4y ’ . Al
- v
« [}
. ‘t\.- o
LS s ,
1
g - '
. . /
4
NGUYEN, Thi Huong ' Ph.D.
. i ~ 4
Jeats of mixing ,
N ) 7
t ,
| ’ 4
y
/
« o -
'3
3 ' 0 l :
/’ -
. 5 .
¢
+
] C
o o - e . r
- -~ . S,
R .
.
, .
. ' ¥ a
W e
. L4
- )
7’
B |
- f
. »
L - .
i | - IR . o .
. « )




v \ * Y ~
© - .
¢
a \v
4 .: k/
a b
» L3
he v v A
; . J
f:‘>
Heats of Mixing: Measurement and
Prediction by an Analytical Group Solution Model
E
- '\
] v
o ’
' /“. .
~ -] ) ’
. L .
4
L) Y

I



A .

Doctorat Département de G&nie Chimique
l Thi. Hupng Nguyen
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'RESUME .

| Le modeéle dit "de contributﬁons dé groupes” de
Ratcliff et Chao pour la prédictio; des chaleurs de mé&lange
des solutions liquides a &ét& mis sous une forme analytique o
en utilisant“l'équétion de Wilson. Ceci élimine’ certaines des
restrictions et-imprecisions du modéie précédent et le rend
particulié&rement adapté a la cqgrélatxon de données expérlmentales
et a la prédlctlon des chaleurs d§ mélange.

Un calorimdtre isotherme semi-continu du type "Van

Ness" %ermit des mesures précises et treds rapides .des chaleurs

_demmé;gggg%:fLLgnsemblggdes donn&es ainsi obtenues a rtir de

ces omTs

plusieurs systémes alceol/alcane, et 3 diverses températur

pé}mi d'abord de vérifier le modé&le analytique, ensuite de

déduire les paramdtres de Wilson relatifs aux roupes méthylene/
hydroxyl, lorsque ces deux groupes sont utiliszs conjointement
dans un dbmaine de température allant de 15° a SSZF. A les
températures semblables, il est alors possible de é{édire, sans -
aucune autre mesure experimentale, les chaleurs de mélange de
deux ou plusieurs constituants liquides ne contenant que Ees
deux groupes. ‘ J -

\
, Un accord quantitatif entre la theorie et les experi-
[

- N ¥

"

‘ences a 6té egalement- obtenue pour les mélanges binaires con-_

stitués, d'une part de n-pentanol ou d'isopentanol, d'autre part
d'isomeres de' 1'hexane. Pour ces systémes, la ramification ne
present qu'un effect d'ordre secondaire, qui ne demande ni traite-

ment spﬁcia%, ni modification du mod&le analytique.
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ABSTRACT
The Group Solution Model of Ratcliff and Chao for

-heats of mlxang of ]lquld mixtures -has been put in an analy-
tleel form using the Wilson equation. Thls procedure obvi-
a$esgsome of the limitations and inaccuracies oé the previous
model and is very powerful for correlatiﬁg{and predicting
heat of mixing data. ?’

ﬂ A semi-continuous ieothe}mal calorimeter of the
Van Ness type buiit during this work has allgﬁed very‘rapiéwﬂf
measurements of accurate heat of mixing data. This collec-
tion of data on several alcohol/alkane systems ag‘different
temperatures ajlowed a very good test of the analytical
model. Group Wi!son para rs were generated for methylene/
hydroxyl mixtures from lS’iieBS °C. At temperatures within )

or close to this range, these parameters allow the prediction
\‘ *

of heats of mixing of binary or multicomponent mixtures con-

tainipg these two groups; no experimental data are required.

QuantitatiVelégree tment-— -
was also obtained for binary mixtures oF~n—pentanol or iso-

pentanol wigh hexane |somers. - Branching in these systems

o ’

has only a second order effect ‘and modification of the model

to allow for branching is. unnecessary.
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INTRODUCT ION

v

Infofmatioﬁ on heats of mixing of liquid soluf?gns
is important beyona its usefulness for heat effect calculations.
Heat of mixing gives a direct measure of the rate of change
of excess free energy with temperature. Excess free energy
is basic‘to the study; corrélatioﬁ and prediction of vapor-
ization bropgrties of non-ideal sdlqtions. Heat of mixing
informatéoqi:when available, provides a reliable means Tqr
extrapolation of such vaporization properties over a range
of tempefature:‘ : . ,

Unfortunately, no generally sat|sfactory methods
of prediction for hlghly non-ndeal mixtures have been derlved
from rigorous Ian|d state theories. The analytical group

solution model (AGSM) offers a method of wide applicability

while requiring a minimum of experimental data. The model is

- perhaps simple but nonetheless isolates and takes account

of the important effects. |
fhe attractiveness of group_soluiion models stems

from the fact that large numbe;sof compounds are made up of

relativelyafew groups. Oﬁce the group parameters are evaluated,

mixture properties can be predicted for all mixtures that coﬁ-

tain these groups. Complicated multicomponent mixtures can

be handled as they a;e reduced to systems containing only a

few groubs. It entails the following:

“ L

et -
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1) A suitable reduction of experimengally obtained
heats of mixing to obtain a set of parameters for each pair
of structural groups in a specific system. These parameters

are group parameters rither than molecular parameters. ..

‘- °

2) The use of these parameters to predict proper-

\

ties of other systems which contain the structural Qroups.
The accuracy of such a]model depends not only on the
effective extrapolation involved and the inherent limitationg
of the abpréach, but also on the accuracy of the base data.
Excellent experimental data over a reasonable range of temper-
ature are requfred for a good test of the model. . Literature
data are restricted to a small temperature range. Therefore,
experimental meésurements are necessary. \ >
A semi-continuous isothermal calorimeter of the
Van Ness t}pe built during this work has,allow;d very rapidJ
.collection of accurate heat of mixing data.
The calorimeter was essentially operated by m{xing
two componengs, each at the same constant temperature in a
thgrmally‘insulatea‘vessel with’no vapor space at such a rate
as to main&ain thextemperature of the solution in the vessel
at a given temperature while adding energy tq{the solution
electrically. Periodically,‘fhe mixing pr;;ess was interruptgd
and heatiqg was discontinued. The composition of the mixture
in the vessel was then . determined and the amount of energy ) =~

added was recorded. . ' T




| -
' . v
Thus, the objectivesﬂbf the present work reflect
both of the following pracgicél aspects. The construction
of a calorimeter for rapid and accurate measurements of heaés
of mixing. The data obtained from this apparatus are not
only useful in themselves, but Llso serve as base data for
developing & predictﬁve model which would be simple, easily
applicable and suitable for computer use. The present_ob-
jectives emphasize an enéineering approach rather than a ~

theoretical one.

[



1. SOLUTION OF EROUPS APPROACHES

The '‘group sblution" app;oach, also called “g?oqﬁ
interaction" approachﬂ treats .liquid'mixtures'in terms of
‘their constituent functional éroupihg%, e.g. CHy, OH, CO....
This treatment is based on the inthfivé*assumpt{;n t%at
the |ntermolecu|ar forces- can be consudered tdlbe of a Iocal
nature between adjacent groups and that  the nature of a group

*

is independent of how it is ltnked tn a mokgcule. Inter-
atomic forces are- short range SO that the effect of distant
groups wull be small. As there are many fewer groups than
"molecules, the group contribution méthod§ have the aanntage’
of predicting solution behavio; from a mininym of ex;erimentél
information. )

As will be illustrated below, surprisinglf far-
reaching and precise estimates of:propertﬁes in mixtures of
simple organic molecules can be made on the basis oghéppropriate
systematic observations and correlations with contrjbutions

from structural groupings.

1.1 Langmuir Model “ .

The most significant early description of simple
mixtures in terms of groups was probably given by Langmuir (L!)

some fifty years ago. Langmuir began with the basic assumption

~

.
o & ¥ v

N\ o
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that tﬁe force field around a group or radical which is
accessible to other molecules is characteristic of that group
orkradical and is largely }ndependent oF.the nature of the rest
9§ tHe moleéz?e. By summing the interfacial interaction ener-
ggés between dissimilar groLps, weighted according to the
szﬁface fractions of these groups in their resﬁectivé %dle;
cules and according to the oveLall surface fraction of solute
and solvent, Langmuir derived an expression for the partial
pressures in a mixture of two components:

13 x; exp (s, € S3/RT) (1.1)=

Eag

Q

where Pl is the partial pressure of compénent 1, S is the
molecular area of component | and 52 is the surface frqction
of compogent 2. € is an interfacial energy per unit area and
is characteristic of the kinds of group and group fractions °
in ghe,réspective components | and 2. Langmuir dealt with
molecules of the sort R-X in which a nonﬁolar R group is con-
sidered a single group and X is a polar group. Apparently

Langmuir did not pursue the approach very far, perhaps as a®

result of inadequate experimental data.

1.2 Butler et al Model for Limiting Activity Coefficient

The work of Butler et al. (B],B2) is basically a

g}oup approach. Butler considered the {nfinitely dilute



' \ 3
solution of a series of sdlutes in a given solvent as the .
simplest case for study. He\Systematically measured Henry's -

™~ [T

law constants for a wide range qf solutes wuthun a given \\\v

A4

famuly of solutions and observed\é snmp}e-fel\fson between

solute carbon number and its ||m|t|ng\:ct|vnty Ebeiilzjent.
He also indicated that this relation depends roughly on the :
nature of ‘the polar grbuping. R<>\ AN N

~

1.3 Pierotti Correlations

of homologous series. Here, as had Butler, they consi
infinitely dilute solution to be the least complicated an
most promising For the study of_éroup effects. The dilute reg-
ions are of considerable technological importance since applic-
ations are frequently in purifications. Moreover, in view of
the usual shape of log Y - concentration curves, interpolation;
from dilutF_region§ to the standard state can be expected to
be more precise than'extrapolations from data in the middle
range of c;ncentrations:

In practice, this Qork involved measuring Y's at
high dilution for homologous series of ;olvents and inspecting
the dependence of log YO's upon the carbon numbers of solute

and solvent. For n-alkyl homologs, a series of relations

P



were aeveloped for %uccessively more complicated cases.
--Thé procedure can be thought of as simply determining the
response of log Y%'s as a functfon ;f the number of methy-
lene (methyl) ?roups, Ql and Ny» of the solute and sohvent
molecule for the case in which the groups are connected
as in homologous series. Thus, for paraffin-paraffin mix-

tures, that6£;>thg series H (CHy) |H in the series H (CH2)n2H;
the deviaticns from ideality are relatively small. The ex- ’

-

pression for the congruent solutions of Bfonsted and Koefbed

kBl) was adopted as sufficiently precise, i.e.,

log Y? = D(n - "2)2 (i.2)

where D is a constant.
For a hom010903§ series of solutes of the type,
H (CH2)nl Ry» in a homblogous series of solventsof the type

H (CH2)n2 Ry» tpey found that:-

)

F n C
log \f = Ala + hp + 82 i +fnl + Do(nl n2)
(1.3)

where all the coefflcuents‘Ala. F2, 82, Cl.and Do are\tempér-
ature dependent and characterize the various group interactions,
r
Although the model was derived for the special case
of solute at infinite dilution” in solvent, the success with

which very broad range of solute-solvent cases have been dealt

with suggests that any enyjronment, such as the range of finite

¢
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concentrations in a binary or more complex mixtures, might

be.similarly treated.

a
)

. There has been no systematic attempt to define
Pierotti characterizations for molecular mixtures, but the
viewiné of @ molecular environment as an environment of its
constituent groups .has proved a valuable guide in making

estimates of activity coefficients in mixtures.

1.4 Group Interaction Model

Redlich, Derr and Pierotti (R!) later developed a -
group interaction model which calculates the heat of solution
as the sum of contributions from interacting groups proportional
to the number of groups present, a,L group cross sectiqn char-
acteristiﬁ of each kind of group and an interaction energy
characteristic of gach group pair. As does ‘the original
Langmuir model, it neglects any local ordering or segregation
except in so far as it is implicitly taken into account through
the determination of the parameters from experimental data. It
prindes a Eelatioé for the partial molar free enérgies with
concentrations expressed in surface fractions. As-a result,
the limiting partial molar free energies in a binary are in
the ratio of the total molecular cross sectionsof the component
molecules.

In a companion paper, Papadopoulos‘and Derr (P%)

provided a preliminary test for this model for hydroéarbon




systems. But aé energy considerations are ignored in eval -
uatjng the probablklity of interactions, their model oﬁlf
applied to hydrogarbon mixtures in whicﬁ the interaction
energies aré of comp;rable'order of magnitude. For mixtures
containing polar grdups it is not possible to ignore prefer-
ential interactions due to large interaction energy di ffer-
" ences between groups.

The group interaction theory of Redlich, Derr and
Pierotti was further developed for heats of mixing by Chao
and Coworkers (Cl) ta apply to solutions containing polar
substances. Cha% has considered the probability of inter-
action between two groups'éo be dependent both on the magni-
tude of the interaction energy between the groups and on the
free surface area of the groups. The surface areas have been
calculated from realistic geé%etric models of the molecules
involved, i.e. from Van deg Waal's anngovalent.radii of
atoms. Local concentrations due to energy differences are
taken into account Using Boltzmann type relations. The inter-
action energies between group pairs In the mixtures have been
determined as adjustable parameters in fitting the theory to
expefimental data. The niodel has ﬁ}ovided satisfactory quali-
tative predictions for heats of mixing in n-alcbhol/n-paraf#in
mixtures with reasonable values fdrffﬁgrgroup interaction

energles.

w
ey
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The relative success of Chao's model gives some

credibility to the basic assumptions.

.
‘/r\
¢
A}

1.9 Solution of Groups

Wilson (W2) has<proposed a solution of groups

approach which estimates the partial molar excess free

energies as the sum of group contributions and provides a
\—-'A- . *
concentration dependency for these group contributions. |In

this case, a ''group'" portion of the partial excess free
energy is taken as the difference between contributions i}

solution and molecular standard state,
G % -
log Y; i Ne; (log T, - Tog T, ;) (1.%) |

where log ['s represent group contributions in the solution,
the superscripts G and * denote the group co?tribution and
the standard state fespectively, and Nki is the number of
groups of type-k in molecular.specles ie. ‘ 3

r\is taken as-a_ function only of group, fraction,

temperature and pressure, ‘ !
(o = FlXps Xpoon, T, P) , (1-5)

where the X's are the group fractions:

¢



X, " = ‘: (1.6)

The molar activity coefficient is taken as the sum of the qroup
contribution and a contribution due to the relative sizes of -

the molecules:

G
i

+ log v} ' a1

A Y

log Y, = log Y

where the size contribution, denoted by the superscript S,
represents the only distinction between the environments ‘
of the same group constitution and different molecular consti-
tution. [t is evaluated from'a Flory-Huggins type expression

using only the number of groups in the respective moletules

of the mixture:

w/ -
I
N, " N
. log Y] = log —Xl—"y o331 - —Xi ) -
: T NG X T M X

(1.8)

3

Wilson and Deal applied such an approach to two

fairly extreme cases -.CHy-OH gnd CH,-CN mixtures ¢ making

no distinction between methylene and methyl groups. Substantial :
m - L) - .
agreement¥obtained over a wide range of values from a single

base system; the logarithms of activity coefficients are:"

-

—_




T
~

P
Q>

[

generally estlmated tQ wuthln about 104. For-highly non-

N\

‘ndeal systems, the suze contrubutlon is only a minor contri-

[N
4

bution compared to the group contribution. Therefore, the

“,. '~ < error in evaluating the size would be minimized.

. As this model is applied to°paraffin'mixtqres, BN

9

Ratcliff and Chao (ﬁi) found -that the Flory-Huggins equation

( * predicts values which are numerically. too large. One may

!

think .that the size contrlbutuen has been overestimated.

\

This’ soncIUSLon leads to the modified group solution mode]l of////

. Ratcllff and_Chao (R1), with another expressnon for log Y§ - -
. ’  using Bronsted andKnefoed'sequaq,on (83): . o
©- ’ s | Y2 o2 |
- Tog v = B(Nyg - Ng)® X, ) gy (1-9)
1 - * ! ! ¢ O ° 1
- ' where B is a temperature dependent constant. For multicomponent
mixtures, ’ , ° .
¥ co. ‘ \ .’ " 'Lv
S _ _ . 2 , )

/ ’
' Tests of tﬁbs model on various alcohol/alkane and
/[
. \'/\\;& alcoho]fwater systems are quite successful. Maripuri and

Ratcliff later applied the model to alkanelketone systems (M1)

]

and to mixtures containing aromatic hydrocarbons (M2). .
s "/' |

. .
’ » o
' /
-
. .
. .

-
-
-



\Ri:G Analytical Solution of Groups

T ———

; A new step in the group contribution approech was
made by Deal and Derr recently (bl) bx using an analytical
expression for‘the gréup activity coefFicient'rl They have
chosen to represent the log r - concentratnon dependency with
the Wilson (W1) molecular free energy expressnon based largely
on the observation that this relation gives ‘a more sultable
shape to leg (k - concentration depeneencfes in binary systems.
‘The use of the Wilson equation also permits the treatment
of binary and multicomponent systems having.many kinds of
groups and makes computer calculation possible.

The form of Wilsan equation in ‘representing the ' Gﬁ

group activity coefficient is shown in theﬂfollowing equation:

[ N N x|a]k
log [, = - log & xl?kl + 0.434(1 . - 15 F Xa
m=1 Im
(1.11)

Lo}

" where the a's are binary group parameters.

The development is particularly attractive for correl¥
ating complex systems which contain more .kinds of molecules
than kinds of groups, since many fewer adjustable parameters
are required. Such an *analytical solution of groups model"
has the advantage of storing an enormous amount of data usung'
only a few temperature erendent.parameters. The advantages .

,of the analytical model will be discussed in detail later.

L)
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Some similar but more theoretical approaches

-

suggest that further work in theories of mixtures using a

group interaction approach will result in quantitative pre-

"dictions of solution behaviér. Three recent papers published

by Chao and coworkers (C2- 4) ‘show interesting results jﬁ

this dlrectnon. Statistical thermodynamics based on cell

\ . a .
theory and quasi-lattice theory has been developed fomw pure

n-alkane and n-alcohol molecules and their mixtures. Formulas

for the excéss propertiesghave been derived from the partition

function and applied to n-alcohol/n-a kane and n-alcohol/n-alcohol

Nstﬁln
mixtures. - Predlctlons of heats of mixing areYabout 10% on

alcohol/alkane mixtures. The deviation tends to become larger
for the lower a}cohol solutlons. The’ solution beﬁavior of

alcohol/alcohbl mlxtures appeared not to be well descrlbed

t

by the group lnteractuon model .

‘As will be apparent, this "solution of groups"
approach of treating mixtures in terms of their constituent

groupings is thermodynamically sahnd. The projections of the

. model .are part:cutarly valuable ln process deS|gns when no

‘experumental data are avanlable.




_ Nomenclature .
i ; group Wilson parameter-in equation (1.11)
Nki number of groups of type k in molecular species i
P pressure ‘ ' ' N
R ‘ ideal gas constant
s ,molecular area in equation (1.1) 4
S surface fraction ‘in equation (1.1)
T absolute temperature '
X mole fraction RS
. s L.
group fraction . )
Greek Letters ‘
Y liquid phase activity coefficient
€ energy constant in équation (1.1)
| &
r group activity coefficient
Subscripts
i =~ ' molecular species i
< é
k group species k
Superscripts ¢
G group contribution
- q
S size contribution
* standard state

!
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2. .GROUP SOLUTION MODEL_FOR HEATS OF MIXING

2.1 Description of the Model

The group solution model 6f Ratcliff and Chao has
been usea preQiously to predict excess free energies (R2-3,
MI-2) and transport properties (R4) of non-ideal systems.

The application of a similar mode! has‘begn extended to .excess
enthalpies of mixing (N1-2).

With the idea that a group ﬂg,any convenient
structural unit such as -CH2-, OH- ...., the present model
rests on the following four postulatej;dgﬁ ! Q

Postulate | : ‘ N

The non-ideal behavior of a molecule in a liquid
solution may be broken down into two independent parts. 'One
is associated with the‘zverall size of the molecule and the
other with the interactions between the functional groupé of
the molecule and those present in the solution. o .

This first postulgte may be written in terms-of

heats of .mixing as:

aH o= aHS &AW (2.1) °

where the superscripts S and G denote the size and group con-

tributions respectively.



B ' , Postulate 2 ¢

9 “ A

The size contribution accounts only for the differ-
v ‘e ‘
encesin size of the molecules, and can be obtained from the

heats of mixing of n-a)kgne mixtures. .

. T " Postulate'3 . _ : -
. “ The group contribution to AH is assumed to be the
sum of the individsgl contributions of each group present, i;e.,
all groups are assumed to act independently. Each group is
imggined as an ‘individual entity in a "solution of .groups",
+and a group excess e&;halpy Hk of a group k is defined in a
; .

similar manner to a molecular excess enthalpy. By definitioﬁ,

Hk is zero for a solution containing only group k. We thus

-~

have the relation: oo
T ‘ a® = T S T  (2.2)
o ' -
and
— _ _
AHi - i Nki(Hk H:i). ’ (2*3)
- \u. ° . | {
E where Nki = number of groups of type k:in moleculars
. species i o
) ' Hﬁi = excess enthalpy of group k at standard
y o . ’
/ state.

The standard state chosen for a group is that of the pure mole-

o

. o cular species i under consideration. This agrees with normal
‘ practice, and assures that the partial molar heats of mixing
N .

- | ¥
are zero for pure compounds. The same group must be referred
0

-~ ! -
o



to different standard states depeqding on the molecular
species under consideration. The choice of the groups is
arbitrary, but consistent definitions must be employed both
in the determination of H, and jn éhe application of the
model to new systems. ' . J

Postulqte 4

. . B
At a given temperature and pressure,the group
/ 3

excess enthalpies H_are functions only,of/the group composi-
tion, and therefore are independent-of the molecular species

under consideration.

He = f (X XoseeXs T, P) (2.4)

The group fraction X, is computed in the same way as a mole

fraction, i.e.,”

- V]
x
z

X, = (2.5)

- M
x ™
x
=

A - - e e e oemet e
.

The model: takes into account the differences in
molecular size, but not molecular shape. The model predicts
the same heats of mixing for isomeric molecules in solutions

of identical group composition. This restriction is not very

Ll
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serious and will be discussed in ‘the last chapter on the

study of mixtures of alcohol with hexane isomers. ,Since

only highly norn-ideal systems.are consideréd; even approxi-

mate predictions are valuable from a practhﬁal point of view.
Another assumption inherent in the model is that the

o

f¢“be4 acting on a group are functions only of the average

gr0up concentrationi. No acgount is taken of the tendency of

the molecule to segregate. However, as ptedictions for new
systems are made through group excess enthalples computed

from experlmental data bn chosen reference systems contalnlng

the same groups, some cancellation of errors would be expected .

|
;
when applying the data from one mixture to énother.

del

l\)
l\)
l\)
r—
3
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ﬁ
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be
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o
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.In the earlier usé of the model (N1-2), experimental

_ heats of mixing for reference systems were used to compute

H 's. These were being expressed as functions of group com--

k
position, elther graphically or by fltted power serlésv Thts
computation p;pcedure resulted in the following limitations ‘"
or inaccuracies: ° ) ” f
1) The number of groups present in the reference
system ‘can not exceed the number of moléculér components, §ince=
otherwise equation (2:3) will provide insufficient equations

K

to solve for the H's.

T 'U o .
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2) Unless each molecular specjes consists of a
'single group, it is impossible to compute“alf the H'stirectly
from the experimental data 'for a single ref;rence system.
gor example, if for mixtures of the groups methylene and hydroxyl,
we chose_n-butanol/n-hekane as..the reference system, then we
can only compute HCH2 and (HOH - HSH,butanol) from equation
(2.3). We can nevertheless now predict heats of mixing of any
mixture as logg as the individual molecular constituents lie
within the group éompositioné'represented by pur; butanol, ’

i.e. XCH2 = 0.80, and pure hexane, i.e. Xew. = 1:0. In the

particular example, the Qethylene group fragtions range from
0.80 fo 1.0 and the model canﬂbe used to predict heats of
mixing for pentanol/alkqne systems (0.833 ¢ XCH2 < 1.0) bu;
can not be applied to propanol/alkane systems (0.75 ¢ XCH2 < 1.0)
without uncertain extrapolation.

. However, if we wish -to extend predictions to lower
CH2 concentrations, we are forced torchoose a second reference
system cover}hg this extended,range: Furthermore, we need
’data for both systems at the same temperaﬁure, pressure and
. pfeferably an appreciable overlap in group composition.

3) - On the previous model, H, 's were expressed as
funétions of group composition by fittéd powér series with
arbitrarf parameters. These parameters could be used only at

the studied temperature. Interpolation or extrapolation of

temperéture in making the predictions can be inaccurate.




The applicatioﬁ’B?‘th+s—model*has been  investigated
for systems containing aliphatic alkanes and ‘alcohols (N3) at
25°C and 4560. For 14 binary group mixtures, the model re-
quired experimental data for two reference systems; one to
evaluate the siié‘con%r?butiqps and the'other, the group con-
tributions. The model gave very satisfactory predictions of
heats of mixing with ;n average root-mean-square deviation
of about 114 over a group CH2 composition range from 0.80 to
1.0.

The size contribution to heats of mixing was very
small compared to the group coﬁt(ibution in the 14 sysféms
studied. Neglect of the ;izé contribution did not significantly
decrease the prediction accuracy (N25“ Derr and Deal (Ql)
have suggested that the size term could Be neglected in devel-

opingk,a group model for heats of mixing since this term can

be accounted for by entropy. Although we expect that for mix-

tures of compdhent molecules with large~differences in size,
the effect might be of some signifipanée, e.g. bropanol/n-
hexadecane; this neglect added the advantage that predictions
are not limited by the lack of heat of mixing data for low

molecular weight alkanék in computing the size contribution.
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Nomenclature . '
H, excess enthalpy of group k
N number of groups of type k in molecular species i
P pressure

o
T absolute temperature
x mole fraction
X group fraction ~ "
‘AH heat of mixing (excess enthalpy) per mole of mixture
&H partial molar excess enthalpy
Subscripts . :

molecular species i

k groups species k

Superscripts - ’

G - group contribution
S - size contribution

* standard state



3. THE ANALYTICAL GROUP SOLUTI|ON MODEL

All the limitations in the applications of the
group solution model can be eliminated by the application
of an analytical group solution model. This involves the
choice of a suitable analytical function for fk's of equa-
tion (2.4). The function should have a minimum of adjust-
able parameters and should represent the data with minimal
loss of accuracy. |f suchefunction can be found, it would

also reduce the data required, and be readily amenable to

computer calculations and to temperature interpolations.

3.1 Analytical Expression for Molecular
Activity Coefficient

Wilson (Wl) derived a semi-empirical equation for
the excess freg energy AGE from a theoretical expréssion for

ask.

‘Flory and Huggins (F1) had shown that for a binary
athermal mixture (i.e. a mixture where aHE = 0), the excess
Gibbs free energy for a binary mixture resulting from mole-

cular size difference is given by:

E L ¢
AG. . .l £

where &, = volume fraction of component i, that is,



| equation highly useful for strongly non-ideal binary and

]

) (3-2)

v, is the molar volume of pure liquid i

Wilson suggested that in a reé\.(i.e. not “atkermal)

"solution, equation (3.1) could be used for acE provided that

the overal) volyme fractions ’l and ’2 be replaced by loce}
volume fractions 5, and %2. Wilson's suggestion produces an

mul ticomponent mixtures. ‘

To understand the significance of local volume
fractions, we first explain what we mean by local mole frac-
tions. Molecules | and 2 in a Binary liquid mixture do not,
in general, distribute themselves in a random manner but tend

to segregate, depending on what attractive forces are larger:

— dyme

1-1, 2-2, or 1-2. %

To illustrate this idea, Figure (3.1) shows sche-
matically a mixture of 20. shaded molecules and 201unshaded
‘molecules. The overall mole fraction is therefore 0.5 for both

..

components.

»
-\
LA S
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FIGURE 3.1: Local Composition

However, if attention is fixed on the inter-

. mediate surroundings of a central shaded molecule (area

within the circle) we find that the local mole fraction
of shaded molecules is 8/19. -

In @ binary mixture; there are four local mole .
fractnons but only two of these are independent. The symbol
ij stands for the local mole fraction of molecule i around
a central molecule j. Thus in a binary mixture we have:

Xjo + Xp = N (3.3)

Xop + X = ] ' (3.4%)

To relate local mole fractions to-overall mole fractions we

assume a relation of the Boltzmann type:




where 9p)

Xa) ; X exp(-gallkT) N (3.5)
Xy Xy exp("gy /RT}. '

o

is an energy term reflectlng the forces between

-nnlecules of schles 1.and 2 and 99 is a similar ter& for

fqrces between molecules of species 1. .

o’

ed

" and

o &

,,,,,,
. s
,,,,

Also we have:

"The local volume fractions are -given by welghted

x X exp( g /RT) .

- B | 12 y
Xon x exp( - 922/R‘T (3%6),
912 +% 81 7 %

. K < I

. local mole fractions, the weighting factors are set equal to .

the pure cnmponent nnlar volumes vr ) ] T
H =0
v ’ , ’ ;ﬂ_ = .:3..:.2_'_ ) (3.7)
. P B 1 ") .
and ! ,
S 0 -
212 Vi %2~
s - . (3.8)
22, 2 %22 .
v = ® v N
wher? ga' ' b,' ] ‘y
and §l2 = | 522 « (3.9)
. - { -
v & , 2 )
¢ r T
. , . .
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Substituting eqﬁations (3.5), (3.6) ané (3.9) to equations

(3.7-8) we arrive at the following expressions for local volume

fractions §|l and 522, / .
. xl: |
g = - .10
R ICEA OV IC I G O ITNA (3-102)
A‘:W
and
g, = (3.10b)

22 x5 + % (V]7v5) exp(-(9)5-9o5)/RT) -

ng
]

Now, upon -substitution &,, for ® and §_, for %, in equation
‘ 11 1 .22 2 .

(3.1), we obtain;

- AGERTEN - E x; In (Z x; Aj:) (3.17)
: 3 37

where A, . is given by:

J
Ap = (vpivi) exe(-(ag5 - 9 )/RT) . (3412)
For binary mixtures, equation (3.11) becomes .7
‘ AGE/RT "= =x) In(x) + AjpXp) = Xo In(x, '+ Aalx;)

‘ | : (3;13)

From equation (3.13), the activity coefficients of the. two .

v

components are determined -by: :

u‘rt
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a
\

: "X C A
. ] X M2y
In Y, = =In(x;, + X, A,) + 1 - = -
] -l 2”12 X) + x2A12 Xy + x'A2l
V . . ' (3.]“8)
: ' - ' X x, A
= - , - 2 ] e
In Y5 = rn(x2 +5§tA2l) + 1

x2 + xlAal X + xaAlé

’ (3.14b)

where Ao does not equal Aalbalthougﬁ 9o does equal P
Wilkgpn's treatment:is particularly successful for
mixtures containing alcohéls.in non-polar soivents. One qf
the main advantages of Wilson's equaziéns,foblows from its
s}qaightforwqrd exgénsionrto mu]ticbmponeni mjxtures.“-Thg'

'important feature of 'these equations is ﬁhat all parameters

a

A.j may be obtained from reduction of binary,data; no ternary

{6r higher) constants are required. .
o L4
. ' . » ’!

T -

-

.’3 2 Analytlcal Expressions for Group
ActtVtty Coefficients

Récently, Deal and Dérr (D1) have chosen to repre-
sent the In [ concentration dependency by the Wilson molecular.
free energy expression, based Jargelx‘én the observation that
th%s relation gives a more suitable shape to the log [.versus

concentration curve in binary grQup systems.
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l T i
‘The form of the Wilson equation in representing

group activity coefficients js shown in the following equa- .

tion, for a group k in a mixture dontaining groups ¥...N:
4 1 1

N - N X, a -
- . - ] 1k .
In [o==Inky Xpay + 1 -k —— (3.15)
) h - a'm
=] "

I

where the a's 'are binary "group" parameters analogous to the

conventional molecular binary parameters; the sums are to be

takenover all groups in the mixture including k with ak =2 =
am = 1 and the X'sare group fractions as defined by equation
(2.5). ) : , 1

For the case of a solution containing only two

groups 1 and 2, equation (3.15) takes the simple form:

P

T x] X

In = =-In(X, + X.a + 1 - - 4
(31]6a)
-~ X, X,a
' . M52
in I, =-In(X, + Xqaz,) + 1 - 2___ . ,
2 2 1921/ X2+xla2l X)+X53 5
{(3.16b)

o

The group solution model- of Ratcliff and Chao for
the excess free energies. of liquid mixtures has also been put

-] e ©
in analytical form using”Wilson equation. It was tested and

found satisfactory for a wide range of mixtures containing

’

the groups methylene and hydroxyl (R3).
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3.3 Analytical Group Solution Model
for Heats of Mixing

It seems possible now that independent correlations
of heats of mixing by an analytical group solution model can ,
be developed and woul§ give a basis for projecting heats of
mix ing h;d'temgerature effects.

_ With the assumption of negligible size contributions,

‘the analytical model for heats of mixifig can be summarized

by the /following equations,

e | (3-17)

ABH = aHf = = X:
]
v ‘_G - - , \

From the Gibbs-Helmholtz relation,

LN (aGE/RT), o = - ;'5_5 AH (3.19a)
H, is related to rk by: “ | .

O (InT = - (I/RT2 o 19b

3t (e x (1/RT%) H, (3.190)

Thus by differentiating equation (3.16) with respect to tem-
perature and rearranging the terms, the analytical expressions

for Hk of binary group mixtures are given by:

-~
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P
n

Q. b

2

2 2
H /AT = X2

LN 2 2
a, blal(xl + X2 ala) + x2 2l/(x + xla2l)

® ~(3.20a)

Yo 2 2 2 2 ; 2
» ﬂZ/RT = X| a5 by /(X5 + X485,)° + Xj bis/ (X, + X5a;5)
" ~

(3.20b)

o ' aut\ ’ R 7 P
where bio = 37 (apa) and b, =-%t‘(a2|) . (3.21)

|

The parameters (a's“and b's) can be determined from

2

&
: ¥

experimehtal data for reference systems. To fix these para-
neters with confidence, we require data of high quality and
quantlty over a reasonable range of temperature. Recently,
excellent heat of mixing ‘data on n-alcohol/n-al kane mixtures )
have become increasingly available i:QTiterature However,

the temperature ranges of these data are very restrncted’ e.g.
25°C- 45 c (Si 3)‘ Therefore, an isothermal semi-continuous
calorimeter. was buult in order to extend this temperature range.
Experimental measuremenrs have been performed. on several ali-
phatic~alcoho:/qfkaneﬁmixtures at 15%¢ ane 5§°Q)and on branchee

pentanol/hexane systems at 25°C. %e

'
)
3

Hhe
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' Nomenclature
Aij molecular Wilson parameter in équation (3.11)
’ ai; I group Wilsan parameter in equation (3.15)
v by group Wilson parameter inoéquation (3.21)
9 energy term in equation (3.5)

- H excess enthalpy. of group k
Ny number of groups k in ‘molecular species i
2 pressure
R ideal gas constaﬁt
T absolute temperature |
~ g v molar volume of pure component
Lx * mole fraction
X group fraction
AH . heat of mixing per mole of mixture A
OH partial molar heat of mixirng.
AGE excess free energy of mixiﬁg‘

Greek Letters -

liquid phase activity coefficient
group.activity coefficient

volume fraction

Y
r
4
g

. local volume fraction
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Subscripts

iy
K

// Sugggscriptss

molecular species i,JE

.group species k

P . G ]

E 1

group contribution
size contribution
v (] =]
standatrd state

excess property
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4. APPARATUS AND EXPERIMENTAL PROCEDURE

s
o

| The ‘importance of obtaining accurate enthalpy
of mixing data has)led to m;ny‘diverge methods of measure-
ment . Thq major differences between different calorimeters
are the rapidity and the ease with which the data may be
gathered.

\a Calorimeters may be!classified aicordi:g to Eheir
principle of operation: poing-wise or semi-continuous.
Point-wise isothermal calorimeters employed for the measure=~
ment of endothermic binary heats of‘miking:usually consist
of a cell containing twg liquids separated by msome type of
diaphragm or mercury frap. when the diaphragm is ruptured,
the liquids mix and isothermal conditions are maintained
by the addition of ; measured quantity of electrical energy.
Although, some investigators (Al),(B#),(M3) have obtained
satisfactory measurements with calorimeters of this type,
the basic principle limits the usefulﬁess of ;uch an appara-
+tus: direct measurément of heats of mixing cannot be obtéined
centration and many-independent experiments

]
are necessary for the measurement of the heat of mixing over

below a certain con

the entire composition range, i.e., the procedure is very

time consuming.
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M

Semi -continuous isothermal calorimeter% are based
upon semi-continuous addition of one component iﬁko a cell
initially,containihg the second component. The entire heat-
of-mixing curve can be obtained by two experimental runs.
> Therefore, thq)procedure is rapid.

A semi-continuous isothermal calorimeter of the
type built during-this work was first described by Mrazeck.
and Van Ness (M%) in 1961. Subsequent refinement of this
calorimeter b; Van Ness and Coworkers (S2-3) has led to the
development of a“highly versatile instrument which lends
itself to a ;apid and routine production of data. There are,
of course, many differences in detail such as will be found
in any custom-built instrument.

The principle operation of this isothermal—calori-
meter is as follows: tﬁb liquids are mixed at constant temper-
ature and pressure in an isothermally insulated vessel;x°
Since ‘all systems studied in this work are endothermic, the ‘
mixing process is accompanied\S;”;gsorption égﬁheat; Iﬁmed-
iately upqh mixing, the temperature of the system is maintained
by adding electrical energy to the system. The amount of
energy added is a measure of the heat of mixing.

An important feature of this calorimeter is the ab-

sence of vapor space. As pointed out by Mrazek and Van

Ness (M%), this feature eliminates the source of error, due to
J
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vaporization-condensation effects.
Y

" The calorimeter is shown in Figures (4.1-5).

4.1 Description of the Calorimeter

kaa Qeleclmgsgc-tlggs:ingb X
The calorimeter housing consists of a strip-

silvered precision-bore, 150 ml Dewar flask. The Dewar

flask was made up from precision-bore tubing with inside

diameter of 1.999 1,0.60\" (H.S. Martin Co.). The use

~ of the precision-bore glass tubing allows a concentric fit

between the flask and the Teflon calorimeter plug.

The Teflon plug (Figure 4.3-4) is approximately
I" thick and is 1.978" & 0.001" in diameter at room temper-
ature of about 25°C. Sealing of the plug to the Dewar flask
is accomplished by two Viton-A '0" rings (1linear number
1+-131, 11-132 or 11-133). The grooves are approximately
0.01" wide with a groove depth of 0.08". A tight seal is
obta}ned at room temperature when the plug is positioned
within the Dewar flask.

Four holes are bored through the plug. One hole
contains four electric probes which are connected to the cal-

orimeter heater. The second hole allows a glass-coated



y
thermistor probe and its housing to pass through the plug.

A threaded vent hole is al§o locatéd in the calorimeter plug,
-when the screw is tlghtengé, the calorimeter plug s sealed

( with the heip of an "0" ring (1inear number 11-009). The
feed tube passes through the fourth hole which contains 5
hypodermic needle.

rd

k.1.3 calorimeter Heater R
. _ The calorimeter heater is a single filament,

0.00225" diameter Karma wire (an 80% nickel, 20% chrome

alloy with addition of Al and Fe) having a resistance of about

45 ohms, The heating element is ﬁon-condubéively threaded

on a small Teflon tube which.then is mounted in a thin-wall

copper housing tube. The ends of the heating filament are

soldered to the heater probes with resin-core solder.

.0.4 calorimeter Stirrer-Baffle_System
' Mixiné of the contents of the calorimeter Is accom-
plished by.a small Teflon-coated stirring bari{ Four baffles
are used to create an efficient circulation pattern. The
baffle-magnet mixing system is supported Ey baffle‘rods screwed
into the -bottom of the calorimeter plug. The baffles and rods

r v

J
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3~

~ o
4

v
are constructed from coin silver. A large Alnico bar mag-

net is locat;z Butside the Dewar flask, in the constant
temperature bath and activates the ;mall magnet éontained
within the calorimeter. The external driving magnet is
driven by a motor.

®

k.1.5 calorimeter Mercury Trap

The calorimeter féed cup is supported by a Teflon
strEp fastened to thé baffle rods. The end of the feed Eube
is drawn into the hypodermic needle which ?s centrally lo-
cated inlthe Teflon cup. Mercury in the cup separates the
liquid in the Dewar flask from that in the feed tube and feéd

bulb. quécted material flows upward into the system between

‘the -feed tube and mercury. A film type of flow is obtainedl

. A~
No mercury is discharged into the Dewar flask at both low

and high rates of injection.

- eeaaamaww- ---—- -

¢« The feed materialuis stored in a glass bulb C
(Figure 4.1) having a capacity over 100 ml. This bulb is
rested on a Plexiglaés platform connected to the calorimeter
support rack and i;‘jofned to the calorimeter feed tube by
"o rin§ pyrex joint. Thé feed bulb_is also connected to a

5 ml water-jacketed, gravity filling automatic burette A
v \

?

'S
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(Figure 4.1) and are held to proper alignment by clamps to -

"a support stand above the constant temperature bath.

4

Al)l the systems studled are hlghly endothermic.
Therefore, in order to maintain isothermal cond]tions on mixing,
eleetrical energy is supplied to the éaloriéeter. The‘cplori-
meter circuits are shown in Figure &.5. There are two funda-

mental measurements: energy input to the calorimeter and

temperature of the solution in the Dewar flask.

" __'f'-
3.1.7.1 Input Enerqy to the Heater
7

' Three measurements are needed for this determina-

tion: current, potential drop across the heater and the

H

length of time that current i§4flowing through the calorimeter

H

heater. ’ . R

N '3
- P 2 [ 3

.1.7.2 Teﬁgerature of the Solution in the Dewar Flask

-The temperature of the solution in the Dewer flask
is sensed with a thermistor probe (Fenwal Catalog No. GA51P8) »
The resistance of such a probe ‘is strongly temperature depend-’
ent and is measured by a guarded Wheatstone Bridge (Leeds aAQ
Northup, Model No. 4736). - A Léeds and Northup Type 9834 D.C.

null detector is used to sense the-output of the Wheatstgne




-bridge. The current. flowing through the Wheatstone brldoe

‘circuit is supplied by-a D.C. power supply‘(Hewlett Packard
Model No. 620lB) It has been found that a voltage of‘ness °
’ than 0.5, voit supplied to ‘the bridge results in a self
- heating of the ‘thermistor probe of less than 0.001°C. Note
| that the thermistor probe is pernodically calibrated against g
Leeds and Northrup Model 8164 Platinum resistance thermo-

eq“meter in a Muel ler brldge circuit (Rublcon Co., Model 1550).

-~
\

The absolute accuracyhof the temperatqre measurement is
believed to be better than +0.005%. L »
The calorimeter heater circuit has Jeen désigned
SO that the power drawn from-a power supply (Hewlett Packard - ¥

Model No. 620l8) is constant whether the heater is on.or off. X

This stabilizes the power source. Sw?tching off the power ) .
between the b?‘qzst circuit and the calorrmeter heater is

m\< performed with a 4PDT relay (Potter and Brumfield 4PDT relay,
" type GFITA, 120 VAC coil)., : ”

A}
d -~

The- ballast circuit is a l00 Ohm wure-wound potentio-c
ggter in serles with a decade resnstor box (Leeds and s
‘Northrup, Model No. 4776). Theyvused as a fixed resistor ahd
.. are conpected to a normally-closed position on the relay.
_ Two precision.wire-wound resistoce*tteeds-and )
‘Northrup, No. ShL3OO-M-.OI;A:l-DC and No. SR-2700-M-0.01-A-1-DC}"
in series form a voltaée divider and are connected in parallel

.

with the calorimeter heater. When the calorimeter is operating;
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. {
the potential drop across the heater is given by a fraction

of (300+2700)/300 = 10.000 by a D.C. dagltal voltmeter
(Hewlett Packard Model No 24%01¢).

A calibrated standard resistor of l.00002 Oth‘
(Electro Scuentnflc Industries, u. S .A., No. 743016) and a
D.C. milliammeter (0-200 mllllamperes) is used in setting .
the ballast resistor equal to the resystance of the heater
circuit.l If the ballast resistor is properly adjusted, the
' voltage across the standard resistor will remain constant
as the heater circuit is switched to the ballast circuit.

A precus:on stopwatch (Canlab No. C6550) is-con-

nected to the normally—open position on the relay. The stop-f

watch and the heater are swi tched on or.off.by the QPDT relay.

{ » K
The calorlmeter must be immersed in a constant tem-

peratqre\environment in order to prevent heat transfer through,
tpe walis of the mixing Dewar flask. and in order to insure that
the |nJected component .is-at the same temperature as the solu-
tion into which it is injected. R o
A Tamson, constant temperature bath (Neslab Instriment
Inc. Model TEV45) prOV|des a generous working area for -such a
purpose. Stlrr:ng of the watér in the bath is’ performed by a

..circulation pump which al§o circulates the water from the bath

oo,

o

I

-



to the water jacket of the automatic burette mounted above

the bath The setting temperature-of the bath can be con-
trolled to wtthin 1920059C'by:the use o% a fused quartz
infra-red heater and‘e fast solid state relay. When the

bath is qperatﬁng atvtemperbture below 40°C, circulation of
cooling fluid through a eeoling.coi} in the bath is recom-
mended. This. is accomulished by the use of a bath cooler .
(Neslab Instrument lnc.?Model PCB-4) i?‘combinetion witha
circulatiug bath (Neslab Instrument Inc., Model TC3). This
unit provides temperaturé-control}ed,later tirculating througu

the cooling coil of the main bath.

¢
\)

The temperature of the thermost?t bath is sensed *
with a quartz thermometer probe (Hewlett Packard, Model 2801A)
which is periodically calibrated agaiust a Platinum resistance’
thermometer (Leeds‘and Northrup Model 816%) in a Mueller
bridge circuit already mentioned. - ‘ L

-

%.2 Operating Procedure

4

' The experimental procedure for -measuring the heats
of mixing of binary systems is as follows (letters in perenthesis
refer to Figure ﬁ.l): \ A k
l) Constant'temperature bath (F) is set at the
desired temperature whnch s malntalned to wlthln +0 .005°¢C .
The cooling fluid is used when the bath is operatnng at tem-

peratures of 40°C and below.
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. . N
2) The water in the bath is allowed to circulate

to the water jacket of the burette (A). The burette is
filled yith one of the component of the binary mixture prio;
to the experiment. A \
,g) The "0" rings are placed on the fixed Teflon
plug (E) and the feed bulb (C) is connected to the feed
needie (H) by a glass tubing carrying stopcock 2.
4) The small Teflon cup (é)’is fiiled to within
1/16" of the top with mercury and the liquid in the bu}b (C) .
is allowed to flow out of the needlie (H) for several drops
by opening connector stopcocks | and 2.  Excess llquld is
ZW|ped away. A small droplet is allowed to collect at the
needle. In one métion, touch the drop with the tip of
a kleenex and slip the mercury cup over the needfe allowing . .
no air bubble to be trapped. The mercury level ‘is then raiséd~_
to mark M in the feed tube by opening stopcock 2 (stopcock |
being closed) to the vacuum line attached above.
5) If bubbles form in the glass tubing, step (%)
is repeated. :
/ 6) A 100-ml stoppered volumetric flask containing
the second component is wmeigh-ed with a type 8-6 Metller balance.
Approproxnmately 90 ml are poured into the Dewar_ flask (D?

which is mounted on a platform below the calorimeter plug (E)

‘ " The vo]umetrnc flask is immediately sealed and the Dewar “flask.

Ll




‘f.vd’

ns'qulodly raised by a driving mechanism until the "0" rings
surrounding the calorimeter plug are engaged. The volumetric
flask is welghted again later with the Meter balance.

T) Sealing of ;he calorimeter plug is completed.
Vapor is driven out of the calorimeter by raising the Dewar
flask. When the liquid is v}sible at the bottom of the vent

hole, the Teflon vent screw is fastened under the calori-

@

meter plug.

8) Tﬁe calorimeter is placed into the constant
" temperature bath. The upper arm of the feed séorage bultb
is connected to the microburette (A). All stopcocks are
Aﬁlighgly opened to see if the mercury level in the feed tube
rises above or falls below the reference mark (M). |If the
mercury level begigs to fall, the pressure in-the lower p;rt
of the system‘is increased by raising the Dewar flask. If .
the mercury level tends to rise above the mark)(M), this
pressure is reduced by lowering the Dewar flésk.

After Feveral pressure adjustments, all stopcocks
are fully opened and the mercury level in the feed tube is
.agann set ai%izg reference mark (M). - r

9) The electrical circuit is completed by connect-

ing the calorimeter multi-contact electrical connector to a

~

-

receptacle on the circuit control box .
10) The D.C. power supply is turned on and the

ballast circuit is energlseq by closing a switch on the circuit.




. -t

€

o 11) The calorimeter -stirrer is started and set .

at 200 RPM. U

(]

12) Decades on the Wheatstone bridge are set at
a resistance corresponding to the bath set temperature. The
voltage supply to the Wheatstonefbridgg }s set at 0.4 volt.
SJﬁbe the calorimeter is not yet at fhe'bath set temperature,

the bridge is unbalanced. The unbalanced signal, properly

" atteniiatéd, is indicated by a null detector in th;\Bridge

circuit. |

4

Vi aaaa g

13) The calorimeter is brought to thermal equili-
brium with the constant temperature bath. Initially, the

\
calorimeter is below the set temperature. Therefore the

calorimeter heater is energized by closing,a switch on the

circuit. Energy is added to the calorimeter until .the null

~detector indicates the Wheatstone bridge is balanced. When

the-bridge remains balanced at the same seffing for 1/2 hour,
it is assumed that the calsrimeter and the bath are‘in“ther-“
ﬁal equilibrium. e ’ .
14) The calorimeter is operated as follows:
l%a. Timer is set at zero
14b. Mercury level in the feed tube is
checked and adjusted if pecessar} 56
that the level corresponds to the
reference mark (M) -

1




lu;:-(

14d.

l4e.

14fF.

14g.

14h.

-46-

The initial reading of the burette is
recorded. The first component in the
burette is introduced into the Dewar
flask by a drive mechanism. As the

flask comes down, the liquid in the bur-

ette is drawn into the flask.

The heater is turned on. The injection
of the'first component is introduced at
a rate such that the teMpe:ature of the
liquid in the flask is maintained to
within 0.003°C of the set temperature.
WEth:fhe calorimeter oﬁ, the potential
drops across ghe sqandard resigtor gnd
the voltage divider are measure{ﬁwith a

DiC. voltmeter.

When the desiréd amount of the feed mater-

ial is added to the Dewar flask, the heat--

er is turned off-and injection of material
is stopped. The temperature in the Dewar

flask is reproduced to within +0.0005°C .

. of the set temperature.

The readings of the stopwatch and the

burette are recorded. !
\

Repeating'steps 14b to l4g allows the

determination of another data point on

—

the heat of mixiqg curve.




The experiment is’ termlnated when the calorlmeter
plug is. at the top of the flask. Approxnmately 100 mt of
the feed material is- added to the fﬁask over the course of
one experimental run. Two expernmental runs are necessary
to cdmpletely determide a heat of mixing curve. Half of the
curve is obtainéd,from an experiment in which one componént
isinitially placed in the flask and the other in the feed

storage bulb and burette. In the second run, these compo-

nents are interchanged.,

' " The heats of mixing are calculated from the following

measurement:
- the mass of component ! initially in the
Dewar flask.
- the volume of component 2 injected into the

Dewar flask.

- the potential drop across the standard resistor.

- the potential drop across the heater as mea-
i sured across the voltage divider..
.- the time interval during which the heater is

{
operational.

| ®
Sample calculations of heats of mixing are shown in Appendix

4

Al.

- * " -
*
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FIGURE 4.1

Schematic Diagram of the Calorimeter

“@




A

B.. 'O’RING JOINED GLASS SEALS
C. FEED BULB

D—~ 150 ml DEWAR FLASK

E— TEFLON PLUG

— CONSTANT TEMPERATURE BATH
~Q - TEFLON CuP

Schematic diagram of the calorimeter

| —~ 5ml AUTOMATIC GRAVITY-FILLED BURETTE




FIGURE #.2

Calorimeter Housing and Support

Stainless steel supporting tube for Teflon plug

Ball joint

. Dewar vessel -

Supporting framework for calorimeter
Threaded rod for the moving of Dewar vessel

Hand wheel

Rubber mold
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FIGURE 4.3

Calorimeter Plug - Side View "

150 ml. Precisionvbore Dewar flask

. Teflon plug

Feed cup-

. Stainless steel hybbdermic needle

Supporting tube for Teflon plug
Heater housing

Thermistor Housing

"
. Stirrer paddle

Teflon-coated stirrer magnet £

. "0" rings

. Vent screw

]
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Calorimeter Plug - Photograph
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5. MATERIALS

Specifications of all materials used in this study

~

are listed in Table 5.1.. The refractive indices of the
materials were measured at 25§C with é.Bausch and Lomb
Précision Refractometer and are also tabulated in Table 5.1
along with values from literature. '

All reagents had a purity in excess of 99 mole per-
ceﬁt with the exception 6f n-hexanol which had a purity over
98 percent. As pointed out by Bennett and Benson (B85), the
impurities wHich are the most difficult to remove from the

reagents are not likely to effect the heats of mixing

appreciably.. Tbérefore, no attempt was made to achieve the

[

utmost purity for the reagents.




o

Material
n-butanol
n-pentanol
n-hexanol
n-octanol

hso-pentanol

n-pentane
n-hexane
n-heptane

n-octane

.n-nonane -

n-decane
n-dodecane
benzene

cyclohexane

 Phillips

TABLE 5.1

Materials-Supplier, Specifications and Refractive indices

Supplier

Aldrich Chemical Co.

Aldrich Chemical Co.

Aldrich Chemical Co.

Aldrich Chemical Co.

Matheson,
Bell

Colemann and

=

Phillips Petroleum
Phillips
Phillips

Phillips

Petroleum
Pet}oleum
Petroleum
Phillips Petroleum
Phillips Petroleum
Petroleum
Phillips Petroleum

Phillips Petroleum

Specification

Pure grade, 99 mole %
99 mole %
98 mole %

99 mole %

Chromatoquality
.99+ mole % '

Pure
Pure
Pure
Pﬁre
Pure
Pure
Pure
* Pure

Pure

grade,
grade,
grade,
grade,
grade,
grade,
grade,
grade,

grade,

99*
99+
99*

mole %
mole %
mole %
mole %
.mole %
mole %
mole &
mole %

mole %

. fgéggéi" ng (Lit.)
1.3970 1.3973
1.4079 1.4081

S 1.460 1.416]
1.4276 1 .4275
1.4046 1.4051
1.3547 1 .35472
1.3725 1.37226

' 1.38%0 1.38511
1.3954 1.39505
1.4034 1.40311
1.4096 1.40967
1.4196 141949
1.4979 1.4976
| .4235 1.4232



TABLE 5.1 (cont'd)

Matérial

2,2-dimethyl~-
butane

2.3-dimethyl -
butane

2-imethyl -
pentane

3-methyl -
pentane

Supplier
Phillips_Petroleum Co.

Phil]ips\Pgtroleum Co.
Phillips Petroleum Co.

Phillips Petroleum Co.

©

Specification

Pure grade, 99" ‘mole %

Pure grade, 99* mole %

Pure grade, 99* mole %

Pure grade, 99* mole %

(*) A.P.l1., Volume 1, Refractive Indices at 25°C

»

-

"0(2233') ng (Lit.)
1.3562 1-35595
' 1.3723 1.37231
1.3687 1.36873
1-3739( 1-37386

'LS' ! |



. 6. EXPERIMENTAL RESULTS ',

6.1 Experimental Results

'Heat§ of mixing were measured for many aliphatic
alcohol/&d1kane systems at [SOC, 25°C and 55°C and are re-
ported in Table 6.1. The 36 sets of data on heats of
mixing are tabulated both as AH/xlx2 and AH versus concen-
tration and are shown in Appendix A2. Some of the experi-
mental resufbs are graphically represented by the functions
AH/x x; and oH versuys x]-fn Figures 6.1 through 6.5. As
. pointed out by Van Ness (VI), representatlon of heat of
mixing measurements by the AH/xl 2 function is very advan-
tageous because |t'§|v¢s a very sensitive indication of the
precision of'thé‘data.

The alcohol/hydrocarbon mixing process results in a
large endothermic effect. This is largely the result of
dissociation of the hydrogen-bonded alcohol structure in the
hydrqcarbon solvent. The dissociatiob process consumes a
large amount of energy éqa the"fnocess is almost #omplete at
relat{vely low alcohol coqbentration. ¥ierefore, the heat

L, ; , X
of mixing curves ‘are markedly asymmetric and AH usually passes

through a2 maximum at an alcohol mole fraction of 0.2-0.3.
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TABLE 6.1

Experimental Results , "
Sys tems < Témpeééture, Oc

n-butanol/n-hexane ’ e j 15
n-butanol/n-heptane © s ,
n-butanol/n-octane - 15 \
n-butanol/n-decane ~ \ 15
n-pentanol/n-heptane _ 15
n-pentanol/n-decane . T
n-hexanol/n-heptane ’ 15 -
d-ﬁexanol/p-octane 15 .
n-octanol/n-heptane ' 15
n-octanol/n-octane 15
“n-octanol/n-decane " 15
n-butanol/n-heptane ' ' 55 .
n-butanoil/n-octane . \ 55 3
n-butanol/n-nonane 55
n-butanol/n-dodecane ‘ 55
n-hexanol/n-actane 55
n-pentanol/n-octane 55
n-pentanol/n-nonane ’ 55

.~ n-pentanol/n-dodecane : 55
n-octanol/n-heptane S 55
n-octanol/n-octane 55
n-octanol/n-nonane . 55
n-octanol/n-dodecane ‘ 55
n-pentanol/n-hexane 25
n-pentanol/2,2-dimethylbutane 25

n-pentanol/2,3-dimethyl butane 25



4 \\

TABLE 6.1 (cont'd)

Systems

n-pentanol/2-methylpentane
n-pentanol/3-methylpentane
isopentanol/n-hexane

isopentanol/2,3-dimethylbutane
fsopentanol/2-methylpentane'
isopentanol/3-methylpentane

. isopentanol/n-heptane

-, isopentanol/n-octane

TemperatureL49C

isopentanol/2,2-dimethylbdtane

&

25 .

25
25
25
25
25
25
25
25
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6.2 Discussions on Experimental Results

. . The isothermal, semi-continuous dilution calori-
; . meter constructed in the course of this work permits rapid

’

determination of heats of mixing for highly non-ideal
alcohol/alkane’systems. Direct-associdtion of the_mgaered
electrical energy:ihput with the heats of mixing takes no
account of any secondary effect whjch may enter ddring the
mixing process. ‘The secondary effecgs due to stir}ing have
been discussed in details by Van Ness and Coworkers (S3).
These efféctsywillvbe,bfiefly discussed with reference to
Fiéure 6.6. This figure shows the.Dewar flask, the feed

bulb and the burette. | .

Burette

, ~ (Component 2) |

T+AT
T . Tl
{ ‘ > 4
Feed Bulb . Dewar FTlask
(Component 2) (Component 1)

A \
?

S FIGURE 6.6 . ,
’ Ed . . . , )
Energy Effects on the Calorimeter System duting a Mixing Step’ ;.

O

.
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. The thermedynamfe_system is taken as component |I.
in the Dewar, flask and component 2 in the feed bulb and .the
burette. Component 2 is to be injected into the Dewar
flask. Pressure éorces are exerted on the system by the
Iieutd in the feed burette and the feed bulb and by the
closure plug o} the Dewar:flask. Th&ee forces move during
the mixing procese and do work on the system. However,
eince they move slowly, tneir work effects essentially
cancel .

The quantity W shown in Figure 6.6 represents

the work of stirring. The steady stirring work raises t?e

temperature in the Qewar -flask by an amount of AT above that
of the constant temperature bath during-the equilibrium periou.
This AT is Iérge enough as a heat transfer driving force so
that the rate of heet transfer, q, from the Dewar, flask to
the bath just bélancee'the energy input.due to stirr}ng.
Sunce the energy input of stirring S is balanced by the energy

loss by heat transfer q, ho-direct account need be taken of

~ -

the stirring energy.

However, during mixing the energy supplied by the
qalorumeter heater Q must not only balace th%cat of mlxmg
but must also provnde the sensuble heat requnred to ralse t he
temperature of the feed component from T to T + AT. ’

H

. The energy input of stirring at constant stirrer

speed is proportional to the density of the liquid in the

E}

' M -
I . -
N -
N _ . L] »



Dewar flask and thus AT is proportional to densuty For
highly non-ideal systems such as alcohol/hydrocarbon systems
studied, the total heat Q for a run is about 300 to QOO cal.,

the densntnes are in the range 0.65 to 0.85 g/ml. In tHis
./ <o

'case AT amounts to no more than 0702°C and the heat capacities

—~~

are about 0 -5 cal./g, °C. injection of about 70'grams of
féed requires a sensnble heat of about (0. S)(70)(0 .02) = 0.7.

tcal. Thus the correction for the full run |s.less than 0.3%

N

and need not, therefore, be made.wjth great exactness. No

. N s . 3" ¢

other secondary effect of aﬁy(siénificance is encountered

in running the caloereter. s ?

Obtainlng a good estlmate of the accuracy for. such

a

a complex eqUIpment as the calorlmeter is extremely dlfflcult.

]
PS

The best’ test of reliability of the calorimeter is, probably,
t = )ﬁ_ ¢ - - _
to compare the results obtained with this instrument to the

-8, ‘.‘--
results obtalned from other calorcmeters. Heats of mixing of

M

system benzene/cyclohexane have been- studied _by several in-

[

vestugators and therefore were chosen as data by which the

performance of thls calorlmeter could be compared to others.
13

Flgure 6.7 shows the: heats of mixing for "the: system '

benzene/cyclohexan% at 25 C as measured by Benson and Coworkers

(M7) and Lundberg‘(L2) and thigzggrk. Date of Van Ness and
Coworkers (S3) are represented ‘ the futted cur,ve which has
a root-mean- square deviation of 0. 084% from experlmental

points. = : ' S ;
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- : FIGURE 6.7 L3
Heats of Mixing at 25°C for the System .7
, . Benzene/Cyclohexane . :
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3

Figure 6.8 again compares the results taken in

12

“this work with those of Lundberg (L2) and Van Ness and

Coworkers (S3) for the same system, but at 50°C.
The.reagent impurities might not account for the
small discrepancies among the—data.o Bénnettand“Benson
(B5) have made some experimeﬁts aimed at determining the
effect of impuritje§ on h7ats of mixing for the system

benzene/carbon tetrachloride and found no significant differ-

“ence between highly purified and the "reagént” grade mater-

iads as received from manufacturers. o
There are, undoubtedl}, systematic sources of
errors in all calorimeters. .Judging from the distributidng
of literature values shown in Figures 6.7'énd 6.8, it ..
seems reasonable to say that the values obtained with the
present calorimetgr fall within 1% of the true heats of
mixing for the system benzene/cyclohexane\;i'25°c‘éﬁd 50°C .

-_— e

The accuracy of the present calorimeter is, of

\ |
course, very dependent on the types of systems investigated.

For.systems having small heats of ﬁixing, a small fluctuation, =
of the bath temperature may become very important while for
systéms having larger heats of wmixing, the thermal gradients
within the Dewar flask might present the biggest problem. In
any event, for systems with heats of mixing not greatly dif-
ferent from those of bgnzene/cérbon tetrachloride such as

alcohol/hydrocarbon systems, it is quite reasonable to assume
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FIGURE 6.8

Mixing at 50°C\Fof the System
Benzene/Cyclohexane
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that the heat of mixing data obtained with this calorimefér
are within 1% of the true values.
The systems which have beer? studied in this work

were chosen pri ily for the purpose of evaluating the

significance.

For all the aliphatic alcohol/alkane systems
studied, the héat§ of mixing increasechith increasing témf
peraxure. Heats of mixing also increase with increasing
difference in the number of carbon atoms in the constituents.
Generally speaking; if the number of carbon atoms in the
n-alkane component is ,fixed, thg\heats,of mixing decrease
with an increase in the number of carbon atoms in the alcohol
components . |

Three types of béhavioyrs are observed‘for the -
branched pentanol/hexane mixtures. ~"When both_tie alcohol
and alkane molecules have’bréncﬁfng in the alkyl ;roup, e.g.
in the system isopentanol[2,2?diméthylggtane..l, the branching
does ngt. have ary effect’ on heats of mixing, that, is, the
syftem isopentanol{aﬁg-dihethylbutane‘has almost the same
heats of mixing as the system n-pentanol/n-hexane. For

7

the heats of mixing are a few percent higher than those of the

@

ﬁ: . .Q " - - " ’ N
systems containing a branched alcohol molecule and a n-alkane,

ol




‘ equivalent n-alcohol/n-alkane system. The reverse is ob-
served for branched alcohol/n-alkane systems, i.e., their

heats of mixin§ are'slightly lower than those o? the equi-

valent n-alcohol/n-alkane mixtures.

\ [}
'

o~ Thus moderate branching in the-cases studied has p
only a small effect on heats of mixing. One may expect
‘ . these effects to be significant as foynd in alcohdl/alkane

systems containing secondary and tertVéry alc”ﬁols (86)

where branching occurs in the vjcinity of the polar group :
/——} . L4

| ]

in the alcohol molecules.
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. T« APPLICATION OF THE ANALYTiCAL GROUP SOLUTION
MODEL YO ALCOHOL/ALKANE MIXTURES

g

The introduction of the analytical Wilson equation
in th? group solution model for heats of mixiﬁg provides a

potentially powerful tool for correlating and predicting .

>

heat of mixing data. -3»

Isothermal heats of mixing of n-alcohol/n-alkane

£

systems found in.the literature at-30°C and 45°c-(51-3) and
those obtained from this work at 15°C and 55°C were used
as reference dat® to study the temperature dependence of the
. model parameters. ) .
<. . _ %
AT Sy

T.1 Determinatien of Group Wilson Parameters
o From Excess Free Energies-

A&tempts to calculate heats of mixing using mole-

cular parameters computed ‘from vapor-liquid equitibrium

data have not been very successful. The method consists

&

of using measured vabor-liquid equilibrium data to evaluate
( the parameters in semi-empirical-equations which in turn are
used to calculate heats of mixing using the well-known Gibbs-

4

Helmholtz relation:




E
A (9%7’—‘)P ) (T1)

@

Thus, the error hagnification inherent in differ-
entiation of the basie experimental vapor-liquid equilibrium
data can result in poor agreement between calculated and
measured heats of mixing.

_ it has been found that group Wilson parameters
computed from vaper-liquid equilibrium data (R3) can not be
used to predict heats of mixing. One reason for the poor
agreement is inherent in the results.of the temperature
dependency of the group Wilson parameter, aCHQ/OH’ computed
from vapor-liquid equilibrium data for alcohol/alkane mix-
tures, i.e. mixtures formed from methylene and hydroxyl

groups: (methylene and methy! groups being assumed equivalent),
aQH/CH2 = exp(7:55 - 380?/(t + 273.16)) (7.2)

AcHy/on T 03 ©(T.3)

t is in degree C. .
Since aCH2/0H is independent of temperature (equa-

tion (T.3)) the analytical expressions for group excess enthal-

pies, HCH2 and.HGH, described by equations (3.20a) and (3.20b)

are reduced to:

.V




<
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’

2

d - Yy 2
H 2 = X a MW (X, +X, a )
CHa/hT OH ET( OH/CH2 ( OH CH2 .OH/CH2

(7.4)

2 3
Hou/R12 = Xchy ET(aOH/CHa)aOHVcnal(x Xen, ou/cu2
S | (7-5)

o
-~

Heats of mixing for m-alcohol/n-ailkane systems com-
puted from equations (7.2-5) and (3.17-18) exhibit a very
skew shape far thg ZHM versus x plot. Oné example is shown
in Figure 7.1 where he;ts of mixing are plotted against
composition for the system n-pentangl[n-heptan (R6) at 25°¢C .
The maximum of the computed curve occurs at a jﬁwef alcohol

composition than the experiméntal.

Attempts were also made to estimate aOH/CH2 and its

temperature derivatives directly from experimental heats of
mixing, using équations (T7.%) and (7.5). Unfortunately, the

results found indicated that the expressions (7.%4) and (7.5)

can not represent heats of mixing for n-alcohol/n-alkane 'mix-

tures because of the skew shape of AHH versus concentration

that these two expressions could give.

[

As will Be apparent later, even though heats of

mixing are very insensitive to variation in the value of

acH./OH’ 23 found by Ronc (R3) for excess free energies,: %t
2

does not necessarily mean that this parameter &s‘;ndependent

-~
/ e

of temperature..
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. FIGURE T.1 -

0

Heats of Mixing for the System n-Pentanol/
n-Hexane at 257C
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Therefore, it was proposed to study the tempera-
ture dependence of the model parameters directly from

heats of mixing for the aliphatic alcohol/alkane systems.

.T.-2 Determination of Group Wilson Parameters
From Heats of Mixing

Wilson parameters for binary group mixturgs of

methylene and, hydroxyl were,deterﬁined for each of the

eighteentnfblcoho;/n~alkane systems at 15°¢C and 55°¢C using y

data collected during this work, and five such systems at /

30°C and 45°¢ using the data of Van Ness and Cowogrkers (S1:3).

As in previous work (N1-2), to preserve the simplicfty offthe'

model, no distinction is mad@ between methylene and methyl
| groups, otherwise an alcohol/alkane mixture would be a ter-

nary group system. Thns assumption seems reasonable in view -
of the group interaction/energies computed at 30°¢ by Chao
~and Coworkers (Cl) and shown in Figure 7.2 for various pair-
wise interaction groups/ CHy-CHy, CHgo-CHg, CH3-CHs, CH,-OH,
and OH-CH interaction energies. - -

» The estimation of the group Wilson parameters in the
non-linear model has been performed using the two best exist-
ing algorithms (Jl); Marquardt algorithm (M5-6)‘and Spiral )

. algqrithm (J1). There were no significant differences between

the ledst squares estimates of the parameters obtained‘igynAHﬂr///T/
two algorithms and it may be safely saif/gng/eoFFEE;/;nswers

werq'obta|nii/jii/its/gigypAﬂffiag/;;:ameters.

N L
' N

/ )7 T
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FIGURE T7.2
Group Interaction Energies ip Alcohol/Alkane
Mixtures at 30°C
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.>value of that order used for a

) TLe Marqdardt—program éodedtas GAUSS 'was obtained
from the University ‘of Wisconsin Computing Centre and the

Spiral program from Shell's Thornton Research Centre. The

_ Spiral program, originally written in FORTRAN V for the
_ UNIVAC 1108, was converted to FORTRAN |V and only minor

modi fications were needed to adapt it to the IBM S360 of
the McGill University Computing Centre. A brief description
of the two'programs is‘given in Appendix A3.

) The group W|1sen parameters were evaluated over
the temperatﬁre range |5°C to 55°C for n- -alcohol/n- alkane

mixtures, and the values of the parameters were foqnq to be:
aOH/GH2 = 34.95 exp(-2908/T) (7.6)
| ac"ia/o;i .= 26.69 exp(-1336/T) + 7.705 (7-7)

It should be mentioned that the computed heats of

mixing using ‘the values of the group parameters given by equa-

_tions (7.6) and (7.7), were ;found to be |nsensnt|ve to the

variation in aCH2/0H This observation is very well |nd|c-
ated by the slught change-of its values over the range of tem-
perature studied (Table 7.1), i.e. from 7.96 to 8.16. Any

CH2/0H would not effect the

pre&iqtion-accuracy. However, it should be emphasised that

«

a/cﬂaloH should not bg fixed constﬁnt with respect to temgerj

ature, since this would result in equations (T.%) and (T7.5)



30

45

55

‘8'- ‘1}‘:

T

TABLE T.1

Group Wilson Parameters for Heats of Mixing
of Alcohol/Alkane Systems

a - 9 a : )
TOWCH, 5T fowsen, —HolO 3T Ack,/om

00144 .5046 x 107 7.96305 00416
002373 .7516 x 107" 8.og9; l0047T7286
.00373é 1.0730 x 0™ 8.1047 .005284
.004932  1.333 «x 10‘4‘“815593' ‘ ,.0056u5



©

as descrlbed in section 7 l. Thus, even though heats of

mixing are |nsenStt|ve to thevVar%atton in the value of
CH2/OH’ as found by Ronc (R3) for excess free energles,qlt

does not necessar||y |mply that aCH2/0H is temperature inde-
pendent.

~ Usé of the parameters given by equations (7.6) and
(7.7)-regenerated exéerimentél heafs of mixing for reference

systems with an average root-mean-square deviation of less

" than 5%; details are given in Table 7.2. The calculated values

for AH- may be regarded as gssentially predictions, since
the eliéination of any one of the reference systems would not
effect the best values of the parameters.

FiguresT.3 through 7.7 compare the prediction with
exper{mental values. Prediction is as good in the case of
ternary mixtures, as shown in Figure,].7 for the system
n-heptane/n-propanol/n-pentanol at 25°C (R6).

Predictions are poorer for lower alcohol/alkane

mixtures such as ethanol systems for which the average root-

mean-square deviation is about 15% (Table 7.3). The increased
discrepanqy for mixtures of lgwer élcohol; in n-alkanes is
related to. their apparent anomalous behaviour shown in Table
7.4, where~the heats of mi;ing of equimolar mixtures)of
va}'ious alcohols in p-hexane (B6) show a-cor;monf trenk\ for all
alcohols except for ethanol and methanol. Bréwn, FocL and

Smith (B6) attempted to explain this anomalous behaviour as

Fed

a
¢ /




TABLE 7.2

Prediction Results on n-Alcdhol/n-Alkane Systems
e - RMD (%)
15°%¢ °c

System -
n-butanol/n-hexane 7.2 --
n-butanol/n=-heptane 9.5 3.1
n-butanol/n-octane 3.5 2.5
ntbutanol/n-nonane -- 3.3
n-butanol/n-decane : 8.3 --
n-butanol/n-dodecane -- 5.1
n-pentanol/n-octane o 3. --
n-pentanol/n-nonane -- t 4.4
n-pentanol/n-decane 3.3 --
n-pentanol/n-dodecane .- 4.9
n-hexanol/n=heptane 9.0 ==
n-hexanol/n-octane y 6.6 2.7
n-octahol/n-hexane 6.5 --
n-octanol/n-heptane 7.6 2.8
n-octanol/n-octane . 5.0 J 3.6
n-octanol/n-nonane _ -- 5.5
n-octanol/n-decane 5.9 --
n-octanol/n-dodecane -- 6.1
| 3% . a%
n-propanol/n-heptane 3.9 2.6
n-butqyol/n-heptane 2.7 4.0
n-pentanol/n-hexane 4.3 4.0
n-octanol/n-heptqne S 4.4 - 3.L

n-octanol/n-nonane , ? 3;5 4.3

e
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‘Prediction of Heats of Mixing for the System
n-Pentanol/n-Decane at 159C
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Prediction of Heats of Mixing for the System
n-Pentanol/n-Hexane at 30°C
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FIGURE 7.5

Prediction of Heats of Mlxing for the System
n-Octanol/n-Nonane at 450C
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) FIGURE 7.6

Prediction of Heats of Mixing for the System
n-Pentanol/n-Octane at 55°C
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s of Mixing for the System
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TABLE 7.3

Prediction Results-on Ethanol/n-Alkane Systems

(4]

° 9

System

ethanol/n-
ethanol/n-
ethanol/n-

ethanol/n-

ethanol/n-

ethanolt/n-

©

heptane
hexane
nonane

hexane .

Y

hgpténg

>

nonagne.

~

30
30
30
45
45

e

45

4

RMS Deviation (%)

13.1
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TABLE: T.4
+ Heats of ‘Mixing for Equimolar Mixtures of
n-Alcohol/n-Hexane at 2588 (B6) .
n-Alcohol W Wmote”!
. f ’
"methanol - " 500
ethanol .. 555
propanol . 565
ﬁehtanol 570
hexanol 465
octanol s ¢
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4

follows: in addition-to ‘the hydrogen bond contribution to heats

4
of mixing, another ¥9ntribution due to the mixing of the alcohol
\

B !
homomorph with the solvent was also important for the systems
containing lower alcohols such.as ethanol and methanol. This

contribution accounts for the decrease in heats of mixing

(Table T.4) in systems containing lower alcohols.
’

7.3 Effect of Molecular Shape on Heats of Mixing

One of fhe limitations inherent in the group solution
model is that the model does not take into account molecular
shape. The model thus predicts identical heats of mixing for
isomers. This effect of molecular shape on heats of mixing
may be judged éy inspecting the experimental heats of mif%ng
of binary systems of n-pentanol or isopentanol with hexane
isomers (2-methylpentane, 3-methylpentane, 2,2-dimethylbutane,

2,3-dimethylbutane). Table 7.5 shows the heats of mixing

of these systems at 25°C at near equimolar composition. The

~sma)l difference in heats of mixing of these systems suggests
7 ) ' '

that there is only a small contact energy d¥¢fference between

2

methyl and methylene groups. . .
Most recently;’Patierson (P5) has also made some

étugy on the effect of the molecular shape on heats of mixing
of alkanes of different molecular size. He measured heats

L
i
of mixing for equimolar.mixtures of alkane isomers of formula

! 3

!




TABLE 7.5

Heats of Mixing at Near Equimolar Composition
for Branched Alcohol/Alkane Systems at 25°C

X2l oM Joules/mole
- n-pentanol/n-hexane . k962 482.
.n-pentanol/2,2-dimethybutane .5000 45k,
n-pentanoi/2,3-dimethy!butane { 4984 457,

. n-pentanol/2-methylpentane 4975 4e6.
n-pentanol/3-methylpentane 2» 4965 459. -
isopentanol/n-héxane - .5068 ‘529ﬂ¢ .
isopentanol/2,2-dimetgylbutane Y4971 - kg1 .
isopentanol/2,3-dimethylbutane | 4950 49y,

N isopentanol/2-methylpentane : qﬂ:-4977 5}3-
i sopentanol/3-methylpentane " 4972 508: . )
isopentanol/heptane ‘ 4966, T 599.
isopentanol/octane . “ 4ou7 f 668

. AT %

7
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[ D]
i

16H34’ ang found that there is very small contact energy

B

! difference between methyl and methylene groups in n-hexane/

F2,2- dlmethylbutane system. This fact is also indicated by

the heats of mixing of both n-hexane and 2,2-dimethylbutane’

;{Eh hepta:methylnonane which are of similar magnitude.
However, tbe branching effect on heats of mixing

has been found to be significant in systems of n-alkane

with branched alcohol (B6). The heats of mixing of branched

butanol/n-hexane systems are found to decrease appreciably

in the' order tertiary » secondary > iso- > n-.

1

Thus moderate branching in an alkyl group located
SO as not to interfere plrectly with a polar groups glves
rise only to second oréer effect, at least for the twelve
alcohol/alkane sysgede Sdelgd, and n0\speC|al modification
on the model is necessary. The average root-mean-square dev-

iation between experiment and. theory (using group parameters

' giveétﬁy equations (7.6) and (7.6)).i§'8.3%. Details are

given in Table 7.6. Some of the prediction results are also

2
.
e
o
. -
. 2

The simplicity of the- fundamental equation used

plotted in figures 7.8 and T.9.

7 4 conclusion

in the model together with the quality of prediction make the
analytical group solution model a very useful and powerful

g L4
tool for generating heats of mixing of non-ideal systems. It
"y ,



™~
TABLE 7.6

Prediction Results on Alcohol/Alkane System at 25°¢C

/

System RMS Deviation (%)

_ n-pentanol/n-hexane , 5.6 ‘
n-pentanol/2,2-dimethylbutane ' 10.3
n-pentanol/2,3-dimethylbutane 11.8. .
n—pengéno}/2-methy|pentane ) ' 7.7
n-pentanol/é-methylpenggne 9.2

”igopentanolln-hexape 9.1
isopentanol/2,2-dimethylbutane 5.9
isopentanqll§;31dimethylbutane ~5.1

“isopentanol/2-methyipentane 6.0.
isopentanol/3-methylpentane ' ~ 5.5

. F . _ i R
, isopentanol/heptane v . ]0-6 )
isopentgnol/octane . 12.1
-




e

< 3

- FIGURE 7.8

\ 4

Prediction of Heats of Mixing for the System
n-Pentanot /2,2-Dimethylbutane: at 25°C

-
o )

.

£




s_,ww< -
juewedxy @

r

oot

ooy

09S

JTOW /7 STTINOM “HY



FIGURE 7.9

1

Prediction of Heats of Mixing for the System
Isopentanol/2,2-Dimethylbutane at 25°C
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has numerous advantages over the previous group solution
model where the group excess enthalpies, H,» were computed
from the partial molar heats of mixing and its values were
plotted graphically or fitted with polynomial functions of
Xk. For a binary group system, the analytical expressions
only incorporate two parameters, thereby minimizing the
amount of data needed.

Moreover, the’predictive analytical group solution
model developed in the present study has increased the
accuracy of the prediction substantially. Estimates pro-
duced by the model are generally quite adequate for prelimi-
nary process evaluation and design and very suited for com- -

puter calculation.



. 8. CONCLUSIONS AND RECOMMENDATIONS FOR
FURTHER WORK

.3
‘8.1 Apparatus and Experimental Results !

A semi-continuous, isothermally operated cal®m-
meter of the Van Ness type fq@ measurements of endothermic
heats of mixing over a wide/éemperature'range has been
constructed and thoroughly/éested. The calorimeter has many
desirable features. It coﬁtains no vapor space. Thus the
errors associated with vagorization and condensation effects
are cgp?letely eliminated. c

) The heats of Tixing of 17 systems of n-alcohol/

n-alkane and 12 systems/of n-pentanol or iso-pentano} with
* hexane isomers over a femperature range 15°C to 55°C are
believed to be a significant contribution to the body of data
for the heats of mixipg of binary solutions. These data are not
only useful in themselves for engineering purposes but they
also served as base data for the predictive model . -

Some modifications can be made to the existing
apparatus that would extend its capabilities.
o% a) The addition of other automatic burettes would
extend the capabilities of the apparatus to study multi-
component mixtures. Sfr?ktly speaking, we could study multi-

component systems in the apparatus as it is by having mixtures

of known compoijtlons in the burette. Many runs would be




necessary to determine the entire compositioﬁ range. In the
case of 5 ternary mixture, with one additional burette con-
taining the third pure component, fhe entire composition: '
diagram could be covered reasonably well in three consecutive
runs. _

b) The calorimeter can be modified to measure
heats of mixing for either endothermic or exothermic systems.
In addition to the existing electrical heater, a thermo-
electric cooling device can be added to the présent apparatus.
For the measurement of an exothermic heat effect (W3), the

cooling device can be adjusted to remove heat from the,

-

calorimeter.

8.2 The Predictive Model

N

The predictive method developed in the present
study is based on the intuitive approach of treating mixtures
in terms of their con§t1}ue6t structural groupings. The sim-
plicity of the fuadamental Wilsop equation used in the model,
the small amount of information required:for the prediction
togethqf with the quality of prediction make the analytical
group solution model a ve;y useful and pOWg(ful tool for
generating heats of mixing of non-ideal systems.

It has been shown that the group solution model for

.

heats of mixing, put in analytical form using the Wilson



r———

" iso-pentanol wuth hexane |someﬁ?.

mixtures.

- frequently-no data at all,~

o Q’ L o 4 —
R -100-~
[ v g hd 1
n ° B ‘;bﬁ":‘
/ * . nl
equation, gives a good representation of non-ideal liquid /

mixtures containing the" groups hydroxyl and methylene. The
analytical model obviates some of the limitations and in-

accuracies of the previous model and is well suited to\com- ?

o .

. : &2
puter calculation. a ’

. s

2 ¢
The group Wilson parameters were evaluated from

-exper imental heats of mixing for n-alcohol/n-atkane systems
. ‘ o e i
in the temperature range from 15°C to 55°C. Use of these

.

parameters regenerated experamental heats of - mnxnng with an |

average accuracy of S%. Agreement between theory and experi-

ment was also obtaiped for.binary systems of n- pentgnol or

Branching in an alkyl! group

Y

in these systems has only second order effect and no special”

means of modification on the model

is necessary'.
; In the chemical industry, accurate design of separa-

-

. ‘ ) -
tion operations requires reliable thermodynamic properties of

But ‘for binary systems, .the required data are often

»

e

not available at.the temperature and pressure ‘where we want

° o .

them, and for ternary or multtcomponent mixtures, there are
) , A

@ "

: The analytical group solution model’ is especiatly
) t
useful for ‘making. reliable grednctlons "of propertles'of ’
!

“liquid muxtures. . The model cah be readuly extended to various

”, r

g “ . o
.




-

classes of systems containing dfﬁ;:\functionag groups such

as C0-, CN-... Parameters associated with pair of struct-
ural groups generated from eiperimental~dafa Sf biﬁary systems
at various témperature_can be ‘used to project data of multi-
group and multicomponent mixtures. Thus the experimegtal ~

efforts could be minimized to supply the desired design

o data. ' N ) .

[0

(54 > .
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Al. CALCULATION OF COMPOSITION AND '
' INTEGRAL HEATS OF MIXING .
" T

! ° Y
)]

R

"Al.1 Compbsition of Solution in.the Dewar Flask

LRI I R R R R e - R T L R .

. Al .1.1 Mass_of Material Charged to DeWaE Flask

Prior to, and immediately following, charging the
L 1

Dewar flask, the 100 ml. sloppered volumetric flask is
weighed. Since the wlumetric flask is stoppered under
)

atmospheric conditions, it coatains vapour, assumed to be
air atfroom‘tempe?ature, in addition to thg charged mater.-
ial. In order to obtain the acgual amount® of materialB
placed in the Dewar flask, the‘masssof additional vapour in
the volumetric flask must be sub-tracted from the balance

i 7

b weighings. e .

5 < N 1

. : Thus
My = my - Wy Py /Py )ya2sOc (A1.1)
' ' i .
\ and . ¢
wiosom oty : )
, Solving for wi: :
e o
s ! m, - 8 oo !
1~ ™
L - < : (A1.3)
-1 (U= eaie/ey )r-25¢

! ¢

. fwhere m, m, are initial and final weights of the stoppered
' -

o

‘ o volumetric flask respectively.
) wi is the weight of pure companent lv;harged to

the Dewar flask.




-Aa.

L)

and m% is defined by equations (Al.1-2).

The Dewar flask is charged quickly with the first
co:npc;nent and is sealed inmediately with the calorimetric
plug. Some of the pure liquid is lost due to evaporation
during this step. The small amount of liquid lost can be
estimated on the assumption that the entire vapour space
(total Dewar flask less liquid volume) is saturated with
vapour and this vapour is completely lost. b

Assuming that this vapour behaves as ideal gas, i.e.

PV = nRT, then the mass of vapour loss, mvap-’ is
Py Vv - \
Map. TR M . (AV-4)
where P? = vapour pressure of pure component |, mm Hg
V = (Volume of Dewar flask - volume of pure

<a

liquid 1), ml
R = gas constant = 62.3 x"10-3 ml, mm Hg gmndle/ol(
T = 298% S
MI = molecular weight of pure-component l
Thus, the corrected weight of pure c&mpdnent 1, wl,.charged

to the Dewar flask is finally given by:

W)= owio-om ) (A1.5)
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Al.1.2 Moles of Feed Material Injected ,
into _the Dewar Flask i

!

The feed material is pure component 2 and the amount

of material added to the Dewar flask, w,, is calculated from:

W, Difference inreadings of )x p
burette volume

where P densif} of pure component 2.

Al.1.3 Mole Fraction'Component 1/2 in the Dewar Flask

Mole fragtion of component 1, x

= ", ‘ ' (A1.6)
1 w T+ Wl Ry , <

l’

L

where M] and M2 are the molecular weight of pure components |

and 2 respectively. '

Mole fraction of component 2:

[ X, = 1 = x| : (A1.T)

Al.2 Calculation of Integral Heat of Mixing at x|

<

The energy of "heat" added, Q, to the system during

a mixing step is given by the following equation:

Q = (Current).(Potential Drop)-iTime) (A1.8)

or, referred to Figure 4.5

2 at bath temp.

s




e
S 2
Q = —— - e . 9
(A1.9)
where e = potential drop across the standard resistor
RS’ volts

RS = resistance of the standard registor, ohms
R|+R2 = resistance of the resistors in parallel
with the calorimeter heater, ohms
- RH = resistance of the calorimeter heater, ohms
ey = potential drop across R', volts
@ = time of the heater operation during a mixing

step, secs.
/ »

= current in the circuit

|9
w »n

R,+R - ;
‘lR ER = ratio of current passing, through t?f calor-
R +Ro*Ry, o

imeter heater to the total current in the circuit
R]+R2
Ry

= multiplication factor for the voltage divider

The integral heat of mixing is given by:

AH(Joules/Gmole) = Q/n (A1.10)

where n is the number of moles of liquid in the Dewar flask,

\ no= oW /M WM, . . (A1)

A listing of the program to calculate the cohpositlons and °

integral heats-of mixing is given in Section Al.3.
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s

Al.3 A Program to Compute Composition and Integral
Heats of Mixing

- Listing of the Program;"Heats"
- Sample of Input Data for the Program "Heats"
Sample of Output Data for the Program "Heats"

-




]

3 Xz laXaXs s tateXaXataNatn

LEVEL

'
.

io
20

15
30

40

70

80
90

- FCRMAT (SF10.0)

A6~

-

21 MA IN DATE = 73171 . 13/03/%

THIS PROGRAM.IS.USED TO CALCULATE THE EXPERIMENTAL’ HEATS NF MIXING

OF NON IDEAL SYSTEMS

NPTS=NUMBRER OF EXPERIMENTAL POINTS

RS=RESISTANCE OF STANDARD RESISTOR

RI= RFSISTANCE OF VOLTAGE DIVIDER RESISTOR

R2= RESIS®PANCE OF VOLTAGE DIVIDER RESISTOR g

RH=RESTISTANCE OF THE HEATER

EH=VOLTAGE OF THE HEATER AS READ ACROSS R1

ES=VOLTAGE ACRDSS STANDARD RESISTOR

W1=WEIGHT OF PURE COMPONENY [NITIALLY IN newan FLASK

AV2=V2=VOLUME OF THE OTHER PURE COMPONENT ADDED TO THE DEWAR FLASK

TIME=HEATING TIME )

DELTAH=CALCULATED INTEGRAL HEATS OF nlxlNG'

OIMENSION TITLEL(20),TITLE2(20)

OIMENSION AV2(50) JATIME(S50),NELTAH(S0) 4 X1150),X2(50),HX1X2(50)

OIMENSION VEH(50) ,VES(50),TIME(50),Q(50)

DIMENSION H1(50),H2(50)

REAL M1,M2

READ(S5,20,END=1000)TITLEL,TITLE2

FORMAT (20A4/20A4) . :

READ(S5,15)VP1 -

FORMAT(F10.0)

READ(5,30)R2,R1,RH,4RS

FORMAT(4F10.0)

READ(5,40)NPTS,RO14M1,R02,M2 .

FORMAT([10,4F10.0) ’

READ(S,45)10W]1,DW2

FORMAT(2F10.0)

READ(5,50) (ATIME(I) ,HI1(1),H2(1), VEH(!).VES(!).!=1-NPIS) I

CALCULATION OF THE CORRECTED MASS OF MATERTAL IN THE DEWAR FLASK
S

VCLDF=325, "2

VAPORIZATION CORRECTION

Wl=(DWL-DW2)/(1.-0.0012/RO1)

WVAP=VP1&{VOLDF-W1/R0O1)*M1/0.1850E08

Wl=Wl-WVAP

CALCULATION OF INTEGRAL HEATS OF MIXING

Vv2=0.

TIME(L)=ATIME(])

DO 70 [=2,NPTS

TIME(T)=ATIME(I)-ATIME(I-1)

DO 100 I=],NPTS

AV2(1) =H2{T)~-HL(I)

V2=V2eAV2(1)

RAT1=W1/M]

RAT2=R02%Y2 /M2 ~

oostvestl)/RS)t((aton:)/(anon7onu))tVEu(l)tttnlonzilnl»ttluecl)

IF(1.EQ.1) GO TO 80

QUIy=Q(I-1)+DQ

GO 10 90 _ ‘

Q(I)=DQ

HEATS=Q(I)/(RATL#RAT2)

OFELTAH(1)=HEATS

+

~



-AT- | . -
LEVEL 21 ° MAIN "DATE = 73171
c CALCULATION OF COMPOSITION

X1(I)*RAT1/(RAT1+RAT2)
X201)=1e=-X1(1)
HX1X2 (1) =DELTAHIT)/Z (X1 (1) *X2( 1))
100 CONTINUE
PRINT 180
180 FORMAT(1IH1)
PRINT 190, TITLEL,TITLE2
190 FCORMAT(20A&/20A4)
PRINT 209,0M1,0W? ,ROL M) ,RO2,M2

13703/%

209 FORMATITS, "OWl=",F10.4,725,'NW22*,F10. QITS.'Rﬂlt'.FlO 44,T254"'M1=*

1oF10.4,T745,R02="yF10.4,T65,'M2=?,F10.4/)
PRINT210

"210 FORMAT(TI0, "N+ T15 4 TIME 9 T27,°VOL "y TH2,PVEH" , TST,*VES*,T6ET, *X1°%,

LT774°%X2%,TBT7,DELTAH®,TOS, *DELTAH/X1IX2%/)

PRINT 220, (I, AYINE(I).AVZ(I).VEH(l)oVES(l) X1(I)oX2C1),0ELTAHIT),

IHX1IX2{1) o I=14NPTS)
220 FCRMAT(SXyI5+2F10.29F15.57F15.642F10. 4, ZFIO.I )
WRITE(T,20)VITLEL,TITLE2
00 230 I=1,NPTS
230° WRITE(T7,2400X2(1),DELTAHIT) HX1IX2(1)
+240 FCRMAT{F20.4,2F20.1)

GG 70 10 5
1000 STOP .

-END ) y
"EFFECT® [DL,EBCOIC, SOURCENOLIST(NODECK4LOAD,NOMAP
EFFECT®* NAME = MAIN » LINECNT = 56
®* | SOURCE STATEMENTS = 58,PROGRAM SI2€ = 4364
®* NO DIAGNOSTICS GENERATED .
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SAMPLE INPYT DATA FOR SHIEATSY

HEAT OF MIXING OF ESOPENTANDL = N=MERTANE Al 24 bER G OUNE LY L9y
FIRST COMPONENT = N=MERTANE TI0 QMIS IR REYADING= 104700

VPi= 847 04 . . ‘ "

R2y 2700, Ri= 100, Gla 4%, RGu0e999%) ¢ .
PTSe 26  ROLED.679% Mt 1000206 RO2w0, 004y M2mC AL 190

DWLe 12389407  DW2x ST.41060 : »

?

TN m ne WAL VES -

N
1 N4, 10 0e2% lete Ga3106% ~ 0,00 196
2 . l()lbaﬂ() "o"l\ '0."0 0.“‘)‘)’! 0.07!‘)6
3 COBM90 . 00, A1) 0L316%  0,07196
. b 572,40 .7 0210 7 T 4dle T 00116%% 007196
I} s 117.10 : ”._?l 4oV 0.316%4 D198
6~ 1955, 80 021 - L4l DaeYa s 0,07796
? 217,40 C020 4420 0eV1EB4 0.07296
-8 224613.,90- 0.20. hald 0 3 1O% T 001196
=9 239740 0,21 = [NER 0eV16Y4 007196
e . 2519.70 0.2y ©, 4 0,316%4 . 0,07796
1l L, 2628440 - o.gp 401%  0.M68%  0.07706
12 21V1.40 0,02 “e29  0,N06% 0,07796 e
ty = 2028,9% 0,20 4el9 - 0,V16%¢ 007706 i
14, 2914 70 0.21 ., 4e22 , 0.V06% 007796 ¥
15 . 299420 0.22 . he? 0.V16%4 007796
* lh . ‘06“000 ' 00?‘ ‘00?3 . 00“65" ”.077',6 ¢
17. 113%5.%0 020 L A3l 0.3A%4 00T
18 397,40 0.21 8,27 0. 416%4 007196 -
.19 . 3292.40 0.21 w24 01656 0,01796
20 3302.60 D20 . 421 031654 D.0TT98 .
21 1349 ,9% 0.21 “al2  0.316% 0,077
22 3391 .20 * 0,19. “adle ob6%4 0.0t T -~
23 365,90 0.20 T he25%c  0.V1054 000176
24 J46T7.70 0. Thl s 03T6%%  n.01796
28 V49B.00 - | 019 T 419 0.31656 0,07796
‘26 15%0.20 021 40T 0JYLOS6 0,07 296 .
k g Y ) *
' ,,—’—"——’J : ’
’ _ N ¢
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Lo ' ° SAMPLE OF OUTPUT DATA FOR THE PROGRAM 'HEATS'

P - - ’ ‘ ' . -
HEAT OF MIXING OF ISOPENTANOL~ N-HEPTANE AT 25 DEG C JUNE 19 1973
FIRST COMPONENT = N-HEPTANE THERMISTOR . READING-103700

Dwis 123.8941 , DW2= 57.4106: .
ROL= 0.6795 Ml= 100.,2060 RO2= 0.8059 M2s= 88.1500
- .
N TIME vOL. VEH VES X1 . X2 DELTAH ODELTAH/X1)
L 2 ,
1 704.70 1.61 0.31654 . 0.077960 0.9783 0.0217 ‘ 252.4 11898,2
2 1016,80 ‘228 0.31654 0.077960 0.9492 <0508 353.4 1323.6
-3 1334.90 3.93 . 031654 0.077960 0.9027 0.0973 ‘A4l e2 5025.5
4 1572.40 3.95 0.31654 0.077960 0.8605 0.1395 495.4 4127.0
5 1775.30 3.98 0631654 0.077960 ° 0.8217 0.17813 534.2 364647 ,
6 1955.80 3.98 0.31654 - 06077960 0.7863 0.2137 563.1 3351.7 a;
T 2117.40 4,00 . 031654 0.077960 0.7537 0.2463 584.3 3147.7 &
8 2263,90 3.93 0.316%4 0.077960 0.7242 0.2758 600.3 3005.2 '
.9 2397.40 3.91 0.31654 0.077960 0.6970 0.303¢ &l1.8 2896.7
10 2519.70 3.96 . 0e31654 0.077960 0.6714 0.3286 619.4 2807.8.
11 2628,40 3.84 0.31654 0.077960 0.6484 0.3516 624.0 2736.9
12 2733.40 - . 4.07 - 0631654 0.077960 0.6256 0.3744 T 626.1 2673.3
13 2828.95 3.95 0.31654 0.077960 0.6050 0.3950 - 626.7 2622.5
14 2914.70 4.0 0.31654 0.077960 05855 0.4145 624.8 2574.5
15 2994.20 4.01 0.31654% 0.,077960 0.5671 0.4329 621.8, 2532.8
16 3068.00 © 4.01 0.31654 0.077960 . 05499 0.4501 617.8 2495.9
17 3135.50 4.10 0.3165« - 04077960 0.5334 0.4666 612.3 2460.3
18 3197.40 4.06 0.31654 0.077960 0.5179 0.4821 606.3 2428.5
19 3252.40 - 4403 0.31654% 0.077960 0.5034 0.4966 "599.5 ¥ 2398.3
20 . 13302.60 4.06 0.31654 0.077960 0.4896 0.5104 592.1° 2369.5
21 3349,.,95 3.91 0.31654 0.077960 0.47T1 0.5229 585.2° 2345.7
22 " 3391.20 3.99 0.31654 -0.077960 0.4649 0.5351 5T742 2320.4
23 3435.90 4,05 0.31654 0.077960 0.4531 ~ 0.5469 570.1% 2300.5
24 3467.70 3.97 ‘031654 0.077960 0.4422 0.5578 561.4 2276.2
25" 3498.00 3.96 0.31654 0.077960 0.4318 0.5682 553.0 2254.0 .
26 3530.20 3.86 0.31654 0.077960 0.4221 0.5779 565.6

@

4

-

2236.7
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Tabulated Experimental Results ,

- Heats of Mixing for the Systen Benzene/
Cyclohexane at 25°C and 559C -

- 'Heats of Mixing for AlcohollAlkane Systems
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TABLE Al

FFAfS OF MIXING AT 25 DEG.C FGR THE SYSTEWM BENZENEICYCLCHEXA&E
X=MCLE FRACTICN CF RENZENF, CELTA H=FEATS CF PIXING

2

. N X CELTA H CEL +/Xx12x2
1 0.0468 139.C 3115.
¢ 2 0.C592 278.4 3115,
4 3 O-ISCB' 399-4 ) . 3119. !

' 4 04%19¢9 \ 493.¢ 3123.
5 0.22172 549,.2 3128.
) 0.2781 629.2 3134,
7 0.3CC6 . €€0.2 314C.
8 0.3291 694.4 3145.
9 0.1¢684 . 133.2 3151.
\ 10 0.3896 751.2 315S.
’ 12 0.45% T 786.6€, -3172.
13. 0.48C8 793.2 31178.
14 . 0.5CC2 " T96.2 . 318S.
15 0.5162 T96. ¢ ' 3191.
16 0.53C3 -795.2 3193.
17 0.5302 794, ¢ ' 3197+
18 0.5470 792.9 3200.
19 . «54179 . 793. ¢ © 3204.
20 0.5744. 784.7 "321G.
21 0.5847 ‘ 780.9 3216.
; 23 0.6208 760.¢ ) 3231.
24 0.€4C4 T746.1 3240.
25 C.€€6S9 £98.1 . . 3157.

26 0.69C4 67645 3165. -
28" 0.73G5 646.1 3285.
| 29 0.74170 €23.2 3298.
a6 0.17831 564.1 3321.
s 31 ° Qe GCBQ 517." 33’07.
32 0.8582 411.1 3378.
33 0.8C89 c28.8 3421.
) 34 0.94C2 193.7 . 3445.
- - - ’ 35 0.5845 53.2 3487.

A - . v . - - > e -




TABLE A2

‘QEATS OF MIXING AT 50 DEG.C FOR THE SYSTEM RENZENE/CYCLCHEXANE

-Al0b-

&

X=MCLE FRACTICAN CF BENZENE, CELTA H=FEATS CF FIXING

N

N ottt ped gt ot st putt pust ol o
OV VDN NDWNFCOODNNPUWN D WN

NNNNN
VI AW N e

NN
m =~ O

W W N
WN~O WY

W W W
-~ O\ S

W
Q0 (o

0.0487
0.0922
0.1315

> 0.1¢85

0.2€25
0.2341
0.2633
0.29C3

0.32¢CC

0.3430
0.3813

0.4C1)

0.4197
0.4533
0.4684
0.45¢9

0.5C97 _

0.51C8
. 0.5449
0.5279
0.5655
0.5713
0.5822
0.6077
0.€211
0.6357
0.6509
0.€¢€¢8
0.7017
0.73CS
0.75C1

C.76S1’

0.8CC1
0.83C4
0.852¢
0.8820
0.9C12
0.94C4
‘0.9703

CELTA ¥

131.4
2317.8

324.1

398.9

460.6

511.%
55”.2 :
589.2

€23.C
T 64¢€.2
677.1
€SC. €

701.4
Tl4.7

720.1

124.%

725,17
726.17
722.1

T24.17
717.C
T14.2
711.2°
699.2

6Sl.4
CR1.E
670,.3
€57.4

€21.2

586.1

559.9
531,9
491.2

2€.5

3.1
318.2
274.1

112.7!

%C.1

DEL H/ZX1X2

i

2817,
2R41,
2R413,
2847,
2RS52..
853.
28517.
286C.
2863,
2868,
, 28706
2815,
28840,
2892,
2858,
29C4,
2908,
2912.
29C8.
2918,
2916,
2924,
2933,
2938.__
2944,
> 2950.
2959.°
2968,
291717,
2987.
2995.
3009.
3028.
304Q0.
3058.
3078.
3100.
3125.

-
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TABLE A3 .

HEATS OF MIXING AT )5 NER.C FUR THE SYSTEM N-RUTANDL ¢N-HEXANE
CELTA H IN JQULES/VNULE '

~N
p—

o

O w

N X ALC DELTA H DEL H/X1X2
1 0.0272 193.8 | 7324,0
2. 0.0%46 257.0 4978.0
3 0.1044 328.4 31512.0
4 0.1479 371.8 2950.0
5 0.1883 40244 2613,0
6 0.2252 /#23.8 2429.0
12 0.25R2 438.0 2287.0
8 0.2904 446.1 2165.0
9 0.3198 65043 *2070,0
10 0.3478 450.9 .’1986.0
11 0.3730 4483 19017.0
12 0.3997 ) 442.7 1845.0
13 0.4203 " 437.8 1797.0
14 0.4379 6432.0 1755.0
15 0.4552 425.3 1715.0
16 0.4727 418.0 1677.0
17 0.4881 410.8 1644.,0
18 0.5038 - 403.0 1612.0
19 0.5207 393.6 1577.0
20 0.5338 186.5, 1553,0
0.5460 379.0 1529.0
22 0.5559 373.0 1511.0
23 0.5670 165.8 “1490.0
24 0.5730 363.1 1484,0
25 . 0.5767 359,48 1474.0
26 0.582A 156.4 1466.0
27 0.5866 153.1 1456.0
28 0.5927 349.6 Y448.0
29 0.5956 347.1 "1441.0
30 0.6026 342.2 1429,0
31 0.6130 335.0 1412.0
32 0.6241 327.3 1795.0.
33 . 0.6361 319.2 1379.0
34 0.6479 310.7 1362.0
IS 0.6605% 301.6 1145,0
36 0.6736 2918 - 1327.0 .
17 c.6e70 281.5 1309.0
38 0.7011 270.3 1290.0
39 V.7159 258.9 1273.0
40 0.7313 246.6 1255.0
41 0.7465 233,5 1234,.0
42 0.7624 2199 1214.0
43 0.7797 205.8 1198.0
44 0.7975 190.7 1181.0
45 0.8151 176.2 1169,0
46 0.83138 159.6 1152.0
&7 0.8549 141.5 1141.0
‘08 0.3766 '122.'2 1130.0
49 0.8990 102.3 1127.0
50 0.9227 81.3, 1140.0
51 0.9472 58¢5" 1170.0
52 0.9729 L3444

1304.0,



L
' TABLE Ad: f -All-

HEATS OF MIXING AT 15 DEG.C FOR THE SYSTEM N-®UTANOL+N-HEPTANE.
CELTA H IN JCULES/MOLE ,

N X ALC DELTA DEL H/X1IX2
1 0.0337 203.1 6238.0
2 0.0631 266.7 4511.0
3 C.l213 149.2 3276.0
4 0.1720 399.6 2806.0
S 0.2202 435.6 2537.0
6 - 0.2614 457.6 12370.0
7 0.2984 4T1.5 12252.0
8 0.3326 478.1 2154.0
9 0.3630 480.3 -2077.0
10 0.3911 479.1 2012.0
11 04175 474.5 .1951.0
12 0.4405 469.5 1905.0
13 0.4656 461.1 1853.0
14 0.4857 4%3,9 1817.0 -
15 0.5043 445.5 1782.0
16 0.5204 4383.0 ,1755.0
17 0.5359 429.8 ©1728.0
18 0.5508 421.4 1703.0
19 0.5650 413.1 1681.0
20 0.5779 405.2 1661.0
21 0.5904 397.8 1645.0
22 0.5935 193,3 1630.0
23 0.6018 389.6 1626.0
24 0.6020 - 387.2 1616.0
25 0.6118 380.5 1602.0
26 0.6215 375.7 . 1597.0
27 0.6125 381.9 1609.0
28 0.6219 372.5 1584.0
29 0.6315% 169.1 1586.0
30 0.6323 364.8 . 1569.0
31 0.6410 162.4 1575.0
32 0.6428 356.6 1553.0
33 0.6487 356.0 1562,0
34 0.6539 348,.8. 1541.0
15 ol.baslo 340. 1 1527.0
38 0.56772 330.1 1510.0
37 0.6895 319.8 1494.0
38 0.7019 109.0 1477.0
39 0.7156 296.5 1457.0
40 0.17295 284.9 1444.0
43 ,0.7743 242.6 1388.0
44 0.7907 227.1 .1372.0
4S 0.8075 211.1 1358.0
46 0.8237 194.6 1340.0
47 0.R416 175.8 1319.0
48 0.8613 156.4 1309.0
50 0.9019 111.7 1263.0
51 0.9229 f8.0 1237.0
52 0.9456 62.6 1217.0
53 0.9749 27.1 1109.0
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‘“TABLE XS: CL

HEATS OF FIXING AT 15 OEGe € FOR THE SYSTEM N-RUTANOL + N~0CTA%E
CELYTA H'IN JOULES/MOLE "
N X ALC DELTA H < DEL H/ZXIX2
1 0.0352 2%52.3 1429.0
2 C.0480 324.2 . 5116.0
3 0.1266 . . 405.8" 3670.0
4 0.1787 457.5 3117.0
5 0.2265° " 492,13 2810.0
6 0.2687 513.8 . 261%.0 |
7 0.307‘ il 62704 241"0
8. 0.3430 v 936.1 © 2370.0
q 0.3749 535.7 2286.0 .
10 0.4030 . 533,9 2219,0 ‘
11 0.4286 ', . 929.2 216140 ,
12 0.4531 522.9- 2110.0 .
13 0.4745 816.2 2070.0
14 0.4950 S07.7 2031.0
15 0.5128 - 499,.2 1998.0
16 0.5300 490.2 196840
17 0.5442 . 482.0 1943.0
18 0.5580 473.8 1921.06
19 0.5718 465.2 1900.0 ;
20 0.5844 456.6 - 1880.0Q T
21 0.5969 448.3 1863.0 ,
22 0.6092 439.0 1844.0
23 0.6122 439.4 1351.0
24 0.6206 © 430.2° 1827.0
25 0.6212 433,0 1240.0
26 0.6304 ‘\\ 425.9 1824.0
27 0.6310 N 622.1 1813.0
28 0.6399 . 418.0 1814.,0
29 0.6412 ‘%13.9 . 1799.0
30 , 0.6496 409.7 . 1800.0
31 0.6512 405 .4 1785.0
32 0.6602 400.7 1786.0
33 0.6709 . 391.5 1773.0
34 0.6823 380.6 1756.0
35 . 0.6944 369.9 1743.0 ,
36 0.7061 359.4 1732.0 ‘
37 0.7189 347.0 1717.0
38 0.7323 i 333,7 1702.0
39 0.7454 - 320,.3 . ' 1688.0
40 0.7%93 . 306.1 . 1675.0 i
. &1 0.7735 ‘ 291.2 . 1662.0
62 0.T7887" 274.8 1649.0
43 0.8045 ! 256.5 1631.0
44 0.8212 . 238,6 1625.0
&5 0.8373 219.5 1611.0
&e 0.8547 - 198.5 1594.0 -
6“7 0.8728 176.1 15R6.0
48 0.8921 . 151.6 1575.0
49 0.9123 C T 124.9 156}1.0
S0 0.9335 96.8 1559.0
52 | 0.9782 - 33.0 1546.0
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TABLE A6: -A13-

'HEATS OF MIXING AT 15 LEG.C FUR THE SYSTEM N-fIUTANOL ¢N-DFCANF
DELTA H IN JOULES/MOLE _— /

¢ ¢ | !

N X ALC DELTA H DEL H/XI1X2
1 0.0469 275.8 6171.0
.2 0.0766 3145.6 © 4886.0
¥ 0.1428 448,0 3660,0
4 0.2014 509.4 3IN6T7.0
5 0.2531 551.1 291%.0
6 0.2985 577.3 2757.0
7 0.3399 591.7 2637.0
8 0.3756 $599.9 2558.0
9 0.4092 601.2 248171.0
11 0.4661 $93.8 2386.0
12 0.4890 587.0 2349.0
13 0.5C79 580.9 2324.0
14 0.5279 572.2 2296.0
15 0.5455 563.8 2274.0
16 0.5635 554.2 2253.0
17 0.5821° 542.5 2230.0
18 0.5970 533.1 2216.90
19 0.6107 523.3 2201.0
20 0.6225 S14.4 2189.0
21 0.6341 505.1 - 2177.0
22 0.6450 496.2 2167.0
23 0.6551 487.4 -2157.0
24 0.6653 479.0 2151.0
25 0.6668 «BT.7 2195.0
26 0.6748 4T0.5 21464,0
217 0.6754: 479.9 2189.0
28 0.6835 462.3 2137.0
29 0.6R40 471.6 2182.0
30 0.6933 462,.3 2174,0
31 0.7026 452.2 2164.0 .
32 L 0.7123 441.6 2155.0
33 07227 430.7 2149.0
34 0.7329 418.9 2140.0
35 0.7431 407.2 2133,0
36 0.7542 395.0 2131.0
37 0.7650 3181.7 2123.0 a
38 0.7759 . 368.6 2120.0
Ag 0.7879 352.8 2111.0
‘0 008001 337.3‘ ™ 2‘09.0
41 . 0,8125 321.0 2107.0
42 0.8257 3102.8 "2104.0
43 0.839. 283.4 2102.0
44 0.8531. 262.9 2098.0,
45 0.86%% 240.2 2102.0
46 0.8831 217.5 2107,0 °
47 0.8980 192.4 2100.0
48 0:9140 165.4 2104.0
49 0.9298 137.8 2111.0
50 0.9468 106.5 2114,0
51 0.9645 N T72.3 2112.0
52 C.9816 38.13 2119.0

-
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TABLE A7:

HEATS CF MIXING AT 15 UDEG. C FOR THE SYSTEM N-PENTANOL +N-HEPTANE
DELTA H IN JCULES/NOLE

N X ALC DELTA H DEL H/X1X2
1 0.0315 215.2 7055.0
2 0.0518 261.9 19333,0
3 0.1002 330.4 3665.0
4 - 0.1435 373.0 3035.0
5 0.1835 . 403.5 2693.0
6 0.2204 425.4 2476.0
7 0.2542 441.9 2331.0
8 0.2052 362.2 2221.0
10 0.3384% 463.4 2070.0
11 0.3619 465.8 2017.0
12 0.3R33 463.3 1960.0
13 0.4019 461.0 1918.0
14 0.4211 457.8 1878.0
15 0.4400 652.9 1R318.0
16 0.4568 447.4 1803.0
17 0.4739 440.5 1767.0
18 0.4883 434.0 1737.0
19 0.5C54 $26.2 1705.0
20 0.5172 419.8 - 1681.0
21 0.5284 ' 413.7 1660.0
22 0.5407 : 407o° 163900 ‘
23 0.5525 400.0 1618.0
24 0.5570 399.7 1620.0
25 0.5639 393,22 1999.0
26 0.5668 393.4 1602.0
27 0.5747 . 386.4 ' 1581.0
28 0.5769 ‘ 386.4 1583.0
29 C.5849 379.2 1562.0
30 0.58717 378.5 1562.0
31 0.5986 370.5 . 1542.0
32 0.6102 361.8 1521.0
33 0.6222 " 352.8 B 1501.0
34 0.6341 - 343.4 1480.0
35 0.6472 ) 3133.1 1459.0
36 0.6605 © 321.8 1435.0
37 " 0.6739 310.3 '1412.0
38 0.6882 298.3 . 1390.0
39 0.7027 285.6 13567.0
40 0.7179 272.0 1343.0
41 0.73134 : 257.7 1318.0
42 0.7504 241.8 1291.0
43 0.7679 . 225.8 12617.0
44 0.7867 207.6 1237.0
45 0.8063 189.6 . 1214.0
46 0.8269 169.0 1191.0
47 0.8485 148.3 1154.0 - :
48 0.8704 127.0 1126.0
49 0.8941 102.9 10R7.0Q
50 0.9162 al.l 10%.0
51 0.9424 543 - 1001.0
52

C.9722 , 25.3 915.0 '

/



TABLE A8: -Al5-

HEATS CF MIXING AT 15 DEG.C FI'R THE SYSTEM N-PFNTYANOL ¢+N-NECANE
DELTA H IN JOULES/NOLE

un
-

N X ALC ~ DELTA M DEL H/X1xX2
1 0.0418 2R%.8 7135.0
2 0.0665 338.8 56458,0
3 0.1265% 4217.7 3871.0
" 00180‘! 482.1 1?62.0 “.
S 0.2293 518.3 2913.0
6, 0.2717 545.0 2754 .0
7_ 0.310" 56"00 2630.0 <
8 0.3445 574.9 2546.0 .
9 0.3758 581.5 2479.0
10 0.4047 $84.0 2424.0
1t 0.4307 583.6 2380.0 =
12 0.4546 580.4 2341.0
13 0.4754 515.4 2307,0
14 0.4951 569, 7 2279.0
15 0.5140 561.8 2249.,0
16 0.5306 553.7 2223.0
17 0.5448 “46.3 - 2203.0
18 0.5586 $39.0 2186.0
19 0.5733% $30.1 2167T.0
20 0.5866 521.1 2149.0
21 0.5989 511.9 2131.0
22 0.6100 503.4 2116.0
23 0.6209 - 4945 2101.0
24 0.6291 481.4 2063.0
25 0.6309 486.0 2087.0
26 0.635% 476.8 2053.0
27 0.6407 477.2 20713.0
28 0.6434 470.1 "2049.0
29 0.6489 451.8 1983.0
30 0.6527 460.8 2033.0
32 0.6750 441.6 2013,0
33 0.6859 430.7 - 1999,.0 '
34 ° 0.6964 © 420.1 1987.0
is 0.7077 40R.S 1975.0
16 _0.7198° 395.7 . 1962.0
37 .0.7318 382.9 1951.0
38 0.7440 . 368.7 1936.0
19 0.7572 163.7 1924.0
40 0.7709 337.5 1911,.0
41 0.7845 321.0 1899.0
42 0.7583 302.9 1881.0
43 n.8128 284.7 1471.0
44 0.8284 263.6 1854.0
45 0.8450 24047 1332.0
46 0.8616 218.6 1833.0
47 0.8787 194.0 1820.0
48 0.8979 165.6 1906,.0
49 0.9174 135.1 1783.0 i
50 0.937% 103.1 & 1751.0
51 0.9570 71.8 1745.0
52 0.9783 16.4 1713.0




‘ -Al6- .
TABLE A9: ' /

HEATS CF MIXING AT 15 DEG.C FUR THE SYSTEM N—HEXANCL4N-U1F"? TANC
DELTA H IN JOULES/MOLE

N X ALC DELTN H DEL W/X1X2- )

1 0.0280 210.8 7746.0
2 0.0455 248.5 5723.0
3 0.0885 307.6 3813.0
4 0.1276 343.8 3088.0
5 0.1642 . 169,13 2691.0
6 0.1961 387.8 2460.0
7 0.2260 602.3 2303.0
8 0.2531 412.5 2182.0
9 0.2773 420.2 2097.0
10 ‘0.3008 ‘ 426.3" 2027.0
11 0.3231 430.2.. 1967.0
12 0.3438 412.5 ) 1917.0
13 0.3632 433.2 .. 1873.0 .
14 0.3812 432.6 1R36.0
15 0.3997 431.2 1797.0
16 0.4169 ¢29.3 176640
17 0.4360 426.2 1733.0
18 0.4519 421.3 1701.0
19 0.4659 ' 416.8 1675.0 B
20 0.4789 411.8 1650.0
21 0.4908 » 406.9 1628.0
22 0.5017 402.2 1609.0
23 0.5139 . 396.9 1589.0
24 0.5216 390.3 . 1564.0
25 0.5256 191.7 . 1571.0
26 0.5318 384.7 1545.0
27 0.5366 186.4 1554.0
28 0.5416 379.1 1527.0
29 0.5488 ' 379.1 1531.0
30 0.5527 373.1 - 1,5509.0
31 0.5640 366.2 1489.¢*
32 0.5763 158.0, 1466.0
33. 0.5887 349.9 ‘ 1445.0
‘34 0.6012 ‘341.2 1423.0
35 0.6145 - 331.6 1400.0.
36 0.6284 322.0 1379.0
37 0.6418 311.7 1356.0
38 0.6567 299.8 1330.0
39 0.6731 286.7 1303.0
40 0.6890 274.1 1279.0
41 0.7067 . 258.5 1247.0
42 ‘0.7255 241.6 1713.0
43 - 0.7446 244.0. 1233.0 )
44 0.7647 206.9 1150.0 .
45 0.7063 1RR.2 1120.0
46 0.8C49 171.5 1092.0
47 ' 0.8287 149.5 1053,0 o
% 0.8536 126.6 1013.0
409 008792 ¢ 102.9 ' Q‘)QQ(’
50 0.9070 17.2- 915.0.
51 0.9354 52.7 8712.0

52 . 049636 , 26.8 : 764 .0

Y




’ ’

-AlT- .
TABLE AlO: ) )

HEATS CF MIXING AT 15 CEG.C FGR THE SYSTEM N~HF XANOL #N-OCTANE
OELTA H IN JOULES/MOLE . ~

N- X ALC DELTA H OEL H/ZX1X2 -
1 0.0232 203.8 899100
2 - 0.0503 270.9 . $671.0
3 "0 0.0977 337.6 3830.0
4 0.1409 3717.9 3122.0
5 061795 ,'0601 ?751.0
6 0.2164 427.8 . 2523.0
7 0.2493 T 443,7 2371.0
8 042797 454.9 225840
9 0.3080 462.5 - 2170.9Q <
10 0.3318 466.3 2103.0 i
r 0.3529 468.1 -+ 2050.0
12 0.3746° 470.2 . 2007.0
13 0.3953 470.2 1967.0
14 0.4152 46R.6 1930.0
15 0.4337 465.7 1896.0
16 0.4503 662.4" 18368.0
17 0.4666 457.7 1839.0
18 0.4810 452.8 1814.0
19 " 0.4945 447.7 1791.0
20 0.5067 462.4 1770.0
21 ' 0.5177 437.2 1751.0,
22 0.5287 632.3 1735.0
23 0.5404 426.4% 1717.0
24 0.5497 419.1 1693,0
25 . 0.5516 420.7 1701.0 -
26 0.5593 414.3 1681.0
27 0.5642 413.1 1680,.0
28 0.5694 407.5 1662.0
29 0.5748 406.4 1663.0
30. 0.5798 400.8 1645.0
31 0.5914 3192.4 1624.0
32 0.6028 385.0 1608.0
33 0.6142 376.% - . _1589,.0
34, 0.6261 367.1 1568.0
357 0.6386 187.5 1549.0
38 0.6517 366.6 1527.0
37 0.6648 334.9 1503.0
38 0.6793 322.9 1482.0
19 0.6945 109.8 1460.0 e
40 0.7098 294.8 1431.0 ’
41, 0.7250 280.5 1407.0
42 0.7421 264.1 1380.0
43 0.7593 247.8 1356.0
44 0.7783 229.1 1328.0
. 4S 0.7973 209.1 1294,0
46 0.8187 1R6.7 1258,0
47 0.8387. 166.0 1227.0
48 0.8623 1616 . 1191.0
49 0.8867 ' 115.4 1149.0
50 0.9114 R9.8 112.0
51 0.9397 59.9 1057.0
52 0.9681 29.3 ~LD\949.0




TABLE All: -Al18-

HEATS CF VMIXING AT 15 DEG.C FOR THEC SYS}EH N-CC TAMOL +N-HEXAMF
DELTA H IN JOULFS/POLE

X ALC NFLTA H DEL H/X1X2

N
1 0.0171 160.7 9563.0
2 0.0316 199.0° 6504.0
3 . C.0627 244.2 . 4156.0
4 0.0925 . 211.7 37317.0 o
5 0.1185 ' 289.6 2772.0 - .
6 0.1431 103.6 2476,
7 0.1679 , 315.5 2258.0
8 0.1923 . 32%.2 2094,0
9 0.2144 331.8 1970.,0
10 0.2334 : 336.9 1883.0
11 0.2513 © 341.1 1813.0
12 0.2690 344.9 1754,0 . .
13 0.2861 367.2 1700.0
14 0.3014 369.3 1659.0 /
15 0.3165 . 150.9 1622.0 ~ .
16 j 0.3321 351.8 1586.0
17 0.3474 3152.1 1553.0
18 .0.3619 351.7 1523.0
19 0.3753 351.2 1498.0
20 0.38R0 . 350.2 © . 1475.0 )
21 0.4012 348.6 1451.0
22 0.4128  346.6 1430.0
23 0.4239 . 344.3 1410.0
24 0.4342 362.2 1393.0
25 0.4446 { 339.8 1376.0
26 0.4523 . 337.6 ' 1363.0
27 0.4628 326.2 . 1312.0
28 0.4719 324.7 1303.0 /
29 0.4R20 3I22.3 1291.0
30 "0.4924 | T 3e.7 1275.0
31 0.5033 315.2 1261.0
32 ,  0.5156 310.4 . 1263.0
33 0.5280 305.8 1227.0
34 0.5410 300.0 + “1208.0
3% 0.5547 293.9 . 1190.0
36 0.5682 287.8 1173.0
37 0.5832 280.3 . “11%3.0
38 0.5995 27.1 1129.0
39 0.6166 260.3 -+ 1101.0
40 0.6344 ?51.0 1082.0
41 0.6536 . 239.2 1056.0
42 0.6726 . 221.0 1031.0
43 0.6931 - 213.1 1002.9
'Yy 0.7151 198.2 973.0
45 0.7379 182.2 942.0
46 C.7627 164.9 711.0
47 0.7896 146.7 ar1.0
A8 0.8182 124.5 837.0 ,
49 0.B494 © 102.0 *797.0
S0 0.8831 16.9 145.0
51 0.9194 50.6 686.0
52

00956~ z‘oq ' 598.“
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TABLE. Al2: « =Al9-
3 ) ' ,
HEATS OF PIXING AT 15 DEG.C FCR THE SYSTEM N- ~0CTANOL $N=HEP TANE

.( , .DELTA H IN JOULES/VMOLF . .
: l
N° X ALC ‘ NELTA H NEL H/X1IX2
5 1 0.0208 - 183.3 9247T.0
2 0.0352 224.4° 6608.0
- 3 0.0699 ' 2764 47252.0
_ 4 “ 01017 - 307.2 3363.0
5 0.1316 . K 128.3 " 2873.0 .
| 6 0.1598 - ‘' 344.3 . 2564.0 . .
. 7 0.1P54 © 355.8 2356.0 . /
! 8 0.2076 ~ 363.9 2212.0 .
- 9 0.2278 ..370.8 2108,0
o " ‘10 0.248% 376.6 - 2017.0
11 . 0.2686 381.5 ' 1942,0
T 12 0.2883 ‘ 385.3" 1878.0
) "13 " 0.3C63 ' 388.0 1826.C
14 - o 0.3234 s . 389.9 1782.0
- 15° . 0.3383 . 3190.6 1745.0 ,
: 16 . 0.3532 390.9 7 1718.0
, 17 0.3675 s 391.4 - 1684.0 .
‘ B ¥ B 0.3823 390.8 1655.0 o
.. t9 0.3960 389.9 1630.0
) -~ 2C 0.4094 388.6 1607.0 -
’ 21 0.4223 386.4 1584,0 Y
3 22 . 0.4341 384.5 1565..0
23 0.4450 382.1 1541.0 (
< 24 * 044553 379.9 . $1532.0 ¢
, 25. 0.4583 © 382.6 1541.0 .
- 26 . ~. 0.4665 . 3176.3 . 15i2.0 -
L .27 0.4678 " 380.9 . 1536.0 -
. 28 " 0.4750 ) 373.6 . 1498.0 .
29 0-.4778 v 378, 3 1516.0 ° ' \
3¢ " 0.4880 . - " <373.8 . 1496.0 -
S . T3} .0.5012 370.5. © .- °  _1%82.0 R N
32 . 0.5136 366.2 466.0
13 7 - 'C.5263 360.7 } 1445.0 .
34 s 045392 ‘354.8 1428.0
35 0.5528 3’08-6 " ll"IOQO ro
36 -0.5673 . . 341.0 1389.0
.37 0.58t6 - 333.1. . 1369.0
.o 38 < 0.5978 _ 3236 1346.0
39 0.6150 C . 313.5 1324.0 -
L 40 _0.6326 T 301.7 . 1298.0- .
: 41 - 0.6503 290.6 - '1278.0
. v 42 0.6698 277.1 1253.0
. 43 0.6913 261.6 1226.0°
44 0.7147 > AN 243.3 1163.0,
45 0.7395 224.8 1167.0
46 0.7656 - 189,1. 1048.0
N § 0% 7941 ' 164.3 1005.9
- 48 { 0.8242 140.3 ' J6R 0
{ ) 49 - 0.8541 ° 114.9 925.0
50’ 0.8869 87.9 . "Al6.0
51 0.9244 5T.T7 82%.0

52 © 0.9581 28.9 ° 720.0 y
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FABLE Al3: \ ta , Y

HEATS OF MIXING AT 15 UDEG.C FOR THE SYSTEM N=0C TASOL N UCTANF
DELTA M IN JdULESIPOLE

N X ALC DELTA H . DEL H/X1X2
1 « 0.0201 192.3 . 9762.0
2 0.0378 2641.7 6646.0
3 000741 ’ ’ ' 297.1 to 43131,.0 .
4 0.1096 . 332.3, 3405.0 '
5 0.1418 T 355.1 ¢ '2918.0 g
6 0.1705 371.4 T 262640
7, 0.1966 382.6 2422.0
8 " 0.2205 ’ 391.9 2280.0
9 0.2437 199.6 2168.0 -
10 0.2661 405.8 . 2078.0 .
11 ‘0.2872 410.7 2006.0 .
12 0.3068 4“14.7 1950.0°
13 0.3262 417.2 - . 18913.0
i 0.3437.° 418.4 1855.0
15 0.3607 418.3 o, - 1814.0 v °
16 0.3757 , 418.0° 1782 0 .
17 : 0.390S 417.7 ~1755. o ’
18 0.4048 416.8 3
19 ‘ 0.4197 415.5 1roo o
200 0.4336 413.6 1684.0
21 0.4470 411.3 1664.0
22 : 0.4618 407.1 1638.0
2y . . 0.4723 406.3 "1622.0
24 0.4837 400.8 1605.0 .
25 . 0.4809 396.6 . 1587.0 .
-26 _ 3.4942 c 397.4 159040
21 soolly 393.7 1575.0
28 0.5048. . 393.0 1572.0
29 0.5099 390.6 1563.0
.30 . 0.5203.° 386.6 . 1569.0 .
31 0.5308 " 381.8 , 1533,0
32 0.5420 : 376.6 . - 1517.0
33 0.5536 370.7 . 1500.0
34 T 0.5664 . 364.2. & 1483,.0 .
35 >+ 045793 " .356.8 1464.0 N
36 0.5936 *348.8 Y 1446.0 \\1\\j_
37 0.6081 . 339.8 2 1426.0 )
38 0.62139 329.4 1404.0
39 0.6405 . 317.3 ‘[ 1378.0 .
40 \ 0.6586 304.2 " 1353.0°
41, . 0.6767 289.9 1325.6
42 0.6964 « 27%.8 1295.0 -
43 0.7177 . 256.1 '1264.0
44 0.7391 237.6 1232.0 * =
45 0.7620 ) 217.4 1199.0 °
46 0.7848 196.9 ., . 1166.0
47 r 0.8077 . 175.4 T 1129.0 '
48 0.8352 15001 1090.6 \
49 0.8638 - 123.8 o 1052.0 .
50 S - 048945 : 95.1 ' 1008.0
s1 ) 0.9289 63.1 - .7 9%5.0

52 © 0.9609 ° ) 3320 879.0




-A21-
TABLE Al4:

CELTA b IN JCULES/MOLE

‘" N X ALC " DELTAGH
1 0.0234° . 221.6
2 0.0447 278.95"
3 C.0891 34642
l' 0-1298 ’ 3“50‘0
5 0.1654 -410.3
6 0.1981 429.2
7 0.2261 . 440.9
8 0.2532 WY 492,13
T 9 0.2803 460.,2
! 10 . + 03056 466.9
11 ‘ 0.3282 4r1.0
‘ 12 0.3494 . ’ 474.0. .-
13 0.3701 . . 474.6
14 - 0.3884 475.3
18 0.4062 - 475.2
16 . D.4235 473.9
. 17 0.4400 .. 472.1
18  0.4559 669.6
19 0.4707 %66, 1
20 0.4841 63,0 -
21 0.4968 459.7
22 ; 0.509% 455.3
23 0.5213 450.9
24 0.5322 446.9
25 0.5428 - 542,2
26 0.5430 447.9
2 0.5529 437.1
» 28 - 0.5535 443.6
29 » 0.5642 437.7
R 3¢ 0.5747 L6312
31 0.5853 424.3
32 .+ 0.5963 416.7
) 33 - . 0,6077 409.3
. - 34 ", 0.6194 401.2
R 35 " 0.6316 _ 193.2
. 36 * 0.6464 381.9
<37 0.6615 369.9,
- 38 T D684 357.4
.39 0.6907 344.8
40 "0.7106 126.0
41 . 0.7288 310.5
42 0.7450 293.13
43 0.76138 214.6 .
44 - 0.7881 L 24%.7,
45 . 0.8093 . 225.3
. 46 © 0.8306 200.8
41 0.85%3 - 173.5
48 0.8796 ' 145.4
49 0.9042 114.1
5S¢ - < 0.9367 : 156

s1 0.9615 T 42,2

NEL H/X1IX2

96‘,5. q“

- 6521.0"

4265.0

3412.0
?2172.0
2702.0
2520.0
2392,0
2281.0

‘ ?700.0

2136.0
2085%.0
2036.0
2001.0
1970.0
1941.0
1916.0

- 1893,0

1871.0
19%4.0
1339.0
1822.0
1207.0
1795%.0
1782.0
£305.0
1768.0
1795.0

1780.0°

1764.0
1748.0
1/31.4

" 1717.0
‘1702.0 L

1690.0
1671.0C

o

1652.0 -

1633.0

' 1614.0

1585.0
J1871.0
154464.0
1522.0
1489.0

l['()O.() l

1427.0
1402.0
1371%.0
1317.0

- 1236.0

1140.0

HEATS OF MIXING AT 15 DEG.C FOR THE SYSTEM N=-CC TANDL ¢N-DECANE
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TABLE Al5: -h22- R
u
MEATS OF FIXING AT 55 DEG.C FOR THE SYSTEM N-HUTANAL+N-HEPTANE

,CELTA H IN JOULES/MOLE

-

N X ALC DFLTA H s DEL HIXIXZ
1 0.0305 493,0 16674.0
2 0.0617 702.6 12136.0
3 0.1159 ,885.0 8637.0
4 0.1648 9R80.3 T122.0
5 0.2091 1038.2 6278.0
6 0.2490 1073.6 . 5741.0
7 0.2860 1094.3 5359.0
8 0.3192 1104.8 5084 .0
9 0.3492 1107.2 . 4%72.0
10 0.3770 1103.9 4700.0
11 0.4026 1095.5 4555.0
12 0.4252 1087.1 4448.0
13 ‘ 04465 1074.6 4348.0
14 0.4657 1061.0 . 4264,0
s 0.4847 1046.0 4188.0
16 0.5024 1030.2 4121.0
17 0.5189 1013.8 4061.0
18 0.5345 ' 996.7 4006.0
19 - 0.5491 979.7 3957.0 .
20 . 0.5625 963.0 ' ! 39113.0
21 0.5749 946.5 . 3873.0
22 0.5863 930.7 - 3337.0
23_ 0.5979_ 90‘0.7 '3763.0
24 0.5996 911.3 3796.0
25 0.6076 990.5 3735.0
26 0.6090 897.2 3768.0
27 0.6173 875.0 3704.0
28 0.6180 883.6 3743.0.
29 0.6272 859,1 3674.0
30 0.,6280 867.9 3715.0
31 0.6373 B861.2 3619.0
32 0.6476 826.6 3622.0
33 0.658% 808.0 3593,0
34 0.6697 T87.7 3561.0
35 " 0.6813 767.3 ©3934.0 5~
36 0.6933 T44.2 3500.0
37 7057 720.5 3469.0
38 0.7186 694.2 3433.0
-39 - 7 0.7321 666.6 3399.0
40 0.7462 636.9 ' N 3363.0
41 0.7637 _ 601.1 . 3131.0
42 0.7790 567.4 ~ +3296.0
43 0.7949 532.0 3263.0
44 0.8114 493.4 3224.0
45 0.8288 450.8 =~ 3177.0
46 ~0.8463 408.0 ¢ S 3137.0
41 0.8657 363.8 3129.0
48 0.8856 312.8 3NRT7.0
49 0.9065 257.5 3038.0
50 0.9284 199.4 3000.0
S1 0.9514 136.6 295%.0
52 0.9752 70.4 2928.0
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TABLE Al6: A23

HEATS OF MIXING AT 55 DEG.C FOR THE SYSTEM N—PUTANOL#N-UCTANE

DELTA H IN JOULES/MOLE : ~
s v . aadd
N I X ALC DELTA H LEL H/XIX2 '
1 0.0338 $39.8 16529.0 °
2 0.0708 178.6 11135.0
3 0.1301 970.4 © 8574.0
4 0.1820 1066.1 ¢ T161.0
5 0.2288 1123.1 636540 . .
[ 0.2705 1157.1 5$864.0
7 0.3074 "’ 1175.7 . 582240
8 0.3417 11A3,.2 5260.0
9 .. 043721 1183.9 . S067.0 ] ..
10 0.4001 117843 4909.0 .
11 0.4254 1170.64 . 4788.0
12 - 0.4488 1158.0 4681.0
13 0.4699 1144.1 ' 4%93.0
14 0.4R96 ' 1128.5 4516.0
15 ‘0.5072 1113.0 4453.0
16 0.5234 = 1097.1 4198.0
17 0.5393 10805 4349.0
18 6.5550 _ - 1061.5 4298.0
19 0.5691 1043.9 4257.0
20 0.5822 = 1026.5 4220.0
21 0.5945 1008.9 4185.0
22 0.6087 ., ' 987.0 4144.0
23 - 0.6178 973.5 4123.0
24 T T 0.6230 949.1 ' ¢ 4041.0
25 0.6280 . 957.1 % 4097.9 ,
26 0.632¢% 933.8 4017.0
27 0.6381 940.3 © 4072.0
28" 0.6420 917.0 . 3990.0
29 0.6473 924.6 . 40%0.0
30 0.6519 900% 2 3967.0
31 0.6565 908.6 5029.0
32 . 0.6620 882.0 * 3942.0
33 . 0.6724 £262.2 391440
34 0.6836 . B860.7 3887.0
35 . 0.6948 ~ R18.5 3860.0 '
36 047067 . 794.7 ’ 334,07 ) -
37 0.7187 : 769.3 '3R05.0 | o
38 0.7308 743.3 3778.0 LT
39 f 0.7435 .7T15.2 3750.0 -
40 0.7567 685.6 . 1 3724.0 . -
a1 - 0.7705 653.0 3693 «0 S
42 . 0.7839 621.2 3667.0
43 0.7984 5857 - 3639.0
44 0.8133 5472 3604 .0 ﬂ ~
45 “0.8291 - 5068 L 3571.0 .
46 0.8452 464.2 3548.0
47 0.8620 418.1 -3515.0
48 0.8796 Ce o 369:4 3488.0
‘09 ‘0-8978 316.6 * 3453.0
50 <0e9169 260.4 ° v 3417.0
51 0.9368 200.0 . 3183.0 .
52 0.9568 138.6 33153.0 a ’
573 ' 0.9786 69.2 3304.0 .




TABLE Al7:

- A2k

HEATS OF MIXING AT 5% NEGL.C FOR THE SYSTFM N=PUTANOL #N=-NONANE

CELTA H IN JOULES/MOLE

N . X ALC
0.0361
2 0.0719
3 01367
4 0.1900
S 0.2391
6 0.2829 £
7 0.3219
8 0.3575
9 0.3900
10 0.4189
11 0.4456
12 0.4697
13 0.4908
14 0.5108
15 0.52R86
16 0.5453
17 0.5590
18 - " 0.5731
19 .0.5871
20 0.6005
21 0.6130
22 0.6248
23 //( 0.6353
24 0.6448
25 0.6477
26 0.6542 °
21 0.6566
28 0,6633
29 0.6658
10 0.6723
31 0.6753
32 0.6849
33 0.6%949
34 0.7C51
319 0:71%9
36 0.7268
17 0n.7381
38 0.7497
319° 0.7616
40 0.7729
41 0.7864
42 0.7995
43 0.8131
44 .0.8272
4S5 0.8420
46  0.8572
47 0.8730°
48 0.8395%
49 0.9062
S0 0.9236
51 - 0.9415
%2 . 0.9603
53 0.9798

DELTA H
. 578.9
821.5
1031.4
1137.2
1197.%
1231 .8
1249.4
1256.0
1254.0
1246.0
1234.5
1219,5%
‘1?0301
1185,2
1167.7
1149.0
1132.0
All4.2

. 1095.0

107%.7
1056.2
l()36.’ﬁ
1018.5
1002.5
997.?
985. 4,
9R0.8
I68.4
963.0
951.3
Va4, 6
925.6__
90%.5
882,5
859,95
35,2
809.0
718l.6
7152.2
7213
68“.5’
653.2
6153
575.8
532.9
4RT.R
HiIA N
3186.6
131.0
2T7%.9

212.8

ll'boo
5.5

{

DFL H/X1X2
166317.0

12311.0

BR4Y 1)

1389,0

65R82.0

5724.0

5464,0

5271.0 -
5120.0 .
4991.0

4896.0

4R14 .0

4743,.0

46R6.0

4634.0 .
4%92,0 2
4554 ,0

4511.0

4484 .0

4452,0

’0‘07100

43196.0

4377.0

43700

4356.0 ‘
4350.0

4336.0

4328.0

4%318,0

430H.0

47289.0

4271.0

4244,0

4226,0

4206.0
4105,0

4165.0 -

41431,0
4122.0
’009900
407%.0
4069,0
4028.0
Hh0C6.0
3985.0
31958.0
IN33.0
191H.0
3I881.0 .
"3N64.0
I830.0
IH15.0

i




TABLE AlS8:

L} ‘ -
HEATS CF PIXING AT 9% CEG.C FUR THE SYSTEM N-"UTANDL+N=DUDFCANE
‘DELTA H IN JOULES/MOLE

VO NONIPWN~-2Z

0.9841

X ALC

0.0447

0.0896
0.1668

0.2322°

0.2878
0.3361
0.3786
0.4160
0.4494
0.4796

0.5C64 .

0.5307
0.5521
0.5720
0.5905
0.6CT73
0.6229
0.6375
0.6510
0.6629
0.6739
0.6847
0.6948
0.6975
0.7040
0.7058
0.7125
0.7142
0.7202
0.7228
0.7316
0.7406
0.7595
0.7694
0.7793
0.789%
0.3002
0.8111

© 0.8221

0.81138
0.8459

0.8582:

0.8708

0.8837 .

0.8966
0.9100
0.9242
0.9387
0.9534
0.9683

¢

~A25-

-

DELTA H

T17.5

1247.7
1358.5
1413.3
16435.7
1443.8
1438.7
1426.5
1407.9
1386.0
1362.3
1333.2
13r3.4
1286.7
1261.1
1235.1
1209.3
1183.5
1160.7
1138.6
1115.7
1093.3
1086.8
1072.6
1067.9

10%2.5

10473
1034.0
£ 1026.8
1004 .4

-

-

980.9
930.3

202.7.

£T72.5
843.9
Pll.6
176.7
142.1
7103.3
661.5
618.4
57T1.8
522.7
472.3
417.9
ise.3
29%.5
228.9
158,13

f80.%

DFL H/X1X2
16802.0
12352.0
3978.0
7620.0
6895.0
6434.0
6137.0
5922.0
5765.0
5641 .0
$545,0
5470.0
5412.0
5365.0)
$321.0
5288.0
5258.0
$233.0
5209,.0
5194.0
5LH1.0
$168.0
515640
5151.0
5147.0
5143.0
%5138.0
$131.0
5131.0
$125.0
S11%.0
5106.0
$093.0
$088.0
5073.0
$078.0
507640
5069.0
5074.0
$075.0
50750
SO0R2.0
"5082.0
5006.0
509%.0
5103.0
51140
5135.0
515].0
'5156.0
5144.0

e b o et st
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TABLB Al9:

*

-A26-

HEATS OF MIXING AT SS DEG.C FUR THE SYSTEM N-PENTANOL+N-~-UCTANY

< CELTA H IN JCULES/MOLF

CBNOVNIWN=Z

X ALC
0.0277
0.0567
0.1087
0.1560 .
0.1994
0.2377
0.2729
0.3054
0.3350
0.3623
0.3874
0.4105
0.4315
0.4510 °
0.4688
0.4863
0.5024
0.5170
0.5304
0.5427
0.55%52
0.5673
0.5732
0.5810
0.5826
0.5910
0.5927
0.6012
0.6032

0.6106 . %

0.6139
0.6198
0.6248
0.6286
0.6364
0.6483
0.6605
0.6734&
0.6867
0.7005
0.7150
0.7299
0.745%
0.7617
0.7784
0.7960
0.8146 .
0.8344
0.R8549
0.8766
0.8988
0.9228
0.9473
0.9137

OFLYA H
4647
684.0
e77.1
974 .4

10632.2

10674

1089.6

1101.0

110%.9

1106.2
1102.1-

1095.2

10686.7

1075.8

1064.6

1052.0

1034.5
10251

101t1.2
Q9§¢2
9844
970.1
951.9
951.4
939.4
938.4
925.8
924.0
910.7

. 910.6
894.8
896.9
878.9
883.4
#60.6
8’00.‘)
R20.3
197.0 -
173.0
T46.9
718.1
tRB.6
655.7
621.0
“R3.4
$41.9 *
499.3
450.6 :
398.9
243.2
283.7
219.1
150.7

,‘6.'.

2053.0

. 7“01-0

6666.0

DEL H/XlX?
17254.0
12804 .("

SR91.0 .

5491.0

5190.0 |

4964 .0
4T08.0
4644,0
4526.0
L4430.0)
434540
4275.0
4154.0
4105.0
4060.0
4022.0
3286.0
3952.0
3991,0
3908.0
3863.0
3882.0
3a435.0
3854.0
3805.0
3IR30.0
37175%.0
3806.0
3749.0
3784.0
3719.0
3688.0
3624.0
3593.0
3560.0
3%24.0
3493.0
1654 ()

3421.0¢

33182.0

3337.0 ¢

3306.0

2970.0

A

\_



.. -A27-
YABLE A20: \ l

HEATS OF MIXING AT %% DEG.C FUR THEt SYSTEM N-PENTANOL ¢N-MONANE
DELTA H IN JOULFS/ZMOLE

Q . .
N X ALGC NDELTA H DFL W/ X1X21
1 0.0%02 506 .2 17293.0
2. 0.0611 738.1 12067.0
“ 001167 "*4.' “l"qo(’
4 0.1658 1064.9 7595 .0
5 0.2104 1104.6 66449.0
6 0.2510 1147 6021V, 0
L4 0.287% 1162.1 96 14.0
8 0.3207 1174.0 91409,0
9 0.3509 t1r7.6 S1LT0.0
10 0.3778 1220.0 $190.0
11 0.4029 1209.1 5026.0
12 0.4259 1228.4 5024.0
13 0.447) 1211.9 4902.0
14 0.4666 1194.6 4300.0
15 0.4R45 1176.9 4712.0
16 0.5014 t158.% 46364.0
17 0.5171% 1140.1 4566.0
18 0.5322 1122.6 %509.0 -
19 0.5462 1105.0 4454,0
20 0.5601 1086.1 4408.0
21 0.5730 1067.5 4161.0
22 0.5855 1048, 7 4321.0
23 0.5964 1031.9 4?2R81.0
24 0.6069 1015.1 425%.0
25 0.6109 993.6 4180.0
26 0.6168 998.6 422%.0
27 0.6205 9TR.2 4154.0
28 0.6250 985.1 4203.0
29 0.6303 262.6 4131.0
30 0.6337 970.0 4179.0
31 0.6401 J965.9 4106.0
32 0.6503 9227.8 4080.0
33 0.6612 908.6 40%6.0
34 0.6719 H89.3 4034.0
35 - 0.6830 266.7 4003.0
36 0.6949 844.0 31981.0
37 0.7068 £19.6 39%5.0
18 0.7187 794 .1 3928,.0
39 0.7317 766.0 3902.0
40 0.7451 136.2 1076.0
41 0.7589 . 103.9 3R47.0
42 0.7732 668.38 3914,0 -
43 0.7882 632.2 3787.0
44 0.8037 “92.3 17154.0
45 0.8194 “51.7 1725.0
46 0.8363° S0%.7 36%4.0
47 0.8539 51,2 3665. (0
‘08 0.87?? "0*.‘ 36?5.0
49 0.8911 48,2 3584.0
50 0.9109 2871.17 31545.0
S1 0.9316 222.% 14R9.0
52 0.7532 153.5 3441 .0
53 < 19.0 3374,0

0.9760



TABLE A2l: -A28- A

b4

HEATS OF MIXING AT 55 DEG.C FOR THE S’YSY"N N-PENTANOL *N-DONECAME
DELTA H IN JUNULES/MOLE
L4

N X. ALC . DFLTA N OFL H/X1IX?
1 0.0399 641.9 16756.0
2 0.0762 908.2 12902.0
3 0.1440 1149.2 9123.0
4 0.2C32 1260.8 1787.0
5 0.2560 1321.6 6939.0
6 0.3014 1353.5 6428,0 .
7 0.3419 1367.% . 6077.0
8 0.3772 1171.0 5836.0 s
9 0.4101 1365.4 5644.0
10 0.4398 1355.13 5501.0
11 0.4657 1343.9 5401.0
12 0.4R93 1327.9 $314,0
13 . 0.5100 1311.0 $246.0
14 ? 0.5276 1295.8 5199.0
15 0.5454% 1277.4 5152.0
16 0.5614 1260.5 5119.0
17 0.5774 1240.9 5085 .0
18 0.5924 1220.4 S054.0
19 0.6071 1199.1 5027.0
20 0.6197 1148.7 4874 .0
21 0.6316 1131.8 48640
22 0.6434 1143.1 4982.0
23 0.6544 1123.8 4969.0
24 0.6641 . 1090.6 . 4£89.,0
25 0.6648 1104.4 4956.0
26 0.6730 1072.6 : 48174.0
27 0.6743 1086.2 4946 .0
28 ' 0.6817 1055.6 4865.0 - .
29 0.6833 1068.4 4937.0
30 0.6907 1035.9 | 4R49,0
31 0.6918 1050.9 4929,0
32 0.6983 "1037.0 4922.0
33 0.7000 1016.4 " 4840.0
34 C.7096 994 .9 4828.0
35 0.7193 972.0 4814.0
36 0.7298 9%47.1 4803.0
37 0.7404 921.1 4£793.0
38 0.7510 9% .4 4783.0
40 0.7732 . #31%.5 ‘ 4753.0 : .
41 0.7852 g 200.5 £746.0 J '
42 0.7972 765.7 4716,0 .
43 0.8098 128.4 , 4T729.0 -
(¥ 0.8227 6RT7.8 . '4T15.0
45 ‘. 0.8358 . 646.4, 4710.0
46 0.R49% . 601.0 4701.0
47 0.8641 550.6 46%9,0
48 0.R791 497.8 U GRRG .0
49 0.8944 / 441.6 4616.0 .
50 0.9102 180.4 ’ 4654.0 '
51 0.9270 114.9 46531.0
52 0.9445 2643.% 4£642.0
513 0.96217 ‘ 166.6 £640.0 .-
54 c.9811 . 8%.1 45R7.0 .




TAQLE.AZZ:

HEATS CF MIXING AT 55 DEG.C FLR THE SYSTEM N=HF XANOL #N-0C TANF

L}

~A29-

OELTA H IN JOULES/MOLE

N

p— e
= OOV NdONDWN -~

N pt st ot ot put et et s
QUOUAOWVMDWN

NNNNN
VI B WiIN -

H WD RN AWWNHNWNNNYNNN
COONOWVMPWN=O Oy

N DDPDDDELD
QOO NS WN

NS N
- N

X ALC
0.0243
0.0491
0.0954
0.1379

‘0.1773

0.2122
0.2435
0.2732
0.3010
0.3268
0.3499
0.3719
0.3933

0.4127 °

0.4310
0.4478
0.4634
0.4781
0.4931
0.5061
0.5181
0.5287
0.5401
0.5474
0.5514
0.5570
0.5617
0.5670
0.5718
0.5775
0.5809
0.5883

05997

0.6114

'0.6237

0.6366
0.6501
0.6640
0.6783

C.6932 .

0.7086
0.7249
0.7416
0.7592
0.7786
0.7986
0.8196
0.8411
0.R618
0.8887
0.9143
0.941%
0.9696

DELTA W
410,7
620.8
ROT.1
f99.7
955.7
IBH. 6

1008.9

1022.0

1028.6

1030.5

1029.5

1025.9

1019.8

1012.4

1003.5

1 994,13
984 .2

. 974.4
962. l
950.9
939.8
930.2
919.3
899.8
906.8
8R9.8
R9%5,.2
B78.4
83,2
865.9
872.1
£52.3
236.8
820.9

‘ 803.4

. 784,2
763.4

. 162.3
718.3
692.17
664.9
635,2
601.1
568.6
$27.8
485.6
439,.9
392.1
339.5
280.5
217.6
150.3

77.9

VEL H/Xtx2
17321.0
13296.0
93152.0
1568.0
6552.0
5914.0
5477.0
S147.0
4RR39,0
4684.0
4526.0
©3192.0
4274.0
41717.0
4092.0
4021.0
3958.0
31905.0
3849.0
3804,0
3764.0
3733.0
3701.0
3632.0°
3666.0
3606.0
3636.0
3578.0
3607.0
3549.0
3%82.0
31519.0
3486.0
¢ 3455.0
3423,0 °
3190.0 °
3356.0
3327.0
3292.0
3257.0
3220.0
31R5.0
31647.0
3110.0
3062.0 °
3013.0
29715,0
2934,0
2486.0
2836.0
2711.0
2721.0
26644.0




TADLE :A231 -A30- Lo

HEATS OF MIXING AT 55 DFG.C FOR [HE SYSTEM N-OCTANOL #N-HEDPTANF
DELTA H IN JOULES/MOLF

N X ALC DELTA H DEL H/X1X2 .
1 0.0170 249.7 . 17334.0 ey
2 0.03136 417.0 17841.0
3 0.0657F 635.3 10350, 0
4 ~ 0.0971 120.7 87221.0
5 0.1276 774.6 695H.0
6 0.1562 HOR.2 . 6132.0
7 0.1825 829.1 56570
8 0.2079 942.1 51150
9 0.2302 851.7 4806.0
10 0.2514 © A5%.4 454%.0
11 . 0.2701 . RS58.6 4155.0
12 0.2897 // 858.9 4174.0
13 . 0.3078 i 859, 2 4028.0
14 : 0.3263 855.8 3893.0
15 0.3433 A51.5 3777.0
16 0.3591 B84T.2 3681.0
17 0.3735 R42.2 3599.0
18 0.3875 83644 3524 .0
19 0.4001 © o 830.7 ©3461.0
20 - 0.4120 ° 325.1 - 3406.0
21 0.4237 . 819.5 3356.0
22 0.4354, P13.2 33108.0
23 0.4472 RO6.4 3262.0
24 0.4580° R00.1 3223.0
25 © 0.4613 791.7 3I186.0
26 0.4695 , 792.5 . 3182.0
27 - 0.4712> 784.1 3147.0
29 0.4819 782.7 ~ 313500 a
30 ‘0:4918 776.0 310%.0
< 3} 0.4922 768.1 3073.0
32 | 0.5016 768.2 3073.0
33 0.5036 s 7575 3030.0
34 05103 - 760.7 3044.0
15 0.5153 747.0 2991.0
36 .0.5178 7564.3° 3021.0
37 ' 0.52%6 747.8 2999.0
38 0.5275 735.8 2952.0
39 0.5402 ' 723.3 2912.,0
40 0.5535 "709.8 "2872.0
41 0.5675 . 695.3 . 2833.0 N
42 0.5821 - 678.7 2190.0
43 0.5975 ‘ 661.4 2750.0
44 0.6137 - . 642.0 2708.0
4% 0.6308 619.5% ) 2660.0
46 0.6488 © 5§96 .H 2619.0
47 0.6680 5717 2578.0
IQR - 006385 5’0?-8 ~?‘\§l-0
49 07111 509.7 2401 .0
%0 0.7348 474,1 2433.0
S1 . 0.7598 . 634 .4 2380.0
52 - 0.7068 3I89.8 - 2324 40 s
53 0.8146 343,6 2275.0
54 0.8462 .\ 2R7.2 2207.0
55 0.8797 . 226.8 2143.0
56 0.9165 157.5 2058.0 ,

PYVEL) , 0.9573 8le1 1985.0 L




[N \,-‘.
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TABLE A24:

HEATS OF MIXING AT 55 DEG.C FOR THt
CELTA ¥ IN JOULES/MOLE

QO NOND WN=Z

v

X ALC
0.0189
0.0348
0.0693
0.1€20
0.132¢4
0.1607
0.1887
0:2149
0.2384%
0.2580
0.2750
0.2920
0.3104
0.3279
0.3456
0.3613
0.3766
0.3918
0.4C59
0.4192
0.4323
0.4453
0.4568
04679
0.4785
0.4838
0.4878
0.4935
0.4984
0.5034%
0.5084
0.5141
0.5183
0.5253
0.5293
0.5367
0.5489
0.5614
0.5747
0.5984
0.6031
0.6183
0.6346
0.6517
0.6696
0.6886
c.7088
0.7311
0.7780
0.8035
0.8306
0.8596
0.8909
0.9249
0.9608

~A31 -

NELTA H
130.5
494,9
676.8
T71.1
827.4
R63.3

. BBB.S

" 903.8
914.9
918.9
922.1
924.1
223.4
921.9
918.4
MN4.7
910.4
204.6
898.3
891.6
884.5
876.4
B68.2

. 860.2
852.4
£4%.6

T R46.2
838.6
838.2

. A30.0
130.5
p21.1
Rzz.‘
R10.4
611.7
798.9
786.9

TT173.9
759.2
743.0
125.5
705.9
684 .3
660.5
634,77
60b6. 6
9%T71%.2
539.5
451.2
%509.9
35,5
300.8
2171.2
‘65.8.
‘8.1

1

DEL H/X1X2

.17R23.0
14134.0
106493 .0
8418.0
T203.0
6401.0
5904 .0
5357.0
5039.0
4800.0
4628.0
4470.0
4314.0
4183.0
4061.0
3964.0
3878.0
3796.0
3725.0
31662.0
3604.0
3548.0
3499.0
345540
3416.0
3386.0
3387.0
33155.0
33153.0
33120.0
3323.0
3287.0
'3294.0
3250.0
© 3258.0
3213.0
31789.0
3143,.0
- 3106.0
3068.0
3031.0
2991.0
2951.0
2910,.0
2R6Y9,0
2823.0
27187.0
2144,.0
- 264 (1.0
2596.0
7"9200
2440.0
P3R7.0
2312.0

o L SR

SYSTEM N-NCTANOL+N-OCTANC




TABLE A2S: -A32-

HEATS OF MIXING AY 55 0FG.C FQOR THE SYSTEWM N-PCTA‘JOLO —MO"MNE

‘ UELTA M IN JOULES/MOLE
N X ALC DELTA N JEL. H/X1X2
| 0.0223° 134.5 15340.0
2 0.0431 542.6 13157.0
3 0.0844 744.8 ) . 9638.0
4 0.1223 R39.S 7821.0
- 0.1580 895.9 6734.0
6 0.1904 ‘ 910.6 6017.0
7 0.2213 953.3 5932.0 e
8 ' 0.2496 967.8 f 5167.0 '
9 0.274) 974.6 4896.0
10 0.2959 976.7 ‘' 4688.0
P B | 0.3175 977.9 4513.0°
12 0.3384 T 977.9 4368.0 .
13 0.3582 976.8 4£249,0
14 0.3770 972.1 - 41139.0 .
15 0.3949 © 96643 4044.0 -
16 0.4113 960.3 " 3946.0 ’
17 0.4268 953.1 3896 .0
18 0.4296 965.2 39390
19 0.4434. 957.3 3879,0
20 0.4573 920.2 3708.0
21 0.4705 93197 3I772.0
- 22 0.4828 930.6 3727.0 R
23 _ 0.4947 921.1 "3685+0
24 0.5058 : 912.4 3650.0
25 0.5115 ' 900.3 3603.0
26 . 0.5165 904.0 3620.0 .
27 0.95213 890.4 3568.0 &
28 0.5276 894.5 _ 35R9.0
30 . 0.5376 885.7 3563.0
- 31 0.5420 870.1 - 3505.0
32 0.5476 R76.0 1536.0
33 0.5%29 #58.3 L 3412.0
35 0.5517 £6S.1 1507.0 - h
35 0.5646 844.9 . 3437.0 )
36 0.56%8 856.4 3486.0 . ‘
37 0.5763 831.2 3404.0 -
18 0.5886 . 816.3 , 3371.0 ‘
v 39 0.6021 , T98.7 31334.0 ’ £
40 0.6154 780.1 - 31296 .0
41 0.6292 761.5 226440
42 0.6444 739.9 3229.0
43 0.6606 A 715.7 3192.0°
44 0.6170 ’ 690.1 3156.0 a
* 45 0.6942 6062.3 3120.0
46 0.7129 630.4 10480.0
471 0.7321 596.6 30642 .0
48 0.7521 5593, . 3000.0
' 49 0.7731 s19.1 . 29%9.0 .
SO 0.7954 474.1 . - 2913.0
S1 0.8198 ' 423%.8 ° . ?2R49.0°
52 0.0‘5? 369.4 ?“23.0
53 0.87217 - 300.7 -, 2770.0
. S& 0.9C17 2640.0 ' 2708.0 )
55 \} 009330 166.2 v 7658.0 A y -
56 0.96%) ar.2 2606440 ‘
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TABLE A26:

N X ALC
1 0.0771
2. 0.0547
3 0.1037
4 0.1481
5 . 0.1885
6 . 0.22%8
T ’ 0.2%97
'8 - v, 0.2912
9. " . ' 0.3190
10 o 043449
1 0.3698 '
12 0.3928
13 0.4142
14 T 04361
15 0.4523.
16 0.4699
v » 0.4865
L8 - - 05013
19 0.5149
20 0.5279
21 ‘05402
22 '0.5523
23 ® 0.5645
24 0.5760
25 0.5761.
26 0.5851"
2 _"0.586
28 " 0.594!
29 Y 045967
30 7 L 0.6047
31 ¢.6058
32 | 0.6145
33, 0.6156 -
16 . 0.6265 -
.35 0.6379
36 0.6498
37 0,6620
38 0.6748
, 39 \ 0.68%9
40 . 0.7014
41 °  0.7150.
42 . 0.7298
43 - 7 0.7449
44 0.7615
45 0.7793 '
46 * "0.7913
&Y . ..0.8157
CX: " 0.8353
49 .- 0.858%2
'S0 °, 0.8772
S v 0.8994
52 . . 049227«
53 q.9470
54 q.9724

-A33-

HEATS OF MIXING AT 5% DEG.C ‘FOR THF SYSTEW N-DGCTANDL+N-DIDECANE
BELTA H” 1N JOULES/MOLE . :

-

-

DELTA H
4131
732.9
252,71
1057.7
1trz.o
1149.8-
1167.0
1176.5
1177,4
1175.06
1169,0
1160.3
1150.8
1140.1
1129.1
1116.2
1101.7
1087.2
1073.8
1060.9
1048.7
-103%.8
1021.5
1001.1
1007.1
989.5
991.9
976.7
979.4
962.8
9661
954.4
947.17
934.8
912.6
R34,.1
373.1
“5“.?
a21.9
QOZ’-[
775.2
T45.8
T13.9
677,13

611.6 °

S94.6
%48.6
499,00

' 465, 7.

3Int,3

119.9 °

249, 1
174.8
91,1 "

)

.

3

n

©

4

-

.

o

VAR

ODEL " H/ZXIX2
L7930
14174.0 .o
1025050
R143.0
1302.0°
6577.0
6070.0 ,
5700.0 p
5420.0
5203.0
5016.0
¢ 486%,0
4743.0
kb"l .()
4558.0
"108.]1 00 "
’0(010;0 \\‘
4349.0 .
4299.0
, 4257.0°
4222.0
4189.0
4155.0
4099.0
L4124.0 E
_5076.0 .
4098.0 .
4052.0
4070.0
4028.0.

N 4044.0 -

4029.0
4005.0

3978.0 “ o

3951.0 v - L
3929.0
3902.0
3IRELLO
3955.0
3830.0 .
3304.0 o

®

3782.0¢ L
1- .

1757.0
3779.0
3707.0
3679.0
3649
3627.0
3I%99.0. - ,
5'055“.0 v PN
35360y ..
£ 3493 .0

3482.0 .

3393.0 .,

N

t

-




TABLE A27:

t

HEATS OF ¥IXING OF SYS.TE
DELTA, H A

TEMP=2% DEG C.
N X ALC
1 0.0205%
? 0.0459
3~ 0.08R0
4 " 0.1277
s 0.1¢37
6 0.1962
7 "0.2269 .
8 0.255F"
9 0.281%
10 0.3058
11 0.329]
12 0.3506
13 0.3707
14 0.399¢6"
15 0.4072
16 0.4243
17 0.4404
18 0.4554
19 0.4700
20 0.4835
21 0.4962
22 0.5107
23 0.522¢4
24 .0.5318
25 g 0.532%
26 ] 0.5410
27 0.5642)
’8 © 0.5504
29 - 0.5527
30 0.5595
31 0.5632
32 0.5746 -
™ 0.5858°
14 0.5980
35 "0.6108
36 06238
<37 0.6371
38 0.6509.
39 e 0.6652
40 “M).6808
41 . 20.6964
42 0.713]
43 0.7308
44 - 0.7493
45 /%.7&88
46 o T0.T7897
41 . 0.8107
48 0.8335
.49 © 0%8576
.50 * . 0.8825
51 . 0.91064
52 < 0.917%
53

-y
.

wpd'/
Q%QQBG

TANOL -~ N-HEXANF

wﬂw

DFLTA H
229.8
3l
AR, 4,
&31.8 .
462.5
R4 .8
501.8

&

v 5l?.8

521.46
52%.9
929.0
529.1
527.9%
524.5

©

C 5197
" %15.4

509.5
$03.2

C 496,5

489.4

af?2.1
4T3.5 |
465.6

458,8

(0580 3

“52.2

451.6

445.7

Hh63,.3 .
439.0

435,64

'026.3 ,
417.0 W
“06.7
396.1
ELLYAN
3172 .0
359.1
345.8
3111..0
315.2
298.7~
’ 280. 4
262.0
2418 .
219.17 v
1983

173.5 .
148.6

)\lﬁilg o

-‘6‘;.4"

D P P “: ’

L 1074.7 ®

. ?
LDEL H/ZX1IX2

11442.7

T114,.2
4GA02. K%

1075.1

31074.3 B

2960,

2699.0
?577.8
2411.5
23195.8 -
2323.6
2261.1
2205.6
2153.1
2110.0
2067.2 - - -
20280.“ N '
1993.0
1959.A
1928.5
1894,.9
18661 .
1842.6
1841.1
1821.1 -
1R19.6
1801.0 .
1792.9
1781.1
1770.5
1741.8
171845
-1691.8
1666, 1
1636.4
1609.1 .
1580.5
1553.0
1522.%
C1490.9
tasooo
1426. 6'°
1364,
1360.1
1322.9
1291.7 ’
1250,5 °
1.217.0
1182.1 .
211404 .
L1152 B,

b




") TABLE A28: ' -A35- . '
HEATS OF MIXING OF SYSTEM .N~PENTANOL - 2,2~DIMETHYLRAUTANE

v

TEMP=225 DEG C. .DELTA H IN JOULES{MULE t
C e .
N X -ALC DELTA H DEL H/X1IX2 , -
2 0.Q458 104.9 6982.7
3 0.0887 ’ 176.5 - 46593 5
4 ’ 0.1280 ° 418.8 . 3752.8 : "
S 0.1644 448.0 31260.8
6 0.1975 .- 669.2 2960.2,
14 0.2277 ‘ 4R3.9 27152.0 - A
8 0.2559 494.4 . 2596.3 e
Yo * ' 063065 505.5 . 2378.3
1 0.3298 : "507.5 . 2296.,2 ..
1 “0.3516 $07.0 2223.7 ..
13 0.3726 504.9 2159.7
14 < 0.3919. . . S01.0 © 210240
15 0.4110 49%.8 2048.2 .'
16 0.4281 490.3 . 2002.8 R
17 - 0.4442 © 4834 ' 1957.9 <
18 0.4597 476.8 ©-1919,7 ‘
19 0.4738 469.3 1882.5 I
20 0.4876 462.3. 1850,2." . -
2L 0.5C00 4564,3 o 1817.0
22 . 0.5123 447.1 " . 1789.5
. 2y 0.5233 © o 4139,1 1760.4
24 8.5318 436.8 , 1754.3
25 . 0.5367 430.7T 1732.2
26 0.5472 '423.0 117070 (
27 ; '0.5‘!18 429.‘7 ’ 1730.7 o
28 = 0.5518 422.% -~ . ' 1708.1 ~
29 . 7 0.5574 415.6 . ' 1684.6
30 . 0.5622 ' 413.9 1681.6
31 ‘0.5732  ° T 405.6 1658.1 .
32 7 - . 0.5844 397.0 0 1634.6 .
313 . 0.5961 - 387.1 1607.9 .
3'12 s " 0'6085 . , 376.3 - 15790‘. ‘
35 - 0.6217 T 365.0 15517
36 . 0.61353 . 352.6 1522.0 A
37 - 0.649L : 340.4 . . 149443 RTINS
38 * 0.6637 126.8 1464.2
39 , 0.6794 . 311.8 T o1431.3
40 - 0.6954 . 296.9 1401\
24l ‘ '0.7119 .o 281.0 1370.0 .
42 0.7294- 264.3 1339.2
43 ‘ 0.7477 265.2 1305.2
44 v Y 0.T6T2 ©° 22F.0 127143
45 .. 0.7878 207.q ~ 1238.1 "
46 0.8092 < 186.3 . 1206.5 .
47 + 0.8320 7 16349 L1LT12.7 -
48" .- - _ 0.8558 o Ae0.2 -t 1195.8
49 . 0.8814 114.6 < 109652
.50 0.90R1 T . fa.8 10663
51 .0.9365 - - 6Q.9 © 1024.6 °

“h52 ... 0.967Z ¢ T P 990.2

n



t

J

* TABLE A29. -A36- ‘

HEATS OF MIXING 0OF SYSTFM N-PENTAN()L - 291~ DIMFI’HYLBUYANF
TEMP=2% DEG .C, DCLTA H IN JOULES/MOLF

N X ALC DELTA H DEL H/X1X2

1 0.0217 ?233.6 10992.9
2 . 0,0452 . 30%.5 7080.3 ’

3 0.0877 377.5 ., 4718.5 ‘

4 0.1270 ' 4204 3791.6

5 ' 041627 449,9 3103.4

~ 6 0.1959 - 411.5 . 2994,0

7 0.2268 . “ROLG . 2773.8

8. . 042553 697.6 . 2616.7 -

9 0.2818 ‘ 505.0 . 2495.2 .
19 0.3C70 - 509.0 2392.3 -
11 0.3341 508.8" 2287.1
12 0.3551 . 509.3 - 2224.1
13 : 0.3157 "506.7 2160.1
14 0.3942 502.5 2104.7
15 0.4114 . 497.9 2056.2 ‘ .
16 0.4279 492.4 2011.3 -

T 17 '0.4435 486.1 1969.8 °
18 0.4581 479.8 T 1932.7
19 0.4723 472.2 1894.7 .
20 .0.4855 665.2 1862.4
21 0.4984 L4577 1 . 1830.7
22 0.5110 449.9 1800.4 .
23 0.5231 ¢ 6441,.9 1771.2
24 0.5327 434.8 ) 1746.8 '
25 0.5342 . 432.7 1738.9
26 o 0.5423 428.0 1724.3
27 - 0.5439 425.7 1716.0
24 0.5515 421.4 1703.8
29 0.5540 - 417.9. 1691.2
‘30 0.5647 409.7 . 1666.9
31 0.5759 " - 400.8 - " 1640.9
32 ~ 0.5870 391.6 : 1615.3
33 " .0.5988 1Bl.% ¢ 1588.2
34 0.6108 371.3“22‘ 1561.9
35 0.6238 359,9 g 1533.5 .
36 . 0.637Y - 348.0 " 1505.0 :
/37 ’ 0.6511 S 338,7 1477.8 .
38 , .0.6656 321.9 - ) 1446.1° .
39, 0.6807 ° 3107.3 - 1413.8-
40 : 036958 - . 29%.6. , 13186.2
41 0.7122, ° C 7746 1354.2 - ,
42 . "0s7296 760.8 1322.3
43 0.7478 - . 263,2 1289.4
44, o 0.7681" ©222.7 1250.3
4s 0.7880- 203.1 . " 12i5.9
46 . 0.8089, " 143.0 L LAlLT,
47 0.8313 . 160.7 T1146.1
48 0.8552." ° 137.4 . 1109.5% N
49 0.8807 112.6 ‘1072.0 '
5C 0.9077 86.6 - . 1033.1 ,
51 %, - '0.9373 + 58.5 995.2

52 © 0.9569 30.1 939.4




~ \

TADLE A30: ~A37- i’
. MEATS OF MIXING OF SYSTEM N-PENTANNL - aqMC[HYLPENTANE
: TEMP=25 DLG C. OFLTA H IN JNULkRIMOLP ‘
N X ALC NELTA H DFL H/X1x2 !
t 0.01M4 213.¢6 11216,
' 2. 0.0446 29%,2 6922.2 : -
! 3 00862 108.1 L 46713.6 .
4 0.1248 §13.) 31783.9 , .
5 0.1612 C4b4,0 7 283,03
6 0.1941 “66.5 2982.4
, T . 02247 4p3 .1 \ 2172.4
8 0.2%32 4.8 26tb.4 '
9 0.279% 80244 - . 240%.1 4
10 0.3040 . 50R.0 ° 2400.8 '
11 0.3273 510.4 2318.3
12 0.3487 “10.6 22481 ‘
13 . 0.36H4 509, AL o
14 0.1878 _ %0h. T ©2134.3
15 0.4C63 - 502.3 2082.1 ,
16 0.4237 ‘ 491.4 - 2037.1 .
17 0.4397 491.8 f’ 1799641 .
18 0.4552 485 .7 0 1958.% . . -,
} 19 0.4701 “T8.6 1921.5 ° =
20 | 0.4841 471.3 1887.0 o
21 0.4975 463.5 L 1853.9 c ..
22. - 0.5096 456.1 18257, . ° L
24 0.5314 642 .2 1776.0" )
?5 . 0.5324 wat.4 LI97.1 o
26 0.5421 435.0 w L1523 0 )
27 - 04542 440.6 e 1TT4.8 -
i 28 N 0.5516 428.0 T 1730.6 .
. ?9 0.5524 © 47%3,0, 1751.0 - T\\f_*’
.) .10 0.5630 “24.7 - c. V726052
' 31 0.5739 416.0 T 1701.2-
,-\\ 32 - 0.5855 © 40646 .1675.5 .
. 13 0.5974 396.2 1647.4
34 0.6098 186.3 [ v, 1B23.5
<35 0.6230 374.6 ' 1595, 1 :
26 0.6363 162.2 1564:9 = . .
17 0.6504 149.5 ~ 151649
, 38 0.6650 335.9 > 1507.7
19 10+6R803 1.2 o 1476.T g
‘ 40 046961 . 306.0 1446.3 .
© T 4] _ 0,7129 ‘ 289.4 1413.9 ¢ :
> 42 “ . 0.7701 - 2712.3 - 1381.8
- 43 :0.7486 - 2%3.6 1347.6 . -
44 . . - 0.7675° L2347 13153 3
45 . 0.7873 2146.7 1282.%
46 0.80R7 193.4 1249.R .
«1- "%  o.8115 169,6. 1 1210.13 o
48 0.8563 145.6 ° 11P3.6 o
49 '0.8819 119.5 1143.1 .
= 50 , 0.9078 , 92.8 1108.9 . -
‘ 51 ‘< | '0.9366 . 643 7, 1081:8 ", - b
52 , ., 0.9668 33406 .. 16040.2 <0
2 ’ >N
- i
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TABLE A3ll:

"-A38-

_— HEATS OF MIXING OF SYSTEM N-PENTANOL - 3-METHYLPENTANE

. TEMPa2% DEG C.

L

N o ot gt ot fut pus st putt gt et .
O OVDDNONMPDPWN=OIODNEIPNDL WN

)

&
[AS Y]
N e

NN
bW

<26

Al
W W N NN
WAN=O 0D

1
W w W
BV~ NP

S w
-0 0

i
PSS N N
BNV DMNWUN

W
p—

W
(=)

o

0 .J
- N

) X ALC
0.0206
0.0446
0.0860
0.1257

.0.1618
0.1F944
0.2251. .

0.+538°
0.2808
0.3061 -
0.3293

0.3513 °
0.3709 .

0.3934°
0.4105
0.4274
_ 0.4473)
0.4576.
0.4711.
0.4842
0.4965,
0.5090

0.5160°

0.5204
0.,5259
0.5315,
0.5161
0.5422
0.5468
0.5515
0.5576
0.5688
0.5808
0.593%°
#6064
*0.6198
0.6340
" 0.6490°
. 0,6646
0.6812

s 046982

0.7163
0.7353
0.7549
0.7760

0.7984
0.8222

0.8467
‘0.8728.
0..9C22

k)

.

a

°

~ v s >

~

¢

©

I8!

-

¥

NELTA H
226.6 .
303.7
375.9

.“21u2
WS2.1
474.3
489.9

S 50143

%09.9
Sla,l
516.6
51549
514.5
509.4
505.8
500.5
494 .3
487.9
480“.8
471.8
%66.7 -
'QSQQ3 ’
L 457.9"
(‘51 .6 ;
“5132
444..4
443.7
436.6 .
4314.8
429,% .
42641
417.6
407.2
396.4
°384.9
372.5
359.9-
345.1
331.0
115.?2
"281.1 |
262.5
242.4

» 221.3

199.1
175.1
150.4
124.4
95.13
641

-~

3?.9 .t_

DFLYA H IN JOULES/MOLE
//DFL H/X1X2

11230.4
7132.5
4784.5

C3833.6
33133,
3023(2
2908.4
26647.3

2525.1

2420,.4
2338.9
2263.9
2205.2
. 2134.5
©2090.4
2045.2
¢ 200302
© 196%5.6

1]

1929.8

1897.2

T 1867.0

1837.8
1833.4

1809.3 .

1809.6
1784.5
1783.9
1758.9
1754.6
1736.4
1727.5
.1702.8
1672.6
;642.7
1612.%
1581.0
1550.9
1514.8
1484.8
1451.1
C1419.1
1383.3
.134507
1310.7
121713.1
1236.9
1197.9
11%8.6

1120.7.

1079.8
1040.2
q18.13



N
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TABLE A32: ~A33-

AN
HEATS OF MIXING OF SYSTEM [SNPENTANOL - N-HEXANE
TEMP=2S DEG Co DFLTA H IN JOULES/MULF

N X ALC . DELTA H DEL H/X1X2
1 0.0212 : ?38.7 11481.3
2 0.06449 316.9 7390.6
3 0.0869 195.3 4981.3
4 0.1257 445, 4050.9
5 0.1617 481.0. 3548.8
6 0.1943 506.6 3236.9
7 0.2263 526.6 31026.1
8 0.2529 542.2 . 2869.9
9 0.2793 563.7 2750.9
10 0.3040 561.5 2653.7
11 0.3269 ) 56h.9 2576.4
12 ‘L 043484 569.4 ° +2508.1
13 0.3687 570.3 26450.2
14 0.3878 69.7 P 2399,.5
1 0.4057 ©%67.6 2353.2
1 0.4225 563.8 "2310.6
17 4. 0.4384 ) 559.8 . 2273.6
18 04536 554.9 2238,8
19 0.4685 548.4 2202.13
20 - 04819 X ‘5642.8 2173.9
0.4948 S L., 536.3 2145.5
22 0.5068 & s529.2 2117.3
23 0.5183 522.6 ™ ~ 2093.4
24 0.5291 515.4, © 2068.8
25 0.5360 . 506.8 2037.7
26 . 05396 . 508.8 . 2048.0
27 - 0.5456 500.0 - . 2016.8
28 0.5499 501.3 2025.%-
29 0.5556 « 492-8 199509‘
30 0.5661 4R4.6 1972.8,
31 Q5771 475.7 1949.0
32 ‘0.5887 " 46640 .'1924.4
33 0.6007 45%5.4 1898.6
34 0.6130 664,5 | . 1873:6
35 0.6258 . 432.7 _1847.6
36 0.6390 419.6 ~ 1819.0
7 0.6529 406.1 1792.0
38 0.6677 391.0 1762.64
39 0.683) .3768.4 1734.4
40 0.6993 . 358,13 \ 1703.6
41 0.7157 340,2 1671.7
42 ‘0.7330 320.9 ° .1619.8
43 0.7512 299.7 1603.7 .
44 -~ ¢ 0.7702 27R.4 1512+
45 ~_  0.7903 . 254.9, .,//ffigfgit
45 = 0.8116 - T 229.4 T 169943
4T 0.8361y | 202.6 A YT
48 .0.85R3 173.2
49 .-0.8829 143.8
50 0.9107 109.6
51 - 0.2384 75.3 - . 1302.0
52 0.9684 - 3844 125542

- L3



. ’ ! - -AlQ-

YTABLE Al3: ) o .
HEATS CF NIXING CF SYSTEM [1SOPENTANOL
TEMP=22% DEG Ce. .I)EL'A H IN JOULES/MOLE

N X ALC DFLTA H
1 0.0216 232.%
R 4 -0.0462 ) 109,48

3 0.0RAT > tLRPR S

4 0.1291 428.6 ’

5 0.1658 460,0

6 0.1991 - 4n?2.8

1A 042298 00,2

8 0.2590 . . S11.8

9 0.2862 $20.6
10 0.1105 526.2
11 0.33113 29,8
12 0.3541 %$30.9
13’ 0.3739 S10+4
14 0,3925 - $27T.8 .

‘18 ~ 0.4099 524 .8
16 0.4264 %20.8
17 N 0.4426 515.8 .
18 0.4576 509.8
19 0.4713 N 504 .1
20 0.4R44% 497.8
2t L 0.49T71 . 4911
22 0.509% 486,0
.23 0.5213 1 4T17.2 - i
‘24 0.5321 . 469.,6
25 - . 05441 457.0
26 0.5448 < 461.0
27 05540 449,%
28 0.5552 © 453,77
29 0.5643 . 441.1
10 0.5750 .- 433.8
3] 0.5866 L 423.7
32 0.5981 414.3
13 -0.6103 403.4
34 0.6234 : 391.6
3% 0.6363 3712 -

3% - 0.6%29, 366.3
217 0.66177 ‘ " 350.7
! 0.6823 335.5
3 + 0.6986 1L8.8

- 0e7149 302.7%

1 0.7328 ) 281.4 ,
42 0.7509 261.9
43 0.7699 . 244.0
&4 0.7909 " 222.6
45 0.9123 .. 198.5
46 0.8341. 175.4
47 . 0.8517 149.8 .
48 ) 0.8435 b 122.5

. 49 0.9096 94.9

"' 50 .0.918% 63.9
) c.?hoo 3.6

H

.
<
R .
3 . ¢
: , L )
- J“
. -
. 2
" ’ - -

- 29?2-DIMETHYLBUTANE

OFL HZX1X2
"109H0,. 7
1028.?
47’00-9
1812.4
1325.4
10284
282%,9
2666.7
2548.7%
2457.8
2184.2
2121.0
2265.6
?2[3.‘0
2169.6
2129.4
2090.8
2053.9
2023.1
1993.0
1‘764.’0
1936.6
1912.2
1886.3
1842.5
1858.9
1818.3
1837.3
1194,1
1775.3
1747.3
V71723.6
1695.8
_ 1668.0
1629.9
1607.0
1580.7
1547.5
1514.1
1483.4
" 1447.5
l’oll.?

.
M

5

1377.33
lllob.% .

1302,.0
1767.7
2.7
: 1190.6
154,46
1107.1
1052.3

vl

4

©
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I'ABLE A34:
"

A -

HEATS CF MIXING, OF SYSTCM ISOPENTANOL =~ 2, 3-UIMETHYLAUTANE
TEMP=25 DEG Co DFLIA H IN JOULES/MOLE

N X ALC
1 0.0200
2 0.0449
3 0.0060
4 | 0.[?62
5 0.1614
6 0.1947
12 0.2251
8 0.25131
‘9 0.27R6
10 0.3032
11 0.3264
12 0.3476
13 0.3675
14 0.3867
15 0.4C4H
16 0.4248
17 0.4410
18 0.4546
19 0.46R7
20 0.4818
21 0.4950
22 . 0.5C65
23 0.5177
24 0.5286
25 4 0.5317
26 0.5386
21 . 1045415
28 0.5482
30 0.5628
31 0.5736
12 0.5850
33 0.5968
34 0.6092
15 0.6222
36 0.6387
37 ' 06500 °
38 0.6648
39 ! 0.6793
40 _0.6957
41 0.7124
42 . G, 7Y02 -
43 0.T7486
44 " 0.7680
«s . " QTRAT
<4 6 . 0.8108 .
47 0.8332;
48 0.8575
495 . 0.8R30
S0 . > 0.9097
51 0.9377
52 - 0.9678

¥

#

K

f

v

[

[

w3

DELTA W

Y

2173
29T.5
371.5
41947
“51 .8
41%.5
hW94h .1
S07.7"
S17.1
524.5
%29.0
930.1
531l.1
$?29.7
$27.3
5?21.6
512.1
06,7
%00.3
49,6
LR P |

480.4 .

473.5 -
672.7
466.4
,'6‘;.8
459.4
458.2
450,0
441.6
l\‘l.q
421.9
410.8
‘qq-Q -
3R6.1
3172.1
I58,2
343.6
¥26.8
109.8
290.8
2T1.8
250.2
221.3
203,72
A79.3
152.5°

At 126,77

gys8 .y
65.5
1.4

OFL H/X1X2
1oAl.6
6941 .6
4124,5
04,6
V38,1
3033.0 .
28134, 1
2685,
25717.8
?'082.7
2406,.3
2337.4
2284,.9
2213.7
'2188.7
2134.7
21C0.1 '
2065.3
2034.8
2003.9
1974.7 |
1948.9 | .
1924.0
1900.3 |~
1a98,.3 |
1R76.9 | .
1976.0 " |
1856.4 |
1RS2.9 |
1R0S .4 \
1779.0 :
1753.1%
1725.7
169T7.5
1667.2
1636.5
1607.3
1577.0
1543.8
1512.4 \
147642
1443,0
.1’001005 . -
1364.2 Lo
1328.% 7 ,
©1290.7 . . "
126788 . . :
12704.3
1159,3
‘1121.0 .
1039.2




TABLE A35: © -Ab2-

°

HEATS CF MIXING OF SYSTEM [SOPENTANOL - ?;HETNYLPENH\NE
TEMP=25 DEG C. DELTA H IN JOULES/MOLF

+
’

N X ALC DELTA H ° DEL H/X1IX2
1 0.0217 - 241.9 , 11387.8
2 0.0462 319.4 1243.7-
3 0.0886 395,.7 ' 4901.5
4 0.1281 . 442.2 3954.7
5 0.1649 T 475.4 3652.7
6 0.1984% 498.7 3136.0
7 0.2291 ’ S17.1 292a.1
8 0.2578 531.1 2175.9
9 0.2839 540.2 2657.4
10 0.3091 “ 547.0 2561.5
11 0.3317 . 550.0 26480.9 ’
12 _ 0.3533 551.6 '26414.0
13 0.3730 - ~ 551.8 2359,2
14 0.3918 549.8 2307.4
15 0.4098 547.1, 2262.1.
16 0.4265 543.1 2220.6
17 0.4423 . 538.0 2181.2
18 0.4576 532.7° 2146.1 >
19 . 0.4718 - 526.0 2110.R &y
200, 0.4R47 S519.6 2080.4
21 0.4977 513.1 2052.4°
22 . 0.5102 506.1 2025.3
23 0.5220 498.5 1998.0
24 0.5331 491.1 1973.2
25 0.5361 ¢ 486.9 1957.7
26 0.5439 484.0 1951.1
27 0.5459 479.8 : 1935,5
28 0.5543 476.4 1928.3
29 " 05560 . 4T1.9 1911.5
30 0:5666 463.5 1887.4
31 0.5779 454 .8 1864.5 -
32 v 0.5894 444 .4 1836.4
33 0.6012 . 435.1 . 1814.6
34 .0.6136 424.3 - 1789.6
35 0.6267 412.3 176202
36 0.6401 399.1 1732.6 -
37 0.6540 385.3 1702.9 ‘
38 0.6688 370.9 1674.3
39 0.6847 355.3 . 1646.0
40 & 0.7010 3318.2 | 1613.6
41 07177 ‘ 120.3 1580.7,
42 0.7355 301.3 1549.1
43 0.7540 281.1 v1515.3
b4 0.7731 259.7 © 1480.2
45 0.7931 237.2 1445.6
46 0.8143 213.4 . 1410.8 _ .¢
47 0.8266 .. 1817.7 Co1372.9
48 .0.8608 ‘ . 1%9.9% A L X § P
49 0.8855 "131.5 o 1297.6
50 - 0.9109 101.7 , 1253.3%.
sl 0.9390 69.6 . 1214.8 .
52 ' 0.9688

36.0 © 1190.8 e

1
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TABLE A36:

HEATS CF MIXING CF SYSTEM ISCPENTANOL - 3-METHYLPENTANE
TEMP=25 DFG C. DFLTA H IN JOULES/MOLF

0.9677

NELTA H

Y
-

1116.7
‘ -

3

N “ X ALC NDEL H/X1X2
| 0.0206 225.6 11196.9
2 0.0633, 344,13 5R03.5
© 3 0.ic36 4041 4349,7
4 0.1406 - ‘444,13 316776
5 0.1747 4712.9 3279.%
6 0.2C60 495.3 IN28.6
7 0.2344 512.3 2854,.1
. 8 0.2615 524.6 2716.4
9 0.2865 . 534.0 2612.4 :
10, 0.3102 540.2 2524, 6,
11 0.13321 544 ,0 2452.6 o~
12 0.3569 5464,0 2370.3
13 - 0.3761 545.5 ' 2324.8
14 0.3942 44,0 2278.2
15 0.4119 541.3 2234.7
16 0.4279 537.4 2195.2°
17 0.4432 532.9 2159.6
18 ND.4578 527.3 2124.3
19 —0.4717 521.5% 2092.8
20 0.4850 514.9 2061.6
21 0.4972 508.2 2032.8
22 0.5089 © 502.2 2009.6
23 0.5205 '495,0 1983.4
24 0.5268 48T.4 1955.4
25 0.5314 487.6 1958.13
26 0.5369 480.8 1933.8
27 0.5420 480.5 1935.5
28 0.5472 - - 473.5 1910.9
29 0.5522 473.8 1916.2
30 0.5576 464.2 1881.7
31 . 0.5684 456,72 1859.4
32 . 065797 466.9 1834.2
33 0.5915 437.0 1808.8
34 0.6039 426.2 1781.6
35 0.6172 414 .4 1753.%
36 0.6306 402.0 1725.8,
37 ° 0.6449 188, L 1694.7
38- 0.6600 373.4 1664.0
39 0.6758 3157.5 1631.9
40 0.6922 41,1 1601.0
41 0.7091 123.4 1567.6
42 _0.7268. I 06,7 1534.5
43 0.7453 283.9 1495.6
44 0.765%2 ) 262.7 L462.0"
45 0.7856 239.8 1423.8
46 0.8077 215.9 1390.4
47 - 0.8306 190.0 1350,0
48 0.8547 162.9 - 1312.1
49 0.8808 134.1 1276.7
50 0.9079 103.4 1237.1
51 0.91367 70.3 1184.5
52 315.6




TABLE A37: -Ah-

HEATS CF MIXING OF SYSTEM ISOPENTANOL - N-HEPTANE |
TEMP=25 DEG Cs NELTA H IN JOULES/MDLE

~

N X ALC DFLTA W DFL H/X1X2

1 0.0217 242 .4 11894.2

2 - 0.0508 153.4 7323.6

3 0.0973 H4),2 5025.5

4 0.1195 " 495, 4 4127.0

5 0.1783 V4,2 1646.17

6 0.21137 563.1 3351.7

7 0.2463 54,3 3147.7

8 0.2758 600.3 . 3005.2

9 0.3€30 611,.8 2896,7
10 0.3286 619.4, 2807.8
1t 0.3516 624.0 2736.9
12 0.3744 626.1 2673.3
13 0.3950 626,7 2622.5
14 0.4145 624.8 2574.5
15 0.4379 621.8 2532.8
16 . 0.4501 617.8 2495.9
17 0.4666 612.3 2460.1 .
18 0.4R21 _ 606.3 2428.5
19 0.4966 599,5 2398.13
20 0.5104 592.1 2369.5
21 0.5229 585,2 2345.7
22 0.5351 5T7.2 . 2320.4
23 04,5469 . 57041 2300.5
24 0.5572 565.3 2291.3
25 0.5578 5614 2276.2
26 0.5661 558,0 2271.7
27 0.5682 553,0 2254.0
28 0.5762 .550.1 2252.7
29 0.5779 545,6 2236.7
30 0.5866 541.2 2231.7
31 0.5970 532.2 2212.0
32 0.6083 521.9 2190.1
33 0.6198. S11.0 2168.4
14 0.6320 , -, 499,2 2146.3
35 0.6447 486.5 2123.9
36 0.6578 472.4 2098.8 ¢
37 0.6715 457,2 1207246
38 0.6858 442 .4 2053.0
39 0.7006 424,8 202%9.1
40 0,7158 406.3 1997.% °
41 0,7323 18645 1.6 v\
42 0.7494 164.7 1.9
43 0.7673 341.6 1913.3
44 . 0.7861 316.5 1882.6
45 0.8053 290.0 1850.1
46 .0.8258 261.7 1819.3"
47 0.8471 230.9: 1783.1
49 0,8697 - 198.3 1749.8
49 0, 8935 . 16%t 1717.9
50 0.9187 - 124.5 1667.7
51 0,9442 86.T 1644.9, .
52 43.0 1565.8 -

i

»

1



TABLE A38:¢

-Al4S5-

)
A
GW

HEATS OF NMIXING CF SYSTEM ISNPENTANOL - N-OCTANE

TEMP=25 DEG C. DELTA H IN JOULES/MIOLE

OO NI A N=Z

X ALC
0.0247
0.0548
0.1056
0.1513
0.1924
0,2294
0.2647
0.2957
0.3248
0.3524
0.3776
0.4011
0.4228
0.4425
0.46113
0.4784
0.4947
0.5099
0.5269
0.5403
0.5528
0.5645.
0.5756
0.5804
0.5866
0.5902
0.5968
0.6002

‘06084

© ' 0.6106

0.6214
0.6324
0.6439
0.6559
0.6682
0.6810
0.6944

5 °0.7083

0.7227
0.17375
0.7529
0.7691
0.7858
0.8032
0.8214 -
0.8404
0.8601
0.8810
0.9029°
0.9255
049495
0.9743

DELTA H
279.3
IR3.1
484,1
545,2
S5R8.6
621.2
644 .6
661.7,
671.8
6R1.7
686.3
687.7
\(\Rb.l
‘683.4
679..7
67".1
-66T.9
. 660.9
652.2
6354
627.0
618.2
608.6
609.4
600.9
600.6
591.9
*590.2
YR2.4
572.3
561.0
54848
535.9
522.0
506.9
) 490.9
473.6
435.3
‘Itj_lfol
3'(’1.6
366.8

- «6
] Fo. 7
. o 2.5

250.2
215.2
177.6
137.8"
94,5 .
48.7

s

DEL H/X1X2
11584.2
7393.1
5127.4
4246.4
3788.4
31514.2
31312.5
3177.2
3072.5
2987,3 .
2920.1%
2862.9,
2811.4
2770.5
27135.2
2701.5
26172.0
2644.6
2616.5
2590.4
2570.3
2550.6
2530.5
2499.2
2513.0°
2484 .4
249%,.9
2466.8
2477.1
2449.6°
24‘1302 °
2393.4

- 2374,2

2354.1
2333.3
2313.2
2292.4
2271.7
2248.4
2225.8
2205.3
2179.1
2154.6
2131.3
2106.0
2079.7
'2052.7
2024,0

- 1997.9

1969.2
11}2.0"
L

r
-

.
+

-

»

~

)

%
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A3. ALGORITHMS FOR NON-L INEAR PARAMETER ESTIMATION
i‘ Y

Let the mathematical model be represented by

a ) ! N ! ! -" oot
L] A * ’ \b .
no= f(B. x) IR (A3.1) « b7
. | ’ , .
where n os the expertmentally obseryed variable \\ ¢ '

- ‘ﬁg is the vector of unknown K parameters _

x is the vector of indépendent variables

-~ . >

The problem is to find an estimate b for B for

which the sum of squares

. m .
R s B (g - )2 L - (a3.2)
i=1 - . <t ‘ d :
is a minimum yhere'yi is the ith observation of n and . ‘3;‘, ‘.:
ki = f(b, x;) where x' being the corres- _' .
ponding values of the |ndependent varlables X.
’ The ordunary Ieast square‘.wethod may be applned
if the model is expandgd in a Iaylor Seried about a current,
estimate b, ;nly first order terms be’ing, reﬂ%uned this ..
leads to an Jmproved estimate b. =’(b + t) for the linearized
‘modelt, where t is the solption of ] . t )
" ae - g : » . (A3.3) -
N N L . ' ..' ;



/ where

F' being the

being the:transpose matrix of F'.

-ANT-

A = P TR
q = pTF
Fo= (x-£f)

(A3.4)

(A3.5)

(A3.6)

of .
(m x k) matrix with elements (EEL) and F'T
| j b=b

= =0

If the sum of squares at a new point b is smaller

thar the sum of squares at the point go, then repeated

application of this procedure will lead to a solution of the

problem.

If not, then the Taylor Series method may not con-

verge. However, at points away from the minimum, it is al-
. LY

ways possible to reduce the sum of squares by taking a suf-

ficiently small step inithe direction of steepest descent,

d (= -g9).

descent have not been successful since they take a very large

> e
k2

Methods based entirely in the direction of °steepest

-number of iterations.

Y

]

A3.1 Marquardt's Algorithm

Marquardt's algorithm (M5) is based on the idea

that the best direction for finding a reduced sum of squares

lies in a direction 8 lying between d and t.

‘ direction by solving the equation:

(A + A1) &

=

ke

He finds this

(A3.7)

-



. -Al8-

i.e! he'adds A to the diagonal elements of A. (For this to
. be meaningful, tﬁé system must be scaled so that the matrix
“A has ones on the main diagonal. ‘ %
- When A = 0,8 is the Taylé} Series direction’t,
and as A increases,"érgwingg’towards the steepest descent
direction d. fhe idea behind the algorithm is based on the
following observations. The method of steepest descent
often works. well on the initial iterations but tbe‘approach
+ to the minfmum gfows progressively slower. On thé other
hand, the method 6f Gauss (Taylor Series) works well when
the minimum is near but oftsn gives troubles on the initial
itératjons. From equation (A3.7), we see that the two ex-
tremes are represented by A = ® and A = 0.
. This algerithm should share with the gradient or N
‘ ) steepest descent method the ability t6~convérgé from-a region
far from the minimum and like the method 6f Gauss, should
gsnvergg rapidly once the vicinity of the minimum is }eached.

The listing of the Marquardt's program is given in Sectton A3.3.
. | .

o

- A3.2 The Spiral Algorithm ' o . .

8

@ The basic idea behind the Spiral Algorithm (J1-2)

is that a reduced sum of .squares can always be found in’the ’

. . - ~
‘plane defined by thé Taylaor Series point and the line of steep-

. est descent at the base point. In Figure A3.1, 0 is the base




. . ~ FIGURE A3.1

. Geometry of Spiral Algorithm

<3

A ° . . »
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point T is the Tayloé Series point and 0D is the direction
;o . .

i

of steepest descent. -

Since the sum of squares must decrease initially

-along 0D and.sjnce the Taylor Series approximation predicts

a reduced sum of squares at the point T, then it is reason-
able{o assume that the reduced values of the sum of squares
can be found in the area 0TD. -

s

. In*the spiradl algorithm, a base point for the next
ite}a;&on is sought as far as possible from the base point O.
The~f#rst point to be investigated is the Taylor Series point
;. It is reasonable to assume that the sum of squares .
nvalley" is moving away from the line OT. To try intercepting
. the valley, theé spiral 0TS is searched, this curve moves out
from T at an angle B into the area 0TD and moves baﬁk iﬁto 0
tangentially to OD. The most suitable equation for this
spiral (expresséd in polar co-ordinates witp 0 as o}igin) has {

been found. to be 5

r = ro(l - 68 cos B - (1 -Y cos QB(Q/Y)Q) (A3.8)

| | y

where  r is the distance 0s .
To is the distancé ot

The sequence‘of points, S, on the spiral to be investigqted

is cdhputed*fromﬁa sequence éf points, L, ganerated on the

line TO such that L divides TD in the ratio u:(1-M). The

successive values of ¥ are computed'from the recurrenée

2

relation:




Mppp. = 2H/(04W ) 7 (A3.9)

. J
- ' v

!

which has chosen to insure that the points bec@me closer
together as they approach D.

The above eduations are basic for tﬁe Spiral

2

Algorithm. A bhlock diagram of the algorithm is .given in

Figure A3.2.” The Spiral program allows, as standard, four

spirals. to be searched. |f a reduced value of the sum of
{

squares\hés not been found in any of these spirals, then the
L

direction of steepest descent itself is searched. The only

occasions that this could happen are:#.r badly defined prob-

" lems, i.e. problems for which very high correlations exist
¢

between parameters. . This situation 'is usually due to redun-"

dant parameters in the model, or to poor starting values

N { R . .
for paranieters. ’ '//’ - - .

3
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\

A3 3 Listlng of Non -Linear Flttmg Program “GAUSS" '«
d lgorithm) '

6 LEVEL 20 MAIN oo DATE = 71308

REAL Pt«S,H(4);V(25),c(zb>,oev<zsﬁ,
REAL DIF2(4),S1GNS(e) “
COMMON DNERSTRACE
LOGICAL DER
LCGICAL TRACE
connnN/suaz/xFXP(zs);xctzb),vexp;zs),Anl,Anz,vx,va
COMMON/SUB3/T
i TRACFs.FALSE,
1 R[A0(5,109,END-1000) -
109 FORIAT(1Xs 7T9H
1
2 /1X»7T9H
3
DER-.TRI]EO
READ(b:llO)N:HIl(J)K
110 FORMAT(516)
Mes-M (N\
R£A0(5,111)(P(I),1-1,N3 ) .
111 FORMAT(4F10,0)
READ 901:V1:V2:T;AN1,ANZ°
901 FURMAT(5F10.0) @ -
READ 902, (XEXP(I)LYEXP(I)sI=1,oM)
902 FORMAT(2F20,0) ] '
DO 220 Isl,M .
X1=XEXP (1)
X2=1 Q"Xl
XCOI)m(ANL®X]1+AN2%X2)/((AN1+]1,)%X1+AN2#X2)
YEXP(I)sYEXP(1)%®X1%X2
220 CONTINUE
‘EpSl'l 05-07
EPS221,E-07
NFROB=1 . .
MIFIQO s <
- FL 0.01 :
FNUERLO.
D0 10.1=1,N '
DIFZ(1)=0,001 ‘
10  CONTINUE
SIGMS(1)=1,

o

STGNS(2) =], - ‘ | {

SIGNHS(3)=0,:
SIGHS(4)=0,
. PRIMT 25
25 FDRHAT(1H1) ’ )
’ PRINT 109

18712725

caLy GAUSS(NPRDB;M:YEXP:N)P:DIFZ;SIGNS:EPSl)EPSZ:HlT:FLAH:FNU)

GO TO 1
¥000 5ST0P
END



II'A5,"

VO LEVEL 20, Y CAUSS ™ T TDATE = 71308 18717725

17
18
19

30
70

90

100

. 120 Q(J)=QCJI+DELZ(I, NI*R(I) . )

I3

" SUBROUTINE GAUSS(NPROB,NOB,Y,NP,TH)DIFZ,SIGNS,EPSL,EPS2,MIT,

1 FLAM, FNU)
REAL TH(NP),DIFZ(NP),SIGNSINP),Y(NOS) :
REAL F(zf),9<10),PHl(10):0(10),DELZ(25,10);R(25),TB(10):0(11:11):
1 EC(10),AC11511)
LOGICAL DER
LDGICAL TRACE'
CNHMON DER, TRACE
PRINT 1000, HPR(IB,NMB,NP
PRINT 1001
CALL GAYSH60(1sNPyTH, TEMP,TEMP) ’ \ .
PRINT 1002 J
CALL GAUS6H60(1sNP,DIF2-TEMP,TEMP) ’
IF(HP,LT4l JORGNP.GT,50,0R,NUB,LT.NP) GO TO 99
IFCMIT,LT,1 «UR. MIT,GT.999 ,UR. FNU.LT.1le) GI} TO 99
00 19 I=xl,NP
TENP = DIFZ(1)
IF(TENP) 17599,18
TEMPa-~-TEMP ) ‘
IF(TEMP .GEL 1. e «ORe TH(I1).EQ.0,0) GO TB 99
CONTINUE - T
GA=FLAM
NITal . :
IRAI=]
JORDAN=] s

“IF(FPSL LT, 0,0) EPSI=0,0

IF(EPS2 .GT, 0,0) GO TO 30 . .

IF(EPS1.GT,0,0) GO TO 50 . - .

IRANS2 °

GD YO 70

IRAN=3

GO TO 7o

IF(EPS1 ,GT.0.0) GO YO 70

JORDAN=2 : ’

$5Q=0,0 ) .

CALL FOF(NPROBsTHsF»NOB,NP)

D0 90 I=1,NO8 .

R(I) = Y(I)=F(I) i

$SSQ= SSQ+R{1)*R(I) * '
PRINT 1003, SSQ
. . BEGINE ITERATION .
PRINT 1004, NIT

ICOUNT =0

GA=GA/FNU

IF(PER) CALL DERIVE(TH,DELZ,NOR,£122) '
D0 130 y=1,NP

TEMP=TH(J) 5 oo
‘P(I)I=DIFZCI)®TH(Y) . )

CTHOD) = THI ) +P (J) . :

Q(Jr=0.0 ‘
caLL FDr(NPRDBpTH;DFLZ(loJ):NOB:NP)

DD 120 I=1,N0R

DELZ(1,J) = DELZ(I24)-F(I)




SADJD"=

o LLVEL

¢

"'130

122

123
152

160

QJdr=qty)/pcy)

20 GAUSS DAYE = 71308 T 18/12/257

Q=XT*R (STEEPEST DESCENT)
TH{J)=TEMP .
GO TO 152
0023 J=1l,NP
Q‘ "00

DD 123 1s1,MUB -

QU =QUUI+DELZ (T, I #R(T)

0O 150 I31,NP . *

D0 151 .g=1,1 . .
SUM=0,0 ' K

00 160 Kx1,A00 .
SUMsSUM+DELZ (Ko 1) %DELZ (Ko J)

" TEMP=SUM/(PLLY*P ().

151
150
666

) D=XT#X ( MOMENT MATRIX)
D(Jy1)=TEMP .
D(lsJ)=TEMP . ‘

E(I)=SQRT(O(I,1)) ° . .
DO 153 i=1,Np . : .
D0 153 y=1,1

AT =0T 3) ZCECTI*E () b

153.

155
1555

231

170
220

7000

‘2401

AtdoD=A(Td )

CONT INUE,
A=SCALED MOMENT MATRIX

DO 155 1=1,Np T

P(I) = Q(I)/E(])

PHI(I)=P(])

A(I,1) = A(I,1)+GA

CALL GAUSSO0(NP,A,P,DET,1,0E~ 30)0)11:&1555:&‘100) f !

IF(TRACE) PRINT 1005,0ET7

STEP.IOO

SUM1=0,0

SUM2=20,0

SUM3=0.0

DD 231 1=1,HNP .

SUML=SUML+P (1) *PHI(I) ¢

SUM2 = SUM2+pP(1)®P(1) . {

SUM3=z SUM3+PHI(TI)*PHI(I) '

CONY INUE

ANGLE=SUML1/SQRT(SUM2*SUMI) 5

IF(ANGLE+GT4+1,0) ANGLE=1,0 \

ANGLE=57.2958ARCOS(ANGLE) . . , ’

IF(TRACE) PRINT IOQIJANGLE —— -~ : -

D0 220 Is}l,NpP ) .

Tﬁ(l)’P(l)*STEP/E(I)*TH(I) ) Yt o .

IF(TRACE) PRINTY 7000

FORHMAT (' TEST PDINT PARAMETER VALUES')

IF(TRACE) PRINT 2006, (TB(I)sI=1sNP)

DU 2401 ‘T=1l,NP T

IF(SIGNS(l) ,GT, 0.0 ,AND, TH(l)=TB(Il) ,LE. 0.0) GO TO 663

CONTINUE

SU”H‘0.0 * N

CALL FOF(NPROB,TB,F,NOB,NP)

DD 230 1=1,NDB
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‘ . . * ’ +

230

663

665

662

669

225

240

'250
265

270

2706
2710

¢
280

2716

r

7691

RGIY=Y(T)=F(1) ’ ' ’ )
SUMAR ‘= SUMB+R(I)4R (1) . ¢
IF(TRACE) PRINT 1043,SUMB

IF(SUMB ,LE, SSQ*(]1,0+EPS1)) GO TO 662
IF(ANGLE.LT,45.0) GI) TO 665
GA=GA®FMNU

ICOUNT= ICOUNT+1

IF(ICOUNT ,GE, 36) 6O TO 2700
GO TO 666 .
STEP=STEP/2,0

ICUUNT = ICNUNT+1

IF(ICOUNT .GE, 36) GO TQ 2700
60 TO 170 .
PRINT 1007 '
DD 669 lal,Np

TH(1) = TB(])

CALL GAUSK0(1,NP, TH, TEMP, TEMP)
PRINT 1040, GA2SUMB

GO YO (225,2700265),IRAN
HZ=0,0 .

HF=0,0

DD 240 [=1,NP A
HﬁrHF+ABS(P(I)*STEP/E(I))
HZ=HZ+ARS(TH(I))

CONTINUE

IF(HF .GT. HZ*EPS2) GO TO 250
PRINT 1009, EPS2

GO TO 280

GO TO (2655270),JORDAN
IF(ABS((SUMB-S5Q)/SSQ) .GT, EPS1) GO TO 270
PRINT 1010,EPS1

GO 70 280

\§SSQ=SUMB - »

NITsNIT+1\

IF(NIT,LE.MIT)- GO Tn 100

GD 1O 280

PRINT 2710

87127258

FORMAT (' THE SUM NF SQUAKES ANNDT RE RENUCED TO THE SUH OF SOUARES

1S AT THE END OF .THE LAST ITQRATION-ITERATING STaPs' /)

. END ITERATION
SUM1=0,0 . . v
DD 2714 I=1,NOB
RET)=100.%R(1)/Y (1)
SUMIsSUML+R(II*R( 1) ‘ ‘ *
RMS=SQRT(SUM1/NNB)
PRINT 1011:(Y(l):F(l):R(l):l 1,N0OB)
PRINT 1012s RMS
sSdaSumMp
IDF=NOB-=NP - - '
CALL GAUSSO(NPsD,PADETS1.0E-30,-1,11,£87691,E46100)
D 7692 I=1,NP ’

7692 EC1)2SQRT(D(I,1))

1

NO 340 I=1,Np
QO 340 Jal,Np

-
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" A(l,J) = D(J;!)/( (!)gE(J)) ,
D(J,1) = DY, 1X/(D !FZ(!)*TH(l)*DlFZ(J)*TH(J’)
’. D(I,J) = 0D(Jr1)
340 A(I,Jd) = A(JL 1)
IF(IDFL,EQ.0) GO TO 410 ~ o
SDEV=SSQ/IDF . r
PRINT 1014, SOEV,IDF
SOEV = SQRT(SDEV) ,
00 391 I=l,NP °
P(l) = TH(I)+2, O*F(!)*SDEV :
391 Te(l) = TH(1)- 2 O%E(1)*SDEV
PRINT 1039 S
CALL GAUS60(2,NP,TB,P,TEMP) .
DO 415 K=1,NOB ‘ .
N TEMP =0,0 °
00 420 1w=i,hp
DO 420 JyalrNpP “
%20 TEMNP = MP+DELZ(K) 1) xDELZ(K,»J)%D(1,sJ)
TEMP=2,0%SQRTITEMP)I*SDEV
R(K) = F(K)+TEMP”
415 F(K).= F(K)=~TEMP -
PRINT 1008 I
N lE=0
DO 425 1=1,N0B,10 )
lE=lE+lO
IF(NOB .GE,. IE) GO TQ 435 .
\t [E=NOB .
. 43 PRINT 2001, (R(J),J=]1,1E)
62 PRINMNT 2006:(F(§);J'1:IE)
410 PRINT 1033,NPR0OB
RETURN .
99 PRINT 1034 ‘
GO TO 410 ° .
4100 PRINT 4110 - y . -
G0 TO 410
1000 FORHAT(1HO, '"NONLINEAR ESTIMATION, PROBLEH NUMBER';IB;//IS:' ] Lt
| DBSERVATIONS'» 15, 'PARAMETERS') ) . _ K
1001 FORMAY(,/' INITIAL PARAMETER) VALUES!) o
1002 FORUHAT(/' PROAPURTIUNS USFO?YN CALCULAJING DIFFERENCE QUUTI&NTS’)
1003 FORUMAT(* INITIAL SUNM OF -SQUARES = ',E12,4) . -

. 1004 FORMATWN///45X%s VITERATION NO,'s14) - Lo Lo,
1005 FORMAT(' DETERMINANT,EL2.4) -
1006 FORNAT(/' EIGENVALUES Of MOMENT MATRIX=- PRELIH!NABV ANALYSIS')

1007 FORNAT(/' PARAMETER VALUES VIA REGRESSIUNY)
1008 FORMAT(//({/" APPROXIMATE’ "CONFIDENCE LIMITS FOR [ACH{FUNCT!ON VALUE')
")
“ 1009 FORUAT(/! lTERATlUN STOPS-RELATIVE CHANGE IN CACH PAEAHFTER LESS 7
1HAN':E!Z.6)
1010 FORMAT( /! ITERATION STOPS~- RELATIVE CHANGE Y SUM UF SQUARES LESS

10

12,

1THANY EL12.4)

FORNAT(/T10, 'FUNCTION VALUES
170, 'DEVIATIONC(PCT) '/ (T1LsEL
FORNAT(/T50, ¢tRMS DEVIATION(P

(EXPTL) ', T40, 'FUNCTION VALUES(CALD)' 113
S, 7»T41,E15,75,T7T0,F10, 5!’
CT) = 1,F10,2)

1P14 FORNAT(///' VARIANCF OF RESIDUALS";EIZ balﬂilbi'DkGREES OF

L

/.
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T LEVEL//ZO ST T TRRUSS T T TORTE ¥ 7308
IFREEDUMIY | - :
1015 FORNAT(////% CORRCLATION MATRIX!) | '
© . 10L& FORMAT(////v. NORMALIZING ELEMENTS') . 2

.1033  FURMAT(//' END OF PROBLEM NUO.'»13)
1034, FORNAT (1 kbbbt d ke ks PARAMETER  ERRORMMM N ksl sk ook o 1 )

1039 FOKRMAT(/' INODIVIDUAL CONFIDENCE LIMITS FOR EACH PARAM&TER(UN LINEAR
1R HYPHTHESIS) ')
1040  FBRIAT(/' LAMDAY,ELD,3,40X), ' SUM UF qQUARES AFTER REbkESSlnNa';EIS 7)
J; 17, 2 .,
1061 FDRIMAT(' ANGUE IN SCALED cuuao.-',r9 2, 'DEGREES!)
1043  FORHAT(' TEST POINT SUM OF SQUARESa!;EIZ 4)
2001 FORUAT(/10E1244) . ) :
‘2006 FORMAT(10EL12,4) ’
4110 FDRAAT(SX, ! THE MOMFENT MATRIX XT#X IS 'SINGULAR==--CUNTINUE Tn
1 ANOTHER DATA SETY) , ‘
END ‘ : . ,

18/12/72%°

S IN EFFECT* 10,LBC01C,SOURCE,NOLIST,NODECK,LOAD, NOMAP

S IN EFFECT® NAME = GAUSS ', LINECNT = 56
.TICS™ SOURCE STATENENTS = ° 215,PRUGRAM SIZE = 10006
TICS® NO DIAGNUSTICS GENERATED

-

[ ;




., Do

VG LEVEL

@

1
13

14

17
18

30 - GAUS50 ¥ DATE w 71308

SUBRAOUT INE GAUSSO(N.A;X:DETER;EPS:INOIC;NRC:*:*)

REAL IROW(10),JCOL(10)»JDRD(10),Y(10),A(NRC,NRC),X(N)
MAX=N N

IFCINDIC.LT,0) GO TN 6 ¢

MAXaN+1 4

00 4 I=1sN :
ACI,MAX)L=X(1]) v

[F{H,LE.50) GO TO 5

. PRln? 200

0

OLTER=0,0 ‘ ‘ v
RETURN 2 - 5 e

DETFR=1, :

DD 18 K=1,N’

KMiaK~1

pPIvVUT=0,0 -

00 11 T=1,N Lo , ‘

DO 11 J=1,N SRR 0
IF(K.,EQ.1) GO TD 9 ,

DO 8 ISCAN=],KM1. »
DO B JSCAN=1,KM]

IF(1.EQ.JROW(ISCAN)) GO TO 11
IF(J.EQ.JCOLTJSCAN) Y GO TO 1]

CONTINUE

IF(ABS(A(I»J))eLE.ABS(PIVOT)) GO TO 11}
PIVOT=A(1,J) .

IRQW(K) =1

JCOL(KI =y -

CONTINUE

IF(ABS(PIVOT),GT,EPS) GO TO ;3
DETER=0,0 _ .

_RETURN 2 L

IRUWK=TRUW(K)

JCULK=JCOL(K)

DETER=DETER*PIVOT

00 14 J=1,MAX

ACIROWK, J)=A(IROWK, J) 7P LIVOT
A(IRDNK;JCDLK)‘I./PIVDT ‘ ‘

D0 18 Is1,N S | g

e

AlJCK= A(l’JCULK)

: IF(1,EQ.IROWK) GO Tn 18

A(loJCDLK)-—AfJCKIP!VOT “
D0 17 J=1sMAX

IFC(J,NE.JCOLK) A(le) A(l:J)-AIJCK*A(IROWKoJ)
CONTINUE

DO 20 I=1,N
IRODWI=TROW(]) . )
JCOLI=JCOL() )
JORD(IROWI ) =JCULIT £

IFCINDIC.GELQ) X(JCOLI)=A(IRQWI,MAX)

INTCH=0

NMleN=1®

PD 22 I=1,NM]

IPlal+]) ' .. »

DD 22 Jz1PlsN . ¢

18/12725
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G LEVEL zo ‘ GAUSSD - DATE & 71308 1877,
IF LOORD(J) . GE JORDEI) 60 To 22 .
JTENP-JORU(J) e
JORDCJ)=JORD(1) - . .
JORD(I)=JTEMP °

fHTCH= INTCH+) . . N
22 CONTINUE
[FUINTCH/2%2 NE,INTCH) DFTER:-DETER
24 IFCINDIC,LE.Q) GO TOD 26
RETURN 1}
26 DO 28 J=1.N
DO 27 I=lsN
IROYI=JROW(T)
JCULI=JdeaLt) . ' ,
27 Y{JCOLI)=ACIRONW1,J) . ' .
00 28 I=1,N .-
28 Atl,Jd)=yll) ) ) ‘ ,
00 30 I=1,N ¢
PO 29 J=1.N ;
IRUWY=TIROM(J) ) -4
. JCOLJ=JCOLEd)
29 Y(IROWJII=A(Y,dC0LY)D
DO 30 J=1:N. .
30 A(L,J) =Y(J) -
RETURN 1
200 Fuam\nzox,'unnt#ntym 1S TOD BIG*&kkkdkiikihikikbierdiakhhl |
END ‘

¢

PN

[

0
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° .

'V 6 LEVEL

10
20
555

40
60

80
20

500
500
720

20 GAUS60 ] DATE = 71308

SUBROUTINE GAUSGO(ITYPESNP»A»B,C)

DIMENSINON A(NP’IB(NP))C(NP)NP)

DIMENSION 1J(10) g
NR=NP/10

LOW=1l

LUP=10 e

IF (NR) 15520530 : S
RETURN Y
LUPaNP

DD 555 J=LOW,LUP - .
[J{Jr=J . : \
PRINT 500)(1J(J)JJ=LGN)LUP) ¢

GD TO(40,60,80),ITYPE ) /
PRINT600s (A(J)2J=LUWSLUP) ,

GO TO 100 ° ‘ .

PRINT 6005 (B(J)sJ=LOWsLUP)

GO TO 40 -

DO 90 1=LOW,LUP

PRINT 720, 1,(C(Jr1)aJd=LOW, 1)
IF(NR.EQ,O) RETURN

LOwW2=LUP+] »f
DO 95 I=LOW2,NP

PRINT 72051,(C(Jr1)0d= LUWJLUP)

i*

- LOW=LOW+10 - . o

LUR2LUP+10
NR=NR~1 )
b T0 10 - ,

. FORMAT(/18,9112)

FORNAT(10E12,4)
FURMAT(IHO:IB:IX;F? 4:9F12-4)
END

t

18712725
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TG LEVEL 20 ‘ FOF DATE = 71308 ] 18712735

SUBROUTINE FOF (NFRUBSPsYsMsNP)

REAL P(4),Y(25),G)25)

CGHION/SUB2/XEXP (25) 5 X6 (25) 5 YEXP (2515 ANL ANZ5 V1, V2
COMNON/SUB3/T

L RT221,989%4, | 84 THT

SX1=AN1/(1,+ANY) - o

) $X221,=5X1 §
HlS=RTi*(SX2*SX2*P(1)*P(3)/((SX1+SXZ*P(1))**2)*SXZ*SX2*P(4)/§(SXZ* ;
1SX1%P(2))%%2))

H2S= R72*<5x1*sx1*9(2)*P(4)/<<sx2+sx1*P<z))t*z>+sx1tsx1*p(3)/t(Sx1+
< 1SX24P (1) )%k%k2) ),
. D3 3 I=1,M | "
X1=X6(1) . B .
X2=1,=-XG(1) ' f
Hl=RT2%!( XZ*XZ*P(I)*P(B) /00 X1 +X2*P(1))**2)+ XZ*XZ*P(Q)/(( X2+
] X1¥P(2))%%2)), .
H22RT2%( X1% x1*p(2)*9(44/<< X2+ X1%¥P(2))%%2)+x]* XI*P(3)I(( X1+
LX2%P (1)) %%2) ) ¢
G(I)=XEXP(I)kCANLR(HL~ H1S) +H2~- HZS)+(1.-XEXP(!))#AN2*H1
3 Y¢l)ac(1) _ .
RETURN . _
END




SUBROUT INE DERIVE(P:DTDX:N;*) . ‘
"REAL P(«),Y(ZS);T(ZS) 2DFDX(25,10) - ’ :
COMMDN/SUB2/XEXP(.25)yXG(25) )YEXP(25)sAN1,AN2,V1,V2

COMMON/SUB3/T ' ,
SX1wANL/(1s+AND) - .

SX2=21,-5X1 ~ -
RT201,9R9%4 1 BRT*T

1*#3)
DH215=-RT2*2.*Sx1*Sx1*SXZ*P(3)/((SX1+SX2*P(1))**3)
DH12S=~RT2%2 ,#SX2%XSX2%SXL¥P4 )/ ((SX2+SX1%P(2) ) #%3)

DHZZS=RT2*(SXl*SXl*SXZ*P(#) ~SX1¥SX1KSXL¥P (4)%P(2))/((SX2+5X1%p(2))

1%%3)

DH13S= RTZ*SXZ*SXZ*P(I)/((SX1+SX2*P(1))**2)

DH235=RT2%SX1*SX1/ ((SX1+SX2%P (1)) *¥2)

DH14S=RT2%SX2%k5X2%1,/ ((SX2+SX1%P(2))**2)

DHZ“S'RTZ*SXI*SXI*P(Z)/((SX2+SX1*P(2))**2)

D0 1 I=1,M .
I'XGbP%*” -

X2=1.-X1

DH11 =RT2%( X2% XZ*P(B)* X1- X2% X2% X2%P(3)%P(1))/(( X1+ X2%P(1))

1##3)
DH2] a~RT2%2 XX1*X1%X2%P(3)/(( X1+ X2%P(1))*%x3)
DH12 =-RT2%2,% X2% x2* x1*P(4)/(( X2+ X1%P(2))**3)

DH22 =RT2%( X1% X1* X2%P(4)=- X1* X1% X1%P(4)%P(2))/(( X2+ X1*P(2))

1%%3)

DH13 =RT2% X2% X2#P(1)/(( X1+ X2%P(1))¥%2)
DH23 =RT2% X1* X1/(( X1+ X2#P(1))*¥2)

DHL4 aRT2% X2% X2%lo/(( X2+ X1*P(2))**x2)
DH24 =RT2* X1% X1¥P(2)/(( X2+ X1%P(2))¥%2)
DFDX (15 1)=XEXP (1)¥ (ANL*(DHL1~ ~DH11S)+DH21~DH215)+ (1. ~XEXP (1)) #AN2¥
10H11

DFDXt1,2)= XEXP(I)*(ANl*(DHIZ DHIZS)+DH22-DHZZS)+(l.d‘EXP(I))*ANzt
10H12

DFDX(1,3)=XEXP (1)%(AN1#*(DH13-DH13S)#0H23-DH235 )+ (1, =XEXP (L)) #AN2#
1DH13 .

DFDX(1,4)= XEXP(I)*(ANI*(DH14-0H145)00H24 -DH24S) +(14=XEXP (1)) #AN2#
1DH14

CONTINUE

Y
-~

. RETURN

END

e

DH115=RT2*(SXZ*SXZ*P(3)*SX1 SXZ*SXZ*SXZ*P(B)*P(I))/((SX1+SX2*P(1))
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Cn A PROGRAM TO PREDICT HEATS OF MIXING OF ALCOHOLOHYDROCARBDN MYXTURES

‘ DIMENSION YIVLEL(20), VETLE2(20) : .
: NPOURLE PRECTISION T -

DDURLF PRECISION A(4) °
REAL NANH XU60),Y(60) 4XCH2(60)HCH2(60) ,HNH(60), DHBH(hO),DHBA(bO)
REAL YPRED(60),NEVP(60)
100 READ(S,101,ENC=2000) TITLEL,VITLE2 ‘
101 FORMAT(20A4/2QA4)
~-READ(S5,102)N1L ,N2,N3, NQ'NG Nb.N? N8, N9
102 FORMAT(SX,915)
READ(S, LOTIINA,NH,T,LM
103 FORMAT(3F10,0 ,IS)
. NPTS=N1
. READ(S5, 10T IX(1) V(1) ,o1=1,NPTS)
- 107 FORMAT(2F20.0)

P

€ CALCULATION NF STANDARD STATE AND GROUP COMPOSITION.
SXL=NA/ (1. ¢NA) , \
SX2=1.-SX1 " 5
c CALCULATION OF WILSON PARAMETERS
R=8.31439

' RI2)=(26.69)%(1336./T#2 ) $DEXP(~-1336./T)
RU3)=34.9S+DEXP(~290A./T) _
Rl&)=(34.95)%(290R./T*%2) *DEXP (~2908./T)

DO 200 1=1,NPTS
2CC  XCH2(1)= ((xll)*NQ#([:*X(Il)*NH)I((l.*NA’*X(I)*(l.-X(I))*NHl)

C CALCULATION OF OELYAH FROM READ IN DATA
D0 15 I=1,NPTS -
IFILM)IL12,14912 —_ ¢ - oo
, 1% Y{I)=Y(]) . :
. GO YO 1S {

12 YU =Y(I)eX{I)&(1.-X{]1))
15 CONTINUE
C CALCULATION OF PREDICTED MEATS OF nlxtnc
SHCHA=(SX2¢SX24B (1 )*B(2) /7 ( (SXT+SX2#R{1))1¢%2)+
1SX2¢SX2#*B(4) 7 ((SX2+4SX1%B(3))*%2) ) eReT*T t ‘
SHOHA=(SX1*SX1*B(4)*RB(3)/((SX2+SX1*B(3))¢%2)}s
e 1sx1tsx1tstz)/((sxlfsttstl):ttZ))tktrtt , -
DO 1 1=1,NPIS ! i ,
X1=XCH2(1) , : :
X2=).~Xx1 ) ‘ ’
HCH2(1)= (xztxztacl)tatztlltuloxztatl))*$zx+x2¢xztn|4)/
1((X2¢X1¢B(3)) #¢2) )sR&TeT X
HOH(T)=(X1#X1*8(4)1*B( 31/ ((X2+XI*A(3))*%2) + . e g
EXLeX1*B(2)/0{X1+X2¢B(1))%«2)) $R&T*T '
DHBH( [ ) =NH®NCH2( 1) :
] DHBA( 1) = (NA®{HCH? (1)~SHCHA) +HOH([)=SHOHA) .  °
' R YPRED( T F=X{1)#DHRA(T) ¢ (1 o=X (1)) *DHBH (L) g
’ C. COMPARISICON OF YPRED WITH EXPERIMETAL HEATS OF MIXING
' DI=0. .
DO 320 IS1,NPTS ’ ;
" DFVP(I)= |v«|:—vpaen(x))tloo lY(ll -
' NI=D1+DEVP () *¢?
320 CONTINUE




N

400
410

420

430
440
450

2000

"PRINT 450, ERROR

FNOTS=NPTS !

ERROR=SNRT(DI/FNPTS)

PRINT OUT RESULTS

PRINT 400 .

FORMAT(1HL)

"PRINT 410,VITLEL,TITLF2

FORMAT(20A4/20A4)

PRINT 420,(B([)y1I=1,4) ?
FORMAT(SX.'B(I)*'.FIO 6,T25.'812) "wF10.6/T5 3'B(3)="4,Fl0.6,
1" T25,'B(4)=*4F10.6)

*PRINT 430 '
Fonuar(sx,-x-,Tls.'xcuz'.tzs.'v'.r3s.'vpkeo-.ras.'osvp°/)
PRINT 440,(X{ 1) XCH2(I},Y({I),YPRED(I),DEVP(I)sI=1,NPTS)
FpRMAT(2F10.4,3F10.1)

FORMAT(T40,'RMS DEVIATION=*,F10.1)
GO T0O 100

sTop ’

END



A5. Prediction Results on Alcohol/Alkane Systems
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TABLE A39:

L4
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c

HEATS OF MIXING AT 15 CEG.C.FOR THE SYSTEM N-BUTANOL +N-HEXANE
DELTA H IN JOULES/MOLE - '

BllY=
_B(3)=
X

0.0272
0.0546

0.1044

0.1479
0.1883
0.2252
0.2582
0.2904
0.3198
0.3478

0.3730 _ .

0.3997
0.4203
0.4379
0.4552
0.4727
0.4881
0.5038
0.5207

£ 0.5338
0.5460
0.5559
0.5670
0.5730
0.5767
€.5928
0.5866
0.5927
0.5956
0.6026
0.6130
0.6241

' 0.6361
0.6479
0.660S
0.6736
0.6870

0.7011 -

0.7159

0.7313 -

0.7465
0.7624
0.7797
0.7975
0.48151
0.8318
0.8549
0.8766
0.8990
0.9227
0.9472
0.9729

7.963950
0.001440
XCH2

0.99%4
0.9908
0.9823

‘0.9747

0.9676
0.9610
0.9550
0.9491
0.9437
0.9385
0.9337
0.9286
0.9247
0.9213
0.9179
* 0.9145
0.9114
0.9083
0.9050
0.9023
0.8999
0.8979
0.8956
0.8944
0.8937
0.8924
0.8916
0.8904

0.8898"

0.8884
0.8862
0.8839
0.8814
0.8789
0.8763
048735
0.8707
0.8677
0.8645
0.8612
0.8579
0.8544
0.8506

0.8467

0.8428
0.8386
0.8338
0.8289
’ 00 8238
0.8183
0.8125
0.8065

8
8
Y

(2)=
(4)=

193.8
257.0
320.4
371.8
402.4
423.8
438.0
446.1
450.3
450.9
448.3
442.7
437.8
432.0
425.3
418.0
410.8
403.0
393.6
386.5
379.0
373.0

. 365.8

363.1
359.8
356.4
353.1
349.6
347.1
342.2
335.0
327.3
319.2

310.7

301.6
281.5
270.3
258.9
246.6
233.5
219.9
205.8
190.7
176.2
159.6
1641.5
122.2
102.3

8l1.3

58.5

34.4

0.004156
0.000050

t

P

YPRED

202.8
263.3
333.9
377.3
407.3
627.4
“40. 3
448,6
452.9
454,2
453,2
450.0
466.2
442.0
437.1
431.4
425.8
419.4
412.0
405.8
399.7
394,55
388.4
385.0
382.9
379.4
377.1
373.5
3717
367.4
360.8
353.5
3645.4
337.1
328.1
318.4
308.2
297.1
285.2
272.4
259.5
245.6
230.0
213.6
197.0
178.8
157.9
135.7
112.3
86.9
60.0
3.2

RMS DEVIATION=

~

DEVP,

"4.7ﬂ

-2.5
’ "l.?
~1.5
-1l.2
- ~0.8
~-0.5
. "0.6
-006
-0.7
~-1lel
~-1.7
~1.9
~2.3
-203
~-3.2
-307
‘4.1
“.7
-5.0
—504
~5.8
‘602
~-56.0
~6s
~6.4%

T=6e8

-6.8
"7.1
"7.‘

'7.7 R

-8.0
—8.2
-805
“808
-901
"905

"9.9 !

-10.2
-10.5
-tlel
-11.7
-1 l.ﬂ
-12.0
-11.8
~-12.0
-11.5
-11.1
“908
"6.9
‘206
9.3




G

TABLE A40:

~A69-

v

HEATS OF MIXING AT 15 DEG.C FOR THE SYSYEM N—BUTANOL#N ~HEXANE

OELTA H IN JOULES/MOLE

Bil)s=
'8(3)=
X

0.0272
0.0546
T 041044

7.

963050

0 001440

0.1479 °

0.1883
. 042252
0.2582
0.2904
0.3198
0.3478
0.3730
0.3997
0.4203
0.4379

0.4552 -

0.4727
0.4881
0.5038
0.5207
0.53138
0.5460
0.5559
0.5670
0.5730
0.5767
0.5828
0.5866

0.5927

0.5956
0.6026
0.6130
0.6241
0.6361
0,6479
0.6605
0.6736

0.6870"

0.7011
0.7159
0.7313
0.7465
0.7624
Q0.7797
0.7975
0.8151
0.8338
0.98549
0.8766
0. 8990
0.9227
0.9472
0.9729

XCH2

0.9954

.0.9908

0.9823

0.9747"
0.9676 '

0.9610
0.9550
0.9491
0.9437
C.9385
0.9337
0.9286
0.9247
0.9213
0.9179
0.9145
0.9114

0.9083

0.9050

0.9023 .,

0.8999
0.8979
0.8956
0.8944
0.8937
0.8924
0.8916
0.8904
0.88948
0.28174
0.8862
0.8839
C.8814
0.8789
0.8763
0.8735
0.8707
0.8677
0.8645
0.8612
0.8579
0.8544
0.85Q6
0.8467

1 0.8428

0.8386
0.833A
0.8289
0.R238
0.A183
0.8125
0.8065

R(2)=
t(a)=
\{

193.8
257.0
328.4
371.8
402.4
423.8
438.0
’0"6-‘
450.3

N 450.9

448.3
442.7
437.8
432.,0
425.3
418.0
410.8
403,0
393.6
386.5
379.0
373.0
365.8
363.1
359.8
3156.4
353.1
349.6
347.1
342.2
335,0

3?7.3'

319.2
310.7
301.6
"291.8
281.5
270.3
258.9
246.6
233.5
219.9

205.8 .

190.7
176.2
159.6
141.5
122.2
102.1
.3
58.5
RLYY}

0.004156
0.000050
YPRED

~202.8
263.3
333.9

YTy

407, 3
‘ 427,.’0
440,13
448, 6
452.9
%54 ,2
453.2
450.0
446.2
442.0
437.1
431.4
425.8
“19.4
' 412.0
405.8
399.7
394.5
388.4
385.0
382.9
379.4
377.1
373.5

371T7,

36T<4
360.8
353.5
345.4
337.1
328.1
318.4
308.2
, 29T7.1
285.2
272.4
259.5
245.6
230.70
213.6
© 19700
178.8

157.9°

135.7

112.3

R6.9
60.0
‘3le2

RMS DEVIATION=
N

DEVP

4,7
-2.5

Y -l.7

~1.5

-l.Z .

"008
"005
) "0.6

"006‘

-0,7
-1.1

-107"'
—loq

-2.3
‘2.8
-302
"3.7
4,1

—805
‘6.8
"9.1
-905
-909
-100_2
’10.5
-11.1
-11.7
-11.8
-12.0
-1 108
-l?oo
-11.5
-1t.1
_908
. ~6.9
-206
9.3

-

7.2
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TABLE A4l: ~ -ATO- |
HEATS OF MIXING AT 15 OFG.C.FIR THE SYSTEW N-AUTANOL+N-HEPTANE

" OELTA H IN JOULES/MOLE
B(l)=  T7.963050 B(2)= 0.004156,

R{3}= 0.001440 Bl4e)= 0.000050
X XCH2 Y YPRED DFvP

000337 0.9951 201-l 26!.5 . ~18.9
0.0631 0.9908 266.7  304.4 ~14.2
0.1213 0.9820 349.2 3R4. 6 ~10.1 .
0.1720 0.9742 399,6 432.5 '-8.2 '
Q.?ZOZ 009664 435.6 66408 ‘6.1
0.2614 0.9596 457.6 4p3,.0 -5.7 '
0.2984 0.9534 471.5 494.8 -5.0 -
0.3326 0.9475 478,.1 500+ 3 -4.6
0.3630 0.9421 480.3 . 501.7 - -4.5
0.3911 0.9371 - 479.1 500.2 —h.4 .
004175 0¢9323 474.5 “9624 °‘.6
0.4405 0.9280 469,.5 49]1.4 -4.,7
0.‘656‘ 0.9233 461.1 436.2 —500
0.4857 0.9194 453,9 477.1 ~5.1
0.5043 0.9158 445.5 469.6 “Seb
0,5204 0.9127 . 438,0 462.3 -5.6
0.5359 0.9096 429.8 454.7 -5,8
0.5508 0.9066 421.4 446.8 -6.0
0.5650 0.9037 413,1 438.9 | -6.2
0.5779 0.9011 405.2 431.1 -6k
0.5904 ' 0.8985 397.8 ..  423.2 -6.4
0.5935 0.8979 3931.2 421.2° -7.1

- 006018 008962 389.6 4!5.8 -607
0.}020 008961 387.2 “‘5.6 -7.3
0.6118 OoRQ‘l 380.5 609.0 '7.5 C
0.6215  0.8920 375.7 - 402.2 -7.1 u/
0.6125 0.89139 38149 "408.5 -7.0 o
0.6219 0.8920 372,5 °© 401.9 -T7.9
0.6315 0.R899 T 369.1 394.9 -7.0
0.632)3 0.8898 - 364.8 394.4 -8.1
006“10 008879 302.4 331.9 '7.0
0.6428 0.R87S 156.6 3IR6.5 -8.4
0.6487 8862 356.0 . 382.0 -7.3
0.6539 «8851 348.8 378.0 -Be4
0.6651 08827 340.1 ‘690‘ ’805
0.6772 0.R800 330.1 . 359,.2 -8.8
0.6895 0.8773 319.8 348.8 -9.1
0.7019 0.8746 309.0 3381 -9.4
0.7156° 0.R715% 296.9% 325.8 -9.9
0.7295% 0.8683 284.9  313,.1- -9.9
0.7437 . - 2772.2 299.7 ~10.1 ~
0.758% ’ﬁgjngi 257.5 285.3 -10.8
0.7743  0.8580 242.6 269.5 -11.1
0.7907 0.85%41 227.1 252.6 -113
0.8075 ‘'0.8500 211.1 236.9 -11.3
0,8237 . 0.9461 174.6 217.3 -11.7
0.B8416 0.8417 175.8 197.6 -12.3
0.8613 0.8368 156,4 174.9 -11.8
0.8811 - O.R318 134.6 151.6 -12.6
0.9019 0.8264 111.7 126.6 -13.3
0.9229 0.8209 8R.0 [00.6 ~-14.3
009‘56 . 0.9149 62.6 7'.9 ‘l‘.o

0.9749° . 0.8070 27.1 33.7 -24.0
. RMS DEVIATION= 9.5

-




TABLE'A42: - CATI- - o
HEATS OF MIXING AT 15 DEG. C FOR THE SYSTEM M—BUTANOL ¢ "N=DCTANE

CELTA H IN JCULES/MOLE . . .
' Bll)= 7.96305) BI(2= 0.004156
Al3)s 0.001440 Bl4)= 0.000050
X XcH2 Y YPRED. DEVP
0.0352 - 0.9955 252.3 265.8 -5.4
0.0680 - 0.97913 324.2 °  338.8 T -4.,5
/ 001266 009834 40508 ’ I’?lo" ‘3.8 .
0.1787 0.9761 457,5 472.1 -3.2
0.2265 0.9691 492,3 505.5 ~247
0.2687 0.9626 513.,8 526.1 -2.4
0.3074 0.9566 527.4 SIR .4 -2.1
0<13430 0.9508 534.1 544.5 -2.0 -
003749 0.9455% 535,7 546,0 T=1.9
0.4030 0.9407 $33,9 544,13 -1.9
0.4286 0.9362 529,2 S40.4 ~2.1
0.4531 0.9318 522.9 34,6 -2.3
0.4745 0.9278 S16.2 52,1 -2.3
0.5128 0.9206 499,2 512.8 2.7
0.5300 0.9173 490.2 504.5 -2.9
0.5442 0.9145 s 48,0 497.1 -3.1
0.5580 0.9118 473.8 489,13 -3.3
0.5718 0.9090 465,2 480.9 -3, 4
0.5844 0.9064 456,6 412.9 -3.6 (
0.5969 0»90139 448,13 4644 -3.6 ‘ -
0.6092 0.9013 439,0 . 455,7 -3.8
0.6122 0.9007 439,4 453.6 -3.2
,oon 0.6206 '+ 0.8989 430,2 67,3 -4.0 >
0.6304 0.8968 425,9 439,8 -3.3
0.6310 0.8967 422.1 439 .4 o=,
" 0.6399 0.R948 418.0 432.3 -3.4
0.6412 0.3945 413.9 431.3 -4.2 '
'00649b °¢R926 409.7 ’ 4740’0 "306
¢ 0065'l2 0.892‘ 4050" 423.1 "4.‘¢
N 0.6602 0.08903 400.7 415.5 -3.7
“0.6709 0.8879 391.5 406.3 -3.8
0.6823 . 0.885¢ 380.6 3196, 1 -4,.1
0.6944 _ 0.8826 369%.9 385.0 -4.1
) T 0.7061 0.R799 359,64 373.9 -4,0°
T ..0.7189 ° 0.8770 347.0 3I61.4° -4.1
0.7323 “10.3733 333.7 347.9 - -4.3
07454 0.8707 320.3 . 334,13 -4,3
‘ 0.7593 0.8673 306.1 319.4 -4.3
0.7735 0.8638 291.2 303.8 4.3
v 0.8045 0.8560 256.5 268.2 -4.6
0.8212 0.8517 238.6 24%,2 -4,0
‘ ., 0.837) O4RGT4 219.5 © 220,64 -4.1
" 0.85‘7 0.&428 b lqans 206.’0 -‘.0
‘ 0.8728 0.9378 1761 1r2.8 -3.8
. 0.8921 0.8324 151.6 157.0 -3.6
0.9123 0.8267 124.9 129.3 -3.5 ‘ . .
009335 0.8205 qb.ﬂ 9903. -206
- t- 0.9558 0.8‘30 65.9 66.9 'lo‘
009’02 008069 3300 330‘ "103 -

. o | | \ . RMS DE¥IATION= 3.5
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TABLE A43: : ~AT2-
HEATS OF MIXING AT 1S DEG.C FOR
DELTA H IN JOULES/MOLE C

THE SYSTEM N-PENTANOL #N~DECANE
. * .
L8127 7.963050 Y Rl2)=  0.004156

=

Rl3)=  0.001440 Rta)=  0.000050
X XCH2 Y YPRED DEVP
| : ] 9
0.0418° ‘0.9957 - 285,.8 31743 ¢ -11.0 ¢
0.0665 0.9932  33R.8° ' 1374.0 -10.4
0.1265 0.9867 627.7 460.3 ~T.6
,0.1804 0.9806 482.13 S11.2°  -6.0
0.2293 059748 518.3 - 543,17 . -4,9
e 062717 0.9695 5645.0, = 56342 -3,3 .
° 0.3104 0.9646 563 0 57445 ~2.1 .
: Ne3445 0.9600 57T4.9 °  S5T9.8 ~0.8
0.3758 ‘0.9558 SA1.5 _SR0.9 0.1
T 0.6047 " 0.,9517 594 .0 - 57849 0.9 .+’
~ 0.4307 0.9480 - 583.6. 5Th.6 145 .
0.4546 0.9%444- 580.4 ~  568.7 2.0 .
0.4754 0.9413 575.4 562.1 2.3
0.4951 0.9383 — .569.7 - 554.6 $ 2.6
0.5140 °~ 0.9153 - 561.8 54643 . 248
,0.5306.  0.9326—— 55%.7 538.0 2.8
, “(0.5448 | 0.9303 54643 53043 2.9
© 0.5586" _ 0.9281 539,0 52243 3.1
05733 0.9256 530.1 513.1 3,2
0.5866 0.9234 521s1 72"  504,2 3.2
2 0.5989  ©°0.9212  S11.9 495.6 3.2
0.6100  -0.9193  503.4 48T.4 3.2 -
0.6209 0.9174 494,5 4719.0 31 N
0,6291 0.9159 _ 48176 §72.5 1.R
\ 046309 0.9156 4860 4T1.1 3.1 .
' 046354 - 0.9148 47648 467.4 2.0 o
“' 0,6407 ° 0.9139 477.2 463.0 3.0
0.6434 0.9134¢ 470.1 %60, T 2.0
0.6489 ' 0.912¢4' 451.8 456,0 -0.9
0.6527 . 0.9117 460,.8 652,17 1.8
, .0.66%6 0.9095 450,9 442,.2 1.9 . N
0.6750 . 0.907% 461.6 432,17 2.0
“0.6859 - 0,9055 430.7 42244 o 1e9:
0.6964 0.9035 %20.1 412.1 1.9
G.7077 0D.9013: 408.5 400.8 2 1.9
0.7198 0.8989 395.7 188.3 1.9
0.7318 ’ '0.8965 ©382.9 375.6 1.9
0.7440 0.8%41 - 368,7 L 3622 1.8,
0.7572 0.8914 3153.7 367.3 1.8
“'»pﬁ7.7709~ 0.8885 337.5 . 331.4 1.8
/\\~1 ‘lo.7845°  0.8857 © 321.0 315. 2 1.8
o 0.7983, 0.8827 302.9 298.2 1.5
. 0.R128 0,879 284,17 2719.9 1.7
. i 0.8284 0.8761° 263.6 259,17 1.5
" D4B4SO0 - 0.8724 L260,7 237.5 1.3
+ 058616, 0.8685 . 21%.6  2l4.6 1.8 )
© 0.8787  0.B645 " °194.0 190.4 1.8
- 08979 ': 0,8599 165.6 ~ 16245 1.9
0.9174°  0.8551 ° 4135.1 133.2 1.6
0e9372 0.9501 103,1 102.6 0.4
049570 . 0.8449 T1.8 © O T1.2 0.9

, 0.9783 0.8393 3644 364 -0.2 .
L e . | RMS DEVIATION= 1.3

q

-
3 . .




TABLE R4z - -AT3- .

HEATS ﬂF MIXING AT 1‘5 DEG.C FOR THE SYSTEM N- BUTMIOL+N DECANE =
CELTA H IN JOULES/MOLE

) 8Bll1)= 7.963050 wi2)= 0.00&156 \
. , R(3)= 0.001440 8l4)= 0.000050
N . b XCH2 .Y YPRED ODEVP
6.0469 C.9952 ~279.8 338.6 -22.7
0.0766 0.9920 345.6 4064.0 . =16.9 \
0.1"28 0-9846 ’1‘08.0 498.8 . "1103 -
. 0.2014 C.9776 509.4 55543 -9,0
0.2531 0.9710° 5511 590.2 ~7.1
0.2985 0.9649 $77.3 611.0 -5.8
,0.3399 0.9591 S91.7 = 622.3 - .~5,2 )
o 0010092 0q91086 60[.2 626.2 -“ol
0.4399  0.9436 599 .2 622.0 -1.8 . ,
0.4661 . 0.9392 593.8 615.8 -3.7 "
0.4890 0.9353 587.0 608.3 -3.6
- 0.5079 -~ 0.9319 SR0.9 , 600.7, -3.4,
0.5279 0.9283 572.2 . 591.3 -3.3 .
. . 0.5455 0.9250 563.8 581.9 -3,2 :
‘ 0.5635 0.9215 554.2 STl.1 -3.1
. 0.5821 '0.91T79 5642.5 . 558.9 -3.0
005970 ' 0091?9 . 533.1 - 5‘48.2 -208
0,6225 0._9096\ 514.4 "5?8.3 v =eal
0.6341 0.9072 505.1° ~ S18.6 -2.7
0.6450 - 0.9048 496,2 509.0 -2e46
. 0.%6551 0.9026 487.4, 499.8 . —2e5 &4
.. ' 0.6653, . 0.9003 479.0 490.1 -2.3
« 0.6668 0.9000 “487.7 488.7 -0.2
) .+ 0.6748 0.8982 © 470.5 480.9 -2.2 ,
0.6754 0.8980 479.9 480.3 -0.1
<0+.6835 0.8962 462.3 472.1 -2.1
" 0.6840 0.8960 471.6 471.6 0.0
0.6933 0.8939 462.3 462.0 " 0.1 .
0.7026 . 0.8917. 452,2 452.1 0.0
0.7123 0.8894 ' 441.6 - 441.5 0.0
0.7227 0.8868 ' 430.7 © 429,8 0.2
° 0.7329 0.8843 418.9 418,.0 0.2
0.7431 0.8818 407.2 405.8 0.3
0.7542 0.8789 3195.0 392.3 0.7
0.7650 0.9761 . 381.7 378.7 0.8
0.7759° 0.8732 36846 364.7 lol
0.7879 0.8700 352.8 348.9 lel
0.8001.  0.8666 337.3 3132.3 1.5
0.8125 0.,8632 321.0, 315.0 1.9
o 0.8257 - 0.8594 302.8 296.1 2.2
T 0.8%94 0.2554 283.4 275.3\\\. 2.6
: 0.8531 0.8512 262.9 255.2 2.9
0.8684 0.8465 . 240.2 ' 231.5 3.6
0.8831 0.8419 217.5 208.0 4e4
0.8980 0.8370 192.4 183.6 4.5
‘ 0.9140 0.8317 165.4 156.7 5.2
0.9298 . -0.8262 137.8 129.4 6.1
* 09468 0.%202 106.5 , 99,3 ‘6e7
. 0.9645 0.81137 72.3 67.1 T.2
0.9816 0.8072 38.3 .35.2 8.0
S . RMS DEVIATFION= 5.6
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TAGLE A45:

A

-ATY-

HEATS OF MIXING AT 15 DEG. C
CELYA H IN JCULES/MOLE

B(1)=
B(3}=
X

0.0315
0.0518
0.1002
0.1435
0.1835
0.2204
0.2542
0.2052
© 0.3140
0.3384
C.3619

0.3833

0.4019
0.4211
0.4400
0.4568
0.4739
0.4883
0.5054
0.5172
0.5784
0.5407
0.5525
0.5570

0.5639 .

0.5668
0.5747

0.5769
0.5849 .

0.5877
0.5986
0.6102
0.6222

© 0.6341

.

0.6472
0.6605

0.6739 °

0.6882

0.7027

0.7179
0.7334
0.7504
0.7679

0.786T

. 0.8063
0.8269

0.8485 °

0.8704
0.8941
0.9162
0.9424
0.9722

T.963050
0.001440
XCH2

0.9955
0.9925
0..9855
0.9791
0.9731
0.9675
0.9623
0.9698
0.9530
0.9492
0.9455
. 0.9421
" 0.9391
0.9360
0.9329
" 0.9302
0.9274
0.9250
0.9222
0.9202
0.9184
0.9163
0.9143
0.9135
0.9124

v 0.9119

. 0.9106
0.9102
0.9088
0.9083
0.906S.
0.9045
0.9024
0.9004
0.8981
0.8958
0.8935
0.8910
0.8884

0.8857 .

0.8830
0.8799
0.8768
0.8736:
0.9698,
0.8660
0.8621
0.8580'
0.8536
0.9494

v 0e8464
0.8387

8
e
Y

(2)=
(4)=

215.2
261.9
330.4
373.0
403.5
425.4
441.9
362.2
459.9
463.4
465.8
463.3
46‘. .0
457.8
452.9
447 .4
440.5
434,0
426.2
419.8
413.7
407.0
400.0
399,7
393.2
393.4
3%6.4
386.4

379.2°

372.5
370.5
361.8
352.8
363.4
333.1
321.8
310.3
298.3
28S5.6
272.0
257.7
261.8
225.8
207.6
189.6
169.0
148.3
1270
102.9

81l.1

54.3

25.3

FOR THE SYSTEM N-PENTANOL +N-HEPTANE

A2

0.004156 -
0.000050 . /
YPRFD DFveP N
+230,2 -7.0
275.3 -5.1 . @
3446 -4.3 ]
387.0 -3.7
S qu.q —301
- 4356 -2.4
448 .4 -1e% .
“28-2 -lﬂ.z
460.5 ‘0.1
461.9 . 0.3
461.4 0.9
459.6 0.8
456.9 0.9
453 100' - >
448{1 1.0
%63.5 0.9
437.7 0.6
432.3 0.4
¢ 425.3 0.2
. 20,1 -0.1
14,9 ~0.3
440808 ~0.4 .
4020& -007» -
400.2 ‘001
396,45 ~0.8
394.8 ~0.%
., 390.13 -1.0
389.1 " -0.7
384.3 ~1e3
382.7 ~1lel
376.0 -1.5 :
368.6 ~1.9 .
36001 ‘202
352.6 -207 s
3‘3.4 °3.l
7 333.4 -3.7
323.8 -4.3
312.8 -4.9 :
301.2 -5.5 ’
288,.8 ~6.2
2715. T ~T7.0
260.9 -709
265.3 -R<6
22800 -9.8
209.4 -10.5
189.4 -12.0 °
16707 ‘1301
145.1 . -14.3
120.0 ~-16.6
1960 -18.5
66.8 . =23.0
3207 -29q4
RUS DEVIATION= 8.%

, | )




TABLE Ad6: - -A7S-

i

HEATS OF MIXING AT 15 CEG.C FNR THE SYSTEM N—HFXANﬂLfN-—HEPTANE
DELTA H IN JOULES/MOLE

Bll)x 7.963050 Rl2)= 0.004156 Sy
R(3)= 0.001440 B(4)= 0.000050 :
X _XCH2_ Y YPRED DEVP
~ 0.0280 0.9960 210.8 216.1 -2.5 ' ; -~ !
0.0455 0.99135 248.5 256.9 -1.4
C.0885 0.9874 307.6 319.1 ¢ -3.8
0.1276 0.9818 343.8 357.1 -3.9
“0.1642 0.9765% 369.3 383.3 -3.8
0.2260 0.9677 402.8 412.7 -?2+4
0.2531  0.9638 412.5 420.6 -2.0
0.2773 0.9604 420.2 - 425.5 -1.2
0.3008 0.9570 42643 428.3 -045
0.3231 0.9538 %30.2 429.4 0.2
0.3438 0.9509 432.5 429.0 0.8
0.3632 0.9481 4331,2 427.6 1.3 .
© 043812 °. 0.9455 432.6 425.4 1.7
0.3997 0.9429 . 431.2 422.3 2.1 )
0.4169 0.9404 429.3  : 418.6 2.5
0.4360 ° 0.,9377 426.2 ! 413.7 2.9
0:4519 0.9354 421.3 409.0 2.9
0.4659 * 0.933% 416.8 404.4 3.0
0.4789 0.9316 411.8 399.8 2.9
0.4908 0.9299  406.9 395.2 2.9
0.5017 0.9283 402.2 390.8 2.8
0.5139 0.9266 396.9 385.6 2.9 .
+ 0.5216 0.9255 390.3 ' 382.1 2.1
0.5256 0.9249 391.7 330.3 2.9
0.5318 0.9240 38‘0.7 377.4 loq 7N [
0.5366 0.9233 3R86.4 375.1 2.9 ,
" Q.5416 0.9226 379.1 372.6 1.7
0.5488 0.9216 379.1. 369.0 2.7
~ 0.5527 0,9210 373.1, 367.0 1.6 ‘
0.5640 0.9194 366.2° 361.1 1.4 o
0.5763 0.9177 358.0, 354.5 1.0
0.5887 0.9159 349.9 347.5 0.7 )
0.6012 0.9141 341.2- 340.2- 0.3 ~ ]
. 0.6145 0.9122 331.6 332.1 -0.1 ..
0.628% 0.9102 322.0 .323.4 -0.4
0.641 0.9083 311.7 314.7 ~0.9
0.656 0.9062 299.8 304.7 ~1.6
0.6731 0.9038 286.7 ®  293.4 4-2.3
0.6890 0.9016 274.1 282.0 -2.9 ’
0.7067 0.8990 258.5 126849 -4.0 '
.0. 7255 0.8964 241.6 254.6 . -5.4% .
0.7446 0.8936 ' 244,0 239.6 .. 1.8
0.7647 0.8908 206.9 223.2, -7.9
0.7863 0.8877. 188.2 205.2 " -9.0
0.8049 "0.8850 171.5 ° 189.2 =10s3
‘0.8287 10.8816 169.5 1681 " -12.5
. 0.853% 0.8781; 126.6 145.5 © -14.,9 . . 0\\
° 0.8792 0.8764 102.9 121.5 . -18.1
0.9070 0.8704 17.2 T 94,7 ( =22.8
0.9354 0.866% 52.7 66.6 ‘=26.5 ;. =

10+ 9636 0.8623 ,26.8 - 38,0 —41.8 = ,
. ' . RMS DEVIATINN= 9.0

.
L | A}
+ [




TABLE A47:

DELTA H 1
B(l)=
n(3)=

X

0.0232
0.0503
0.0977
0.1409
0.1795
0.2164
0.2493
0.2797
0.3080
0.3318
0.31529
0.3746
0.3953
0.4152
0.4337
0.4503
0.4666

00‘0810 '

0.4945
0.5067

0.5177,
s  0.5287

0.5404
0.5497
0.5516
0.55913
0.5642
0.5694
0.5748
0.5798
0.5914

0.6028

0.6142
0.6261
0.6386
0.6517
0.6648
0.6793
0.6945
0.7098
0.7250
0.7421
0.7593
0.7783
0.7973
0.8187
0.8387
0.8623
0.8867
0.9114
0.9397
0.9681

7.963050
0.001440
_ XCH2

0.9971

0.9937

0.9876

0.9821

0.9770

0.9722

0.9678

0.9638

0.96C0

0.9567

0.9539

0.9509

0.9480

0.9453

0.9427

0.9404

0.9381

0.9360

0.9341

0.9324

0.9308
'0.9292

0.9276

0.9262

0.9259
c 0.9248
0.9241
0.9234%
0.9226
0.9219
0.9202
0.9185
0.9168
0.9151
0.9133
0.9113
0.9094
0.9072
0.9049
0.9026
0.9003
0.8978
0.8951
0.8922
0.8893
0.8860
0.8829
0.8792
0.8753
0.8714
0.8669
0.8623

¢

-AT6-

B(2)=
R(4) =
Y

203.8
270.9
337.6
177.9
406.1
427.8
463.7
454 .9

1962.5‘

466.3
468 .1
470.2
470.2
468.6
469.7
462 .4
457.7
452 .8
447.7
442 .4
437,2
432.3
42644
419,1
“20.7
414.3
413.1
407.5
406.4
400.8
392.4
385.0
376.5
367.1
357.5
346.6
334.9
322.9
309.8
‘294 .8
280.5
T 264.1
247.8
229.1
209%.1
186.7
166.0
141.4
lls.‘
89.8
59.9
29.3

0.004156
0.000050
YPRED

217.0
2H9,.1
357.7
394a.9
I+ 425.8
444,17 °
456.7
464,11
468.0
469.4
469.1
467.4
464.5
460.7
? 56.[
51.4
446.0
440.7
43%.3
430,1
425.1
419.9
414.p
40972
408, 1
403.9
401.2
398.2
I 395,1
392.2
385.1
378.0
370.6
362.6
353.9
344.5
334,.8
323.7
“31l.7
299,.3
286.5
271.8
256.4
239.0
221.0
200.2
170.1
Pss.8
129.8
102.8
71.0
38.1

RMS DEVIATINN=

OEve

~6.5
6.7
"'600
-5.6
-l’.q
-3.9
"'2.9
"2‘0
'102
-0.7
'0.2

o
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. HEATS OF MIXING AT 15 CEG.C FOR THE SYSTFM N- HEXANOL +N-0C TANE
JOULES/MOLE
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TABLE A48: ..

ATt

HEATS OF MIXUNG AT 15 DEG}& FOR THE SYSTEM N-0CTANOL N=-HEXANE

CELTA H IN JOULES/MOLE

e LY

Rll1)= 7.963050° d(2)= 0.004156
R(3)= 0.,001440 Bl4)=  0,000050 \
X XCH2 . { YPRED DEVP
\ b} N

0.0171 019972 160.7 157.9 - . 1.7
0003‘.6: 0.9948 199.0 lqnol ~ 0.0 “
0.0627 0.9899 2464,2 24%.8 -N.6
00,0925 0.9&53 ?7107 275%.0 -1.2
0.1185 0.9814 C 289,67 " 294.0 -1.5
0.14131 0.9777 303.6 30841 -1.5
0.1679 0.9742 315.5 319.2 -1.2
0.1923 0.9708 13752 3275 -0s7

; 0.2144 . 0.9677 ° 331.8 313,1 -0.4
0.2334 0.9652 336.9 33646 0.1
0.2513 0.9628 341.1 318.9 0.7
0.2690 0.9605 344,9 340,2 le
0.286) 0.958R3. 347.2 ©340.7 1.9

* 043014 0.9563 349,3 340. 5 2.5
0.3165 0.9545 350.9 339.8 .32
0.3321 0.9525 351.8 338.5 3.8
0.3474 0.9507 152.1 316.7 4.4
03619 0.9489 351.7 334.6 4.9
'0.3753 0.9473 . 351.2 332.13 Seb
0.3880 0.9458 350.2 329.8 . 5.8
0.4012 0.9443 * 348.6 326,9 6.2

. 044128  "0.9430 . 346.6 32441 6.5
0.4239 0.9417 * 344,3 321.2 6.7
0.4342 0.9405 342,2 318.3 7.0
0.4446 - 0.9394 339.8 315.3 T.2 .
0.452) 0.9385 337.6 312.9 T3 X
0.4628 0.9374 ©326.2 309.6 Sel
0.4719 . 0.9364 324.7 306.6 5.6
0.4820 0.935% 322.3 303.1 . 6.0
0.4924 ,0.9341 318.7 299.3 6.l i
0.5033 0.9330 315.2 295%.3 6.3
0+5156 0.9317 310.4 290.5 6.4
0.5280 0.9304 305.8 285.5 6.6
0.5410 0.9290 300.0 280.1 6.6 _
0.5547 0.9276 293.9 274 .1 6.7
0.5682 0.9263 287.8 268.1 6.8
0.5832 0.9247"° 280.3 261.1 5 6.8 N
0.5995 0.9231 , 271.1 253.3 6.5
0.6166 ° 009215 260.3 ;;24‘0.9 5.9
0.6344 0.9197 251.0 °235.8 6.0 ™
0.6534 0.9179 239.2 225.1 5.6, [
0.6726 0.9161 221.0 215.3 5.2
0.6931 0.9142 213.1 203.8 4.4
0.7151 0.9122 198.2 191.1 3.6
0.7379 0.9102 182.2 177.6 . 2.5
0.7627 . 0.908%0 " 164.9 162.5 1.4
007896 009056 144.7 145.6 ’006
0.8494 0.9006 102.0 106.6 -4.5
0.8a31 0.8979 76.9 83.7 ~-8.8
009198 . 008950 50.6 o 58&! -14.8

“0.8922 ?409 3l1.9 -ZB.l

0.9564

RMS DEVIATION= " 645

&
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-AT8-

HEATS OF MIXING AT 15 DEG.C FOR THE SYSTEM NOCTANOL ¢N-HEPTANE
DELTA H IN JOULES/MOLE :

TABLE A49:

| ' B{l1)= 7.963050 - Al2)= 0,004156 .
. a(3)l= 0.001440 8(4)= 0,000050
X XCH2 - Y YPRED DEVP
0.0208 0.9970 188.3 1R7.1 0.7
0.0352 0.9950 224 .4 226.9 “lel
0.0699 0.9902 27644 . 280.9 ~1.6
kool 0.1017 0.9859 307.2 N2.2 “~1.6
0.1316 0.9819 328.3 333.9 ~1.7
C.1598 .0.9782 344.3 349.5 -1.5 "
0.1854 0.9748 3155.8 360.4 -1.3
002076 0.9720\ 363.9 36706 "loo
o 0.2278 "0.9694 370.8 - 372.6 . =0.5
0.2484 0.9669 376.6 376.3 0.1
0.2686 0.9644. ~ 381.5 = 378.6 0.8
0.2883 0.9619 395.3 379.7 1.5
0.3063 0.9598 88,0 379.8 2.1
0.3234 0.9577 89.9 379.1 2.8
0.3383 0.9559 390.6 37749 3.3
0.3532 0.9542 390.9 . 376.2 3.8 L
0.3675 0.9525 391.4 . 374.1 4.4 -
0.3960 0.9492 ~ 389.9 36846 5S¢
0.4094 0.9476 388.6 365.5 5.9
0.4223 0.9462 386.4 362.1 643
0.4341 0.9448 . 384,.5 358.8 6.7
« 024450 0.9436 382.1 = 355.5 6.9
. ) 0.4553 0.942¢4 379.9 352.2 7.3
’ 0.4583 0.9421 382.6 351.2 B.2
0.4665 0.9412 376.3 348.4 Tl
0.4678 0.9411 . 380.9 348.0 8.7
- 0.4750 0.9403 373.6 345.4 7.5
. 0.4778 0.9399 378.3 344 .4 9.0
. 0.4880 - 0.9388 373.8 340.6 8.9
0.5012 0.9374 370.5 335.4 9.5
0.5136 0.9360 366.2 330.2 9.8
0.5392 0.9333 354,8 319.0 10.1
.0.5528 ° 0.9318 . 348.6 312.6 10.3
0.5673 0.9303 341.0 305.6 10.4 )
0.5816 0.9288 333.1 . 298.4 , ",10.4 -
. 0.5978 R 009271 323.6 P 289.9 . ‘n’lO.‘ :
. 0.6150 0.9253 313.5 280.5 "10.5
. 0.6326 0.9235 301.7 270.6 103 .
’ 0.6503 0.9217. 290.6 260.3 10.4 «
0.6698 0.9197 277.1 248.5 10.3
006913 '009175 26106 ?35.1 l'OoZ
0.7147 0.9152 243.3, 219.9 - 946
.0.7395 0.9128 224.8 203.3 9.6
0.7656 0.9103 188.1 185.2 - 1.5
0.7941 0.9075 164.3 164.8 -0.3
. 0.8242 0.9047 140.3 142.6 -1.7
0.8547 0.9019 114.9 119.3 -3.9
0.8869 0.8989 87.9 94,1 -7.0
0.9244 0.8955 SToT 63.8 -10.6
0.9581 0.8925 28.9 35.8 ~23.7 )
L RMS DEVIATION= ‘ 7.6
~ .




CELTA H IN JOULES/MOLE

°

B(1)=
8(3)=
X

0.0201
0.0378

0.0741°

0.1096
0.1418
0.1705
0.1966
0.2205
0.2437
0.2661

,0.2872

0.3068
0.3262
0.3437
0.3607
0.3757
0.3905
0.4048
0.4197
0.4336
0.4470
0.4618
0.4723°
0.4837
0.4909
0.4942
0.5003
0.5048
0.5099
0.5203,
0.5308
0.5420
0.5536
0.5664
0.5793
0.5936
0.6081
0.6239

" TABLE A50;

Te
0.0

963050
1440
XCH2

" 09975

0.6405 .

0.6586
0.6767
0.6964
0.7177
0. 7391
0.7620
0.7848 °
0.8077.
0.8352

-0.8638

0.8945
0.9289
0.9609

L]

0.9953
0.9908
0.986%
b.9826
0.9791
0.9760
0.9732
0.9704
0.9678
0.9653
0.9671

0.9608 . .

0.9588
0.9569
0.9551
0.9535
0.9518
0.9502
0.9486
0.94T1
0.9454&
0.9443
0.9430
0.9422
0.9418
0.9411
0.9406
0.9401
0.9389
0.9378
0.9165
0.9353
0.9339
0.9325°
0.9309
0.9294%
0.9277
0.9259
0.9239
0.9220
0.9199
0.9177
0.9154
0.9130
0.9107
0.9083
0.9055
0.9025
0.8994
0.8960
0.9928 .
L

-

.l n
-AT9-
HEATS OF MIXING AT 1S5 DEG.C FOR THE SYSTEM N- OCTANOL+N-ﬂCTANE

B
8
Y

(2}=
()=

192.3
241.7
297.1
332.3
355.1
371:6.
382.6
391.9
399.6
405.8
410.7
414.7
417.2
418.4
418.3
418.0

417.7

" 41648

415.5
413.6
411.3
407.1
404,.3
400.8
396.6
397.4
393.7
393.0
390.6
386.6
3sl1.8
376.6

370.7

364.2.
356.8
348.8
339.8
329.4
289.9
273.8

256.1 ,

237.6
217.4

‘196.9

115.‘
150.1
12%.8
95.1
63.1

33.0°

0.004156
0.000050
YPRED

© 199.1
‘253.2.
312.0
347.6
371.0
386.8
397.8
405.5
410.9
414.4
.416.3 N
416.9
41644
41542
413.2
410.9
408. 1.
404.9
401.1
397.2
393.0
388.0
384, 2
379.9°.
377.0
375.7
373.1
371.2
369.0
364.3
359.4
354,0
348,.2
3416
334.6
326.6
318.2
308.6
298.3
2R6.6
274 .4
260.8
245.5
229.6°
212.0
194.0°
175.3
152.2
127.5
100.1
68.4
8.1
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TABLE AS51:, -A80-

- HEATS OF MIXING AT 15 DEG.C FOR THE SYSTEM N-OCTANOL+N-DECANE
DELTA W IN JOULES/MOLE
Bl1)s 7.963050  B(2)= 0.004156

v.‘, R(¥)= 0,001440 Bl4)= 0.000050
X XCH2 Y YPRED. ,  DEVP
0.023" 009971 2?‘..6 240.'7 "‘9.6
0.0447 0.9955% 278.5 308.7 ~10.9
000891 ooqq,.o 366.2 N 380.7 -10.0
0.1654 0.98132 410.3 444,6 -f.4
! 0.1981 0.9798 429.2 461.1 -7,
p 0,2582 0.9740 452.3 478.7 »5.8
0,2803. - 0.9712 - 460.2 483,.4 -5.0
0.3056 0.9685 " 466.9 48%, -4.0
¢ 003282 009661 4’7100 ” ‘085- ‘3'1
0.3494  Q.9638 474.0 484, -2.3
0.3701 0.9616 474.6 482.1 -1.6
0.3884 0.9596 475.3 479.3 -0.8
0.4062 0.9577 475.2 475.5 -0.1
4 0.”235 0.9558 ‘073.9 ‘07101 0.6 \‘ o

0.4400 0.9540 472.1 466.2 1.2
0.4559 0.9522 469.6 660.9 1.8
0.4707 0.9504 466.1 455.4 2.3
0.4841 0.9491 463.0 450.0 2.8
. 0.4968  0.9477 459,71 4k oS 3.3
° 0.5095 0.9463 455.3 438.7 3.7
‘ 0.5213 0.9450 450.9 = 433,0 4.0
0.5322 0.9438 446 .9, L427.4 4oy
0.5428 C.9426 44242 421.8 4.6
0.5430 0.9426 . 447,9 421.7 5.9
0.5529 . 0,.,9415 43T7.1n 416.2 4.8
0.5535 0.9414 443.6 415.9 6.3
0.5642 0.9402 437.7 409.7 6.4
0.5747 0.9390 431.2 403.5 6.4
0.585%3" Q.9378 424.3 397.0 6.4
. 0.5963 0.9366 416.7T - 390.0 6.4
~0.6077 0.9353 409,3 382.5 6.6
. 0.6194 0.9340 401.2" 374.5 6.7
1 - 0.6316 0.9326 393,2 366.0 6.9
. 0.6464 0.9309 381.9 355.3 7.0
0.6615 0.9292 369.9 343,9 7.0
0.6764 0.9275 357.4 3132.4 7.0
0.7106 0.9235 -326.0° 30444 6.6
0.7288 0.9214 310.5 288.9 7.0
0.7450 0.9195 293,13 2T4.4 6.4

0.7638 | 0.9173 274,86 257.2 6.3 .
0.7881 0.9144 248.7 234 .3 5.8
. 0.8093 0.9119 22543 213.5 562
0.8306 . 0.9094 0.8 192.0 144
0.8553 0.9065 173.5 166.3 4.2
. 0.8796 0.90%% 145.4 140.2 3.6
0.9042 0.9006 114.1 t13.0 0.9
0.93‘07 Q.ﬂq69 75.4' 7802 -307
0.9615 '0.89‘6 42.2 46‘7 ~10.7

. ’ RMS DEVIATION= 5.8




TABLE A52:

-A8l-

7

HEATS OF MIXING AT 55 DEG.C FOR THE SYSTEM N-BUTANOL+N-HEPTANE

DELTA H IN JOULES/VMOLE

Bll)=
B(I)=
X

L]

0.0305
0.0617
0.1159
0.1648
0.2091
0.2490
0.2860
0.3192
0.3492
0.3770
0.4026
0.4252
0.4465
0.4657
0.4847
0.5024
0.5189
0.5345
0.5491
. 0.5625
0.5749
0.5863
0.5979
0.5996
40.6076
0.6090
0.6173
0.6180
0.6272
0.6280
0.6373
0.6476
0.6585
0.6697
0.6813
. 0.6933
0.7057
0.7186
0.7321
0.7462
0.7637
0.7790
0.7949
0.8114
0.0288
0.A463
0.8657
© 0.8856
0.9065

0.9284

0.9514
6.9752

8.159353
0.004932
XCH2

0.9956
0.9910
0.9829
0.9753
0.96R2
0.9617
0.9555
0.9498
0.9446
0.9396
0.9350
0. 9309
0.9269
0.9233
0.9196
0.9162
0.9130
0.9099
0.9070
0.9043
0.9017
'0. 89910
0.8970
0.8966
0.8950
0.8947
0.8929
0.8928
0.8908
0.8907
0.8887
0.886%
0.8841
0.8817
0.8791
0.8765
0.8737
0.8708
0.8678
0.8645
0.8605
- 6.8569
0.8531
0.8491
0.R%49
0.8405
0.8357
0.3306
0.8252
0.8195
0.8133
0. 8069

\

A(?2)=
Bl4)=
Y

493.0
702.6
885.0
9R80.3

1038.2

1073.6

1094,.3

1104.8

1107.2

1103.9

1095.5

1087.1

1074.6

1061.0

1046.0

1030.2

1013.8
996.7
979.7
963.0
946.5
930.7
904 .7
911.3
890.5
897.2
875.0
883.6
859,1

867.9
841.1
808.0
787.7
167.3
720.5
694,2
666.6
636.9
601.1
567.3
532.
493.4
450.8
40R.0
363.8
312.8
257.5

199.4

136.6
70.8

0.005642 -
0.000133 >

YPRED DEVP

472.8
684.8 -
A83.8

o
9.0 -0
1048, 1 .o=1

1082.1 -0.8
1099.7 -0.5
1105.5 -0.1

1103.6
1096.1°
1084.%8
1071.5
1056.2
1040.2
1022.5
1004.4
986.0
967.5
949.1
931.4 y
914.3
898.0
880.8
878.2
866.0 /
863.8
850.8
849,7
34,9
833.6.
f18.3
RO1.0
782.2
762.4
 Tal.4
719.2
695.17
6707
643.9
615.2
578.8
5“6.1
S511.4
4L474.5
434.8
393.9
" 347.6
299.0
246.9
19100 s
131.0
67.5
e RMS NEVI
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TABLE AS3:, -ASD-

A
HEATS OF MIXING AT S5 DEG.C FOR THE SYSTEM N-BUTANOL#N—OCIANE
DELYA H IN JOULES/MOLE,

Bt1)= 8.15935% B(2)z 0.0056%2
. B(3)= 0.004932 Bla)=z 0.000133
X XCH2 Y YPRED DFVP
0.0338 0.9957 539,8 szof% 1.9
0.0708 0.9909 TTR.6 780.3 -0.2 .
0.1301 0.9829 970.4 993.1 -2.3
0.1820 0.9756 106641 1099.9 =3.2
0.2288 0.9687 1123.1 1160.0 -3.3
0.2705 0.9624 1157.1 1192.0 -3.0
0. 3074 0.9566 1175.7 1206.2 -2.6
00_3417 0095[0 1183.2 12090-0 -202
0.3721 0.9459 1183.9 1203.8 -1.7
- 0.4001 0.9412 1178.3 1193.1 T =13
0.4254 0.9367 1170.4 1178.9 -0.7
0.4488 0.9325 . 1158.0 1162.1 —0,4
0.4699 0.9287 1144.1 1144.0 0.0
0.4896 0.9250 1122.5 1124.7 0.3
0.5072 0.9217 1113.0 1105.6 0.7
- . 00523‘ 009186 1097.1 108605 1.0 i
' 0.5393 0.9155 1080.5 ‘1066.3 1.3
) 0.5550 0.9124. 1061.5 1045.1 1.5
y 0.5691 0.9096 1043.9 1025.0 1.8
0.5822 0.9069 1026.5 1005,.3 2.1~ ’
0.5945 0.9044 1008.9 986.1 2.3
0.6087 0.9014 _ 987.0 963.0 2.4
. 0.6178 '0.8995 973.5 947.7 2.7 .
0.6230 0.8984 949.1 938.8 l.1
0.628C 0.8973 957.1 93041 2.8
0.6324 0.8964 933.8 922.3 1.2
C.6381 ' 0.8951 940.3 912.2 3.0
0.6420 0.8943 917.0 905.1 1.3
" 0.6473 . 0.8932 924.6 895.4 3.2
0.6519 0.8921 900.2 - 886.9 1.5
0.6565 0.8911 908.6 878.3 3.3
06620 Q0.8899 882.0 867.9 1.6 ,
0.6724 0.8876 862.2 84T.8 1.7
0.6836 0.8851 840.7 "825.6 1.8
0.6948  0.8825 818.5 802.9 - 1.9
0.7067 0.8798 794.7 778.2 2.1
0.7187 0.8770 769.3 O\ 752.7 2.2
0.7308 0.8742 743.3 726.3 2.3
0.7435 0.8711 715.2 698.0 2.4
0.7567 0.8679 635.6 66T7.9 2.6
0.7705 0.8646 653.0 635.7 2.6
0.78139 0.8612 621.2 603.8 2.8
0.7984 0.8576 ., 585.7 568.4 3.0
0.8133 0.8537 547.2 531.2 2.9 ’
- 008'052 008453 46‘02 "4809 v 3.3
2 0.8620 0.8408 418.1 404.0 3.4
. 0.8796 0.8359 369.4 56.0 3.6
0.8978 0.8308 316.8 05.2 3.7
0.9169 0.8253 260.4 250.7 3.7
0.9369 0.8195 200.0 192.4 3.8
0.9568 0.8135 138.6 133.0 . 4.0
. \ RMS DEVIATIQN= . 2.5




TABLE AS54: I

-A83-

HEATS OF MIXING AT 55 DEG.C FOR THE SYSTEM N-BUTANOL+N-NONANE
DELTA H IN JCULES/MOLE ,

i

8(l)=
8(3)=
X

0.0361
0.0719
0.1347
0.19€0
0.2391
0.2829
0.3219
0.3575
0.3900
0.4189
0.4456
' 0.4697
0.4908
0.5108
0,5286
0.5453
0.5590

0.5731 .

0.5871
‘006005
0.6130
0.62438
0.6353
0.6%48
‘0.6677
0.6542
0.6566
0.6633
0.6658
0.6723
0.6753
0.6849
0.6949
0.7051
0.7159
0.7268

" 0.7381

0.7497
0.7616
0.7739
0.7864
0,799S

0.8131"

J’O. 8?72
0.8420
0.8572
0.8730
0.8895
0.9062
0.9236
0.9415
0.9603
0.9798

8.159353
0.004932,
XCH2

0.9959
0.9917
0.9841
0.9769
0.9703

0.9640 .

0.9583
0.9528
0.9476
0.9428
0.93R3

'0093‘00 .

0.9303
0.9266
0.9232
0.9200
0.9174
0.9146
0.9117
0.9090
0.9064
0.9039
0.9016
0.8996
0.8989
0.8975
0.8970
0.8955
0.8949

» 08935

0.8928

0.8906

0.8883

0.8859

0.8833
0.8807
0.87%0
0.8751

0.8721L.

0.8689
0.8657
0.8622
. 0.8585
0.8547
0.8505
. 0.8461
0.8415
0.8365
0.8314
0,8259
0.8201
0.8139
0.8072

B(2)=
0(4)=
Y .

578.9
821.5
1031 .4
1137.2
1197.5
1231.8
1249.4
1256.0

- ,1254.0
1264643
1234.5
1219.5
1203.1
\ 1185.2
1167.7
’ 11‘900‘
1132.0
1114.2
1095.0
1075.7
1056.2
1036.4
1018.5
1002.5
997.2
Y85 . &
9R80.8
96R 4
963.0
951.3
944.6
925.6
905.5
882.5
859.5
, B835.2
809.0
7816
7152.2
721.3
* 688.5
653,2
615.3
575.8
5$32.9
487.8
438,R
386.6
333.0.
273.9
212.8
146.0
75.5

0,005642
0.000133
YPRED DEVP
576.5 0.4
833.8 "105
i 107’0.9 "‘0.
1193.8 -5.0
125803 -501
lquob ‘4.9
1305.3 , =4.5
1306.2 -64.0
1298.2 °. 3,5
1284.% -3.1
1266.3 -?2.6
1245.9 -2.2
122409 -108
1202.3 -l.4’
11_8002 "'lol
1157.7 -0.8
1118.30 ’005
111%6.6 -0.2
1094.2 0.1
1071.8 0.4
1049.9 0.6
1028.5 0.8
1008.8 1.0
990.5 l.2
984.9 1.
972.0 l.
967.1 l.
953¢5 l.
948.4 1.
934.9 1.
928.6 l.
908.1 1.
8R6.2 2.
863.4 2e
838.7 2.
813.2 2.
786.2 2.
157.8 3.
728.0 3.
696.4 3.
. 663,17 3.
678.6 3.
591 .4 3.
5651.9 4.
509.5 4.
465.0 4.
417.7 &
367.1 Se
314.8 5.
259.0 S.
200.4 Se
137.5 Se
70.7 +6e
RMS DEVIAT

ON=

3.3



L3

TABLE AS5S:

"HEATS OF MJXING AY 55 CEG.C FOR THE SYSTEM N-BUIANOL'N-DODFCANE

DELTA H IN JOULES/MOLE

B{l)= B8.159353
R({3)= 0.004932
X . XCH2
0.0447 0.9962
0.0896 0.9921
0.1668°  0.9846
0.2322 0.9776
0.2878..° 0.9712
0,3361 0.9652

.IR86 0.9595 .
0.4160  "0.9542
0.4494 0.9492
0.4796 0.9445
0.5064 0.9401
0.5307 049359
.0.5523 0,9321
0.5720 0.9285,
0.5905 0.9249
0.6073 0.9216
0.6229 0.9185
d.6375 0.9154
0.6510. 0.9125
0.6629 0.9099
0.6739 0.907%
0.6847 0.9050
. 0.6948 0.9026
0.6975 -~ 0.9020
0.7040 0.9005
0.7058 0.9000
0.7125 0.8984
0.7142 0.8980
0.7202 0.8965
0.7228 0.8959
0.7316 0.8936
0.7406 0.8913
0.7595 0.8864
0.769¢ 0.8837
. 0.7793 0.8809
0.7895 0.8780
0.8002 0.8749
0.8111 0.8717
0.8221 0.8684
"0,8338 0.8647
0.8459 0.8608
0.8582 0.8568
0.8708 0.8525
0.8837 0.8480
0.8966 0.8434%
0.9100 0.8%384
0.9242 0.8329
. 0.9387 0.8271
0.9534 0.8210
0.9683 0.8146
0.9841 0.8075

“

-Aah-

B(2)= 0.005642
Bt4a)= 0.000133
Y YPRED
717+5 731.3
1007.6 10664.0
12477 1358.6
1358.5 1488.5
l413.3 1548.6 -
1435.7 | 1572.0
1443.8 1573.6
1438.7 1561.4
14265 1540.5
14079 . 1513.7
1386.0 16483.8
1352.3 1451.9
1338.2 1419.8
1313.4 1387.4
1296.7 1354.3
126l.1 1322.1
1235.1 1290. 4
1209.3 1259,0
1183.5 1228.7
1160.7 1200.8
1138.6 1174.2
1115.7. 1147.2
1093-3 112192/1’
1086.8 ° 1l14.1]
1072.6 1096.9
“1067.9 - 1092.0
1052.5% 1073.9
1047.3 1069.2
1034.0 1052.6
1026.8 1045.3
100444 102043
980.9 90,
930.3 937.4
902.7 906.7
872.5 _ 875.3
843.9 842.3
811.6 806.8
176.7 769.9
742.1 731.8
703.3 ., booz;)
661.5 646.
618.4 600.8
571.8 563.0
522.1 502.9
472.3 451.6
417.9 3197.2
358,13 338.2
295.5 J76.5
228.9 212.5
158.3 146.2
80.5 T4.2

RMS DEVIATION=

4

"'3. l

"2.0
"2.‘
_loa

_ _~1.8"

—106
‘lo‘
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TABLE ADOI

’

-Aop- . »

DELTA H IN JOULES/MOLE °

8(1)=
8(3)s=
‘X

0.0277
0.0567
0.1087
- 0.1560

és.lsoa
<2377
0.2729
0.3054
0.3350
0.3623
© 0.3874
0.4105
'0.4510
0.4688
0.4863
0.5024
0.5170
0..5304
0.5427
0.5552
0.5673
0.5732
0.5810
0.5826
0.5910
0.5927
0.6012
0.6032
" 0.6106
0.61139
0.6198
0.6248
0.6286
0.6364
0.6483
0.6605
0.6734
0.6R67
0.7005
0.7150
0.7299
0.7453
0.7617
0.7784
0.7960
0.8146
0.8344
0.8549
0.8766
0.8988
0.9228
0.9473
0.9737

8.159353
0.004932
XCH2

0.9965.

0.9928
0. 9860
0.9797
0.9738
0.96R4
0.963%
0.9587
0.95413
0.95C2
0.9464
0.9478
0.9395
0.9365
0.9336
€.9308
0.9282
0.9258
0.9236
0.9215
0.9194
0.9174
0.9164
0.9150
0.9148
0.9133
0.9130
0.9116
0.9112
0.9099
049094
0.9083
0.9074
0.9068
0.9054
.0.9033
0.9011
0.8988
0.896%
0.8938

0.8912 °

0. 8884
0.8855
‘00882‘
0.8792
0.9758
0.8721
0.8682
0.8641
0.3597
0.8551
0.8501
0.8448
0.8391

A(2)=
 Bl4)s
Y v

464,7
684.8
877.1
974.4

1032.2
1067.4
1089.6
1101.,0
1105.9
1106.2
1102.1
1095.2
1086,7
1075.8
1064.6
1052.0
1038.5
1025.1
1011.2
998, 2
984,4
970. l
951.9
951 .4
939.4
938.4
925.8
924.0
910.7
910.6
894,.8
 896.9
878.9
8R3.4
860.6
840.9
820.3
797.0
773.0
746.9
718.1
6R8.6
655.7
621.0
583.4
541.9
499,13
450.6

394.9.

343,2
283.7
219.1
150.7

T6.1

(Q

0.005542
0.000133
YPRED DEVP

458.5 l.
6R3.9 0.
898.9 -2.

3
1}
5

1009.0 -306‘

107207 '3.
1108,.2 C -3,
1127.2 -3.
, 1134.9-' -10
1134.6 ~-2.
11?8.’ * . -'20
111809 "l.
11063 -1.
1092.2 - -0.
1076.8
1060.9
- 1043.6
1026+ 4
1009.7
993.4
977.8
961.1
9444 .
916.0
92446
922.2
309.7
907.1
A%4.0
890.9
879.2
873.9
864.3
856.1
849.8
836.7
816.2
194,.6
171.2
T46.4
720.0
691.5
661.5
629.6
594.9
558. 6
519.13
“’6.8
430.5
3Rl1.2
327.8
. 271.8
209.7
144.8
T3 1

¢ o 6 b o 0 0 0 0 6 6 2 ° & o 0 @0 0 o o

. . . |
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®

v

N \
, qﬁ?BiE.“57’

O HeaTs OF MIx
P CELTA M IN- JOULES/MOLE

9

4’

\ u(})a 8159353
% : . B(3)= 0.004932
' ) X + XCH2
ro ' 0.0302 0.99656
1 0.0611. 0.993,1
0.1167 0.9865
0.1658 0.9805
, . 0.2104 0.9749
S 0.2510 0.9696
. . 0.2875 0.9647
3 o 0.3207 0.9601
) - 0.3509 0.9558 ¥
0.3778 0.9520
0.4029 C.9483
L ~ "00”259 ' 009448
- 0.4473 0.9416
] 0.4666 0.9386
- 0.44%5 0.9358
' 0.5014 0.9331
. - 0.5173 0.9305
0.5322 . 0.928] .
ot o 0.5462 - 0.9258
. 045601 0.9235
05730 0.9213%
- . 0.585S5 0.9192
~ 0.5966 ° 0.9173 .
0.6069 0.9155
" 0.6109 0.9148
« '.0.6168 ,0.9137
: , 0.6205 0.9131
. ] . 0.6250 0.9123 -
_ - 046303 | 0.9113"
To. N 0.6337 0.9107
: . . 0.6401 0.9096
[ " 0.6503 0.9077
i ' 0.6612" - 0.9058
. .+ 0.6719- 0.9038
0.6830 09017
. 0.6949 -8.8995
‘ ‘ - 0.7068°  0.8973
- 0.7187 0:8950"
S0 0.7317 . 0.892S5:
. T - .0e7451  0.8899
. - . 0. 7589 0.R871
) 0.7732 0.88413
0.7882 0:8812
0.8037 0.2780
, 08194 0.8747
. 0.8363 _ 0.R712
. 008539 - ’008674
‘ 0.8722 0.8634%
- 0.8911° . 0.8592
. 0.9109 0.8547
0.9316 »0e 8499
0.9532 0.8448 -
0.9760

0.8393

ING AT 55 DEG.C

’

-AB6-

B(2)=
Bla)=
Yy °

506.2
738, 1
944, 1
1044,9
1104.6
1141.7
1162.3
1174.0
1177.6
1220,0
1209.1
1228.4
*1211.9
1194.6
1176.9
1158.5
1140.1
1122.6
1105.0
1086.1"
1067.5
1048.7
1031.9
1015.1
993.6
998.6
978.2
985.1
962.6
970.0
945.9
927.8
908.6
889.13
86647
844 .0

@ 819.6 "
1

794.1,
766.0
17362
703,9
668.8
, 6322 ,
592.%
° SSI.Tr
505.7
4%7.2°
40401

s 3‘08:2 -

287.7
227.3
153.5

(790,

‘FOR THE SYSTEM N-P

’

<

~

7 942.7

N

0.005642

000133
" YPRED DEVP
50540
750.8
986, 1

1102.2
1168.1 -
1205. 2
1223.6
1229.8
1227.6
1219.9
1208.2.
1193.8
1177.4
1160.2
1142.3
1123.8
‘1104.9,
1086.0
1067.1
1047.4
1028.2
1008.8
99453
973.9
967.2 °
957.0
950.6

0.2
1.7
~4.4
"'505
~5.7T

’ "506

[
S
.
ww

L.
>

Wil WNWNVNNNVDDO D
e 0 & o B o o 6 & o o

WONN~ OO NP P WeOOOID—~O WX

o

s

933,.13.
927.2
915.5 !
'896.5
875.8
854.9

" 832, 7
808.13
783.3
757.7
729.1
698.9 .

” 667.0 R \
‘633.2 '
996.9
“568,6
S1R.8 T

“414,9
428,2
378.4
325.8
269 /4
209.1
144.6

75.0 5
RMS DEVIATION=
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TABLE A58: - ad

’ . : .
HEATS NF MIXING AY 55 DEG.C FNR THE SV§TEM N-PENTANOL +N-DODECANE
OELTA H IN JOULES/MOLE :

All)=" 8.15934%3 B(2)= 0.005642 Ty
B(3)= 0,004932 N(4)= 0.000133
X XCH2 Y YPRED - DEVP

000399 009066 6‘0‘.9 667.0 -1 "3.9
0.07462 N.9934 208.2 9%9,2 -5.6
0.1440  0.9871 1149.2  1249.0 -8.7
0.2032 0.9812 1260.8 1382.4 -9,6
0.2%560 0.9715%5 1321.6 1450.0 -9,7
0.30‘“ 0.970" 1‘5-“.5 .l‘oR0.0 "qo‘O
0.3419 0.9656 1367.4 148A,.8 ~8.9
0.3772 0.96173 1371.0 1484, 1 -8.1
0.4101 0.9570 136544 1470.5 v -T.7
0.4398 0.9530  1355.) 1450.8 - =T
0.4657 0.9494 1343.9, 1428..1 -6

= 0.4893 0.9460 1327.9 1403,2 -5.7
0.5100 0.9430 1311.0 1378.1 T =5.1
0.5276 0.9403 1295.8 1354.1 ~4,%
0.5454 049375 1277.4 1328,2 -4.0
0.5614 0.9350 1260.5 1302.9 ~3,.4

{ .0.5T7TT4 0.9324 1240.8 1275.9 -2.8
0.5924 0.9299 - 122¢a3 ., 1249.0 ~ ~2.4
0.6071 0.9274 1199.1 1221.3 -1.9
0.6197 0.9252 1148.7 +1196.4 -4,?
0.6316 0.9231 - 1131.8 1172, 0 -3.6
0.64734 0.9210 1143.1 1146.9 -0,.3
0.6544 <~ 0.91R9 1123.9 1122.8 0.1
0.6641 0.9171 1090.6 1100.8 ~-0.9
0.6648 0.9170 1104.4 1099.2 0.5
0.6743 0.9152 1086.2 1077.1 0.8
0.6817 - 0.9138 1055.6 1059. % -0.%
0.6833 0.917%5 1068.4 1055.7 - 1.2
0.6918 0.9119 1050.9 1035, 0 1.5 - ’
0.6983 ' 0.9106 1037.0 1018.8 1.7 .
0.7000 0.9101 1016.4 1014.6 0.2
0.7096 0,9083 994,.9 990. 2 0.5
0.7193 0.9064% 972 .0 964.9 0.7
0.7298 - 0.9042 947.1 937.0 lel
0.74064  0.9020 921.3.  908.1 1.4
0.7510 0.8998 894 .4 878.6 1.8
0.7618 0.8975 _ B6%.6 - R4T.8 2.0
0.7732 0.8950 - 833.5 8l4.6 2.3
0.78%2 0.9923 800.5 778.8 2.7
0.7972 0.889% 16547 T42.2 3.1
Oo 9008' 008866 728." 702.8 ' 3‘5 K
0.8358 0.58803% 6466.4 618.7 4.3
0.8495 0.9769 601.0 5T72.8 4.7
0.8641 ° 0.8732 550.6 522.7 5.1
0.8791  0.R693 497.8  470.0 5.6
0. 8944 0.86%2 “41.6 415.0 g 6.0
0.9102 0.8608 380.4 356.8 6.2
0.9270 0.8560 314.9 293. 4 6.8
0.9445 0.A%09 241.3 225.7 9 T.2
0.9627 0.845% 166.6 153.5 7.9
0.9811 0.08395 /5.1 78.7 Tl )

RES DEVIAYION= 4.9
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" TABLE AS9:

-A88-

!

HEATS OF*MIXING AT 55 NEG.C FUR THE SYSTEM N~HEXANOL +N-OCTANE-
OELTA H IN JOULES/MOLE

Bll)= 8,159353
B(3)= 0,004932
X XCH2
0.0243 0.9970
o 0.0491 0.99138
' 0.0954 0.9879
' 0.1379 0.9825%
0.1773 0.9773
D.2122 0.9728
0.2435 0.9686
0.2732 0.9646
0.3010 . 0.9609
0.3268 0.9574

0.3499 0.9543
..0.3719 0.9512
0.3933 0.9483
0.4127 0.9456
' 044310 0.9431
0.4478 0.9407
0.4634 0.9385
0.4781 0.9364
0.493() 0.9343
0.506] 0.9325
0.5181 0.9308
0.5287 0.9292
0.5401 0.9276
0.5474 0,9265
0.5514 0.9260
0.5570 . 0.9252
0.5617 0.9245%
0.5670 0.9237
0.5718 0.9230
0.5775 0.9222
. 0,5809  0.9217
0.5883 0.9206
o.s:}& 0.9190
C.6124 ° 0.9173
0.6237 0.9154
0.6366 0.91135
0.6501 * 0.9115
0.6640 0.9095
0.6783 0.9074
0.6932 0.9051
0.7086 0.9028
0.7249 0.9004
0.7416 0.8978
0.7592 0.19951
0.7786 0.8922
0.7986 0.8891 .
. 08196 0.08859
0.8411 0.8825
0.8638 0.8790
0.8887 0.R750
0.9143 0.8710
09413 0.8666
09696 0.8621

i
)

B(?)-
Bl4)=
Y

410.7
620.8
807.1

<899.7
955.7
9A8.7

~1008,9

1022.0
1028.6
1030?5
1029.5
1025.9
1019.8
1012.4
1203.5
94 .3
984 .27
9T4.4%
962.1
950.9
939.8
~930.2
919.3
899.8

906.8

889.8
895.2
s BTR.4
883,2
. 86549
v 872.1
852.3
836.8
> 820.9
803.4
‘784,2
'763.4
742.3
718.3
692.7
664.9
635,72
603.1
568.6
527.8
485.6
439,.9
3q2. l
339.6
280,.5

. 217.6

150,.3
17.9

0.005642
0.000133 .
YPRED DEVP
"413.6 © =047
622.1 ‘0.2,
810.9 ‘3.0 “
918.5 =4 4%
1001.9 ~4.8
1038.6 ~5.1
10%9.6 -5.0
1070.7 ~4.8
1074.5 ~4.5
107208 “01
1067010 _307
1059.1 =-3.2
‘1048, 2 ~2.8
1036.2 =23
102300 'loq
11009.3 ~1.5
’ 99506 —l.l
9“[.3 ~0.17
965.8, ‘0.‘
95106 ‘0.1
937.8 0.2
925.2 a.
911.1 O.
9014.7 —0.
. 896.5 1.
889.1 0.
. 882.9 1.
815.7 0.
869.0 , Lo
86l1.1 . 0.
856.3 l.
B&4S,7 0.
828.9 0.
“8lle2  le
792.2 1.
"TTla 6 1.
T&9.4 1.
7126.0 2.
701.3 2.
674.8 2.
646,7 2e
' '61643 3.
584.3 3.
549.7 3.
510.6 3.
469.2 : 3.
“24.6 3.
377.9 3.
327.3 3.
270.5 3.
210.6 3.
145.9 3.
T6.4 2.
RNS DEVIATY

-CDO'UO‘O'G\M#‘d\ﬂF'Q'da‘&FddlD'éﬁiﬁtbaDOC?ﬁJ#v-—--001

NN=

\
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HEATS -OF MIXING AT S5 DEG.C
DELTA H IN JOULES/MOLE

FOR 'THE §vster N-OC TANOL $N~-HEP TANE

Bl1)= A.159353 RI?2)=  0.005642 )
A(3)= 0.004937 8lae)= 0,000133 N .
X XCH2 * Y YPRED - DFEVP
.0.0170  0.9976 '289.7, .301.7 ~4.2
0.0336 0.9952 417,0 4611 -10.6
0.0657 0.9908. 63543 634.3 0%
0.0971 0.9865 " 7207  , T31.2 -1.5 -
0.1276 0.9824 176.6 ~ 192.4 -2.3 -
0.1562 0.9786 80802 a 8“‘1‘6 ‘2.9
0.1825 0.9752 829.1 856.7 -3J3
0.2079 0.9720 R842.3 .873.2 -3.7
0.2302 0.9691 851.7 RAR2.4 C =346
C.2514 0.9665 855.4 4 887, 2 -3.7
0,270} 0.9642 858,64 88,7 -3.5"
0.2897 0.9618 85R.9 - 887.7 =34/
0.3‘078 009596 BS‘RQZ 884.] . ‘3.‘
0.3263 0.9574 855.8 AT79,7 2.
0.3433 0.9553 851 .5 873.5 -2.6
0.3591 0.9535 847.2 866.5 -2.3
0.3735 0.9518 842.2 859.1 ~2.0
' 0.3875  0.9502 836.4 ° 851.9 -1.7
0.4001 0.9487 830.7 ' B843.0 ~-1.5
0.4120 .  0.9473 825.1 834.9 -1e2
0.4237 0.9460 819.5 826.13 -0.8
0.435¢6 0.9447 813.2 817.3 =05
0.4472 0.9434 R06 .4 807.7 -0.2
0.4580 0.9421 800.1 798.5 0.2
0.4613 0.9418 791.7 795.6 -0.5
0.4695 0. 9409 792.5 78R,.2 0.5
0.4712 0.9407 784.1 786.17 -0.3
0.4817 0.9395% 177.7 776.9 0.1
0.4819  0.9395 782.7 T16.7 0.8
0.4918 0.9384 776.0 767.2 lel
044922 0.9384, 768.1 766.8 0.2
0.5016 0.9373 T6R.2 7574 le4
0.5036 0.9371 757.5 755.4 0.3 -
0.5103 0.9364 760,7 748.5 1.6
0.5153 0.9358 747.0 743.3 0.5
0.5178 0.9356 754.3 L T40.7 1.8
0.5256 0.9347 747.8" 732.4 2.1
0.5275 0.9345 735.8 730.3 0.7
0.5402 ° 0.9331 723.3 7T16.3 1.0
0.5535 0.9317 709.8 ° 701.2 1.2
0.5675 0.9302. 695,13 684.8 15
0.5821 0.9287 6T8.7 66T.2 1.7
0.5975 0.9271 661.4 648.1 2.0
0.6137 0.9254 642.0 627.4 . 2.3
0.6308 0.92136 | 619.5 604.9 2.3
0.64R78 0.9218 596.8 5Rf0.6 2.7
0.6680° 0.9199 57T1.7 553.9 3.1
0.688% 0.9174 542.8 524.6 3.4
0.7111 0.9156 509.7 491.4 1.6
0.7348 0.9132 4T74.1 455.6 3.9
. 0.7598 0.9108 4%4 .4 416.9- 4.0
0.7868 0.9082 389.R 373.9 4ol
; 0.8146 0.9056 343.6  32R.5 4.4
. 0.8462 0.9027 287.2 275.5 4ol i
—__O.879T  0.8996 1226.8 - 2I7.9 3.9
.81 5.9165 0.8962 157.5 153.0 2.9
«9573 D.R926 8l.1 19,2 : 2.4
RMS DEVIATIONSs 2.8
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TABLE A6l:
HEATS OF MIXING AT 55°DEG.C FOR THE SYSTEM N-OCTVANOQL+N-QCTANE

CELTA H IN JCULFS/MOLE

-AW-

B(l)= B.159353 Bl2)= 0.005642 ¢
At3)= 0.004932 B(4)= 0.000133 '

X XCH2 Al YPRED DEY{
0.0189 0.9976 330.5 3-“800 . _2‘3
0.0348 0.9957 494 ,9 497.8 -0.6
0.0693 0.9914 676.8 697.8 -3.1
0.1020 0.9874 ~ TT1.} 80S.7 ~4,5
0.1324 0.9837 827.4 871.4 -5.3
0.1607 0.98073 8613,3 913.8, -5.8 ,t%

< 0.1887 0.9770 88A.5 943,0 -6.1
0.2149 0.9738 903,.8 961.5 -be4
0.2580 0.9688 918,9 976, 9 -6
0.2750 0.9668 ., 922,7 978.7 -6.1
0'02920 0.96,’08 . 92‘001 97804 _“509

T 0.3104 0.9626:/ ~  923.4 975.9 -5.7 3
0.3279 0.9606 - 921.9 971.5 ~5.4
0.3456 0.9586 918.4 965.2 -5.1
0.3613 0.9568 914.7 958, 2 -4.8
0.3766 0.9550 910.4 950.2 -4,.4
N.3918 0.9533 904.6 941.0 -4,0
0.4059 0.9517 898,3 931.6 T -3,7
0.4192 0.9502 891.6 921.8 -3.4
0.4323 0.9487 884,.5 911.5 -3.1
0.4453 0.9473 "8T76.4 ~ 900.5 . -2.8
0.4679 0.9447 860.2 879.9 -2.3
0.4838 0.9430 845.6 864,2 -2.2
0.4878 0.9425 B846.2 860.1 =146
0.4935 ' 0.9419 838.6 854.2 -1.9
0.4984 0.9414 8138.2 849.0 -1.3
0.5034 0.9408 830,0 1 843.6 ~1l.6
0.5084 0.9402 830.5 83R.1 -0.9
0.5183 0.9392 822.4 . 827.1 -0.6
0.5253 0.9384 810.4 -819,0 -1l.1
0.5293 0.9379 811.7 Blé.4 -0.3
0.5367 0,.9371 = 798.9 805, 6 -0.8
05489 0.9358 | 786.9 790.8 -0.5
00561‘0 0.93‘0":‘? - 173.9 775.1 —OQ?
0.5747 0.9330 759.2 758.0 0.2
0.5884 0.9315 743.0 739.7 O.%
0.6031 0.9299 725.5 719.6 0.8
0.6183 0.9283 795.9 698.2 1.1
0.6346 0.9265 684,3 674.5 l.4
0.6517- 0.9247 660.5 648.9 1.8
0.6696 0.9228 634,17 621.4 2.1
0.6884 0.9208 606.6 591.6 2.5
0.7088 0.91%6 575.2 558.5 2.9
0.7311 0.9163 539,55 521.2 3.4
0.7780 0.911% 457,2 439,3 -~ 3.9
0.8013% 0.9087 409.9 393,0 4.1
0.8306 0.9059 358,5 3642.5 - 4.5
0.8596 0.9030 300.8 287.1 . 4,5
0.8909 0.R998 237.2 225.17 4.8
0.9749 0.8964 165.8 157.2 5.2
0.9608 0.8928 ar.1 83.0 4.6 ;

RMS DEVIATION= _ 3.6

|816
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" HEATS OF MIXING AT 55 DEG.C FOR THE SYSTEM N-OétAN?L*N—NONANE

CELYA H IN JOULES/MOLE

2

A{l)= B8.159353 B8(2)= o.oosaa;»
B(3)= 0.004932 8l4)= 0.000133
X XCH2 Y YPRED OEVP
#
0.0223 ' 0.9975 314,5 392.7 ~17.4
0.0431 0.9952 542.6 589.5 -8.6
0.0844 0.9906 744 .8 806.1 -8.2
0.1223 P.9864 839.5 916.6 -9.2
001580 0“098’4 895.9 982. 5\ -9.7
0.2213 0.9754 953.3 1045.9 -9.7
0.2496 0.9723 967.8 1058.8 -9.4
0.2743 0.9695 974.6 1064, 1 -9,2
0.2959 0.9671 976.7 1064.7 -9.0
0.3175 0.9647 977.9 1061.8 -8.6
' 0033n4 0.9624 977.9 l056ol -800
0.3582 0.9602 976.8 ~1048.2 -7.3
0.37.70 0.9581 972.1 - 1038,5 -6.8.
0.3949 0.9561 966.3 11027.5 -6.3
° 044113 0.9543 960.3 1016.0 -5.8
0.4268 .0.9526 953.1 1003.9 -5.3
0.4296 ° 0.9523 965.2 1001.6 -3.8
0.4434 '0.9507 957.3 2989.7 o |, ~3.4
0.4573 0.9492 920.2 976.8 . =5.2
0.4705% 0.9477 939,7 963.8 -2.6
’ 0.4828 0.9464 930.6 951.1 -2.2
04947 0.9450 921.1 938.1 ~1.8
0.5058 0.9438 912.4 925.5 -l
0.5115 0.9432 900, 3 918.8 -2.1
0.5165 0.9426 904.0 912.9 -1.0
" 0.5213 ‘09421 890.4 907.1 -1.9
0.5276 Q.9414 894.5. |, 899.4 -0.5
0.5315 0.9409 .880.0 894.5 -1.6
"0.5376 0.9403" 885.7 886.8 -0.1
0.5420 0.9398 870.1 881.1 =143
0.5476 0.9392 876.0 873.8 0.2
. 045529, _0.9386 858.3 866.8 -1.0
0.5577 0.9380 865.1 860.4 0.5
0.5646 ° 0.9373 844.9 851,0, 0.7 .
0.5658 0.9371 856.4 849, 4 0.8 s
0.58R6 0.9346 816.3 817.1 -0el
0.6021 0.9331 798.7 797.2 0.2
0.6154 0. 16 780.1 , 777.0 0.4
0.6292 0.9301 761,5 7155.5 0.8 -
0.6444 0.,9284 .739.9 731.2 1.2
0.6606 0.9266 T715.7 T04.5% 3 1.6
0.6770 0.9248 690.1 676.6 ¢ 2.0
0.6942 0.9229 662.3 646.7 2.4
- 0.7129 0.9208 630.4 613.2 2.7
047321 0.9187 59646 $S7T7.9 3.1
07521 - 0.9164 -'559,3 540.1 3.4
0.7731 0.9141 519.1 499, 4 3.8
0.7954 /" 0.9116 . 4T4.1 455.0 v 440 !
0.8198  0.9089 .423,.8 405,2 4ok
0.8452  0.9061 369.4 ©352,0 4.7
0.8727 0.9030 307.7 +292.8 4.9
0.9017 . 0.8998 240,0° 228.7 4.7
) 0.9330 0.8953 186.2 —157.3 5.0
181 §e9es3. o.8927 87.2 82.7 5.2

f

RMS DEVIATINN=

5.5



a1 3

HEAYS OF HIXING AT 59 DEG.C FOR THE SYSTEM N- OCT&NOLON-DODFCANE
CELTA H IN JOULES/MOLE

- e

— ——

Bll)= '8,.15935)3 B(2)= 00005642
R(3)= 0.00493? R(4)= 0.000132
X - XCH2 Y YPRED DEVP
0.0271 09977 473.1 4P9,.9 -3.5
0.1037 0.9911 952.7 10?4.2 "7.5.
0.1481 0.9872 1057.7 1155.8 -9.3
0.1885 0.9835 1117.0 1229.1 -10.0
0.2597 0.9769 1167.0 1293.1 -10.8
0.2912 0.9738 1176.5 1302.3 -10.
0.3190 0.9711 1177.4 1302.7 -10.6
0.3449 0..‘?685 117506 129703 ~10.4
+0.3698 0.9660 1169.0 1287.3 -10.1 ¢
0.3928 0.96137 1160.3 1274.1 -9.8
0.4142 " 0.9615 1150.8 1258%.8 -9.4
0.4523 0.9575° 1129.1 1224.4 ~8.4
0.4699 0.9556 1116.2 1205.6 -8.0
0.4865 0.9538 1101.7 11R6.3 -T.7
0.5013 0.9522 1087.2 1167.9 -T.4
0.5149 0.9508 1073.8 1149.9 -7T.1 -
0.5279 0.9493 1060.9 1131.9 ~6.7
0.5402 0.9480 1048.7 1114.0 -6.2
0.5523 0.9466 1035.8 1095.7 -5.8
0.5760 0.9439 1001.1 1057.8 -5.7
0.5761 0.9439 1007.1 . 1057.6 -%.0
0.5864 0.9427 " 993,9 1040.3 -4.7 .
0.5947 0.9418 976.7 1026.C -S.1
0.6047  0.9406 962.8 1008.4 -4.7
: 0.6145 0.9395 954 .4 990.7 -3.8
006265 ® 0.1938,. 930?8' 968.’0 -’0.0
006379 009368 9‘206 . 9‘0606 -1.7
0.6498 0.9353 894.1 923,13 -3.3
0.6748 | 0.9324 851.7 872.4 =24
0.6879 0.9308 827.9 . 844.7 -2.0
0.7014% 0.9291 802.1 815.5 -1la7
0.7150 0.9274 775.2 785, 3 -1.3
007?98 ’ 0.9256 T45.8 151.6 "008
0.7449 = 0.9237 713.9 716.3 ~0.3
0.7615 0.9216 677.3° 676.5 0.1
0.7793 0.9193 637.6 632.8 0.8 )
0.79713 0.9170 594,6 5R7.3 1.2
0.8157 0.9146 548.6 539.7 l.6
0.835) 0.9120 499,.0 487.6 2.3
0.8552 0.9094 465,17 433.4 2.8
0.8772 0.9064 383,13 37T1.9 3.0
0.8994 0.9033 ° 319.9 308.2 3.7
0.9227 0.9001 2649.1 239.6 3.8 of
0.9470 0. 8966 1749 166.3 4.9
0.9724 0.8929 . Mal BR7.6 3.7
RMS DEVIATTON= Oel

18



TABLE A64:

-A93-

13

HEATS OF MIXING OF 'SYSTEM ETHANOL HEXANE
X=MOL.FRACT. OF ALCCHOL, DATA OF VAN NESS
0.004725
0.000075

, YPRED

Bl1)=
R(3)=
x .

0.0100

0.0200

0.0300
0.0400
00,0500
0.0750
0.1000
0.1250
0.1500
0.1750
0.2000

.0.3000

0.4000
0.5000
0.6000
0.7000
0.8000
0.9000

8.029658
0.002373
XCH2

0.9983
0.9966
0.9949
0.9932
‘09915
0.9870
0.982%
0.9778
0.9730
0.9680
0.9630
0.9412
0.9167
0.8839
0.8571
0.8205
. 0.7778
0.7273

B

(2)=

R(&)=

Y

178.3
256.0
303.2
313941
368.6
426.7
469.8
505.3
534,.2
557.3
ST77.6,
621.6
628.8

. 60245

554.4
476.7
368.0
21R.7

i

168.9

L

[\

1
<

AT 30° DEG.C,

Y . DEVP

253.1. '

309.2
352.3
38R.0
459.2
516.7
562.8
602.8

665.5

C135.7

T46. 6
T08.5
629.1
514.1
368.5
196.0

RMS DEVIATION=

1

vo

63648

W
‘

Y

5.3
lel

-?.0»

“309
-5.3
'-7.6
‘908
-1l.4
~-12.8
-14.3
-1502
-1804
~-18.7
"1796
-13.5
~-7.9
"0.1
104
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. TABLE A65: )

-AQh-

*

I

HEATS OF MIXING AT 30 DEG FOR SYSTEM EJHANOL NONANE

X=MOL .FRACT. OF ALCOHOL,
Bll)= 8.029668  R(2)=
B(3)=  0.002373 Bl4)=
X XCH2 Y

0.0100  0.9989 193.7
0.0200  0.9977 291.3
0.0300  0.9966 349.5
0.0400  0.9954 394.0
0.0500  0.9943 430.8
0.0750  0.9912 498.1
0.1000  0.98A1 543.6
0.1250  0.9848 581.0
0.1500  0.9815 617.1
0.1750  0.97R0 646.8
0.2000  0.9744 670.4
0.3000  0.9583 730.8
0.4000  0.939% 76644
0.5000  0.9167 730.0
0.6000  0.8889 684.0
0.7000  0.8542 606.9
0.8000  0.8095 491.2
0.9C00  0.7500 § 311.4

DATA OF VAN NESS

0.004725
0.000075
YPRED

191.7
302.0
377.8
435,.6
482.5
- 873.5
643.4
701.0
750.0
792.3
82R 48
9274
960.1
933,2
850, 2
713.5
525.0
28646

RMS DEVIATION=

OFVP

1.l
-3.7
~B.l
"r006
_1501
-1804
‘20.2
‘?105
-22.5
'2306
'2&.9
-2806 .
-27.8 !
-2443
-17.6
-6.9

8.0
18.5

i
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TABLE A66;

o »

HEATS OF MIXING AT 30, DEG. C FNR SYSTEM PROPANGL' HEPTANF
DATA OF VAN NCSS

X=MOL.FRACT.

B(l1)= 8,02966R
"A(3)=  0.002373)
- X XCH2

0.0100 0.9986
0.0200 0.9971
0.0300 0.9957
0.0400 0.9942
0.0500 0.9927
0.0750 0.9889
0.1C00 0.9851
0.1250 0.9811
0.1500 0.9771
0.1750 0.9730
0.2000 0.9688
0.3000 0.9508
0.4000 0.9310
0.5000° 0.9091
0.6000 0.8846
0.7000 0.8571
0.8C00 ' 0.8261
0.9000 0.7907

[y

QF ALCOHCL,

-A95-

8l2)=
Rl4)=
Y

188.6
281.5
337.9
378.?
411.3
478.7
529.2
569.8
603.1
630.9
654.4
T707.7
708,0
667.5

" 590.4

485.1
353.6
194.4

0.004725
0.000075
YPRED

174.7
265.5
125.6
370.9
407.7
479.0
533.8
578.5
616.0
647.5
673.9
737.1
T44.1
704.5
625.0
511.0
366.5
195.2

RMS DEYIATION#

/

——

v

‘505
“5.9
—5.3
-346
'-0.4

3.9



TABLE A67:

HEATS CF MIXING OF SYSTEM AUTANOL HEPTANE AT 30 DEG.C
X=MOL.FRACT. OF ALCOHOL, DATA 'OF VAN NESS
Bl1)=' B8.029668 8(2)= 0.004725

R(3)= 0.002373 8(4)= 0.00007S °

X XCH2 Yy YPRED DEVP
0.0100 0.9986 - 182.1 . 172.1 5.5
0.0200 0.9971 ?273.6 260.4 4.8
0.C300 0.9957 331.2 ' 318.1 3.9
0.0400 0.9942 - 373.2 361.1 3.3
0.0500 0.9928 406.6 395.6 2.7
0.0750 0.9891 467.6 461.6 1.3
0.1000 0.9853 514.8 Sil.l 0.7
0.1250 - 0.9815 $%52.3 $50.9 0.3
0.1500 0.9776 583.9 583.5 0.1
0.1750 0.9737 610.7" 610.5 0.0
0.2000 0.9697 632.0 632.6 ~0.1
0.3000 0.9531 6R6.7 6R1.6 0.7
0.4000 0.9355 686.4 679.6 1.0
0.5000 0.9167 642.5 636.6 0.9
0.6000 0.8966 5592 $59.7 ~0.1
0.8000 0.8519 - 313.6 323.1 -3.0
0.9000 0.8269 162.9 170.9 ~4.9

« RMS DEVIATION= 2.7
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TABLE A68:

HEATS OF MIXING OF SYSTEM PENTANOL HEXANE AT 30 0FG.C

oo

X=MOL.FRACT, OF ALCOHOL, DATA OF VAN NESS °

Bll)=
Bi3)=
X

0.0100
0.0200
0.0300
0.0400
0.0500
0.0750
0.1000
0.1250
0.1500
0.1750
0.2000
0.3000
0.4000
0.5000
0.6000
0.7000
0.8000
0.9000

029668
0.0021373
XCH?

0.9983
0.9967
0.9950
0.991313
0.9917
0.9875
0.9833
0.9792
0.9750
0.9708
0.9667
0. 9500
0.9333
0.9167
0.9000
0.8833
0.8667
0.R500

Bl2)=
Bl4a)= -
Y

17T
257.0
304.1
338.7
365.7
417.6
456.3
486.7
512.5
"532.7
550.4
590.1
585.6
540.0
458.4
357.0
243,.2
-122.4

0.004725 *
0.000075,
YPRED DEVP

.23T7.6
?86.7
322.8 .

. 351.8 *
«06.8
4‘7.7 .
479.9 .

.~ 50S5.7 -
526.4 :
542.8
573.3
560.8
516.2

- 44645
356.7 -
250.6 .,30
13009 -700
RMS DEVIATION=

o~:~a--—-.—-——-~u4~m4c
o & 06 5 ¢ 06 9 6 06 8 5 0 0 0 0 0

OO PNOINWIrAOIPDNNMN

e

4.3



- A98-

." TABLE A69:

HEATS 'OF MIXING AY 30 DEG. C FOR SYSTFM OCTANOL $HEPTANE
X=MOL.FRACT. OF ALCOMCL, NATA OF VAN NESS \\\
Bil)= B8.029648 Al2)= 0.004725

Ri)e 9.002373 Bl4)= 0.00007%
. X XChi2 ¥ , YPRED NEVP
N \ P .
0,0100 0.9986 176.% 164,2 7.0
0.0300 0.99%8 306.4 296.3 3.3
o "0.0400 - 0.,9944 317.9 332.9 1.5
0.0500 0.9930 362.4 361.2 0.3
0.0750 0.9895 409,3 612.2 -0.7
0.1000 0.986} 442 .8 447.6 -1.1
0.1250 0.9828 468,1 474,0 ~1e3 ,
N.1500 0.9795 4nT,0 494,0, ~tl.4%
, . Q.1750 0.9762 $01.0 509.2 v =1.6
A} 0.2000 0.9730 512.0 520.3 ~1.6
' 0.3000  0.9605 537.6 534.4 0.6
0.4000 0.9487 53044 512.6 3.4
0.5000 0:.9375 | 49540 464.9 6.1
0.6000  0.9268 432.0 397.5 8.0
0.7000 0.9167 342,13 314.6 8.1
0.8000 0.9070 236.8 219.3 7.6
0.9000 0.8977 118.8 113.9 442 \
RMS DEVIATION= beb
= Ve
]
92
!
L
Y




TABLE A70:

we =t

~A99-

HEATS OF MIXING NF OCTANOL+NONANF AT 30 PEG. C

X=MOL.FRACT, OF ALCOHOL, NATA
Bil)s R.029668 B(2)=
> B(3)= 0.002373 A(4)=
X XCH2 Y
0.0100 0.9989 184,2
0.0200 0.9978 281.5
0.0300 0.9967 318,4
0.0400 N.9956 379.8
0.0%00 0.9944 410.9
0.0750 0.9917 466.9
0.1C00 0.9889 505.8
0.1250 0.9861 535,.9
0.1500 0.9833 558.4
0.1750 0.9806 577.5
0.2000 0.9778 592.0
0.3000 0.9667 6213.7
0.4000 0.9556 621.6
0.5000 0.9444 587.5
0.6000 0.9333 S11.2
0.7000 0.9222 413.7
0.8C00 0.9111 291.2
0.9000 0.9000 150.3

NF VAN NESS .
0.004725
0.000075
YPRED bEVP
17Y.9 3.5
275.3 2.2
338.9 ) =061
384,9 “le4
420.5 -2.3
4R4,0 -3.7
5?2T.4 -6,.3
559.5 4,4
584.1° ~-4.6
602.9 "4.‘0
617.1 ~&4.2
639.3 -205
619.7 0.3
56B.4 3.3
491. 4 3.9
393.2 5.0
276.9 4.9
145.1 3.5
RMS DEVIATION= 3.5

s
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'TABLE A71:

/ /'.,~

=

HEATS QOF MIXING OF ETHANOL+HEXANE AT 45 DEG. C
X=MOL.FRACT.. OF ALCOHCLs DATA OF VAN NESS

. Bll)= 8.104729
¢ RI{3)= 0.003732
X ’ XCH2

0.Q100 0.9983
0.0200 0.9966
0.03C0 0.9949
0.0400 0.9932
0.0500 ' 0.9915
0.0750 0.9870
0.1000° 0.9825
0.1250, 0.9778
C.1500° 0.9730

T 041750 0.. 9680
0.2000 . 0.9630
0.3000 0.9412

” 0.4000 0.9167
0.5000 0.8889
0.6000 0.8571
0.7000 0.8205
0.8000 0.7778
0.9000 0.7273.

1 J\

B(2)=
Bl4)=
Y

201.4
32%.2
397.5
4%2.0
495.4
$76.5

637.2

683.6
722.9
753.6
779.2
831.6
839.4
790.0
712.8
604.8
459.2
263.7

0.00%5281
0.000107 .
YPRED ° DEVP. )
S 2000 . 0.7 . o
319.1 1.3 ’
402.6 -1.3 /
46'7.‘. -3¢3' !
519.9 - —4,9
,622.3 -7.9
700.1 -9,9 B
- 76?.8 v —1106
- 8l16.% - =127 °
857.5 .. -13.8
893.1 - . -14.6
975.5% -17.3—
9«80.8 . "nleol - )
- 924,13, -17.0 L
“ 8162 ' ~14.5 L C oy
66442 -9, 8 o
474,4 -3,3 . g
251.6 4.6
RMS DEVIAT PON= 10.9 ,
3
v 2t /
&
, § o
&
‘ 1
,«-"—_”J .
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TABLE A72:

HEATS OF MINING NF SYSTEM ETHANOL ¢+ HEPTANE AT 45 DEG. C
XaMOL.FRACT. OF ALCOHCL, DATA OOF VAN NESS

A(l)=
Bi3)=
X

0.0093
0.0150
0.0199
0.0268
0.0384
0.0533

0.0729

4 00946
© 061207
0.1793
0.2463
0.3569
0.4695
0.5759
0.6673
0.7079
'007785
N\ 0.8632

0.94%4

2

R.104729
0.003747 .
XCH2

0.9987
0.9978
0.9971
0.9961
0.9944
0.9921

* 0.9891
0.9857
0.9815
0.9715
0. 9591
0.9360
0.9083
0.8775

0. 8459.

0.8302
0.7997
0..7567

0.7069 °

a
6
Y

-AlO)- . !

(2)=
(4)=

'194.0

2R4,0
145.0
407.0
550.0
619.0
678.0

733.0.

819.0

" AT71.0

909.0
881.0
810.0
716.0
663.0
5570
396.0
185.0

A

0.005281
0.000107
YPRED

196.5
2719. 1
136.7
403.7
492.1
578.9
667.0
144.2
819.0
942.0
1030.6
108R.1
1054.9
952.3

8l4.5 -

740.3
593.3
388.9
166.3

RMS -DEVIATION= - 11.3

P

DEVP

°

10.1




'ABLE A73: 1 ,

-~

HEATS OF MIXING AT 45 DEG. C FOR SYSTEM ETHANOL + NONANE
X=MOL.FRACT. OF ALCOHOL, NATA OF VAN NESS
Bll)= A.104729 Bl2)= 0.005281

B(3)=" 0.003732 Al4)= 0.C00107 :
X . XCH2 Y YeREN DEVP
000100 . 0.9989 ' 208'01 219.'0 -50‘
0.0200 0.9917 355%.5° 36T.4 - -3.3
0.0300 0.9966 450.8 4£76.8, . =9.8.
0.0400 00,9954 519.2 5672.8 -B.4
0.0500 0.9943 573.8 633.95 ~10.4
0.7500 0.R333 7 1822.5' 809.3 55.6
0.1000 0.9881 - 745.2 870.6 ~-16.8
0.1250 0.9848 . 800.6 951.1% -1R.8
0.1500 0.9818% . 8466,6 1017.9 -20.2
0.1750 0.9780 . 882.1 .1073.8 . =217 o
_0.2000 0;97’0‘0 . 9[2.0 1121.0 "22.9 . <
03000 0.9583 980.7 1241.0 ~26.5
0.5000 0.9167 955.0 1226.0 -28.4
0.7000 0.8542 766.5 '925. 4 0.7
0.8000 0.8095% 601.6 677.6 . -12.6,
009000 0.7500 368,1 36“.'0 -0.1 '
- RMS DEVIATION=
V ’ 3
d
1 <
‘“1
0 A
.y . '
n ' '7




TABLL A74:

HEATS OF MIXING OF THF SYSTEM PROPANOL + HEPTANE AT 4% DEG. C

X=MOL.FRACT. OF ALCOHCL, DATA DF VAN NESS

Bl1)s=
B(3)=

X
0.0100,
0.0200
0.0300
C.0400
0.0500
0.0750
0.1CC0O
0.1250.
0.1500
0.1750
0.2C00
0.300
0.400
0.5C00
0.6000
0.7000
0.8000
0.9000

8.104729
0.003732
IXCH2

0.9986
0.9971
0.9957
0.9927

- 0.9889

0.9851
0.9811
0.9771
0.9730
0.9688
0.9508
0.9310
0.9091
0.8846
0.8571
0.8261
0.7907

Al2)=
Bla)=
v .

1 2085.5
347.3
438.%
506.1
553,4
646.6
7200
177.7
823.6

" 859.0
889.6

\ 9s7.6
957.6
9¢0.0
796.8
657.3
476.8
258“3

0.0052R]
0,000107
YPRFD

203.8
330.0!
419.2
487, 7
563, 2
648,17
726.6
788.0
A37.8
ATR. 6
912.0
986..6
986.8

' 927T.6

. 818,13
665.8
475.7
252,5

DEvVP

“

-

"t

| |
NN~ OmWwWdno

s & o
WaNmmONWdWOIWROPdOD

.

L O T I
- N W W

0.2
~ 202

RMS DEVIATION= ] 2.6
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TAB&E A75:

HEATS OF MIXING AT 45 LEG.
X=MOL.FRACT. OF ALCOMOL,

Bll)=
R(3)=
X

0.0100
0.0200
0.0300
0.0400
0.0500
0.0750
‘0.1000

0.1250°

0.1500
0.1750
0.2000
0.3000
0.4000
- 0.5000
0.6000
0.7C00
0.8000

0.9000 .

8.104729
0.003732
XCH2

0.9986
0.9971
0.9957
0.9942
0.1928
0.9891
0.98%83
0.9915%
0.72776
0.9737
0.9697
0.95131
0.9355
0.9167
0.8966
0.8750
0.8519
0.8269

+

“AlO4-

T BL2)s
Rla)w
Y

2031
3‘00¢6
4304
497,7
5472
645,.2
701.1
747.0
787.9
822.9
854,4
92149
9721.6
865,.,0
760.8
61141
430.4
225.0

)

0.005281
0.000107
YPRED

200,13
323.2
409,13
474,08
527.5
626.1
697.5
7152.7
796.6
831.8
459.9
917.2
906.6
R43.6
737.5
595.3
4?22.3
222.7

RMS DEVIATINN=

l.0

C FOR THE SYSTFM RUTANOL ¢HEPTANE
DATA OF VAN NESS

-0

2.7
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TABLE A76:

. X=MUL.FRACT.

Bll)= 8.,104729
B8(3)= 0.001732
X XCH2
" 0.0100 0.9986
€.0200 0.9972
0.0300 0.9958
0.0400 0.9944
0.05C0 049930
0.0750 0.9895
0.1000 0.9861.
0.1250 ' 0.9828
0.1500 0.9795
0.1750 0.9762
0.2000 0.9730
0.3000 0.960C5 °
0.4000 0.9487
0.5000 0.9375
0.6C00 0.9268

~ 0.7000 0.9167
0.8000 0.9070
0.9000 0.8977

]

-A105-

R

rd

DATA OF VAN NESS
0.00%2181

(2)=

Bla)=

Y

!

195.9

322.4°

399.8
451.6
491.1
562.6
610.2
643,1
€66.8
685.8
699,2
T18.2
698.4
642.5
554.4
443.1
307.2
156.6

0.000107,

K]

YPRED

189,
302,
380.

8
9
0

,'36'0 9

48]
.960,
6l4a.
652,
681.
T01.
T16.
731.
697.
628
535.

ob

9
4
8
0
17
3
2
0

-9

5

Soane

152.

0
RMS NEVI

\\\\DEVP

3
6
S
3
-2
0
-0
-1
-2
=2
-2
-1
o
2
3
4
4
2
A

ON=

’

-

JHEATS OF MIXING OF SYSTEM OCTANOL + HEPTANE AT 45 DEG. C
OF ALCOMOL,

3.1
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' ' TABLE A77:

HEATS OF MIXING OF SYSTEM OCTANDL+NONANE AT 45 DER. C k
X=MOL,FRACT. OF ALCOHCL, OATA OF VAN NESS '
a(l)= £,104729 8l2)= 0.005281

!

. nt3}= 0.003732 Rl4)=  0.000197
. ‘ X . XCH2 Y YPRED DEVP
0.0100 0.9989 200.1 201.2 -0.6
0.0200 0.9978 34607 331.9 4,2
0.0300 0.9967 439,.7 425.0 3.3
0.0400 0.9956 500.4% 495.5 1.0
0.0500 0.9944 543.9 551.2 ~l.4
) 0.0750 - Q.9917 628.5 651.5 ~-3.6 .
0.1000 0.98R89 68T .6 T19.2 ~4.6
0.1250 0.9861 729.5 7679 ~5.3
0.1500 0.9833 759.9 804,1 -5.8
0.1750 0.9806 784.0 831.0 ~-6.0
0.20€0 0.97718 801.6 850.7  =6.1
0.3000 - 0.9667 831.6 811.5 -5.5
0.4000 0.9556 816.0 ' . 845.6 ~3.6
0.5000 Oqu"lQ 76235_ 77,.03 ‘1.2
0.6000 0.9333 676.8 663.7 1.9 2
00]000 | 0.92?2 ! 552.3 52808 403
0.8000 0.9111 392.0 37T1.0 - 5.3
0.9CCo 0.9C00 20542 193.9 S.5,
/MS DEVIATION= 4.3 7
)
< I -
I
2




TABLE A78: “AlOr- . o e
. HEATS UF MIXING NF SYSTEM N-PENTANUL - N-HMFXANF )

LAMDA CH2/0H= 0.ROQT2D 01 LAMDA PPRIME CH2/DM= 0.4%41RD=02

“  LAMDA OH/CH2s 0.203030-07 TAMNA PRIME DH/CH23. N.8684190=04
1 M -
"% ALC X CH2 0OFL B FXP DFL W PRAED DEMIATION
0.0205 0,99%6 229,10 T 29,9 4heV1D
0.0459 09024 M1 3061 1.673
00(,“80 (,.QQ‘)‘ -‘9‘)-’0 - ‘n“lﬁo" 00?\62
0. 1277 09787 Wil " 4129 ~Qe261
0,163 '0.9727 46D .8 “6h. ) ~0.516
0.1942 L0J9RTY, L4 R WG, 2 ~0.295%
0.2269 0.9622 SUlen 5004 9 0.170
‘ 0.2551 0.9575 . 512.A 51047 0499
0.2R815 0.9531 S21.4 S15.7 1.088
0.3058 0.9490" 25,9 51R, 3 1e449
0.13291 0.9452 629,0 XTI 1.96F
0.1506 ,0.9416 50961 5172 72.257
0.3707 0.7R82 N2T.4 514,06 2.400 . .
0.3R96 0.9151 824.5 S10.7 2.637 ‘
. 0.4072 0.7321 - 919, 7 %06.2 ?.596
0.424) 0.9293 5154 501.0 2.790
0.4404 0.9266 508 % 49544 2.769 <:
0.4554 0.9241 50,2 6«99, 5 2.717 >
0.4700 0.9217, 46,5 4H3.3 ?.666 . : °
© 0.4R35 0.9194 0094 _477.0 2.533
’ 0.4962 0.9173 “AR2 .1 470,17 2.361 ,
0.5107 0.9149 413.5" 463.1 2.201 ‘ )
0.5224 0."129 ‘0()5.() - l’_Sbob l.“)”O !
0.51318 0.9114 45R .9 45141 1.674
A 0.53125 0.9112 458,13 450.7 1.657
- 0.5410 0.9098 £452,2 445,06 1.459
0.5%23 0.9096 65146 444,89 1.503
0.5504 "0.90813 665,7 439,8 ' 1.327
, 045527 . 0.9079 . 43,3 439,3" 1.120
'0.5595 0.906R 439,0 434,0 1.146
0.5632 0.9061 15,6 431.6 0.926
0.5746 0.7042 626,73 426.0 0.564 .
0.5858 0.9024 417,.0 “16.) L 0.176
0.5980 0.90013 40647 407.6 -0.220
0.6109 0.%982 396.1 39R, 2 -0.531
0.6238 - 0,8960 194.1 18R. 4 -1.108
0.637l i 0.89‘8 ‘72.0 37“-’0 -1.607
0.6509 0.8915 159.1 166.9 | -2.169 /
0.65652 0.8891 345.8 156,1 -2.678
; 0.6R05 0.9866 111.0 , 342.0 -31.33%
0.6964 0.8837 115.2 20,1 -4.090
0.7131 . 0.88}2 298,17 - 313.1 -4.816
0.7308 0.8782 290.7 296.7 -5.699
o.7aoaﬁk\\g.3151 262.0 2719.1  -6.524
0976na on1lq ?Ll.ﬂ ?6"00 "7.537
0.7897 0.8484 219.7 219.0 -8.80?
0,R107° 0.8649 198, 217.4 -9.624
0.8335 0.8611 173.5 193,3 “11.3721
, 0.9825 . -0.8%529 122.5% 139.4  =-11.782
0.9104 0.R481 93.0 107.5 -15.625
0.9375 0.8438 654 TS.8 =15.940
0.968R 0.8385 V2.4 3N,y -lH,232
[
\ ) = ° l“

»




TABLE A79: “A1QO-

HEATS 0OF MIXING: NF SYSTFM M=PEMTAMOL = 2,2-DIVETHYLRUTANE

LAMDA CH?2/0H= 0.R0072D 01 LAMDA PRIME CH2/UHe 0,454 |R8D-02
LAMDA O/CH2= 0.203031-02 LAMDA PRIME OH/THZ= D.A64190D-04
X ALC X CH2 OQOFL H FEXP DEL H PRED  NEVIATION
0.0196 0.9967 221.6 215,13 2,740
0.04580 . 0.9924% NG9 305,90 ~0.%10
0.1280 0.9787 L1R, N 433,? -1.049
0.1644 N.9726 44R,0 TLEY .4 ~1.RA7
0.1975 0.9671 467,02 4R7,0 -3,781
002?77 . 0.96?[ loﬂ'!.q f‘()l.? "305’0
0.2559 0.9574 494 .4 $104% ~1,246
0.2820 .  0.9530 S01.3 5194 -2.897
0.306% 0.94R9 . 50545 Wi, 3 -2.935%
,0.3298 0.9450 507.5 °  S18.5 -2.181
0.3516 (,oql’ll’ ‘\07.“ > "'1701 ‘l.‘)ﬂ'!
0.3726 0.9179 504 ,9 514,1 -1.821
0.3919 0.9%7 501.0  S10.1 ~1.824 . .
0.4110 0.9315 495,80 Cs0S. 1 -1.881
0."281 009?87 4‘)0.3 QQQQR,‘ -10928
0.4442 0.9260 4RI 4 494 0 -2.18¢
0.4597 0.9234 4TAR 487.7 -2.29¢6
0.4738 0.2210 669,13 491.% =2.610
0.4876 0.9187 . 462,13 475.0 -2.751
0.5000 °  0.9167 654.% 468,18 -3.183
0.5123 0.9146 447,1 462,72 -3, 378
0.5233 0.9128 439,1 456,1 -1.861
0.5118 0.9114 436, 7 “51.1 -3,278
0.5367 10,9105 430,.7 440 .2 -4,064-
0.5472 0.9078 423.0 441,80 b 441
0.5418 0.9097 429,7 445, -3.588
0.5518 0.90R0 ©h?2?2.5 438,9°  -3.882
0.5574 0.9071 41%. 6 435, 3 -4.748
0.5622 0.9063 413.9 432,2 -4.427
0.5732 0.9045 405.6 424,9 “4.763 5
0.5844 0.9026 397,00 417.2 -5,099
0.5961 0.9007 IPT.1 409,0 -5.6410 :
0.6085 0,.8986 1761 3199.9 ~6.275
0.6217 0.8964 365.0 390, 0 -6.840
0.6353 0.8941 152.6 179.4 -7.601
0.6491 _0.8918 140,46 369,64 -0,212
0.6637 0.AR94 . 126, R 35A.) -17,03?
0.6794 0.8368 Ml.A 143,00 -10.002
0.6954 N0.8R&41 296.9 229,0 -10.81%
N.7119 0.8814 281.0 3I14.2 -11.805%
0.7294 ND.ATR4 266,11 298,0 -12.756
0.7417 0.8756 246,72 280.6 -13.9R6
0.16T2 0.8721 227.0 261.6 ~16.,240
Nn.7278 0.8487 207.0 241.0 -16.411
0.809? 0.8651 1R6.1 219, -17.52% °
0.A1320 0.8611 161.9 1964.9 -18,39¢6
0.R55A 0.8574 ' 140,2, 169,.1 -20.598
0.8R14 0.851] 114.6 160.6 -2?2.707
0..9081 0.84R7 RA R . 110.2 / =-24,085
0.9165% 0.8439 60.9 77,0 ~2he449

0.9672 0.82388 1.4 “0.2 =2R.177

RMS DEVIATION = 10.3412

239 |




TABLE A80: -A109-

HEATS OF MIXING OF SYSTEM Y=-0rNMTAMOL - 2, V-DIVETHYLAUTANE

LAMDA CH2/0H= N,.B80072D 09 P%FDA POIME- CH2/0H= 0.45418D-02
LAMDA OH/CH2= 0.2030130-02 LAMDA 1PAIME NH/CH2= D, 680190-04
X ALC X CH2 TNEL W EXP OCL H PREN  DEVIATION

0.0217 0.9964 233.A 2725.7 1.376
0.0452 0.9925 305,56 204 ,4 0,376
0.0877 0.9854 3717.5 IR4 0 ~1.709
0.1627 0.9729 449,90 464.1 . -3.161
0. 1959 0.967% 471.5 4RA, 1] ~3.089 ]
0.2268 0.9622 4P 6,4 00,9 ~2.973
0.2553 0.9%75  497.6 S10.3 ~2.55%1
0.2R18 0.9530 505.0 515.R -2.137
0.3070 0.9488 509,.0 “18.3 ~1.836 N
0.3341 0.944% S0&.8 S1R.,4 -1.887
0.3551 0.9408 09,3 S16.7 ~1.4645%
0.3757 0.9374 506,7 511.5 ~1.342
0.3942 0.9143 502.5 $09.6 -1.617?
0.4114 0.9314 497.9 505.0 -1.427
0.4279 0.97£7 692.4 L9y, 8 ~1.507
0.4435. 0.9761 636.,1- - 494,72 -1.672

s 0.4581 0.9237 479 .8 48R .4 ~1.794 g
0.4723 0.9213 672,2 4R?2.2 *=2.12%
0.4855 0.9191 665,2." 476.0 -72.330 .
0.‘098" 009169 ‘05707 469.6 -2.591 \
05110 0.9148 69,9 462.9 -2.893 :
0.5231 0.9128 441.9 4£56,2 -3.229
0.5327 0.9112 434.8 450.6 -3.631
0.5342 0.9110 42,7 449,7 -3,929
0.5423 0.9096 . 428.0 444,383 - -3.928
0.5%39 0.9094 425,77 4438 ~-4,259,
0.5515 0.9081 421,06 433.1 -4.198 ’
0.5540  0.9077 417.9 . 437.5 -4.692
0.5647 0.9059 S 409,7 410,6 -5,097 °
0.5759 0.9040 400.8 423.1 -5.562 .
0.5870 0.9022 19),6 . 4l15.6 -6.084
0.5988 0.9002 181.% . 407.0 -6.689
0.6108 0.898?2 3171.3 398,2 ~T7.245
0.6239 0% 8960 359,090 . P4 . =T.907
0.6371 9.8738 343.0  37R,.0 -2,61%
0.6511 "0.8315 335,7 366.7 -9,242
0.6656 0.8891 321.9 356.7 -10.197
0.6807 = (.8966 107.3 241.9- “-11.248 '
0.56958 0.9840 ?93.4 28,6 -12.014
0.7122 0.8817% 277.6 313.9 -13.077
0.7296 0.R7P4 260,90 ?9T.R -14.195
0.7478 0.8754 24,2 280,5° -15,353
0.7681 0.A720 222.7 260.7 -17.074.
0.7RR0 0.R6P7 203.1 260.R -19.5644
0.8089 0,652 LH}.O 219,13 -19.¢816
0.8313 0.861% 160.7 195.6 -21.729
0.R552 0.8515 1%7.6 16,7 -2%.,5358 '
0.RRQO7 0.9532 112.6 141.4 ~25.586 .
0.9077 0.8687 T Rb.6 110,6 -2r, 711
0.9373 0.84138 $8.5 76.1 -30.019 -
0.9669 0.8329 0.1 ° 40,6 ~ =%,92]1 ;

RMS NEVIATION = Y1.7827 . P
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TABLE A8l: -A110- .

HEATS OF MIXING CF SYSTEM N-PENTANOL - ‘?-!"ETHYLPIWUWF ’

. " LAMDA CH2/(H= 0,R00720 0] LAMDA PRIMF CH2/0H= N,454100-0?
. . LAMDA OH/CH?= 0,.203030=-02 J LAMDA PRIME OH/CH2s 0.664190-04
X ALC X CH2 DFL H FXP DFL H PRFD  DPEVIATION -
0.019% N0.9R ¢ 213.6 214, ~0.325%
' 0.0‘0"6 0.‘)',?(3 ?0%.? 10?.” -?ong
0.0R6?2 N.9856 1681 I™L.® +  =1,.709
0.12"“ 0.‘77"2 41121 429,9 _-4‘.02[
0.1612\ 0.9711 444,0 463,0 -6,272
0-[041 0.9677 l'hb.‘; ’ 4‘\‘3.0 "1.97‘
0.2267 0.9626 “P3, 1. S00,0 -31.500
‘ d.2532 0.957R8 04,9 507, 7 -1.017
0.2795 0.95% “02.4 S1%.4 -2.59¢6
0030‘00 0.9""3 r’URQO '31“02 "2.002
0.3273 0.945%  S10.4 S19,4 ~lenlt
+0.3487 0.9419 S10.6 S17.3 -1.322
. 0.3684 0.9386 5C9.? 514.8 -1.0R0
N.3RTY 0.915¢6 506, 7 S11.1 -0.866
0.4063 0.9323 502.1 S06.5 -0.828 -
0.4237 0.9294 4T .4 S01.2 -0.767
0.4397 0.9267 491,.8 495.6 -0.783%
0.455? 0.9241 435,7 4196 -0.80%
’ 0.4701 0.9216 4T3 .6 483,2 ~0.965
! 0.4841 0.9191% 71 .3 476.7 ~1.149
0.%975 0.9171 463,.5 470,1 -1.413
! 0.5096 0.9151 456,13 463,17 ~1.616
0.5207 0.9132 449,13 457.5 -1.832
T T T 0,93146 T 0.91 1% 4642.,2  451.4 ~-2.0T1 )
0.5324 0.9113 LLT .4 450.8 -0.75?
0051072 0.9096 “60.6 4’0“6’9 ‘0.970
0.5516 0.9901 £28,0 439,0 ~2.5717
0.5524 0.9079 433,0 418.5 -1.276
0.5630 0.9062 4“24.7 431.7 *~1.66R,
0.5739 0.9044 416.0 424,.4 ~-2.031
0.5855 0.9024 606,6 416.5 ~2.429 °
00597" 0.900“ 19602 . 40OR .0 -? 098;
0.6098 0.89R4 .  3IPg,.2 399.9 ~3.276 .
0.6230 0.3962 174.6 289.0 ~1.837
i 006363 0.89‘0 3620? 37“.6 '4.631
0.6504 0.8916 149,5 167.3 -=5+092.
0.6650 0.8392 ° 335.9 365,2 ~5.7156
0.6801 .0.8866 321.?2 142.2 -6.542
0.6961 0.8940 106.0 7 3204 -7.315 .
¢ 0.7129 0.8812 219.4 313.2 -8,2645 \
0.7301 0.8783 272.1 297 .4 -9.,200
i 0.7486 0.8752 253.6 27T7.8  -10.319
0.7675 0.8721 . 23%.7 - 261.3 -11.341
0.7873 0.868R% 214.7 241.% -12.472
0.RORT 0.8652 193.4 219.5 -13.480
0081'.5 0.861" l()q‘h lQSQQ “1‘502‘5
0.8563 0.8573 145.6 16R8,5 -15.7429 )
. 0.8815 0.853) . 119.5% 140.> -17.501
0.9078 0.84P7 92.8 110.5 -19,110
0.9366 0.8439 . 6%.3 T6.9 10873
0.9668 0.83R9 313.4 40,7 -21.953

NEVIATION = 7.7M13

1 ' ' '




TABLE A82: <Al ]~

HEATS OF MIXING OF SYSTEM M=PRNTANQOL ~ JI=-METHYLPENTANE

LAMDA CH2/0H= 0.AN072D 01 ' LAMDA PRIME CH2/7H= 0.4%%190-02
< LAMDA DH/CH2=2 0,20303N-02 LAMRA PRIME DH/ZH?= N,65419D-~94
" X ALC X CH2 DEL H FXP GFL H PRED  DEVIATIQN
0.0206 0.9966 22646 220.4 ?.739
0.0446 0.9926 303.7 .  102.9 0,279
0.0860 0.9857 175.9 3IN1.5 -1, 478
0.1257 0.9791 621.2 430.9 -72.294
. - 0.1618." 0.9730 4521 463,64 ~-2.506
0.1944 0.7676 414,3 465,2 -2.300
0.2251 °  0.9625% © 489,9 $00.2 -2.097 -
0.2538 0.95177 5013 S09.9 “l.71a4
0.280% -  0.9532 509.9 515.6 -1.125
003061 0001090 Sl"ol ‘;1803 * "0.8[6
0.3293 -0.9451 51¢.6 S1R.6 -0.384
0.3513 0.9415 5915.9 517.1 ° -0.23%0
043709 0.9302" 51445 S14.4 :, 0,022
0.3934 0.9354 ‘60944 509.8 ¢ -0.076
0.4105 0.9316"., 505 .8 505.3 0.106
0.4274 0.9788 500.5 500.0 f.102
0.443) 0.9262 494,13 494.,.4 -0.016
0.471} 0.9215 . 4°0.®  4R2.8 -0.41"
0.4842 0.9193 T 473,9 476,17 -0.605%
0.496% 0.9173 466.7 4T0.6 -0.82R .
’ 0.5090 . 0.‘7‘5? 65901 I‘b"oo -'.002‘
0.5160 0.9140 457,90 46n,2 -0.495%
0.5204 0.9133 451.6 457,17 -1.1351
- 005259 0.9123 l“)l;? 45‘0.6 ‘00765 -
- : 0053[5 . 0.011" ,1010‘0._10 * 105'..3 -1055?
0.5361 019107 4413,7 ' {'4“.6 -1.09%
0.5422 0.9096° 636.6 446 ,9 -1.895
0.566% 0.9089: 436,10 442.0 -1.6664
0055‘5 0.908‘ 102005 A"’ol ‘2.23‘
0.5689 0.9052 417.6 627.9 % -2.459
0.5808 0.9032 ant.? 419,.7 -3.079
005‘733 0.9011 3'7()-’0 ‘gll.O I3 -3.675
\- 00606‘ . 0.8999 3!‘4.0 7\0[.5 '40306
0.6198 0.8947 372.5 391.4 -%.oqo
0.6340 0.8943 359,99 ° 380.4 -5, 703
0. 6490 0.Ra18 3651 I68.4 —6.761
0066‘06 Ooeﬂq?. q“;lo” 355.6 “7.‘2
0.6R12 ~0.,8865 18,2 341,64 -8,32
0.5982 0.A%936 299.0 126.5 -9.20
0-7163 008q06 ZR"‘ 1[”-? "‘0033
0.7549 0.8742" ° 2042.4 ~ 2177 -12.90}
D.7760 0.2707 221.% -~ 252.9 -16.262 .
0.79R% 0.H669 199.1 230,11 -15.58R
09222 0.8530 175.1 205.%  -17.245
. 0.R467 0.A5H9 150,4 17190 -19.028 .
,U 0.8728 0.854% 1726.4 150.3 -20.790
0+902? 0.8496 95,3 117.0 =22.747
0.9133 0.8444 64,7 ChIN ~?24.063
. . YOoqnéDSl 0.3‘92 \?.Q ‘.?IQ “0.06‘
v RMS DEVIATION = a, 2007 '

M2 - ‘ ,



FsE ¥ S

HEATS OF MIXING OF SYSTEM ISOPENTANOL - N-HEXANE

LAMNDA CH2/0H= 0,800720 01 LAMDA PRIME CH?/0M= N.45418D-02
LAMDA CH/CH2= 0.20303P-02 . LAMDA PRIME OH/CH2= 0.66419D-04
X ALC X CH2 DEL H EXP DEL H 2RED CFVIATION

0.0212 0.9965° 238.7 22%.3 bhe.46]
0.0449 0.992% 316,99 03,6 4.19%
0.0R69 0.9R5% 395,13 2,0 2,166
0.1257 0.9791 445,13 430, 3.242
0.1{)17 O.qral 47‘[.0 ‘06‘.,0 10669
0.1943 0.9676 50646 PS5, 2 4,234
0.2241 N, 7626 82646 499 18 5.0PD
0.2529 0.9579 542.% 509, 6 6.022
0.2793 0.953% 553.7 515.4 6.917
0.3040 0.9493 561.5 51%,2 7.717
0.3269 0.9455 566,9 518,6 2,512
0.3484 0.96419 “69.4 - 517.6 9.136
0.3687 0.9386 570.3 514.8 9.760
0.387%8 0.9354 569.7 511.1 10.290
0.4057 « 0.93264 567,64 506.6 10,711
0.4225 0.929% 563.9 501.6 11.032
0.4384 0.9269 559, R _ 496,11 \_ 11.37%
00‘0536 - 00 92‘0" ‘5‘54.9 .4:,”.3 ll.b“q
0.46RS 0.9219 548.4 4R3.9 11.756 .
0.4R19 0.9197 542,8 477.8 11.981
0.4948 0.9175 N\, 536.3 471 .4 ~12.096
0.5068 0.9155 529,2 66%5.2 12.098
005].8.4 0.9136 C,??.b l'qn.q }/?.OIQ?
0.5291 0.9118 515.4 452.17 1?2.164
0.5360 0.9107 5N6. R 448,6 11.479 )
0.5396 0.9101 S0OR, P 446,.5 12.253
0.5456 0.9091 500.0 642,93 11.446

: 0.5499 0.9083 501.3 4401 12.208
0.5556 0.907% 692.8 36,5 T11.427
0.5661 0.9057 484,64 429,17 11.337
0.5771 0.9038 ©4T5.7 422.3 11.231 :
'0.5887 0.9019 466,0 416.2 11.109

~ 06007 . 0.R999 6554 405 .6 10.927

0.6130 0.8978 4445 3196.6 - 10.785
0.6258 _0.8957  432.7 Ir6.8 10.5604
0.6390 0.R935 419,.6 376.5 10.279
0.6529 0.8912 406, 1 365.3 10.05#

. 0.6677 0.8RRT 391.0 351.0 9.1729
0.6831 0.8%62  175.4 339.8 9,486
0.6993 0.823% 158, 12%.5 9,166
0.7157 0.8807 340,72 3110.7 8.671
0.7330 0.R77R - 320.9 294.6 2,187
0075‘? ‘ 008748 ’99.7 277.“ 7.‘8"
0.7702 0.3716 278.6 ?58.6 7.097
0.7903 0.86P3 25%4,9 2131%,.4 £, 662
0.8114 0.0648 22).64 . 21641 5.5956
0.81341 0.8610 202.6 192.6 6€.926
0.85R)3 0.8569 173,.?2 166.3 3.965
0.8829 . 0.8%29 143.8 130,09 3.385
0.9107 0.B4P "109,6 107,.2 "2.206
0.9384 C. 843 5.3 74.9% 0.719
0.9484% 0.R386 33.4 N.H -1.022

RMS DFVIATION = 9.0752 o

203 o



- TABLE A84: R

“ HEATS OF MIXIMG NOF SYSTEM [ISOPENTANDL = 25 2-DLIMETHYLAUTANE

‘ LAMDA CH2/0H= 0,800720 01 LAMBA PRIME CH2/NHs 0.654180-02 .
’ LAMDA NH/CH?2 0.203030-02 LAMDA PRAME DH/CH?=® T.6A419N-04
X ALC X CH2 DEL H FXP NEL M PREC PEVIATIBN
0.0216 0.9964 ?232.3 2725.2 3.039 - -
0.0462 0.9123 109,19 306,8 . 0.959 ..°
0.0887 0.978?2 383.3 ARK, 4 -0.%48 7,
0.[701 00")78q 6?8.6 R “3".‘0 -‘01‘.6
0.165R 0.9724 460,0 466.5 -1.406 ,
0.1991 . 0.9606R 40248 4R7T,8 -1.0642
0.2298 0.9617 LV 502.0 -0.367
0.2590 _ 0.9568 S11.8 511.2 0.109 ,
0.2862 N.9523 $20.6 Slh.4 N.803
0.3105 0.94813 §26.7 51R. 5 1.467
t 0.3‘,33 0.9’0‘05 SPQQF 51“." ?.1‘05
. 0.3739 N.03177 £30.4 “13,9 1.118
0.1925 0.9346 527.P 510.0 3,373
0.4099 0.9317 524, P 505.6 3,688
0.4264 0.92R9 ° 520.8 500, 3 1,932
0.4424 0.9263 51%5.R 494,6 4,102
0.45 0.9237 509.8 LRP 6 4,155
0.8713 . 0.7215 S04, 1 482.7 4,267
0.4R44 0.9193 497, R 476,06 4,265
0.4971 0.9172 “91.1 470.3 4,244 ’
0.5094 0.9151 LRG0 63,8 4,177
0.5213 0.9131 - 471.2 457,2 4,193
-0.5321 0.911% 467.6 450.9 3.973
0.5441 0.9093y 457.0 463, 7 ?2.9009
0.5448 0.9092 451.0 43,3 31.845
0.5540 0.9077 649 .2 437.5 2.625
.\ O.SGS? 0.9075_ 45307 1036.7 ‘.737
0.5641 0.9060 441.1 430.8 2.32¢6
0.5750 0.9062° - 433.8% ¢23,7 - 2,328 !
0.5866 0.9022 n23.7 415.7 1.887 R
0.5981 0.9003 H16.3 607.5 1.616 - :
0.610% 0.89R3 403.3 19R, 6 Lol 72
0.6234 0.3961 191.6 18R, 7 0.17150
0.6363 0.8940 177.?2 ATR. b -0.376
006529 0.%9‘2 36".3 36503 -0-26?
0.6617 0.38R7 50,7 363.0 -0.644
0.6R21 0.88613 335,85 140.% -1.49°5
0.6986 0.8P36 3118.R 326.2 . -2.309
0.7149 0.8R09 2.3 Ml -1,02?
0.732R ~ 0.87719 281,46 294 .4 -4,02R
0.7500 0.87"9 ?6‘.0 / 277.5 ’50[77
0.7699 0.8717 2644.0 25R. 9 ~6.123
0.7909 0.868 222.6 237.¢ -6.,R836
0.8123 0.8644 193. % 215.1 -f.67T1
0.R14] 0.7410 175.4 192.6 -9.811
OHSTT 0.15%71 149.8 167.0 -11.477 '
G.HR15 0.8928 127.5 . 1IR3 -12.862 -
0.9096 0.R4P4 V9,9 10R. & -14,2H6 ’
‘ 0.‘,385 0.A436 6‘.9 7".6 -16.803
ﬂl" 0.9690 0.R1R% .6 . =20.,457
RMS DEVIATINN = 5.9419

)44 ' S



v

QEAYS OF MIXING UF_SYQYFM !SHPEN}KVUL,' 2y V-DIMETHYLRUTANC

o 2L I Il el

CLAMDA CH2/0M= 0, R0072N ()
LAMDA NH/CH2= 0,20T030-02

LAMAA POIME CH2/ZNH® 044541 N0=02
LAMDA. PDIME (H/CH2a 0.664100-04

Al

X CH2 DEL W FXP DEL H PRED  NEVIATION

X ALC
0.0200 0,997
0.0449 0.9925% l
CLORHKD C.9OR% ¢
00,1262 0.92790
E 0.16‘," ‘ ..nol)l-’}"‘
0. 1947 0.9674
0.2251 N.9675
0.25131 0.9%78
A 0,2784 0,9536 °
0.3032 N.949%
0..‘?6‘" no‘,"q‘h S
0.3476 0.9421
. 0.3675 0.913AH
0.3867 0,93%6
0.404R 0.7325
0.6248 “0292. &
T v 0.6610 ﬁgﬂq7qs
0.4546 0.9242 .
"0,4687 0.9219 ;
, 0.481A 0.9197
" 0.,4950 . 0.9175
: 0.5065 . 0.91%6
05177 0.9137
‘0.5286 0.9119
0.5317 0.9114
0.51386 0,9102
. 0.5415 0.9098
0.5482 0.9086
0.5519 0.908Q
0.5628 0,92006?
0.5736 0.9044 .
. 8.5850 0.9025
0.5968 0.9005
0.609? 0.R9R5
0.6222 J0.8963
0.63157 0.0941
0.6500 0.8917
i 0.664F 0.8992
r 0.6793 “0.8F6R "
S 0.6957 0.8961
0.71264 n.8n13
0.7302 n.n783
0.74R6 ° 0,.87%2
0.7680 0.8720
0.7887 0.R6R6
0.810p 0¢3649i\
1 0.92132 0.R8611
0.3575 0.8571
0.8330 0.852%
0.9097 0.84PR4
0.9317 0.8417
' 0.9678 0.8387
RMS DEVIATION = 5. T469

2171
2745
TN
6l T
451t
4154
LR LA | l

6507, P

5171
‘.\?"-‘3
9%29,0
53041
')]l-l
52947
527.3
21
517.7
H12.1
506.7

b ‘)‘)0. A

493, 6
487.1
R0 e 4
l",;‘.q
4727
'0('().’0
465 H
459, A
6%?.?
4900
b4].6
431.9°
42] .9
4 lﬂ.ﬂ
399.0

A6,

372.12
50,2
N6
IchH
309,80
290, H
2715
25042
2273
203,7
179.,1
192.5
17247
(5.5

324

7

”

P2vt.4
0.6
1“‘ . !)
4 ’l o N
4hl.l
ans, 4
')()ﬂ-?
KV, 7

a

Sl9. 1

SIR. 1,

518,71
517.5
l‘,l/..q

SL1.Y

5064.9
00,9
49%,2
4R, 9

’oﬂ3.|’3.

41T.8
471,3
HwHH,3
HhH042
653,0

I'Sl:o?_'

4647,1
H45.3
lQ"l‘oz
43R H
-h3l.8
424,7
416,89
4085
¥99, 4
lag. 6
379.1
"3167.6
A9, 4
. "\(0}.1
12".7
313.7
297.13
279,14
260,°
240,11
217.1
19,6
167.2
138, 4
10R.3
15.6
39.%

-

-().01"
"?o()",

"?-bﬂo .

‘7.7“’0
-?.‘)06
"?oO’ﬂ
—l . lﬂp
"()-30"
0. 351
le?17

1996 °

2. 386
1.042
Y.470
1.874
Yo7
60363
44344
I’.‘ill
L 1)
el
4.467
4he6()9
4.330
44553
4o f47

4.’001 -

'0005‘
hed2"H
4.03R
1.8138
I 491

< 73,1486
2. 777
7?4360

1.817

1.257
0.783

0.163
=0.5497
-1.265
'7,02?1
'."OIQ')
-«.2“5
“)obl?
=6, 667
_7096r7
-9, 641
-11.323

=21.976

<or

a

P
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- = e - TABLE 'A86:

08

DY |

- ‘

-LAM%A CH2/0H=

S o _*j:.'A.UNS: s e
LS

0

" 0.800730 01

4
4
L]

LUy MEATS OF MIXING OF SYSTFM [SOPEMTANNL = 2-METAYLPENTANE —

[

LAMDA PRIME CH?/CH= 0.4641AD-02

LAMDA NH/CH2= 2.203630-02 LAMDA PRIME OH/CH?2= 0.664190~06
X ALC JX CH2  [EL H FXP GFL H PRED  NEVIATION
0.0217 - 0.9966 2419 225.7 . &.69
0.0462 0.9923 119.4 30640 "31.936
0.0086 0.90%2 106, 7 ING .3 2.639
0.1281 N.97187 . 442.2 833,13 ?.00? i
0.1649 0.972% W15.6 . 465.8 2.022
0.1984 Ve V669 QQB.T “”7.0" ?oZSh
0.2291" 0.9618 ° S17.1 S01.8 ?.96h
, .. 0.2578 0.9%70 S3l.1 510.9 3.796
00,2839 0.9527 54042 516.1 hoabl
0.3091 0.948% 547.0 S18.4 54220
0.3317 0.9447 £50.0 51R.5 5,727,
0.3533 0.9411 551.6 S16.4 6.295
. 0.3730 0.9378° 561.9 516 .0 LY
0.3918 049367 549.8 “ 10,2 7.209
0.4098 . 0.9317 S$47.1 %05.5 7.609 N
0.4265 0.92R9 5642.1 500, 3 7.082
] 0.4423 0.9263 . f36.0 494,71 N.052
. 0.4576 0.9237 532.7 480,06 275
0.4718 0.9214 526.0 4R .5 R.279 w
0.49247 0.9192 519.6 47T6.4 R.3009
0.4977 0.9171 S13.1 469,9 8.410
'0.5102 0.9150 S06.1 463.3 B.467
0.5220 0.9120 6494, 456.8 8.365
0.5331 0.9112 491.1 450,64 R.297
0.5361 0.9107 4R6.9 44%.6 7.873
0.5439 0.9096 4n6 .0 443, 8 R.300 .
0.5459 0.9090 479.% 442,6 T.{54
, 0.5543 0.9076 6.4 437.3 a.§p4
0.5560 09073 471.9 636,2 7.550°
0.5666 0.9056 463.5 429.3 T.3712 L
0.5779 - 0.9037 454, 8 421.7 1,272 :
0.5894 0.9018 4bb .4 413.7 6900
0.6012 0.B899R 435,.1 405.3 6.855
" 0,6136 0.8977 424,73 396.1 6.645 -
0.6267 0.8956 412.7 386.1 6.350 .
0.6401 0.£933 399,70 375.6 5.890
0.6540 0.8910 InG, 3 364.4 5.437 J
0.6688 0.8285 3170.9 3152.0 5.088
0.6847 ‘0. 8859 155,13 33N 4 4,757
10.7010 0.8832 °  338.2 . 326J0 4.193
0.7177 0.8804 320.3 _308,9 3,570 )
0.735% 0.8774¢ . 301.7 292 .3 24997
0.7540 0.R7413 2711 276.5 2.332
- 0.7731 0.8712 259.7 25%.4 1.518
, 0.7931 0.P678 237.2 235.6 0.687
© 0.R143" 0.8663 213.4 21%.6 -0,107 ‘
0.8366 . 0.8AK06 127.7 "189.9 -1.19¢
0.8608 0.8565 159.% 163.6 -2.557
0.8855 0.852¢4 131.5 136.0 -1,621 )
0.9109 0.84R2 1M L7 107.0 -5.165
0.91390 0.8435 69.6 764.0 ~6.391 |
RMS DEVIATION =  6.019% .




o

T, i~ TABLE-A8Ty———— —=AMG-~____ . . ' .
) o HEATS OF MINXING OF SYSTFM ISOAVEMTANOL - 3I-METHYLPFNTANE \
w / | .
LAMDA CH2/0H= 0.R0072D 0} LAMYA PRIME CH2/NH= 0.456418D-02
LAMDA OH/CH?2= 0.703030-07 LAMNA PRIME OH/CA2= 0,b66419D-04
‘ X A&C‘ X CH2 UDEL H FYP DEL 1 PRED | DFVIATION .
- 0.0206° 0,976 225.6 220,6 z.gvh
0.0633 0.9995 ° 344,3 343.5 0,224 ’
0.1036 0.9927 ° 40461 405.% =034
N.1406 °~ 0.9766 ' &4neln 445.5 -0.272
‘ 0.1747 0.2709 472.9 472.¢ N.014
0.2060 0.9657 49%,3 491.5 0.776 ‘
’ 0.2344 0.9609 512.3 503, R 1.669 . -
, L.t T 0.2615 0.9%64 52446 Slta9 2.4397
P : 0.2865 0.9523 ° 84,0 Glh. 5 3.285
: 0.3102 0.9483 T 540.7 S1R.S 4,019
0.3321 ~ -0,9447 544.0 518.5 4.0690 . )
- 0.3569 0.940% . S44.0 516.4 5.006%
. 0.3761 0.9173 Q45,8 . 513.5 . 5.87%
0.3942 . 0.9343 . 544,0 509.6 6.325
0.4119 0.9313 ".541.1 504.9 6.731
‘. 0.4279 0.9287 53754 499.2 6,99}
0.4432 0.9261 S32.) 4964.3 ' T.236
, . 04,4578 0.7237 1527430 499.5 7.352
‘ . 0.4717 0.9214 521.5 432.5 T.478. ‘
. 0.4850 0.9192 514.9 476.3 7.500
0.4972 0.9171 508,.2 C4T0.2 T.477
. 0.5089 0.9152 502.2 464.1 . T.596
‘ 0.5205 0.9133 495.0 457.6 .. 7T.546
0.5268 0.9122 4eT.6 454 .0 6.846
0.5314 0.9114 = 4RAT.6- 451.4 7.433
. 0.5369| 0.9105 430,3 *ha8.1 6.804°
. . 0.5420 0.9097 420.5  445.,0 7.389’
- 0.5472 * ' 0.90P% 473.5 - 441,.8 6.698
2045522 0.90R0 | 473.3 L43RL6 T.419 -
. 0.5576 0.9071 664 ,? 415,2 c 6,266 . -
0.5684 0.9053 456.?7 T 428.1 - 6.152
) « 0.5797 0.9034 446,9 420,5° 5.909
N . 045915 ’0.9014 437.0 412.2? S.p64 ! .
0.6039 0.899¢ * 42642 403.% - 5.372 ,
LG 0.6172 0.8971 414.4 © 393.4 5.062 .
<' . 0.6306 0.89%9 402.0 183, 1 4,704
’ 0.6449 0.8925% ELEW L 371.7 4.213
. 0,6600 0.8900 373.4 ., 359.4 . 3,747
0.6758 0.9874 357.5 346.1 . 3.195
0.6922 0.8R46 341.1 331.4 2.717
0.7091 0.881R 323.4 6.7 2.06%
0.7268 0.R789 304.7 . 300.4 1.397,
0.7453 0.837%8 283,90 282.9 0.338 -
- 0.7652 0.9725 | 262.7 . 263.6 -0.332
0.7856 0.8691 239.8 243,20 ‘-l.61R -
6.8077 0.%65%6 . 215.9° 220.5 ~-2.136
. 0.4306 0.7616 190.0 196.4 " =3.351
. 0.8547 . 0.3576  162.9 170.3 ~4.534"
. 0.7808 0.8532 134.1, 141,13 ~5.367
. ' 0.9079 0.8427 T1N3L6 . 110.4 6. THA
. 0.93%67 0.8439 L T0.% . TheR -9.205,

s 0.9677 - 0.8387 _35.6 « 39,6 -~11.353 ' ;

RMS DEVIATION = 84657 -
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LAMDA CH2/0H= 0.80072D 01
LAMDA -(JH/CH?= 0.203030-02

X ALC
0.0217
0.0508
0.0973
0.1395
0.1783
0.2137
0.2461
02758
0.3030
0.3286
0.3516
03744
0.3950
0.4145
0.4329
0.450]
0.4666
0-’0821'
0.4966
0.5104
0.5229
0.5351
05469

" 0.5572

o

0.5578
00 5’)61
0.5682
0.5762
0.5779
0.5866
0.5970
0.6083
0.6198
0.6320
0.6447
0.6578
0.6715
0.6858
0.7006
ND.7158
0.7323
0.7494

0.7673

0.7861
0.£053

C (e B25R

0.8471
0.8697
0.8935
0.9187
0.944?
0.9717

7

-

!

X CH2

0 .‘)')()Q

0.
0.

0.

0.
0.
0.

0.

0.
D.
0.
0.
0.
0.
0.
0.
n.
,0.
0.
0.

0.

0.
0.
0D
0.
0.
0.
0.
0,
0.
‘0.
O.

0.
0.
0.

0.
0.
0'
0.
0.
0.
OQ
O.

h Oo
0.8700 ~
0.9662 %

0.
0.
‘0.
0.
0.
0.

, _RMS DFVIATION =

9927

9859 .

707
9739
96R%
2631%
95910
9548
9807
947]
9435
94602
9171
2341
9113
9286
3260
92136
9214
92193
9172
7153
911%
9134
9120
9117
3103
9100
9085
2068
9048
9029
9008
89R6

A963
8919

914
88ea
8861
RH32

1
8769
8735

1623
35a1
8517
84P9
2441
aInn

10

DEL H FXP DEL W PRED

?“?.ol’
1“‘."

461,22 .

(.(,l“.l.
HSV4,2?
263, l
S04, 3
£00.13
611.1
H19.H
624,0
625.'
626.7
h24.9
621.1
617.R

-(‘1203

()0(). 3
599.5
592.1
586, 2
577.2
570.1
‘3()").3
96l.%
558.0
553.0
550.1
%45,6
541.2
532.2
521.9
511.0
499,2
l‘,ﬂb.‘i
1972-10
457.2
l".?n“
624,08
I’”f)- :.‘
386.5
364.7
1.6
3116.5
230.0
261.7
230,90
198.3
1610"

R 2_’00 s

RY Y §
('300

768

8

- HEAFS OF -MEXING - NF- §YSTEM—F SAPEMTAMOL- — -N-HF PTANE- —— - -
S

LAMPA PREME CH2/NH= D,65418D-02

. LAMDA PRIMF OQH/CH2= D.664190)-06

?l'". 7
IGR .6
6364
lt"ﬂl ?
h22.4
565.2
560.0
56R,9
573.7
STH.4
5T6.7
5712.1
568.7
5613,2
55T7.4
591.0
44,0
$36.8
529.4

S?lo& ’
‘l)l(..s

507.0
l'qqo3
497,46
492.0
’0“6.2

. 48B4, 7

478.)
4717.7

471.2 .

463,2

6456,2

444 9
434.5
423.%
411.7
399.1
335.@
370.9
3685.6

" 33R.5

3120.2
300.5

279,22,

256.9
232.5
206,23
177.9
147.1
113.6

8.9

4045

DYEVIATION
070 .

1.361
1.087
2.202

+ 3e18dY

4,157
5.225
6.?2';
7.'.0'.
7.09%
2,617
9,327
9.85%2
10.3546

10,012

l’loqu
11.469
11.700

tL.877°

12.086
12.170
12.414

° 120898
12.367.

12.871
12.351
12.942
12.451%
12.940
12. ‘)l)q
12.96R
12.95?
12.957
12.956
12.846

“12.718

12.876
17.683
12.431
12.207
12.031

11.770

11.401
11.172
17.636
10.29¥%
9,976
8.719
R.917

5[. 785 N

248

¢~




Ha B L -
- ~

. HFATS OF MIXING NF s?9tcﬁ TSOPEMTANOL - N=-OCTANF
LAMDA CH2/0NH= DL, RO0T2D 01 ‘LAMDA PRIMF CH2/DH= 0.454180-07
.- . LAMDA ON/CH?2= 0,.20303N-07? LAMDA PRIME MH/TH2= 0.6646190-04
’ X ALC ' " X CH? DEL N FXP DFL H PRED  NEVIATION
- 0.0247 9969 279.3 273, 6 0,247 .
0.0548 0.9931 3N sl Aan,3 -1.351
0.106() Ooqﬂhl' l'”".l 10‘”).0 “(‘.‘069
0.1513 0.9R03 S5, ? 842.0 H.586
0.1924 09747 50 H STT.1 1.86% .
0.2294 0.9696 - £721,2 60D K 1,202
0?2647 N4 6 | bhb o h h]‘i.f) bGP . v
0.2957 0.9601 6HhY o7 h26.2 5.666
003?48 ' 0"‘)5‘38 ()7"‘." "?pol 6. IQ7 v
0.3524 - 0.9%17 6R1.7 628.5 1.1 7
0.3776 0,96479 6UhH L 626.2 | 9,762
0.4011 0.9443. TGHT, T 621.9 9,572
0.4228 0.9409 6861 61641 10.197 '
0% 4425 0.937¢ 631.% 609.5 10.812
0.4613 N0.9348 679, 7 4an2.0 11.436
0.4784 ' 0,921 614,71 5941 11.866
' 0.4947 0.9794 667,49 hH9.8 . 124299
0.5099 0.9270 . 660.9 51742 12.661
0.5269 ° 0.9?24] 65247 . 966.9 13.086 o
Al 0.5‘003 Ooq?lq » {3"30(’ 55“01 l"Q26'
0.5528 0.9198 635,48 \ 947.4 13.%30
0.5645 0.9178 ., 621.0 . 540.9 13.726
0.5756 0.9160 - 618,2 532.5 13.859
0.5804 0.9151 6HOR, 6 529.8 13.115
0.5866 0.9141 ' 609.4 . . 523.9 14,037, s
0.5902-  0.9135 " 600.9 520.9  13.305
'0.5968 0.9123 600.6 515.5 14.1658
0.6002 0.9117 ©591.9 512.7 13,382
0.6084 - 0,9103 590,2° 505, T 214,313
0.6106 0.9099 58244 501.8 13.492 "
- 0.6214 0.90R0 572.3 _ 496.3 11.626, -
‘ 0.6324 0.9061 " 561.0 486,37 13,667
. 0.6439 ' 0,9041 L5488 T 4T3.6 13.710
. 0.6559 0.9019 535,9 462.0 - 13,796
0.6682 n.R997 522.0 -, 449,7 . 13,845 )
0.6810  0.6974 506.9 “36.6 13.867 ’
] 06946 0.8950 - 690.9 422.5 13.943
0.7083 | 0.8924 473.6 "wo71,3 13.992 -
0.77227 | 0.8897, 459,3 191.2 14.076 °
0.7375 0.RRT0 - 435,3 ° 174.2 14.046 )
. 0.7529 0.89%4] 4l4.1 355.9.° 16,053 A
07691 0.8810 1.6 3136.2 - 14.157
0.7858 0.8778 366 .8 215.2 14.060 R
- 0.R032 0.78744 1%0.6 292.8 14,031 °
08714 0.8708 312.7 268.7 14.067
0.H404 0.8670 22,5 - 2462 . 14.030 “~
0.8601 . 0.3670 250.2 215.3 13,936 .
0.801¢ -~ 0.8588% 215.2 115,23 13.875
0.9029 0.8542 . 177.4 153.1 13.721
‘ 0.9255 . 0.8495 170 ‘11R.9 13,748
0.9495 0.R644 a9, 5 . Rl.6 13.68% .
0.9743 '

0.8390 48,1’ 42.0 13.699

®

RMS DEVIATION 12,1043
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