS1-1 
IF(lOC-~AX) 17C,170,160 
Ir(NFLAG(J» 210,24C,19C 
X{LOC)=X(J) 
't(LOC)=\,(J) 
IF(NFLAG(J}) 20C,23C,lEC 
1\FLAG(LCC)=C 
1\Lf-1B=l'-4flAG (J) 
GC TC 250 
I\fLAG(lCC)=-1 
1 f\ C= 1 N 0-1 
IF(II\DJ 260,2éC,220 
1\LMB=-f'iFlAG(J)-l 
GG Ta 250 
f\f-LAG(LCC)=O 
f\LMB=O 
CCNTINUE 

THERE SHC~LC ~EVER BE ~ 1\CR~AL EXIT FRCM THIS OC LCep. 
f<ETURN 
Ef\O 

5lBRGuTINE XSETLP(XBASE,XDElT,Xf\EW,I,ERROR) 
C T~15 RuLTINE SETS UP T~E XNEw ARkAY FeR A LATER INTERPOLATION. 
C IT BEG~~S SLCCESSl~ElY wlTH THE NUM8ERS IN THE FIRST fOuR LOCA-
C TIONS GF THE 'RRAY XBASE AND ACOS THE 11\CREMENTS FCU1\O IN THE 
C CCRRESPCNCING lOCATICN CF N XDELT. RESULT5 ARE STOREO IN THE NEXT 
C AVAIL4~LE LCCATICN 11\ Xf\Ek. THIS PROCESS CCNTI1\uES UNTILTHE NEXT 
C ~AlUES UF xe~SE IS ExCEEOED CR ECUALEO Ta WITHIN THE A~OUNT SPECI-
C FIED BV E~ROR. ThE FIFTr LCCATIC1\ IN X8ASE IS THE ~AXIMUM VALUE 
C hHICH ~lll BE STOK~D IN XNEW. THE FIFTH LeCATION Of XOELT IS 
C IGNORED. THE:: CALCUlATIC~ ALTCMATICAlLY TER~I~ATES IF XNEw 15 
C FILLEU uP UR IF A ZERO IS DETECTEO IN EITHER XOELT OR X8ASE AT 4NY 
C FCINT l~ THE CAlCLlATICf\ 

- -01 ME ,.. SIC N X B ~ S E ( 5) ,X (; E l T ( 5 ) , x N E ~ ( 11:> l ) 
. 1=0 

CG 8C N=1,4 
.' 



IF(XCl::lTCNJ) E:,B5,3C 
3e J=O 
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40 1=1+1 
XNE~CIJ=XBASë{~JiflCAT(JJ*XDElT(~) 
J=J+ 1 
S1Uf\E=Xt\Er. (1 )-Xt3ASE(~+l) 

IFCSTOf\E) 5C,7C,70 
50 IF(STORl+ER~C~J fC,6C,7C 
60 IF(I-10{) 4C,SC,SC 
70 1=1-1 

80 CCNTINUE 
~=5 

es 1=1+1 
Xt\Erd I)=Xt3ASë(f\J 

90 RETURf\i 
Ef\iD 

SLBROUTINE I2~ISPCOELX,XCLD,Y(LD,D2CLD,Xf\E~,Yt\E~,D2f\EW,NPTCLD, 

l NPri\E~,DH,Erd 

C l~IS ROLTli\~ If\TERPCl4TE~ 1rE D~TA FCL~C If\i XOLC VS.YOLD BASEO 
C CN THE AB5ISSAS SUPPLIEC IN XNEw. THE INTERPOlATIC~ METHCD IS 
C BASEe G~ THE CERIVATIVES CALCULATEC BY THE SlINE FITTI~G ~ETHOO. 
C DELX=ARRAY CL~rAINING If\ LCCATICf\ l, XUlO(IJ-XClD(!-l). 
C XCLU,YGLU=A~k4YS CC~TAIf\It\G RESP~CTIVéLY THE ORIGINAL INDEPEN-
C DENT ANU CEPENUENT VARIA8LES. . 
C D20LD= A~f\AY CL~TAI~lNG THE CRIGINAL SECCND DERIVATIVES, 
C Xt\Eh,YNEh,U2~En= A~R~YS CCf\TAINI~G THE INTERPGlATEO INDEPENDENT, 
C AND DEPEt\D~~T VAKIAt3LES A~C 1rE S~CCNC DERIVATIVES. 
C NPTOlD= Of\!Glf\4L NU~BER CF DATA POINTS. 
C t\PTNEh= NUM6ER Of If\TERPCLATED DATA PCIt\TS. 
C DINEw= CAlCLLATEC VALUES CF THE FIRST DERIVATIVE AT THE INTERPO-
C LAIED PClf\TS. 
C 
C 

CIME~SICN DtlX(lCl),YOLC(lC1),C20lC(lOI),XClD(101j 
DIMENSICN X~E~(101),Y~EkCIC1),D2~Eh(lOl),DINEW(lOlJ 
IClD= 1 
CG 5C I=l,~PT~E~ 

5 IF(XNE~(I)-ÀClD(IClC)J 35,30,10 
10 IF(IOlD-~PTCLD~1)2C,4C,4C 

20 IClD=ICLO+l 
GC TO 5 

30 Y~Eh(I)=YCLL(IClGJ 
D2NEh( 1 J=C2ClC( ICLO) 
GG Ta 50 

35 IF(ICLD-IJ 4J,40,37 
37 IOlU=IGlD-l 
40 STOk1=XulD(I(lC~1)-Xt\Ek(l) 

STOR2=X~E., ( 1 )-XClI; ( IClD J 
YNE~(I)=STUk1~(D2ClC(IClD)*STCRl*STCRl/6.0/CélX(IOlD+l)+ 

1 (YOlD(IOLOJ/[tlX(ICLO+IJ-DELX(IClD+l)*C20l0(IClDJ/6.0»+ 
~ STOR2*(U20lC(IClU+l)*SJCR2*STCR2/6.0IDElX(IClD+l)+ 
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3 (V0LOCIUlO+ll/OElXCIOlC+lJ-OELXCIClO+1)*02GlO(IOlO+1)/6.0}) 
02NE ~ el )=(C2ClD( ICLO )*( XClO( ICLD+l )-XNEW( 1) )+C20l0( !CLO+U* 

1 (XNbJ( Il-XClC( ICLO» )/CELXCIClD+l) 

50 DINE"C 1 )=SPlùkleXNc'rI(I J ,>CClDe !Cle+l) ,OElX( IOLO+!) ,C2Cle( lOLO), 
l C20l0eIClC+l),VCLOCILlO+l}-VUlCCIClOJ) 

RETUf<r-.; 
Et\O 



TABLE 53 

Spl ine-Fit Program 

Sample of Output 



ct 

SPLINE fIT PROCRAM--
oUTA~CL+~EXANE AT 45 DEG. C 
X=MGL.FRACT.OF ~CT4NUL, Y=OEL14h/XIX2 

INPLT PCINTS (~ INDIC4TES INTEK~AL BOUNDARY) 

E~O FCI~T ANCHCREO 
X y Y CâLC 

* C.1581CCE 00 0.~60500E 04 O.5605COE 04 O.1806~CE 00 0.5271CCE 04 0.5243C2E 04 C.310dCCE 00 0.395900E C4 O.399408E C4 * 0.3360JCE 00 0.3tl230CE 04 O.384914E: 04 O.57P.5CCE 00 0.28500CE C4 O.284093E 04 O.5986CCE 00 0.28050CE C4 0.278131E 04 0.~S94CCE 00 O.2d030CE 04 0.277899E 04 * C.f!168CCE: 00 0.2258CCE C4 0.226836E 04 * C.IOOOOCE 01 C.1920CCE 04 O. 192000E· 04 

-

OEV(PCT) DERl DER2 

O.OOOOOOE 00 -0.173895E 05 0.120181E O~ 
-0.530912E 00 -0.148315E 05 0.106651E 06 

O.886066E 00 -0.60'.564E 04 0.283951E 05 
0.683A43E 00 -0.552093E 04 O.132417E 05 

-0.318376E 00 -0.303718E 04 0.7236S3E 04 C"> 
1 -0.844666E 00 -0.289672E 04 0.673871E 04 

-0.856504E 00 -0.289134E 04 0.671888E 04 0'\ 

O.458807E 00 -0.201747E 04 0.135009E 04 
-O.508626E-04 -O.176905E 04 0.l35009E 04 



e 
~ 

SPLI~E FIT FRCCRAM-- t-lJCNG T. b. 
N-BLTD~CL+N-HEXt~E AT 25 DEG. C, REF.(2) 
X=~(l.~RACr. Of eUTANOL, Y=OELTAH/XIX2 IN J/~OlE 

INTERPOLATED P(I~TS 

X y DERI DER2 

C.~OOOOCE-Ol 0.54<;lC1E 04 -O.223503E C5 0.124934E 06 
O.lOOOCCE 00 0.4520<19E 04 -O.166274E 05 0.103983E 06 
0.150COCE 00 0.3810871:: 04 -0.119521E 05 0.8303 U!E Q5 
0.20000CE CO C.330833E C4 -0.S32425E 04 0.620807E 05 
O.L50GCCE 00 0.25é:C9SE C4 -0.574399E 04 0.411295E 05 
0.300ùOCE 00 0.271647E 04 -0.42112C}E 04 0.201785E 05 
C.35000CE 00 0.25227~E C4 -0.366135E 04 0.654878E 04 
0.400JCCE 00 0.2 j 47 7 st: C4 -0.3340é'iE 04 0.627969E 04 
C.450:JCCE 00 O.21eS4C;E 04 -O.303338E 04 0.60105C}E 04 n 

1 C.5000CCE 00 O.204422E C4 -O.273!.J58E 04 0.514150E 04 
-.:J 0.5500CCE 00 0.191431E 04 -0.245923E 04 0.541240E 04 

C .600·JOCE 00 0.1798C8E 04 -0.219234E 04 0.520331E 04 
O.éSOûCCE 00 O.16<:4H5E 04 -0.193S90E 04 0.493421E 04 
C.700JOCE 00 C.16C39éE 04 -O.16!.J892E 04 0.466512E 04 
0.ï50CCCE 00 0.1524ï4E 04 -0.147239E 04 0.439602E 04 
0.8000CCE 00 0.14565(E 04 -0.125931E 04 0.412693E 04 
0.B500CCE 00 0.13985EE C4 -0.105970E 04 0.385783E 04 
C.9000ùCE 00 0.1350311:: 04 -0.873531E 03 0.358R14E 04 
C.95000CI:: 00 0.13110CE 04 -0.100822E 03 O.331964E 04 



Card 

1, 2 

3 

4 to 1+4 

c-18 

TABLE 54 

Forsythe Polynomial Program 

Input-Output Format 

Column Format Variable Data 

2-80 BaH Any alphameric 
(e.g. headings 

1 -10 110 NPTS Number of data 

1-20 F20.0 XCI) X. 
1 

value 

21-40 F20.0 y(I) y. 
1 

value 

informat ion 
of output) 

points 

(1 = No. of data points to be fitted; l < 50) 

Power series degrees for comparison of fitted curve with data 

are specified by NCOM (I) = N where l = 1 - 4, 1 ( N < 6. 

rand N are to be specified in the program. 



TABLE 55 

Forsythe Polynomial Program 

Fortran Statement 
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fiT "E '!S rq' X r 1"'('), Y( l1n) "'JCr'A(4) 
l ") ~l lU A ) ( ? , 1 , t ~, :) = '1 n Il ) . 

l rI' F'll\ T ( 1 X , 7., fi 
1 
:2 Ilx,7<::H 

;~r:\r)C:l, 10) \'PTC:,HC'HS 
1. '1 F r 1';,' 1 .:, T crI n , C ? .-: • f"I ) 

1 S r ( 1 1: : ~ .'\ T ( 2 F ? (, • (~ ) 

o f- " ') C ) , l 5) (X ( 1 ) , y ( l ) , r = l , ~: PTS) 
.; ("\ 1 T~:: C f, , 2 ) 

? F('FI~ 1\1 (111 1) 
\';': 1 H Cf" 1 ) 

~If'EG!~ f~= 6 
·~C ( ',1 Cl) = 3 
'!f r' .'1 C ?) =4 
;';U'!('!)=5 
'.1 (' l ,:·1 C If ) = (, 
C rd L CI) t~ F r T ( .. ') [G P := , Nec..., , NP T S , X, Y ) 
')[ If:; r = 1 , ~; PTS 

t ... n Y(TI=I\LrSCYCT» 
Ct. LL CIJi\F' l T (:'i:JEG~ r:, r-.CG.", NPTS, X, y) 
Gr Ti) 1 '')f) 

5 (' '1 S ., n ') 

f r' r: 
c 
[ SL~HLUT INE CUf·,FITP,jJFGRE,NCOM,r"PTS,X,y) 

S l' r: r LUT J i ~ E ,= l po{ FiT ( 1'\ r~ ~ GRE , ~: C (1 /1 , ND T S , x , y ) 
1") T,',,: ~\ S r 0 ~, X ( L~ (. ) , y ( l îr) ) , li ( 1 2 ) , G ( l?) ,C ( 12 ) , f) ( 1 2 ) , E ( 3 , 12 ) , 

} r ( 1" , l '? ) ,r ( -: , 1'1'Î ) , V: r ,\1 ( 4 ) ,D 1 (4) ,Z ( 4 ) ,S 0 1 ( 4 ) 
E (, U 1 V 1\ L E;"J C F. ( F , ;) ), (A, Cl 1 ), C B , Z ) , CC, SI) 1 ) 
r = ~': r T S 

2 F[P~~T(1~jO,2nX"nRTHOGC~4l RFPQESFNTATTON BY FOR$YTHF ~~THOO'/I' c ( 2 ) = 0.0 
Dr 14 J=l,I 
!:l(l,J) = n.f) 
P(?,J) = 1 ,") . -

14 C ( 2) = C ( 2 ) + y ( J ) 
':<. l, = :3 
I(P = 1 . 
Kr = 2 
A ( 2 ) = 1 • Cl 
8(2) =')." 
1) ( 1) = 1 • 0 
0(2) = l 
C ( ?) = CC 2 ) /0 ( 2 , 
NrR TH r = "10= GO~ + 2 
1)(1 15 K=3,NJFTHO 

ACK) = 0.0 
~ CI<) = 0.0 
CCK) = 0.0 
D(K' = ('.0 



e 

1 7 

1 f­
I () 

1 n 

1( il 

K L, 
KL 
1 f 
K/I. 
~( 

!f 
k,r. 

SC 
'« 
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= KI\ + 1 
-- Kr> + l 
= I<C + l 
(K{\-':) 1 !" 1 t, 1 7 

= l 
T' ) 2(1 
( " il- ~'. ) J ~,l2,J\) 
:= l 
Tf) 2r 
-- l 

?(I f1[ ,:)" J = 1,r 
fi. ( l') -= ,\ C K ) + >' ( J , ':: r> ( K ~~ , J , ~: Il ( KR, J ) 

ri) RIK) = ~(K) + XCJI*P(K\,J,*r(KR,J) 
.\ ( 1<. ) = ,,( K) /:J ( K - 1 ) 
'~ 1 K) -= '~C K) /1.' ( f<' -? , 

DC ?? J = 1,1 
P ( f: C , J, = (X ( J ) - t-. (1( 1 1 ~~ P ( K E\ , J ) - r. ( K ) * P ( K 6. , J ) 
LI ( f',) -- f) ( 1<) + P ( ~. C , J , ,~p C K C , .j ) 

?:.l C(v.) = CC,<) + fl(Kr.,JI>:'Y(J) 
CIl·. 1 = r. ( K ) / r) ( /<. ) 

) t: cr j'iT l r:u • 
.. iF T T F ( f.: ,3 ) 
vi t; r T F C 6 , 3 n ) 

3 i) F [ 'i)' 1 1\ r ( 1 t 1" , -q x ,'r c ~~ FR S f P,I ES CCI [ FFI CIE NT S ,-) 
tll,I) = 1.0 
E ( l , 1) = 1).) 

K/\ = 2 

Kr = -~ 

1',[ = 1 

0[' I l 7 J = 1,~CP.THr: 
F ( J f J) = O.'' 

L.7 F(l,J) = o.:) 

2°7 
?iiR 
2r'16 
?nc:; 

32 

34 

33 
36 

'':l'i 

37 

~t") 

i)r 31 !",:?," ""THfl 
Kf'·[r;=K-? 
IH KnlG-5) 2'15, ;~1"\6 ,2''17 
r 1 (i< ,) F G - C) 1. f) '5 , ~~ (1 r. , 2 0 S 
If(~:.fAC-l<) ?':5,2C6,?"'j 
\.: r: J T F ( ( , 3 ) 
~"r T Tf (r,,32) K')[G 
Ff;C,J1L\TCIH'), 'PO~.fR S~~II=S CF OEGPEE' ,I3,H.lX, 

) 'rT'f!~p (IF x' ,l0X, 'Cf1EfFICIfr>.IT'I/) 

KrEG = K-l 
KL\ = K~ + 1 
KP = KB + l 
Kr = Kr + l 
IF(K~-3) 33,33,34 
KI'· = 1 
GC T:l 37 
Tf fKB-:) 35,35,.~6 

Kr. = 1 
foC' TO 37 
Kr = 1 

PO 31 J=l,KflEG 
IFe J-l) 3 Q , 3<1,40 
[ ( I\C , J 1 = Ô. ( K )"~ E ( K r:\ , J ) - ~ ( K ) * E ( KA, J ) 
r.c TU 41 
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60 JI {j-I\+2'42 ,Fr,I,?, 
o (~ f: ( !<': C , .)) =: r ( t< il , J - 1) -1- l~ ( K , ,;, E ( K f' , J ) 

(~I. T l.l ',1 

4l !(f<:C,J) = f=(KB,j-ll 

1. ? ("" ( !/ C ,.) 1 = F ( K t3 , J - l 1 + ~ ( K ) ~'f ( K [\ , j ) - R ( K 1 * t ( KA, J , 
~l Tt = (J+KI/2 

Tf = J + K 
Tf = Tf'/2.r 
!FCTt\ - TAI '14,/1 5,44 

1. S r, = -1. r 

L.l .. ~. = 1.0 
L·6 f- ( ~~, J 1 = r- ( K. - l ,J ) + G:;' :: C r~ 1 * E ( K C , J , 

JI'. = J - 1 
d· 1 1 1: ((, y) ~) J.'\, F ( !<. , J ) 

3')1'; ri,R,·IAT(I/.l,lPE2{,.7) 
'l,) (.f'Trr.:li l : 

"2 .. r.: 1 T r ( (, , ~) q ) 

1;C, f[~···:l\rc1t-Ir;,21X,'(C",n;~~·lSJON r.F pn\ .. :F.p SERIES REPRESENTf\TIUN 
1 \.j r r H fIT T F f.j U t\ l li ' / / ) 

... q L~·IH.(0,'.'l, (\'(("'(1) ,T=1,4) 

h (' ~~ l' ~c :~ fo. T ( 1 f ') , 1 1 X , ' (,; IvE "; ~) ~\ T li ' , ? 1 y , 'Y V t\L U ESC [) I~ P li TE D F R O~ pm! E R 
lSr~I[S ("f O~GQfF ~"/42X, ' ______________________________________ _ 

2-----'/Sr,X, 'PERC~~:T J~VTt\Trr/\! FPC'''' r;rVFr--t yi//ax, 'X',14X,'Y',5X,4(9) 
~ X, 'l'I = , , 1 ? ) ) 
n r f) ') !,: = 1,4 
Z ( ~J) = (). f) 

DI P~) = n.n 
65 SrI(~) = 0.1 

n C 6 -, 1 = l, j\ PTS 
ne 61 ~: = 1,1.~ 

rrPK(Jj.'(~I)) 64,64,~" 

(3 ~ =: 2 + NCr~(~) 
l ( ~.' ) = F ( K , K - 1 ) 
KF = 1<,-1 
'JO 62 J = 2,KiJ 
Jl\ = I<-J 

tJ? l (~I) = 1 ( :--, ) :;, x ( 1) + F C K , J A ) 
f) T ( N) = (y ( 1 ) -l ( \: ) ) 1 y ( 1 ) * 1 00. 
sr: 1 ( N) ~ SOI ( N ) + :) l ( t, ) * 0 1 ( ~J ) 

fll CrNTHJlJE 
t 4 \~~. T Tf ( 6 ~ 1) 6) X ( l ) , y ( T ) ,( l ( N ) , N = l , 4 ) , ( C t (N ) , N = l , 4 ) 

66 F ( Q,~ L\ T ( 1 H '), 1 P 2 :: l 5 • 6 , 3 X , 4 f 1 5 • 6/ ?: 3 x , 4 f 1 5 • 7 ) 
fo7 C['I\TINUE 

F r-~ P T = ~; PTS 
r)[i 6R N = 1,4 

foC! DICN) = SQP.T(SCIUd/Fr-,PT) 
.flPITE(6,fl Q ) (DI ('1) ,':=1,4' 

f-9 F(.RMAT(lHO, 'RMS OEVI.\TIONS =' ,16x, IP4f15.2) 
Rf TUR N 
H.!) 



ft 

TABLE 56 

Forsythe Polynomial Program 

Sample of Output 



8 
ct 

S y S TF:; II U TAN U L -H F X :\r, f- t; T 2 ~ (; E G. C 

x= C.H2 GHJ1JP H,'CTJ(l~'!1 y= UGl)P CHZ (I:I'H. TO DELTA H j-1JXH(C 

rRTHGGC~~L REPRlSE~TATICN SY FnRSYTHf MET~OD 

'POWFR SERIES COFFFICIFNTS 

rf'\'; U SEI':'Tf:S 'li- Lf::GRfE ,"\ 
'-' rO!""ER OF X COEFFICIENT 

n 1.4122272E 02 

PU~f~ sr-RIES u~ [rGG~[ l POWER OF X COEFFICIENT 

0 9.7758594E 02 
1 -9.3528198E 02 

("') 
1 P n \.;f- R S E;d ES L F PCJ~JER OF X COEFFICIENT ro CfGRtt: 2 

ro 

f) -2.Ü~47449E 03 
l 7.66 P7 53 qE 03 
2 -4.8014063E 03 

On\·! E f:: SE RIf S t) F r:EGPFê 3 PCWE:R OF X COEFFICIENT 

() 6.3750195E 03 
l -2.3353801E 04 
2 2. 0 R47277E 04 
3 -1.28733<J8E 04 

POWER SF~IES UF C[G~[f: 4 PU~~ER OF x COEFFICIENT 

J 2.58R0969E 05 
l -1.1~3~16('lE 06 
2 1.925:;270E 06 
3 -1.4236620E 06 
4 3. Q 315419E 05 



8 -
t[~paPISIO~' fF pnhfR SEqJES REPRESENTATION wrTH FTTTfb DATA 

G 1 V [ 1'. r; t\ T A 

x y 

p.. 1 L iHrCJ[-(i 1 ? • fi ? ft f .~ () t r. ? 

q.?~I)?~()[-Cl 1. q 't('04(1b (? 

~. j/1'l5~r.L-(' 1 1 • 0. 7 c, 'J ~;1 L 0 2 

f, • 1. t: 1 ::: 4 î E - l} 1 1 • ;-=! / ;:. 2 5,) t- r: ? 

.0 • C, 71 l, -~ rH - 1"\ ) 1.-17/t':H'~ r7 

f' • (~ 7 0, 2 ') (H~ - C 1 1 • 7 2(. 1 4 C: L (: 2 

2. 7fl5f")~OF-Cl 1.b 7132CE r'? 

Q. ,; S tH3 (1 Q l - C 1 1 • (, (\ S J H' F C 2 

p • Cl c: n Wi 0 L -1) 1 1.5?jr7CE r2 

9. i)sr910E-Ol 1.42i510E C2 

y VALUES CU-1PUTED FRr~), pnWER SERIES OF DEGREE N 

PEPCENT OEVIATION FROM GJVEN y 

r·l= 1 ,,!= 2 N= :3 N= 4 

?1824A5E C2 1.965200E 02 1.9Q1445E 02 2.033125E 02 
-7.7()4~n41E 00 ?g377317E OC 1.641471qf 00 -4.1710QlQE-01 

7.C73542E C2 1.943R26E 02 1.948984E 02 1.946875E 02 
-6.9373t8CE 00 -1.5381476E-Ol -4.1Q63160E-Ol -3.1094801E-Ol 

1.C667C4~ 02 1.Ql0210l 02 1.Q0214RE 02 1.RR5625E 02 
-4.Hbl?471E 00 -1.84907il?E 00 -1.4192514E 00 -5.3825116E-Ol 

1. r.f1936;: 02 1.865f176E 02 1.850156E 02 1.835000E 02 
2.1~18f31E JO 2.?5P159 7 [ 00 -1.5314217E 0 0 -~.QQ6R921E 01 

].7'ï G 15RE Ol' 1.H09116F 02 1.792266E 07 . 1.7q1875E 02 
,1.(·{,?(.(,1,1[-'11 -l.')/,fl()/tl/tr no -CJ.9 C}/t61 /t7F-Ol -9.774'tB70F.-Ol 

1.65 P 315F. O? 1.742 Q IOE 02 1.727A13E 02 1.740625E 02 
3.9?q2612E cn -9.7154152E-Ol -9.6893370E-02 -8.3915627E-Ol 

1.5~9163F nz ~.667080f 02 1.6562R9F 02 1.676875E 02 
6.6 GP721)QE 00 2.536ROIIE-Ol ~.QQ33~30E-Ol -3.3237~A6E-Ol 

1.4h?241E 02 1.5~2239E 02 1.577227E 02 1.60a750E 02 
8.8~51eH3E 00 1.4187536f 00 1.7310390E 00 -2.3302S43E-Ol 

1.366qqQE 02 1.4RRR67E 02 1.4QOlQ5E O~ 1.525000E 02 
1.n2~3A61E 01 2.2459641E 00 2.1584425E 00 -1.2672323E-01 

1.273296E C2 1.387461E 02 1.3q48A3E 02. 1.420000E 02 
1.04R~4RRE 01 2.463AR24E 00 1.Q421377E 00 1.7644292E-Ol 

("") 
1 

ro 
lA> 



e 

C,.ldCJ190[-Ol 1.3nlt9Cf (2 

C,.2QI)7}(l[-Cl l • 1 H";:. ~H) l 02 

Q.3ôC1':'3)E-Cl l.'JClfCC.r C? 

S.,)h5CCr1f--Ol 7 • S 7 l ') 'j lJ F- C 1 

~.&~5r00F-Ol 6. (,4? C 0 C!t Cl 

C • Q 110 nn F - 0 1 3.24FOÇ(f rI 

RMS CLVIATIUNS : 

GD 

1.1R1377~ 02 1.27H545E 02 1.2Ql055E 02 1.308750E 02 
9.242P265F Je 1.77R0714f 00 8.1703174E-Ol -5.4237843E-Ol 

1.rG1104E 02 1.162544f 02 1.17A477F 02 1.187500E 02 
5.QS63567E no -1.6922212E-01 -1.542036IE 00 -2.3195305E 00 

1.rC?419E C2 1.03QB73F 02 1.057031E 02 1.055000E 02 
-1.4181C66E-Ol -3.Ar3~305( 00 -5.5 0 7536IF 00 -5.3 Q 46142E 00 

~.2q8877~ 01 7.765063E 01 7.8714R4E 01 7.668750E 01 
-S.5095541f 00 -2.5497208E 00 -3.9551744F 00 -1.277751QE 00 . 

7.45712QE al 6.3é1646C 01 6.3q2R13E 01 6.237500E 01 
-1.2?'?1658E Cl 4.264170.6E 00 3.9456310E 00 6.1324253E 00 

5.~11035F 01 3.~Q1772F 0.1 3.11757qE 01 3.512500E 01 
-7.SQlllQ4E 01 -4.426505IE 00 4.0154381E 00 -~.1434841E 00 

2.10E Cl 2.48E 00 2.53E 00 2.99E 00 

Ui·~ThC(~UJI\L REPR[SF~TATION BY FORSYTHE METHOO 

PC'\·.L·R SERIES COFFF-ICIF~iTS 

pel ... E ~ S E;~ 1 1:: S Cl f r:fGKf-E 0 POWF>< ilF X CCEFFTCIENT 

() 4.A601017E 00 

Fnlt;t ~ S F. ~ It.S tH r H~P f- i:: 1 p r: \'j F P. '"") F X CrEFFICTENT 

a 1 • 7 ft 245 0 4 E 01 
1 -U.459160bE 00 

POWER SERIES OF CEGREE 2 PC\\ER OF X COEFFICIENT 

n 
1 

1\) 
ç 

,-



e -
0 -5.30f.-62rPE 01 
l 1.3RIQ287F.02 
2 -p.IR37P.30E 01 

pnWF~ SE~IES nF CFG~lE 3 PLH.;ER OF X COEFFICIENT 

0 4.46 Q lR Q5E 02 
1 -1.5405l05E 03 
2 1.70 30f340E 03 
3 -6.9660986E 02 

pn~\ER SERIES OF C'-GRlF. 4 PUI-IFR OF X . COEFFICIENT 

0 -2.20447731: 03 
1 1.0333074E 04 
2 -1.Bl17AOQE 04 
3 1.41213?OE 04 
4 -4.1294141E (\3 

CChPARISION CrF POWER SERIES REPRESENT4TION WITH FITTED DATA 

GIVH' (lt,TA 

x y 

R.ll~q~qF-c)] 5.31r5 P·2E- C': 

p • 2"~ 5 2 q G F. - 0 1 ').?6PZC;lE CC 

R. 34°:2 OF.-O 1 5.2~4061l CC 

8 .11 t. 1 S 40 [- ) 1 ? • ? 0) ~l L It ? E C C 

y V~LUI:S CC~PUTED FPOM POWER SERIES OF DEGREE N 

PERCENT DEVIATION FROM GIVEN V 

N= 1 N= 2 N= 3 N= 4 

5.~?6763E or 5.1P6493E 00 5.328369E 00 5.288086E 00 
-4.63565q2E 00 2.3366404E .00 -3.34Q3459E-Ol 4.236l093E-Ol 

5.45°231E no 5.237213E on 5.264RQ3E 00 5.266357E 00 
-3.605~133E on 5.8991271E-Ol -6.4516068E-02 3.6711153E-02 

?361601F. 00 5.265381F 00 5.2214361: 00 5.23q258E 00 
-2.4367237E ~O -5. QP3806QE-Ol 2.4122173E-01 -q.q2~36q5E-02 

5.266842E 00 5.272278F 00 5.l9l650E 00 5.201520E 00 
-1.i834164E 00 -1.2878485E 00 2.6111686E-Ol -4.3151530E-02 

n 
1 

ro 
\Jl 



(1 

R.571't:?,nf:-Ol 5.1.71-·70bl:: ("If'. 

h.67l)2~CF-Cl 5.1S1U5f.l (r. 

$1.7I-lS')')Ot-Cl ?11f'7fI4l CO 

H • '~R 'i Il '1 n ~ - CI 1 ~ • ;) 7 ~ ~~ ("1 CF C r. 

8.<;~·~93('\r-')1 5 • CI 2 :. ," q de C C 

lj. f'lq(IC)l (IL -CI l 4.SS75()j[ r.c 

<;. l p q 1 Q n E - ,1 l 4. P'JRf34F r,) 

9.2 '-'5 71 ()~-') 1 lt.7541C;CF CO 

q. 3 ~H' '13 (: F - 0 l L..6';h17Cf: rc 

Q. Si> 5('OC. f-') 1 4 • :3 27 l' It ? é (" C 

Q • ~ ":; '5 r'r (l r -1) 1 {t.l'J(,L.4C]{-- cr 

s .'; :~ l ( r 0 F - 0 1 ~.48('·b24f: on 

H1S 0 E V 1 AT 1 Cj;~ S = 

e 

~.17~R84F no 5.25Q~64E 00 5.167725E 00 5.1735R4E 00 
9.~1077COE-02 -1.551h911E 00 2.1205217E-Ol 9.0908544E-02 

5.r~2677E no 5.226q13F 00 5.145264F 00 5.134277E 00 
1.J2751Q4F. 00 -1.472h143E 00 1.1249191F.-01 3.2577485E-Ol 

4.993179E 00 5.17A865E UO 5.11840RF 00 5.096436E 00 
2.4537G73F. 00 -1.134656qE 00 7.3405616E-03 4.3659580E-Ol 

4.Q05340~ on 5.10QQ(lQf 00 5.0R2764E 00 5.0539S5E 00 
3.4C5~A95E 00 -h.2242407E-01 -8.7R87526E-02 4.7940016E-Ol 

4.ElSlC7F 00 5.027023E 00 5.034180E 00 5.001465E 00 
4.11450é7F ~o -2.?3Q0734E-02 -1.647R062E-01 4.R614447E-Ol 

4.734447E OC 4.9?91CHE 00 4.969238E 00 4.940430E 00 
4.501n843E no 5.7~57906[-nl -2.34R9857E-Ol 3.4620178E-Ol 

4.651311E 00 4.R16qR6E 00 4.RR4766E 00 4.q65723E 00 
4.4h76533F. 00 1.0648842E 00 -3.2722586E-Ol 6.389~795E-02 

4.56S~63~ nn 4.69149HF 00 4.777A32E 00 . 4.770752E 00 
3.r7Q33q3E no 1.3166027E 00 -4.QQ3Q561E-Ol -3.5046 Q 65E-Ol 

4.48S45]~ 00 4.553375E 00 4.645996E 00 4.651855E 00 
2.53~gl16E 00 1.1461h7AE 00 -B.6463130E-Ol -9.91~3~40E-Ol 

4.3~3407E 00 4.242477E 0') 4.30004 o E 00 4.320313E 00 
-1.4711607E-()1 1.954318nF 00 6.23R1625E-01 1.5551329E-01 

4.257?75E 00 4.070572E 00 4.082031E 00 4.0Q 6191E 00 
-1.44q4476E 1)0 2. Q Qq6157E 1)0 2.7265434"E 00 2.3891115E 00 

4.1C83Q4E OC 3.6Q6121F. 00 3.547852E 00 . 3.503662E 00 
-1.H0361~2F. 01 -6.1Q13319E 00 -1.q314737E 00 -6.618~q7qE-Ol 

5.40f 00 2.0QE 00 Q.03E-Ol 7.23E-Ol 

("') 
1 

1\) 
0\ 
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TABLE 57 

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

Input-Output Format 

Card Column Format Variable Data 

1, 2 2-Ba BaH 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 o = when NI = NJ + 1 
1 = when NI ~ NJ + 1 

4 1-20 110 NPTS Number of data points 

to 5+I 1 -20 F20.0 X( I) X. 
1 

value (composition) 

21-40 F20.0 Y(I) Publ ished data of y. for 
comparison with ptedic-
ted data 
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TABLE 57 (cont.) 

Nomenclature for Output of 

All Prediction Programs 

Variable 

X 

SilE 

GROUP 

LIT.DATA 

PREDICT 

DEV 

Data 

Mole fraction 

Predicted size contributions 
to heats of mixing 

Predicted group contributions 
to heats of mixing 

Publ ished data 

Predicted heats of mixing 

Percentage deviation of 
predicted heats of mixing 
from publ ished data 



TABLE 58 

Program for Prediction of 6HM for 

n-alkane + n-alcohol Systems at 250 C 

Fortran Statement 
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C A PROGRAM TQ PREDfCT HE6TS OF MIXHIG 
C HX:~2 = :~2 ~R1JP CJNTqI~UTIn~ Tl ~E~TS ~F MIXI~G 
( HJ~S = STAM)~QD ST~T~ ~F ~H GR~UP 
C HX:-"2S::: STh\lJA=» ST6TF !JF ::~? ::;U)lJP OF T .... E l\LK6NE MOL ESJLE 

[) 1 \1 r::: N S 1 (l ~I A \1 B " R ( c:; () , ~~ f. S ( 5 0) , T) T H ( ? () , F ( 5 r) l 
DI\1E\lSIC'\I X:-i2{'5n),X(50),YX:Y?(50),:'-I:1YC501,DTH(1)0) 
;')P1ENSlf'\I DT .... BU5() ,f)T~~2(5J) 
D l "1 f [\1 S 1 0 \1 Y ( c:; () ) 
~I\1ENSI~\I DEVP(50) 
qFAl NI,~J,NK 
GG(Z) = 65q?85.*1 - 649285 
4CZ)=-2.~64744Q~ O~ +7.6S8753QE 03*Z -4.8014063F 03*1*Z 
A~(Y) = 4.47~*(Y-6.)*(16.-Y) + C3Q.5/500>*(Y-S.'*(15.-Y).(11.-Y} 
GK(Z)=1.520~971~ 02 -3.303ROIE 02*7 + 1.87()'59S9E 02*Z*Z 
G{7l= C-l.437n~87~ 04 + 6.4~4)875E ~4*Z -1.086505E 05~l*Z + 

1 B.l?40313E 04*Z*7*Z -2.2759754F 04*Z*Z*Z*Z) 
lOO~ ~FAOC5,lO,EN1=510) 

C 

ln FJ~\1nT(lX,79H 

1 
2 /lX,79-i 
3 

RE 1\ D ( 5, ? D ) ~H, 'IJ , NI( 

2) FORMI\TC3FIO.O" 
~[l\n(5,24)NPTS 

24 F~RMAT(IIO) 
~El\n(C:;t25){XtI ),Y(I),I=l,NPTS) 

?5 FJP~AT(2F20.01 

5) 

80 

2~ 

28 
55 

52 

53 
48 

49 
54 

SDI = 0.0 
Fr-.!?TS = NPTS 
ANJ=\lJ 
ANJ=\lJ 
SXl=I\NJ/(l. + A~l) 
DO 'i0 l=l,\lPTS 
l\I=I 
x r. Y? ( 1) = (X ( r ) * A N T + ( 1 • -x ( 1 ) ) *'1 J ) / ( ( 1. + ANI) * x ( l ) + ( 1. -X ( 1 ) ) * r.,j J ) 
CAL:Jl~TION THE GROUP HE6TS OF MIXIMG -
D:J 80 I=1,t--1PTS 
~X:H2( 1) =Hf X:H2( 1» 
HX:-i2S=H( SXll 
IF(SXI-O.Q4444'29,2Q,78 
H:l~S=fYP(G(SXU) 
GJ TJ 55 . 
HOHS=FX?(~K(SXl') 
!'>J 54 r=l,~PTS 
IF(X:H2(1,-O.9916) 53,53,52 
HO-l( 1 )=GGC XC-l2( 1» 
GQ TJ 54 _ 
IF(X:H2(I)-O.Q444)4Q,49,4R 
H~ H ( 1 »= EXP ( G 1( ( x S '"' 2 ( 1 ) ) ) 
GO TJ 54 
HOH ( 1 ) = EXP ( G( XC;..f2 ( l' ) ) 
::O'lTJNlIF 
Del 120 I=l,'1PTS 
OTH~llI) = ""'!I*(HXCH2(J) - HXCY2S) + (HOH(l}-HOHS) 
OTHE\?(I' = -'1J*~X:H2(tJ 



( 

l' 

. -• 

c 
r. 
r. 
c 
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A PRO G F l: M TOP R 1: D JeT H E fi T S 0 F r.., ! X nI (; 
H X : -1 2 ::: ~ ~ 2 :; R ! .! ;> C J ,..,1 T ~. r 9 IJ T J n 'J T 1 '1 F !\ T S [1 F ~ 1 X ! 'J r; 
.HJ~S = Srf\~')t\~~l STt\TF. '1.F nH GR:lUP 
H X :-~ ? S ~ S f fi \j) li ~) S T .\ r F ;) F :: -1 ? :; ~ n!J r 1} F T·~ ~ li L K li N E 1-10 L E ~ J L E 
D 1 \~ ~ "l SIr. '/ Il \l 8/\ ~ ( ':' () , ;~ f S ( 5 0) , T) r f-' ( ?:) , F ( 5 ~ ) 
1) J \1 r: \j SIL' \j X : -1 2 i '5 f) , X ( r; Cl) , , X : ~I ? C 5 () ) , :"11 t.j C 5 J) ,() T H ( ') 0 ) 
i) J '1:: N S r C"' '.J [1 T -1 ~ l C '5 () ,r) T 1-/ ~ ? ( 5 J ) 
r)1v,p.!SIQ\J y(C:;(» 

~r~ENSI~~ DEVP(50) 
~F-h.L NT ,\JJ,\!I( 
r,~{Z) = t,~q?nC ~l f"9?"r;: '- ,-J."'. - :.>l'i-' .t'J 

~(Z)=-2.864744n~ O~ +7.~~87539E 03*1 -4.P014063F 03*7*Z 
Arcy) = 4.47~*(Y-6.)*(16.-Y) + (3q.5/50n)*(Y-~.)*(15.-Y)*(11.-Y) 
GK(l)=1.520?q71~ n~ -3.313ROIE 02*1 + 1.87~S999F. 02*Z*Z 
G(7)= C-l.431n~A7F 04 + 6.454~e75E J4*Z -1.OS6505E 05~l*Z + 

1 8.1?40313E 04~l*7*Z -2.2759754F 04*Z*Z*Z*Z) 
100J ~FADC5,ln,fN1=5JO) 

c 

10 I=J~~IÎT(lX,7qH 

1 
2 /lX,79-f 
'3 

RE fi D ( 5 , ? ~) ~~ T , '! J , \''< 
2) FO~MAT(3F10.0)· 

~["[)(5,?4)\!PTS 

24 F='R"~AT( 1 10) 
~Ehn(~,?5)(X(I ),Y{II,I=l,NPTS) 

25 FJP~AT(2F20.01 

5:> 

80 

2=1 

28 
55 

52 

·.53 
48 

49 
54 

SDI = 0.n 
F"IPTS = NPTS 
ANJ='JJ 
ANJ=\lJ 
SX1=hNJ/Cl. + A~T) 
D~ 'i0 I=1,\! PT 5 
hI=! 
X r. t.j 2 ( 1) = (X ( ! ) ~ A ~II + ( 1 • - x el) ) ~t '1 J ) / ( ( 1 • + AN J ) * x el) + ( 1 • - XCI ) ) >1: \1 J 1 
CAl:JL~TION THE GROUP HEATS OF MIXIMG . 
08 80 I-=l,"!PTS 
YX:H2( 1) =H{ X:1-i2( Il) 
HX:-f2S=H( SXl) 
IFCSXI-O.Q4444129,2Q,78 
I-iJ~S=fyP(G(SXl» 
GJ TJ 55 . 
HJHS=FXP(~K(SXl» 
rD 54 I=l,~PTS 
IFeX:H2( 11-0.9916) 53,53,52 
HO-f( 1 )=GG( X:-I2( r» 
GJ TJ 54 _ 
IF(X:H2(I)-O.Q444)49,49,4g 
H~ H ( 1 ) = EXP ( G'< ( x: 4 ~ ( r ) ) ) 
GO TJ 54 
HOH( 1 )=EXP( G( XC12( [)>» 
:O\lT r !lJlIF .. 
DJ 120 I=l,'JPTS 
DTHqt(I) = MH*(!-fXCH~(IJ - HXCY2S) + (HOH(I}-HOHS) 
OTH~?(I) = '\lJ*~X:H2(t) 



C-30 

1.2) lTH( 1) = X{I)*~T~Rl(I) +- (l.-XCI»OOTHA?{fl 
C rAl:JL~TTn~1 (lF THF.: SIZE CO\JTRI~LJTIO~ 

~NI = ANI + 1. 
JFIN{. ) 69,96,(,9 

69 ~J 71 l=l,NnTS 
h " 3 A R ( 1) = X ( 1 ) * h "J 1 +- ( 1 • - X ( l ) ) * 6. " J 

71 Y [ S CI) = Il K ( tHI R A ~1 ( ! ) ) - ( A N J - tHJ ~ A. ~ ( 1 ) 1 * A K ( ANI ) / ( f\" J - 1\ "J 1 ) 
1 - ( -\ '" B li R CI' - A ~JT , * 1\ K ( !\ N J ) 1 ( MJ J - A \1 J ) 

GJ TJ 7G 
9~ D~ qQ J=l,NPTS 
9R !-I[S(!)=O. 

C T~Tl\l HEATS OF MTXI"JG TDTYtl} 
79 18 7? I=l,NPTS 

TOTH! I}=HEStY)+lTH(!) 
OEVP(T)=100.*(V{y)-T1THCI»/Y{T) 
SOT = SOT +- JFVP(J'*1EVP(I) 

77. CO~TT\!UE 
SOI = SQqTCS)I/F"JPTS) 
WRITEC6,1 ) 

1 FJRV.AT( lHl' 
W~JTE(6,lO) 

\"~ITF(6,3f)O) 
3 () 0 F J R 11 A T ( 1 / T 8 ,'X 1 , T 1 7 , • SI Z E • , T 2 6 , • ~ R nu P', T 3 4 , • l r T • Cl A TA' t T 45 , 

l 'pqEDICT',T55,'nEV'lll 
W RIT:: ( (}f 310 ) ( x ( r. , ,H ES ( l ) , [) T -1 ( 1 ) , v ( 1 ) , T I)T H ( 1 ) ,D E V P ( 1 ) , 

1 T=l,\lPTS) 
310 FORMAT(FIO.4,SFIO.2/) 

!~RITFC6,131) SlI 
131 FQR~AT(lHO,T1~,'Q~S QEVIATIDN = ',FIO.2) 

GO TJ 1000 
500 S TJ" 

EN) 



TABLE 59 

program for Prediction of 6HM for 

n-alkane + n-alcohol Systems at 25°C 

Sample of Output 
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S y S r 1= 'A 1 ~ t: X fi \J." + ~ J'-: y Il ~! t '\ T li 5 i) r ~'. r. 
X="Fll. Fq"rr. nF I~Fv!..'!"I, Tf'iHI=I)f.'r.rnerC'l Ht:l~r~ flF r--qXP-1G 

X C::T7r. ~:) mIr LTT.")1TtI f1~c:r)lr:T :)r: v 

O.]?~7 o. ?~ C;1<.71 6~1).(l'1 C),q~.9B 1-,. sr, 

('l.}?,1B o.?:) ':>!~.64 ~. C)~. '1"'1 61,.en 5.9~ 

0.?4 Q () 0. 1,'1 71').11) 71 f.,. 0C1 7~5.A:1 -2.77 

0.?7'1 Q 0. 1• P 74 J .;>4 7?R.()') 7 Id.7? -l.q!1 

("l.50~A (\ • t:f1 (~() () • 2 p t,h3.(l(') f-,f.,f).P'9 o. ':p 

O."?'I) O. (, ':' A~r.l.45 ~1d~.0n 6?7.0'J 1.(.G 

O.5?,n (). (- ') '11(,.45 A5?O'1 ~'7.()6 ?29 

O.7{,gg 0.4'2 "ll-,0.1° ?5'.(lO ~6(l.62 -2.1h 

R ',' S f)F.V! "TTO~J = 3.59 



TABLE 60 

Program for Prediction of ~HM for 

n-alkane + n-alcohol Systems at 45°C 

Fortran Statement 



1) 
r. 
r 
r. 
r. 
c: 
c 
r 
r 

,r 
r. 
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r::> r () T r 1 l '1 \! fi r 1-1 r: t, T sne ',1 1 Y r \1 '; 
'\ r. ~ '1 r, D '1 'l T n r>~ 1 ::: I:L ., TF T ~H~ -l f IH c: ,., r '.~ J '{ P '''; '1 ~ /1 Le (1 H n L 
~Yr) qVfi::-:);.r,:"'lr'l~' ··rrXl'F~':< 11SH:S THi ~;f~r~!If) <;r)L!Jrr(~~1 1·1f1')FL 
IF '(,~ TC L T (: f' .'1 ~t:; :. :-1'1 n 
'Jl::- ~.~I.J'.qr:~ 'If- r.U:1Jl"J I\Tn'AS PI FiC I\Lr.r~"n[ '''f'lLFr:JLr:: 
'J,I;' r·,,\,q~:!:' pr ::"il'J,W'1 :\T~"~5 T"! TI~r ~vDPr-trr~?n.J~! ''''')I.F~Jl.: 
Hr~1 = ni' :-;r)'l!!~ "'r1'.tH'TL',IIT\n:-'j Tf1 Hrf\T:) r,F vTXP.~r, 

H y r w> = :- ~ ? ~; 'l ~',J f) r-: r' 'H'~ l 'J, lJ T yr) '.' T n H ~ .'j T S r F '.q X pl '; 
q f: -r ~ = S 1 1\ r.' n il ;~ r,l :: T " T r: nt- n, ~ r:.:;> fl U f> 
H X:-: H :> S ::;;' 'T.'l, ",' J,A, :-> ') ST" TF") r. r:;? :; Fr' '.1 p n F Tf li': fi l. K Il "J E "';1\ r: ~ .J [ E 
') l'Ir t,:S T rI''; II \1:1:\ P ( S (l) 1 ~ f S ( ') '."l) , p, T" ( c:; ') ) , F ( r:; ~) 

f) r "~\J q f1 ': ~ ::! ;:' ( li (1) , y ( :J () , u X ~ H? ( :-. n ) ,~l ri H ( C; ['1) ,fl T H ( 5 () ) 
'') l ',' r: '1 S l (" '1 DT fi!) 1. ( r.; 0) 1 0 T!~ '). ') ( 5"l ) 
nI" r. 't ST"" ,! V ( ,'. () ) 

nI "ri,!S T 11~1 (',':\jfl ( ~n) 

~ f· " L '" l l '1 J , 'j r( 
HrZ)=-3.777S27 r nl +1.7~7~n7F ~4*Z -7.n5~~~c 04*I*1 + 

1 ?'hf41~ n~*7~1*, -A.4!L37SF n?*7~7*7*7 
r..V.(7)=-1.1'31-~?.'tr: f)?, +3.50~,7?':'5F O,~-I,:Z -3.P,17°(}23r: ()~l,:l-1,:Z 

J oj' l • ~ 1) 1 :n (l". r~ n'l ::',:? ':< 7 '* 1 
~(7)=J.~)q123r 1~ -~.001'0~~E ()4*7 +Oq.1Ql~113F a~*Z*7 -

1 7. ~ ') ? 4] ;. ;~ F- n 4 t,: ? * 7 :',: 1 +?} R r; 'i 3 4 ~ fl 4 ':: 7 "-: Z :'0 ':: 7 
~ 1< ( V) = }. P " 7~: ( V - ('. ) ':: ( 1 {, • - y ) + ('2 1 • '> / :; (1 0 ) t,: ( y - f,. ) * ( l (~ • - y ) * ( 1 l • - y ) 
~~(7) = 659785.*1 - 649785 

1001 Q[p')(5,10,F"f"l-=CjO() 
10 ~")~Y~T(lY,7q~ 

.1 
'2 /lX,7'iH 

~ r- fi 0 ( 5 , ? Q) \! J , '.!J , ~ l~. 

'2D F~D~~T(?Fln.0) 

Q F MH 5 , '21. ) /'11> T S 
21. l=;-ro\~t\T(Tl~} 

q r 1,1) ( 5 , :> 5 ) ( x ( T ) , y ( T ) f l = l , NP T S ) 
25 l= n r '1,\ T ( ?;:? 0 • n ) 

SnI = n.n 
H:PTS = "PTS 
~~ T ='11 
~ '1 J='I J 
S X 1 = '\ ~" r / ( 1. + " "J r ) 
nI: '50 I=l,NPTS 
~I=I 

5() XC-I?(l) = (X(I)*'\··H+(l.-\(t)*~'J)/f{l.+ANl)*X(J)t(l.-X(I))*~J) 

c: CAlCJtAT!O~ T~~ ~~OUO H~1TS OF MIXJMG 
no q 0 1 = 1 f f'! P T ~ 

ElO HX:H2(I)=~XO(H('(rH?(T») 

HX:H2S=Fv~(H(SX1» 

IFrSXl-~.~28A)·~2,52,~1 

52 HOHS=FXr(G(SXl» 
G(l Tl 55 

51 HrHS=FXP(:,~(SXl») 

55 D8 54 I=l,N°TS 
rF(XCH?(T)-n.Q7~~)42,4?f41 

42 H~Y(I)=E)fr(G()(C1?(I)~' 
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r.~ T l r;/~ 

41. Il (ltl{ ! ) :: F X r ( r, ~~ f )( C:)I ? r r ) l ) 
1)4 r.r'Hr~!Ur:-

n J! ]") 0 1:: l , 'l r T S 
"'n fi Il 1 ( T 1 = '\ 'd ':: ( H X rH? (T l - Li X CH;> S) + (1/" J-I ( n -H " H S ) 
nT f-! n ? ( r) = 1\, J :;, Il "< :- ~I? ( l ) 
')( ( l) :: • : J .:< ( l • - X r: Il ;;> ( r , ) 1 ( ( \1.1 - ~ 1 r l + (~-I T - t>.:" + l • ) *)( Cil? ( I) 1 

12J '"'\Tq{!):o X(l,>!:rHlloJ(n t (J.-Y(f»*')T~~?(J) 
r r !IL r 1.1 L .'\ T Hl') n F r H r ST n: c m'on R T r. 1.11 { O~! 

V' 1 -= fi ~IJ + ]. 
! r: ( ~.I ~ ) f) ':} , q (1 , f, ') 

(;-Q ')~ 71 T=l,r,'PTS 
.'\ ". r ,'. ), ( J) = '>( 1 1 ) ::< 11 f\! T ... ( .1 • - x ( r ) ) -« li ~ 1 J 

71 H r: S (Tl == '1 K f 1\ "':~ .'\ Cl ( T) 1 - ( /\ "i J -.'1 ~! P. An <I ) ) "* ~ K ( /1 '1 J ) / ( "~I J - t\.q ) 
J - ( '\ : •. ] P Al-> ( 1 ) - il NT) ::: "K ( {HI J ) 1 ( HI" - Mi T ) 

r,:l Tl 71/ 

Q(:, r)f1 c)~1 r=l,I- l rTS 
<18 HEq 1 )=0. 

r. T"T.~ L Hr J\ T5 nr r~T XI "JG P1TH (Tl 
79 1):-' 7ï. T=l ,~,:DTS 

r ri TI~ ( J ) ':: ~J r:: S ( ! ) + 'H H ( T 1 
D pl D ( T , '" 1 0 f1 • * { v r T } - T f) T H ( Tl' 1 v ( 1 ) 
sn! = srJ + DF.VD(f)*!lFVO({) 

72 U"!~IT I"ur 
snI = S'.'R T ( VII /FIIIPTS l 
'-IR 1 Tf ( h , 1 ) 

1 roq~~t\T(!~I) 

~4P T T r: ( fl, ] 0 ) 
1 .. 1 r J T 1= ( f, , '" il () ) 

3 () 0 F r ~ '..-!!\ T ( Il TQ , ' X' , T 1 7, ' SI 7. E' , T? f.:, , ' ~ q (l,J P' , T:3 't, ' LIT. n /1 TA' , T 45, 
1 'D P. l= f1 l r. T ' ,T ~ t; , 'r) '= '1 ' 1 / ) 

'-: p. 1 T = ( f. , .,. 1 0 ) ( x [ Tl, H F 5 ( 1 ) ,D T Y ( J ) , y ( 1 ) , r f) T H ( l ) ,f) F V 0 ( l ) , 
1 l = 1 , \' P TC;) 

~10 FrPM~T(FIO.4,SFIO.2/) 
I..JPTTI:(f,,131) $I')J 

131 FrD~AT(lHn,T?~,'~~S afVIATI~N = ',Flil.~) 
Gn Pl l noo 

'ion S TT' 
E l'!:l 



TABLE 61 

Program for Prediction of ~HM for 

n-a1kane + n-alcoho1 Systems at 450 C 

Samp1e of Output 
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TA:2L2 61 
PENT t\~lnl + Hr:DTA":: J\T ;>c:. ,')f';. r. 
x=~ml. r-rnr. T • ~F T' .~ 

• ~ .. 0- 'Î,-;'~H~l 

X SI?::' r,) ('IIfi 1 IT.r)!I,T:\ P~r:GJCT [1[V 

().0?0~ O. ] l lC)')."(' ?40.0,l lQ'). Il ) r. • 7J 

o.n5()f) n.?" "J.?7.C)f. 344.fl'1 :PR.2? 4 .• 59 

O.(\Qc;4 O.4~ lt40./f(\ 427.')f) 44f). R7 -3.?5 

n.J741 o "7:') ... 55'5.t:;] 5 :?? • (J ;' 55~.30 -6.')7 

('.2Ql-,4 1.l'i 1)~8.cC r:-79.00 590.04 -l.cn 

().424/t 1 "J-•. ! (:O:-.7C, 57 0 .0('l 607.14- -4. S6 

O.51?9 ] • '"l Ci ')44. (',? 54?()O 5/t5.41 -O.6~ 

().~77Q l • ? r::; 471. 71 If 97. (JO 47~.O'" 3.~'5 

O.6?54 l.?:) I~ 4 (). l ? 1,4O",()(J 441. 1.? 1.t..,q 

0.696" 1. 17 31-,0.75 374.()f) 3f,1.9? 3.1.3 

0.7516 1.03 ?QCl.47 311. (H) 30n.50 3.3~ 

O.~21f) (l. P ? 2~3.f.o 228.00 234.50 -?q5 

o. QO Pl 0.1.9 1Itl.~Q 1?8.00 142.19 -11.0Fl 

C?Me; ')FVI ~ Tt ~'J = 6.9} 



5 

Card 

1, 2 

3 

4 
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TABLE 62 

Program for Prediction of Heats of Mixing 

of n-alcohol + n-alcohol mixtures at 250 C 

Input-Output Format 

Column Format Variable Data 

2-80 BOH Any alphameric information 
(e.g. headings of output) 

1-20 FI0.0 NI Number of carbon atoms in 
the first molecule 

21-40 FlO.O NJ Number of carbon atoms in 
the second molecule 

1 -10 110 NPTS Number of data points 

to 5+1 1-20 F20.0 X(I) X. 
1 

value (composition) 

21-40 F20.0 Y(I) Publ ished data of Y . for 
compar i son w i th 1 

predicted data 



TABLE 63 

Program for Prediction of 6HM for 

n-alcohol + n-alcohol Systems at 250 C 

Fortran Statement 



·tt 
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r 4 PRnSRAM TJ PREDICT HEATS JF MIXING n~ ALCOHOL + ALCOHOL MIXTI 
( USI~G RArrLIFF AND CHAO ~OOEL 
r NI=NU~RER nF CARBnN ATnMS I~ MOLECULE 1 
C NJ=~UM)FR CA~RnN ATn~s IN MOLECULE 2 
C HGH=tlH GROUP CONTR I!3UTJr:JN Tn HEA TS OF MT XI NG 
C HXCH2=C~2 GROUP cn~TRIBUTIO~ TO HEATS OF ~IXING 
C Hr4S]= STANOt,RD STATF OF OH GR.OUP IN ~IOLECUlE 1 
r HDHS?= STANDARD STATE nF OH GROUP IN MOLECULE 2 
C HCH21=STANn~Rn STATF OF CH2 GROUP IN MOLECULE 1 
C HCH?2=STANOhRJ STATE OF CH? GROUP IN MOLFCULE 2 

nJMENSIO~ DTHG(50) ,yeSO) 
~I MENS TnN MJBAR (50) ,HES( 50), TDTH( 50) ,F (50) 
DT f.1E N S 1 (J N DE V P C 5 0) 
r) H1 ENS 1 (1 N X::: H .? ( '5 0) , x ( 5 0) ,H X:: H 2 ( 5 0) t H 0 H ( 5 0) t D TH ( 5 0 ) 
Dl~FNSIO~ DTHB1(50),OTHR2C50) 
RfA L N J t ~J J , ~J K 
AK(Y) = 4.473*(Y-~.)*C16.-Y) + C39.5/500)*CY-6.)*C16.-Y)*C11.-Y 
HCZ)=-2.8647449F 03 +7.6687539r: O~*Z -4.8014063F 03*Z*1 
GK(l)=1.~20B971E 02 -3.303801E 02*l + 1.8705989E 02*1*Z 
Gez): (-1.4370887E 04 + 6.4546875E 04*Z -1.0A6505E 05~Z*Z + 

1 8.1240313E 04*Z*Z*l -2.~759754E 04*Z*Z*Z*Z) 
GGCZ) = 587R~7.*Z - 578257. 

1000 REAO(5,lOl,END=500) 
101 F(1I:{l.1ATCIX,79H 

1 
2 IIX,79H 
3 

READCS,lO) ~II,NJ 

10 FOPMAT(2FI0.0) 
REA D ( 5 , ? 0) ~I PTS 

20 FGRM.ATCIIO) 
RFADCS,15) C X(!) ,V(I) ,1=I,NPTS) 

15 FOR~AT(2r20.0) 

SDI = 0.0 
FNPTS = NPTS 
SXl=~ Ile] =+~r) 
SX2=NJ/Cl.+'lJ) 
00 40 I=1,NPTS 

40 XCH2CI) = CXCI'*NI+(1.-X{T)*NJ'/((1.+NI)*XCI)+(I.-X(I)*Cl.+NJ)l 
HCH21=HC SX 1) 
HCH22=HCSX2) 

C CALCUlATION OF THE GROUP HEATS OF MIXING 
IFlSXI-O.9444)52,52,51 

52 HOHSl=EXP(GCSXl» 
GO ro 55 

51 HnHS1=FXPCG~CSXl» 
GO Ta 55 

55 IFCSX2-0.Q444)5l,53,54 
53 HCHS2=FXPlGCSX2) 

r,n TO 57 
54 HOHS2=fYPCGKCSX2» 

51 DO 56 l=l,'lPTS 
IFCXCH2(I)-O.9916)4?,42,41 

41 HOHII)=GG(XCH2(I') 
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GP TC) 56 
42 TFeXCH2( T )-O.944 /t)49,49,4R 
4q HflH( 1 )=EXP (GK e XCH2( 1) » 

ha TO 56 
4q HCH ( 1) = EXP ( r, ( XC H2 ( J ) ) ) 

56 C ["",NT l "IUF 
on 60 I=l,NPTS 
HYCHZ(I} = H{XCH?(J» 

f)TH8l (I )dH*( HXCH2f 1 )-HCI~21) + (HOH(J )-HO~Sl) 
nTH3?(J)=~J*(HX:H2{I)-HCH22'+(HOH(J)-HOHS2) 

60 DTHr,(I) = x(r)~'OTHP.lCI)+(1.-X(I»*f')THR2eI) 
C X=w~LE F~ACTlnN nF THE FIRST MOLECULE 
C CALCULJ\TION OF THE SIlE HE"TS OF "1IXINF 

NI="JJ+l. 
NJ=NJ+l. 
OP 80 I=l,NDTS 
M:I=f-.u 
âNJ=NJ 
M! B fi R (1) = x ( Il *" 'JI + ( 1 • - x [ 1 » * A N J 

80 li [ S ( T) = fi K ( ~'N R A R ( 1 ) ) - ( MJ J -.t\ N 8.'1 R ( 1 ) ) * A K ( ANI ) 1 ( li N J - ANI) 
1 -(·\NRAR( 1}-ANJ)*AK(ANJ)f(ANJ-ANI) 

C CI'IlCULATION OF THE TORAL HEATS nF MIXING TOTH(I) 
on 120 I=l,'JPTS 
TOTH(J) = HESCI} + DTHG(II 
f1fVP( 1 )=100.*{ Y[ 1 )-TDTHt Il I/Y( 1) 
sor = SDI + OEVP(I'*I)EVP(I) 

120 r.orn 1 NUF 
SOI=SQRT(SnI/FNPTS) 
WRTTE(6,1) 

1 FOf1.~AT(lHl) 

WRITE(6,l01) 
WRITF.{6,~0() 

300 FO~~AT(IIT8,'X',T17,'SI1E',T76,'GROUP' ,T34,'lIT.OATA',T45, 
1 'PKF.OICT' ,T55, H)EV'ln 

WR rTE ( 6 , ~ 10) ( X CH 2 ( r ) , x ( 1 ) ,DT HG ( 1 ) ,HE S ( 1 ) , TOT H ( r ) ,0 EV P ( 1) , 
1 I=l,NPTSI 

310 FrRMAT(FIO.4,5F10.2/) 
WRITE(6,13U SOI 

131 FnR~AT(lHO,T35,'RMS DEVIATION = ',FIO.2) 
GO TCl 1000 

500 STOP 
END 



TABLE 64 

Program for Prediction of ~HM for 

n-alcohol + n-alcohol Systems at 25°C 

Sample of Output 
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SVST[fv' PHITfI~rL + nCTM!Cl AT 25 f)EG. r: 
x~~nL. FPACT. OF PENrA~~l, TDTH=PREnICTFD HEATS nF MIXTNG 

ST7E Gf{ oup LIT.O!\T~ PREDJCr DEV 

0.884] O. 11 19. ] 8 4.50 73.68 -2.96 

0.8817 0;,19 20.01 7.3(, 27.37 27.97 

0.8754 0.13 27.72 3>1.11 

0.A689 0.46 30.37 11.112 42.19 33.04 

0.8f.2R 0.57 Il. 73 45.AO 28.44 

0.8624 0.58 Il. 69 42.24 35.02 

O.858R Il.07 37.98 37.74 

0.8534 0.73 26.39 9.58 35.97 33.39 

O.847't O.A? 18.51 7.27 25.78 38.62 

0.8414 12.54 4.42 16.97 î4.75 

0.8377 0.95 4.56 2.46 7.02 53.22 

RMS DEVI"TIf1N :: 34.19 
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TABLE 65 

Program for Prediction of Heats of Mixing of Ternaries 

Input-Output Format 

Card Column Format Variable Data 

1, 2 . 2-\80 BaH Any alphameric information 
(e.g. headings of output) 

3 1 -10 110 NPTS Number of data points 

4 1 -10 F10.0 NI Number of carbon atoms in 
the hydrocarbon molecule 

11 -20 F10.0 NJ Number of carbon atoms in 
the short alcohol mole-
cule 

21-30 F10.0 NK Number of carbon atoms in 
the long alcohol mole-
cule 

5 to 5+1 1-20 F20.0 X2(I) Mole fraction of alcohol 
molecule with number of 
carbon atoms = NJ 

21-40 F20.0 X3(I) Mole fraction of the sec-
ond alcohol molecule 

41-60 F20.0 Y(I) Publ ished data of heats of 
mixing for comparison 
with predicted data 



TABLE 66 

Program for Prediction of 6HM for 

Ternary Systems at 250 Ç 

Fortran Statement 



r. 
c 
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DPFnTrTrJ~ ~F~T~ nF ~IXING nF TF~~~RY SYSTFMS AT 25 nE~. C 
1.I~1',r; crnup SflllJTrrl~! /·,ili1[1 'lF p./lTCurF IVlfl CHAn 
r) T ",1 F r'-J S T n ~~ x 1 ( ,,() , x ') ( S 0) , x ~ ( 5 () J ,Y ( ') 0 ) , x CH? r 5 0) , fI!l H ( Ci 0 , , n T HG' ( 5 0 ) 
D J ';' r ": S T fJ \l nT' -1 il, 1 ( ~ 0 J , Cl TH f\ ? ( '):1) ,n T ~~ n ~ { c; J J , Xl? ( 5 J ) , X 1 3 ( S J ) , X? 3 ( '5 0 ) 
DI '.4 f ~! SIr •. ! Hl? ( I:i 0 ) ,H? ~ ( ') 0 1 ,H l l ( ') 0 ) ,H '= S ( '50) , TJ T H ( ') () ) 
[) J H F.~,1 ST rl\! y 12 l ( ') 01 ,. X 122 ( '50) , YI ~ 1 ( '50) , Xl? '3 ( 1):) ) ,X? 3 2 ( 51) , )( 231 ( c:; (' ) 

rIT ,~ 0.1 SIn' 1 H Y r:: H ? r 5 () ) 
J T ',1 F= '.! S T r ".j - fI..~ ( r:; 0) , 1~ P, ( '5 0 ) 
f) 1 ...., r- ~,! ST n~! 0 ë V;., 1 50) , 
q E A l. ~! l ,r" J , \11<' 
1 f 1 Z ) = - ? • ~ 6 4 7 /t 4 9 F () '3 + 7 • (, 1) 3 7 5 '3 9 F :1 3 * 7 - ft. P. ') l 4 () (, ~ E 0 3 * l .!< Z 
GK(Z'=1.5,)08171~ "7 -~.103RnlE 02*7 + 1.R7059 RoF 02*1*Z' 
GIZ)= (-1.417n8~7F 04 + A.4,)4S875~ n4*Z -1.08~505~ 05*Z*Z + 

1 p.l?4n31'3~ 04*Z*7*7 -2.2759754F 04*Z*7*Z*1) 
GG(7)=2(,()0.*~ -1~~(). 

HHIZJ=-54n.*z + A42. 
1001 ~EAn(5,10,f~)=50nl 

lOF Cl P '1 A T ( lX, 7 q H 
1 
2 /IX,79H 
"3 

q r "r" n ( 1), ? lt ) ~~ D T S 
7.4 FnRMAT(II0) 

RfA D Ct;, Il} ~.! T , N J , ~I K 
Il rOPMATC~FIO.n) 

READC5,30'(X2(T) ,Xl{J),V(I),I=1,~PT5) 
30 FnR~~T(3F?0.0) 

SDI = 0.0 
H! PTS = \) D T S 
ANI=~II 

A\)J=\)J 
S),~=NK/( 1.+NK) 

22 .HGH$,:\=FX?(r,(SX3» 
HCHS"3=H( sx:n 
00 1)0 J=1.,~IPTS 

Xl( l 1=1.-X2( l )-)nC 1) 
50 XC H 2 ( l ) :: ( ~! 1 * X 1 r T ) + ~ J J t,: X? CI) + '1 K * Y ~ ( l ) ) 1 

lCNr*Xl(I) +(1.+~Jl*X2(I)+(1.+NK)*X3(Y) 
C CALCI'LA Tyn", f1F THE GROUP HEA T5 OF ~T XI NG 

55 Dr 54 I=l,NPTS 
1 F ( X S H 7. ( T , - 0 • 94 4 It 1 It? , 4? ,4 1 

41 HOH ( 1 ) = EXP ( GK ( xr: H 2 ( 1 ) ) 1 
HXCH?(Il=~(XCH2(I}) 

GD TO 54 
42 IF(Xr.H2(r'-O.8)~q,39,38 
38 H[1H( r )=FXP(Gf XCH2e Il)) 

HXCH?(I)=HeXCH2(T» 
Gr Hl 54 

3q HOH(.f)=GGCXCH?CT» 
HXCH2(Il=HHeXCH2(1» 

54 CONTTNUF 
on (,0 I=l,NPTS 
nTH~1(I)=NT*HXr.H2(Y) 
OTHB2( 1 )='\IJ*( HXCH2( r )-237.) + (HnH(I )+100.) 

" . 
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'l H;~~ 3 ( T ) ='! '< "" f H X': H ~ ( T ) - H C I~ S·~) + ( Wl H ( 1 ) - f-1n ps '3 ) 
f) T HG ( 1 ) = X 1 ( T ) :!< ~n y ~·U 1) + X;:> ( r ) * nT Il P? ( 1) + X 1 ( 1 H' nT H ~n ( r ) 
:-: /1. L :: U L fi. T T il ~-.: ,r. T ' 1 EST Z F li FAT S n r- >·1 r l( T N r. 
n r:: l 0 0 T = l , \j ~ T C; 

f:\=/t.6 
Xl?1 (T )=( l.+\'lf l )-X2( 1» /? 
YI??( J)=l.-Xl?l(T) 
'.(1~~]( T )=( 1.+Yl(f )-X3( 1) )/2. 
Xll1( l )=1.-Y,lll.( r) 
,(2~?( T )=( 1.+l?( T )-Xl( 1») /2. 
X21]C I)=1.-x23?(I) 
'JJ=~U+l. 

"JK='r<+l 
H 1 2 ( J ) = P * ( ~ 1 T -' 1 J ) 1.: ( ~, l -~, J ) * X 1 ~ I ( 1 ) :!: Xl? 2 ( l ) 
1·111 f J ) = ~ :!' ( ~!! - '1 ~~ ) ,!: ( NI - NK ) * X 1 3 1 ( T ) >!' X 11 "l. ( 1 ) 
q '2 3 ( T ) =P * ( .. : J - .,~ ) * ( ~~ J - r,)l( ) *)(? 3 ? ( J ) t,< X? 11 ( T 1 

ln:l HFS(I )=Yl( I):!<V?( II*Y12(I)/Y121fI)*XI22(T) 
1 + Xl(I)*Xl{!)*~?1(T)lX]31(I)*X133(I) 
2 + X?(I)*X1(Tl*H?3(I)/X232(J)*X2~n(T) 

C C fil [l' l. In 1 f"" J ~:: T H 1= T ,., T <\ L H E 1\ T S J r: ~ T X HJ r, 
n(l ?OO T=l,';JTS 

200 n 1THe 1 )=Hr=S( T }+JTHG( 1) 
n J 7 2 1 = l , ~J PTS 
D f V P ( 1 1= l 00. :!' ( V ( l ) - T:1 TH ( r ) ) / v ( r ) 
S f' 1 = SnI + ) c:" V·~ ( r ) * 0 f V? ( 1 ) 

72 r: n \J T T I\,~ '.If 
sor = srQT(SJI/F~PTS) 
l~ R T T F ( é 1 q l 

9 FOR~4l\T(IHl) 

WR rTE ( f" 1 () ) 
!-/R ITE (A, 300) 

"30 0 Fr Q '~t\ T ( / 1 T.13 , ' Xl' ,T 1 7 , ' SIl E ' 1 T? 6 , ' G Q r. li 0 t , T 34, 'L TT. D 1\ T 1\ ' , T 4 5 , 
l 'P~r:[1ICT', T57, 'f)EV' III 

\.) R.I T r:.( 6, 3 10) ( Xl ( t ) ,H '= S ( T ) , DT HG ( T ) , y ( r ) , Tf) TH ( 1 ) , 1) E V Çl ( 1 ) , 
1 1 = l , ~' PTS ) 

:31 () F [' ~ ~ II T (F lJ) • 4, c:; F ] 0.2 Il 
131 FJR .... ATCIHO,T35,'PMS ClEVIATIJN = ',FIO.2) 

I,~R T TE ( 6, 1 "31) S [) l 
r;o T':1 10'10 

500 STOP. 
END 



TABLE 67 

Program for Prediction of ~HM for 

Ternary Systems at 25°C 

Sample of Output 
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SYSTrl,1 HEPT/11\Jr-+p o rOA\J:1L+DFf\IT,,\lnl lIT ~') r:lFS, C, S!1I.UTlf"'~f C 
1:: H ~ P T A ~J f? , ? :: p f) r' P fl \J 1 L , '"l,:: ~ F ~~ T M'i '1 L 

Xl STlF r,~nllP LIT.f)ATt\ PR ED.I CT DEV 

0.7076 O.'iO 604.2f. 589.00 604.6S -2.66 
0.A'576 n. 't9 (-,1.5.87 60 Q .O'O 616.36 -1. 21 
O.')Q60 0.4B f-34.'30 612.00 6VhQR -3.76 

0.4814 o • 3') 5S.1.10 573.00 '583.4!t -1.82 
0.3707 O. '50 'i06."30 503.00 506.RO -0.76 

0.31'51 1.50 460.45 446.00 461. 95 -3.58 

~.2689 ?-.47 407. ::q 3 Q 3.00 410.80 -3.2'2 

0.1997 t>.39 310.45 316.00 31A.84 -O.?7 
0.13<32 9.14 201. 14 ?33.00 210.27 9.75 
0.]145 1;>.07 184.20 198.00 196.27 0.87 

~ MS f)FVlt\TION = 3.8;> 


