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'ENTHALPIES DE MELANGE: 'MESURES ET PREDICTIONS PAR UNE 
METHODE ANALYTIQUE DE CONTRIBUTIONS DE GROUPES 

, " , 
RESUME 

Le modË!le dit "de contributions de groupes" de 
f 

Ratcliff et Chao pour la pr~diction des chaleurs de m~lange 

des solutions liquides a ~té mis sous une forme analytique 

en utilisant·l'~quation de Wilson. Ceci ~liminé~certaines des 
. 

restrictions et'imprecisions du mod~le pr~cêdent et le rend 
\. ~ 1 

particuliË!rement adapté a la co~r~lation ae données expérimentales 
" ' 

et il la pr~diction des chaleurs d~ m~lange. 
" 

Un calorim~tre isotherme semi-continu du type "Van 

Ness" ~ermit des mesures pr~cises et tr~s rapides ,des chaleurs 
, 0 

-de-lIlé-l-ëi_l!g~. _, ~'ensembl è ~ ainsi 'obtenues a rtir de 

plusieurs sys_t~es alcool/alcane,' et il diverses t~pératur , a 

pirmi d'abord de v~rifier.le mod~le analytique, ensuite de 

déduire les.paramË!tres de Wilson relatifs aux 1roupes methylene/ 

hydroxyl, lorsque ces deux groupes sont utilis~s conjointement 

dans un domaine de température allant de 150 a 55°C. A les 
'~-

tempêratures semblables, ii est alors possible de prédire, sans 

aucune autre mesure experimentale, les chaleurs de mélange de 

deux ou plusieurs constituants liquides ne contenant que ces 

deux groupes. 
\ . , 

Un accord quantitatif entre la theorie et les experi-
~ , 1 

"ences.r a été egalement- obtenue pour les mél:inges binaires con-. 

stitués, d'une part de n-pentanol ou d' i'sopentanol, d' autre part 

" 

d'isomeres de',l'hexane. Pou~ ces systèmes, la ramification ne 

present qu'un effect d',ordre secondaire, qui n~ demande ni traite-

ment spécial, ni modification du mod~le analytique. 
1 1() • 



• 

• 

" 1 0 

( 

,Ph.D., \' 
" 1 

Departme~t of Chemical Eng i neer i ng ... 
" 

Thi Huong Nguyen .. 
Heats 'of Mixing: Measurement and Predict'on by 

, an Ana 1 yt i ca 1 Group 501 ut ion Mode 1 

AB5TRACT 

, ' 

, 

The Group Solution Mode 1 of Ratcl iff'and Chao for 

heats of mixi~~g of, li~Lid mixtures-has been p'ut in an analy

tical form using the Wilson equation. lhis procedure obvi

a~~sisome of the limitations a~d inaccuracies of tbe previous 

mode 1 and is very.powerful for correlating (and predicting 
~ 

heat of mixing data. r 
\ 

A s~mi-continuous isotohermal calorimeter of the 

Van Ness typ_e bui 1 t dur i ng th i s work has ~ Il ow~d very rap i,d 
"--.... '"-C--

measurements,of accurate heat, of mixing data . .This col1ec-
1 • 

tion of data on several alcohol/alkane systems at different 

temperptures allowed a very good test of the anafytical 

model. Group Wilson param~rs were ge~erate9 for methylenel 

hydroxyl mixtures from' 1 s'to 55°C. At; temPêrat'ures~ wi thi~ 
or close to this range, these'parameters al10w the prediction , ' 

\ 

of heats of mixing of 'binary or,multicomponent mixtures con-
... 'Ai> 

taini"g these two groups; no experimental dat~ ar:e requi1red. 
" . 

.... , 
" 

,/ 

Quantitative agreement between theory alid experi.ment-----
1 

was a~so-obtained for binary mixtures 9r"n-pentanol or iso-

pentanol with hexane isomers. ~ Branching in these systems , '. - ~ 

has only a second order effect ànd modification of the 'mode 1 
" 

to allow for branchi ng iso unnecessary. 
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INTRODUCTION 

---Information on heats of mixing of 1 iquid solutions . 
is important beyond it~ usefulness for heat effect calculations. 

Heat ?f mixing gives a direct measure of the rate of change 

of excess free energy with temperature. ExceS5 free energy 
. 1 .. 

is basic to the study, correlation ahd prediction of vapor-

ization properties of non-ideal solutions. Heat of mixing - ' 

informatioQ~:when available, provide5 a reliable means 'for 

extrapolation of such vaporization p~operties over a range 

of temperature. 

Unfortunately, no general Iy satisfactory methods 

of prediction for highly non-ideal mixturès have ·been derived 

From rigorous 1 iquid state theories. The analytical group 
1 

solution mode 1 (AGSM) offers a method of wide applicability 

while requiring a minim~m of experimental data. The model is 

perhaps simple but nonetheless isolates and takes account 

of the important effects: , 
1 

The attract i veness of group, 501 ut ion model5 stems 

From the fact that large numbe~ of compounds are made up of 
" • 1 

relatively few groups. Once the group parameters are evaluated, 

mixture properties can be predicted for ail mixtures that con

tain these groups. Compl icated multicomponent mixtures can 

be handled aS they are reduced ta systems containing o"ly a 

few groups. It entails the following: . 

• 

" 

, 
" 
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o 

1) A suitable reduction of eXperimen~aJly dbtained 

heats of mixing to obtain a set of parameters for e~ch pair 

of structural groups in a specific system. These parametefs 

are group parameters rather than molecular parameters'. '. 
. ~ 

,~ 

2) The use of these.parameters to predict proper-

ties of otHer systems which contaln the structural groups. 
1 

The accuracy of such a mode 1 depends not only on the 

effective extrapolation invoJved and the inherent limitations 

of the approach, but also on the accuracy of the base data. 

ExceJ lent experimental data over a .reasonable range of tempe,r-
~ a tu re are requ 1 red for a good tes t of the mode 1 • ' Li terature 

data are restFicted to a smaJI temperature range. Therefore, 

experimental measurements are necessary. ) 
, 

~ semi-continuous isothermal caJorimeter of the 

Van Ness type buiJt during this work has ,al Jowed very rapid 

.coJlection of accurate heat of mixing data. 

The caJorimeter was essentialJy operated by rnixing 

two components, each at the same constant temperature in a 

thermaJ ly insulated'vesseJ withO'no vapo'r space at such a rate 

as to maintain the temperature of the solution in the vesseJ 
J 

at a given temperature whiJe adding energy to the solution 
, ,. '1 

electrically. PeriodicalJy, the mixing procèss was interrupt~d 

and heating was discontinued. The composition of the mixture 

in the vesseJ was then·determined and the amount of energy 
... 

added was recorded. 

.. 

-.. 
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, 
, Thus, the objectives of the pre,sent work reflect 

The construction -......... 
'-~ 

, 
both of the following prac.~ical aspects. 

of a c~lorimeter for rapid and accurate measurements of heats 

of mixing. The data obtained from this apparatus are not 

onl9 useful in themselves, but blso serve as base data for 

developing a prediceive mode 1 which would be simple, easil~ 

applicable and suitable for computer use. The present-ob

jectives emphasize an engineering approach rather than a 

theoret i ca 1 one. 

( 
, 
,0 

, 

. , 
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1. SOLUTION OF GROUPS APPROACHES 

. 
The "group so 1 Ltt ionll approach, al so ca J J e.d "group' 

interaction" approach, treats 1 iqyid mixtures' in terms df 
1 

'their constituent functional groupïng\, e.g. CH2,' OH, CO ••.• 
,-

This treatment is based on the intliTtive--assumption that 
:' ~ ", ~ -

, ~.. , -
the intermolecular forces- can be considered tÔ- be of a l~aJ 

1 > .. ' 
nature between adjacent gr:.oups and that" the nat~~')'''o_f a group 

~J' • • 

is independent of how it is Jinked in a.mo~~~ule. rnter-
, 

atomi c forces are-short range 50 '~hat the effect of distant 
~ 

groups will ~e small. As there are many fewer groups than 

molecules, the group co~~bu~ion mèthods have the ad~antage~ 

of predicting solution behavior From a mininrum of experimental 
~ 

j nformat ion. 

As will be illustrated below, surprisingly far

reaching and prec-ise est1imates oi properties in mi.x.tures of 
/ --. ~ 

simple organic molecvles can be made on the basis of appropriate 

systematic observations and correlations wiJh contr,ibutions . 
from structural groupings. 

1.1 Langmuir Mod~1 

The most significant early description of si,mple 
, 

mixtures in terms of groups was probably given by Langmuir (LI) 

--some fift? years ago. Langmuir the basIc assumption 

" ... 

, . 
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~ 

t;hat the force field around a group or radical which 15 

accessibl~ ~o other molecules 'Is characteristic of that group 
, 

or radical and 1 s lar:gel y independent of, the nature of 'the rest 
" .' 

o g.:& tHe molecule. By sunmlng the Interfaclal interaction ener-

~~éS between dlsslmllar gro~ps, weighted accor~i~g to ~he _ \\ 

surface fractl'ons of these groups in their respective mOle-
1 

cules and according to the overall surface fraction of solute 

and solvent, Langmuir derlved ar expression for the partial 

pressures in a mixture of two components: 

(I.I)~ 

Q 

where PI is the partial. pressure of component 1" SI is the 

molecular area of component 1 and 52 is the surface fraction 
.' , 

of cornponent 2. e is an interfaclal energy per unit area and 

is characteristic of the kinds of group and group f~actions' 

in the. respective components and 2. Langmuir dealt with 

molecules of the sort R-X in which a nonpolar R group is co~

sidered a single group and X is a polar group. Apparently 

Langmuir did not pursue the approach very far, perhaps as a ~ 
1 

resul t of Inadequate experimen·tal data. 

1.2 Butler et al Model for Limit'Ing Activity Coefficient 

The' wo r k 0 ~ But 1 e r et al. (B J , B2 ) 1 s ba sica J J Y a 
". 

g~oup approach. Butler consldered the tnfinitely dilute 

.. "/' 
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1 1 

.. 

• 

" 

in a 9 iver;. so 1 vent as the 1 

simplest case for study. He ~~ystematically measured Henryls 

law constants for a wide rang~\Q;f solutes within a given "'~I' ,t 
fami 1 y :f sol ut ions and observèd \ ,s imPle'~i~;' be,tween 

solute carbon number and its limiting activity ~fi~ient. 

He also indicated that this relation ~~ndS roù9hl~n the J 

nature polar grouping. \~ ',,- "-
" ""-, 

1.3 Pierotti~Correlations 
," \" " 

Sorne ten years 1 ater, Pi erott i et' al \ ( l"P2) at 

" Shell Development Co. began a more extensive stù4~ 

of homologous series. Here, as had Butler, they consi 

infinitely dilute solution to be the lea~t compl icated 

the 

most promising'~r the study of.group effects. The dilute reg-
• <> ions are of consIderable t~chnological importance since applic-

, ations are frequently in purifications. Horeover, in view of 
• the usual shape of log y - concentration curves, interpolations 

from dilut~_ regions to the standard state can be expected ta 
, 

be more precise than extrapolations fram data in the middle 
1 

range of concentrations~ 

ln practice, this work involved measuring y's at 

high dilution for homologous series of solvents and inspecting 

the dependence of log yOls upon the carbon numbers of solute 

and solvent. For n-alky) homo)ogs, a series of" relations 

\ 
\ 

1 1 

" .. 
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were developed for'~uccessively more compl icated cases • 

. 'The procedure can be thought of as simply determining the 

resP9nse of 199 yOls as a function of the number of methy

lene,(methyl) ~roups,~.J and n2 , of the solute and sO~lvent 

molecule for the case in which the groups are connected 

as in homologous series. Thus, for paraffin~paraffin mix-

,tures, that _~th~ series H {C~)nIH in the series H (CH2)n2H; 

the deviati~from ideal ity are relatjvely small. The ex-

pression for the congruent solutions of Bro~sted and Ko~foed 
o 

(BI) was adopted as suff~ciently precise, i.e., 

log Y~ = ( 1 .2) 
" 

where 0 is a constant. 

For a homologous series of solutes of the type, 
o Ôl 

H (CH2 )nl RI' in a homologous series of so 1 ventsof the type 

H (CH2 )n2 R2 , they found that:-

" 
F ni C 

- n2 )2 . log yO = AI2 +..,g+ B _+..1.+ Do{nl 1 n2 2 n2 ni 

" ~ 
( 1 .3) 

where ail the coefficients,A12 , F2 , B2 , CI. and Do are tempér

ature dependent and characterize the various group interact10ns~ 
1 

Although the mode 1 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 âny environment, such as the range of finite 

, . 
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concentrations ln a blnary or more complex mixtur~s. mig"t 

b~similarly treated. 

There has been no systematic attempt to define 

,Pierotti characterizations for molecular mixtures. but the 

l~iewinJ of ~ molecular environment as an environment of its 

constituent groups ,has proved a valuable guide in makiing 

estimates of ac'tivity coefficients in mixtures. 

1.4 Group Interaction Mode1 

Redl ich. Derr and Pierotti (RI) later developed a ~ 

group interaction mode 1 which calculates the heat of solution 

as the sum of contributions from interacting groups proportional 

to the number of groups present. a.group cross section char

acteristic of each kind of group and an interaction energy 

characteristic of Fach group pair. As does the original 

Langmuir mode 1 , it neglects any local ordering or segregation 

except ln so far as it is implicitly taken into account through 
, 

the determination of the parameters from experimental data. It 
• f 

prov.ides a relation for the partial molar free energies with 

concentrations expressed in surface fractions. AS'a r~ult, 

the limiting partial malar free energies in a binary are in 

the ratio of the total molecular cross sectionsof the component 

molecules • 

ln a companion paper, Papadopoulos and Derr (P-> 
1 

provided a pre1 imlnary test for this ROde 1 for hydroc'arbon 

~ 
'II 
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systems. But as energy considerations are ignored in eval-

uating the probabl-lity of .interactions, their model only'" 

appl ied to hydrocarbon mixtures in which the interaction 

energ i es are of compar"at>l e order of magn i tude. For ml;<tures 

containing polar groups it is not possible ta ignore prefer

ential interactions due to large interaction energy differ

ences between groups. 

The group interaction theory of Redl ich, Der.r and 
. 

Pierotti was further developed for heats of mixing by Chao 

and Coworkers (CI) to apply to so'lutions containing polar 

substances. Chao has considered the probability of inter-
d 

action between two groups to be dependent both on the magni-

tude of the interaction energy between the groups and on the 

free surface area of t~e groups. The surface areas have been 

calculated from realistic~e~~tric modeJs of the molecuJ~s 
involved, i.e. from Van der Waal's and~ovalent· radii of j ,\ 'rf-

atoms. Local concentrations due to energy differences are 

taken into acc9unt using Boltzmann type relations" The Inter

action energies between group pair.s ln the mixtures have been 

determined as adJustable parameters in fitting the theory to 

expe~imental data. The mode 1 has provided satisfactory quai 1-
, 

tative predictions for heats of 

mixtures with reBsonabJe values 

energles. 

. '" 

1 
mixiryg in n-alcbhol/n-paraffin 

fO\he -group 1 nteract Ion 
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The re 1 at i ve success of Chao 1 s mode 1 9 rves some 

credibil Ity to t~e basic assumptlons. 

1.5 Solution of Groups 
. , 

Wilson (W2) has"'proposed a solution of 9rou~

- app~oach which estimates the partial molar excess free \ 

energies as the sum of group contributions and provides a 

~ 
con~entrat'Ion dependency for these group contrib';:!tions. In 

this case, a "group" portion of the partial ~cess free 

energy is taken as the 8ifference bet~een contributions i~ 
solution and molecular standard state, 

, 
-G 

log Yi E N k i (log r k - log r: i ) 
k 

( 1 .4) 

where log ris represent group contributions in the solution, 

the superscripts Gand * denote the group contribution and 

the standard state ~espectively, and Nki is the number of 

groups of type-'k in molecular species i. 

r,is taken aS·8-.function only 0~9roup./rëiction, 

temperature and pressure, 

. , 

( 1 .5) 

where the Xls are the group fractions: 

( 

.. 
: 

\ 

l 
i 
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~ Nki xi 
~, 

X "'-
1 

k 
~ ~ Nki xi 

( 1 .6) 

.. 
The nolar activity coefficient 15 taken as the sum of the group 

contribution and a contribution due to the relâtive sizes of . , 

the nolecules: 

log Yi = log Y~ + log Y~ " ( 1 .1) 

where the size contribution. denoted by the superscript S. 

represents the only distinction between the environments 

of the same group constitu~ion and different molecular consti

tuti~n. It is evaluated from'a Flory-Huggins type expression 

using orly the number of groups in the respective moleèules 

of the mixture: 

log Y~ -
( 1.8) 

Wilson and Deal applied such an approach to two 

" fairly extreme cases - .. C~-OH ~nd C~-CN mixtures" making 
'': 

.. 

", . , ... 
• .. \* ~ .. 
\ . 

1 • 

no distinction between methylene and methyl groups. Substantial: 
.-as " 

agreementVobtained over a wide 'range of values from a single 

base system; the logarithms of activity'coefflcients are 
,. 
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:~ 

9~nerally estimated t~ ~ithin about JO~. , For.highly non- ' 
. ~ 

i~eal systems .. t~e,sizè contribution is only a minor contri-. ~ 
bution compa'r~ t~ t'he group contri'bution. Therefore .. the 

, 0 , 

eri-°or ~n ey'al~ating ,the ,size would be mini';'ized. 

As this IOOdel is appl ied to' paraffin' mixtures .. 
o ' 

, 0 

Ratel iff and Chao (RI) found~that the Flory-Huggins equation " , 

, , - , 

'prediets vahJes whic~ ~re numerical Iy, too large. One may 
'1 

think ,~hat the size contributien has been overestimated • 
.. ~ ~ ~. 

·T h i s' çone 1 uS Lon' 1 eads to the I1lC?dJ f i ed group so 1 u i: ion mod,e 1 
" 

of/" 

Ratcliff and,Chao (RI) .. with anot~er expressi?n for log Y~ 
o 

, us i ng B rons.ted ana KQe foed 1 s equat. ion (B3): 

r# 

.. 
log Y~ = ,(1.9) 

l , è> 

wilere Bis a tempe rature dependent cons tant. For- mu 1 t i eomponent 

mixtures .. 
~ 

1 

" 
, 

Lo 

I09-Y~ .= .B(Nki rXj"Nkj( ,,(1.10) 

, / Tes~; of t~i"S trodel on vario~leoh~;l/alkane and 

. a"1 cohq\l f~ater "sys tems are qu i ~e' success ful", Mar i pur i and 

Ra.tel i"ff later appl ied the model ta al kane/ket0':le systems (Ml) 

and ta. mixtures 'containing ar.omat je hyd roca r bon s. (M2) " 
1 ( , 

) 

1 
r 

." ' ~ 1 
1 

~. 
1 
1 

1 

1 

- , 
J /1 

~\ 1 . , , . 
Q 

... 
"- -

o 1 
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,1 

-1.6 AnaJytical Solution of~Groups 
) 

- ~--. 

, A new step in the group contribution approach was 

made oby Deal and Derr rècently (DI) by using an analyticaf 

expression torOthe grdUp activity coefficient' r~ They have 
o ~ 

chosen to ,represent the log r - concentrat i~n dependency wi tH' 
~.. .. ~ ~ Il .. . , . 

the Wilson '(Wl) ~Iecular free energy expression based largely 

on the observatron that this relation gives 'a more sui'table 

shape to J~g rk - concentration dependencfes in binary systems. 
" 'The use of the Wilson equation also permits the treatment 

of binary and multicomponent systems having.many ki~ds of 

groups and makes computer calculation possible. 

The form of WilSOl equation in 'representing the 
. 

group activity coefficient is shown in the fol,lowing equation: 

(1.11) 
o 

- where the ais àre binary group parameters. 

The development is particlilarly at,tractive for correl

ating complex systems which contain more.kinds of molecuJes 

than ki-nds of groups, since many fewer adjustable parameters 

are required. Such an .,J'analytical solution of groups.moèlèl ll 

has the advantage of stortng an enormOus amount of data using 1 . , . 
onlya few temperature ~ependent parameters. The advanta9~s' 

/ of the analytical mode 1 will be dis~ussed in"detail later. 

• 1 
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Sorne similar but more theoretical approache& 

,suggest that further work in theories of mixtures using a 

group interaction approach will result ln quantitative pre

dictions of solution behavior. Threé recent papers publjshed 
. . ;' 

by Chao and coworkers (C2-4)"show interestin.9 results Jin 
, 

this direction. Statistical thermodynamics based on cell 
\ ~ . 

theory an.<;I quasi-Iattice t'heory has been developed fo .. pure 
, 

n-al kane~ and n-alcohol molecules and their mixtures. f:ormula's 
• f 

for the e~~eS$_R~~Qerties 'have been derived from the partition 
, ---" ----~~~--, 1 funct:ion and appl,~ed t9.n-alcoh~l/n:alkane a:~tf\~n-alcohol/n-alcohol 

, 

mixtures.o Predictions of heats of mixing areVabout IO~ on 

alcohol/alkane mixtures. 
, 

The deviation tends to become larger 

for the lower alcohol solutions. The'soluti9n behavior of -
'l .' _ _ , 

alcohol/alcoh61 mixtures appeared nôt to be wel1 described.< , 
, 

by the group interaction model. 

'As will be apparent, this "solution of groups" 

approach,of'treating mixtures in terms of th~ir c~nstituent 

groupirigs is thermodynamically $~u~d. The projections of the 
I~-{t 

.'. modeJ .~re partiO~u.tarly valuabl~ ,in process ~esighs when nô' 
" . 

~xperiment~1 data are available • 
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Nomenclature 

a .. 
1 J 

Nki 

p 

R 

s 

S 

T 

x 

X 

gro~p Wilson parameter- in equation (1.11) 

number of ,groups of type k in molecu!ar 'species 

pressure 

ideal gas çonstant 

molecular are~ in equation (1.1) 

surface fraction 'in equàtion (1.1) 

absolute t'emperature 

mole fraction 

gr.oup fraction 

Gr;eek Letters 

y 

Subscripts 

k 

liquid phase activity coefficient 
" energy constant in eq~ation (1.1) 

group activity coefficient 
, 1 : 

molecular species i ' 

group species k 

Superscripts 

G group contribution 
. Il 

S si~e contribution 

* standard statè 

" 

, . 

... , 

• 
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2. "GROUP SOlUTION MODEl FOR HEATS OF MIXING 

2.1 Description of the Mode 1 

~he group solution mode 1 of Ratcliff and Chao has 
\. 

been used previously to predict excess free energies (R2-3, 

MI-2) and transport properties (R4) df non-ideal systems. 
, 

The application pf a similar mode 1 has be~n extended to.excess 

enthalpies of mixing (NI-2). 

With the idea that a group i~any convenient 

structural unit such as -CH2 -, OH- •••• , the present mode 1 

rests on th~ fol1owing four postulate~ 1 

Po st u 1 a tel .' 

The non-ideal behavior of a molecule in a liquid 

solution may be broken down into two independent parts. 'One 
~ p 

is· associated with the overall size of the molecule and the 

other with th~ interactions between the functional groups of 

the molecule and those present in the so·lution. 

Th i s f i r s t po s tu 1 a te ma y be w rit te 0' i n te rms . 0 f 

heats of.mixing as: 

(2.1 ) 

. 

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

tributions respectivelyo 

u ( 

, ' 

o 
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, Po s tu 1 a te 2 0 
... . 

The size contribution ~ccounts only for the differ-
, , , 

encesin size of the molecules, and can ~e obtained from the 

heats of ,mixing of n-a)k~ne mixtures. 

c r ~ Postulate"3 

The" grou'p contribution to àH is assumed to be the 

sum of the individual contributions of each group present, i.e., 

aIr groups are assumed to act independ~ntJy. Each group is 
-imagined as an ·individual entity in a "solution of,groups", 

~and a group excess en~halpy Hk of a group k is defined in a 

similar manner to a molecular excess enthalpy. By definition, 

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

have the relation: 

6HG~ L a -:-nG ----- ---~-

= x. ·àH. 
i 1 1 

and 
àH~ = t Nki(Hk - H~i)' 1 k 

where Nki == number of groups of type k '~i n mol ecu 1 ar:J 

species i 
'1 

sta-:trd 
" p 

H*· = excess enthalpy of group k at kt 
5 tate. 

The standard state chosen for a group is th~t of the pure mole-

cular species i under consideration. This ag~ees with normal 

1 p,ractice, and assures that the partial molar heats of mixing 
.' ~ 

J " 

are zero for pure compounds. The same group must b~ referred 

.... 
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,', 

to different standard states depending on the molecular 

species under consideration. The cholèe of the groups is 

arbitrary, but consistent deflnit)ons must be employed both 
1 

, 
in the determination of Hk and in the application of the 

f 

", 

model to new systems. 

Postulate 4 
,..4 

At ~ given temperature and pressure~(i~e group 
/ ' 

excess oenthalpies Hk are fun"ctions 

tion, and therefore are independen 

under consideration. 

:: 

on 1 y ,of/the grou'p compos i-

of the molecular species 

(2.4) 

The group fraction Xk is computed in the same way as a mole 
1 

fraction, i.e.,Ç 

X~ = 

, 

Ex" Nk " 1 1 

E E x"Nk'~ 
kil 

2.2 Limitations of "the Model 
« 

(2.5) 

-
.. 

TheY model' ta"kes into account the di fferences in 

molecular size" but not molecular shape'. The fIlOdel predicts 
, 

the same heats of mixing for isomeric molecules in solutions 

of ident(cal group composition. This restriction is not very 

., 
'... " I~ 
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• 
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, 1 

serious and will be discussed in 'the last c~apter on the 

study of mixtures of alc~hdl with hexane isomers. a Since 

on 1 y hi gh 1 Y nO,rt- i dea 1 sys tems care cons i dered, even approx i

mate predictions are valuable from a pract~al point of vie~. 

Another assumpt ion i nherent in the mode 1 i s tha't the 

acting on a group are functions only of the average 
c 

group concentration. No acçount fs taken of the tendel'1cy' of 
~1 

the molecule to segregate. However, as p~ediçtions for new 

systems are ~de through group excess enthalpies computed 
j 

from experimental data on chosen reference systems containing . " 

tne same groups, sorne cancellation of errors would be expected , 
\i 

when applying the data from one mixture to another. 
1 

, 

.In the earJ ier usé of the mod~l -(NI-2), expe~imental 

heats of mixing for reference systems wçre used to compute 

Hk 1 s. Thése were bei ng expressed as funct ions of group co~:," 
" 

position, èither graphically or by fitted pOwer series~ This 

computatipn p~ocedure resuJted in the foJJowing 1 imitations '" 

or i naccurac i_es: 

11 The number of groups present in the reference 

system'can not exceed the number of molècular components, since 
" otherwise equation (2~3)<wil1 provide insufficient equat'ions 

to solve for the His. 

o 

.. 
1 

( , 

1 
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2) Unless each molecular specles consists of a 
. 

single group, it is impossible to compute ail the H's directly 

from the experimentâl data 'for a single reference system. 

jor example, ~f for mixtures of the groups me~hylene and hydroxyl, 

we chose n-butanol/n-hexane 'as._the reference system, then we 

can only' compute HCH2 and (HOH - H8H,butanol) fr~m equatron 

(2.3). We can nevertheless now pred'ict héats of mixing of any 

mixtur'e a's long as the indivi,dual roolecular constituents li~ 

within the group compositions represented by pur~ butanol,' 

i.e. XCH = 0.80, and pure hexane, i.e. XCH - 1.0. In the 
2 2 

parficular example, the methylene group fractions range from . ' , . 

0.80 to 1.0 and the mOde 1 can be used to predict heats of 

mixing for pentanol/alk~ne syste~s (0.833 < X
CH2 

< 1.0) but 

can not be ~pplied to propanol/alkane s~stems (0.15 < XC~ < 1.0) 

without uncertain extrapolation. 

,However, if we wish -to extend pre~ictions to lower 

CH2 concentrations, we are forced to choose a second r~ference 

system covering this extended, range. Furtherroore, we need . 
data for both systems at the sam~ temperature~ pressure and 

" preferably an appreciable overlap in group composition. 

3) - On the previous mode 1 , Hk's were expressed as 

functions of group composition by fitted power series with 
y 

arbitrary parameters. These parameters could be used only at 

the studied temperature. Interpolation or extrapolation of 

temper~ture in making the predictions can be inaccurate. 

1 
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The appllcation~ mis modeJ~as been.investigated 

for systems containing aJiphatic alkanes and 'alcohoJs (N3) at 

250 C and 450 C. For 14 binary group mixtures, the mode 1 re

quired experimental data for two reference systems; one to 
/ ' 

evaluate the size l contributions and the other, the group con-
• <> 

tributions. The mo~el gave very satisfactory predictions of 

heats of m~xing with aR average root-mean-square deviation 

of about 11~ 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 cont~ibution in the 14 systems 

studied. Neglect of the size contribution did not slgnificantly 
\ 

decrease the prediction accuracy (N2)\. Derr and Deal (Dl) 

have suggested that the size term could be neglected in devel

opi~a group mode 1 for heats of mixing since this term can 

o be accoun1:ed for b,y ent ropy • Al though Wf; expect that for mi x-

tures of component mol~cules with large ·differences in siz~J 
1 -

~he effect might be of sorne signifi~ance, e.g. propanol/n-

hexadecane; this neglect added the advantage that predictions 

are not limited by the Jack of heat of mixing d~ta for low 

molecuLar weight alkan4 in computing the size contribution • 

I 
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Nomenclature 

Hk excess enthalpy of group k 

Nki number of groups of type k in molecular species i 

P pressure 

T absolute temperature 

X mole fraction 
..--" 

X group fraction " 

heat of mixing (excess enthaJpy) per mole of mixture 

Subscripts 

k 

partial molar excess enthalpy 

molecular species 

groups species k 
<. 

Superscr i pts 

G 

S 

* 

group contribution 

size contribution 

standard state 
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THE ANALYTICAL GROUP SOLUTION MODEL 

Iv 
l 

Ail the 1 imitations in the appl ications 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 
d 

10ss of' accuracy. If such~function can be found, it would 

also reduce the data required, and be readily amenable to 

computer calculations and to temper~ture interp~Jations. 

3.1 Analytical Expression for Molecular 
Activitv Coefficient 

Wilson (Wl) derived a semi-empirical equation for 

the exc.ess free energy 6GE From a theoretical expression for , 

6SE• 'Flory and Huggins (FI) had shown that for a binary 

athermal mixture (i.e. a mixture where 6HE - 0), the excess 

Gibbs free energy for a binary mixture resulting From mole

cular size difference is given by: 

(3.1 ) 

where t i - volume fraction of component i, that i s, 

" 
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~' 

t i • 
x, vi 

) L xI vi 
1 

(3.2 ) 

V· 
, 1 

is the molar volume of pure 1 i qu 1 d I\.. 
. 

Wilson suggested that Ln a rea\ (i .e. 

solution, eq~atlon (3.1) could be used fo~ ~GE provided 

the overal! vol~e fractions Il and '2 be ~~placed by 10 , 
. 

volume fractions ~I and ~2. Wilson's suggestion produces an 

equat ion hi gh 1 Y usefu 1 for strong 1 y non- i dea 1 b i nary and" 
• 

multicomponent mixtures. 

To understand the significance of local volume 

fractions, we fjrst explain what we mean by local mole frac

,tions. Molecules 1 and 2 in a binary 1 iquid mixture do not, 

in general, distribute t~mselves in a random manner but tend 

to segregate, depending on what attractive forces are larger: 

~ 1-1,2-2, or 1-2.); 

To illustrate this idea, Figùre (3.1) shows sche

matically a mixt~re of 20. shaded molecules and 2O~unshaded 
• t .. 

'molecules. The overan .mble fraction is therefore 0.5 for bath 

components. 

.. 
.~ 

() 

~ . 
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e _--0___ ' 
O~O 0.\0. 

0- 'e 
o:.o.~~ O . •.• '~.Q. 0" .o • 

.. 0 '.. (>.' 0 
--~b -e 

FIGURE 3.1 : local Compos i t ion 
, ' 

However, if attention is fixed on the inter

mediate surroundings of a central sh~ded molecule (area 

within the circle) we find that the local mole fraction 
~ 

of shaded molecules is 8/19-

ln a binary mixture, there are four local. mole 

fractions but only two of these are i ndependent. The symbol 
r 

.0 

x .. IJ stands for the local mole fraction of molecule i around 

a central molecule j - Thus . a binary mixture w~ have: ln 

x l2 + ~22 • . 1 (3.3) 

~I + XII • (3.4) 

To relate local mole f r aC,t .t'On s to' ove ra Il mole fract ions we 

assume a relation of . the Bort~mann type: 

.--

1 



.. ',,~ 
'~' .~ .' . -

. Li 

,1 

, Il " , 
.' . 

.. 
" 

...//" . , 

(3.'5) 

.. 
where 921 is an er1er9Y tér~n.reflecting the forces betwcen 

.~lOlec~lcs of sBPcle's Land 2 ~nd 9, 1 ls a sl'ml lar ter~\ for 

forccs betwêen nDlecules of specles 1. 

. and 

A' so' we have: 

XI exp(-gI2/RT ) 
, x2 exp{ -922/RT ) 

1 

Q 

The local vo 1 ume fract ions are -9 t'ven by we 1 ghted 
o 

IOGal mole frattlons, the ~el9htln9 fàctors are set equal to 0 -. , 
, - . 

the 'pure C'omponent nr:> l-ar vo 1 umeos 'vr ' , , 

~2J • 
~12 • 

, , 

o 

If 

~n 

• ';)22 

(3.1) 
'~ 

'. 

(3.8) 
. 

• 1 

(°3.9 ) 

{ , 

, 
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Substituting equations (3.5)~ (3.6) and (3.9) to equations' . 
oe;., 1"" f 

(3.1~8) we arrive at the following expressions for local volume 

fractions ~II and ~22' 

;: = . x .. 
(3. IDa) ':> 1 1 xI + x2 (v2'v l ) exp( -(921-g '-l )/,RT) 

r.." ~:::. 
~~~ 

and 
~ 

~22 = (3.IDb) 
x2 + x l {v l 'V2 } exp(-(gI2-g22)'~T} • 

" 

'Now, upon -substitution ~II for Il and ~22 for 12 ln equat.ion 

(3.1)~ we obtain; 

6GE~T~ - 1: x. In (E xJ" A'.") 
J • i 1 j IJ 

(3.1 r) 

where A." is given by: 
IJ 

For binary mixtures, equation (3.11) becomes l 
-

-xI ln(x) T AI2~) - ~ ln(~ ~ A21 x1) 

(3.13) 

From equation, (3.1.3)~ the actfvi,ty coefficients of, the. two " 

compa-rien t sare de te"rm i ned .by: 

,0 

., 
1 u 
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(3 .14a) 

(3 .14b) 

., . 

where AI2 does not equal A21 . althoug~ g12 does equal g21. 

Wi ~n 1 s treatméht, i.s part i cufarl y successful for 

mixtures conta1ning alcohols in non-polar solvents. One of 

the rriajn advantages of. Wilson ' s equations, foHows from its 

straightforwaq:l extensionfto multi'cbmponent mixtures •. The" 
q ~ l ... (\ 

" .·impor~flnt feature of 't~esellequa,tions is '~hat aIl parameters 

Aij may be,obtained fro~ re~uctiqn o~ b~nary,~ata; no ternary 

" (6r higher) cQn~tants are required. 

, ... 

3.2 . ' Ana 1 yt i ca 1 Express"ions for. Group. 
Ac~'1ity Coefficients \ 

Rëcent~y, Deal and Dèrr (Dl) have ch9sen ta reprë

sent the~ln r ~once~tration dependency by the Wilson molecular 
. 

free energy expression', based ·largel~ on the observation that 
1 

this relation gives a more suitable shape to the log r.versus 
" 

conc;:entration .curve in 'binary g~up ~ystems .. 

.. 
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1 • 

'The form of the Wilson equation i~ ~epresentin9 

group activi ty coefficients js shown in the follow~n~ equa- t '-, 

tion, f~r a group k in a mixture ~ont~ining groups r ... N: 

. . 
where the ais 'are binary "group" parameter's analogous to the 

conv.entional m6lecular binary parametersi the sums are ta be 

taken over ail groups in the mi xture i nc 1 ud i ng k wï th a kk = ail = 

a = 1 and the~sare group fractions as defined by equation 
l11Tl 

(2.5). 

For the case of a solution containing only two 

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

~ .. 
Xl X2a21 

, 

ln ri = -~n(XI + X2a 12 } + 1 
XI+X2~12 X2+X'la21 . 

(3: 16a) 
" , 

r
2 

.. X2 . XI~12 
ln = -1 n( X2 + X') a~Ù ). + 1 - X'I +X2a'l 2 . X2+X I a2 1 , 

(3.1 6b) 
" 

The g'roup .so 1 ut i on ,rode 1· of Ratc 1 i ff and Ch~o for 
,c 

the excess free energies. of.liquid mixtures has also been put 
• -tile. 

in analytical forro usingVWilson equation. It was tested and" 

found satisfactory for a wide range of mixtures containing 
• 

the groups methylene and ~roxyl (R3). 
" 

, 1 

, , 
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3.3 Analytical Group Solution Model 
fo r Hea t s 0 f Mi x i n 9 _ . 

It seems possible now that independent correlations 

of heats of mixing by an analytical group solution mode 1 can , 

be dev&loped and would give a basis for projecting heats of 

mix lng 'and . t~.mperature effects. 

. " 

With 'the assumption of negligible size contributions, , . 
" , 

'the analytical model for heats of mixi~g can be summarized 

by the ffoJJowing equations, 

6H = Ô.H~ = E x. ~ 
• 1 . 1 , 

6H~ = EN. (Hk - H* ) 
1 k k. ki 

-
From the Gibbs-Helmholtz relation; 

Hk is reJated to rk by: 
l ' 

o 

~ (In rk)p,X = - (I/RT
2

) Hk 

(3.11) 

" 
(3.18) 

(3.19a) 

(3.1 9b) 

Thus by differ~ntiating equation (3.16) with respect to tem

perature and rearranging the terms, the analytical expressions 

for Hk of binary group mixtu~es are given by: 

" 

.' 



" 

/ 

'/ 
1 

1 

• 

,/ , 
The parameters (a t sand biS) can be determi ned from 

:' 'R, 
exper imenta 1 data for reference syst_ems. ,To fi x ttlese para-

~ters with confidence, we require da~a of high quality and 
~. ~ 

quaniity over a reasonable range of temperature. Recently, 
., 

excellen~o heat of mixlng "data on n-alcohol/n-alkane mixtures 
-tJ\e 

have become increasingly available in V literature. However, 
1 

the temperature r,anges of these data are very restricte~, e.g. 

2SOC-4SoC (Sl-3)~ , The~efore, an isothermal semi-co~tinuous 
cal~rimete~ was built in order to extend this temperature range. 

Experimental measurements have 
-phat i c 'à lcoho Il a r kanè mi xtures 

,0 l, ;; 

been performe<l on ~evera 1 al i

at lSoC and SSoC and on branche~d 

p~ntanol/hexane sy'stems at 2 SoC • 
. {} . 

!l' 
o 

.... 
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Nomenclature 

A •. 
IJ 

a· . IJ 

b .. 
IJ 

9· . IJ 

Hk 

Nki 

P 

R 

T 

v 

x 

X 

6H 0 

6H 

ô.'GE 

molecular Wilson parameter in equation (3.11) 

groupWilsQn parameter in equation (3.15)' 

group Wilson parameter in equation (3.21) 

energy term in equation (3.5) 

excess enthaJpy, of group k 

number 0 f 9 roups k in 'mo J ecu 1 a r' s'pec i es 

<0< 

pressure 

ideaJ gas constant 

absolute tempe~ature 

molar volume of pure component 

1001 e fract ion 

group fract ion 

heat of mixing per mole of mixture 

'11 h f .. /\ partla mo ar eat 0 mlxll1g .. _ 

excess free energy o'f mixing 

Greek Letter$ 

y 

r 
t 

1 iquid phase activity coeff.icient 

gro~p~activity coefficient 

vo l ume fract ion 

local volume fraction 

, -
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Subscripts 

i ,j molecular species i ,r . 
c 

k ,group species k 

Superscr i pts, , 

G group contribution 
il 

S size contribution 
(1 0 

* standard state 

E excess property 

'.< 

" ft n 

à Q 

o , 

/' 

1 

' . 

/, 

o 

. 
'. 

\1 

'. 
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4. APPARATUS AND EXPERIMENTAL PROCEDURE 

The 'importance of obtaining accurate enthalpy 

of mixing data has led to many diverse methods of measure

ment. The major differences between different calorimeters 

are the rapidity and the ease with which the 'data may be 

gathered. 

\. Ca 1 or i meters may be cl ass if i ed accord i ng to the i r 
.. _ 1 d ~ op 

principle of operation: poin~-wise or semi-continuous. 

Point-wise isothermal caloriffieters employed for the measure

ment of endothermic binary heats of mixing.usual1y consist 

of a cell containing twô ,1 iquids separated by~ome type oP 
diaphragm or mercury trap. When the diaphragm is ruptured, 

~ 

the liquids mix and isothermal conditions are maintained 

by the addition of a measured quantity of electricaJ e~ergy. 

Although, sorne investigat9rs (AJ),(B4),(H3) have obtained 

satisfactory measurements with calorimet~rs of this -type, 
f. 

the basic principle limits the usefulness of such an appara-

, 1 

.tus: direct measurèment of heats of mi~ing cannot be obtained 

below a certain concentration and many~independent experiments 
J 

are necessary for the measurement of the heat of mixing over 

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

t i me co n s um i n 9 • 

J -
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S'emi -cont i nuous i sotherma 1 ca lorimeter;/ are based 

" upon semi-continuous addition of one component into a cel1 
-

initially. containing the second component. The entire heat-

of-mixing curve can be obtained by two experimenta1 runs. , 

, Therefore, the procedure is rapide 
o • 

A semi-continuous isothermal calorimeter of the 

type built during-this work was first described by Hrazeck· 

and Van Ness (M4) in 1961. Subsequent refinement of this 

calorimeter by Van Ness and Coworkers (52-3) has led to the 

d~velopment of a~h~ghJy versatile instrument which Jends 

itself to a rapid and routine production of data~ There are, 

, -of coursej many differences in detail such as will be found 

in any custom-built instrument. 

Thé principJe operation of this isothermal calori

meter is as follows: two liquids are mixed at constant temper-
1 

ature and pressure in an isothermally insuJated vessel: 0 

Since'al1 systems studied in this work are èndothermic, the 

mixing process is accompanied by absorption of heat. Immed-
. 

iately up~n 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 Hra~ek and Van 

Ness (M4), this feature eliminates the source of error, due to 
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vaporization-condensation effects. 
-1) 

, The calo,rimeter is shown in Figures (4.l-5). 

4.1 Description of the Calorimeter 

4.1.1 Ç~!Q[!œ~t~r_tlgy§lQg 

The calorimeter housing consists of a strip

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

flask was made up From precision-bore tubing with inside 

~fiameter of 1.999.i 0.001" (H.S. Martin Co.). The use 

of the precision-bore glass tubing allows a concentric fit 

between the flask and the Teflon calorimeter plug • 
• 

4.1.2 Ç~!Q[1~~~[_e!Y9 

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 2SOC. Sealing of the plug to ~he Dewar flask 

i s accompl i shed by two Vi ton-A "0" rings (1 inear !llnber 

lt-131, 11-132 or 11-133). The grooves are approximately 

0.01" wide with a groove depth of O.oS". A tight seal is 

obtained 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 hale allows a glass-coated 
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thermi,stor probe and Its houslng to pass through the plug~ 

A threaded vent hole is al,o located ln the calorlmeter plug. 
J 

_when the screw Is tlghten~dJ the calorlmeter plug rs sealed 
1 

with the help of an "0" ring (llnear number 11-009). The 

feed tube passes through the fourth hote whlch contalns a 

hypodermic needle. 

4.1.3 Ç~!Qrl~ç~çr_~ç@t~t 

oThe caJorlmeter heater is a single fi lament, 

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 non-conductlvely 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 re~in-core solder. 

4.1.4 Ç~!Qrl~t~r_~~!rrçc:~~ff!~_~~~~ç~ 

Mixing of the contents of the calorlmeter is accom-
'! 

plished by a small Teflon-coated stirring bar. Four baffles 
1 

are used ta create an efficient circulation pattern. The 

baffle-magnet mixing system Is supported by baffle rods screwed .. 
into the 'bottom of the calorimeter plug. The baffles and rods 

Q 

~ ... 
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, " \ 

are constructed From coin silver. A large Alnico bar mag-•• net is located outside the Dewar flask~ in the constant 

temperature bath and actlvates the small magnet contained 

within the calorimeter. The external driving magnet is 

driven by a motor. 

4.1.5 Ç~l~r!~~~~_~~rç~rY_!r~~ 

The calorimeter feed cup is supported by a Teflon 

strip fastened to thé baffle rods. The end of the feed tube 
o , 

is drawn into tpe hypodermic needle which is centrally 10-

cated in the Teflon cup. Mercury ~n the cup separates the 

liquid in the ,Dewar flask From that in the feed tube and feed 

bulb. In)è~ted material flows upward into the system between -

'the-feed tube and mercury. A film type of flow is obtained. 
. -r 

No mercury is discharged into the Dewar flask at bath low 

and hig'h rat'es of inject ion. 

4.1.6 E~~9_~Y~~~œ 

~ The feed material is stored in a glass bulb C 

(Figure 4.1) having a capacity over 100 ml. This bulb is 
li' . 

rested on a 'Iexiglass platfàrm connected to the calorimeter 
, 

support rack and l,s' Jo i ned ta the ~a lor imeter feed tube by 

"0" ring pyrex jol,nt. The feed bulb,is also connected to a 

5 ml water-Jacketed, gravit y fillin9 auto~tic burette A \ 
\ 
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. " 
(Figure 4.1) and are held to proper alignment by clamps to 

a support s.tand above the constant t"emperatur.e bath. 

# 

".1 .7 Calorimeter Electrical Cir.cuit 
-----------------_._--~-~-~--. 

Ail, the systems studied are highly endothermic. 

" Therefore, in order to maintain isothermal conditions on mixing, 
• 

electrical energy i_s suppl i~_~ to the calorimeter. The calori-

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 • 
4.1 :7.1 1 nput Energy to the Heater 

f 

Three measureme~ts are needed for this determina-. 
t ion: eurrent, potent.ia f drop across the heater and the 

length of time that current is flowing through the calori~ter 

heater. f.~ " 

4.1.7.2 Temperature of the Solution in the Dewar Flask 

·The temperature of the solution in the Dewar flask 

is sensed with a thermistor probe (Fenwal Catalog No. GA5IP8)~ 

The resistance of such a pr9be is strongly temperature depend-I 

1 

ent and is measured by a guarded Wheatstone Bridge (Leeds and . 
Northup, Mode 1 No. 4136). 'A léeds and Northup Type 9834 D.C. 

null detector is used t~ sense the~o~tput of the Wheatst~ne 

.... 

' . 
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-br i dge. The current, flowing through the Wheatstone bridge 
0 

- '. 

circuit is supplied by'a D.C. power supply '(Hewlett Packard 
,"'" n _'''~ 

• 0 • ~ 

.Mode 1 No. 6201 B) • 1 t has been found t,hat a vo 1 tage of ~I ess . 
t"han 0 .S,volt 'suppllee,," to 'the bri~ge resul ts ;n a se)'f 

heat i ng' of the 'ttierm i s tor probe of 1 ess than 0.001 oC. Note 
• 

that· the t~,ermi~.t,O,r probe is peri,odicall y cal ibrated against ~ 

a Lee~~ and No:thrup Model 816~ Platinu~ resist~nce thermo- . 
'...... .." Î 

.~'meter'in a Huelter'bridge cir~uit (Rubicon Cd., Mode 1 1550). 
, , . 

The, ab'so} ute accuracy ÎIOf the temperat4re'· measuremeon s . " 
,~el ieved to be better than ~ .005QC. 

.. 

The calorimeter heater circuit has .been ,désignea 

so that the power drawn from'a power supply (Hewlett Packard J 

" . 
Madel No. '6201'8) ls constant whether the heàter is on ~or off. 

~ 

This ,stabi J izeyhoe power sOurce. ~W.'~Chi.ng o~f t~~ ~~er , 

between the bl1last circuit and the caJorrmeter heaterpis 

~ " .< performed. with a 4PDT relay (Pott~~ and Brumfield 4pOT reJay, .. 
type ~FI7A, 120 'lAC cO,i 1 -).,' J , 

q ~ 

The-ballast circuit is a 100 Ohn wire-wound potentio- c 

" 1/ • 

~ter ,ln ,SerIeS with a decade resisto"r . box (Leeds and, .J 

, ~o QtIIia ,. 

Northrup, Madel ,No. 4776). Theyvused as a fixed resistor and . . . 
• v 

.', àre connecteij to a normally-closed posi~ion o~ the relay. ' , 

Two precisio~ wire-wound resisto~te~s,and 
• 0 

Northrup,-No'. S'R"-3QO-H-.01-A-:I-OC an!1 No. SR-2700-~-0.01-A.-.-DC)· 
... 

in series 'form a voltage divider and are connected in paraI leI 
. , 

with ~l1e cal'orimeter heater4. When the calorimeter is operationg; 
1 
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ta 

the potential drop across the heater is given, by a' fraction 
\ ' 

of (300+2700)/300 = 10.000 by a D.C. digital voltmeter 

(Hewlett Packard Model No. 240IC) • ... 

A cal ibrated standard resistor of 1.00002 Ohms' 
1 

(f 

(Electro Scientific Industries, U.S'.A., No. 743016) and a 

D.C. milliammeter (0-200 milliamperes) is used in setting 

the ballast resistor equal té the resi"st~nce of the heater 

circuit. If the ballast resistor is properly adjusted, the 
-

voltage across th~ standard resistor will, remain constant 

as the heater circuit is switched to the ballast circuit. 

A precision stopwatch (Canlab No. C6550) is'con--, 

f' 

.nected to the normal 1 y-open position on ::the relay. The stop-· 

watch and the heater are sw-itched on or. off by the ~PDT relaye 

4.1 .8 Ç~Q~!~Q!_!~e~[~~~r~_~~~~ 
l ' 

The calorimeter'must be i~rsed in a constant tem-

perat~re,environment in order ~o prevent heat transfer through, 
~ ,-

~ 

the walls of the mi~in9 Dewar flask, and in order to insure that 

t~e i nject~d component .i s-~at the ~s'ame temperature as the so 1 u-

tion tnto which it is injected. '. 

<3> 

A TamsonJcohstant'temperature bath (Neslab Instrùment 
, 

lnc. Mode 1 TEV45) provides il genero,us working area for Aiuch a 
~ , ~ 

purpose. St i rr ing of the watér in the bath i,s' performed by a 
1 

,circulation pump which al~o· circulates the water from the bath 
. ....:....' . 

.. l ' 

o . 
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~ 

to the water jacket of the automatic buretfe mounted above . -' 

the ba~h. The setting temperature'of the bath~can be con-
~ - i 

trolled to within +O'.0050 C ,by the use of a (useçl quartz 

infra-red heater and a fast sol id stat~ relay. When the 

bath is operat'ing a.t" temper~ture below 40°C, circulation of 
\ 

cool ing flu,id through a cool in9' coi 1 in the bath is recom-

mended. This, is accomplished by the use of a bath cooler 
, 

(Neslab lnstrument Inc~ Model PCS-4) in combinat ion with~ 

circulating bath (Nes)ab Instrument Inc., Model ,TC9). This' 

unit pr?vides tempe~ature-control,ed~ater circulating through 
.... • ~ 1 

the cooling coil of the main bath. 

, 

The' temperature, of the thermostat bath i~ sensed 

with a quart~ thermbmeter probe (Hewlett Packard, Mode 1 280IA) 

which i's peri:odical 1 y cal i,~rated against a Platinum reslstance' 
, 

thermomefer (L~eds and Northrup ~odel 8164) in a Mueller 

bridge'circuit already mentioned. 

4.2 Operating Procedure 
1 

, The experï menta 1 procedure for ·meas~ri n9, the heats 

of. mixing of binary systems is as follows (letters in pa ... enth~~'is 
" 

refer to Fi9~re 4.1): ~ 

1) Constant temperature bath (F) 1s set ~t the 

'des i red ten:tper~ture, wh i ch -j s ma rnta i ned to w i th in' ;:!:.O .0050 e . . , 

T~~ cooling fiuid ls used when the bath i~'operating at tem-

peratures of 400 C and below. 
" 
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2) The wa'ter in the bath is allowed to circulate 

ta the ~ater jacket of the burette (A). The burette is 

filled with one of the component of the binary mixture prior 
1 

to the ~xperiment. 

'3) The "0" rings are pJ-aced on the fixed Teflon 
j 

pl'ug" (E) and the feed buJ~ (C) is connected to the feed 

needle (H) by a glass tubing carrying stopcock 2. 

4} The small Teflon cup (G) is filled to within 

1/16" of the top with mercury and the liquid in the bulb (C) 

is allowed to flow out of the needle (H) for severa 1 drops 

by openi,ng connector stopcocks 1 cand 2 •. Excess liquid is 

-wiped away. A small droplet is allowed to collect at the 

needle. In one motion, touch the drop with the tip of 

a kleenex and slip the mercury cup over the needle allowing 

no air bubble to be ~rapped. The mercury level 'is .then raised, 

to mark M in the feed tube by opening stopcock 2 (stopcock J 

being closed) ta the vacuum line attached above. 

5~ If bubbles form in the-glass tùbing, step (4) 

is repeated. 
1 

, 

6} A lOO-ml stoppered volumetrie flask containirtB -'---

the second çompon,ent is .weigh-ed with a type 8-6 MedJer balanc~. 

Approprox i mate') y 90 ml are pou rf~d i nto the Dewar. fI ask (Dl, 
'-.', 

which is mounted on a pJatform below the calorimeter plug CE) • 

'The volumetrie flask i~ immediately sealed and the Dewar flask-
, ~ 
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is.-c\ilfc.k'ly raised by a driving mechanism unttl the "0" rings 

surrounding ~he ,calorimeter plug are e~gaged. The volumetrie 

flask is weighted again later with the MetUer balance. 
, \ 1 

Sealing of the calorimeter plug is eompleted. 

Vapor is driven out of the calorimeter by raising the Dewar 
" flask. When the llquid is visible at the bottom of the vent 

ho.le, the Teflon vent screw is fastened under the calori-

meter plug. 

8) The calorimeter is placed into the constant 

temperature bath., The upper arm of the feed storage butb 

is connected t~ the microbufette (A). AlI stopcocks are 

. 
\ 

5.1 ightl Y opened 'to see if the mercury level in the feed tube 

ris~s above or falls beJow the r.eference mark (K). If the 

\ mercury level) begins to fal J, the pressure in"the lower part 

of the system is increased by raising the Dewar flask. If. 

the mercury Jevel tends to rise a~ve the mark (M), this 

pressure is reduced by Jowering the Dewar flask. 

After several pressure ad just ment s, aIl stopcocks 

are,fully open7d and the ~ercury level in the feed tube is 

again set at. theOreference mark (M). 
'-.,.."'" ' 

9) The electriGal circult is completed by connect-
. 

iog the calorimeter muJti-contact eJectrical' connector to a 
'. 

receptacl~ on the circuit contrQl box • 

la) The D.C. power supply is turned on and the 

ballast circuit is energise~ by closing a switch on the circuit. 
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The calorimeter·stirrer is started and set, 

12) Decades on the Wheiltston~ bddge are set at 
, 

a resistance corresponding to the bath set temperature. The 
, ' 

voltage supply to the Wheatstone bridg~ is set at 0.4 volt. 

SJnce the ca~orimeter is not yet at the bath set temperature, 

the bridge is unbalanced. Thé unbalanced signal, properly 

attenüafèd, is indicated by a null detector' in th~ridge , 

circuit. 

13) _The calorimeter is br.ought to thermal equil i-

brium with the constant temperature bath. Initially, the 

càlorimeter is below the set temperature. Therefore the 

éalorimeter heater is energized by closing,a switch on the 

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

detector indic~tes the Wheatstone bridge is balanced. When 

* the bridge remains balanced at the same setting for 1/2 hour, 

it is assumed that the calorimeter and the bath are in "ther- 4 

mal equiJibrium~ 

14) The calorimeter is operated.as follows: 

J 

J 

14a. Timer is set at zero 

14b. Hercufy level in the feed tube is 
1 

checked and.adjusted if necessary so 

that the Jevel corresponds to the 

reference 'mark (H) 

If 

1 1 
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14c.1 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 
1 

flask cornes down, the liquid in the bur-

·ette is drawn into the flask. 

14d. The heater is turned on. The injection 
, ' 

of the first component is introduced at . ' 

a rate 
~ . 

such that the temperature of the , 
1 i qu i d in the flask is maintained to 

within 0.0030 C of the set temperature. 

14:. With-the calorimeter o~, the potential 

drops acro~s the standard resistor and 

the voltage divider are measured with a 

D.C. vol tmeter. 

14f. When the. desired arrount of the feed mater

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

er ïs turned off'and injeection of material 

is stopped. The temperatur~ in the Dewar 
. 0 

flask is reproduced to within +0.0005 Co 

~f the set temperature. 

14g. The readings of the stopwatch and the 
~ 

burette areorecorded. 
• L 

14h. Repeating steps 14b to 149 allow~ the 

determination of another data 

the heat of mixi~g curve. • 
l , 
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The experiment is' terminated when the calorimeter 

plug is. at the top of the flask. Approximately 100 mt of 

the feed material is·added to the flask over the course of 
i. ' 

one experimental rune Two experimental runs are necessary 
, 

to completely determine a heat of mixing curve. -Half of the 

curve is obtainèd, from an experiment in which one componént 
, 

is initially place'd in the flask and the other in the feea 

storage bulb and burette. l~ 'the secon,d run, these compo

nents are interchanged~ 

The heats of mixing are calculated from the follqwing 

measurement: 

the mass of component 1 initially in the 

Dewar flask. 

the volume of component 2 j'njected into the 

Dewar flask. 

the potential drop across the sta~dard resistor. 

~ the potential drop across the heater as mea

Slured across the vo 1 tage d j'v i der., 

the time interval during which the h~ater is 

ope'rat i ona 1 • 
1 f 

Sample calculations of heats of mixing are shown in Appendix 

Al • 
.. 

o 
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FIGURE 4.1 

Schematic Diagram of the Calorimeter 

( 

• 
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A_ 5 ml AUTOMATIC GRAVITY ... FILLED BURETTE 
B_ 'O'RING JOINEO GLASS SEAl& 
C_ FEED BULB 
D_ 150 ml DEWAR FLASK 
E_ TEFLON PLUG 
F _ CONSTANT TEMPERATURE BATH 
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Schematic diagram of the calorimeter 
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FIGURE 4.2 
. 

Calorimeter Housing and Support 

A. Stainless steel supporting tube for 'Teflon pJug 

B. Ba 1 1 j 0 i nt 

C. Dewar vessel 
, 

D. Supporting framework for caJorimeter 
1 

'E. Threaded rod for the moving of Dewar vessèl 

f.. Hand wheel 

G. Rubber mold 

<, 

" 
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FIGURE 4.3 

Calprimete~ Plug - Side View 

'A. 150 ml. Precision bore Dewar flask 

B. Teflon plug 

c. Feed cup' 

D. Stainless steel hypbdermic ne~dle 

E. Supporting tube for Teflon plug 

F. Heater housing 

G. Thermistor Housing , 
H. Stirrer paddle 

1. Teflon-coated stirrer magnet 

J. "0" rings 

K. Vent screw 
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FIGURE 4.5 

Calorimeter Circuits 
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General Lay-Out of the CalQrimeter 
Photo9raph ~ 
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FIGURE 4.7 

Calorimete"r Plug - Photograph 
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~ 

MATERIALS 

Speci fications of al ~ material s used in this 'study 

are J isted in Table 5.1. - The refractive indices of the 
1 

materials were measured at 250 C with a Bausch and Lomb 

Precision R~fractometer and are also tabulated in Table 5.1 

along with values from literature. 

Ail reagents had a purity in excess of 99 mole per

cent with the exception of n-hexanol which had a purity over 

98 percent. As poin'ted out by Bennett and Benson (B5), the 

impurities wh'ic~ are the most difficult to remove from the 

reagents are not 1 ikely to effect the heats of mixing 

appreciably.~ T~erefore, no attempt was made 'to achieve the 

utmost purity for the reagents • 

• 
.-

, .. 



~ 

• • .. 

TABLE 5.1 

Materials-Suppl ier, Specifications and Refractive Indices 
, c-

O' nO(Meas.) n; (L i t. ) 
Mater i a 1 Suppl ier S pec i fi ca t ion 2~Cl 

n -butano-I Aldrich Chemical Co. Pure grade, 99 mole ~ 1 .3970 J .3973 

n-pentanol Aldrich Chemical Co. 99 mol e % J .4079 J .'4081 

98 cool e <% 
\ 

1.4160 1.4161 
~ 

n-hexanol Aldrich Chemical Co. 

n-octanol .... Aldrich Chemical Co. 99 rro 1 e % 1 .4276 .1 .4275 

i..so-pentario 1 Matheson, Colemann and Chromat~ua lit Y 1 
, Be J 1 . 99+ mo 1 e <% ~ ...... 1 .4046 1 .4051 ~ 

n-pentane Phill ips Petroleum Co. Pure grade, 99+ mole <% 1 .3547 1 .35472 

n-hexane Phill ips Petroleum Co. Pure grade, 9g+ mole ~ 1 .3725 1 .37226 

n-he~tane Phill ips Petrole~m CQ. Pure grade, 99+ rrole ~ 1 .38~ 1 .38511 

n-octane Phil1 ips Petroleum Co. Pure ~rade, 99+ rrole <% 1 .3954- 1 .39505 -
< 

,n-nonane Phi 1 tiP5 Petroleum Co. Pure grade, g9+.mole ~ 1 .40.34 1 .40311 } . 
Phi') J ips Petrolèum Co. P~re grade, 99+ mole ~ n-decane 1 .4096 1.40967 

n-dodecane Phi)) ips Petroleum Co. Pure grade, 99+ mole <% 1.4196 1.41949 . 
benzene Phill ip~ Petroleum Co. Pure grade, 99+ rrole ~ 1 .4919 1 .4976 

u 

cyclohexane Phill Ips Petroleum Co. 
r 

Pure grade, 99+ mole ~ 1 .4235 1 .4232 

." 

'", 

• J 



• • 
TAB,LE 5. J (cont'd~ 

Material Supplier Specification 
nO(Meas.) 

250 C 
n6 (Lit.) 

2,2-dimethyl-· Ph il f i ps'~Petro 1 euffi' Co. Pure grade, 99+ mole -~ l .3662 1 .36595 
butane . 

2,3-dimethyJ- Phill Ips )etroJeum Co. ,Pure grade, 99+ mole ~ J .3723 J .3723 ) 
butane 

2-methyl- Phillips Petroleum Co. Pure grade, 99+ mole ~ 1 .3687 \ .36873-
pentane 

3-methyl- Phill'ips Petroleum Co. Pure grade, 99+ mole ~ l .3739 J .37386 1 

pentane ~ 
1 

(*) A.P.'., Volume l, Refractrve Indices at 2SoC 

• 

,-' 

• 

( 
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6. EXPERIMENTAL RESUlTS 
• 1 

6. 1 Experimental, Results 

Heat~ of mixing were measured for many aliphatic . . 
alcohol/à'lkane systems ~t 150 C, 250 C and 550 C and are re-

ported in Tabl e' 6.1. The 36 sets of data on heats of 
" 

mixing are tabulated both as AH/x l x2 ~nd AH versus concen

tratio~ and are shown in Appendix A2. Some ot the experi

mental results are grap~icaJJy represented ~y the functions 

6H/~2xI and 6H versys xJ' in Figures 6.1 through 6.5. As 

- pointed out by Van Ness (VI), representation of heat of 

mixing meas'uremeOnts ,by the 6H/x)x2 function is '{ery advan

tageous becaus-e it .giv~s a very sensitive indication of the 

precision of ,the"data. 

The a!cohol/hydrocarbon mixing process resufts in a 

large endotherrnio effeçt. This is largely the "result of 

dissociation of the hydrogen-bonded alcohol structure in the 
t 

hydrocarbon solvent. The dissociation process consumes a 
f 

large amount of energy a~'d the--'pr.oc~ss is almost Fomplete at 

relatively low alcohol co~centration. 
. ~ " 

Therefore, the heat 

of ~ixing curves -are'ffi9rkedJy asymmetric and AH usually passes 

throu~h a maximum at an alcohol mole fraction of 0.2-0.3 . 

. , 
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TABLE 6.1 -) 

Experimental Resu!ts 

'." . Oc ~stems 
'1. Temperature, 

n-butanol/n-hexane 15 
" 

n-but~nol/n-heptane 15 
• 1 

n·butanol/n-octane 15 
n-butanol/n-decane },5 
n-pentanol/n-heptane .15 
n-pen~~nol/n-decane 15 ; 
n - hexa,no Il ~ - he'ptane 15 ' 
ri-hexanol/n-octane "15 
n-octanol/n-heptane 15 
n-octanol/n-octane 15 

" 'n-octanol/n-decane - 15 

n-butanol/n-heptane 55 r 
,1. 

n-butano~/n-octane 55 , 

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 
~-pentànol/n-dodecane 55 . 
n-octanol/n-heptane 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-dimethyl~utane 25 
n-pentanol/2,3-dimethylbutane 25 
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TABLE 6.1 (cont'd) 

Systems 

n-pentanol/2-methylpentane 
n·pentanol/3-methylpentane 

~ isopentanol/n-hexane 
isopentanol/2,2-dimethylbutane 
isopentanol/2,3-dimethylbutane 
- . 
isopentanol/2-methylpentane 
isopentanol/3-methyJpentane 
isopentanoJ/n-heptane 
~sopentanol/n-octane 

\ 

.. '-

" 

Temperature, 

25, 

25 
25 
25 
25 
25 
25 
25 
25 

\ ~ 

Oc 

,-
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• J 
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'" "" FIGURE 6.3 !. 

'1 
Mixing at 55°C' for Heats of the System 
n-Butanol/n-Octane 
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FIGURE 6.5 
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for'the System 
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6.2 ,Discussions on Experimental Results 

.' The isothermal, semi-continuous dilution calori-

o meter èonstructed in 'the course.of this work permits rapid 

determination of heats of mixing for highly non-Îdeal 
\ 

alcohol/alkanersyste~s. Direct'àssociàtion of the m~asured 

el",ectrical energy:Ï'ilput with the heats of mixing takes no 
\ 

account of ~ny secondary effect wh!ch ~ay enter during the 

mixing process. 'The s~condary effects due" to stirring have 

been discussed in details by Van Ness and Ccworkers (S3). 

These effécts will be ,b'riefly discussed with reference to 

Figure 6.0. This figure shows the.Dèwar flask, the feed 

bulb and the burette. 
'i 

Burette 

(Compon~n t 2). 

. \ ' ,0 

T 

T 

Feed Bulb 
(Compon~nt 2) 

FIGURE 6.6 

Q w 
q 

.. 

Dewar Fl'ask 
(Component 1) 

1 

> ' 

" 

En~rgy Effects' on t~è Caloroime'ter Sys~m du,"ing a .Mixing Step', j " 
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The thermodynamic system is taken as càmponent 1. 

in the Dewar,. fla,sk and component 2 in the fe.e.d bulb and.t'he 

burette. Component 2 is to be injected into the Dewar 

flask. Pressure forces are exerted on the system by the 

1 iqui~ in the feed burette and the feed bulb and &y the 

closure plug of the Dewariflask. Th~&e forces move during 

the mixing process and do work on the system. However, 
. .. 

since they move slowly, their work effects ess~ntiaJly 

cance 1 • 

The quantity W shown in Figure 6.6 represents 

the work of stirring. The steady stirring work raises the 
l 

temperature in t.he ~ewar ·~Iask by an amount of 6T above that 

of 'the cons'tant temperature bath dLlring .. tt"le equi 1 ibrium periode 
-

This ~T is large enough aS a heat transfer driving force 50 

that'the rate of heat ~ra~sfer, ~, from th~ Dewa~ flask to 

the ba.th just bàlances 'the energy input.çfue to stirring. 
,.j' • 

S i-nce the energy input of s't,i rr i ng Sis ba 1 anced by the enC"'r9Y . , . 
.,li> .. t ou 

lo'ss by heat transfer q', -no'direct account need be taken of 

the stirring energy. 

Howev.er, dur.ing mixing the ene(rg.y su~pl ied by 'the 

'c.albrime.,ter he.ater Q m~st not. only bala.~e t~.at ?f mixill9,',' 

but'must als~o provide the sensible heat required.to 'raise ttie . , 

: teri~'per a t ur7 of the feed compone/Ft from T to T + 6,T., 

The energy input of stirring' at constant stirrer 
~ 

' .. 
speed i s proport ilona 1 to the dens i ty of the 1 i qu id in the 

" 
."» 

'. 

'. , J 

, , 
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Dewar flask and thus 6T is proportional to density. For, 

highly non,-ideal systems s,uch as alcoho~/hydr:ocarJx>n systems .. 
studied, the total heat Q for a run is about 300 to 400 cal., 

• • r 

the de!1sities are if) the range 0.65 to 0.85 g/ml. In ttlis 
~ 

case 6T amounts to no more than 0,.020 C and the heat capacities 

b 0 5 1 / oC'. a re a ou t.. ca. g, ~nject ion of about 70 'grams -of 

f~ed requires a sensible heat of about 10~9)(70)(0:02) c 0.7, ~ 
~ 

"ca 1. Thus the cor,rect i on for the fu 1 1 run i s . 1 ess than 0.3% . . 
and nçed not, therefore, be mad~ ~.ith great e~actness. No 

.. ~ ,,~ • • \ li r f 

other se~onèJar.y effect of ~riy "s i'gn i fi canee i s encounteçed 

in runn i ng the ca 1 or i'meter • 
" o . 

Ohtatning a good e~timate of the accuracy for .. such 
, 

a complex equlpment as the calorimeter is extremely diffic~lt. 
,-

The best'lt~st of r;el iabil ity of the caJorimeter is, probal?ly, 
1 \ -1'i.- '" 

to compqre tti'e'results obtained with thi·s instrument, to the 
T 

... "~l "', 

.'resalts obtained from other calorimeter,s. Heats ~f ~ixing of 
.. l~ ...... ~ . 

system benz~ne/cyclohexane have been-studied.by several io-
l, ' 

vestigat6rs and therefor~ were chosen a~ data ~~ which the 
, 

, . ) 

performance\of~this calorimeter could be ~ompared to others: , . . ,.-- , 
;... ... .. J r • ~ 

Figure 5.7 .shQw~ th'et heat.s of mixi'l1g for 'the-system 
, ~ 

~ 0 ~. 

benzene/cyclohexan~ at 25 C as ~e~sured ~Y Benson and Coworkers 
" 

(M7) an'd Lundberg (L2) .. and thiiii1iirk. 

Coworkers, (53) are representedTt~e . ' 

Datp of Van Ness and 

fitted ~ur~e whieh has 
. . 

a root-mean-square devia,tion of 0.084% from-experimen,t,al 

points" 

Q • 

# ' , 

.. 
, ., 

.. ' 

... 

, , 

/ 
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Figure 6.8 again compares the results taken in 
", 

. this work with th,Qse of .Lundberg (L2) and Van Ness and 

Coworkers (S3) for ,the same system, bùt at sooe. 
, , 

The-reagent impurities mignt not account for the 
, 

~ small discrepancies among the-data. Bennettand Benson 

(B5) have made sorne experiments aimed at determining the 

effect of impuritJe~ on h1ats of ~ixing for the system _ 

benzene/carbon tetra~~loride and fGund no osignificant differ

ence between highl-y purified and the " reagÊmt" grade mater

i~'s as re,.ce ived from manufacturers. 

There are, undoubtedly, systematic sources of 

errors in ail calorimeters. -Judgjng from the distributions 
. 

of J iterature values shown in Figures 6.7'and 6.8, it < • 

seems reasonable to say that th~ values obtained with the 

present calorimeter fall withirt 1% of the true heats of 

mixing for the sy:~em benzene/cyclohexane ~t' 25°C -ând sooe. 

The accuracy of the present calorimeter is, of 
\ 1 

course, very dependent on the types of systems i~v~~tigated. 

For, systems having smal 1 ~eats of mixing, a smal·1 fluctuation,..,:'r 

of the bath temperature may become very important while for 

systems having larger heats of mixing, the thermal gradients 
,-

within the Dewar flask m,ight present the blggest problem. In 
1 

any event~ for systems with heats of mixing not greatly dif-
./ 

, 

ferent from those of benzene/carbon tètrachloride such as 

alcohol/hydrocarbon systems, it is quite reasonabJe to assume 

1 1 

" 
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FIGURE 6.8, 

Heats of Mixing at SOoC\for' the System 
Benzene/Cyclohexane 
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".; 
that the heat of mixing data obtâined,with this calorimet~r 

are within 1% of the true values • 
. 

The systems which have beertl' studied in this work 

were chosen pri a ily for the purpose of evaluating the , 

the group Wilson parameters. 
\'"' 

However, ions may be made which might be of sorne 

significance. 
, 

For all the al iphatic alcohol/al kane systems 

studied~ the heats of mixing increase with increasing tem~ 

peràture. Heats of mixing also increasé with increasin9 
. 

difference in the number of carbon' atoms in the constituents. 

Generally speaking, if the number of carbon atoms in the , , 

n -a 1 kane co!flponent i s li xed, th~ heats ,of ml xi ng" decrease 
~ 

with an increase in the number of carbon atoms in the alcohol 
6 compon en t s • 

Three types of behavia~rs are abserved for ihe ~ 
r~ 

branched pentanol/hexane mixtures. ~"Wh~n bath,the alcohol 

and al kane ma 1 ecu1 es have br"anch rng in t he al ky 1 group 1 e.g. 
,- > 

in the system isopentanol/2,2-dimethyl~~tane"" the branching 
" 

does nçl~,.have arry effe~t'on heats'of mixing, that, is,~the 

:sy:tem isapentanol(~~-dimethylbutane 'has almost the same 

heats of mixing as ~he system n-pentanol/n-hexane. For 

'~ystems cantaintn'g" a b~anched alcohoJ molecule and q n-ali<.~ne, . 
the heats of mixing are a few percent higher than t~ose of the , 

> ' 

'. 
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" ' 

equlvalent n-alcohol/n-alkane system. The reverse is ob-
, 

served for branched alcohol/n-alkane systems, Le., thelr 
, l 

heats of mixlng are" 51 Ightly 10wer than those of the egul-

valent n-alcohol/n-aJkane mixtures. 
, " 

, 1 

yhus mooerate branchlng in tp~·cases s"~udied"has ,-' 

onlya smalJ effect on heats of mixing. One may expect 

these effects to be significant as fo~nd in alcoh l/alkane 

systems containing secondâry an9 tertVary 

where branch i ng ~ occurs ï'n the v,rc,j n i ty of the POJ ar gro;up 
~ 

in t he al coho 1 -rnoJ eC4 J es • 

" 

" 
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7., APPLICATION OF THE ANALYTiCAL GROUP SOLUTION 
MODEl Ta ALCOHOL/ALKANE MIXTURES 

The introduction of ~he analy~ical Wilson equation 

in thf group solution mode 1 for heats of rnixing provides a 

potentially powerful tool for correlating and predicting 

he~t of mixing data. ,~ 

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

'0 ° systems found inothe 1 iterature at"30 C and 45 C' (51-3) and 
:.. 

those obtained from this work at 15°C and 55°C were used 
o 

as reference da~ to study the temperature dependence of the 

mode 1 parameters. 
~ 

1.1 ~eterminatien of Group Wilson Parameters 
0- From Excess Free Ener~ies~ 

A\tempts to calculate heats of rnix-ing using mole-
.-// 

cular paTameters compute-d Jrom vapor'-I iquid equ-ï-ttorium 

data have not been very successful. The method consists 

of using measured vapor-liquid equil ibrium data to evaluate 

the parameters i~ semi-empirical -equations which in turn are 

used to calculate heats of mixing using the well-known Gibbs

Helmholt~ relation: 

" 

-~ 
/ 
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(1 .1 ) 

1 

Thus, the error magnification inherent in differ-

entiation of the basic experimental vapor-I iq~id equil ibrium 

data can result in paor agreement between calculated and 

measured heats of mixing. 

It has been found that group Wilson parameters 

computed from va~r-liquid equilibrium data (R3) can not be 

used to predict heats of mixing. One reason for the poor 

agreement is inherent in the results"~f the temperature 

dependency of the group Wilson parameter, aCH2/0H ' computed 

from vapor-liquid equil ibrium data for alcohol/alkane mix

tures, i.e. mixtures formed from.methylen~ and hydro~yl 

groups, (methylene and methyl groups being assumed equivalent), 

= exp(1.55 - 380o/(t + 273.16» (7.2 ) 

a = '0.5 
C~/OH 

t is in degree C. 

Since aCH2/OH is independent of temperature (equa

tion (7.3» the analytical expressions for group excess enthal

pies, HC~ and .HOH ' described by equations (3.20a) and (3.20b) 

are reduced to: 



'. 
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• 

= 

(7.4 ) 

2 ~ 2 
XC~ 9f(aOH/C~)~OHlC~/(XO.H+XC~ aOH/C~) = 

(7.5) -
Heats of mixing for n-alcohol/n-alkane ~y~tems com

puted From equations (7.2-5) and (3.17-18) exhi~it a v~ry 

skew shape for the 6~ versus x plot. One pie is shown 

in Figure 7.1 where heats of mixing are plotte against 

composition For the system n-pentanol/n-heptan (R6) at 25°C. 
\.. 

The maximum of the computed cu~ve occurs at a lower alcohol 

composition than the experimental. 

Attempts were also made to estimate aOH/CH2 and its 

temperature derivatives directly from experimental heats of 

mixing, using équations (7.4 ) and (7.5). " Unfortunately, the 

results found indJcated that the expressions (7.4) and (7.5) 

can not represent heats of mixing for n-al~ohol/n-alkane Imix-' 

t~res bécause of the skew shaPe of ~ versus concentration 

that these two expressions c~;d give. 

As will ~ apparent later, even though heats of 

mixing are very insensitive to variation in the value of ! 

aCH /OH' aS round by Ronc (R3) for excess free energiesJ:~l,t 
2 l ' • 

does not necessar i 1 Y mean that thi s parameter i.,s-,j fldependent 

of tempe rature • " 

• 11 

", 
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FI GÙRE 7.1 

Heats of Mixing for the S~~tem n:Pentanoll 
n-Hexane at 25 C 
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Therefore, it was proposed to study the tempera

ture dependence of the mode 1 parameters directly from 

heats of mixing for the aliphatic alcohol/alkane systems. 

,7.2 Determination of Group Wilson Parameters 
From Heats of MJxing 

Wilson parameters for binary group mixtures of 

methylene" an~ hyd~oxyl were ,determined for each of the 

e i ghteen' n-~a 1 co ho 1/ n-a 1 kane sys te"ms at 1 SoC and 550 C uS,i ng 

data collected during this work, and five such systems at 

300 C and 45°C using the data of Van Ness and CowQrkers (SI-3). 
o 

As in previous work (NI-2), to preserve the simplicity of the 

model, no distinction is mad~ between methylene and methyl 

groups, otherwise an alcohol/alkane mixture would be a ter-
• 

nary, group system. Thi s assumpt ion seems reasonabl e in view 
- " " 

of thé group interactijoenergies computed ~t 300 C by Chao 

and Coworkers (CI) and s own in Figure 1.2 for various pair

wi se interaction group,"! CH2-CH2 , CH2 -CH3, CH3-CH3, C~-OH, 

and OH-CH interaction energies. .. 
The estimation of the group Wilson parameters in the 

non-I inear mode 1 has been performed using the two best exist

ing algorithms (JI): Marquardt algorithm (HS-6) and Spiral 

/ 

1 

al~ithm (JI). There were no signiflcant diff~rences between • 

/ 

1 

the l"e~st squares estimates of the parameters obtained ~ 
two algorithms ,and it may be safely sa~~nswers 

wer~btained 'for the 9ro~ameters. 
-~ 
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FIGURE 7.2 
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Group Interaction En~rgies ig Alcoho~/Alkane 
Mixtures at 30 C 
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- ~le MarqJard~ program c!oded. as GAUSS :was obta 1 ned 
, '. 

f~o~ the UniversitY'of Wisconsin Computi~~ 'Centre and the 

Spiral program From Shell's Thornton Research Centre. The 

, Spiral program, originally written in FORTRAN V for the 

UNIVAC Ile8, was converted to FORTRAN IV and only minor 

~difications were needed to adapt it to the IBM 5360 of 
. ' 

the McGil'l University Computing Centre. A brief description 

of the two pro'grams is ~iven in Appendix
c 

A,3. 

. The group ,W!lso0 parameters were evaluated over 

the t~~per~UJre 'rÇlnge 'Iso-é' to 550 C for n:aIGohoi/n-alkane 

mixtures, and the values of the parameters were fo~nd to be: 

34.95 exp( -2908/T) (7,.6) 

0, , 
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 ~iven by equa

tions (7.6) and (7.7), were,found to be insensitive'to the 

vari.ation in .aCH~/OH. This observation is very weil ind.ic

ated by the slight change·of its ~alues over t~e range of tem

perature studied (Table 7.1'), i.e. from 7".96 to 8.16. Any 
, 

"'value of that order used for aCH 10H would not effect tHe 
2 

pred\içtion -accuracy. However, it should be emphasised that 
/ 0 

aCH2/0~ should not b~ fixed constant with respect to temper-

ature, since this wou·ld result in equations (7.4) and (7.5) 

.. 

,1 

• 
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TABLE 7.1 

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

aOH/CH2 
- 0 
dT aOH/C~ a CH2/0H-

.00) 44 • 5046 x 10-4 7.96305 
. 
.0041.6 

" 

.002373 .1516 x 10-4 8.0297 , 
j i 

.:00411286 ' 

.003732 1 .0730 x la -.4 8.1047 .005284 ~ 

.004932 1 .3~3 x 10 -4 ""8: 1593 ' .005645 

.". 

1 _ 

, t 
, 
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as described in section 7.1. 
( 

,Thus, even t hOugh heats of 

mixing are insensitive to the,~a~~ation in the value of 

aCH2/0H' as found, by Ranc (R3) fO~ exces~ free ene~gies, ~it 

does not neces,sa ri 1 Y i mp 1 y 0 that aC~/OH i's temperature i nde

pendent. 

Use of the ~arameters given by equations (7.6) and 

(7.7) regenerated experimental heats of mixing fbr reference 

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

than ~; details are given in Table 7.2. The calcula'ted' values, 

for àH· may be regarded as essentiaJly prediction~.since 

the el iminat:ion of any one of the r~ference systems would not 

effect the bes~values of the parameters. 
1 

Figures7.3 through 7.7 compare the prediction with 

experimental values. Prediction is as good in the ca~e of 

ternary mixtures, as shown in Figure/7.7 for the system 
o 

n-hep~ane/n-propanol/n-pentanol at 2SoC (R6)~ 

l Predictio,ns are poorer for lower alco~l/alkane 

mixtures such as'ethanol systems for which the average root

mean-square deviation is about I~ (Tàbte 1.3). The increased 

discrepancy for mixtures of lower alcohols in n~alkanes is 

related to, their apparent anomalous behaviour sho~n in Tab.le 

7.4, wher~~4ffi~' heats of mi~ing of equimolar mixtures\of 

va~ious alcohols in p-hexane (a6) show a,co~n' trend\ for ait 

alcohols except f9r ethanol and methanol. Br~wn, FOC~ and 

Smith (a?) attempted to explain this anomalous behaviour as 
" " 

• 
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• 
.. ~ f TABLE 7.2 

.... , Prediction Resu 1 ts "011 n-Alcohol/n-Alkane Systems ~ .. 
. ~\1 

RMD(~) 
System -- ~ 55°C , 

n-butanol/n-hexane 7.2 --' 
n-butanol/n-heptane 9·5 3.1 
n-butanol/n-octane 3.5 2.5 
n~butanol/n-nonane 3.3 
n - bu t a no III n -decane 8.3 
n-butanol/n-dodecane 5.1 
n-pentanol/n-octane 

-If 3.1 
n-pentanol/n-nonane 4.4 
n~pentanoJ/~-decane 3.3 
n-pentanol/n-dodecane 4.9 
n-hexanol/n~heptane 

0 
9.0 

n - hexa'no 1 / n -oc tane 6.6 2.7 
n-octahol/n-hexane 6.5 

j, 
n-octanol/n-heptane 1.6 2.8 
n-octanoJ/n-octane. 5·0 3.6 
n-octanol/n-nonane 5·5 , n-octanol/n-decane 5·9 
n-octanol/n-dodecane 6.1 

~ 

300 e 4~oe 
, 

n-propanol/n-heptane 3·9 2.6 
n-butaJ01/n-heptane 2·7 4.0 . 
n-pentanol/n-hexane 4.3 4.0 
n-octanol/n-hept~ne 4.4 3." 
n-octanol/n-nonane ., 

3·5 4.3 
'il 

• ',; 

. 
r 
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( FIGURE 7.3 
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'Prediction of Heats of Mixing for the System 
n-Pentanol/n-Oecane at 159C 
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fiGURE 7.4 

t 
IJ 

Prediction of Heats of Mixing for the System 
n-Pentanol/n-Hexane at 30°C 
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FIGURE 1.5 

Prediction 'of Heats" of Hixing for the System 
n-Octanol/n-Nonane at 45PC 
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FIGURE 7.6 

Prediction of Heats of Mixing for the System 
n-Pentanol/n-Octane at s5Pc 
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FIGURE 7.7 

Prediction of Heats of Hixtng for the System 

n-Pentanol/n-Propanol/n-~ep
tane at 25PC 
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TABLE 7.3 

Prediction Results~on Ethanol/n-Àlkane Systems 

() 
~ " 

System T(QC) RMS Deviation 

ethanol/n-heptane 30 13.1 

ethanol/n-hexane 30 II .3 ~ 

ethanol/n-nonane 30 ' 18.5 

ethanol/n-hexane 45 10.9 
~ -,. 

ethanol/n-heptan~ 
-~ ;, 

45" 1 l .3 

ethanol/n-nonane. . 45 22.3 
.. 

o 

, , 
1 

l , 

(%) 

~ 

" ... 

, . 
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, TABLE,7.4 

"Heats of'Mixing for Equi~lar Mixtures of 
n-A)coho)/n-Hexane at 25 C (86) . 

n"'A 1 co ho ) HE J/mole-l. 

, , \ 

methano) 500 

ethanol 555 

propanol 565 . , 
pentanol 570 

hexanol 465 

octanol 415 

"1 

, 
' .. 

... 
j " 

.. 

• 
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follo~: in addition'to"the hydrogen 

f . i . h ~~ ob' d 

bond contribution to heats 

o mlx ng, anot er ontrl utlon ue 
~ 1 
'\ 

homomorph with the solvent was also 

to the mixing of the alcohol 

important for the systems 

containing lower àlcohols such, as ethanol and methanoJ. This 
< 

contribution accounts for the' decrease in heats of mixing 

(Table 7.4) in systems containing lower alcohols. 

J 
• • t 

7'.3 Effect of Molecular Shape on Heats of Hixing 

One of the Jim;tation~irihérent in the group solution 

model is that the model does not take into account molecular , 

shape. The model thus ,predictsidentical heats of m!xing for 

isomers. This effect of molecular shape on heats of mixing 
v 

may be judged by inspecting the experîmental heats of mixing 

of binary systems of n-penFano) or isopentanol with hexane 

isomers (2-methylpentane, 3-methylpentane, 2,2-dimethylbutane, 

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

of t~ese systems at 25°C at near equimolar composition. ,The 

smaJI difference in heats of mix;ng of these systems suggests 
Jo. ' 

that ~here i s on-I y a' sma'II contact energy di'fference between 

methy 1 and methy 1 ene groups. ;:' 
" ' Most recently, Patterson (P5) has also made sorne 

stu9Y on the ef'fect of the molecula.r shape. on heats of mixing 

of alkanes of different mOlecular size. He measured heats 
, 

of mix.ing for equimolar.mixtures of alkane isorners of formu,I,a, 
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TABLE 7 ·.5 

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

xa1c 6H 
; 

n-pentanol/n-hexane . 4962 

. n-pentanol/2~2-dimethybutane .5000 

n-pentanol/2~3-dimethylbutane .4984 ~ 

n-pentanol/2-methylpentane .4975 

n-pentànol/3-methylpentane t~ .4965 

isopentanol/n-hexane .5068 

isopentano)/2,2-dimethylbutane ~911 
isopentanol/2,3-dimethylbutane • 4950 

isopentanol/2-methylpentane <\"', .4977 

isopentanol/3-methylpentane • 4972 

isopentanol/heptane .4966, 

isopentanol/octane .4947 1 

.1 

" 1 

1 1 

jouI @s/mol e 

482 • 

454 • 

457~ 

456. il 

459~ . 

529. 
'" 

491. 

494 • 
"-l 

513. . 
508 • 

599. 

6~8r 

p 

.. 

/ 
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CJ6H34' anp Jound that there ts very sma J 1 contact 'energy 
, . 

differençe between methyl and metnyJene groups in n-hexanel 
• r 

, 2,2-dimethylbutane" system. This fact is P~ so indicated by' 
, ~ 

the heats of mixing pf both n-hexane and 2,2-dimethylbytane' 
(} J" • with hepta-methyJnonane which are of stmtlar magnitude. 

However, the branching effect on heats of mixing 
<, 

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

with brancqed alcahol (B6). The heats Qf mixing of branched 

butqnoJ/n-hexane systems are found to decrease ,appreciab1ly 

fn thè'order tertiary) secondary > iso- > n-. 

Thus rooderate branch i ng in an a l'ky 1 group 1 acated 

so as not ta Interfere lirectly with a polar groups gives 

rise only ta second, or,~er effe~t', at Jeast for the twelve 
1 

al caha 1/ a J k~ne s'ys ~en<~ s toud i ~d, and no ~spec i a 1 mod if i cat ion 

on the mode 1 ~s neces~ary. The average roat-mean-square dev

iation between experiment and. theory (ustng group pararneters 

9ive~~y equations (7.6) and (7.6» is 8.3%. Details are 
o 

given in Table 1.6. Sorne of the prediction results are alsa 
<;:. 'J , 

plotted in Figures 1~8 and 7.9. 
~ 

1.4, Conclusion 

.;, 

" 

The simplicity of the' fundarnental equation used 
~ 

in the model tagether with the qua) ity of prediction make the 
" 

ar;'lalytical group sotutiQn mode 1 a very useful and powerful 
\ .. 

toc 1 ·for generating heats of mixing of non-ideal systems. It 
Il 
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---TABLE 7.6 

Prediction Results on Al coho 11 A J kane System 

System 

n-pentanol/n-hexane 

n-pentanol/2,2-dimethylbutane 

n-pentanol/2,3-dimethylbutane 

n-pentanol/2-methytpentane 

n-pentanolJ3-methylpen~ane 

p isopentanol/n-hexane 

isopentanol/2,2-dimethylbutane 

isopentanol/2,3-dimethylbutane 

°isopentanol/2-methylpentane 

isopentanol/3-methylpentane 

. . 
isopentanol/heptane 

isopent~nol/~ctane 

RMS Deviation 

5.8 J 

10.3 

11.8 

7.7 

9·2 

9.1 

5·9 

5.7, 

·6.0. 

5·5 

10.6 

12.1 

. J 

.. 

at 250 C 

(! , 

~ 

... 

, 



.' 

• 

, 
{ 

/ 

, 

" 

" 

-95-

FIGURE 7 ~8 

/ 

,II Il 
i, 

< ' 

Prediction of Heats of Mixing for the System 
n-PentanoI/2~2-Dimethylbutane'at 25PC 
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" 

FIGURE 7.9 

Prediction of Heats of Hixing for the System 
Isopentanol/212-DimethyJbutan~ at 2sPC ~ 
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has numerous advantages over the previous group solution 

model where the group excess enthalpi~s, Hk' were computed 

From the partial moJar heats of mixing and its ~alues were 

plotted graphically or fltted with polynomial functions of 

~k. For a binary group system, the analyticaJ expressions 

only incorpo'rate 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 mode 1 are generally quite adequate for prelimi

nary process evaluation and design and very suited for com-" 

puter calculation • 

/ 

--------------------------------------- --
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8. CONCLUSIONS AND RECOMMENDATIONS FOR 
FURTHER WORK 

'8.1 Apparatus and Experimental Results 

A semi-continuous, isothermally operated cal 

meter of the Van Ness type fqfr measurem~nts of endother 
/ 

heats of mixing over a wide /temperature 'range has been 

con~tructed and tboroughly ,tested. The calorimeter has many 
1 
1 

desirable features. It coptains no vapor space. Thus the 

erro~s' associated with va~rization and condensation effects 
1 

are completely eliminated . 
...... , ~ l,. ) 

. The heats of 1ixing of 11 systems of n-afc~holl 

n-alk~ne and 12 systems/of n-pentanol or iso-pentanol with 

hexane isomers over a temperature range 150 C to 550 C are 
~ 

believed to be a significant contribution to the body of data 

for the heats of mixing of binary solutions. These data are not 

only useful in _themselves for engineering purposes but they 

also served as base data for the predictive mode) • 

Sorne modifications can be made to the existing 

apparatus that would extend i~s capabil ities. 

aJ The addition of other automatic burettes would 

extend the capabil iti~s of the apparatus to study multi-

component mixtures. Strictly speak'ing, we could study multi

component syste~s in the apparatus as it is by having mixtures 
, " . 

of knQwn compo~itlons in the burette. Many runs would be 

-
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-J . 

- -. 

• 

a , . 
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• 
necessary to determine the entire composition range. In the 

case of a ternary mixture, wlth one additional burette con

taining the third pure component, the entire composition

diagram could be covered reasonably wei 1 in three consecutive 

runs. 

b) The calorimeter can be modified to measure , 

heats of mixing for either endothermic or exothermic systems. 

ln addition to the existing electrical heater, a thermo

electric cooling device can be added to the present apparatus. 

For the measurement of an exothermic heat effect (W3), the 
-

cooling device can be adjusted ta remove heat from the. 
;-.... 

calorimeter. 

8.2 The Predictive Mode 1 

The predictive method developed in the present 

study is based on the i1tuitive approach of treating- mixtures 

in terms of their const,~ue~t structural groupings. The sim-. 
plicity of the fundamental WilsoD equation used in the model, . 
the small amount of inf~rmation requiredOfor the prediction 

together with the quality of prediction make the analytical 
'..,..' -

group solution model a very useful and pow~rful tool for 
'" 

generating heats of mixing of non-ideal systems. 

It has been shown that the group solution mode 1 for 

heats of mixing, put in analytical form using the Wilson 

, , 
1 , . 

) 

1 

• 
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J, .' 
equation. give~ ~.90od representation of non~ideal liquid 

i ~ 

mixtures cQnt'ain,lng "the'groups hydroxyl and methyJene. The 
) , "0 

o 

.. ana'lytical mode 1 otlviate~ sorne 'of the limitations and In-

accuractes of the' prèvious mod~l and ls weil ,suited to\com- J 
-j? • 

p~ter ~alcuJati~n. 
~ç 

The group Wilson parameters were evaluated from 
, 

-experiment'al heàts of. mixin~ for n~alcohol/n~alk~ne systems 

. in the t~~erature ,range From ISoC to 5SoC. lJs~ -of" these 

parameters regenerated ex~erimental 'he~ts of'mixi~g wittf an 
'l." .. ,c 1: 

~verage ~ccuraéy, of ryf;. Agr~emen.t betw,een theory and experi-

ment W~ also obtai"ed for.binary systems of n-penttnol or 

, iso.~pentân91 with hex~nè fso~fI. Branching in an alkyJ group 

in these systems has only'second order effect and no specia'-i' 

means '0 f mod i fi ca t i on on t he mode 1 i s neces sa r y" 
. , 

I~ the chemical indusçry~ accur~te ijes~~n of separa-
., ' • <:1 

tion operations requirès reliable thermodynamic properties of 

mix~ures. 'But'for binary syst~ms, ,the required datSi are o~qten 

~Ô~ avaiiable.at~~e~emperature and pressure"where we want 

them. and for ter~ary o~ multic~nent mixtures, there are 
-' 

.. Frequent 1 Y' ,no data a't a Il li- '" , 
" ' 

usefuJ 

'J i qu'i d 

0' 
The analytical group solutIon mode 1 is especiatly , ' .. '( ..... , 

~àr 'making, rel'iable predictiont~1~f prope~ties'.of 
, 1.0 r • 

mixtures •• The mode 1 cah be readily extended to'various 

') 

1 
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classes of systems eontaining oÇ. fune t'i ana 1 groups such 
J 

as CO-, CN..... Paramèters associated wi th' pa} r of struct-
, 

ural groups generated From ~perimental·data of binary systems 

at various temperature.can be:used to project data of multl

group and multicompo~ent mixtures. Thus the experimental 
00 

effor~s eould be minimized ta supply the desired"design 

data. 
~ 
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AI. CALCULATION OF COMPOSITION AND 
INTEGRAL HEÀTS aF MIXING 

; j 
(! 

.... 
. AI.) CompOsition of Solution in.,the Dewar "Élask 

t " g 

, 
Prior to, and immediately following, chargtng the 

Dewar flask, the 100 ml. stoppered volumetrie fJask is 

weighed. Since the ~Jumetric flf'sk ls ~toppered under 
• 0 

atmospherie conditions, it contai~s v~pou~, assumed to be 
1 • 

air at room temperature·, in addition t'o the charged mater:-

ial. In order to obtain the actual amount'of material 

placed in th~ Dewar flask, the mass.of additionar vapour in 
1 

t~e volumetrie fJask must be sub-tracted fuom the balance 
J 

weighings. 

Thus 

t 

-~ 
, 

= "'2 - w' 1 (Pa i rI PI )T-250C (AI.I) 

and 

w' 1 = ml - '"2~ (Al.2) 

.So 1 ving for wj: 
.1 

-ml ,- "'2 ~ 

w' = .. 1 (l, - Pai rlPI )T=250C 
(AI.3) 

rwhere ml' ~ are initial and final weig~s ~f the stopp~red ' 

volumetrie flask respeetively. 

wj is the weight of pure component 

the Dewar flask. . 
1 ' 

! . 

charged to 

• p 
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anit"'2 is defined by equ,at ions (AI .1-2). 

The Dewar f.lask is char;ged quickly with the first 
.. (, 

eomponent and is sealed immediately with the calorimetrie 

plug. Some of the pure liquid is lost due to evaporation 

during this step. The small amount of 1 iquid 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. /, 

AssumJ ng that th i s vapour behaves as i dea 1 gas, i.e. 

PV = nRT, then the mass of vapour loss, mvap .' is 

m ' vape 
P~ v 

~, RT MI (AI.4) 

where 

R 

T 

= 
= 

= 

vapour pressure of pure component 

(Vo 1 ume of Dewar flask volume of 

li qu id I)~' ml 

gas constant .... 62.3 x' 1 0 -3 ml, nrn 

HI = molecular weight of pure eomponent 

1, nm Hg 

pure 
.:J 

Hg gn1'11dle/oK 

Thus, the corrected weight of pure companent 1, wl ' .eharged 

to the Dewar flask is finally given by: 
() 

(AI.5) 
V 1 

.1 
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AI .1.2 Moles of Feed Material Injected 
into the Dewar Flask 

The feed material is pure component 2 and the arnount 

of material added to the Dewar flask, W2 ' ~s calculated from: 

= (Difference in ~eadin9s of) x 1>2 
{burette volume ) bat bath tempe 

where = 
. 

densityof pure component 2. 

1 

1 

AI.I.3 Mole Fraction Component 1/2 in the Dewar flask 

Mole fra~tion of component I~ xI' 

'$) 
• wl/H I (A 1 .6) .. 

where M) and M2 are the rnolecular weight of pure components 

and 2 respectively. 

Mole fraction of' cOmponent 2: 

= (AL 7) 

AI.2 CaJcuJation of Integral Heat of Mixing at XI 
( 

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

a mixing step is given by the following equation: 

Q = (Current).(Potential Drop).(Time) (AI.8) 

or, referred to figure 4.5 

- 1 

- .. 
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111 
eS RI + R2 eH 

RI + R2 8 RS RI + R2 + RH RI • 

(AI.9) 

eS • potential drop across the standard reslstor 

RS' vo 1 ts 

• 

-
-= 

1 

resistance of the standard resistor, ohms 

resistance of th~ resistors-in parai lei 

with the calorimeter heater, ohms 

resistance of the calorimeter heater, ohms 

potential drop across RI' volts 

time of the'heater operation during a mixing 

step, secs. 

• 
current in the circuit 

ratio of current passingJthrough the calor-
, no 

imeter heater to the total current in the circuit 

= multiplication factor for the voltage divider 

-
The integral heat of mixing is given by: 

~(Joules/Gmole) • QIn (AI.IO) 

where ~ is the number of moles of liquid in the Dewar flask, ' 

(AI .11 ) 

A listing of the program to calculate the compositions and 

integral heats'pf mlxing Is given in Section AI.3. 

• 
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AI.3 A Program to Compute Composition and Integral 
Heats of Mixlng 

Li,sting of the Program "Heats" 
Sampi e of 1 nput Data for the program "Heats" 
Sample of Output Data for the Program,IIHeats" 

, 

.,. 
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lEVEl 21 MAIN DATE - 13111 , 

C -' 
C 

'C . 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

io 
20 

15 

30 

't0 

45 

C 

THIS P~OGRAM ,IS.·USEn TO CALCUlATE THE E~PERlftENTAl '>HEATS Of MIXIHG 
OF NO~ IOFAL SYSTEMS 
NPT'S-NUfoff\ER Of EXPE~IMENTAl POINTS 
RS~~ESISTA~CE OF STANDARD RFSISTOR 
Rr- RFSISTANCE OF VOLTAGE DIVIOER RESISTOR 
R2- RfSIS'A~CE OF VOLTAGe DIVIDER RESISTOR 
RH-REStST~NCE OF THE HEATER 
EH=YOlfAGF OF THE HEATER,AS qEAO ACROSS RI 
ES=YOLTAGE ~CRPSS STANDARD RESISTOR 
WlaWEIGHT OF PURE COMPO~ENJ 1~ITIAllY I~ OEWAR FlASK 
AY2 a Y2=VOlUME OF THE OTHER ~U~E CO~PONENT AODEO TO THE OEWAR FlASK 
TIHE=HEATING TIME . " 
DElrAH=CAlCUlATEO INTEGRAL HEUS OF MIXING t 

OIMENSION rITlEl(20',TITLE2C20' 
OIHENSIO~ AV2(50',ATIME(50),OElTAH(~O"X1C~O"X?(50"HXIX2C50' 
DIMENSION VEHC50"VFS~5d"TIMEC50',Q'50' 
DIMENSION HI(50'.HZC~O' 
REAL Ml,M' 
REAnC5,ZO,END=1000'TtTLE1,TITlEZ 
FORMArCZOA4/20A~' 
REAO(S,lS'YPl 
FORMATCFIO.O' 
~EAO(S,30)R2,Rl,RH,RS 
F~MATC4Fl0.0) 

READC5,40'NPTS,ROl,Ml,R02,M2 
FORMArCfIO,4FIO.O' 
REAOC5,4S'OWl,OW2 
FORMATC2FI0.O' 
READ'5t~O) CATIM~(I'tHICI"H2(1"VEH(I',VES(I),I:I,~PTS' 
FORMATCSFIO.O' , 
CAlCUlATION OF THE CORRECTEO MASS OF MATERtAl IN THE DeWAR FlASK 

VOlOF~325. ~ 
VAPORIZATtON CORRECTION 
WI-CDWI-0W2'/Cl.-0.001Z/R01' 
WVAP=VP1·CVOLOF-WI/ROl,·M1/0.1850e08 
Wl=Wl-WVAP 

C ~ CAlCUlATION OF INTEGRAL HEATS OF MtXI~G, 

10 

80 
1)0 

V2-0. 
TI ME ( 1 ). AT 1 ME ( 1) 
00 10 1.2.~PTS 
TI~E'I)·ATIME'I)-AT1MeCI-1) 
00 100 l-l,NPTS 
AV2CI'-H2(1'-H1CI' 
V2-V2+AV2(1' 
RAT1-WI/Ml 
RAf2-R02·V2/tA2 
OQ~CVESCI)/RS'.CCR1+R"/CRl+R7.+RH".veH(I'.CCR1+R2)/RI,.TIMECI' 
IFII.fQ.I' r,O TO 80 
QC 1 r-QC 1-1' +OQ 
GO TO 90 
Q CI) -OQ 
HEATS-QCI'/IRAT1+RAT2. 
OElT.HCI'-H'EATS 
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100 

180 

210 

220 

23~ 
'240 , 

1000 
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21 MAIN 

CALeu ATION Of COMPOSITION 
XICI' RATI/CRArt+RAT2' 
~l CI' ~ 1 • - X 11 Il 
HX1X2Cl'-OflTAHCI,/eX1CI.*X2CI" 
CONTINUE 
PRINT lRO p 

fORMA TC Uft • 
PRI~T t90.TITLEI.TITlE2 
fORM~TC?OA4/20A4' 

.' , 

. DATE • 11·111 

PRI~T 20q,OWl.DW?~OI.Ml,R02.M2 ~ 

" 

fOR"ATCT5,'OWl.'.flO.4,T25,'OW2.'.flO.4'T5,'~Pl.',flO.4,T25,'MI-' 
1.flO.4,T45,'R02-',FlO.4,T65,'M2.',flO.4!. 

PRINT210 
FORMATCTIO,'N',TI5,'TIME',T21,'VOl.',T42.'VEH',TS7,'VES',T61,'Xl', 

1Tl','X2',T81,'OElrAH',TQS,'OflTAH/XlX2". 
PRINT 220, CI,ATIMEel',AV2CI),VEHCI.,VESCt',XICI',X2CI.,OElTAHCI'. 

IHXIX2CI),1-1.NPTS' 
fCR~ATe5x,15,2FIO.2,F15.5,rI5.6,2FIO.4,2FIO.1 , 

hRITEC1,20'TITlEI.TITlE2 
00 230 Izl,NPTS 
WRITEC1,240'X2CI.,OElTAHCI),HX1X211) 
FORMATCFlO.4,2F20.1' 
GO TO 10 
STOP 

,EHO 

o 

'EFFECT- IO,E8COIC.SOURCE,NOllST,NODECK,lOAO,NOMAP 
~FFECT. NAME· MAIN ,llNEeNT • ~6 

* 1 SOURCE STATEMENTS - 58,PROGR~M SIlE - 4364 
• NO OIACNOSTICS CENERATED 

--
\ 
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SAMPLE OF OUT~U'l' DATA FOR THE PROGHAM r BEATS' 

- , 
HEA'T O-F MI'XING OF rSOPENTANOL"'; N-UEPTANE AT 25 CEG C JUNE 19 1973 , 
~I~ST COMPONENT - N-HEPTANE THERMISTOR, READING-I03100 

OW1- 123.8941 DW2- 51.4106, 
ROI- 0.6195 Ml- 100.2060 R02.- 0.8059 M2- 88.1500 , 

• ~ 

N TIME VOL. VEH VES Xl X2 OELTAH OELTAH/Xll .-
1 104.70 1.61 0.31654 . 0.017960 0.9183 0.0217 , 252.4 -11898.2 
2 1016,,80 °2.28 0.31654 0.077960 0.94q.2 0.0508 353.4 1323.6 

_ 3 1314.90 3.91 _ 0.31654 0.011960 0.9021 0 .. 0973 v441.2 5025.5 

" 1512·.40 3.95 0.31654 0·.071960 0.8605 0.1395 4')5.4 4121.0 
, 5 171';.30 3.98 0.3,165 4 0.011960 . 0.8217 ~ 0.118~ 534.-2 364641 1 

6 1955.80 3.98 0.31654 0.071960 0.7863 0.2137 563.1 3351 •. 7 ~ 
1 2117'.40 r 

4.00 0.3l654 0.071960 0.1531 0."246' 584.3 . 3141.1 • 
. '8 21'63.90 3.93 0.31654 0.071960 0.7242 0.275A 600.3 30·05.i 

,9 2391.40 3. cH 0.31654 0.071960 0.6910 0.303<' &.11.8 2896.7 
10 2519.70 , 3.'16 , 0'.31654 0.077960 0.6714 0.3286 619.4 2807.8 
11 26~8.40, 3.84 0.31654 0.071960 0.6484 0.3516 624.0 2136.9 
12 2733.40 .' ~.07 -0.31654 0.071960 0.6256 0.3744 626.1 2613.3 
13 2828.95 3.95 0.31654 0.077960 0.6050 0.3950 , 626.7 1622.5 
lit 2914.70 ""4.0 l' 0.11654 0.077960 0.5855 0.1t 14'5 621t.8 2'>14.5 
15 2994.20 4.01 0.31654 0.077960 

~ 

0.5671 0.43Z? 621.8. 2532.8 
16 3068.00 4.01 0.31654 0,.011960 .0.5499 0.4501 617.8 2495.9-
Il 3135.50 4.10 0.31654- 0.017960 0.5334 0.4666 612.3 2460.3 
18 3197.40 4.06 0.31654 0.071:960 0.5179 0.1t821 606.3 2428.5 
19 3252.40 . 4.03 0.31654 0.0779'60 0.5034 0.4')66 -599.5 it 2398.1 
20 , 1302.60. 4.06 0;31'654 0.077960 0.-4896 0.5101. 592.1 . 2369.5 
21 )349.95 3.91 .O.316'>~ 0.077960 0.4171 O.522~ 5~'5.2 

. 
2345.1 

22 ' 3391.20 3.99 0.316'>' ~ 0.071960 0.4649 <:l. 0.5351 517.~ 2320.4 
21 3435.90 4.05 0.31654 0.071960 0.4531 ,- 0.546C) S70.r- 2300.5 
21t 3467.1() 0 3.97 '0.31654 0.077960 0.4422 0.5518 561.4 2276.2 
l5~ M98.00 3.96- 0.31654 ~ 0.011960 0.4318 0.5682 553.0 22'54.0 
26 3530.20 3.86 0.31654 0.071960 O.1t221 0.5179 545.6 2236.1 

~ 

" . ~ '<-
> , 

• 0 . 
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A2. Tabulated Experimen.tal Resul ts · 

Heats of Mixing for t'he System' Benzenel 
Cyclohexane at 2SoC and s,50c ' 

- 'Heats of ~ixing for Alcohol/Alkane Systems 

~ ... .... , . 

-' 

. ' 
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H:A~ OF "'IXJ~G AT 25 DEG.C FOR lHF SYSTE~ 8E~lENE/CYClCHEXA~E 
)(=tJClE FR/ICTICI\ CF A~"lE"r-, CELTI\' H="EATS CF FiIXINC '1 ,~ 

N . 
X CELlA t4 CEL .. 'lCl'2 

~ 

1 0.0468 13CJ.C 3115. 
ïJ 2 o. CQ9,2 278.'. 3115. 

:3 0.15ce' 3Ç9.4 311CJ. 
4 Ot.lq~q 't93.e 3123. 
5 0.2212 54CJ.,2 3128. 

°6 0.21el 62CJ.2 31'34. 
7 0.30C6 t60.2 314C. 
e 0.3291 694./t 31/t5. 
9 O. 'Ji e'4 733.2 3151. 

\~ 10 0.3896 151'.2 3159. 
. Il 0.4247 1.13.5 3166. 

( 12 0.4-;~1 1e6.l:, -3172. 
13 - 0.4808 793.~ 3118. 
14 0.5eez 1CJ6.2 3185. 
15 0.51Ç2 '7CJ6.l: 3191. 
16 0.53e3 -795. ~ 3193. 
11 0.5332 1CJ4.l: 3191.' 
18 0.5/.70 792.9 3200. 
19 0.5 /,19 193.l: 3204. 
20 0.574~. 784.1 -321Ci. 
21 0.5P47 780.9 3216. 
22 0.6C23 111.e 3222. 
23 0.6208 160.l: 3231. 
24 0-. (:',04 146.1 3240. 
25 0.l:iC;9 698.-1 - 3157. 
26 0.690'4 616.5 3165. 
21 1 0~71C4 , 653.4.,.. , 3176. 
28'- 0;7305 646.1 3285. 
29 0.'7410 623.~ 3298. 
3C 0.7831 564.1 3321. 
31 o o. Re89 511./t 3341. 
'32 0.e5e~- 1.11.1 3378. 
33 O.8C1l9 528.8 3421. 
3'. 0.9 /.CZ 193.7'0 3,.45. 

- 15 0.«;e45 53.2 3481. 

. ' 

• 
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TABLE A2 2 

• HEATS OF "'X(NC AT 50 OEG.C FOR THE SYSTEM AEN1ENE/CYClCHfXA~e 
)C:flCLF. FRACTICf\ CF REf\ '-Ef\E, CELTA tJ=t".E'TS CF.fIIXING 

N le tElTA ... OEl ~/)clx2 , . 

1 0.0481 1ll.~ 2837. 
2 0.0'922 211.8 2~ltl. 
3 0.1315 32!t~1 2~43. 
4 0.1(:85 3<)8.~ 2R"1. 
5 0.2e25. 1.60.6 ~52 •. 
6 0.23"<'1 Slt.5 R53. . 1 0.2633 551t.2 ' 2851 • 
8 0.29Cl 509.2 ?86C. 
9 0.32CO t23.C 2863 •• 

10 '0.14'30 
' ~ 

64l:. ~- 2868. 
Il 0.3813 61"1.1 2810.' 
12 O.ltC Il' 6CJC.t 2~15. 
13 0.4i91 701.4 2880. 
14 0.4533 714.1 288/t .' 
15 0.lt6e4 120.1 2A92. 
16 0.'tc;t9 12lt.~ 28~8. 
11'" Q.Ii091 125.1 2QC4. 
le 0.51C8 726.1 2908. 
19 , 0.5449 722.1 2912. .. 20 0.5219 124.1 29C8 • 
21 0.5655 111.0 2918-. ' 
22 0.5113 714.2 2916. 
23 0.5822 111.2° 2924. 
2~ 0.6011 699.2 293,3. 
25 O.t21l ben. " 2918.'_ 
26 0.6351 6P.l.€ -2944. 
21 'O~6509 670.3 ' 2950. 
2e O.tEE8 651.4 2959. 

1 

29 0.1011 1:21.~ 2968.; 
30 0.lle5 S86.1 2911. 
31 0.1501 55Q .. 9 2981. 
32 C.l(:t;l' 531.~ 2995. 
33 O.aCOI 4P.l~~ 3009. 

~. 34 0 0 O.8lQ4 t,7tl.S lp28. 
35 O.P.52C 3~3.3 301t0. 
36 

1 

0.n020 31a.~ 3058. 
31 O.qCl~ 274.1 3018. 
3e 0.q.4(4 1"~.7r 3100. 
39 1-0. Q703 'Je.l 3125. 

\ 

•• 
, . 
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1/ -A toc-
'l'ABLE A3 

.- HEATS OF MIXING AT 11) oer..c FUR THE SYSTEM N-I"UT.\"4tll+N-IiE)(ANE 
CElTA H IN JOULES/fiOLE 

tf N )C' Al C nFLfA t1 U'EL H/"< 1 X2 
0 1 0.0'-72 l4l.t' 73?4.0 

2 'J 0.0'546 21)1.0 4918.0 
l 0.1044 32~.4 l'il 2.0 
4 '0.1479 171.8 7<)1)0.0 
5 0.18R1 1t02.'. 1t.1).O 
6 0.2252 '.21. A 2/,29.0 
7 0.25A2 4'\R.0 2187.0 
ft o. ~q04 1t46.1 ?lhl).O 
9 0.3198 1.50.1 '2010.0 

10 0.31t18 450.q - "1913ft.o 
0.3130 

1-

1<l17.0 Il 44R.) 
12 0.1991 442 .. 1 lA45.0 
tl 0.4103 ~ 431.8 17q r.o 
14 0.4179 ,,32.0 1755.0 
11) 0.4552 425.1 \115.0 
16 0.4121 418.0 1611.0 
11 0.~e81 410.8 1(,44.0 
18 . 0.5038 - 40).0 1612.0 
19 0.'5201 

....... 
39'\.6 1'>17.0 

20 0.5338 186.5, \,)5~.0 

21 0.'i460 319.0 1')79.0 
22 0.5'559 11).0 lC;11.0 

"" 2J 0.5610 '365.8 '1'.90.0 
21t 0.5130 363.1 1484.0 
25 . 0.5161 3'iQ.8 1414.0 
26 0.5828 '356.4 1466.0 
21 0.5866 1~3.1 1456.0 

_ 28 0.5C}21 149.6 tlt 40.0 
29 0.5956 1-47.1 '1441.0 

," 30 0.6026 '342.2 1429.0 
31 0.613b 335.0 1~2.0 
12 0.62ltl 377.3 195.0. 
13 . 0.6361 319.1 1119.0 
Jit 0.6"19 310.1 1362-.(' 
lI) 0.6605 301.6 1145'.0 
36 O.~l36 2~-- 1:\21.0 , 
11 o. 810 281.'i 110<).0 
38 0.1011 210.3 1290.0 
19 0.1159 2/)8.9 1213.0 
40 0.7'\1 3 246.6 1255.0 
"1 0:7465 233~5 1234.0 
It2 0.7624 71<r-." 1214.0 
It3 0.1191 705.8 1198.0 
4,. 0.791') 190.1 llRl.0 
45 0.8151 116.2 116'1.0 
46 0.8338 l'ifJ.~ ll-;2.0 
41 0.8')49 141.1) Illtl~() 

• "8 0.8166 ,122.'2 11~0.O 
49 O.8.9C)0 l02.) , 11l'.0 
1Ij0 0.9221 81'.l} 1140.0 
51 0.9412 58.S' Ul0.0 
')2 0.9729 ~ • 34.4 1304.0. 

c! 

Il .... , . , 
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TABLE A4: 
-AII-

• HEA'TS OF MI)(I~G AT 15 OfG.C FOR THE SYSTF.M ~-QUTANOL +N-tiEP r 4NF.. 
CELTA H IN JCULES/"()LE 

N )( ALe DELTA fi DEL H/XIX2 
1 0.0331 203.1 623U.0 
2 0.0631 266.7 4 1H1.0 
3 0.1213 149.2 3216.0 
4 0.1720 )9CJ.6 2806.0 
5 0.2202 "35.b 2531.0 
6 0.261" 451.b i2370.0 
1 0.298.4 411.5 ' 27.1)2.0 
8 0.3326 418.1 211)".0 
9 o. '1(:10 480.3 '2077;0 

10 0.3Ql1 479.1 2012.0 
Il 0.4111) 414.5 ,1<»51.0 
12 0.4405 469.5 1905.0 
l'i O.4h56 461.1 1853.0 
lit 0.4857 453.9 1811.0 . 
15 0.5043 445.5 1182.0 
16 0.520" 4'3".0 p 1 '155.0 
17 0.5J5CJ 429.8 f' . 1728.0 
18 0.5508 411.4 1103.0 
19 0.5650 

" 
41'.1 1691.0 

20 0.5719 405.2 1661.0 
21 0.5904 397.8 1645.0 
22 0 • .,935 )93.'3 16'0.0 
23 0.6018 389.6 1626.0 
24 0.6020 . 387.2 1616.0 
25 0.6118 3AO.5 1602.0 , 
26 0.6215 115.1 1'>91.0 
21 0.6125 381.9 1609.0 
28 0.621CJ 312.5 1584.0 

",""" 29 0.6315 '69.1 1586.0 
30 0.6323 364.R 1569.0 
31 0.6410 162.4 1575.0 
'32 0.6428 3-;6.6 15')).0 
31 0.6481 356.0 15('2~0 
lit 0.6539 31t8.8, 154î.o 
15 01- 6651 • 340>. 1 1521.0 .' 16 0.6112 130.1 '1510.0 

JI 31 0.68..95 319.8 149~.O 
38 0.1019 10Q.o 1471.0 
19 0.1156 2CJ6.5 14~n .0 
40 0.1295 281t.<J 1444.0 
41 0.1411' 272.2 1420.0 
1t2 0.1SAI) ?51.5 1406.0 
43 0.1143 , '. ?42~6 1388.0 
41t 0.790l 227.1 ·131l.0 

1 45 0.8015 211.1 11~ij.O 

46 0.8231 1'14.6 1340.0 
41 0.'1416 l11i.8 1119.0 .d!' 

• 48 0.R613 1S-b.4 l'Ool.Cl 
1 ·"9 0.8811 114.6 1185.0 

50 0.9019 111 ;7 12(,3.0 
SI 0.CJ22CJ A8.0 1131.0 
';2 0.9456 62.6 1?~1.0 
53 0.97"9 21.1 1109.0 .. 



,\ ' 

. 'TABLE AS: 
-AI2- ",', 

. 

• HEATS OF " 1 X U~G AT 15 OEG. C fOR nu:: SY~TEM N-Otl r ,V>lnl + ~ .. cc r ~~lt-
CELTA H \ IN JOULF.S/t'OLE ~ 

N X ALC ()FLTA ~ nEl IiI x 1 Xl 
1 0.0352 2~?3 1"2q~O 
2 O.C680 324.2 " 1>116.0 
3 0.1266 1 1t0S.A' 1670.0 
4 0.1181 4-;1.') 3111.0 
5 0.2265' !+92."\ lnlO.O 
6 0.2681 'i\3.8 2615.0 
1 0.3014 Il 'i21.1t 2411.0 
8, 0.3410 . , 'J 34.1 1370.0 
fi 0.3149 1j)1).1 2.?86.0 

10 0.4030 533.9 2?19,O 
Il 0.4286 ' " ~1<J.2 7161.0 
12 0.4t;31 'i22. q. 2110.0 
13 O.411tt; '\'16.2 2010.0 
14 0.4950 'iOl.1 20'31.0' 
15 0.5128- 4<19.2 19Q5.O 
16 0.5300 490.2 '1968.0 
11 0.5442 482.0 .1 'lit 3.0 10} 

18 0.5580 '411.8 I<JZ1.û 
191 0.5118 465.2 1900.(} - 1 

10 0.5844 456~6 1880.0 
21 0.5969 448.3 1863.0 
22 0.6092 439.0 l'S"4.0· 
23 0.6122 439.4 181jl.0 

1.21t 0.6206 430.2' lA27.0 
25 0.6212 43'.0 IP.4'O.O 
26 0.6304 \ 425.9 182t\.0 
11 0.6310 d' 422.1 Ift13.0 
28 0.619~ 418.0 IP'14.0 
19 0.6412 \4t3.9 179<).0 
30 0.6496 409.7 1800 •. 0 
31 0.6512 405.4 1785.0 
32 0.6602 40'0.1 1186.0 
33 0.6109 391.t; 1173.0 
34 0.6823 lRO.6 11«;6.0 
35 0 0.694~ 169.9 111.3.0 
36 0.10"1 3-;<).4 1132.0 

fi 

31 0.1189 'lit l~O 1111.0 
'. 38 0.1323 31'.1 1102.0 

19 0.1454 , 320.3 1688.0 
40 0.1!i9) 

f 
J06.1 161'\.0 

. 41 0.1115 791.2 1662.0 
42 Q.1881 . 274.8 1649.0 
43 0.8045 

of 
256.5 1611.0 

44 0.8212 13R.6 t625.0 
.... 5 0.8311 ltcJ.~ 1611.0 
46 0.8541 ' . 198.5 15Qa.o ' 
,.1 0.8128 116.1 lC;A6.0 '. f 1.8 0.8-921 ' 151.6 1575.0 
49 0.9123 .124.9 156l.(' 
50 ri.9j3~ 96.8 1-;59.0 
51 0.9';58 "5.9 tC;~1.0 
52 0.9182 '31.0 15',6.0 

, 
~ \ , 1 
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TABLE A7: 
-APl-

HEATS CF MIXING AT 1~ OEG. C FOR nt(~ SY~TEM N-PfNT~~Ol+N-"EPTANE 
~. DELTA H IN JCUlES/~OLE 

N X ALe OFlTA H nEl H/XIX2 
1 0.0115 21S.2 70SS.0 
2 0.0518 261.9 ()~Jl).O 

3 0.1002 330.4 3"65.<' 
4 0.1431j 313.0 303~.fl 

5 0.1815 ItOl.1j 2693.0 
6 0.2204 42'i.4 2416.0 
1 0.2')42 41t 1. 9 1131.0 
8 0.2052 362.2 2221.0 
9 0.3140 459.9 2115.0 

10 0.3384 463.4 1010.0 
Il 0.3619 465.8 2011.0 
12 0.111':\1 463.1 1960.0 
13 0.4019 461.0 l?IH.O 
14 0.4211 457.ft UUS.o 
15 0.4400 452.9 IRIS.O 
16 0.4568 447.'- 1803.0 
Il 0.4739 440.-; 1767.0 
18 0.4AA3 434.0 113' .0 
19 0.5054 426.2 1705.0 
20 0.5172 419.8 ' 1681.0 
21 0.5284 413.1 1660.0 
22 0.5401 401.0 16J9.C' 
23 0.5525 400.0 1618.0 
24 0.5570 399.1 1620.0 
25 0.1)639 ':\91.2 1~99.0 

26 0.5668 393.4 1~02.0 
21 0.5141 JS6.4 (581.0 
28 0.5169 386.4 1-;"3.0 
29 0.5P.49 '119.2 1562.0 
30 0.5871 318.-» 1"6~.0 
31 0.5986 370.5 1542.0 
12 0.6102 361.8 1'>21.0 
33 0.6222 352.8 1')01.0 
34 0.631tl - 343.4 IItIlO.O 
15 0.6472 1'l\.1 1459.0 
36 0.6605 311.6 143'i.(l 
31 0.6139 'lI o. ,3 ' 1412.0 
38 0.6682 ?9A.l 1190.0 
39 0.7021 265.6 1367.0 
40 0.1119 212.0 1141.0 
41 0.1334 2S1.1 11114.0 
"2 0.7501t 2"1.9 1 ,cH.O 
43 0.7679 125.6 1261.0 
44 0.1861 201.6 1231.0 
45 0.8063 18q.6 121"'.0 
46 0.8269 16Q.O Il ~I.O 
41 ' 0.8485 148.3 11~'t.f\ 

• - 48 0.8104 121.0 1126.0 
49 0.8941 102.«) 10"'.0 
50 0.9162 ~U.l 10..,6.0 
'H 0.9424 Ii't.) 1001.0 
';2 0.9722 15.) cn~.o 

d 

/ 



1'~BLE AS: -AI5-
-

• tfE~TS CF ~IX[NG ~T 15 UEG.r. FI'R TUf- C;.,';TEM N-PFN'A~OL.~-nfCANE 
DELTA H IN JOUlES/~OlE 

N X ALe (l nEL TA 't nel HI.XL<2 
1 0.0418 2R~.8 7\ 35.0 
2 0.0665 13".8 C;"58.0 
l 0.1265 427.1 3811.0 
4 0.1804 462.:1 1762.0 -
5 0.2291 'jlA.3 2<Jl}.0 
6 fi 0.2111 541).0 2754.0 
7 0.310 /• ~61.0 2630.0 

f 8 0.3445 ~74.9 2 1H6.0 
<) 0.1758 'iRl.5 2479.() 

10 0.4041 58".0 2424.0 
Il 0.4301 583.6 2380.0 .~ 

12 0."546 580." 23'tl.0 
...... 

13 0.4754 57';.4 7,}07.0 
14 0.4951 56q.l 2279.0 
15 0.5140 561.8 22'.'1.0 
16 0.5306 553.7 2223.0 
17 0.5448 , '146.:1 2203.0 
18 0.55~6 539.0 2186.0 
19 0.1)731 1)10.1 2167.0 
20 0.5866 '>21.1 2149.('1 
21 0.5989 51,l.9 2131.0 
22 0.6100 SO~.4 2116.0 
23 0.6209 . 4~~.S 2101.0 
24 0.6291 4~t.4 2063.0 
25 0.6309 486.0 208/.0' 
26 0.6~54 41'6.8 205cl.0 
27 0.6407 411.2 2011.0 
18 0.6434 470.1 ;'l°le9.0 
29 0.6489 451.8 198-3.0 
)Q 0.6527 460. ft 20)].0 
31 p.6/,46 450.9 2023.0 

- 32 0.6150 441.6 2013.0 
33 0.6859 410.1 ' 1999.0 
34 0.6«)64 410.1 tcJ87.0 
15 0.7077- 100R. c; 1971).0 
~6 0.1198' 3<)5. "1 1 'l62.0 . 
37 -0.1318 3A2.9 1'151.0 
J8 0.7440 )68.7 1916.() 
19 0.1512 151.1 tc)74.0 
.40 0.7709 331.5 1'l11,.f) 
41 0.7845 121.0 1899.0 
42 0.7983 ln2.9 UUJÎ .0 
43 0.R128 284.1 lH71.0 
44 0.8i'n4 2h1.6 1854.(' 
45 0.8450 740.1 l~le.() 
46 0.8616 218.6 1R3J.O 
41 0.8181 1<14.0 11\70.0 

• 48 0.8979 165.b 1'406.0 
"9 0.cH74 115.1 17'H.O 
CiO 0 .• 93'" 103.1 .. 1151.0 
-;1 0.9')70 11. ft t '''';.0 
«;2 0.97"1 16." 1111~0 

• 



• 

-A16-
1 TABLE Ag: , 

HEATS CF ~IXING AT 15 OEG.C FlJ~ TIIE C;YSTEM N-I'f: XANr.L'+N:,tF l' T :\N( • DELTA H IN JOULES/P'OLE 

N X ALe DfLTo\ H DEL IUX'l X2· 
1 O.OlAO 210.A 771t6.0 
2 0.0455 24e.5 57~3.0 

, 3 0·.0885 301.6 3Al3.0 
4 0.1276 143.8 3Q80.0 
5 0.1642 ~6q.3 26Ql.0 
6 0.1961 181.8 7'.60.0 
1 0.2260 40?~ 2303.0 
8 0.2531 412.5 2182.0 
9 0.2113 420.2 20 c}1.0 

10 '0.300a 426.3' 2021.0 
11 0.3231 410.2~> 1;67.0 
12 0.3418 41?'> 1 Il.0 
13 433.2 ,1813.0, ..: 0.3632 
14 d.38i2 ft 32.6 1 R34.0 
15 0.1991 431.2 l1en .0 
16 0.4169 1.29.1 1 766.0 
Il 0.4360 426.2 1 733.0 
18 0.4')19 421.3 1701.0 
19 0.4659 416.8 161.,.0 
ao 0.4189 411.8 16'i0.O 
21 . 0.4908 406.9 1628.0 
72 0.5011 402.2 1609.0 
23 0.5139 :- )C)6.C) ISR9.0 
24 0.5216 390.3 . 1-'>64.0 
25 0.5256 391.1 Pi71.0 
76 0.5318 3A4.1 1545.0 
21 0.5366 106.4 11)1)4.0 
?8 0.5416 319.1 1521.0 
29 0.5488 ! ~19.1 1511.0 
30 0.55?1 373. l ' 1.':)09.0 
31 0.5640 366.2 1489.t1' 
32 0.5761 158.0 1466.0 
33· 0.5881 tJ49.1 1445.0 

'34 0.6012 '141.2 1423.0 
35 0.6145 )31.6 1400.0. 

'36 0.62-84 322.0 1319.0 
31 0.6418 ;)11.1 1356.0 
J8 0.6.1)67 7q9.A 1330'.0 

" 39 0.6731 286.1 110l.0 
40 0.6890 714.1 1'79.0 
41 0.7061 258.1) (247.0 
42 -0.7255 241." 1'11.0 
43 0.7446 744.0. l2t1}.0 
44 0.1647 706.9 I1S0.0· 
45 0.lP63 lRR.? l1Z0.() 
46 0.8049 111.5 1092.0 

~~ 0.8187 149.5 10~J.() 

• 0.8536 126.6 1013.0 
49 0.8192 102.CI ' 9"9.() , 
'50 0.9070 77.2· ')15.0. 
"1 0.(11)4 51.1 81'.0 
~2 0.9636 26.R '164.0 

• - -..:.-



l ql' 

: .. , \.. . 
-AI7-.:'(' ,- TABLE A1O: 

c' f4EATS CF fi IX r~c AT 15 DEG.C F',R THr. SVSTF.M N-ItFXAUOL+"'-OCTA~E • DELTA H IN JOULES/fiOLE ~" 

N .. X Ale OELTA H (lEl H/X!.tC.Z -
'1 0.0232 ?03.8 8.~q-r;"o . 
2 0.0501 270.<) 5611.0 

. 
," 

, 
r\' 

3 
, 0.0917 "\37.6 lij)O.O 

4 .0.1409 371.9 J122.0 
5 0.11C}5 '.06.1 1751.0 
6 0.2164 .477.8 2523.0 
7 0.2493 . 443.1 2311.0 
8 O~2791 454.9 22-;8.0 
9 0.3080 462.1) I~ 

2110.Q ... 
" 10 0.3318 466.3 710J.O • 

1-. ri 0.3"29 468.1 20-;0.0 \ 12 0.3746 . 470.2 2'001.0 • 
13 0.395'\ 470.2 PJ61.o 
14 0.41.,2 ~6R.6 1<J30.0 
15 0.'4137 461).1 1~96.0 
16 0.4501 462.400 1~68.0 
11 0.4666 451.1 1'J39.0 
18 0.48\0 '.52.8 1814.0 
19 ' 0.4945 447.7 1791.0 
20 0.5067 " 442.4 1170.0 
~1 . 0.5117 431.2 171;1.0, 
'12 ·0.52Àl 412.3 11:35.0 
23 0;..,404 426.4 1117.0 
24 0.5497 419.1 1,.93.0 
25 L 0.5-;16 420.1 \ 701.0 

: , 
26 0.5593 

,-, 
414.1 1681.0 

21 0.56'42 413.1 1680.0 
18 0~56,4 407.5 1662.0 
29 0.5148 406.,. 1663.0 
30· 0.-';798 'tOO.8 1645.0 

"J.-l 6.-';914 397.4 lh2,..0 
32 0.602A 3A5.0 1608.'0 
3) 

~~ 

0.6142 37b.'!> 11)89.0 
34J~' 0.6261 167.1 1568.0 
15 l , 0.61A6 lil.S 154~"0 
'1~ 0.6517 146.6 1'>21.0 
31 0.6648 334.9 11)03.0 

'"' 38 tr.61c}3 322.'1 l /.S?O 
19 0.6945 lO9~A 1460.0 ~~ 

40 0.10c}8 194.R 1411.{\ , -
41. 0.77.'50 280.'5 1401.0 1 ... ~ ...... 

42 0.7421 264.1 1180.0 
43 0.1-;9) 747.8 131)6.0 
4,. 0.7181 729.1 1128.0 
4., 0.7<)71 20CJ.I lZQ4.(l 
46 0.81R7 IRb.7 1251'.0 
"7 0.8387. 1"6.0 1227.0 

• "-8 0.8611 141.4 1191.0 
4q 0.8867 1 115.4 114Q.0 
')0 O.qllit RC}.8 1112.0 ... '51 0.9397 59.9 10~1.0 
52 O'.9b81 29.' ~q"9.0 

-



,.) 

TABLE 'All: -AI8-

HEATS Cf ~'X'NG AT~15 OeG.c fOR nu: S1STEM N-rCTANOl+N-HEX~~F • DELTA H IN JOULFSI OLE 

N le Ale .rlFl T 1\ H nEl lUX 1 X2 
1 0.0111 160.7 Q'i63:0 
2 0.0116 t9CJ.0) 6-;0,..0 
1 . C.0621 7,.,..2 41156.0 
4 0.0925 . l}l.l 3731.0 
5 0.1185 289.6 2772.0 

" 6 0.11t31 ~01.6 2"16.~ 
7 0.1619 115.r; 2258.0 
8 0 .. 192) ?\25.2 20«)4.0 
9 0.2144 111.8 1910'_0 

10 0.2331t }CJ6. fi 1883.0 
11 0.1513 141.1 1813.0 
12 0.2690 144.9 '11';1t .0 
13 0.2861 Jlt 7.2 1100.0 
lit 0.301" 31t9.1 165'1.0 1 
15 0.1165 1~0.9 11,22.0 
16 0.3J21 151.8 15~6.0 
Il 0.31tllt 152.1 1553.0 
18 ·0.3619 3S1.7 1,13.0 
19 0.1753 ':\11)1.2 1498.0 
20 0.18"0 )11)0.2 1" 75.0 
21 0.,.012 3,.8.6 1,.131.0 J 

22 0.,.128 3,.6.6 1,.10.0 
23 0.4239 . l,.lt.l 1"10.0 
lit 0.41,.7. 342.2 11~3.0 
25 0 ... ,.1t6 \ 3)CJ.ft 1316.0 
16 0.,.523 337.6 1363.0 
21 0.1t628 326.2 1112.0 
28 0.,.'19 11,..1 1303.0 1 
29 0.,.11120 3'22.1 1291.0 
10 '0.492,. llt'.l ,1215.0 
31 0.5033 l15.2 12"1.0 
32 0.5156 310.4 1241.0 
13 'ri.5280 31)5.8 1221.0 
31t 0.5,.10 100.0 ' '1208.0 
15 0.55,.1 2'*3.9 1190.0 
16 0.5682 281.8 11 73.0 
)7 0.5832 7.80.3 r 1153.0 
38 0.5995 211.1 1129.0 
39 0.6166 260.3 1101.0 
1t0 0.63"" 151.0 10"2.0 
Itl 0.6534 219.2 10';6.0 
42 0.6716 121.0 1011.0 
41 0.6931 . 213.1 1002.fIl 
4,. 0.11''1 198.2 97\.0 
1t5 0.1119 182.2 942.0 
46 0.1627 16,..9 ')11.0 

\ ,.7 0.1896 1,.,..7 R 11.0 .. , 

• 48 0.JU82 124.11) Al'.0 
49 0.14CJ4 102.0 '797.0 
50 0.8811 76.9 '45.0 
51 0.919" liO.6.. 6.,6.0 
1)2 0.9564 24. C) , 'l9ft.f) 

" 



'\ ~ , . 
TABLE,A12: -AI9-, 

1 

AT . -
MEATS (lF fi 1 X\I NG l'; PEG.C "FrR TH( SYS,TF. P4 N-r.C T ~NOL +~- .. FP T-ANt:; .' ,DEL TA H I~ JOUlES'''OlF ' 

N" X I\le OELTA H nEL H/XIX2 
1 0.0108 183.1 9141.0 

,2 q.03t1jl -224.4' 6608.0 
;'3 • 0.0,699 '7h./t 4''il.0 

" c' 0.1011 101.2 3~6'3.0 
G, 

0' 

l'A.30 5 0.1316 2R13.0 
6 0'.15'18 \ 

~"4. 3 1564.0 
1 ,0.'1 P'.)4 . 355.8 ~)56.1) 
-~ 0.2076 J63.9 2112.0 
9 0.2278 ~'310.8 2i08~0 

" 
. , 

" '10 0.2484 316.6 2011.0 
11. 0.268h '3Rl.~ .' . lQ42.0 
12 0.2883 JA5.3' 1818.0 

, 13 "0.3C63 1.1)~. 0 1~2h.O 

1.4 0 

" 
0.3234' ~ , 389.9 1181.0 

, ." 
15 0 0.3183 1.90.6 

/ 1 14}.O 
16 0.153~ 390.9 111 .0 
Il 0.3675 ~ 3 <H'. 4 16à4.0 
18 ' 0.1823 390.8 16s5.0 
t9 0.3960 1qq.9 1610.0 o co 

" . , . , 20 0.4QCJ4 3Q8.6 1601.0 ,,-
21 0.4223 386.4 11)84.0' "-

Q 22 0.41"1 184.'> 1 S~65,.O 
23 0.4'450 182.1 (1)41.0 
24 0.4553 119.9 ~ ~12;0 1 

21). 0.4583 382.6 (1)41.-0 .. 
26 . , 0.4665 '\16.3 - 11) 1'2.0 ,... 

."'-7 0.4"618 380 .. 9" , 11)36.0 
28 ' ,().41t1jO 1J1.6 - 149,8.(\ 
29 0 .. 4118 f o:-'J 78.3 1516.0 v 

30 ' , 0.4880 -. -<313.8 . 
~" 1496.0 

~ '31 , 0.5~12 310.5, V' p~482· • .o ' ' - "-
" '32 ' 0.5136 366.2 466.0 1 

11 '0.5261 160.'1 j 1445.0 
~ 

34 ,- 0.53.92 '154.8 1'.10.p 
'3'.) 0.5'>28 348.6 14-10.0 
'36 -0.5611 141.0 1189.0 

.37 0.S8l-(, .133.~, 136'9.0 
38·CI' 0.5918 ~i21" 6 1146.0 
39 00.(11)0 113.5 1124.0 
40 O.63~6 30'1.1 1298.0-
41 0.6503 14),,0.6 '1718.0 

'. " 42 0.6h98 ''211.1 ,1753.0 
41 0.()911 

~ 
'261~6 1226.0' 

44 0.7141,<:- '243.3 11<13·9, 
45 0.1395 224.8 1161.0 
46 0.1656 1,81\,,1 ' 11J4R.O 
4,7 0"'.1Q41 164.3 1005.0 

" 4ft f 0.8242 140.3 <)6A.O '. 49 0.8541 
, 

,114. '1 '12~()ef) 

50' 0.8869 81.q ~J176.0 

51 0.9244 f)1.1 R2~.O 
52 0.9581 28.9 ' ' 

1?O.O V 
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-MBLE' AIl: \a, GY) 

Ir.~r ',,' , 
HEATS OF "()((~G AT 15 1),:G.t fOR ntc SVSTEf04 N-f't T,v.OL+~-.OCTA"If. ,.' 

• DELTA ~ IN JdUlES'flOlE 
0 

N )( ALe nELT~ H DEL H/XIX? 
1 

~ 9·0201 192.3 ' 9162.0 
2 0.0378 241.1 6646.0 
"3 0.0741 297.1 4'\11.0 

" 0.1096 J 32.3, 3405.0 
5 0.1418 155.1 '2"'18.0 
6 Q·.1'105 371./i 2626.0 
1 ~ 0.1966 387.6 ?4??n 
8 0.2205 3ql.9 27.80.() 
9 0.2431 3CJ9.6 2168~0 

? 10 0.'2661 405.fl . 7018.0 
,11 "0.2872 410.1 2006.0 
12 0: 3068;' '.14.1 l 'l'jO .. 0' 
13 0.3262 417.2 lAQQ.O 
lit 0.3431.<> 41A.4 Ul55.0 
15 0.3601 418.3 Q<: " lR14.0 ", 
16 0.3757 418.0' 1182.0 
li c 0.3905 411.1 " 17,55.0 
18 0.4048 416.8 ,11)0.,..0 
19 0.4197 415.5 1706.0 
20' 0.43~6 4'13.6 1684.0 
21 0.4470 411.3 1664.0 
22 0.4618 . 401.1 1638.0 
21' 0.4123 404 .• 1 

-, 
1622.0 

24 .0.4837 '.00.8 J695.() 
2S 0.4.909 ]'16.6 , 1581 .. 0 ~ 

-26 8.4942 lql.4 ' 15')0.0 
2.1 _ ~50. 393.1 1575'.0 
28 0.5048. 193.0 1512.0 
29 0.5099 390.6 1')63.0 

.10 0.520J.'- 386.6 1549.0 
31 0.5308 181.8 l r)33.0 

(t< 32 0.5420 176.6 ,- \517.0 
13 0.5516 ~7b.1 1500.0 
34 0.5664 364.2. " 1'.83.('1 
35 '0./5193 

y 1 
356,.8 1464.0 "--

~. • 16 0.5936 • 148. ft "'~'_l4 4 6 • 0 
31 0.6081 & 339.8 '4, 1476.0 
18 0.6239 12').4 11,04. Il 
19 0.6405 317.3 ' f 1118.0, 
40 -0.65'86 304.2 13';3:0 ' 
4Î, 0.6161 789.9 1375.0 
,42 0.6964 ,- 711." -1295.r) 
41 0.1111 7';6.1 -1764.0 
44 ,O.7,3Ql 737.6 1232.0 
41i 0.1620 l11.4 Il99.0 . ... 

46 0.7P.48 196.9 / 1l66.0 / 

41 r 0.9011 175.4 11 Z"').o 

• 4ft 0.8152 . P10.l lOqO.~ 

~'~ / 
0.8618 121 .. 8 10'12.0 
0.8945 95.1 

., 
lOOR.O 

1)1 0,.9289 61.1 r 9';5.0 
- ~j 

52 0.9609 31~O R19.0 
f 

S), 
~ 
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TABLE A14: 
f . 

HEATS OF ~rxtNG Ar 15 OEG.C FOR nu: SYSTEM N-r.(. T A"fOl +N-I} ECANE • CElTA 11 IN JCl:lESIMOlE , ' 

1 N X Ale OFlTA"'H t'El H/XtX2 -- , 

1 0.073,., 221.6 969S. ()~. 
2 0.04,.7 278.~' -657.1.0', 
3 C.08C'Jl 146.2 4765.0 ' 
4 0.129ft 3a-S.4 1412.0 
5 0.1654 '410.3 7'117.0 .. 
6 0.1981 429.2 2102.0 
7 0.2261 440." l'i?O.O 
8 0.2-;32 l, 4tj2.3 2192.0 
9 0.2803 460.2 221\1.0 

~ 10 , • C.1CS6 466.C'J 
. 
· 7?00.O '( 

11 0.3282 "11.0 2116.0 
12 0.149" , 'tu •• o, ,,' 7085.0 

41;'.6 
, 

13 0.1101 2016.0 . 
14 . 0.3884 "75.3 700l.0 
15 0."06.2 .. 41S.2 lQ10.0 

-f 

0.4235 '411.9 lQ41.'0 16 
11 o .'t't0l) . ~ 472.1 lt}16.0 
18 0.4559 ,469.6 · 1893.0 
19 0.4101 "-66.1 181l.0 
20 0.4841 461.0 . 1I\S".O 
11 0.4968 459.1 la1'J.O 
22 0.5095 45,1).3 \ ,tS22.0 f 

o ' 23 0.521'1 450':9 1~01.0 

74 0.5327 446.9 1195.0 
? 5 . 0.5428 ""7.2 1182.0 
26 0.5430 "41.9 [!lOS.O ' 
21, 0.5529 '.31.1 1168.0 
28 . '0.5535 443.6 1195~O 

29 " 0.5642 411.1 1180.Q 
30 '>. 0.5141 "·411.2 1164.0 
JI 0.S851 '.24. ] 1148.0 
12 ,'0.5963 416.1 1 rH .Q. 

" - '33 0,:06077 409.1 1111.0 
, '- 34 .'" 0.6194 401.? -1102.0 

35 0.6316 193.2 16<10.0 . 36 ' . 0.6"64 181.'9 l671.0 ! -. , J1 0.6615 369.9, l652.0, 
18 \" ..... 'O.61h4 3S7." ~ It113.0 

,39 0.6Q07 344.8 · 1614.0 
40 '0.1106 l26.0 1,)85"Ô . 
41 0.7288 310.5 11)71.0 (,1 

42 0.1450 293.1 1';41t.0 
1t3 0.1618 71".6 1'>22.0 ,. .... ~ 1 

44 O.7AR1 ?l.Jt.l/ 14n9.() :r 

45 0.~O93 ;1;1';.1 1'.60.() 
I,~:!.! 

4h O.R106 200.6 1421 .• 0 . 
41 O.A,)')) 113.5 140l.() .. .> 48 0.'1196 1'.5.4 1111.0 
49 0.9042 1 f4.1 l'Hl.1l , 

0 

5C r • 0.911t1 ,75.4 {~36.() , 
0.9615 51 42.2 1140.0 

.. ~~. ; 
-~ .~.~------------

f 



, . 1 l' 
1 ... 

TABLE Ais: -~22-
r" ,~-

HEhlS OF "'IXING AT 55 t'EG.r. Flm TtlE SYSTEM N-~lITAP.,jnl+'J-HEPT4Ne 

• CELlA H IN JOU~ESltJOlE 

N X "le OFlTA If J Ilel H/XIX2 
1 0.0105 I,Ql.0 16fl74.0 
2 0.0617 707..6 12136.0 

" 
3 0.111)9 cl R85.0 8611.0 
4 0.1648 ClRO.'l 7121.0 
5' 0.2091 1038.7- "278.0 
6 0.2490 lO1~.6 5141.0 
7- 0.2A60 IP94.~ 5")59.0 
e 0.31<)2 1104.8 5084.0 
9 0.'1492 It01.2 4Q72.0 

10 0.3170 tlOl.9 4100:'0 
1,1 0.402b tOct5 .. 5 41)55.0 • 9 

12 0.4252 lOR7.l 4448.0 
13 1 0.4465 1'>74.6 4,31.8.'0 
14 Q.4657 t061 .. 0 1 4264',.0 
f5 0.4847 1046.0 .. 4188.0 
16 0.5024 1030.2 4121.0 
17 0.5189 1013 .. 8 4061.0 
18 0.5'llt5 ' '996.1 4006.0 
19 Il 0.5491 919.7 }·)'il.0 

/ 20 0.5625 963.0 )qll.O 
21 0.5749 946.5 18.71 •. 0 
22 0.5863 (HO.7, 3~37.0 D 

23 0.5cH9 904.7 -376'3.0 
24 0.5996 911. J 1196'.0 
25 0.6iJ76 '390.5 3735.0 
26 0.6090 1191.2 1768.0 
21 0.6173 871).0 "1104.0 
28 0.6180 883.6 3743.0. 

) 29 0.6212 91)9.1 3614.Ç) 
30 0.,6280 A67.9 3115.0 
'H 0.6111 841.2 )619.0 
32 0.6476 826.6 3622.0 
'l3 0.6')8') 808.0 31)93.1) 
'l4 ,0.6697 787.7 3~61.0 " 

35 0.6813 767.3 ' )1)34.0 
; , -~ 

36 0,.6933 744.2 3500.0 
'l1 0';.7051 720.5 ,,.69.0 
18 0.11 86 694.2 343-3.Cl 

·39 0.7321 666.6 3199.0 
':1 40 0.1462 ~16.9 1 3163.0 ~ 

1,1 0.7637 601.1 11H.0 
42 0 •. 7190 S61.tt ·3296.0 
43 O.79!tCJ ~37.0 17.63.0 
44 ' 0.8114 4Cl1.4 122,..0 
411) 0.8288 450.8 ... 1117.0 
46 ,0.8463 408.0 1131.0 
41 0.86'>1 lh 1.8 l11Q.Ô 
48 0.8A156 312.~ 30Rl.t') " -. 49 0.9065 257.5 3U'lti.O 
50 0.9284 1-'J9.4 3000.0 
'H 

~ ~ 

fl.
9S141 116.6 2q5~.O 

52 0.9152 70.~ 7928.0 t 
( , 
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TABLE A16: 

HEAtS OF ~ 1 )(,1 NG Ar ')5 OEG.C FOR Hlt: SYSTEM N-fllJT MIOl +~-UC r "NE 

• OElTA loi IN JOULES/MOLE " ... 
1 

,J ~ \. -" 
N r X ~LC llftTA li [.El ti/X 1 X2 ~ 
1 0.0138 ~3CJ.8 16529.0 ' 
2 0.010A 118.6 11135.0 
) 0 .• 1 lOI 1 cHO. 4' A574.0 
4 0.'1820 1066.1 1161.0 
5 0.2288 1123.1 6365 .. 0 
lJ 0 .• 2705 1151,.1 S864.0 
1 0.1014 J 1115.1 S'il2.() 
8 0.1411 Il "1..2 1)260.0 
9 \,0.)121 ,118'3. q . -;O61.() - . 

10 0.4001 \ 1118.3 4909.0 
11 0.4254 , 't 1110.4 4188.0 
12 0.4488 115H.0 4t.Rl.0 
13 0.4699 , \-144.1 4593.0 . . 
14 0.4"96 ' 1128.5 4516.0 
15 '0.5012 I1t3.0 4 /.53.0 
16, ~O.5234 1091.1 4198.0 '. 
Il 0.5393 l,ORO ~~5 414'1.0 
18 0.5550 

""' 
1061.5 4198.0 

19 0.5691 1043.9 42'»1.0 
20 0.5822 ~ 1026.5' 4210.0 
21 0.5q4S 1008.9 41R5.0 
22 0.6081 981.0 4144.0 
23 0.6118 913.5 4123.0 
24 - 0.6230 949.1 

, 
4041.0 

25 0.6280 C)51.1 1l, 4091.~ 
26 0.6J24 93~.O 4011.0 

t 

7.1 0.6181 940.] 4012.0 
28" 0.6420 911.0 ]<)90.0 
29 0.6413 924 .. 6 ~ 4050.0 
10 0.,6519 'qO<Y.2 3961.0 
11 0.6565 908.6 4029.0 
32 . 0.6620 882.0 . J1)42.0 
33 0.6124 862.2 3<)14.C~ ( 

14 0.6836 840.7 3881.0 
35 0.6q /t8 ~18.5 18"0.0 
36 0.1061 194.7 l'B4.0' 

,~, 

11 0-,1181 169.3 '3R05.d 
18 

> 0.1108 741.' 3118.0 
39 1 0.7435 ,115.2 171)0.0 
40 0.7')61 685..6 , 1124.0 

" ~ .. 41 0.7105 651.0 3t.CJ] .,0 
~2 0.7839 621.? 3h61.0 
43 0.7984 

J 'l85.1 3639.0· 
44 0.8133 541.2 '604.0 ... 
45 ' 0.8291 1)06.8 ~,)1'.O 
46 0.8452 464.2 J'l4R.a 
41 0.8670 418.1 ~'51'>.O 
48 0.81<)6 0 16q~4 348tl.O • 49 ,0.8918 Hh.~ . 341j3.C 
50 -0.9169 260.4 ' 3417.0 

,- SI 0.cn6,q 100.0 1191.0 
'52 0.<)-;68 118.6" 335'J.0 
';1 0.'H86 6<).2 3104.0 

~ 
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TKBLE A17 .. . 

• ~EATS OF MIXING 
'" 

55 flECi.C 'FUll 'liE SVSfFM N-f1 UT ANOL + ~-""~AP'E 
CELTA ~ IN JOULES/flOU: 

1 

N )( ALe m:\..TA tI UF.L H/X1X2 
1 0.03"1 'i18.Cl l(,617.0 
2 0.0119 ~21. 5 \11t1.0 
'3 0 __ 1147 1011.4 8R4~.O ,. 0.1't00 1111.1 130').0 
5 0.?)?1 l1(H.~ hl),.2.0 
6 0.282~ Q 1;»11 •• ' '6012.0 
1 0.1219 \74q.4 5724.0 
8 0.3S15 12'S6.0 IS/. 6i1,. 0 
9 0.1')00 17')4.0 521l.0 

10 0.4199 1246.1 5120.0 
11 0.4456 1234.5 4t)')1.0 

'12 0.4697 t7\Q.1I) 4AQ,..O 
\3 O.490A ,1703.1 4R14.0 
14 0.5108 t 1 A5. 2 4743.0 
15 0.'i?A6 1161.7 J 4hR6.0 
16 0.5453 1149.0 4634.0 
17 0.')5<'10 11'\2.0 '.ljQ2.() 

18 0.5131 llt4.? lt5C;4.0 
119 ,0.5811 10C}II).O 4'nl.O 
20 0.6005 107-;.7 44~U,.O 

71 0.6130 10'i6.2 4452. Cl 
72 / 0.6240 tU16. " 1,471.0 
23 0.6153 1010.5 4196.0 
24 0.6448 1002.5 4317.0 
25 0.64'11 <)(n.7 I,'UO.() 
76 1 0.6542 ' t.J~5.4, 4111)6.() 
2..1 0.6566 QAO.A 41'>0.0 
28 0.,6633 IlhA.4 4336.0 
7.9 0.6h58 '1h3.0 4J2H.0 
10 0.6723 <)51.1 " \18.0 
31 0.6111)3 q44.~ ~ 4\Ofi.O 
32 0.6849 lJ21j.6_ 4~R9:0 
31 0.6949 90".1) 4211.0 
'4 0.'tC'l1 ff07,'i :~ 47.44.() 
111) 0.1159 85<). !), / 477.6.0 
36 0.126R fl3t;.7 4206.() 
17 fl.73tn 90Q.0 4 t 115·.0 
38 0.74<)1 701..6 - 416').0 ' 
19 0.7616 7~2.2 '.1't1.0 
~O 0.1739 7l1.l 4122.0 
41 0.7864 tlOn.5- 'tOqq.o . 

~ , '42 o. 7995 ~ tl'53.7 4075.() 
',1 0.81'1 h'tl). '\ 404<).0 

- 44 ,,0.8272 '175.8 40, 4078.0 - 4') Q.8470 537.'1 'tOC6. () 
46 o. R.1i 12 ""7.R VHl':>. () 
41 O.R7':\O IdR.8 l<)'}s.o 

-
48 0.08<)5 18h.h ':\')33.0 '. 1,9 o. <)Ot)2 '3'l.O "QtH.a r 

')0 0.<)216 771.1.1 loin .0 
'n 0~941S 7\2.R . 3'11h4.0 
'l2 0.9601 1/,6.0 1H:\0.0 
')3 0.9198 1'i.') lH15.0 .. 
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TABLE A18: 
~ .. 

• HF.ATS CF ~1Xt~G ~T ~~ CEG.C Ft'R tHE SYSTEM N-"lI r h, ... nl +N-()ll(lt-CJ\t~F. 
'DELTA H IN JOUlfS'f'fllf 

N X A'-C , OEl Tf1 tt OH H/XIX2 
1 0,.044., , 111.5 IM\02.0 
2 0.0996 UlOl.fl 121')2.0 ., 0.1668 12 /.7.1 '3978.0 
It 0.232'7' 1 ViJt. S 76i'O.O 
S 0.2878 1'.13.3 60Q'l.O 
6 0.1161 1435.1 6'.14 • 0 
1 0.378.6 1 1441.8 6l 31.0 
ft 0.4160 14'l'J.7 ')Q22.0 
9- 0.44<)4 1426.5 5765.0 

10 0.1t196 1'.01. q 56'.1.0 
Il .0.5064. I1H6.0 ')1)45.0 
12 0.5301 1162.~ 'i!+ 10.0 
13 0.5521 1'\311.l 1j412.0 1 . 
14 0.51l0 131'3.4 'i·~65.() 

15 0.5905 1786.1 'H2l.0 
.16 0.6e13 1261.1 5288.0 
Il 0.6229 1235.1 5250.0 
18 0.6315 1'-09.1 ')133.0 
19 0.6510 1181.5 'i709.0 li!, 

20 0.6629 116Q.l 'ilQ4.0 
21 0.6139 1138.6 'HJfl.O 
72 0.6e41 1115.1 5168.0 
23 0.6946 1093.3 5156.0 
24 0.6915 1086.8 'il'il.0 

\) 25 0.1040 1012.6 '>141.0 
26 0.10S8 1061.9 5143.0 
21 0.1124) , 10'>2.5 Q ')138.0 
28 0.1142 1041~3 ')131.0 
19 0.1202 1034.0 5131.0 
10 0.1228 ' 1026.8 ')125.0 
11 0.1316 1004.4 '>115.0 
12 1 0.1406 980.9 'H06.0 
33 0.15<)5 910.3 50Q3.0 
lit 0.1694 Q02.1. 1j088.0 <!' 

1 35 0.1193 e12.S SO 13. 0 
36 0.1895 ~43.C) ,-?01R.0 
'\1 0.~O02 fll1.6 '.;016.0 
38 0.8111 y 116.1 5069.0 
39 0.8221 '42.1 'i014.0 
4C 0.8"4'\8 103.) 'i015.0 
41 0.·8459 fl61.9 -J01S.0 
42, O.8SR2' L 618.4- 'iOA2.0 
41 0.Al0a 51\.8 ''i(Jqz.o 
44 0.1t831 , 57.2.7 5006.0 
'.5 0.8966 412.3 'iO,)').O 

/ 

46 0.9100 1.11.9 5\01.0 
41 O.9?42 ~5P.l 5114.0 .1 48 0.9187 2(1).5 ~ 5135.0 
49 0.9514 218.9 '>151.0 
50 0.9683 158.3 'c) 1';6.0 1 ... 51 0.9841 . 80.S 5144.0 ~ 

> 



\ . 
TABLE A19l 

~EATS Of MIXINr. Ar ~~ 

•• ~~ELTA H I~ JCULES,~nLF 

N x Ale 
1. 0.0111 
2 Q.OS61 
11 0.1081 
~ 0.1560 
5 Q.1994 
6 0.2111 
1 0.2129 
8 0.3~54 
9 0.1350 

ln 0.1623 
Il 0.3814 
12' o." 1 O'i 
Il 0.4115 
Ile, 0.~510' 

15 0.4688 
16 0.4863 
Il 0.5024 
18 0.5110 
19 0.5304 
20 0.5427 
21 0.55~i 
22 0.5613 
21 0.5112 
2~ 0.5810 
25 0.5826 
76 0.5910 
27' 0.5927 
28 0.6012 
29 0.6032 
10 0.6106 ~ 

li 0.6139 
12 0.6198 
13 0.6248 
14 0.6286 
l5 0.6364 
36 0.6483 
11 n.6605 
38 0.6134 
19 0.6861 
40 0.7005 
41 0.7150 
42 0.1299 
43 0.1451 4" 0.7611 
4S 0.1184 
46 0.1960 
47 0.8146. 
48 0.8144 
49 0.R~49 

5C 0.8766 • , 51 0.8988 
'~2 ~ 0.922À 
~l 0.9471 
~4 0.9131 

. 1 

-----... -..-" _ ...... ..--_ .. _--_--... ....... --- --- -....-- ...... _-----. --._-- ----, 
\ . , , 

flEr..( fUR TtlF ~YST~p.iI t\J-PfNr"NOL+N-Il(:Tl\~'r 

, 
Uf.LT" H 

464.1 
6R' .. 0 
P.l!.l 
f.J14.4 

If'l~. 2 
1061.4 
1089.6 
1101.0 
110').9 
1106.2 
11.07.1-
10<l'i.2 
1~86.1 
IQ75.8 
1064.6 
1052.0 
I03H"~5 
l02C;~ 1 
1011'.2 

998_2 
q84.4 
~70.1 

9SI.'J 
q51.4 
qJ9.4 
q3R.4 
Cl2C;.ü 
<)74.0 
(HO.l 

, <l10.6 
R94.8 
896.9 
R7A.9 
803.4 
1-'60.6 
R'.O.? , 
A20.3 
l'll.0' 
773.0 
146.9 
118.1 
~~8.6 

655.7 
671".0 
':\~3.~ 

C:;4 1.9 
4'l9.3 
4C;0:6 
398.9 
'\43.2 
781.1 
1 «J. 1 
150.1 

n,.1 

t'El. H/)( 1 X2 " 
11?~4.0 
12RO'4.'" 
qoc;,.() 

. 7'.OI.n 
6 /.66.0 
C;ACJ1.(l . 
54(H .n 
'H <)0. 0 
4964.0 
47A(3.0 
46'.4.0 
457.6.0 
4410.l).. 
4345.0 
421'.).0 
4211.0 
4154.0 
410!>.O 
40hO.0 
4022.0 
l H16. 0 
]Qr;2.0 
lA91.0 
390H.0 
1R6J.n 
"1882 .• 0 
3035.0 
3054.0 
'3A05.0 
l~'O.O 
371~.O 

~H06.(} 

174'1.0 
3184.0 
311 \).0 
3688.0 
3"C;A.C' 
3674.0 
359-3.1' 
1'560.0 
3'j2' .. 0 
3493.0 
14'i4.0, 
3421. cr· 
3482.0 
31'l1.(), 
3306.() 
12t-l.0 
3 6.() 

3.0 
1.1 9.0 

1076.0 
,ni R.O 
7'HO.O 

, . 
. 'il:: ' 

\ 
, > 

, 
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-A21-
'l'ABLE A201 

• HF.A1S OF .. I)(ING Al 'il) OEG.C rUM 'tU SV~TF.fII N- Pt" NT t. ~OL. N-mlNAIJF 
OEL TA ., IN JOlJLfSIP'OLr -

~ ~ 
~ )( ~lC nflfA H flFl ft/Xlx?r 
1 0.0102 -;06.2 172"'.0 
l. 0.0611 1)".1 1,.,,.,.0 
l 0.1161 '."". 1 

(l' ~. ~. () .. 0.161)8 1 U"". c. 7-;'\').0 
5 0.2104 11 04~6 66" Il. 0 
6 0.2 1HO Il'''. , bU'l.O ., 0.lR7., '1~2. , r ... 6'''.0 
8 0.1201 1171t.0 • !J "1'1.0 
9 0.)1)09 1111.6 1)170.0 

10 0.3778 1'20.0 IH '10.0 
1 1 0.40'9 110'1.1 1j0'6.0 
12 0."21j9 l'2R." 5024.() 
13 0.4411 1111.9 4~Ol.O 

1" 0.4666 ta..,4.6 4!lOO.fl 
, 15 0.4845 Il 76.eJ 41i2.0 

16 0.5014 lt1)R.5 4614.0 
'r 11 0.5111 11"0 .. 1 4566.0 

18 0.5122 1122.6 4'iOeJ.0 
19 0.5462 1105.0 4'.C;d.0 
20 0.5601 10R6.1 "408.0 
21 0.5110 10,.,. t; ,. \61.0 
22 0.5855 lf14tl.l '.17.1.0 
13 0.5964 #' 1031.9 47$11.0 
24 n.60(w? 1015.1 47.,.,.0 
7.5 O.~IOCJ C}(H.6 "1~0.0 
76 0.61"0 ~CJ8.6 422~.0 
27 0.6205 <j'A.2 4154.0 
28 0.6750 C}85.1 420\.0 
79 ().6l0J ('62.6 

~ 

4111.0 
10 O.,.l}., tJl0.0 41 19.0 
11 0.6'.01 945.9 4106.Cl 
12 0.6503 °C}11.n 4080.0 

/"" 31 0.6612 <lOR." -40-;6.0 
14 0.6119 tiRCJ.l '.0 'lIt.o 
15 - 0.6910 Q66.7 , 400J.n 
16 O.694C) - 8"".0 VIS1.Cl 
31 0.7068 P19.6 1~1j5.n 

18 .. 0.11Rl • 1c}4.1 ~928.0 
39 0.7l11 166.0 )()02. C' 
40 0.1451 '3".2 lr.16.0 
41 0.15R9 " '01.9 1R47.0 
41 n.1132 "'''R.8 1~14.(\-

43 0.7882 617..1. 1 f81 .. 0 
44 0.8017 "~1.3 l'~/.O 
45 0.91Q4 v "-;1.1 171<1.0 
46 0.8363 " ~Otj.l ,1bC;/ •• O 
41 O.R'j)CI '--;1.2 ~66S.() • 48 0.8111 '. Olt. 1 lbl!».O 
49 0.8911 14R.2 )'Jf'u.o 
'jO 0.9109 181.1 lt;4S'.O 
-;1 0.911b 722.1 14"9.0 
52 0.,)'i11 l'il.5 344 l.H 
')1 0.9160 ~ 79.0 111".0 



--- ......... -~ - -~-- -- - ----- --- . -. ----
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"A28- ~-TABLE A2l: 
' .. 

~EATS OF ~rXIN~ AT 5':; '''EG.C FOR THI- SYS l'C:M N-I'r:NII\'10l H.,-tlllneC 1\,..: 

• nEl TA ~ IN JOUlFS/MlllE 
~ 

N 'C. Ale url TA li UF.l H/XIX7 
1 0.0199 641.<1 161'16.0 
2 0.0162 1')08.2 121')02.0 
3 0.144JO 114'1.2 q1? 3.0 

" 0.2C'2 12hO.8 1181.0 
5 0.25hO 1~?I." 6Q3Q.O 

" 0.3014 I11jl.1j 64'8.0 
1 0.3419 1161.4 6011.0 
8 0.3112 1111.0 ')R 't •• o .'1 

9 0.4101 1165.4 ')644.0 
10 0.41Q8 lJ~'i.l 'i"01.0 
11 0.46'i7 1141.«) ')401.0 
1"2 0.4R9) 1121. <) ')314.0 

~ .. lJ .--... 0.5100 1111.0 ':;246.0 
14 " 0.5276 t2t)5.8 5Iqq.() 

• 
15 0.5454 1217." Ijl1j2.0 
16 0.5614 1760.5 51 PI.O 
11 0.5714 1240.Q ~08~.O 
18 0.5924 1720.4 501\4.0 
19 0.6011 11 <)9.1 I)O?1.0 
70 0.6197 114R.1 4~74.0 
21 0.6116 1111.8 486".0 
22 0.6"34 111t1.1 4982.0 
23 0.61)44 1121.R 496~.O 
24 0.6641 1090.6 4889.0 
25 0.6648 1104.4 4<J~1)6.0 
26 0.6730 1012.6 481".0 
il 0.6141 1086.2 "<J46.(} 
28 0.6817 105,)." 4865.() 
29 0.6833 106R.4 4'111.0 
10 0.6<JOl lO3S • ., 4"49.0 
li 0.6CJIA 1050.<1 "tJZ<J.O 
32 0.6<)83 "1031.0 4'122.0 
~3 0.1000 1016.4 ' 4840.0 
~4 Q.70Q6 <)q4.<J 4878.0 
35 0.1193 <J12.0 4dl".0 
~6 0.1298 <)41.1 4R03.0 
31 0.1404 q21.1 1t793'.0 
38 0.1510 nqlt.4 4183.0 
19 0.7618 ~65.6 4710.0 
40 0.7132 HJ1.5 1t151."O 
41 0.lP52 '!OO.'i 4146.0 f 

,42 0.7912 76').1- 4716.0 
41 0.80Q8 128.4 41?'I.0 . 
1.4 0.8271 6R 7. ft ' '411,>.0 
45 0.83'i8 646.4, 41l0.0 
46 O.A49r; 601.0 4101.0 
47 0.8b41 -;1)0.6 1t6'tCJ.l' 

-48 0.R191 4e) 1.8 4h~,..O 

• 1,9 0.8944 1 441.6 461".0 
SO 0.9102 180.4 4654.0 • 

"1 0,.<J210 l14.tJ ~6,,).O 
'i2 0.944-; 24'.1 "647.0 ", 0.'1671 161..6 "t,40.0 
S,It C. <JfU t 8".1 4S''1.O 

~J 



!, 

-A29-

'l'ABLE, A2 2 : 

• HE~TS Cf ~IXING AT 55 OEG.C FI.R TH[ SYSTEM N-tl'" XA"Ol +~-Of. T MlF. 
DELTA H IN JOULES/l'OLE 

~ X Ale DEl. TA It DEL "/)(')(~ 
1 0.0243 41°.7 11)?1.,") 
2 o .04(H 670.A 11lqb.O .. 
3 0.0«)54 H01.1 q l'i2.0 
4 O.ll1CJ nq<).l l!lf»8.0 
5 '0.1173 QS'l.7 f»t;S2.0 
6 0.2127 «)fHf.h . C;QI4.0 
7 0.2435 1008.9 C;417.0 
8 0'. Z 112 1022.0 'l147.0 
9 0.1010 102B.6 4~Ç)9.0 

10 0.3268 1030.5 41,8' •• 0 
Il 0.1499 1029 4 5 4C;Z6.0 
12 0.3119 1025. q 4192.0 
13 0.3933 101<).8 47.14.0 
14 0.4127 1017.4 4111.0 
15 0.4310 1003.5 4092.0 
16 0.4418 '9<)4.1 4021.0 
17 0.4634 cHi4.2 )qSH.O 
18 0.4781 914.4 l'lO'i.O 
19 0.4911 962.1 1849.0 
20 . 0.5061 9S0.tJ 3804.0 
21 0.5181 939.8 ~164 .. 0 
22 0.'l281 930.2 3113.0 
23 0.5401 919.3 3101.0 
24 0.5414 899.B 3f» 32.0 . 
25 0.S514 (J06.8 16C?6.0 
26 0.5510 P8Q.R 3606.0 
21 0.5617 n9'l.Z 1636.0 
28 0.5610 818.4 3518.0 
29 0.5118 881.2 1607.0 
30 0.5115 6613.<) 3C;49.0 
31 0.5809 A12.1 3'>87..0 
12 0.5883 ' ~52. ') 1'>1 9.0 
33 

1 -
,,0.5997 t!3-6.8 3486.0 

14 0.6114 R7.0.CJ 1455.Û 
35 '0.6237 1 H03.4 ~1/t73.0 

, 

16 0.6166 • 784.2 33'10.0 • 
37 0.6501 761.4 1156.0 
38 0.6640 .742..3 3321.0 
"9 . 0.67R1 l1B.3 1792.0 
40 0.6'132 6<)2.1 3251.0 
41 0.7086 664.9 3120.0 
42 0.124CJ 615.2 11~').g 
43 0.7416 601.1 3141.0 
44 O.75<}2 568.6 • 1110.(' 

r' , . . 45 0.7186 '>')1.8 11)h2.0 
46. 0.1986 4l\t;.6 ')0 1 ~. () , 
47 0.8196 4)<}.9 7.CJ15.0 • 48 0.8411 'l'~ 7. 1 2'1 V .. 0 
49 0:A6111 119.5 2'186.0 
SO 0.8887 7RO.5 7836.0 

\ 1)1 0.')1'.1 717.6 7.111.0 
S2 O. 'l41 '\ 150.1 2771.0 
'il O.Q6tJ6 7' .q 7644.0 



. ThDLE i A2 3 1 -A3Q---

HEATS OF ~'X', NG AT 1) 15' OFG.C FOR' fHt: $VSTFM N-OCTA~Ol.~-HErrANf . 
OEt:TA H IN JOULES/f"OlF 

• N )( AlC DELTA t-4 [lEl H/Xlx2 
1 0.0110 1"9.7 17334.0 

~"I 
2 0.0116 417.0 1?841.0 -3 0.06'51 6115.3 lOl'iO.O 
4 0.0971 710.7 A7l1.0 
5 0.12,76 174.6 695H.0 

01.' 6 0.1562 HOR.2. 61l2.0 
1 0.1821) 819.1 5')157.0 
ft 0.2019 q47.1 'Hlr;.o 
9 0.2302 KSl.1 4f'06.f) 

10 0.2514 A5".4 4'i'.~.0 
11 '1 0.2701 ' ... P...,8.6 4'\~..,.0 

12 0.2~91 / 858.9 4174.0 
13 o .·307R fJlj'l.2 4078.0 
14 0.1263 Asr;.8 18CJ3.0 
15 0.1431 051.5 1177.0 
16 0.3591 041'.2 3681.0 
17 0.3735 A42.2 3'>99.0 
18 0.3R75 836.4 1~24.0 
19 0.4001 030.7 3461.0 

.20 0.4120 q2~.1 1406.0 
21 0.4237 RIQ • .., 33';6.0 
22 0.4354. e13.2 3'\08.0 
23 0.4412 R06.4 1162.0 
24 0.4580' fiOO.l 3223.0 
25 0.461'\ 191.7 1l86.0 
26 0:4695 . 1<J2.5 3182.0 
21 .> 0.4717- 184.1 314'7.0 
78 - O. 4a 1.1 111.7 1115.(\ 
29 0.4R19 182.7 " 3135.0 
10 '0;4918 116.0 310').0 

~ 11 0_.4922 768.1 3073.0 
~ 

12 0.5016 76A.2 3073.0 
3'3 0.5016 1')7.5 1030.0 
34 0.51'03 760.7 30~4.0 

" 15 0.5~51 1'.7.0 2991.0 
36 -0.5118 754. '\ - 3021.0 
37 t 0.52')6 741.1\ 2<)99.0 
38 0.5275 715.R 2<)52.0 
)'9 0.5402 123.3 2C)1?O 
40 0.5535 J , . 70~~A 21372.0 
41· 0.5b1'; , 695. j 

,~ 
7833.0 

42 0.5R21 b1~.7 71<)0.0 
43 0.5975 661.4 2150.0 
44 0.61'7 642.0 7108.0 
45 0.6\08 619.'" 2660.() 
46 0.648R r;91\.H 2619.(' 
41 0.6"80 1171.7 7'l1H.0 
4R 0.6885 ~41.8 . 7'\ H .0 
49 ,0.7111 'r09.1 7',A1.0 

• t'{Q 0.731tA 41ft. 1 2413.(' 
151 0.7598 43,. ." 7 l}.O.O 
'>2 '0.1(168 )ACJ.8 23 4_0 ,., 
53 6.8146 '4':\.6 227-;.0 
1)4 0.846' ?R1.? 2]f)7.Ù :. 
~y 0.87CJ7 726.R } 14 J.n 
')6 0.<)16'; l'i7.a; 'oli8.0 

~ 1 'il 0.9-;7' 81.1 Ji) ";:0 



/ -. 

TABLE A24z -A31-

HEATS OF HIXrNG Ar 5S llEG.C FOR TH~ .C)YS TEP' N-nc T A ~Ol + ·~-oc r A III ( 

• CElTA ... IN JOUlES/,.,OlE 

N )( Al C nFlTh H nEt tU Xl)(2 
1 0.0189 130.r; l .1781J.0 ~' 

2 0.0348 .. . 494.9 14134.0 " 
1 0.'0693 616.H 10493.0 
4 0.1r.20 111.1 8/t18.0 
5 0.1324 A71.4 120.t.1l 
6 0.1607 R6l.3 6401.0 
1 0.1881 ( fHHl. C; I)qo' •• 0 
8 0';2149 ' C)OJ.fl 53-;1.0 
9 0.2384 414.9 .. 5039.0 

la 0.2580 'HA.9 4AOO.() 
11 0.2750 C)27.1 462R.O 
12 0.2970 424.1 4410.0 
13 0.3104 t'J23.4 431.4.0 

~ . 14 0.1279 921.q 4t83.0 -
15 0.)1t56 918.4 1t061.0 
16 0.1613 t'Jl't.7 3'l64.0 
Il 0.'\166 'llO.4 'A18.0 
18 " 0.)9.18 ~04.6 3796.0 
19 0.4C-;9 R98.3 1725.0 
20 0.4192 A91.6 1662.0 

" 21 0.4323 884.1) 3604.0 
~ 

72 0.4453 R16.4 3548.0 
23 0.4568 868.2 3499.0 
24 0.4679 -860.2 345~.('\ 
25 0.4181) 85?4 1416.0 
26 0.,4818 P.4~.6 3386.0 

t> 21 0.4818 t ~46.2 "~1.0 
28 0.4935 8)0.6 3155.0 
29 0.4984 83A.2 ~153.0 

30 0.5034 ... P.JO.O 1l20.0 
31 0.~084 '1)0.5 )~23.0 

12 0.5141 P.21.t 318' .0 
J3 0.~183 R22.4 '3194.0 
34 0.52'>3 AIO.,. 3250.0 
35 0.52<H Gl1.1 . 3~1)8.0 
36 0.5167 198.9 3213.0 
17 0.5489 186.9 1118.0 
38 0.5614 ' 17).!} 111.3.0 
)9 0.5747 71)9.2 _ 3106.V 
40 0.5'J84 141.0 3069.0 

l, 41 0.6031 125.1) 30 JI.O 
1 42 0.6181 10'>.9 7.<)91. ('1 

4) 0.6146 ()8' •• 1 7451.(l 
44 0.6S17 6bO.,> 7?lO.C' 
45 0.6696 614. , 2 Rh~. Cl '\---. , 
46 0.baR4 hOb.b l82d.O 
47 C.l0R8 '>71).7 2181.0 
48 0.71\1 519.5 2'44.0 

.~-
49 0.7780 45'.2 71,41.0 
SO 0.8015 ',09. q lS9b.O 

;-
51 0.8106 3S;".5 21\4U.O , 
-;2 0.81)Q6 100.0 ?1,'1?.O 
53 0.8909 ~'1.7 l"'t,O .0 
-;4 0.12,.9 161i.H' '3A7.0 
5-; 0.'1608 J 'n 7.1 1.H1.0 





c 

-A33~ 
. r ') l; 

TABLE A26: 1 ,; .. 
H(ATS .OF MIXING Ar ~'t lJEG.C 'FOR Tl1r s YS/~F ~ N- ne, ""JOL" N-lllllJFC" 'JF 

" . DELTA ~'It,. JOUlES/~nLE 
' . 

• N 1( ALe OELTA tf DE':- H/:< lxZ 
1 0.0111 

. 
• 411. l ' 1 7 'lit ,).n 

2. 0 .. 0541 117..(, 14114.(l 
3 o. '1011 'l57.1 IO?50'.0 
4 0.14fH 1051.7 ~l'n.o 

5 O.IAIlS 1l11.0 7 .Hll.'U • 
6 0.271)8 \ 114tJ.R· 6'nl.0 ~ 

1 , 0.2')<)1 1161.0 6010.(} )-

'8 ': ' O. 2(H 2 1,116.5 ')100.0 q 

<) 0.,3190 '11·11.4 'ï4.?O.'O 
10 . ' . 

0.144'1 1171).6 ·'j,201 ;0 • 
" 

, , 
• 0.36<)8" " 

, . Il J 1 ' 1169.0 '1016.0 -"' 1'2 0.3Q28 1160.,1 4n6'i.O ~ 
, 

,J 

, 13 0.41 42 1150. ft 414'1.0 .. 
14 'O.414t ft 40.1 4b/.I.() 
15 ' 0.4513, .0 

11},}.1 '.'i')8.0 
16 0.46<)Q 1116.2 0 4481.0 
11' ,. 0.4~b5 II al. , 4 /tl0;0 \ ... 
~8 0.fi013 0 10A1.Z 4349.0 , 
19' b.5149 1011.-8 4299.0 li\. 

~ 

20 0.'i21Q 10f)0.") 
.., 

42';1.0 ~ , ; 

21 '0.5402' 1048~1 '.272.0 
22 ',0.5523 -101'i.8 'tls<).o 
'23 t> 0.5645 

, 
1021.1) 41'i5.0 \ . 

24 0.5160 1001.1: '.OQ<l.O 
0 , 

'25 O. 'i161. 1007.1 . 4124~'O 
26 . ,O.~R51· ~ - QR<).5 401'6.,0 ., 
21-- -0.5R6~ . ~()<1. q '4098.0 ' 

, 28 '. 0.594· Q16.7 4052.0 1 , ~ ,?9 .0.5<)6-1 91<).4 ,4070.0 
30 \ . 0.604'1 ~ <)62.8 4028.0, , i , 
~l O.'60SS (')66.1 .. 404ti.0 ," 
12 0.6145 954.4 4029.'0 
33. 0.61-56 9 /.1. 7 .ltOO~.O 

<li l4 0.6,165 <nd. f\ 3<H8.0 «J .. , 
35 0.63'1<) '< . <H2.6 "19c;,.n , , 

J .. '16 0.6498 P94.1 3929.0 
p 

" 37 0;6620- 1371~1 1'lf)2.0 
JI 

38- O.fl148 -' H'il,.l l"Hil. ô' 
" > 39 , 

\ O.68'J<) f'77 .. <) ., 3'Pjb.O 
.' (" 40 0.1014 P02,.1 la 30'.0 

4,1 " 0.115"0. 115 .. 2 3130~.O 
, , 

(J' , ~ 
47 0.12,Q8 14'i.8 3 7 8?0 .... .., 

1 

43 1" 0.7449 11 J ... 'J ' 3151.0 1, 
44 0.'.7615 671.\ 31?CI.o. 
45 0.7193 61' .6 

, J101.0 
r 

J 

46 '0.7913 'iW ... 6 lb 79.,0 . ,,~ ,,0.81'>1 '>48.6 
1 
~ '649!!J 

"4'8 . 0.0353 ~ 1tQq.o~ c ) ,)f:.21.0 
'? 

49 0.8"1)2 "445.7 l'i99.U, 
,<50 '~ 0.8712 1111. J i5,)R~O 

' ' 

' . . ~ ~' Cl 

51': )' ... D' , ;. 
J 0.8994 n9.9 )53h .(t!r \ , . ')2 O.~?71-., & '14"'. 1 • 1493. n Cl 

, 
Q - 11." 

'il g.9410 174.H JI.8Z.ry ~ . , 
" 51t i1.9724 'J t .. 1 - 'B<)).'" . • , J 

, t ". T -... , . , , 
) 

'"""; , .. ' , 
é' ,- J ' .' , ., 

~ , , . ,-
\)~.11 " " 



'l'AilLE A27 t 
-A34-

HEATS nF. fo'lXING OF SYS"TF.~.rANOl -_N-ttEXANF 
" 

•• JEMP.25 Ol:r. c. OEl rA. ~~ ,iN ( :S/MOlF 
,~ 

li e N, . )( Ale OEl T.\ li 1 . .DEl tt/iclX2 .' 1 0.0105 ?2q.A t1442.? 
? 0.0',1)') ll1 ... lt14.? 
'3 .. O.ORAO '"'' .'" 4,..01.. A' 

'.' 4 0.1711 ~4·H.6, "q5.1 
'S O~lt;)l '.62.1) 1177.1 ,Z 

1. 

i» 0.1962 , 4A' •• A 1014. l 
\ , ~ 

1 . O.'Z?6fJ, 501.A l~6().' ., , 
8 0.'2551"' . 517.0 U,99.0 . 
9 0.2Rlt; 1)21 •. 4 7'.Hl. A " 

10 O.JO')t' 52').9 2411.') 
. Il 0.1291 579.0 2111-5.A 

lZ O.l,)O~ 529.1 7171.b .. 
Il 0.1107 'i?1.5 22.61.1 

<' t>'4 0.lQ96-- 524.5 2705.6 
15 0 .. 4017 'i19.1 21S3.1 
16 0.4?43 .. ')15.4 2110.0 
Il 0.4404 S09.S 206'1.2 

,. " . t8 0.4~5'. ' . S03.2 lOl8.~' ,J 

" , 19 o.~ ~oo '.Q6.1) 1993.0 
., 

la 0.4835 489.,4 1<J59.A 
21 0.4961- "A7.1 1928.1) • .. 
72 0.1) 1 0'7 "71.5 , lACJ4.<J 

1 • ~> • 2J 0.5224 4"').6 ,IR66. 1 ~ 
24 .0.S118 "5A.8 1642".6 
75 0.S375 1,'iÀ.:J lA4i.! 
76 r 0.5410 "1)2.2 1 A21. l 
21 0.542,1 451.6 lA19.6 
?ft 0.S1)04 441).1 lR01.0 .. 

. " 0.S'l77 1619Z.9 ---79 ','.J.3 -... la ,0.SI)9S "39.0 l1Al.1 
" li 0.5632 ".)'>.6 1710.1) 

,12 o .'Hl.6 ' 1,26. J t 141.8 
-n 0.5858 ( 411.0 t UM." 
14 0.59AO "06:7 - 1691.R 

, 35 0.610A )Qh.l 1666.1 
16- 0'~6218 10'. of 1 \'616.6 

<0 31 . O.!> 11~1 11,?0 1609.1 
18 0.6509" 35<).1 1500.'> 
39 ' .~ 0;66')2 HIi.t' 1551.0 
40 - \O.6R05 llt~O l'il2.') 
t.l .: O.6Qh4 , .H 5.7. 1'.QO.9: 

l J 4? 0.1131 ?9S.7 "- tt.1j9.o q 
, 7. 80 • .., .' .... 

t.3 0.7308 142b.6 ' 
" t.4 /n.14ql ?"?O 13<;4.'> 

45 O. 16.88 741.Ji 1360.1 
0 46 -O.10<J1 719.7 112l. q r:t' '. 47 O.RlO] , 1 <),A ;. , li<Jl.1 . , 

4A 0.8335 ~ 173. S 1250.5 '.-, 
.,- • t,,' ~ 

"49 0 0• 81i 1h It8.6 l,l11. b " '.; ,,50 o.AltlS r 127 • S 1182.1 " 
4-

0 .'&' .. 51 d. <il 04 Q3.;O -11'.0:4 
" . .. 

~-~''': 52 .o.c.}111) -·11'i.4- 1.1 1 5'.,?· 
, , . . ,/- -• . 

S3 Q~9"88~' . . . l7.-'t , 1074.1 ..... . 
,c> . .. ' ~ ~ . 

; . ' . .. . 
-' 1 ~ • 

-, 
" . ' 

./ 

" . ~ .. .. " ,,' 
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! TABLE A28: '> 
·A35-

HEATS OF MIXING OF SVSTF.M-N-PfNTA~OL - 2,'-O(~F.THVLRUTANe 
TE~P.~7~ CEG C •. DELTA H IN J(,UlfS~~ULE 

• . • • l ' , . 
N' X·AlC nEL T,I\ H OFl H/X lX'2 " ' 

- 1 O.OI<J6 721 .• 4 111)2'-.3 
2 O.<t4 ,)8 104.9 6902.1 
3 0.0801' 176.') 46'>9.' ,! 

'11' , 4 0.1280 "18.8 31-;2.0 
5 0.1644 448.0 1?60.R 
6 

't 
Q.19'11) , - "6'1.2 '960.2

0 

7 0.2271 I.A).? ?'52.0 ~ 

, , 8 0.2559 4 t14.4 ~5<J6.} 
0.2820 1)01.-3 ''-15.9 

0 . 1 O.'O~5 '>05.5 2318.' " . 
2296.7 " 1 O.37.<Jn . 'iOl .. ~ 

1 • 0.3516 1)01.0 2721.1 \ ' 

Il O. '\126"- 'i04.9 21S<J.1 
14 O.3<J19, '501.0 ?102.0 
15 0.4110 !.<J'i.8 ~ 2048.1' "t .,. 
16 c:l.4281 '.90.l , 2002.8 . 

J . -, 
11 0.4442 4.81.4 '1"57.<) 
18 0.4591 476.8 '1<J19~1 ' \ -

,p 

-19 0.4738 41.9.3 1882.al 
20 0...4816 462.1. 1850,.2, ' 

1 2i. O.5COO 454.3 {)' 1811.0 
22 0.5123 , 4'!7.1 1189.1) 

.! 2~ 0.5233 439.1 1160.4 
24 .. Ci. 5311ft '-36.8 (11)4.3 
25 10.536'1 '-30.1 1132.2 .1 

26 0.5472 '423.0 1 \107 ~o 
21 , '0.5418 429.'1 1130.1 
28 '4 0.5518 '427.S - , 1108.1 -
29 0.5574 415.6 168'-.6 • , . 

16Al.6' 30 0.5622 411.<) 
iJ 1 -0 .1,5132 

.. 
405.6 1658.1 

~ Il 
32 0.'5844 397.-0 ~ 161'-.6 
31 0.5961 387.1 1601.9 1 ~ 
)..4 1519.4-

, .... 0.6085 - 316.3 .. 
lei .' 9·6211 '\6'i.O 1551 .. 1 .~ 
36 . 0.611)3 ~52406 1522.0 ,\, 

31 O.649t 140.'-' , 14Q4\,.3 
18 IJ- 0.663,1 37.6.8 -146't'.2 
19 0.6794 3Jl.8 1431.1 :'. 
40 0.6954 '}Q6.9 14.01. ~u ' , 

.;t~ 41 '0.11.19 "', 181.0 1110.0 ,j 

42 0.71Q4· 264.3 1139 .. 7 
41 0 ... 1471 ?4b.? 1305.2 

.' 44 ~ 0.11,72 72.1.0 1211.3 
4S O~1818 20~.0: 

.. 
" 11l8.1 '" . 

46 0.8092 i 86.3 I~06.5 . 
47 0.~J20 163;9 - 1 J 72.7 
48' O.81j~8 .. ,i~40. 2 ''-lil,)." - ( 

• 1t9 0.R814 114.6 -; 10Q6 •. 2 
,.SO O.90'fl1 R8.f.' 106 .. 1 
'5-1 .O.9J65 110.9 107.".6 <> 

. ~,~5-2 - . , O~967t .. 11.'- C}90.2 . 
:."'-'~ .. . , . 

" , - '. .\ ", 
~) . \. , . .. , . 

• 0' .. . ' ( 
... -, 

l 

\ . " 
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. TABLE A29: -A36-
1 

HF.ATS OF ,..IXING OF SVSTFM N-P[NTA~OL ?,l~DI~F.THVLAUTANf. 
TE~p.2r; OEG,C. DELTA H IN JOULf.S/MOLF. .\ 
N X ALC DELTA H DEL H/X1X2 
1 0.0?11 ?33.6 10QlJ2.lJ 

'7 0.04~2 10';.5 10RO.3 
3 0.0817 11

i
'.5 .4718.-; 

4 0.1710 4?OOt 4 11lJl.h 
0 

Ij 60.1627 1,49.9 310).1. 
7,6 0.191)9 4 fI.5 29<;4,.0 

1 0.2?6R • 4f'h .. 4 2173.R 
8 . . 0.2553" 4CJ1.h 2616~,1 

9 0.2A18 1)0';.0 24q~.2 , 

... 1P 0.1C10 1)()9.0 2192.1 
11 0.3141 SOR.8" ,2281. l 
12 0.3Cj~1 '>-OC). 3 • 2224.1 
13 0.175 7 '506.1 ~160.1 
14 0.3942 ')02.5 2fQ4.? 

_ J 5 0.4114 ' 4CJ7.c) 20')6.7 
16 0.4119 41.)?-4_ 7.0 Il. 3 . 
Il '0 .44 ~5 486.1 19'69.R 

, . 
'Q 

1,8 0'.4581 479.8 
~ 

1932.1 
1<:) 0.477.3 412.2 1894.1 -, 

70 ,0.4855 1;65.2 1862.4 
21 0.4<:)84 . 41)7 •• 1 (, 1830.7 
22 0.5t10 449.9 1800.4 

(. 23 0.5231 " 441.q 1111.2 
24 0.5321 434.8 1146.f! , . 
~5 0.1)342 '!J'2.1 1138.CJ 
26 0.5423 428".0 1124.3 
27 . 0.5439 425.1 .116.0 .., 
28 0.5515 471.4 1103.8 c ~ 

?<:) 0.554.0 - ltt7.9. 16<Jh2 
, 30 0.5647 40<:).1 u 1666.q 

31 0.5759' '.00. ft 16!t0.9 
32 0.5810 391.6 1l)15.1 
33 -0.5<:)8R 11H,5 1588.2 

• - - 3~ 0.6108 311.3' Y 1561.9 
"- " 15 0.6738 ~"9.9 11)13.5 

~: 36 0.6311' , 349.0 1501).0 
/ 11 0.6511 33';.7 1417'.8 

3A '_ 0.66')6 "3' 1. q , 14~6.1 ' 
3<:), 0.6A01 101.3 1413'.8-

,'~6q5R " "4(} .: , ]91-.4 . l1R6.7-
, ), 41 0.7172. :117.6 1354.7 '" 

42 "0.,7296 . '760.8 1312.3 
~ 4~ 0.7418 " 743'.2 1289. 1, 

44 ~ O.168L' 222.1 1?50.3 
1 , 4'5 0.1800" 703.1 12i5.9 , ... 

46 O.ROA9. ", 1 H3.0 HA1.1, 
, " , c 

1 . 47 0.13111 160.7 1146'.1 
48 0.61)52." , 117.4 , 1109.5 ., 

,49 0.OA01 1012.0 1 " • . ' 112.6 
, 

5C 0.C)C71 JJ6.6 10'33.1" 
, 51 ~, '0.C)373 58.5 C)'l5.l 

,. 
, 

5' ' 0.C)~69 10.1 93<).4 , ,. 
'S': ~, . . 
, '; • 

". dO 

",' . > " • 



: ~ :- , 
'l'AilLE 1\301 -A37- ., 

, . 
~iEA TS OF ~I)(I~G or SVSff.M N~PfNf,,~nl - WE tttYl PEN' A~E ~ 
'E~P.;J'i ocr. t. Or;lT" H IN JmH.tS/MOlf. . \ '. N )( Ale 'lf.lf" t4 OJ=l .. /)(1)(2 
1 0.01'1)4 ?I '\. h' 1l?16.1 
2, 0.0446 ,}')t;.2 . h'>22.1 
] ,0."OR62 'bU.l . /.61'\'.6 
4 ' . O.1;J48 4't·). J l183~? 
1) 0.1"1? ' '.'.1 •• 0 

,. 
l'lA l. ') 

, ' 6 0.1 t)/. 1 'd)h.5 l<)ft.l.~ 

7 0.174.., • 1,1'1.1 7.171." - ~ 8 0.21)12 4-'4,.0 7611.'.'. t q' 0.2191) 'l07.4 . 
•• 1 7~.q!).1 

tO o. ,\0/.0 " '.>OA.O 2400.8 
tl 0.317) 'll,0.4 7318.3 
Il 0.)4R1 "tlO.6 '77 1.8.1 
1:3 ' (}.36H4 

, 
~oq., 1.t Rtf'. 1 • 

14 0.,11318 ~so". 1 
o • 

2t~4.J 
15 ().4C61· 502.3 1082.1' 

l' • 16 0.4237 4()1.4 2031,1 
\ 17 0.4vn- 4 cH.8 .f 11)«)6.1 

18 0.4';52 4~5.1 1<)58.') 
Pl 0.4701 1.18.6 1,'lll.1i "". 

',71.') "', 
20 0.4841 1~87.0 
21 0.4Q15 ' ' '.63.1) 

, 
185}.? .. 

22 . .., 0.50<J6 4S6.1 1'125.'7, 
. 

" 
21 0.5107 449~1 l'lOO.~ , -?4 0.53t4 '.4'.2 '1 776.0'· 
-15 0.'l124 1.41; 4 1 rq1. 1 ' ~ 

26 0.5421 431).0 
'.,~<Il 

1 75?1 
21 ' .0. 54~ 41t0.6 1 774. R - '. 

o. 

28 
( 

0.5'5 6 1.28.0 " ~ i110.6 ~ , 
1'1 7" 0.5524 ,,'f).o.,. 1151.0 

. ) ~o< 0.5630 '.?',.1 . , ~ 1726.'2 

\ 31 
0.5'l3t)', 416.0 1101.1· .. 

. 12 0.58'i5 '.f16tp 6 , ",1675.5 
. 'n o • .!je)'14 396.2 

t 
t ~41:it 

14 0.6090 1"6.3 .... ~" t 6.23.5 
15 0.6230 ". ~11t .• 6 . " '1"<)5.1 " . 
16 0.636.3 362.2 11)114.'1 ;;J 

'1 -0.6')04 14').5 1516'~q · 38 O.66C;O 3'3'i. q . 1501;1 • ~ 

19 ·0".6R01 1,;'1.1 ' '0 14lb."- " 
. 

.... 
40 . 'Q. 6Q6,l ":\06.0 14 h. 'l " . ' , ., 

o .. O. -712q 
. . 

~ " 4,1 7~9.4 1413.t) . 
- " 

42 " 0.1101 . 77'1.1 l\RI.O i:J ~ 
1 , 

41 '0.7486 .' ?'j).6: 114'7'.6 -
44 -0.1675" .734.7 . 111.'; • .1 . 

~ , , . 
4') ,,(). 7 fi 11 21'4. 7 '1282.1 
"6 > • O.80~1 1 cI). 4 12'49. R 0 

4'1 . ". 0.8'\15' 169~6, '1210.1 
48 0.RI)63 14';.6 . I1Pl.4 .~ 

, .• 0

49 '0. '8615, 11~. 5 J 1,43.·1 . , 
~O 0.907A 92.8 l-108.Q 
51 • '0.<1)66 \ 64.3' 1081;8 '_ Ir 

~ . 
'52 0,.9668 ,1).4 .. 1("40.1 ., 

, ... 

~ 
1 " . > \ . 

· -, t' • 'lb 
· +If .. -", # , . .. 



TABLE All: '-A38-

HEA TS, OF "IXINC OF SVSiF~ N-PFNTA~Ol - 3-MEfHVlPENTANE .. 

'. TE~Pll2 li OEG C. nElTA H IN J(I~JlE S/MOll': 

N 1 X AlC ~ nEl T A H / DF.~ H1XIX2 
, 1· O.O?O{J 726.6 . 112,30.4 
2 0.04 /.6 101.1 lll2.Ii 
,3 0.OR60 175.9 4tA4.C; 

" 0.1251 -'.21.2 lRJ3.h 
5 ,0.1616 l, ~7. 1 1\~ 
6 0.1-9,.4 414.3 30, .2 . , 

, . '1 0.225L . 4eC).9 2~108.4 ""-
8 " o .-1-1) ~8 -

, 
. ~Ol,,~ 2647.3 .. 

9· 0 .. 2808 ",OC).q 2 'i25 .''1 

/' 10 0.1061 .. 514 .... 1 2'.20.4 
11 0 .. 3293 " 'j,16. " '2338.c) 
12 0~,)')r3 ')1'> .. 9· 2263.9 
13 0'.3109 , '>14.5 2705.2 ' 
14 0.,'\914 50Q.4 , . ' 2114.5 
15, 0.4105 "01).8 '20QO.4 
16 . , 0.4274 500.5 7045.2 . 

.' , 

, 1'1 0.44"\1 ' . , 
~ 494.1 r 20().}.2· , 1 

PJ6i.6 '18 0.4516, 4Al.9 
t<~ 0.4711, , 4AO,. A 1<J79.8 -
20 0.4842 0 471.8 1"97.2 
21 0.4965, ' ., '466.1 1 R~1·.0 

.22- o .'iOq.O '4SQ.3 1,837.8 . , 23 0.5160° 451.9" 1813.4 
24 0.52.04 '\ 51. 6 ~ 1 R09.') , 
~5 0.5?59 . 1.51!2 1 R,09. 6 

-26 0.5315/ 444 .. 4 1784.') 
21 0 •. 5161 443.7 1183.9 .. 

. 28 0.5422 436.6 1158.9 
. 29 0.'>468 4':\4.8 1154.6 

J 30 0.5515 4?q.5 1736.4 
31 0.5516 426.1 1 12'1.5 " ;:: 

~ 

~2 0.5688 411;6 ' 1102.8 
<-

'~ 
~3 0.5808 401.2 16'12.6 

" 34 0.5913' ',96.4 1642.1 . 
.' .- 3') 0' i6064 1612.') y ·184.9 

16 
, ..... , 0.61qS 172.5 1581.0 

11 0.6340 ~59.9· 1')50.9 
38 ' 0.64QO' 345.1 1'>14.8 
39 , 0.6646 3'H .0 1484.R 
40 0.6812 115.7 1451.t 
41 " .0:698'2 -,), 299.0 1419.1 
42 0.7163 Cl 'lat.l 1381.1 

\.;, 
, 43 0.1153 762.'> '13'.8.1 

41. 0.1549 ")1.7.4 1310.") .... 
'- 45· 0.77hO 121.3 17.11.1 

'\ . 
-1 " 46' O. 79,84 - J9q.l 12"}6. '1 . 41 -O.8Z21 175.1 1197'.9 . . 

~V· 
' \ 

4A' 0.8467 150.' 11&;0.b 
t 

''0.8 77A. 
, 

• '19 . 174.4 1120.7. 
,- 50 0,.9072 Cl5.1 107Q",8 

51 P 33 6,4.1 lÔ,*0.2 
. -;2· . () • 9 ,«) 1 17.9 .. , <H8. l .. ' . 

\ 

" • 0, ... , 
.. _;~ .. ~ 

~ ; "il]) - ~ "', .J ' , --
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TAOtE A32: -A39-, 
"EATS Of ~I)(ING OF SYSTEM IsnPENTANOl - N-HEX"~E • TEMlhZI) OEG t. OflT" H IN Jf!UlES/MUlf 

N )( "Le DELTA t-4 UEL H/XIX2 
1 0.0212 738.1 114Âl.3 
2 O.Oltltq 316.9 71')0.6 
~ "0.0869 Vl'l. ~ 4"181.3 

~ 
4 0.1257 't4-;.1 't050.9 

( 5 (\.1"11 ItA1.0. '3'>48.8 
J 

6 0.1943 506.6 3716.9 
7 ·O.224~ '>76.6 1026.1 
8 0.2529 5'.? ) 2869.q 
9 0.27Q) ')"1.7 (71)0.Q 

10 0.3040 ')t.1.,) ~61.n. 7 

" / Il 0.3269 56"'.<} 2';16.4 
12 0.3484 1)69.4 -2508.1 
13 0.3"81 Nl0.3 2450.2 
lit 0.1818 69.1 

, 

73')"1.1) 
.)' 

i~ 
0.4051 ':l6 7 ~~4 7153.2 
0.4'2'5 1)61.8 "'2310.6 .. 
0.4184 5')9.8 2213.6 

18 ·0.1t536 5'i4.9 22·38.8 
1') 0.4"0-; 'l48.4 2702'.1 
20 - 0.4819 ·542.8 2113.9 
21 0.ItCJ48 , '>36.3 2145.5 
22 0.6068 ~ 52').2 ' .2111.3 
23 0.5183 5P-2.6 -:--' ~0<}J.4 
21t 0.5291 '5.15.4. 2068.A .:ft 25 0.-;360 506.8 2031 .• 7 
26, 0.53')6 508.8 2048.0 

( 27 - 0.51t56 1)0fl.0 2016.8 ",.. 

r 28 0~5499 501.3 .2025.)0 - / 

\ 
29 0.55')6 492.8 1995. q. 
30 0.5661 "84.6 1912 .. 8: 

"'--' . 
) 

11 .Q.Ji711 47'5.1 1 CJ49.0 
32 '0.5887- 4t.6.0 • t 1924.4 
33 0.600~ 455.4 1898.6 
31t 0.61"\0 444.5 . 1813.6 , 
35 0.62ciA 432.7 1847.6 
1'6 0.6390 419.6 lR19.0 
J7 0.65~9 406.{ 1792.0 
38 0.6677 )91.0 1767...4 
39 O'.6R.·H .17S.4 1134.4 
40 {).6"193 35R.' 1101.6 

...... 41 0.7151 340.,2 1671.7 \!l • 

42 '0.1330 320.9 ·16'19.8 

" '" 43 0.1'>.12 29<).1 160~.1. 
44 .. • 0 •. 1702 21A .. 4 .15 .' • 
45 

'"'-
0.7903 254. cl, • 1 , 516. o'~· 

4:6 0.8114 g', 729.4 .14~J~ 4T 0.8'41 ?O;J.6 . 1/.6 • t; , 48 ,0.8SA3 1,73.2 14 3. q • 49 " , ,0.8829 141. fi f3 q 

50 0.9101 109.6- 1147.R , .. , SI \ - ,,0'. q384 7r;.3 1102.0 
52, 0.,96R4 ,3A.4 12 5t;.~ 

' . ., 
," 



l, 
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'-À40-
",'ABLE All: 

• HfA'S f'F flIXI'IG cr SYST~"- l'iOprNTI\NOl 2,7-0IMFTHYlAUT~NE 

TfMP-l'i OEG c. . . llF.l'" ft IN JOUlf- S/rWl f • 
N l( Al C OFlT,\ H (lfl H/XlX2 
1 0.0216 ? l~. , ' 1 OIlHO,. 1 
"1 -0.0<\62 'O<J.8 707n.7 
l 0.ORR1· "~ne l, 411.0.Q 
ft 0.12('1' 42A.6 ,e12.4 
5 0.165À '.60.0 1375.4 
6 0.1991 ',n ~. A '070.4 
l' (l. 229« ';00.2 2q71;).9 
8 ..: 

0.7-;90 'ill.ft 7(,66.7 o 1 
" 

9 0.7A62 '>?O.h 2548.1 
10 0.110') «;26.7 74~1.A 
Il 0.'\111 r,2Q.A 23A4.7 
17, 0.1-;41 'i}O.9 2'71.0 

, . 1) \ 0.}119 S}O-.--~ 2265.6 
~ 

p, O. V)25· ')71.0. 1> 7213. 1, 

'15 0.4099 . 574.8 '2169.6 
16 0.4764 'l70.A 7.179.4 

l 11 '1 0.4424 SIS.A 20QO.R 
18 0.4516 SO<J.8 2053.1) 
19 0.4113 ')0'.1 2073.1 
?O 0.4ft44 "91.A lQq).O 
21 ... 0.4<171 491.1' 1<)6', .1. 

72 0.5094 484.0 1916.6 
1)?3 0.,)~11 \ 1,71.2 ' 1912.7 . 
'2{" 0.5171 469.6 .' ,lR06.1 
25 0.'5441 4,)1,,0 1q42.5 
26 0~544ft '_ ',(,1.0 1~C;8.9 

71 0."515 /.0 449. l' l'H8.1 
28 (\.'5-;52 45'\.1' 1A31.1 
19 0,.')64 ) 441.1 "1 Ll<)4. 1 

\ io 0.'5150 413.8 1115.3 
11 , 0 .• 5866 421 .• 1 { 741.3 
32 '" 0.5«181 '.14.3 173. k 
13 ·0.6101 403./4 169S.A 
34 0.6214 3<JI.6 1668.0 
35 0.6363 '171.7 . t6Zq.9 
16 0.6'2<}I, J"b4 •. '} \ 60 1. 1• 

1.1 0.6677 .... ,0.1 15AO.1 

~ 
0.6Al l 33~.,) 1547.1) .. 
0.6906 nq.A 1514.1 

/ 

~Ol ... 1 o. n"q 1'.Al.4 
0.717" 2fn.4 1'.41.1) 
0.7')09 7~1.q 1'.11.2 

4) . ·0. 169q 2'.4.0 1)11.~ r • 

"" 0.7Q09 12~.6 l ".6. _ 
4~ 0~$)1?1 .' lq~ .. 5 1101.0 
46' 0 .. 8141. 1'''.4 1?6 1. r 
41 0.81)-71 149.R " l?17.7 • " \\ 

1 fQO.h ~ 4ft 0.8"15 12~.~ 
·49 0.90'16 ql •• q .1l1)4.4 .. • 

"'" .,0 .0.Q1ft') h3.9 1.101.1 ... 
... '"r.f51 C.9~C)0 11.6 i052.3 

v ( 

, \\ \ ~, c-

t \. 

• ' ,! 

. - , . . ~ ..... . , 
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HE~lS CF flPCI .. C, Of ~Y~,n4 IsnPfNT~NOl - 2.1-UIMETIiYlftUTI\NE 
fE"'P.25 DEC C. f}FlfA .. IN JOULES/MOLE 

N )( Alt IlflT" " lIFl U/X t)(2 " 
1 0.0200 717.1 1\ORl.1\ 
2 O.044() ?'H. ') h'l41.1\ 
l 0.01'''0 111.5 

1 
4774.5 

4 ,0.17h2 ,- 41t1.1 1H04.h 
') 0.1614 '.l)l.A 11'R.I 
6 0.1')41 41S'.5 303].0 ' 
1 0.2?lil '.'1' •• l 2A14.1 
ft 0.2511 IlOl.l' ?bR'j.' 

-9 0.21A" 'tl1.1 2')17.8 
10 0'.1012 1l~4.') l'.A2.1 
11 0.3164 'i2'1.O 1406.1 
12 0.1416 Il}0.1 ?l'1.4 v' 
Il 0.1615 1)31.1 2?P.4.'l 
14 0.lA61 '>?<t.l 2713.1 
15 0.404ft '»21.1 '7lf.~8. 1 
16 0.4248 571.6 2134.1 
11 0.4410 'H 1.1 1100. l ' 
18 0.4546 S12.1 2065.1 
19 0.46Al '\06.1 2034.R 
20 

, 
~OQ.l 

, 
2001.9 0.4818 

21 0.4Q50 4'll.6 1914. 1 
22 0.')065 "I A1.1 1<J48.q 

~. 23 Ô.51l1 4RO." P)24.0 
, - 14 Q.'i?A6 "13.5 ..., 1900.3 

25 o. ')'111 1012.1 lAq6.1 
. 16 0.,5386 4h6." 1 A 16. q 

71 .0.'>"11) '.61).8 l 'H6.0 r" 
78 0.5"A2 - 4,1)'1 ~ ft 1~56.4 ;. 
29 () • 55'JCJ- -_ 45R,.7 lR51.'} 

"10 0.5628 "'iO.O lA28.6 
'H 0,.5136 .' 441.6 lA05.4 

- '\2 0.S850 4'H.c) '\ 111'l.0 
33 0.5Q"R 421.9 1 '~i1. 1 
'1-4 0.60')2 '.10.8' 1125.7' 
v; 0.6222 19C).Q '> 16q1.'i 
~6 0.63Sl lR6.1 \'h61~? 

( '\1 . ' 0.6500 H2.1 1616.') 
lA 0.664A " l'iR.2 1601.1 
19 t 0.b7Q] )41.6 1511.0 
40 , 0.6')1)1 ll6.R \5't1.8 

~ 

41 0.1124 'JOQ.8~ 14)12.4 \ 42 .. d! 1l'02 Z~O.8 1416.2 
43 • 0,.14R6 

. 
711.') 1443.0 

44 ' 0.76RO 2'iO.7 .1404.5 
45 O' •• lf\Rl 117. "1 1"\64 • .) 

,::46 0.810e. iOl.J 1)78.~, 
. ," . ' 

':, 
4.1 

.. 
O.R112~· \3 117'. l ' 12«)0.7 

49 0.8'ilS 
( 

l'i2.') • 124"'.'A . .. 
~q~ O.J)A30 ,\·'t7.4~" "1)06.1 ". 50 .' O.90Q7 <JC\. l ' Il'\9.3 

~. 
,'il O.9~11 ~C;.'j '1111.0 .v . '52 0.9678 "'.Ie 10~9.2 

Q, 

" • 1 ' ,. .. 
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TABLE A35: -A42<-... 

• .H[ATS CF fllXING OF SYSTEM r SOPFN"A~Ol - ?-ME TtfVLPENTANE 
T~~p·25 DEG C., DElfA H 1!'4 JOULES/MOlf 

N X ALC OflTA H 
-
I1EL H/Xlxl 

1 0.02(1 1"1.«) 111'\1.8 .' 

2 0.0462 31«'.4 1241.1' 
3 0.0866 3«)1).7 '4QOl.5 
4 0.1281 .'" 44.?2 1QI)O.1 
5' 0.1649 415.4 1452.7 
6 0.1984 4'JO.l HJ6.0 
1 0.2291 'i17.1 2918.1 
8 0.2578 'j,li. 1 2175.9 
9 0.2,nt) 540.2 i!651.4 

10 0.30()! • S47.0 2S61.5 
Il 0.3311· 'i50.0 ,2480.9 
12 o. )5V\ 5!i1.6 '2414.0 
13 r' 0.)730 5'> 1. ft 2359.1 
14 0.3918 5'.«).8 2301.4 
15 0.4098 547.1 2262.1. , 
1·6 0.4.165 '>4 J': 1 2220.6 
Il 0."..413 538.0 2181.1 L , i 
18 0.41)76 532.1' 2146.1 .. 
19 0.4118 516.0 2110.A ~: 
20' 0.4847 51Q~6 2080.4 
21 0~4911 513!"1 2052.4 ' 
22 0.5102 506.1 2025.3 
23 0.5220 4QO.5 1998.0 
24 0.5331 491.1 1913.2 

" 25 0.5361 {J 4R6.9 19S1.1 " 26 0.5439 ~1l4.0 IQS1.1 
21 0.54159 ~79.8 1Q15.1) 
18 0.:;543 476.4 1928.3 
29 0.5560 471.9 1911.5 
30 o .t5666 463.5 1881.4 
31 0.15719 4'i4.ft 1864.5" 
~2 0.5~94 '.44.4 18"16.4 
33 0.6012 ' 435.1 1814.6 

" '4 .0.6136- 424.3 11119.6 
35 ,0:'6261 412.1 1162.2 
16 0.6401 399.1 1732.6 -
31 0.6540 3RS.3 1102.9 
38 0.6688 170.9 1674. J 
19 0.6847 ')1)5 ... 1 1646.() 
40 -. 0.1010 318.2 161-,.6 
41 0.7171 ,l70. J 1"1'0.14 

42 0.1155 101."1 154~.1 
43 0.7'i4~ 'Z81.1 .,1"15.3 

\ ' .4'. 0.1731 7'i9.7 1480.7 
45 0.7911 211.2 14045.4 
46' 0.8143 711.4 . 1410.8 
47 0.0'66 un.1 ll12.9 - .. " -. 48 o 0.8608 \ l'iQ.5 1111'.7 
49 .0.88'i5 ' 111.5 .. 12CH.6 
50 0.9109 10~.1 1151.1. 
5"l 0.91t)0 6<}.6 1214.1' 

" 52 . 0.9688 "16.0 1~90.8 .' . . , ; , " .,r. 
" 

; . - . , i"-,-"" " 
11 

....... , ... ~ J-
o . -' . 
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TABLE A36: 

'. HEATS UF "IXI~G C.f SYS TEH IC\PPE~'''NOL - l-METHYLPENTANE 
TEMP-21j OFG C. OfL'~ H IN JOULr:S/"'OLF. 

N < )( AL C PELTA H nF.l U/;(IX2 
1 0~0106 ~7,.6 Illt}b.'J 
2 0.0611, "\44.3 "A01.5 

, 3 . , 
0.1036 404.1 4349.1 

4 .. 0.140b '444.} 3"77.6 
5 0.114~ 417.t} 1279.1) 

1 

6 O.7C60 4')5.3 302a.6 
1 0.2344 'i12.3 2854.1 
8 0.261'j 574.6 2716.4 
9 O.2Ab5· 514.0 1b12.~ 

10. 0.310~ 'i40.2 1524.6, 
Il 0~132'1 '",4'+.0 \ 2452.6 .-
12 0.1'j69 544.0 2170.1 
13 0.3161 541:).5 7124.A 
14 0.3941 544.0 2218.7 

1 

15 0.4119 'i41.3 2234.1 
16 0.4219 531.4 2195.7" 
17 0.4437 '\32.9 2159.6 
lA ·0.4'i78 57,1.3 7124.3 
19 -0.4111 521.'i 2092.R 
20 0.4850 514.9 2061.6 
21 0,.4972 • S08.? 20 .. 32.8 
22 0.5089 . 502.2 2009.6 

,.13 0.5705 '4QS.O 1983.4 
24 0.5768 481.4 1<)1)5.4 
25 0.'5314 481.6 1Q56.':\ 
26 0.5169 4RO.8 1933.R 
21 0.5·4~0 480.5 1 en5. Ii 
28 0.5412 ' 471.5 1910.9 
~9 0.5522 473:8 lQ16.2 
30 0.5516 464'.2 18Al.1 
31 - 0.5684 456.2 1859.4 
'12 < 0.5791 446.9 lq34.2 
33 0.5915 431.0 180A.8 
34 0.6'039 476.1 1 TA 1. 6 
35 0.6112 414.4 1753.~ 
36 0.6306 40l.0 1125.8~ . 
11 ~ 0.64'.9 "~8. l, 1694.1 ' . ' 

38· 0.6600 ~71.4 1664.0 
~9 0.6758 357.5 1631.9 
40 0.6Q7.7 1341 • 1 1601.0 
41 0.1091 '21.4 1561.6 
42 0.126~. 1.04.7 1514.5 
43 0.1451 7RJ.Q 1495.6 
44 0.7652 262.1 t462.0' 

" 
45 O~1R1j6 7JC}.8 1423. A 
46 0.8071 71S",Q .. 1390.4 
41 , 0.8106 ,190.0 1~50.0 • 48 0.8547 -'67.9 . 1112.1 
49 0.0808 i14.1 1116.7 
'i0 0.9079 103.41- 1231.1.' 

... " 
'il 0.9:\6'7 70.1 I1B4.1) 
52 0.9617 i 35.6 Il ",6-.1 .... l' • • . , , 'l. 

~. 

J " 



TABI.E Al': -A44-

, HF.AlS CF tll)(r~r. OF SVSTfM 1 SnflF~!T .\NOl - N-HfPTANE . • TEMP'.?5 'oH; c • orlf" H IN JOlJLf$/MOlf 

N )( Al C PFt Th Il DFl ti/X 1 X7. 
1 0.0217 1''>7.4 110QH.7 
2 O.O'lOfl '\53.4 7121.6 
3 0.0<)13 ',41 .2 50lS.S; • t 

4 O.ll!),) ·'4(),;.4 4121.0 
') 0.llA3 'l1l •• 7 1646.1 
6 0.t111 ')61.1 3351.7 
1 0.2463 'lA4.1 1141.7 
8 0.7.1'i.R 600.1 , 3001i·l 
q O.lC1O hl1.8 2896.1 

10 0.3286 61<).4 .-G 2807.8 
0.3516 

., . .. 
2716.(J 11' h74.0 

12 0.1744 lllb.l 2673.1 
13 0.3Q50 626.7 2622.1) 
14 0.4145 624.8 2574.5 
15 0.41?Q b21.R 2512.R 
16 0.4501 611.8 7495,.<) 
17 0.466-6 lol?3 7.460.1 
18 0.4R7.} hOb.3 2't28.5 . 
1<) 0.4<166 59<).5 7 '.\9B.:\ 
20 0.5104 5«)2.1 236q.1) 
?1 0.5279 58').2 1145.1 
22 0.5151 "77.7 2120.4 
23 0.,546<) , 1) 70.1 2'300.5 
74 .o.5'i72 56').3 22(H. '3 
21) 0.1)518 ';61:4 , 7"/76.2 
26 0.')661 55'R.O 2211.7 
77 O. 5.flS 2 ')'l3.0 221)4.0 
28 0.5762 ,';1)0.1 2?52.7 

\''29 0.5119 ')45 .. 6 2216.7 
,. 30 Q.I)f'66 "41.2 2231.7 

11 0.'lQ70 532.2 2212.0 
32' 0.60B3 521.9 2190.1 
1) a .,6 ~ 9A. iJl1.0 2.168.4 " . 
34 .. 0.6120 , '. 4q?2 2146.'3 
35 O~6447 li A6 • 1) - 2123.q· 
16 0.6'>18 47i:4 70<)8,.R· 
31 0.6715 '.1)1.2 t 207Z ,,6 

~ 38 -- 0..6R5A ',42.4 ?O53.0 
39: 0.7006 42' •• 13 202.,.1 
40 0.71'58 .' 4U6.3 tc}<)1.~ 

\ 

~ 41 0 .. 1123 ",A6.') _1l.6, If, " , '" 
47 0.74 <)4 364.7 1.<) 

J 

43 '0.7673 341.6 l'H3.3 
"440 0\7061 116.5 Uf02.6 
45 0.UO,)3 7QO.O 1050.1 
46 .0.8258 261.7 l'Bq. V 
47 0.6471 7.10.<)' Inn.l 

• 48 O.R6Q1 lQS.3 1 149. R ," : 
4q O'RQ15 ~ 1 16 1'.';4 . ' 1711.q 

, '50 0'. Q 1 R7 . . 
124.5 1"61.1. 

51 o ~_~<)442 ,136.7 1644'. <1, • 
52 .~7 't'l.O l'i6'>.8 

• " 1 f .- . 
.,. 
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TABLE AJ8 :f' -A45-

HEATS f'F p'rXrNG CF S'YS TEM rSOPfNTI\NOl - N-OC·TAr-.E • TEfoIP-25 OEG C. OflT" H IN .'OUL E S/Mlll E 

N X Ale OElTA H I1fl H/X1X? 
1 0.OJ47 279.3 ll1)04.7 
2 

l 
0.01)4R lA1.1 7l'l3.1 

1 0.1056 484.1 1)111.4 
4 0.1513 '145.2 424"6.4 
5 0.1974 'iA8.6 11A8.4 
6 0.2294 h71.2 1514.2 (l' 

·7 0.2641 644.6 ')311.-; 
8 0.7957 

J 
6h 1.1, 3111.2 

9 0.1248 61'.8 3012.') 
le 

, 0.3524 6AI.7 2907.3 
II 0.3116 h,Rb.3 2920.1 
12 0.4011 bA1.7, 2R62.q( 
11 0.4278 6A6.1 2A 11 ~4 
14 0.442') '6R J. 4 2770.r; 
II) 0.4611 h 79.;1 2135.2 
16 0.4184 614.1 2101.r; 
17 0.4Q47 ·61,1.9 2612.0 
18 0.50e}9 . 660.9 264~.6 
19 0.576Q h52.2 2616.5 
70 0.5403 643.4 2'>90.4 
21 0.5'i78 6':\'5.4 2')10.'3 
22 O. '>64 5- 627.0 7')50.6 

• 21 0.5756 h18~2 0 2530.5 
24 0.'iR04 b08.6 249'l.2 " 

25 0.5A66 609.4 2'>13.0' 
26 0.I)Q02 600.9 2484.4 
27 0.5Q68 600.6 74qS.q .. 28 0 • .6002 591.9 2466.8 
29 ' ... .0.6084 '590.2 2477.1 
30 " 0.6106 ' ' 5>A7..4 244Q.6' , 
31 0.6214 '112.3 24·3"~ 8 
'32 0.6324 561.0 2413.2 , 

~ 13 0.6419 '>48.-8 -23 èn.4 
, 
t 

34 0.61)59 53S.Q 2374.7. fl 

3'5 0.6682 ,572.0 2354.1 
16 - 0.6fQO C;06.«J 2133.1 
37 _ , 0.6qlt~ J 490.9 2Ù,h2 
38 .~ 'o. 70A.J 473• 6 ,7792.4 
lQ 0.722'7 4')5.1: 2211.1 
40 0.7·315 4'35.3 2748.4 .) 

" 41 0.7'i29 '4A.4 .1 J225'.8 
42 0.16'll, ~~1.6 '2205.1 .l 

• 41 ;0.'7 e5 8 366.8 217Q.l 
44 0.8012 'Ir 2 t 'j4,. (, '\ 

~ - . 45 0.f3~14 " .1 7131.3 .41 

" ~. 'i 7.10&.0 
\' 46 0.R/.04 ~ 

'17 0.9601
1 

750.7 ~ 
. 

20'7'l .• 7 • • 4ft O.BAIO 711).'? '~0'i2.7 
4e) . O.'l029 '117.4 0 7024.0 '. 
50 Q.'l755 )37.8' , lQC)1.9 . 
'H 0.·Q4<}S ' , ,94. 'i ' -'1 'l69.? 

, 

',>2 0.;Q14'l /, 1 48.1 lCJl.2.CJ ~ 
.. ,y 

# 
4 • 

" " " v • .. , . 
" ., 

;: 
,. .. 

l', 
n ~ 

" 
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A3. ALGORITHMS FOR NON-LINEAR PARAMETER ESTIMATION 

Let the mathemat ical mode 1 b~ reprcsented by 

•• " 1 

-, . 
, 

where Tl i s the exper imentall y obsebted variable 

.\ 
'-

. './ .. 
'-/ 

''i! is the vectQr of unknown k parameters _ 
, 

x is the vector of independent var i ab'les 
. . . , 

The probl em i s to find -an estimate b f.or ~ for 

which the sum of squares 

m 
t ... = E (V i f. )2 - i = 1 

, 
" .. (A3.2 ) 

r: 
1 

i s a minimum where' y: i s the i th observat fon of " and 
1 1 

f. = f(b, ~'I) where x. being the corres-
l , 1 

, " 

ponding val~es of the independent variables ~. 

Th'e or~inar( le~st'-sq~arer method ma.y be appi ied: 
, " 

if the mode 1 is e'xpan~d ifl .a' Taylor:, Serie~ about a' curr~nt.. n 

estimate b , ~nly first order'terms' be'ing. ret"ained. lhis ." 
--0 • 

"< " , 

1 eads to an J'mproved .. es t imate b· =: (b + t) for the 1 i near. i zed' 
c - -;0 ...-

, " 

'n~de~, where't is the solution of , .. 

, . 
" 

, \ 
~. 1 . , 

• 1 1 

. . 
= 

" 
. \ : .... 

'r 

," .. . , 

.' , 

-1 -;- , .... , 

',,~ .. '~.~ J 
" /. .. ~ ~ 

1 • ' 

, t 

• • 

(A3.3 ) 

, . 
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1 

where Ac = FIT FI (A3.4) 

.9. = FIT F" (A3.5) 

F = (y - 10) (A3.6) 

ôf. 
FI being the (m x k) matrix with elements (~) 

, OD. b=b 
J --0 being the·transpose m~trix of FI. 

. . If the sum of squares at a new point É is smaller 

than the sum of squares at the point Ba? then repeated 

application of this procedure will lead,to a solution of the 

'pr6b 1 em,. If not, then the Taylor Series method may not con-

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

way~ pos~ible to reduce the sum of squares by taking a suf

ficiently small step inJthe direction of steepest des~ent, 

Methods based entirely in the direction of'~teepest . . 
descent have not been suècessful since they take a very large 

Lnumber of iterations. 
- . 

A3.1 Marquardtls Algorithm 

Marquardt 1 saI gorli thm. (M5) i s based on' the i dea 

that the best direction for finding a reduced sum of squares 

lies in a direction! lying between cl qnd 1. He finds this 
... 

dire1~ion by solving the equation: 'rI 

(A + 1.1) ô' = .9. (A3.7) 

1 

" 
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• 

i.e! he'adds ~ to the diagonal elements of A. (For this to . 
.... 

be meaningful, the system must be scaled $0 that the matrix 
-

A has ones on the main diagonal. 

, W he n ~ = Q, -~ i s the T a yI 0 r Se rie s d j' r e ct ion" 1, 
--and as ~ increases," ~ swings 'towards the steepest des~ent 

direction d. The idea behind the algorithm is based on the 

fol lowing observations. The method of steepest descent 

often works.well on the init,ial iterations but tbe approach 

to the minimum grows progressively slower. On the other . 
hand, the 'method àf Gauss (Taylor Series) "i0rks weI r wtien 

the minimum is near but often gives troubles on the initial 

iterations. From equ~tio~ (A3.7), we see that ~he two ~x

tremes are represented by ~ ~ œ and ~ - Q. 
) 

This alg~ithm should share with the g~âdient or 

" steepest descent method the abi 1 i ty ta' converge from"a reg'ion 
. . 

far From the minimum and 1 ike the method of Gauss, shpuld 
, . 

converge rapidly once the vicini~y of the minimum is reached. 
'\ . 

The listing of the Marquardt's program 15 glven in Sectron A3.J. 

A3.2 The Spiral Alqorithm 
1; 

n 

The basic idea beHind the Spiral Algorit~ (Jl-2) 

is that a reduced sum of.s9uares can always be fou~d in'the 
- ) " 

'plane defined by thé TaylQr Se.ries point a~<;t the line of,Qsteep- . " 

est d~scent at"the base pOint. In Figure A3.1., 0 is the base 
\ 0 

, . 
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FIGURE A3.1 

Geometry of Spiral AJgorithm 
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point T is the Taylor Series point and 00 is the direct'ion 
J • 

of steepest descente 

Since the sum of squares Tust decreasé ini~ially 

-a long 00 and Once the Taylor Series approximation predicts 

squares at the point T, the~ it is reason

t the reduced values of the sum of squares 

can 

i te"ra t'li on 
. f J 

The f ï'rst 

~,area pTO. 
0' 

In~the spi~1 algorithm, a base point for the next 

is sought as far as pos~ible From the base point O . 
, -

point to be investigated i,s the Taylor Series point 
<
T. It is reasonable to assume that'the sum of ~quares 

"valley" is mov'ing away From the 1 ine OT. To try intercepting 

the valley, thé spIral OTS is searched, this' curve moves out 

From T ai an angle ~ into the ~rea OTO and moves Qack into 0 
, . . 

tangentially to 00. The most suitable equation for ~his 

spiral (expressed in polar co-ordinates with 0 as ori~in) has ~ 

been found. to be 

r = (A3.8) 

where r is the distan~ OS 

~ is tbe distance qT 
o.. 1 

~ The sequence of points, S, on the spiral ta be investigated 
• 1 

is computed-' fro~B sequence of points, L, generated on the 

1 ine TO such that L divides TD ln ·the r~tio ~:(I-~). The 

/ successive values of ~ ~re computed From the recurrence 

relation: 

) 
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. \ , 

~ - 1 = n+ ' 
21-l/(1+\J). n n . 

, . 
(A3.9) 

/ 

which has chosen to insure' that the points pecQme closer 

togelher as they approach D,. 

The abové equations are basic for the Spiral 

Algorithm. A block diagram of the 'algorithm is 'given in 

figure A3.~.- The Spir:al ,progr~m al.Jows, as standa~d, four 
, 

spirals.to be searched. If a reduceij value of the s~m of 
\ , 

squares has not been found in any of these spirals, then t~e 
\ / l ' 

direction of steepest descent it'self i searched. The only 

occa~ions that this could.happen ~re: fi r badly defined prob-

lems, f.e. probJems for which very hOgh correJati-ons .exist 
1 

-, 

between .parameters. • Th i s si tuat ion ï s usua II y due to redun- '. 

dan,t pé!rameters in" the mode), or to poor starting values 
~ t 

for pa ranie te rs' • / 

" 

" 

, , 

.. 

1 • 

" 

\ . 

• • 
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FIGURE A3.2 
,~ \ 

Block Diagram of Spiral Algorithm ~ 

',. 
' . .., 
;' 

• 
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A3.3 Listing of Non-Line,ar Fitting'Program "GAUSS"'/ 
(Marguardt's Aigorfth~l 

" 

1 

J 

G l.EVfL 20 HAIN f8/12/25 

1 
109 

110 

111. 

REAL P(4;,H(4),V(25),CC25),OEV(25) 
R[AL OJfZ(l.,),SlC;I~S·(4, ""' 
CnHMON nER/TRACE 
LDGICAL OER 
LGGICAL TRACE 
C 0 H r1 ON 1 5 U B Z 1 X F. X P C 25 ) , x G ( 25 ) 1 V EXP 12 5 ,., AN 11 AN 2, V l' va 
COt1 110N/SUBl/T 1 • , 

TR"CFa.FALS~. 
R[A~(5,l09,END·IOOO) 
FORIIA'T ( lX, 19H 

1 
2 I.1X,79H 
3 

DER=.TRIJE. 
REA9(5,llO)N,H,I,JIK 
FORHAT(516) 
M.- .... 
REA 0 ( 5, 111 ) ( P , 1 ) , 1 ail N) 
FORtlATC4FlO.O) 
REAn 901/Vl,VZ,T,A~lIANz Q 

r 
\. 

901 FURHATC5FIO.Ol ~ 
REAU 902,(X~XP(I),YEXP(I),I.l,") 

90Z FORtlAT(2F20.0) 
00 220 Isl,H 
Xl a xEXPcl, 
X2=1.-Xl 
XC(I)aCANl*Xl+ANZ*X2)JC(ANl+l.,*Xl+ANZ*X2' 
YEXPCI)~YEXP(I'*Xl*X2 

2Z0 CONTINUE 

10 

·EPS1·l.E-07 
EPSZ~1.E-07 
tiPRlllh 1 
Mll.lto 

, Fl~O.Ol 
FNlJlIO. 
00 la ,!=l,N 
0IFZel)·0.001 
CONTINUE 
SIG~IS( 1 Jal. 
S l'Cil IS C Z ) -1 • 
5IGIIS(3)-O,' 
SIGnS(4)aO. 

, PRHH 25 
2!J FOR"AT ( lH 1) 

PR 1 NT 1()9 

J 

., 

CALL GAUSS(NPROR,M,~ExP,N,P,DIFZ~SIGNS,EPS1,EPS2,MIT,FLA",FNU' 
GO rD 1 

1000 STUP 
E,ND 

\ 

\ 
\ , \ 
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• 

. 11 
18 

19 

.. 50 

30 

10 

90 

C 
100 

o 

SUHROUT l'P~E GAUSS ( NPR01hWJO, V, NP.; TH, DI F Z, SI GNS, EPS l, EPS2, HI T, 
1 FLAH,FNU) 

REAL THeNP),OIFZeNP),SlGNSCNP),VeNO&) . 
REAL F(2~),pelO),PHtelO)~Q(10',OEll(Z5/l0),R(25)/T8(10'"O(11,11', 

1 E(lO)/A(11~11) 
lOGICAl OER 
LOGICAl TRACE' 
cnMMOU DER,TRACE 
PRIIIT 1000, tlPR08,NrJO,NP 
P R l '-l T 1 00 1 
CAlL GA1JSbOe l.INP/TH,TEHP,TEHP) 
PR lIn .1002 
CALL GAUS60Cl 1 NP,olfl.lTEMPITEHP) 
IF(",P.lT.l .nR,NP.GT.50,OR.NOB,LT.NP) GO TO 99 

If(HrT.lT.l .OR. MIT,GT.999 .OR. FNU.lT.l.) GO TO 99 
00 19 1-1, NP 
TE t\P • 01 F Z el) 
IFCT(HP) 11~9q,18 
T(rWa-TEHP 
IF(TEHP.GE.l.O .OR. TH(J).EQ.O.O) 'GO TB 99 
CONTH~UE • J ' • 

GA-FLAf1 
NIT-l 
I~Al!al 

" 

JOROAN-l ' 
. IFCFPSl .lT. 0.0) EPsi-o.o 

IFCEPS2 .GT. 0.0) GO TO 30 
If(EPS1.Gf.O.0~ GO TO SO 
IRAN:a2 
GO TD 10 
IRAN.] 
GO TD 10 
IFCEPSl .GT.O~O) GO JO 10 
JOROAN-Z . 
SSQ·O.O 
CAlL FOF(NPR08,TH,F,NOB,NPJ -
00 90 I:l,NOB ~ 

Rel' • Y(I)-FCl, '0 
SSQ. SSQ+RCl).Rll) 
PPltJT 10031 SSQ 

PR 1 UT lÔ04, fil T 
lCOlJNT sC) 
GA=GA/FNU 
JfCOER' CALL OERIVECTH,DELZ,NOR,&122' 
DO 110 J-I,NP 
TU~P=TU( J, 
·~C~).OI~Z(J,.T~(J) 
:. TH C J). TtH ~ J +P C JI 

REGINE 

. - QeJ):(l.o \ " 

DO "120 1z:l"NQI\ ~ 
CAll "FOfCNVROt\,TH,OF.lZC1,J',NOBINP) 

, DELHI,J) :; OElZeIlJ)-rel) 
:. 120 Q(J,=Q(J)+DELZU,J).R(I) 

.' 



~ LtVE"L ZO 

C 
.130 

122 

lZ3 
152 

THeJ,-n:MP 
Ga TO 152 
OO,flZ3 J-l,NP 
Qc~hllo. 
00 123 l-l,NOR 
Q(J)-Q(J)+OELzel,J).RCI> 
uo ISO l:al,~~P 
00 lSl.J-l,1 
SUM-O.O 
Da 160 K.l,~on . 
SUM~SUM+OElZ(K,I'*O(LZ(K,J' 

. 
Q-XT*R (STEEPEST OESCENT) 

.. 
. Tl:Mf)-SUM/CPCI)*peJ», 

C 

151 
150 
666 

153. 
e 

155, 

1555 

170 
.. 2~O 

7000 

, 2401 

• 

.tH J, 1 ) = T H'P 
OCl,J)=TEHP 
ECI)=SQRTCO«(,I) 
on 153 l~l,tJP . 
DO 153 J=l,I 
A(~IJ)=U(11J)/(E(I)*ECJ» 
ACJ"I):aA(I"J)' 
CONTINUE, 

O=XT*X MOMENT MATRIX) 

" 

A-StALED MOMENT HATRIX 
DA 155' l=l,NP 
PO) :a Q(I)/ECI) 
PHleI)=PCI) 
ACI~I> = ACI,I).GA 
CALL GAU550CNP,A,P,DET,1.0E~30,O,ll,&1555,&4100) f 
IF(TRACE) PRINT l005,OET 
STEP-l.0 
5UHI-0.O 
5UH2-0.0 
5UM3-0.0 
00 231 t -l,NP 
SuMl-su~l+pel'·PHI(r) 
5UH2 • 5UH2+PCl,.PCI) 
5U~3z SUH3+PHICI).PHICI' 
CONTINue 
ANGLE-SUM1/SQRTCSUHl*SUH) 1 
IfCANGlE.GT.l,O, ANGLE-l,O 
A~GL~=S7.295.ARCOSCANGLE) 
IFCTRACE) PRINT 1041,ANG~E 
DO 220 j-l,NP 
T8C!)-P(I>.STEP/ECI)+THCI, 
IFCTRACE) PRINT 1000 
FORr'AT (' TEST POIN"T PARAHETER VAI,.UE5') 
IFCTRACf.l PR(NT Zoo6,cTDeIl,l-l,NP) 

, 

!',-----~ 

00 2401 ; r -1 .. NP • 
!FCSIGN5(1) .CT. 0,0 .AND, THCl>.TBCI) ,lE. 0.0) GO TO '663 
cO~TiNUE 
SUt1fhO.O 
CALL FOFCNPR08,TB,F,NOB,NP) 
DO 230 lallNOB 

j 

• 



G L~v~l 20 
i • 

RU) IIYe 1 )-F (J' ,> 

230 SUMA '. SUHB+RC 1 '.R CI) • ' 
663 

IFe TRACE) PRINT 10~3,SUM8 • 
IF(SUHB .lE. SSQ*(1.O+EPS1» CO TO 662 
Ir(ANGlE.lT.45.0) CO rO 665 

• 

665 

662 

669 

225 

240 

250 
265 

210 

2706 
2710 

C 
280 

2714 

GA=GA*.FNU 
IeOUNT= ICOUNT+1 
IF(IC6UNT .GE. 36) GO TO 2700 
GO TO 6b6 
Sl:EPsSTEP/2.0 
ICUUN'f • IcnUNT+l 
IF(ICOUNT .GE. 36) GO Ta 2700 
Ga TO 170 
PR ItIT 1007 
00 669 t-l,NP 
TH(I)' Il TB(I) 
CAL L GAIIS60 ( l,NP, TJ'., TEMP, TEMP) 
PRINT 1040, GA/SUMB 
GO TO (125,170,265),IRAN 
HZaO.O 
HF-Q.O 
DO 2~O I;:lINP , • 
Hf~HF+I\AS(P( 1 )*STEP/E( 1» 
HZ-HZ+Af\S(TH(I') 
CONTINUE 
IF(HF .GT. HZ*EPS1) GO TO 250 
PRIIJT 1009, EPS2 
GO TO, 280 
GO TO (265,270',JOROAN 
IF(ABS«SUMB-SSQ)/SSQJ ,GT. E~Sl) GO TO 270 
PRPn lolO,EPSl 
GO Ta 280 

\SSQ.S'UHB .• ' 
NI r-N1I+1\ 
IF(NIl.lE.MIT)· GO Ta 100 
GO TO 280 • 

.. 

PRIIiT 211'0 . ' 
FDRMAT(' THE SUM nF saUAkESrANNOT RE REouCe. 10 THE .SUH 

1S AT THE END Of .THE LAST IT ATION-ITERAJING STOPS"', 
• END ITERATION 

SlIM1-0.0 '. • 
DO 2114 I-l.,NOR 
Rtl)alOO.*~JI)/Y(i) 

SUHlzSltMl+Rel'*RCI' 
RMS:SQRT(SUHl/N08) 
PRltlT 10111(YeI),FCI),R( (),I-l,N08) 
PR It~T 101Z1 RHS 
SSd.SUM9 
InF:NOB-NP' 
C AL l Cr A li S S 0 ( NP 1 Il, P , nE T, 1 .0 E ~ 30, -11 11, t 76 C) l, &,.1 on' 

7~91 O~ 7b92 l=l,NP 
16 q 2 È ( 1 ) Il S O'R T ( U ( J 1 1 , ) 

00 3~O I.llt~P 
QO 340 JaI,Np 

• 
\.. 

.'. 

.. 

, , . 

• 

OF S~UARES 

\ 

.. 
4 
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.' 

• 

. 
u 

340 

4\20 

415 

4~ 4~1 
410 

99 

A(I,J) a OeJ,I)/«(CI>,EeJ') , 
DCJ,,!) - OeJ,OICOIFZel)*THC"U*OIFZCJ)*THeJ» 
O(l,J) • (l(J,U 
ACI,J) • A'J,!) 
IFCIOF.EQ.O) GO TU 410 
SOEV-SSQIIOF 
PRINT lo14, S-DtV,IOF 
SOEV - SQRTCSOEV) 
DO 391 IK1,NP . 
PCI) - TH'f)+Z,O*F.(U*SOE;V 
TS(I) :a THel)-Z.O*E(l)*SOEV 
P~ 1 liT lo3R ' 
CALL GAlIS6().,z,NP,TB"P"TEMP) 
DO 41~ K=l/NOR • 
.TlMP -0.0 
00 420 l-l"tlp 
00 420 JA 1, NP 
TEHP _ ~MP+OELzeKII)*DELZ(K,J>.D(I,J) 
T~MP·2.0~SQ~T(iEMP).SOEV 
RCK> - FCK)+TEHP~ 
FCK,.- FCK)-TEMP 
PR Ir,T 1008 
IEaO 
DO 425 lal,NOB/10 
1f:-tE+10 
1,,,-.00 .GE., lE) GO TO 43' 
IE-UOD 
PRI~T Zo01,eReJ),J a l,IE) 
PRtHT Z006,CFCJ),J-l,IE} 
P R 1 NT 1 0 :3 3, NP R'O ft 
RETURN 
PRINT 1n34 
GO TO 410 

• 

o ' 

\ . 

4100 PR IUT 4110 • 
GO TO 410 . 

, 

, . 

1000 FORtIATelHO,'NONLINEAR ESTH\ATION" PROftLEM NUMBER'"ll,IIIS,,1 

100\ FORHATC/' INITIAL PARA~ETE VALUES'" . 
1 08SERVATIONS"15"'PARAMET~S'" 

100Z FOR"AT'/' PROPURTIUNS usro IN CAlCULATING OrFFERE'NC(QUllTtt;NT'S.,· 
1003 'FOR:tATe' INITIAL SUU nF ,SQUARES - ',,[12.4) 
10U4 rOR~'ATW/I/45X,'JTERATIUtl NO.'"IIt) 
1005 FORHATt' OETEflHINANT'"E12.4) 
1006 FORI1ATt/' EIGENVALUES Of MOMENT MATRIX-PRÊLI,..tN.A~V '\Nt\LVSISt) 

, . 

1001 FQtWATU' PARAf1F."ER VALUES VIA ReGRESSIUN') .. " 4_. 
lOO~ r~RHATUI(/' APPROXIMATE "CONFIDENCE l"IM.lTS EOR EACH''FUNtTION V'ALUE'q 

l " . \, l' 

" 1009 FO~"AT(/' ITERATiON STOPS-RELATIVe CHANGE tN: (ACH PA~hMF.TER LtSS T 
lHAN',E1Z,4), • ,\ 

1010 FDRfIATt/' ITERATION STOPS- RELATIVE CHANGE tN SUM UF SQUARES lESS 

, 1 

, 

l THAtI',E12.4' r 

F['IRtIATC/T10,'FUNCTION VALUESCE)(PTl.",TitO,·FUNCTION VAL~IESCCAlo,.,~i11' 
, 170"O(Vf4TlllN(PCT)'./(Tll,E15.'7 .. T~1,E15.1,T70,F10.4". ' 

, l 1Z1 FORr,ATC/T50,IRHS Oi:VIATIONU'CT) • '~F10.2' 
-. 114 FJRtlATC///' ~AtRIANCF OF R~SIDUALS.'"E12.4"l.I,I/..,·'OI:(iRE~S OF 

~ , . 

, .-
l, 



. r ...,.; n, "":;0-
~J '""'JIG~L.E:-rVT::E:-:-L-/+'::2~O:---:--:·-- - ---èiMJSS---:--·-7~·· .. __ . -"OArF.- iï" 7130ft -.. -' 

101$ 
'. l")lh 

, ~.. r- 01 

""t ' ~ . 
1 FREEDIlM,1 ) 

FDlHIATUIIi', CORR(LATlOr~ 'MATRIX') 

. \ . 

F()RtlAT U III ,', NOR'HA'-I Z 1 NG EL ntENTS' ) 

. " 

' .• ,,1033 
1034. 
1039 

fOR It" T CI l' 1: NO OF p ~ OB L ~ M NO.', 13 ) 
Fn~IIAT (1 ':lOI ••• * •• ' ••••• ****.*.PARAMETl:R ·ERROR;. •••••••••••••••• * ••• ,) 
FOKtlAT(/1 1t!OIVIDUAL COI~fIOENCE LIMtTS F'OR EACH PARI\METER(UN LINEAR 

1 R HVl1llTIlES 1 S) , ) '. .: , 
1,r.40 F'ftRrlAT'U I I.I\MDh',Eln.3,40X,'SUM UF SQUARES hFTER REGRESSlnN;a',(lS.7) 

J 1 7 , Jl " -( tl 

FOR" Â T (t " N t, L F. 1 N S'C ALE 0 C II 0 RD, • 1 , F 9 • 2, ' 0 E GRE 'E S 1) 
F('lRIIAT( 1 TEST PlllN'T SlIM OF S·QUARES.I,E12.4} 
FORtlh'f(/lOflZ.4) 

1041 
1043 
2001 • 

rcH~~, A T ( l 0 E 12 • 4 , ·2006 
411t) FnRd·AJ(!lX".' n'lE MOMFNT I1ATRIX XT*X 15 'SINGU\..AR-- .. CONTINUE Tn 

1 ANIlTHEk DAT" SfT'~ 
,END . 

S IN eFFECT* ,Ih,LUtOIC,SOURCF,NOLI5T,NODECK,LOAD,NOMAP 
S; IN (FFEeT. NAtIf: Il GAUSS " L INECNT • 56 

. TICS. souRëe SJATEt'ENTS Il' 215,PROGRAM ~IZÈ .• 19006 
TICS~ NO otAG~OSTICS GENERATED 

, , 
.J 

" " , 

i 
n 

, < 

',' 

> •• 

. . 
, . 

',~. 
. '. 

, ' 

! 

, , Il 

.. 



:v G LEVEL 20 GAUS50 

• 
4 

6 

s 

11 

13 

14 

20 

8 
9 

17 
lA 

SUHROlIT 1 NE GAUS50 (N, A, X .. OETER .. EP S" 1 NO 1 C .. NRC ... , *) 
~EAL I~UW(1~) .. JCOl(lO)IJURDCIO)"VC16),A(NRC,NRC),XCN) 
HAX·N 
IfCI~OIC.LT.O) GO Ta 6 
tiAX.N+l 

• 00 4 1 = 11 N 
ACI .. MAXl.=XCI) 
IFCI~.lE.50) GO TO 5 
PRHIT zoo 

~~ O(TER=O.O 
RF TURf! 2 . 
OETFR.::l. \ 
1)::1 18 K=lIN· .... 
KMlllK-l 
Il 1 VU T = 0 ~ 0 ~, 
00 11 (=bH 
00 IJ J=lIN .~ 
IF(K.EQ.l) ça TD 9 
00 8 ISCAN=IIKH1, 
DO 8 JSCAN=lIKMl 
IFCI.EQ.JROW(ISCAN» GO TO 11 
1 F C J :EQ •. JCDL « JSCAN»' CO TO 11 
CONTINUE 

a 

iFCAOSCA"ClIJ».LE.A9SC.PIVOT» GO T.o 11 
PIVOT=AC1"J)' , 
IROWCK)=I 
JCOL C K') =J 
CONTINUE 
IFCABSCpIVOT),GT,EPS) GO TO Xl 
oETER-O.O " 

. RETURN 2 

. IRUwK=IRUWCK) 
JCULK·JCULCK) 
oET[R·DETE~.PIVOT 
DO 14 J=lIHAX 

.~ 

ACIROWK"J)=A(IROWK/J)/PIVOT 
ACIROWK,JCOLK)sl./PIVOT 
DO 18 t=illlN 
AIJCK=A(liJCOLK' 

; 1 F ( l ,E o. 1 ROWK) GO TO 18 
A(I,JCOLK)=pAIJ~K/PIVOT ~ 
00 11 J-l"HAXI. . 

." 

Ir(J.NE.JCOLK) A(I~J)=A(JIJ)~~IJCK.A(IROWK,J) 
CONTINUE . 
00 20 l=l,N 
1 RU\-IJ:; IRQwé 1) 

" JCOL 1 =JCOU 1 ) 
JORlH IRnWI )sJCULI r 
IFCINOIC.GE.O' XCJCOLI)=A(IROWI,HAX) 
INTCH:aO 
Nt>' 1.N-l D 

on Z2 h:l .. NHl 
lPl-l+l 
DO 22 J~IP1 .. N 

l t q? 

t. 

0. 

, 

1 . 
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.\ 

22 

24 

26 

27 

28 

29 

30 

200 

IrtJ'ORO(J).GE,JORO(I» .GO ·TO 22 
JTEtlP-JORO(J' 
JORIH J) =JORD (J) 
Jl1KOCI,=JTEHP 
IIHCH:z J "ITCH+ 1 
CONTINUE 
IFCINTCH/2*2.NE,INTCH) Df.TERm-OETER 
IF(INOIC.LE.O' ta TO 26 
RETURN 1 
Da 28 J=l,N 
00 21 I=LtN 
IRO\H-IRUWC 1) 
JCULI=JCOl(I) 
YCJCULI)aACIROWJ,J) 
00 28 I=l~~ 
AlI,J)·Y(I> 
Da 30 I=ll~ 
00 29 J=l,N 
lRUwJIlIROW(J, 
JCOLJ-JCOl(J' 
YCI~OWJ).Acr,JCOlJ) 
00 30 J=lIN. 
ACI,J) =Y(J) 
RETURN 1 

'" 

FORMAT(20XII**~***.****~*N 15 TOO BIG**** •• ***~* •• ****.*.***.**'l 
ENO" 

. ! 

\. 

1 1 
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:V G LEVEL 20 GAUS60 DATE • 11308 t8/12/25 • • 

) 
SUBROlIT 1 NE GAUSbO (1 TYPE .. NP 1 AI B, C, 
OIM[NSII1N A(NPl,S(Np',C(NP,NP) 
DI,MENS ION IJ.(IO) 

-' - 0 
• 0 

NR=NP/IO ) 

LOWal 
LUP1CIO 

1-0 1 r (NR) 15 .. ~p .. 30 1 # 

1·5 
..J 

RETURN 
20 LUP-NP 
3n 00 555 JeLOW,LUP 
555 IJ(J)aJ 

PRlNT 500 .. (IJ(JJ,J=LGW,LUP) 
GU TO(40,60,80),ITVPE 

40 PRHITbOO .. (AeJ),J=LUW,LUP) . -
GO' Ta 100 -

60 PRINT 600,(O(J),J=LOW .. LUP) 
GO Ta 40 

8.0 00 90 I=LOW,LUP 
90 PRINT 7Z0,I,eCeJ,I),J=LOW,I) 

IF(NR.EQ.O) RETURN .. -
LOW2=LUP+l ' ' 

la 00 95 I-LOW2,NP 0 

95 PRINT 720'J,cCeJ,1),J=LOW,LUP) 
'ido ~ LOW-LOW+ 10 j' 

LUP-:I LUP+l 0 
NR;;NR~l 
GD TO la 

500 , FORMAT(/I8,9I1Z) 
600 FORflAT(lOE12.4) . 1 ,. 
720 FURMAT(lHO .. I3,lX,F7.4,9~12~4) 

ENO 

• 1 

1 

q • 

0- .. . -.-
. ' • 

\ 
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.-
(l 

" 1 

, . 
.11 

FnF 
1 0 

SUHROUTINE FUF(NPROB/P/YIM/NP) 
REAL P(4)/Y(25)/G"A25) 
C G M" IJ N / SU Il 2 / X EXP ( 2'5 ) 1 X G ("2 5 ) 1 Y EXP ( 2 5 ) 1 AN lIA N 2 1 V 11 V 2 
C OMr1QN / SUB3/T 

. RTl.:: 1. 989*'fI. 16*T*T 
SX1-AN1/(1.+AN!) (>,' 

SXZ:lI, -SXl. " .. 
HlS=RT~*(SX2*SX2*P(1)*P(3)/«SX1+SX2.P(1»*.2)+SX2.SXZ*P(4)/(~SX2+ 

lSX1IIIPd".*2» . . 
HZS=RT2*(SXl*SX1*P(Z)*P(4)/«SX2+SX1*P(2».*Z)+SXl*SXl.P(3)/«SX1+ 

tSX2*P(l»**Z>}, ," 
DO 3 I=l/M \ 

~ Xl=XG( 1) \', ", 
X2=1.-XGCI) , 
Hl-RTl.( X2.X2*~(I)*Pl~) /C( Xl +XZ*P(ll) •• Z)+ X2.X2*P(4)/C( X2. 

1 Xl*P(Z) )**2) L'" 1 

Hl=RT2*( Xl* Xl*P(Z).P(~)l« Xl. Xl*P(Z»**2)+Xl* xl*P<])/« Xl. 
lX2*P( 1> )**2» ,/ . 

G ( l' =XEXP ( 1 , '" ("AN L* (Hl-HIS )+H2-H2S) + ( 1. -XEXP ( 1) ) *AN2*Hl 
3 Y(I)=-G(l) 

RETlJRN 
END 

l' 

/ 
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, 
SU8~OUT 1 NE OER 1 Vi( P ;or OX, M .. *) " . 

"REAL P(4),V(25),G(25) ;'OFOXC25,,10) _ '. 
COMMON/SUBl/XEXpt~,),XG(Z5)/VfXP(Z5),AN1,AN2,Vl,VZ 
COMt10NI SUB3/T 1 

SX1.AN1/( 1 i+hNl) 
SXZ=l.-SXl 

.. 
RT~.l,9n9.4.18*T.T . 
OHllS=RT2.(SX2*SXZ*P(3~*SX1-SX2*SX2*SX2~P(3)*P(1»/(CSXl+SXZ*P(1» 

1·*3) , , 
OHZ1S=-RTZ*Z.*SX1*SX1*SXZ*PC])/«SXl+SXZ*PC1)··3) 
OH 1 2 S 11:"1- R T 2 * 2 • * S X 2 * S X 2 * S X 1. P 1 4 )/ ( ( S X~ + S X 1 * P ,( 2 ) ~ * * 3 ) -
OH2lS=RT2.CSX1*SX1*SX2*p(4)-SX1*SX1*SX1*PC4)*P(2»/(C5X2+5Xl*PCZ» , 

1**3) . 
OH13$=RTZ*SXZ*SX2*P(1)/«SXl+SX2*P(I» •• Z) 
OHZlSII:RT2*SX1·Sxl/(CSX1+SX2.PC1»··Z) 
OH14S=RT2*SX2*SX2*1,/«SX2+~X1.P(2)'*.2) 
OHZ~S.RT2*SX1*SXl*P(i)/(CSXZ+SX1*P(2».*Z) 
DO 1 I-l,M . 
Xl- XG '-"If' ~,--, 

ri 
X2:at.-X1 
OHll -RTl*( X2. X2*P(3). Xl- X2* X2* X2*P(3).P(1»/CC XI+ X2.PCl» 

1··3) 
OHZl 
OH12 
DH22 

,**3) 

.-RT2*2~*xl*X2*P()/« Xl+ XZ*P(l')**) 
~-RT2*2.* X2* X2. Xl*P(4)/« Xl+ Xl*P(2')~~3) 
-RTZ.( Xl* Xl. X2*P(4)- Xl. Xl* Xl*P(4)*P(2,)/(C X2+ X1*P(2), 

OHl3 ~RT2* X2* X2.P(l)/« Xl+ X2*~Cl».*Z) ~ 
OH23 -RT2* Xl. Xl/C( Xl+ X~*P(l»~.Z) 
OH14 ~RT2* xz* X2*l .. /« X2'+"X1*P(2»)**Z) 
0"'24 =RT2* Xl* Xl.P(Z)/(,( Xl+ Xl.P(2»).. •• Z) 
OFOX(I,1).XEXP(I~*(AN1*(PHll~OH11S)+O~21~OH21S)+(1.~XEXPCI»,ANZ* 

10H11 (' .,.' . • 
OrOX( 1, 2)=XEXrC 1 )*(AN1*cOtH2--0H12S,+OH2Z-0H22S)+( 1,~EXP( 1, ).ANZ* 

10H12 ' 
DFOX(1,3)=XEXP(I)*(AN1*(UH13~OH13S'.OH23-DH23S)+(1.-XEXPCL),.AN2* 

10H13. , ' ' 
DFOX(I,4)=XEXP(I)*(hNl*(OH14-DH14S).OHZ4-0H24S'+(l,-XEXP(IJ)*ANZ. 

10H14 
CONTIIWE 
RETlIRN 
END 

'.' 
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C A.JPROGRA" TO PREDICT HfATS OF MI)(JNG OF ALCOlfOL+HYDROCAR~ON MIXTURES 
OI~E~SION TITLE1C10"T'TlE2C20, 
OOURLF. PAEtlSIOM T 
OOU~Lf P~ECI~ION AC,., 

, . 

REAL NA,NH.XC60t,YC60'.~CH2C60"HCH2(60',HOH'60"DHAH'hO',OHBAC60' 
REAL ypQeOf60"OEVPf60' . 

100 REAnC~.lol,E~CalOOO' JITlEl,TITLE2 
101 fO~"ATC20A~/20A4' 

,RFAOIS.I01'Nl,N2,N3,~4,N~,N6,N7.N8;Nq 
IQ2 fOR"Aic~X.91~' . , 

REAOI~,lOl'~A.NH,J,L" 
103 FORHATC1FtO.O .IS, 

... PTS'=Nl 
REAOCS,ïOl,(XCI"VCI'.I=I,NPTS. 

i01 FOPMATI2Fko.o, 
( C~ltUlATION OF STANOARO ST,ATE AND GROUP COMPOSITION, 

c 

SX1=NA'll.+NA' 
S)(22 1.-SX1 
'CALClJlATION Of WILSON PARAMETERS 
R=8. J14J9 ' 
R(t'=?6.69.0EXP(-I)'6./T' + 1.105 
RI2'=126:6Q'.(1336./T •• 2'.OEXPC-1336./T' 
RI 3'=~4.9S"OEXP(-2.q6A./T' _ 
Rf4J=C34.95'*C2908.1' •• 2'·OEXP(-2908./Tl 
DO 200 1=1."PT5 . 

2CO XtH211 '=1 C X( 1 J.~'HC 1.\-oXC 1 ".NH' /( Cl. +NA' tX' (, + (1.-X ('(, '.NH' , 
C CAlCUlATION OF OELTAH FROM REAO IN DATA 

00 15 1=I.NPT5 
o 

14 
IFILfII'12,11t.12 
YI I):sVI " 

( 

1 
C 

GO TO 15 
12 VII'=VCI'.XII'.'l.-X.J', 
15 CONT 1 tftIE , 

C4LCULATIO~ Of PREOICTEO HEAr~ Of MIXING, 
SHCHAzISX2.S~2·611J*ft(2"('SX1+SX2·A11"t·l'+ . 

1 SX2*SX1*fH 4' 1 Cf S)(2+5X .-8 ( ] J J **2 J, .R-T.T 1. 

SHOHA=CSXl·SXl·8(ItJ·ft(3"(CSX~+SX1·B(3"t·2'~ 
ISX.*SX1*8IZ"CCSX1+SX2*8(I"·.2I,*R-T*T 
pO 1 1=I,NPJS 
Xl=XCH2CII 
X1 2 1.-Xl 
HCH211'=(X2.X2.811'.ftI2'/'(~1+XZ.8Cl" •• 2'+X2.X2tAC4" 

lIIX2+X1*SC1" •• 2".R*T-T ' 
HOHII'=CXl*Xt·Sf4'.SI11/«(XZ+XI*RC3"··2. + 

lXl.Xl*eI2"IIX1+X1tSll») •• 2') -R.T.r 
OHRltC1'=-.H.Uttt21l' 
OH8AI N:IN'*IHCH" 1 '-SHCHI\' +HOH( (-)-SHOHl' 
YPREOII'-XCI'.OHftA(I'+Cl.-X(I".OHA~C11' 
CO~PARrSIQ~ OF YPPfO WITH EXPE~r~ETAL HEATS OF MJXlNG 

. 01=0. 
00 1'0 (=I,NPT5 
OFVPII'=IVI('-YPREpCI"*100./YCI' 
fll=OI.+OEVPI n •• 1 / 

120 ÇONTltfUE 
, 

• < 

• 0 

, , 

o 
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F"IIlTS=NPTS " 
ER~O~=SQRTCOt/FNPTS' 

C PRI'H nlJTcRESlJlTS 
PR INT 400 . 

"" ... " 

". 

400 F(JR'M~T (lHI' 
'PRtNT 410,flflEl,flTLF2 

410· FORM~T(70~4/?OA4' 
PRINT 420,(B( 1),1=1,4' 

4?0 FORMAT(5X,'S(L'=',FI0.6,T25,'S12':',FIO.6/T5 ,'B(~)=',FIO.6, 
l' T25, 'fH.!d:' ,FIO.6) 
'PRINT 430 

430 FOR~~T(5X,'X',T15,'XCH2'tT25,'V',T35,'YPREO',T45,'OEVP 'l' 
PRINT 440,(X(I),XCH2(I),V(I),VPREO(I),OEVPII),1=1,NPTS) 

440 F~RMAT(2FIO.~,3FI0.1) 
. P~INT 450~ ERROR 

450 FORMAT(T40,'.R~S OEVIATIO~='·,FIO.U 
CO 10 100 

7000 ,S top 
ENO 

o 

, 
\ 
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TABLE A39: 
-A68-

(' 

HE A t S Q,F M 1 X 1 NG AT IS CEG.C~FOR nu: 
. 

SYSTEM N-RUTANOL+N-HEXANE 
DELTA H IN JOULES/MOLE ~ 

. • ft ri )= 1.963050 tH 2)= 0.0041-;6 
R(3'= 0.001440 R(4,= o.ooooso 

)( XCH2 v YPREO OfVP, 

0.0212 0.«)9~4 1«)1.8 701.R -4.1' i' 
0.0'>46 0.9908 251.0 263.1 -2.S 

0.9823 32P..4 333.'1 . . -1.1 0.1044 
0.1419 "0.9747 " 371.8 177.} -l.S 
0.1883 0.9616 40?4 4'01.3 -1.2 .. 
0,.2252 0.9610 423~8 477.4 ' ,-0.8 
0.2582 0.95S0 43B.0 440.3 -o.s 
0.2904 0.9491 44b.l 448.6 -0.6 
0.3198 0.9411 4~O.3 452.Cl -0.6 , . 0.3418 0.9385 4S0.9 . 454.2 -0.7 
0'.3110 0.9331 448.3 451.2 -1.1 
0.3997 0.9286 442.1 4S0.0 -1.1 
0.4203 0.9241 431.R 446.2 -1.9 -
0.4319 0.9213 412.0 1t42.0 -2.3 
0.4552 0.9119 42";.3 431.1 -2.8 
0.4121 0:9141) 418.0 

. 
411.4 -3.2 . 

0.4881 0.9114 410.8 . 425.8 -3.1 
0.5038 0.9083 403.0 419.4 -4.1 
0.5201 0.9050 191.6 412.0 -4.1 

. ,0.5338 0.9023 386.5 40'5.8 -5.0 
0.5460 0.8999 319.0 )99.1 , -5.4 
0.55'59 0.8919 373.0 p 3<J4~S -5.8 
0~5610 0.8956 . 365.R 388.4 -6.2 
0.5130 0.994lt 363 •. 1 385.0 -6.0 • 
0.5161 0.8911 359.8 3R2.<J -6.1, r-
C.5928 0.8921, 156.4 319.4 -6.4 
0.5866 0.8916 151.1 371.1 .. ' -6.8 . 
0.5921 0.8904 349.6 173.5 -6.8 
0.5956 0.e8ge- 31t1.1 171.1 -1.1 :> 

0.6026 0.8884 3~.2' l61.4 -1.t, 
0.6130 0.8861- , 135.0 160.8 -1.1 
0.6241 0.8839 321.1 351.r; -R.O 
«?6361 0.8814 319.2 345.4 -8.2 1 
0.6419 0.8799 310.1 331.1 -8.5 
0.6605 0.8163 301.6 328.1 -8.8 
0.6116 0 .. 9115 291.8 318." -9.1 
0.6870 0.8107 t 2Rl.S 108.2 -9.5 
0.1011 0.8677 210.3 291.1 -9.9 

l-
0.7159 0.8645 258.9 2R5.2 -10 .. 2 
0.7313 0.8612 246.6 712.4 -10.5 
0 •. 1465 0.8519 23J.~ 2r;9.S -11.1 
0.1624 0.8544 219.9 74S.6 -11.1 
p.7191 0.8506 205.8 ?30.0, -11.8 
0.1975 0.8461 190.7 213.6 -17.0 

~ 0.8151 0.8478 116.1 191.0 -11.8 , , 
'.' 

0.83~8 0.8386 lS9.6 118.8 -11.0 • 0."8549 0.8318 141.5 lr;1.9 -11.5 
0.8166 0.8289 112.2 1)5.1 -11.1 
0.8990 , 0.8218 102.1 112.) -9.8 
0.9227 0.8183 81.3 "6.9 -6.9 
0.9472 0.8115 58.5 60.0 -2.6 
0.9729 0.8065 3~.4 11.1 9.1 

RMS DEVIATION- 7.2 
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TABLE A40: -A69-

~EATS OF MIXING AT 15 OEG.C FOR THE SYSTEM N-AUTA~Ol+~-HEXA~E 
OElTA H rN JOULES/MOLE 

(Hl). 1.961050 
'8(1'. 0.001"40 

~ XCH2 

0.0272 0'.995,4 
0.0546 ,0.9r)08 , 
0.1044 0.9823 
0.1419 ' 0.9141' 
0.1883 0~9676 

, 

,',0.2252 0.9610 
0.2582 0.9550 
0.2904 J 0.9491 
0.3198 0.9437 
0.1418 0.9185 "-
0.3730 0.9331 
O. 3991 ~ 0.9286 
0.4203 0.9241 
0.4379 0.'9113 
0.4552 0.9119 
0.4121 0 .. 9145 
0.4881 0'.9114 
0.5038 0,.9081 

, 

0.5201 0.9050 
_0.5318 0.9023 , 

0.5460 ,O. 8~99 
0.5559 0.8919 
0,.1)610 d 0.8956 
0.5130 0.8944 
0.5161 0.8931 
0.1)828 0.8924 
0.5866 0.8916 
0.5921 0.8904 
0.5956 0.8898 
0.6026 0.e88" 
0.6130 0.8862 
0.6241 0.8839 
0.6361 O.@814 
O.b41Q 0.8789 
0.6605 0.81(»1 
0.6736 0.~735 
0.6870' O. P'103 
0.7011 0.8617 
0.1159 0.8645 
0.1311 0.8612 
0.1465 0.8579 
0.1624 0.8544 
0.1191 0.8506 
0.le175 O.~461 
0.8151 ' 0.84'2A 
0.8llA 0.R186 
0.'3549 0.A1JA 
0.8166 O.A2~9 
0.'8990 O.A238 
0.9227 o. Al,81 
0.9477 0.8175 
0.911Q 0.8065 

0.004156 
0."()00050 

, 

~(2l=, 

0(4':11 
Y YPREO OEVP 

19'\.R '-' ..,202.8 \-4.1 
151.0 l63.') -2.5 ~ 
12A.4 313.9 . 

-1.1 
371.8 \ 111.,\, -1.5 
402.4 

, 
407.3 -1.2 

423.8 427..', rO.8 
418.0 440~ " -0.1) 
4"".1 448 .. 6 -0.6 
450.3 452.9 l -0.6· 
450.9 454.2 -0.7 
448.3 453.2 -1.1 
4~2.7 450.0 -1.7' 
411.8 . 446-.2 -1.9 
432.0 ,442.0 -2.3 
425.3 431.1 -2.8 
418.0 431.4 -1.2 
410.8 425.8 -3.7 
403:.0 .".19.'4 -4.1 
393.6 . 412.0 -4.1 
386.5 4'01).8 -5.0 
379.0 399.1 -5.4 
373.0 394.5 \-5.8 
365.8 188.4 -6.2 
363.1 385.0 -6,.0 
359.8 382.9 -6.4 
156.4 379 • .,. -6.4 
353.1 371.1 -6.8 
349.6 373.5 -6.8 • 
347.1 3111'1. 

1 ... -7.1 
342.2 367." -1.4 
33'i.O 360.'8 -7~i-311.3' 3S3.S -R. 
319.2 345 • .,. -8.2 
310.1 331.1 -8.5 
101.6 328.1 -8.8 

'291.8 31".~ -9.1 
7.81.5 308.2 -9.5 
270.1 , 291.1 -9.9 
258.9 2'35.2 -10 •. 2 
246.6 272." -10.5 
233.5 259.5 -11.1 
219.9 245.6 -11.7 
105.R . 210."0 --l1.8 
l'lO.l 213.6 -17.0 
116.2 " 197.0 -ll.8 
11)'l.6 118.R -12.Q 
141.5 J 157 • 9 . -\ 1..5 
122.2 115.1 -11.1 
102.1 ft 2.3 -9.8 

',\1 .1 A6.<J -6.9 
IiS.5 "0.0 -2.6 
''' .. 4 "11.2 9.1 

QMS OEvrArIO~. 

~ .. 

" 

7.2 



TABLE Atl. -A10- 1 1 

HfATS Of "IXING ~T 1~ OFG.C, FnR THf SYSTE't N-AUT.NOL+N-HEP"NE 
.. DELTA H IN JOULES/MOLE 

• OCl'- 1.9bl050 nC7'- O. 001t 1 -;6 .. 
f\(3'. 0.001440 OC4'- 0.0000-;0 

X XCH2 .Y YPQEO DFVP 

0.0331 0.99-;1 201.1 241.5 -1~.q 

0.0631 0.')Q08 26ft.l 304.4 -t".2 • 0.1213 0.Q820 14q.2 384.6 -10.1 
0.1120 0.Cl7"2 399.6 ")1.5 

. 
-8.2 

\ 

,0.2202 0.9664 4~1§.6 464.8 -6.1 
0.2614 0.9596 451.6 4P1.P. -5.7 

Jo 0.298tr 0.9534 471.5 494.8 -5.0 
0.1326 0.9415 41A.1 500.3 -4.6 
0.1610 0.9471 480.-) 501 .• 1 -4.5 

/ 0.3911 0.9311 .. 479.1 500.2 -4.4 
0."115 0.9323 414.5 4.q6." -4.6 
0.4405 0.9280 4"9.5 491.4 -4.1 
0.4656' 0.9233 4bl.1 484.2 -I§.O 
0.4851 0.91')4 453.9 411.1 -1§.1 
0.5043 0.9158 445.5 469.6 -1§.4 
0.5204 0.9121 418.0 462.) -5.6 
0.5359 0.9096 479.8 454.1 -1§~8 
0.5508 0.9066 421.4 44b.8 -6.0 
0.5650 0.9011 413.1 418.9 -6.2 
0.5119 0.9011 405.2 431.1 -6.4 
0.5904 O.89A5 391.13 473.2 -6.4 
0.5915 0;8979 391.2 471.2· -7.1 

-:: 0.6018 0.R962 389.6 415.8 -6.1 
0.6020 0.8961 387.? 415.6 -1.3 
0.'6118 0.894'1 380.5 409.0 -7.5 

'1 0.6215 0.8920 315.7 . 401.2 -7.1 
0.6125 0.8939 3AI.9 ·408.~ -1.0 ..,.." 

0.6219 0.8920 ~12 ,.5 1t0l.'} -1.9 
0.611-5 0.f!899 169.1 194.9 -1.0 
0.6323 0.'3898 " 364.8 394.4 -8.1 
0.6410 0.8819 362.4 181.9 -1.0 
0.~6428 O. fU n5 156.6 3A6.5 -R.4 
0.6"81 j.S962 356.0 392.0 -1.3 
0.6539 .8851 346.8 318.0 -R~4 , 
0.6651 .8821 140.1 169.1 -8.5 
0.6172 0.~800 3)0.1 31)9.2 -R.8 
0.6895 0.8173 319.8 148.8- -9.1 
0.7019 0.81"6' 309.0 11~1 -9.4 
0.7156' 0.8715 2"6.5 121).8 -9.9 
0.1295 0.8683 284.9 313. l, -9.9 
0.1437 ~::m 27'7.2 299.1 -10.1 • 
0.7585 251.5 2"~.) , -ln.et 
0.1143 0.8580 242.6 16 .~ -11. t 
0.7901 0.8'341 221 ,.1 2')1.6 -11~) 
0.8015 ' o. A500 2ll.1 214.CJ -H.l 
0."231 0.'J461 1?4.6 211.3 -H.l 

,0.8416 0.81tl1 115.8 1'11.4 -12.1 • 0.8613 0.8368 IS6." 114.1J -11.8 
0.8811 0.~318 1'\4.6 151.6 -t2.6 
0,.9019 0.8264 111.1 176.6 -11.1 
0.9119 O. "209 8".0 (00.6 -14.1 

il 0.9456 0.8149 b2.6 71.9 -14.8 
0.910\9' .0.8010 21.1 13.1 -24.0 

ItMS OEVIATIO-'. 9.' 
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ThBLE A42a ."A71- ) 

HEATS OF HIXING AT 15 OEG. C FOR THf: SYSfEM ~-AUTANOl' + 'N-OCTANE 

• O'ELlA H IN JCU~S/MOlE .,. .. 
8(1'· 7 •. 96 050 e ( l!, Il 0.004156 • A(),- 0.001440 fH 4l- o..00005t) " 
X XCUZ y YPReOo DElIP 

.' 

0.0152 .. 0.Q9«;5 252.' 265.8 -5.4 
0.0680 0.91113 324.2 0 338.8 -4.5 1 0.1166 0.9834 405.8 . 4?1.4 -3.8 
0.1787 0.9161 457.5 477..1 -1.2 
0,!2265 0.9691 4«J7.3 505.'; -~7 
0.?687 0~9626 r; 1 3: A 526.1 - .4 
0.1074 0.91)66 527.4 1)3R .. 4 -2.1 
0.1410 0.9508 534.1 544." -2.0 

"'0.3749 0.94«;5 535.7 546.0 -1.9 
0.4030 0.9407 5'11.9 544.1 -1. q 
0.4286 0.9162 52«).2 540.4 .... 2.1 
0.4531 0.9318 527.9 .,34.6 -2.3 
0.4745 0.9278 516.2 5?@.1 -2.3 
0.4950 0.9740 ~07.7 5?0.4 -2.5 
0.1)178 0.9206 4«Jq.2 

( 
511.8 -7.7 

0.5300 0.'H73 4«J0.2 504.5 -2.9 
0.1)442 0.9145 ~ 4R7.0 497.1 -3.1 
0.1)580 0.9118 473.8 489.3 -3.3 
0'. '.) 718 0.9090 46.,.2 4RO.9 ":'.4 
0.5844 0.«)064 456.6 472.9 -3.6 
0.5«)69 0.«)0'19 448.1 464.4 -).6 ... 

0.6092 0.9013 41«).0 J 455.7 -3.8 
0.6122 0.9001 439.4 4.,3.6 -1.2 

~ 0.6206 J 0.~989 t,,~O. 2 447.1 -4.0 
"- 0.~·2t2 O. A98'8 433.0 446.9 -3.2 

0.6304 0.8968 4<5.9 439.8 -3.1 
0.6310 0.8961 4?2.1 419.4 -4 .. 1 ., 
9·6399 0.R948 4i8.0 432.3 -3.4 , 
0.~412 0.8945 413.9 431.3 -4.2 
,0.649" 0.A926 409.7 ' 474.4 -3.6 

~ 0.65·12 0.S921 405.4 421.1 -4.4 
"- 0.6602 0.fJ903 400.7 415.5 -).7 

-0.6109 0.8819 391.5 406.3 -1.8 . 
0.6823 0.A81)4 380.6 19&.1 -4.1 
0.6944 0.8826 36?9 385.0 -4.1 . 
0.7061 0.R799 3159.4 173.9 -4.0~ , , 

, ,O. 11.89 0.8170 347.0 161.4' -4.1 
0.1371, 10.8738 3~3.1 341.9 -4.3 

'0.7454 0.1'70·1 320.3 334.1 -4.3 
0.7593 0.8613 10'6.1 3}c~. ,. -4.3 .. 
0.1715 0.86J8 191.2 '101.8 -4·1 

,0.1"87 0.'1600 ?14.8 2R6.6 -4.1 , - 0.8045 0.81)60 256.5 ?6R.7. -4.6 
0.8212 0."511 2'A.b 2/. q. 2 -4.0 
0.1\371 0 ... 8474'" 21q.5 . 2 2A." -4.1 
0.8547 0.1\42,. lq8.5 206.4 -4.0 • 0.8728 0."378 116.1 lA2.A -'l.8 -, 
0.8CJ21 0.~124 It;1.6 157.0 -1.6 . 
0.9121 0.8261 124.9 1?9.1 -3.1) 
0.~311) 0.8205 96.8 99.3 -2.6 
n.«)5-;8 0.8138 65.9 66.'1 , -1.4 
O.~182 0.806' 33.0 33.4 -1 • .1 ~ 

q ~MS D5JI r ~J 1 r.~ .,., 
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TABLE h'43:~ -A72- 0, 

'. , 
• , t 

~EATS OF MIXING AT 15 nEG.f. F0~ 
OEl j ~ H .1 N )()ULE~/~~LE . " 

THE S~STeM ~-PENf~NOL+N-OECANE 
, u 

• 1 

J ft, U-' 1. «lh 1050 " (\ (?, '1: 

R(3). 0.001440 R(4)= 
XCH2 V 

1 

0.OO'.15b 
C'.00005'0 

VPRFO DfVP 

1 • 

0.,0418' '0.99,57 \ 
0.066~ 0.9931 
~.IZ65 0.<)861 
,0.1804 ~.q80h 
0.2293 0;()]48 

, c 0.2717 O.9'6QC; 
0.1104 0.~h4h 

r.~445 0.9600 
.O.'HC;R ·0.Q55R 

. 0.4047 0.9517 
0.4307 0.<)480 
0.4546 0.Q444' 
d.4754 0.Q413 
0.49«;1 O.'H~3-" 
0.51~0 • 0.<)1«;);) 

7.R'i.8 
318.A 
421.1 
482.3 
51 R. 3 
545.0, 
56~ .. 0 
57/ •• 9 
SRl.5 
·5~,! .0 
503.60 
1)80.4 
575.4 

, 'o. ~306, o~ q1?tr~ 

·56Q.1 
561.R 
SC; J;1 
~46. '3 

\ 

:, <1'.5440 ,O.q10":\ 
. 0.5560 0~<)2Rl 

0.513'3 . 0.Q256 
0.5866 0.9214 

,"0.5<)OQ ·0.9212 
0.6100 '0.<)193 
0.62à9 0'.'")17.4 
d.62Q'l 0 ~ 9'159 " 

.0.6J09 0.Q156 
'-0.6354 - 0.9 141f 

'<'0~6407 0.9139 
0.6434 0.9134~ 
0.6489 . 0.<)124' 
0.6517 ,:, 0~ql17 
o..66~6 0.9095 

IJ '0".6150; 0 .. 907,5 
"0.6ft.1j9 0.9055 
0.6964 0.9035 
0.1071 ~.9à13· 
0.7t 9S' O. R9S9 
~. 7318· ~ '0. 't~65 
0.7440 O. ~-til 

, . (~. 7512 0.8914 
~ ,~' ~I\ jO'. 7709' 0.8885 

'-/\ '0.7845" 0.8~57 
. . 0.7983\ 0.RA7.7 

O.R1?A 0.~7q6 
0.8lA4 a.A761· 

o. 0.84'>0 .' 0.8124 
O .• A616( 0.1:1685 
0.8·7!'7 0.A645 

~o 0'.8979 0.8599 
O.cH 14 0.8551 
P.9172 0.9501 
.O~9510 ~~8449 
0.9781 0.8393 . 

539.0 
539.1 
521:.1 P,' 

Sll.9 
-'1)'03.4 

4<)4.1) 
481.~4 

.486.'0 
476.8 
471.2 
410.1 
41)1.8 
4hO.8 
4I)O.Q 
ft 't 1 .6 
410.7 
'470.'1 
408.5 
3'l'j.1 

'362.Q 
368.7 
3'H.7 
331-.5 
321.0 
'02.9 
b14. t 
2h'l.6 

. 240.1 
21'l.6 
'l 94.0 
165.6 
i 15.1 
10l.1 
ll.Jl 
16.4 

317.1 "':tl.0 
17' .. 0 -10.4 
460.} -7.6 
Sll.l' -6.0 
')43.1 -4.9 

, S61~~ -3.1 
5 7'" • 5· ' - 2 • 1 

0' 57q." -0.8 
.0 ., R 0 • '} O. 1 
·518.9 0.9 

'>74.6 1/15 
1j6B. l' 2.0 
!i62.1 2.3 
554.6 ,J 7.6 
546.3 2.8 
5)8.0 7.~ 
53'0.3 2.9 
522.3 l.1 
513.1 3.2 
504.2 3.2 
4t)5.6 3.2 
481.~ J.2 
41C).O 1;'1 
4~12. 5 1. R 
411. '1 3.1 
467.~ 2.0 
46i.o 3.0 
,460. r 2.0 
41)6.0 -0.9 
4,'.)2.1 1.8 
442.2 '1.9. 
43?1 1\ ,.2.0 
422.4' - '1.9. 
417..1 1.9 
~OO.O\ .' 1.9 

1~8.) '\ .1 ~~ 
315.6 1.~ 

.. 367.,.2 ,,1.8, 
341.3 1.8 
'nt'. 4 1.8 
11«;.2 ,1.1J 
298.2 1.5 
71<).4 1.1 
7r;9.7 1.5 
737.5 1.3 
7.14.6 -1.8 
lQO.'t 1.6 
'162.-; 1.9 
133.2 1.4 
102.6 0.4 
71.2 0.9 
36;4 -0.2 

IVtS OEV lA TI ON-

. / 

, ' 

.. ,'ôt> 1 

, 

\ ' 

.. 
o 



Il 0 

TABLE ~44: -A73-
.... , 

HEATS OF M(XtNr. AT 15 OEG.C fOR THE SYSTEM N-eUTANOl+N-OECANE ~ 
CELT" H rr~ JOULES/MOLE 

" .-

'. B( 11= 1.963050 'H 2' = '0.004156 
R(3'= 0.001440 B(4'= 0.00001)0 

X XCH2 y YPREO OEVP 
'-

G.0469 0.9952 .... 21'3.8 33R.6 -22.1 
0.0166 0.1920 345.6 404.0 -16.9 
0.1428 0.9846 44R.O 4'l8.8 -il.3 
0.2014 O.CJ116 509.4 555.1 -9.0 
0.2531 0.9110 ' 51)1.) 590.2 -1.l 
0.2995 0.9649 1)11.3 ,b Il. 9 -5.8 

00.1399 0.9591 591.1 622.3 ·-5.1 
0.3156 0.9538 59<).9 616.6 -4.5 
0.4092 0 .. 94R6 601.2 626.2 '"'" -4.1 
0.4399 _0.'9436 59,Cf .2 622.0 -1.8 
0.4661 0.9392 5'13.8 615.8 -3"1 
0.4890 0.(31)3 581.0 608.3 -1.6 

,.. 0.5019 ~ .. 0.9319 5~0.9 600.7
1 

-3.4 , 
'0.5219 0.9293 5'72.2- 591.1 -1.3 

" - 0.5455 0.Q250 563.8 '581.9 -3.2 
J 

0.5635 0.9215 1)54.2 51f.l -3.1 
0.5821 '0.<)1·19 542.5 558.<) -3.0 
0.5970 0.9149 533-'1 5-48.2 -2~8 
0.6107 ,0.9111 523.1 531.8 -2.8 
0 .• 6225 0.9096 '\ 514.4 .. 578.3 -2 .... 1 
0.6141 0.9012 505.1- 518.6 -2.1 
0.6450 0.'1048 496.2 509.0 -2.6 
0.16551 0.90~6 487.4, 499.8 ·-2.5 

, 0.6653, O~9003 419.0 490.1 -2.3 
..... '0.6668 0.9000 --481.1 488.1 -0.2 

" 0.6148 ,0."982 470.5 480.9 -7..2 
0.6754 0."980 419.9 480.1 -0.1 

~0.-6835 0.8962 462.3 472.1 -2.1 
0.6840 0.8Q60 411.6 411.6 0.0 
0.69,33 0.8939 467..3 462.0 ' 0.1 ' 
O. T026 . 0.11911_ 452.2 452.1 0.0 
0.1123 0.8894 441.6"- . 441.5 0.0 
0.7227 0.8868 410.7 , ' 429.8 0.2 

0 0.7129 0~8843 41A.CI 418.0 0.2 
0.1431 0.8818 407.2· 405~8 .0.3 
0.7542 0.8789 195.0 ~92.3 0.1 
0.1650 0.-9761 181.1 318.1 0.8 
0.1159' 0.'HJ2 369.6 364.1 1.1 
0.1-8~9 0.8700 352.8 348.9 1.1 
O.RO 1 0.8666 337.1 112.3 , . 1.5 
0.8125 0.'R612 171. 0 ~ 311).0 1.9 
0.811)7. 0.65<)4 302.8 ?96.1 2.2-"" 
o. Aq''q" 0.R554 2ln.4 215.~ . 2.6 
'O.R5)1 0.8512 262.9 255.2 2.9 
0.868" O ... 465 . ~40.2 231.5 1.,6 
0.R831 0.6419 2\7.-; 7.08.0 / 4.4 
0.8980 0.8'\10 1<12.4 lR1.6 4.5 • 0.11"0 0.8317 161).4 156 •. 1 ';.2 
0.9298 -0.8262 lJ7~8 129.4 6.1 

, 0.9468 0.Q202 106.5 , 99.3 °6 .1 
0.96"11) O.IU 11 '72.3 hl.1 7.2 
0.9816 0.8072 38.1 .~5.1 8.0 

RMS DEVIAl'ION= 5.6 
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't TA{lLE A4S:' -""14-.. 

" 
HEA1S OF ~IXINr. AT 15 OEG. C FnR THE SYSTEM ~-peNT~NOl+N-HEPT~NE 
CELTA H r'N JCUlES/MOLE .: 8(I'a 1.961050 0(2'- 0.001t156 

RC)'- 0.0011t1t0 lHIt,: 0.000050 
l'"'- X XO'2 V VPRFO OFVP 

0.0315 0.<)955 '}I;.2 0230.2 -1.0 
0.0~18 0.9921i 261.<) 211i."i -1).1 
0.1002 0 •. 98'$'$ 3JO.1t lltlt.6 -1t.3 
0.14,15 0.9191 '}11.0 3R1.0 -3.1 
0.183'$ 0.9131 403.5 ,41-;1'9 -1.1 
0.'201t 0.9615 425.4 'p 43S 6 -'.4 
0.2S,,2 0.<)6'1 441.9 448.4 -1.5 
0.'052 0.9698 367.2 428.2 -18.2 
0.3140 0.9510 459.9 460.5 -0.1 
0.3384 0.9"92 461.4 461.9 0.3 
C.361CJ O.(451) 4~5.,A 461.4 0.9 /1 

\ 0.1833 0.9"21 461.1 459.6 0.8 
0.1t019 0.939i 461.0 "'.)6.9 0.9 
0.4211 0.<)160 451.a 41))r J.O' • p 

0.4400 0.9329 4'.)7.9 448.4 1.0 
0.4S68 0.9302 't1t'7.4 !t41.5 0.9 
0.473'9 0.<)'74 "40.5 4~7.7 0.6 
0.4883 0.9250 "34.0 432.3 0.4 
0.5054- 0.9222 426.2 425.3 0.2 

. 
r .' 

0.5112 0.9202 419.8 420.1 -0./1 
0.S'84 0.9184 413.7 41".9 ~0.3 
0.1)4'01 0.9163 't07.0 , 408.8 -0.4 
0.5525 0.Q143 'tOO.O 402 .. & -0.7 

" 0.5570 0.9115 399.7 400.2 -0.1 
0.5639 0.9121t 391.2 196,,5 -0.8 
0.5668 '1 0.9119 393.4 394.8 -0.4 
0.5141 1 0.<)106 3<\6~4 <J 3<)0.1 -I.e» 
0.5,769 . 0.9102 386.4 389.1 1 -0.7 
0.5849 0.9088 379.2' 3~4.1 -1.3 
0.5877 0.9081 J7~.S 382.1 -1.1 
0.5986 0.9065. 370.5 376.0 -1.5 
0.6102 0.9045 361.8 368.6 -1.9 4 

0.6222 0~9024 352.8 360.1 -2.~ , 
0.631tl 0.9004 341.4 352.6 -2.7 
0.6472 0.8981 333.1 341.4 -3.1 
0.6605 0.8958 321.8 

f] 

331.8 -3.7 
0.6719 0.8935 110.3 '121.8 -4 .. '3 
0.6882 0.8910 298.3 312.8 -4.9 
0.7021' 0.8884 28').6 301.2 -5.5 
0.1119 0.8857 212.0 288.8 -6.2 
0.1334 0.8830 257.1 21S.7- -7.0 
0.7504 0.8~9 241.8 260.<) -1.9 
0.7679 0.117 A 225.8 745.3 -8.6 
0.7867 0.All4' 207.6 228.0 -9.8 
0.8063 0."~6qR, 189.6 209.4 -10~5 
0.8269 0.8660 169.0 189.4 -12.0 

• 0.81,85 0.8,621 / 148.1 161.1 -13.1 
; 0.8701t 0.'8580 121.0 1"5.1 -11,.3 

0.8941 0.8536 102.9 120.0 -16.6 
0.9162 0.'I1t94 'U.l /96.0 -18.'5 
0.9"24 .< 0.81t,.4 54.3 66.8 . -'3.0 
0.9122 0.11187 25.3 l2.1 -2CJ.,1t 

J 

'" 
~MS. oeVIATION- 8.! . 
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TABLE A46: -A75-
'. 

,r 

HEATS OF MIXINC ÀT 1~ CEG.C FOR THE SV STEM N-HfXANOl+N-HEPTANE 
DELTA H IN JOULES/MOLE 

8(1'~ 7.9.63050 
R()= 0.001440 

X "XCH2 

0.0280 
0.0415.5 
C. oa 85 
0.1216 

'0.1642 
0.1961 
O.Z760 
0.2531 
0.2113 
0.,3008 
0.3231 
0.3438 
0.1632 
0.3812 
0.39c)7 

0.4169 
0.4360 
0.4519 
0.4659 
0.4189 
0.4908 
0.5011 
0.5139 

·0.5216 
0.5'256 
0.5318 
0.5366 

;. 0.5416 
0.5488 

" 0.5521 
0.5640 
0.5-163 
0.5887 
0.6012 

_ O.614~ 
0.6284 
O:'641!L 
0.656r 
(). ~ TH 
0.6890 
0.1061 

·0.1255 
O.144fl 
0.164·1 
0.1863 
0.8049 
'0.8181 
o. 65~U) 

{t o. al~92 
O~9010 
0.9354 

'~o. 9636 , 

().Q960 
0.9915 
0.'1814 
O.Cl81e 
0.976') 
0.'1720 
O.r:l677 
0.<)638 
0.9604 
0.9510 
O.Cl538 
0.9509 
O.Q4Al 
0.9455 
0.<)429. 
0.1)404 
O.Cl311 
0.9354 
0.9334 
0.9316 
0.9299 
0.9283 
0.9266 
0.9255 
0.9249 
0.9240 
0.9233 
0.92"16 
<1.9216 
0.9210 
0.9194 
0.Cl}17 
0.9159 
0.9141 
O.?122 
0.?102 
0.9083 
0.9062 
0.9038. 
0.9016 
0.6990 
0.8964 
0.tl936 
0.R908 
0.8817. 

~ 0.8850 

1
0.8816 
0.0781/ 
0.8744 
0.8104 
0.8664 
0.8621 

B ~2' ~ 
0(4)= 
V 

0.004156 
0.000050 

VPRED 

210.8 
249.5 
301.6 
343.8 
lh9.3 
3R1.8 
402.8 
412.5 
470 .. 2 
42'6.3 
~30.? 
432.5 
411 .. 2 
43?416 
431.? 
429.3 
426.2 1 
421.3 
416.8 
411.8 
406.? 
402.2 
396.9 
390.3 
39l. '1 
184.7 
3R6.4 
319.1 
31? .. 1, 
311.1, 
366.2' 
3'i8.0. 
34?419 
341.2-
331.6 
322.0 
311.1 
299.8 -4 
286.1 . 
214.1 
2-58.5 
2'41.6 
244.0 
20b.CJ 
18R.2 
111.S 
149.5 
126.6 
102.9 

• 

77'.2 
~2.1 

'26.8 
. , 

216.1 
2')6.9 
) 19.1 . 
357.1 
381.3 
400.6 
412.7 
420.6 
425.5 
428.3 
429.4 
4,29.0 
427.6 
425.4 
422.3 

" 416.6 
41).1 
409.0 , , 
404.4 
399.8 
395.12 
390.8 
385.6 
382.1 
380.3 
371.4 
,315.1 
372.6 
36CJ.0 
361.0 
361.1 
354.5 
341.5 
340.2-
332.1 

" 323.4 
314.7 
3t>4.1 
293.4 
282.0 

/268.9 
254.6 
239.6 
223.2, 
20'5.2 • 
189.2', 
1 ".8'. 1 
145.5 
121.5 
, CJ_4. 1 
66.6 . 
38~0 
, RMS 

i C 

OEVP 

-2.5 
-l.'4 
-3.8 
-3.CJ 
-3.8 
-1.3 
-1.4 
-2.0 

-1." 
-0~5 
0.2 
0.8 
1.3 
1.1 
2.1 
2~5 
2.9 
2.9 
3.0 
2.9 

"'l.9 
2.8 
2.CJ 
1.1 
~.9 
1.9 
2.9 

·1.7 
2.7 
1.6 

.1.4 
1.0 
0.1 
0.3 

-0.1 
-0.4 
-0.9 
-1.6 

11-2.3 
-2.9 
-4.0 
-5.4 

" 1.8 
'-1.9 
-9.0 
" 

~101i3 
l, -1,2.5 

-14.9 
-18.1 

~ -22.8 
·'-26.5 f 1 ~~ 
~41.R 

DEVrAr Im~a 
... 1 ' \t! ., .. ~. ~. 
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TABLE- A47: -A76-

HEAT~ OF ~XINr, AT l~ CEG.C FOR THE SYSTFM N-HEXA~Ol+N-OcrANE 
DELTA H 1 JOULES/MOLE 

• B ( 1 , • 7.963050 0(1'= 0.004156 
""(3'= 0.001440 A(4'= 0.pOO050 

X XCH2 y YPREn OEVP 

0.0232 0.9971 201.8 211.0 -b,,5 
-(). 0') 01 0.CJ931 270.9 2H9.1 -b.l 
0.0911 0.9816 331.6 351.1 , -6.0 
n.l~09 O.911i!1 177.9 198.9 -'5.6 
0.1795 0.9710 406.1 1 425.8 -4.9 
0.2164 0.9122 427.0 444.1 .. 

-3.9 
:,. 0.2493 0.9618 443.7 456.7 -2.9 

0.2797 0.9638 f 454.9 , 464.1 -2.0 
0.3080 0.96CO 462.5· 468.0 -1.2 
0.3318 0.9561 466.1 469.4 -0.7 
0.1529 0.9539 46A.l 469.1 -0.2 
0.3746 0.9509 470.2 467.4 0.6 
0.3953 0.9480 470.1 464.5 1.2 
0.41'52 0.9453 468/.6 460.1 \~7 
0.43~1 0.9427 46'5.7 256• 1 1,,0 
0.4503 0.9404 462.4 51.4 2.4 
0.4666 0.9381 451.1 446.0 2.6 
0.4810 " 0.9160 452.8 440.7 ~ 2.7 
0.4945 0.9341 447.7 431).3 .-2.8 
0.5061 0.9324 442.4 430.1 2.8 
0.5177 0.9308 431.2 425.1 2.8 , 0.5287 '0.9292 412.3 

4 El' 2.9 
0.5404 0.9276 426.4 414. -2.9 
0.5-497 0.9262 419.1 4 .2 2.4 
0.5516 0.9259 420.7 408.1 3.0 

\ 0.5591 o 0.92413 414.1 403~9 2.5 "' . 0.5642 0.9241 41""3. 1 401.2 2.9 
0.5694 0.9234 407.5 196.2 2.3 . 

'. 
0.5748 0.9226 406.4 J Vl5.1 2.8 
0.5198 0.9219 400.8 391.2 2~1 
0.5914 0.9202 392.4 385.1 1.9 
0.6028 0.9185 385.0 378.0 1.8 
0.6142 0.9168 376.5 310.6 1.6 
0.6261 "0.91')1 361.1 362.6 t.2 , 
0.6186 0.9133 J,)7 .. 5 353.9 1.0 
0.6511 0.9113 346.6 344.5 0.6 
0.6648 0.9094 334.9 314.6 . 0.0 
0.6193 0:.9072 322.9 323.1 -0.3 fJ 

0.6945 0.9049 109.8 '3\1.1 -0.6 
0.7098 0.9026 . 294. 8 29CJ.3 -1.5 
0.1250 0.9003 280.5 286.5 -2.1 
0.1421 0.8918 264.1 11\.8 -2..9 
0.1593 0.13( 1)1 241.8 256.4 -1.5 
0.1763 0.8922 229.'1 239.0 -4.3 il 

J- 0.1913 0.8893 209.1 221.0 -5.1 . 
9.&181 0.8860 186.7 200.2 -1:2 
0.8381 0.8829 166.0 IPO.l " -8.5 

.~. 0.8623 0.8791 141.4 1"'1). R -10".2 
0.8861 0.13151 1115.4 12CJ.8 -11.5 
0.Q1l4 ~0~8714 89.R 102.8 -1 / •• 5 
0.<))91 0.8669 59.9 11.0 -18.5 
0.9681 0.8623 29.3 'l8.1 -29.8 

RMS OEVIATlnN= 6.6 
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TAI;\LE A48: -Art: ~ ~ 

\" 
, 

u 

HEATS OF MIXUNG AT 15 oert~C FOI~ THE SVS,TEM N-OCTANOl+N-HF.XANE 
CELTA H IN JOULES",mLE ~ 

. 
" • R(l'1I 7.9610-;0' ' E.t(2'= 0.0041')" 

f\()'11 0.001440 "R (4':1 O~OOOO')O 
)( XCH2 y _VPRF.O OF.VP 

Il 

o ' 
0.0111 0:' 9972 lhO.7 151.? ~ 1.7 , 
0.0316, 0.994f\ lQQ.O 1 ql\ • l '" 0.4 ' 
0.0627" o. qS<Iq " 2'.4.2 ?4~.1:f -0.6 
0.0921) 0.9~" 7.11.1 21,.0 -1.2 
,O. II R5 0.Qf}14 ',r 2Rq.6- • ;?Q4.0 . -1.5 
0.14'1 0.91'71 3'03.6 1 108.1 -1.5 
0.1619 0.9141 315.r; 319.l . -1.2 
0.1923 0.9708 /37'1).2 171.5 -0.1 
,0.2144 J 0.9677 , 

:nl.8 1".1 -0.4 c r 
0.2334 0.96')7 3~6.9 33h.6 0.1 
o. 21H '3 0.9628 341.1 31R.9 0.1 
0.2690 0.9605 344.9 140.2 1.4 
0.2861 O.95R3,., 341.2 . 340.1 1.9 
0.3014 0.9')63 349.1 340.5- 2.') 
0.3165 0.<)545 31\0.9 '"9.8 .1.2 
0.3'21. 0.«)525 l'.H.8 33A.5 3.R 
0.3414 0.«)501 1'i2.1 316.1 4.4 

,0.3619 0.9489 351.1 334.6 ,".9 
'0.1753 0.9473 - Vil.Z 112.1 5." 

~ 0.3880 0.<)458 3'>0.2 321).8 5.8 
0.4012 0.~443 34R.6 126,9 6.2 

... 0.4178 '0.9430 146.6 '3-24. 1 6.5 
0.4239 0.9417 • 34,ft. 3 321.2 6.1 
0.4342 0.«)405 347.2 318.3 1.0 
0.4446 . 0.9394 3)q~8 31'>.3 7.2 
0.4523 0.9385 111.6 312.9 1.3 
0.4628 0.9374 ·326. Z 309.6 "5.1 

~ ~ 

0.4719 , 0.9364 124.7 306.6 5.6 
0.4820 0.915-' "~22 ;1 303. l ' 6.0 
0.4924 0 0 .<)341 318.1 299.3 6.1 
0.5033 0.9330 , 315.2 19t;.3 6.3 

l ' 
0.5156 0.9117 310.4 290.5 6.4 
0.5280 0.9304 305.8 2lfi>.5 6 • .h 
0.5410 0.9290 300.0 260.1 6.6 ._ 
0.5547 0.9276 293 .. 9 2·74.1 6.1 

~ - 0.5682 0.9261 vn.A 26R.l 6.à' 
0.5832 0.9241 . 280.1 261.1 ;,6.8 'J 
0.59(1) 0.9211 . 211.1 253.3 6.5 
0.6166 ." 0.9215 260.1 .:.244. " 5.9 

i -( 0.6344 0.9197 251.0 02.35.8" 6.0 
0.61))4 0.9179 219.2" 2.25.1 5.6/ 
0.,6126 0.9161 221.0 215.1 5.l 
0.6931 0.Ql42 213.1 203.8 4.4 
0.111)} 0.9122 l<J8.2 191.1 3.6 

" 0.1319 0.<Jl07 IJ\2.? t'11.6 2.5 
0.1627 0.90QO " 164.9 167.5 1.4 

0 0.1896 O.<J0C;6 144.1 1'.5.6 -0.6 
" • 0.8182 0.9032 124.5 121.2 -2.7 

O.84<J4 0.9006 102.0 106.6 -4.5 ... 0.8831 0.8979 16.9 83.1 
, 

-8~8 
Cl 0.9198 0.8950 50.6 58.1 -14.R 

0 •. 9564 l)0.a922 24.9 :11 .9 -ZA.l .. -, IH4S I)EV l'A TI ON: 6.5 
If. 



TAnLE A49: ," 
-A78- ~crA~Ol'N-HEPr~NE ' Il 

UEATS OF MI KING AT 'it; OEC.C FO'R THE SVSTt:M 
DELTA H IN JOULES/MOlf 

• 8(1'2 7.9610'>0 ~ RI2'= 0.0041'>6 
B(31= 0.001440 B(4'= 0.0000.,0 

le )(CH2 y YPREO pEVP 
... 

0.Oi08 0.9910 lAR.3 1 R7 .11 0.7 
0.03,1)2 0.9950 2l4.ft 226.<) -1.1 
0.0699 0.9902 276.4· . 280.9 -1.6 

1. 0.1017 0.9859 107.2 J 317..2 
1 

-1 .. 6 
0.1316 0.9819 12R.3 111.9 -1.7 
0.1598 ,(\. 978~ 344.3 ·149.5 -1.5 
0.1854 0.9148 355.R 360.4 -1.3 
0.2016 0.9720-. 363.9 361.6 -1.0 

" 
0.2218 ·0.%94 310.8- 372~6 -O.'i 
0.2484 0.9669 316.6 316.3 0.1 
0.2686 0.9644, lAl.5 

... 
378.6 0.8 

0.t'8e3 0.CJ619 lq5.1 31CJ.7 1.5 
o. ]063 0.9598 ~8~.O 379.6 2.1 
0.3234 0.9517 89.9 379.1 2.8 
0~3383 0.Q559 19Q.6 177.9 1.1 
0.3532 0.9542 3<)0.9 316.2 3.8 
0.3615 0.~525 191.4 374.1 4.4 -
,0.3823 0.9508 390.8 ·Hl.5 5.0 
0.3960 0.9492 3ft9.9 368.6 5.4 
0.4094 0.9416 38A.6 365.5 5.9 
0.4223 0.9462 386.4 362.1 6.3 
0.4341 0.q44~ . 3A4.5 358.8 6.7 

~ 0.4450 0.9436 3'82.1 355.5 6.9 
0.4553 0.9424 319.9 352.2 7.3 
0.4583 0.9421 382.6 35t.2 A.l 
0.4665 0.9412 316.3 34.8.4 1.4 
0.4678 0.9411 31)0.9 348.0 8.7 
0.4150 0.9403 373.6 34'>.4 7.5 
0.4178 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.'i263 0.9346 360.3 324.8 9 .. 8 
0.1)392 0.9333 31i4.8 319.0 10.1 

_ 0.5528 O.lIll8 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 0.9271 )23.6· 2R9.9 ,;10.4 
0.6150 0.92';3 l13.5 2eO.5 10.5 
0.6326 0.9235 301.1 210.6 'iO.3 
0.6~03 0.~217 . 290.6 260.3 10.4 .. 
0.6698 0.9197 27 7.1 248.5 10.1 
0.6913 -0.9175 26t.6 735.1 t'0.2 
0.7147 0.9152 241.3. 219.9 9.6 
.0.1395 O.Q128 27".8 203'.1 9.6 
0.1656 0.Ql03 1R8.1 185.2 1.5 
0.1941 0.9075" 1."".3 164.8 -0.3 • 0.8242 0.9047 140.3 142.6 -1.7 
0.8547 0.9019 1~4.9 119.3 -3.9 
0.8869 0.8989 81.9 94.1 -7.0 
0.92"''' ·0.8955 57.7 63.8' -10.6 
0.95ftl 9. 8925 28.9 35.8 -21.7 , RMS D'~VIATION~ 7.6 ,.. t, 



", 

r TABLE A50: '\ . -A19-
HEATS OF ~IXING AT 15 DEG'.C FOR THf SVSTE" -N-OCTANOL+N-nCrANE 
CELlA H IH JOULES/MOLE 

• 8It,=- 1.~là50 81"= 0.004156 
813'= 0.0 11t1t0 814'= 0.000050 '. '0 X XCH2 y VPREO OEVP 

r 

0.020t 
0 .. , 0.9975 1 C)7.. 3' . 199.1 -1.6 

0.0118 0.9951 241.1 
, 

253.2., -4.7 
-0.0741' 0.9908 2')7.1 312.0 :-5.0 
0.1096 0.9"65 132.3 347.6 -4.6 c & 

0.11t18 b.9826 155:1 311.0 -4.S 
0.1'105 0~9791 311~4c 386.8 -4.1 

v"' 
0.1966 0.9760 382.6 Jq7.8 -~.O 
0.2205 0.9132 391.9 405." -'l.5 
0.2"3'1 0.9704 3q9.6 410.9 -1.8 
0.2661 0.9618 405.8 414." -1.1 

",0.2872 O.Q653 410.1 ,416.3' -1.4 c • 

0.1068 0.961'1 414.1 416.9 -,0.5 
0.3262 0.9608 . 411.2 416.4 0.2 
0.3431 0.9588 418.4- 41S.2 0.8. 
0.3607 0.9569 418.3 413.2 1.2 t1 

0.3157 0.9551 1 J 418.0 410.9 1.1 " 

0.]905 0.9535 4r1.1 . 408. l" 2.3 
0;'1t048 0.9518 0 '416.8 404.9 2.9 
O."IQl 0.9502 415.'; 401.1 3.5 

Q 

0.~336 0.9486 411.6 ~39;r. 2 4.0 
7 , 0."410 0.9471 411.] . 393.0 ~ 4.4 

0.4618 0.')454 401.1 388.0 4.1 
0.4=723 ~ 0.94"3 404.3 384.2 il 5.0 

.".. 0.4837 0.9430 400.8 319.9" 5.'-
0:4909 0.91t22 396.6 ~11.0 ., 4.9 
0."9"2 0.9"18 391.4 375.1 S.5 , 
0.5003 0.9411 ]')3.7 313.1 5,.2 

. ,. 

0.5048 0.9406. 1(13.0 ~11.2 ~ 5.5 
0.5099 0.9"01 3fJO.6 369.0 5.5 :l. 

0.5203~ 0.9389 386'.6 364.~ .'.8 
0.5308 0.9378 381.8 3SCJ.4 5.9 
0.51t20 0.9165 376.6 -354.0 6.0 
0.5516 0.9353 170.7 348.2 6.1 
0.5664' 0.9339 364.2, 341.6 6.2 
().5191 0.9325' 156.8. 314.6 6.2 
0.591'6 0.9309 348.8 376.6 6.4 ... 

(' 

0.608t 0.929~ 339.8 318.2 6.4 
0.6219 0.~1 J29.4 '08.6 6.3 
0.6405 0.9259 311.1 298.3 6.0 
0 .. 6586 O.923~ 304.2 286.6 \ 5.8 
0.6161 0.97.20 7.A9.9 214.4 -S.3 .. 
0.6964 0.9199 113.8 260.8 4.8 
0.1171 0.9111 256.1- 245.5 4.1 
0.11 cn 0.9154 231.6 229.6'f 3.4 .. 0.1620 0.tl130 217." 212.0 0 2.5 
o. 181t8 0 0.9tOl "ICJ6.9 \94. O· 1.5 
0.8017. 0.Q083 115.4 115.3 0_,.0' 1 1 • O.RVi2 O.~055 1->0.1 152.2 -1.4 
-0.8618 0.9015 17.:1.8 127.1i .... 3.0 
0.8945 0 0.99':14 95.1 100.1 -5.2 
0.9289 0.6960 63.1 68." -8.5 
0.9609 o. e9~8 . 11.0 . 38.1 -15 .. 4 "-

.,co RMS 'OEVIATrON- 5.0 ,. 



TABLE ASl:. -AB>-

HEATS OF ~IXING AT 15 oeq.c FOP THE SV STEM N-OCTA~Ol+N-OECANe 
OELTA H IN J/OUlES/MOLE ..• ' 8(1):;: 1.(6301)0 O(2)= O.0041S6 

IH1);a 0.001440 B(4)= 0.000050 
X XCH2 V VPREO .. oevp . 

0.0214 0.<1977 271.6 240.-1 -8.6 
0.0441 0.9955 218.5 308.1 -10.<) 
0.0691 0.Cl910 346.2 380.1 -10.0 
0.1298 0.9868 3AI).4 470.2 -9.0 
0.1654 0.9812 410.3 444.6 -~.4 
0.1981 0.9198 47<"1.2 461.1 -1~'4 

0. 2la1 0.916<"1 440.9 411.5 -6.9 
0.25 2 0.9140 4')7..3 418.7 75.8 
0.2803- 0.9112 460.2 483.4 -1).0 
0.3056 0.96~5 . 466.9 48IT -4.0 
0.3282 0.9661 1f71.0 , 485. -3.1 
0.3494 q.9638 414.0 484. -2.3 
0.3701 0.9616 474.6 482.l -1.6 
0.3884 0.95<"16 475.3 479.3 -0.8 
0.4062 0.Q577 475.2 475.5 -0.1 

\. 0.4235 0.955A 471.9 471.1 0.6 0 
0.4400 0.9540 472.1 466.2 1.2 
0.4559 0.9522 469.6 460.9 1.8 
0.4707 0.9506 466.1 455.4 2.3 
0.4841 0.94<}l 463.0 450.0 2.8 
0.4968 0.9477 45Q.1 4F4.5 1.3 
0.5095 0.9463 455.3 438.7 3.7 
0.5213 0.9450 41)0.9 431.0 4.0 
0.5322 0.9438 446.9 .. 421.4 4.4 
0.5428 0.9426 442.2 471.8 4.6 
O. 51t 10 0,.9426 r 441.9 421.1 ".9 
0.5529 , 0.9415 437.1 "- 416.2 4.8 
0.-5535 0.9414 443.6 415.9 6.1 
0.5642 0.9402 437.7 409.7 6.4 
0.5747 0.9390 431.2 403.5 6.4 
0.1)85~· Q.931A 424.3 ~91.0 6.4 
0.5963 0.<"1366 416.1 390.0 6.4 
0.6077 0.9351 409.3 382.5 6.6 
0.6194 0.9340 401.2' 314.5 6.7 

-Il 0.6316 0.9326 393.2 366.0 6.9 
0.6464 0.9~09 381.9 ll)-5. 3 7.0 
0.6615 0.9292 369.9 343.9 7.0 
0.6764 0.9215 351.4 332.4 7.0 
0.6Q07 0.9258 344.8 320.9 6.9 
0.7106 0.9235 -326.0- 304 .. 4 6.6 
0.1288 0~9214 110~5 288.<3 , 7.0 
0.141)0 0.9195 2Cl).3 274.4 6.4 
0.163'3 

\ 0.9173 2 7 4.6 2')1.2 6.3 
0.7R81 0.9144 24'!.7 214.3 5.8 
0.A091 0.9119 ?2".) 213.5 5.2 
0.8306 0.9094 rn· 8 1')7.0 /4.4 
0.8553 0.9065 1 .5 166.3 4.2 • 0.A796 0.9016 145.4 140.2 1'.6 
0.9042 0.9006 11' .. 1 113.0 0.9 
0.9341 Q.8t)69 15.4' 18.2 -~.1 
0.9~15 '0.8916 42.2. 46 .. ,7 .,..10.7 

IU",S OEV 1" TI (\~s 5.8 

... r 

, 



TABt.E A'52: -Ael. 
~ 

HE~TS OF MIXING AT 55 OEG.C FOR THE SYSTEM N-RUTANOL+N-HEPTÀNE 
OELTA H IN JOULF.S'''OLE • Rf 1'. B.1593'i3 A'?)= 0.0056"2 

ft f)). 0.004«J3? 0'4'- 0.000131 ':. 

)( XCH2 y YPREO O~VP 

0.0305 0.99'i6 \ 4<n.O 472.8 4.1 
0.0611 0.9910 101.6 6'4.8 "" 2.5 
0.1l59 0.982Q 885.0 8A3.8 0.1 
0.1648 0.911)1 9AO.3 9RQ.O -0.8 
0.2091 0.96~2 1038.2 10~ ~.l -1.0 
0.2490 0.9611 1013.6 10A2.1 -0.<8 
0.28"0 0.9555 1094.J 1099. 7 -0.5 
0.3192 0.Q498 1104.8 11 05.5 -0.1 
0.3491 0.941e6 1101.2 11031"6 0.3 
0.3710 0.9396 1103.9 1096.1 0.7 
0.4026 0.9350 10Q5.5 10~4.8 1.0 
0.4252 0.9109 1081.1 1071.5 1.4 
0.1e465 0.9269 1014.6 10r;6.2 1.7 
0.4651 0.'12-3:\ 1061.0 1040.2 2.0 
0.4841 0.9196 JO~6.0 1022.5 2.2 
0.5024 0.9162 1030.2 1004.4 7.5 
0.5189 0.9110 1013.8 986.0 2.7 
0.5345 0.9099 996.1 961.5 2.9 
0.5491 0~9010 919.1 949.1 3.1 
0.5625 0.9043 9#\3.0 Q31.4 ../ 3.3 

.~ 0.5149 0.9011 946.5 914.1 3.4 
0.5861 -0.8994 910.1 898.0 3.5 
0.5979 0.8970 904.1 8AO.8 1.6 
0.5996 0.8966 911.3 818.2 1.6 

.J 0.6016 0.8950 890.5 866.0 2.8 
0.6090 0.8941 seH.l 863.8 3.7 
0.6113 0.8929 875.0 850.8 1.8 
0.611\0 0.8928 883.6 849.1 1.8 
0.6272 0.8908 A5t)..1 834.9 2.8 
0.6280 0.8901 -861.9 833.6. 3.9 
0.6173 " 0.8881 I)~l.l 818.3 2.7 
0.6476- 0.886') 826.6 ROl.0 1.1 
{}.6585 0.8841 808.0 182.2 3.,2 
0.6691 0.8811 781.1 767.4 3.2 
0.~811 0.8791 161.3 141.4 J.4 
0.6Q33 0.8765 744.2 11«J.2 3.4 
0.1051 0.8117 120.5 6'}I).1 3.4 
0.7186 0.8108 694.2 670.7 1.4 • l' 

0.1121 0.8678 666.6 643.9 3.4 .. 
0.14~2 0.864r; 616.9 615.2 3.4 
0.7637 0.8605 60t.l 578.8 1.7 
0.1790 0.8569 567.~ 5'.6. 1 3.8 
(t.1949 0.8531 532. 511.1e 3.9 
0.8114 0.8491 493.4 474.5 1.8 
0.0188 0.R449 41)0.1' 4'V •• A 3.5 
0.Rt,6"3 0.8405 408.0 393.9 3.5 

• 0.8657 O .• RJSl 363.8 ' :l47. 6 4.4 
~ 0.8856 0.f3306 112.8 299.0 4.4 

0.9065 0.8252 257.5 246.9 4.1 
0.9284· 0.9195 199.4 191.0 /' 4.2 
0.9514 0.Al33 1'\6.6 131.0 4.1 
0.9152 -

0.8069 10.8 61.5 4.6 
0 ~"S DEVIATION- 1.1 

,l . '. 



'l'ABLE AS3:, -A82-
..... ~ 

HEATS OF MIXING AT 55 OEG.C FOR TUF SVSTE'" N-RUTANOl+N-OCTANE 
OELTA H IN JOULES/MOLE, 

• RU)- 8.1'i93'i1' RIZ)lIt 0.00,)61t2 ',/ 

813'- 0.001t91? RI4): 0.,000131 
X XCHZ y YPREO OfVP 

0.0138 0.9951 519.,8 
Q 

529.6 1.9 
0.0708 0.99,09 77q.6 780.3 -0.2 
0.1301 0.Q819 910.4 993.1 -2.3 
0.1820 0.9756 16b6.,1 1099.9 :"3.2 
0.1288 0.9687 1121.1 1160.0 -1.1 
0.2705 0.')624 1I t;?1 119?.0 -3.0 
0.3014 0.9566 111').1 1206.2 -2.6 
0 •. 3417 0.9510 1181.2 1209 •. 0 -2.2 
0.3721 0.f'J459 11~1.fJ 1203.8 -1,.7 
0.4001 0.9412 1118.3 1193.1 -1. ~ 
0.4254 0.9161 1110.4 1178.9 -0.7 
0.4488 O.9J25 ' 11 'j8.0 1162.1 -0 " 
0.4699 0.Q287 1144.1 1144.0 0:0' 
0.4896 0.9250 112P.5 1124.1 0.3 
0.5012 0.CJ217 1113.0 1105.6 0.1 
0.5234 0.9186 10en .1 1086.5 1.0 ' 
0.5393 0 .• 9155 1080.5 '1066.3 1.3 
0.5550 0.9174- 1061. ') 1045.1 1.5 
0.5691 0.9096 1043.9 1025.0 1.8 
0.582Z 0.9069 1076.5 1005.3 2.1 -
0.5945 0.9044 1008.9 986.1 2.3 
0.6081 0.9014 91\1.0 963.0 2.4 
0.6178 '0.8995 913.5 941.1 2.7 
0.6230 0.89144 949.1 938.8 1.t 
-O.628C 0.8973 95,7.1 9~041 2.8 
0.6324 0.8964 931.8 922.3 1.2 
0.6381 

, 
0.89-;1 91t0.3 917..2 1.0 

0.6420 0.8941 917.0 905.1 1. '}. 
• 0.6.473 0.8932 924.6 fl95.4 3.2 

0.6519 0 .• 8921 900.2 886.9 1.5 
0.656., 0.8(11 1 908.6 818.1 1;3" 
0.6620 0.@899 882.0 861.9 1.6 
0.6124 0.8876 862.2 841.8 1.7 
0.6836 0.8851 840.7 . 825.6 1.R 
0.6941\ 0.8825 818.5 80Z.9 1.9 
0.7067 0.8798 194.7 118.2 Z.l 
0.7181 0.8710 169.3 " 152.1 2.2 
0.7308 0.8142 11.1. '3 126. ) 2.3 
0.7435 0.A711 11 'j.'2 "98.0 2.4 
0 • .1561 0.8679 6A5.6 667.9 2.6 
0.7705 0.8646 6')3.0 635.7 2.6 
0.1819 o.a612 621'.2 bAl. a , 2.8 
0~7Q81t 0.8516 • 585.1 S68.4 3.0 
0.8133 0.8511 547.2 "1l.2 2.9 
0.8291 o. P.1t96 506.8 4'10.9 3.1 
0.81t52 0.81t51 461t.2 44".9 ~.3 
0.8610 0.a408 418.1 1.04.0 ").4 • 0.81Q6 0.e)1j9 169.4 1.,6.0 1.6 
0.8918 0.8108 316.8 05.2 ,3.1 
0.9169 0.R251 260.4 2"0.1 3.1 
0.~369 0.8195 200.0 192.4 3.8 
0.9568 0.8135 118.6 11).0 4.0 
0.'1186 0.80"8 69.2 66.6 1 • ., 

, RMS DEV1ATIO,.· 2.5 . -
~ 

7 



'TABLE AS4: -A83-

HEATS OF MIXING AT 'j'j DEfi.e FOR' THE SYSTeM N-8UTANOL+N-NO~ANE 
DELTA H IN JCUlES/MOLE 

8Cl)- 8.15915'3 nc?),. 0.00561t2 

• RC3'~ 0.004CJ32. OC 4,':: 0.000133 
)( XCH2 y. YPRfl> OEVP 

0.0361 1 0.?959 518.9 516~5 0'.4 
0.0119 0.<J9~1 821.5 833.8 -1.5 
0.1347 0.98 1 1011.4 - 1014.9 -4~2 
0.19CO 0.Q769 1111.2 ll93 •. 8 -5.0 
0.2391 0.9103 1197.5 12';8. 3 --5.1 
0.~829 0.9'640. 123.t'. ft 1291.6 -4.9 
0.3219 0.9581 1249.4 1305.1 -4.5 
0.3515 0.~528 1?56.0 1306.2 -4.0' 
0.390.0 0.9416 - .1254.0 1298.2 " '7~. 5 
0.4189 0.9428 1246.1 1284.1 -1.1 

1 0.4456 0.93R3 1234.5 12"6.3 -?6 
, 0.4697 ,0.9340 1219.5 1245.9 -2.2 
0.4908 0.9103 

\ 
1203.1 1224.9 -1.8 

0.5108 0.9266 1IR5 •. 2 1202.3 -1.4 . 
0~52A6 0.9232 1161.1 11~0. 2 -1.1 
0.5453 0.9200 ' 1149.0, 1151.7 -0.8 
0.5590 o. CH 14 1112.0 Il "\8 .~o -0.5 
0.5131 0:9146 1114.7. t 116. 6 -0.2 
o. 58? 1 .. 0.9117 109';.0 1094.2 0.1 
'0.6-005 0.90eJO 1015.7 1011.8 0.4 
0.6130 0.Q064 1056.2 1049.9 0.6 
0.6248 '0.90'1'9 1036.4 1028.5 0.8 
0.635~ 0.901~ 101A .5, 1008.8 1.0 
0.6Yt48 0.8996 1002.5 990.5 1.2 

• 0.6411 0.8989 991.2 eJ84.9 1.2 
0.6lj42 0.8915 '''185.4- 977..0 1.4 
0.65~6 0.8910 CJAO.8 967.1 1.4 
0.6631 0.89-55 96R.4 9Slo"5 1.5 
0.6658 0.8949 961.0 948.4 1.5 .' 
0.6123 • 0.8935 951.3 934.9 1.1 
0.6753 0.8928 944.6 921'.6 1.7 
0.6849 0.8906' 9215.6 908.1 1.9 
0.6949 0.8883 90'5.5 8P6.2 2.1 
O.70 'H 0-.13S59 882.5 863.4 2.2 
0.1159 0.R833 8S9.5 838.1 2.4 
0.7268 0.8807 835.2 813.2 2.6 
0.1181 0.81-'0 809.0 786.2 2.8 
0.1491 0.8751 1Rl.6 1'51.8 3.0 
0.1616 0.R12to 11)2.2 128.0 3.2 
0.1739 0.8689 7?1.3 696.4 'l.1t 
0.1864 0.8651 !' 68R.5 663~ 7 1.6 
0.7995 0.8622 61)3.2 678.6 1.8 
0.8131 . 0.8585 " 615.3 . 591.4 1.9 

.~ o. 8?72 0.8547 51.,.8 51)1.9 4.1 
0.8420 0.8505 ';32.9 «;09.5 4.4 
0.8512 gO.8461 481.R 46';.0 4.1 
0.8110 0.841'; 438.R 411.1 4.8 
0.8695 0.8365 386.~ 3"1.1 5.0 • 0.9062 0.8314 3'l.O~ 314.8 5.5 
0.9236 0."R259 1.71.«) 2.,9.0 5.4 
0.9415 0.8201 211.8 200.4 5.8 
0.96Q3 0.813«1 146.0 111.5 -5.9 
0.97«18 0.8011 7-;.5 10.1 ' 6;" 

~MS OEYIATlnN- 3.3 

\ 



'TAL ~551 .. -A84 • 

HEATS OF MIXING AT 5~ CEG.C FOR THE ~Y~TEM N-RUTANOl+N-DODfCANE • CElTA H IN' JOULES/MOLE 
8fl'a 8.1-;9353 812'= 0.001j6~'-

RC~)· 0.004932 A(4'- 0.000131 I~ 
le XCH2 y YPREO OEVP 

. 
0 .• 0441 0.9962 711·5 111. :3 -1.9 
0.oe96 0.9921 1001.6 106,..0 -5.6 
0.1668' 0.9846 1241.7 1358.6 -8:'9 

~. 0.2322 0.9116 135tJ.lj· 14R8.5 -9.6 , 
b.2878., " 0.cH12 ("1).1/' 1'j4A.6 . -9.6 X 6,l 0.9652 1435.7 151~. 0 . -9.5 

• 3 86 0.9'595 . 1443.8 1573.6 ~9.0 

0..4160 '0.<)542 i43'3."1 l'i61." -8.5 
0.4494 0.9492- 1426.5 15"0.5 -8.0 
0.4196 0.9445 140,1.9 - 1513.7 

.l 

-7.5 
0.5064 0.9401 138h.O 14~3.8 -1.1 
,0.5307 0,,9159 1362.3 1451.9 -6.6 
.0.5523 0:.9321 1338.2 1419.8 -6.1 
0.5720 0.9285, 1313.4 1387.4 -5.6 
0.5905 0.9249 12"6.7 ·1354.3 --5.1 / 0.6071 0.9216 126 t. 1 1322.1 ~4.8 
0.6229 0.9185 1235,.1 1l90.4 -4.5 
d.6375 0.9154 1209.3 1259.0 -4.1 
0.6510~ 0.9125 11R1.5 1228.1 -3.8 
0.6629 0.909Q 1160.1 1200.8 -3.5. 

1 
0.6719 0.9075 1'138.6 1174.2 -3.1 
0.6841 0.9050 1115.7. 1147.2 -2.8 . 

. 0.6948 0.9026 10Q3.3 1121~2f/ -2.5 
0.6975 ~- 0.C)02D 1086.8 1114.1 -2.5 , . 
0.1040 0.9005 1072.6 1096.Q -2.3 
0.1058 0.9000 .... 1061.9 - 1092.0 -2.3 
0.7125 0.8984 1052.5 1011.9 -2.0 
0.7142 0.89AO 1047.3 1069.2 -2.1 
0.7202 0.8965 1034.0 10'>2.6 -1.8 
0.1228 0.89'jq 1026 .. 8 1045,.3 ~1.8· 
0.7316 0.8936 lO04.4 1020~ -1.6 
0.7406 0.~913 .' 980.Q qq4. -1.4 
n.1595 0".8864 cnO.3 937.4 -0.8 
0.7694 0.8837 Q02.1 QOb.1 -O." 
0.1793 0.880Q 872.5 875.3 -0.3 
0.1895 0.8780 843.9 842.3 0.2 
0.8002 0.8149 1111.6 806.8 0.6 
0.8111 0.8717 716.7 769.9 0.9 
0.8221 0.8684 742.1 nl0.v 1." 

\ . 0.8:138 0.8641 TO'}.3 , bllO.') 1.8 
0.81t59 0.8608 661.5 646. 2.1 
0.~,)A2 0.A568 618.4 600.8 2.CJ 
0.8708 0.~525 511.8 5')3.0 3.3 
0.8817 0.8480 522.7; ')01.9 1.8 
0.8966 0.~434 412.1 4')1.6 4.4" 

• 0.9100 0.Q1A4 411.9 )Q7.Z ').0 
0.C)242 0~8129 35A.1 138.2 ~.6 

-0.9387 0.8?71 295.5 ~6.5 6.4 
0.9514 ~.8210 22".9 2 2.~ 1.1 
0.9683 0.8146 l')R.3 146.2 1.6 
0.9841 0.8'01,5 80.5 llt.2 7.9 

~MS OEVIATIOtfs 5.1 



TI\ISW5 I\~~ 1 -AO::;J- • " • .. 
. HEiTS O~ ~IXING AT 55 OF.r..C FOR THE c;Y~TFM N-PENTANOL+N-QCTANE 
DELTA H IN' JOULES/MpLE . • 

8(1'· tt.t5()3S3 RCZ'· O~ 005."42 
BCJ'- 0.004cnZ BC4,- 0.000131 

•• ( 'X XCH2 y YPREO DEVP 

~ , 0.0111 0.9965. 464.1 458.5 1.1 
0.0567 0.9928 6A4.8 6A3.9 0.1 
0.1081 0.9860 P.ll.1 1'9A.9 -7..5 
0.1560 0.91Q1 914.4 1009.0 -3.6. 4. 19<)4 0.9738 1032.2 1072.1 -3.9 

.2311 0.~b~4 1067.4 11'OP..~ -3.8 
C.2129 0.9634 1089.6 L127.2 -3",-~ 
0.3054 0.95A1 1101.0 ,1114.9; -1·1 
0.3150 0.9541 110'i.q 1134.6 -2.6 
0.1623 0.9SCl 1106.2 11 18. 1 . , -2.0 
0.3814 0.9464 1102.1 1118.9 -1.5 
0.41Ô5 0.9418 1095.2 1106.' -1.0 
0.4115 0.9)()5 10Q6.7 1092.2 ., -0.5 

'0.4510 0.<)365 1015.R 1016.8 -0.1 
0.46813 0 •. 9336 1064.6 1060.9 0.3 
0.4861 C.9308 1052.0 1041.6 0.8 ' 
0.5024 0.9282 1038.5 1026.4 1.2 
0.5170 0.9258 1025.1 1009.7 1.5 
0 .. 5304 0.9216 1011.2 9Ql.4 1.8 
0.5427 0.9215 998.2 911.8 2.0 
0.';552 0.9194 984.4 961. 1 2.4 
0.5613 0.9114 910.1 ,944.,4 2.1 
0.5132 0.916" 951.q Q16.0 1.1 
0.5810 0.9150 9'H .4 QZ4.6 l.8 
0.5826 0.9148 919.4 922.2 , 

1.8 
0.5910 0.9111 9)R.4 909.1 3.1 
0.5921 0.9130 925.8 907.1 2.0 
0.6012 O.Q116 924.0 A94.0 3.2 
0.6032 0.9112 910.1 A90.9 l.2 
0.6106 0.909t) 910.6 819.2 3 .. 5 
0.6139 0 .. 9094 894.8 813.9 2.3 
0.61t)8 O.QOA3 < 896.9 864.3 3.6 
0.6248 0.9074 818.9 856.1 1.6 
0.6286 0.9068 SR3.1t 849.8 1.8 
0.636" 0.9054 860.6 836.1 2.8 
0.6481 ,0.90" 840.9 816.2 2.9 
0.6605 0.9011 870.3 794.6 3.1 l 
0.6734 0.8988 797.0 171.2 1.Z 
0.6R61 0.8'964 173.0 74b.4 1.4 
0.7005 0.8938 146.9 120.0 3.6 
0.7150 0.8'912 l1n.1 691.5 1.1 
0.1199 0.8AA4 6RA.6 6bl.5 1.9 

) 
0.7453 0.seS5 651).7 67q.6 4.0 
0.1617 -0.88'2" 611.0 5t)4.9 4.2 
0.7184 0.8792 c;~n. 4 55A.6 4.1 
0.1960 0.°758 541.? Sill.l 4.2 
0.8146 0.8721 49q.3 416.8 4.15 
0.8144 0.86A2 450.6 410.5 4.15 
0.85"9 O. "641 3<u, .,q. 3Rl.2 4.4 ••• 0.8166 o.a5~7 343.2 327.8 4.5 
0.8988 0.85'H 701.7 . ,271.8 4.2 
0.92'8 0.8501 21').1 109.7 4.3 
0.Q411 O. "448 15'0.7 144.8 1.q 
O.C}7)1 O.83 tJl 76.1 71.1 3.9 

~ ... s DEvIATtoN- 1. i 



> 

\, 

, :~BJ.;E. AS7: , -", -Â86-
~ , , 

/ îJ$ Hf;ATS OF MtX~NG A'T 55 nEG.C 'FOR rUE SYSTEM N-PE~TANgl+N-NQNANE'-

.' ' CEL TA .1 1 N· JOUl ES/fiOLE ,(/ , 
lSC}': e.159'3~,) 6C2'= 0.0056/.2 

.,., 8C),. 0.004932 B(4)= q.000133 
X XCH2 Y '" " YPREIl OEVP 

0.0302 0.996,6 506.2 505.0 0.2 
0.0611, 0.993,1 > TiC. 1 150.~ -1.1 
O.11b1 0.9&65 . 944.1 986.1 -4.4 

, " 
0.1658 0.9805 1044.CJ , 1102.2 -5.5' 
0.2104 0.9149 1104;6 1168.1 -5.7 . 'O.2'HO 0.9696 1141.7 1205.2 ' -5.6 0 

~ 0.2875 0,. <)6~ 1 1162. '3 1221.6 -S.1 
\ c, 0.3207 'Û.9601 . 1114.0 1229.8 ,W-)..8 

0.3509 0.9~58 P 1117.6 1221.6 -4.3 
0.1778 0.9520 t220..,.0 1219.q 0.0 
q.4029 C.94,8~ 1209.1 120,8.2, 0.1 

',. . -0.4259 , 0.9448 1228.4 11 93.8 7.8 
0.4473 0.9416 1211.9 1171.4 2.R 
0.4~66 0."9386 1194'.6 1160.2 2.9 
0.4 45 O.93S8 1116.9 < 1142.3 

\ . 7.9 
0.5014 0.<)311 lLt;8.5 1123.8 3.0 
0.5173 0.9305 1140.1 . '1104.9 1.1 
0.5372 , 0.'92R 1 1127.6 1096.0 3 .. 3 .. 
0.5462 " 0.925& 1105.0 1067.1 , 3.4 /'. "» 

,.,./. 0.S601 .. 0.9235 10~6.1" 1041.4 3.6 
J).5130. 0.9213' 1061.5 1028.2 3.7 
0.585S 0.9192 10'48.7 1008.8 1.8 
'0.'>964 - 0~917'3 ' t031.9 ,9QG3 '3.9 

!-

0.60"69 tl.9155 1015.1 973.q 4.1 
0.6109 0.9148, 993.6 967.2 0 2.7

0 

~ , .0.~168 ,0.9137 q9R.6 957.0 4.2 . 0.6205 0.9131 978.2 950.6 2.8 , 

0.6250 0.<)ll3 . 985.1 ? 942.7 4.3 
0.630'3 0.9113" 962.6 933.3" 3.0 

" 

~ • 0.6337 0.9107 (170.0 921.,,2 4.4 
0.6401 (J. 90'q~ 945.<) 9Ui.5 3.2 
O~6503 0.9077 921.8 '896.5 1.4 
0.6612' 0.9058 908.6 815.8 3.6 
0.6719 0 0.9038 889 .. '3 8')4.9 3.9 
0 .. 68~{) 0;9017 866.7 D 832.' 3.9 Q . 
0;6<)49 -&-.89<)5 044.0 808.~ 4.2 

- 0.70,68 0.'8911 ~ R19.~' 7~1."\ .4.4 " 
0.7181 0".8950 ' 794.1, 757.7 4.6 

.0, 0<11311 ,,0.0925 ' 766.0 729.1 4.8 . .0.1451 " 0.8À99 716.2 b98.9 5.1 
0.1589 o. ~811 701,9 667.0 \5.2 
0.7132 0.8841 668.8 -613.2 . "S.3 
O.18~2 0.8R~2 612.2 , 596.9 1).6 1 

0.8011 O.P.780 t 5q2~ ·S56.6 5.7 
...o ... 819!+ 0.8747 o 551.7r 51R.8 '6.0 
0.836-3 

0 
O.Rll? 50'>.7 . 474. 9 6.1 

• a.a5:}9 ~ '.0.R674 4'>1.2' 4;aS.2 6.4 
0.817.2 0.8634 404.1 J 78.4 6~ 3 

0 

0.8cU l' . 0.8592 ~ 3/.8.2 ,125.8 6.4 
0.9109 0.8547 ?81.7 269.'4 6.4 
0.9316 bo.e4~9 2'il7.:J 209.1 6.0 " 

, 0.9'>12 0.8448 .. tC;1.5 V· 4 • 6 5.8 
.... ' 0.9160 0.8)93 ,~ 79.0 . 1';.0 1).1 

\ . , RMS O~VIAT JONa i- le." . , '\. 



'l'ABLE ASa, "-, , 
HEATS OF ~IXINr. AT 5~ OEG.C FnR THF. S VSTf.M N-PF.NT~NOL+N-OOOECÀNE 

DELTA H IN JOULES/~OlE 
RC1'- 8.159353 8(2'- 0.005642 ~ 

8Cl)- 0.004(U? "(4'- 0.0001 .. 1 

• X XCH2 V VPREO OEVP 
, > 

0.0399 0.91)66 641.9 6~1.0 d -1.9 
0.0162 0.9934 'lOR.2 91)9.2 -5.6 
0.1"40 0.1)811 11 /tq.2 124«».0 -8.1 
0.2032 0.9812 '(2"0.8 1382.'. -9.6 
0.2560 0.1)1~5 1321.6 L"50.0 -q.l 
0.101" 0.910" 1151." ,14RO.O -1).4 
0.'3"19 '0.1)656 1361.4 L48R.8 -8.9 

v 0.3172 0.9611 1'\11.0 L4a".3 -6.3 
0.4101 0.'l510 136.,.4 1410.5 -1.1 
()."398 0.1)510 1 355.3 L" 'io. a -7~0 
0."657 0.1)4'1" 1343.9, 14~8 • .l -6'. l 
0.4R93 0.9460 1371.9 1403.2 ~".7 
0.5100 0.«)43P 1 Jll.O 1118.1 -1).1 . 
0.5216 0.9403 12~".8 1154.1 -4.5 
0.5454 ,0.9315 1211.4 1318.2 -4.0 
0.561" 0.9150 1260.5 1302.9 -1.4 

~ 0 • .,114 0.932" 1240.6 1275.9 -2.8 
o. "924 ' 0.929Q - 121~ 1249.0 ---- -7..4 
0.6011 0.9274 111)9.1 1221.'3 -1.9 
0.61?1 0.«)2-;2 1148.1 • 1 If)". 4 -4.7 
0.6316 0.9231 " 1111.8 1112.0 -1.6 
0.64'1'. 0.9210 1143.\ 1146.9 -0.3 
0.65"4 ,) 0.9,lRQ 1173.8 1122.8 0.1 

:,..\":0 0.66"1 0.9111 1090.6 1100.8 -0.9 
0.66"8 O.'cH 70 1104.4 1099. ,2 0.5 
0.6130 0.9,155 1012.6 1080.2 -0.1 
~.fl143 0.9152 1086.2 1077.1 0.8 
0.6811 0.91'38 1055.6 101)9.5, -0.4 
0.6833 0",,9115 10'69.4 105').1 1~.2 
0.6901 0.1)121 1035.9 1037.1 -0.2 , ... 
0.6918 0.9119 10'i0.9 1035.0 1.5 
0.6983 , 0.9106 1031.0 1016.6 1.7 

" 0.1000 o.cnOl 1016." 1014.6 0-.2 
0,.1096 0.90"3 99".9 990.2 0.5 
0.7191 0.9064 917.0 964.9 0.1 
0.1298 0.9042 9" 1. l 1)31.0 1.1 
0.1404 0.9020 q;n.3 _ 908.1 1.4 
0.1')10 0.89Q8 894.4 818.6 1.8 
0.1618 0.8915 66').& R41.8 2.0 
0.1132 0.8950 " 633.5 814.6 2.3 
0·18')2 0.8923 ~00.5 118.8 2.1 
0.-7912 0.88Q') 16".7 142.2 1.1 
o. "01)8· 0.8866 12A.4 102.8 3.5 .. 
0.8221 0.8835 681.A 6bl.5 3.8 
0.83«;8 0.8803 646.4 618.1 4.3 
0.8495 O. "1l'l9 601.0 ')12.8 4.1 
0.8641 ' 0.8731 550.6 527.1 ') .1 
0.8191 0.~693 491.A '. 10.0 

• 
5.6 

0.894" 0.~6'i1 441.6 415.0 6.0 • 0.9102 0.8608, )QO.4 356.8 6.2' 
0.9270 0.85~Q 314.q 791.4 6.R 
0.9445 0.R5G9 241.3 225.7 ~ 1.2 
0.9621 0.84')1 166.6 1')3.5 1.q 
0.9011 0.R)<)5 R5.l 18.1 7.4 . 

RMS nFvIATlnN- 4.9 

" J 



TABL& AS9. -A88· 

-HEATS O~MIXrNG AT 51j OEG.C F(lf~ TUf SYSTEM N-HEXANnL+N-OCTAN~ 
DELTA H IN JOULES/HOLE \ 

• RC1'- 8.15911j1 8(2'- 0.0056"2 
8Cl,- 0.004Ql2 8(4':. 0.000133 

\ 
, Iv X XCH2 VPREO oevp 

n 

O.'O~41 o. ~9910 410.1 Itll.6 ,-0.1 

• 0.04<)1 0.'1<)18 620.8 622.1 -0.2, 
'0.0954 0.9819 001.1 . 810.9 -1.0 . . 0.\319 0.9821) ,01}<).1 9'8.S -l,. '\ 
0.1173 0.9111 9')5.1 1001. j) -4.8 
.0.2122 0.972ft <)~8·l 1038.6 -5.1 
0.2435 0.9686 ."'W'l00.,.9 10~<).6 -5.0 
0.273? 0.9646 10"?2.0 1010.1 -4.8 
0.1010 ,0.9609 1018.6 1014~5 -4.5 
0.1268 0.9514 1030.'i 1012.8 -ft .,1 
0 .. 34<)9 0.Q543 , 1 

10~1.4 -3.1 10l9.5 
. ,0.:\119 q.951~\ lO15.9 10')9.1 -3.2 

0.393) 0.9483 1019.8 '1048.2 -2.8 
'\ 

0 .. 4127 0.9456 . 1012.4 1016.2 , -2.1 

.\ 
0.4310 0.'1431 I~03.5 1023.0 -1.9 
0.4418 0.94,01 'l4.l 1 1009.3 -1.5 
0.4634 0.91A5 9fJ4.' 995.4 -1.1 " 
0.4181 0.9364 914.4 9Rl.3 -0.1. 
0.4,93!.J 0.9343 962.1 CJ65.8. ,.0.4 
0.5061 0.9125 950.9 951.6 -0.1 
0.5181 O. (1),08 939.A 931.8 0.2 
0.5281 0.92CJ2 ,910.2 925.2 0.5, 
0.5401 0.921& 91<J.l CJ1t.l 0.9 
0.5414 0,9265 899.8 901,.1 -0.2 
0.5514 0.9260 ( . 906.8 8<)6.5 1.1 
0.5510 0.<)252 80<).8 889.1 0.1 
0.5617 0.924., 895.2 88'.9 I.~ 
0.5610 0.9237 87".4 

, 
81r;.1 0.3 ~ . 

0.5118 0.9230 • 881.2 869.0 , 1.6 
0.5715 0.9222 - 865'.9 861. t ' 0.6 
0.5809 0.9211 ,. 872.1 856.3 1.8 o.sm 0.9206 852.3 845.7 0.8 
0.59 0.9190 816.8 828.9, 0.9 
C.6 4· 0.9111 820.9 " 811.2 ' 1.2 
0.6237 0.9154 803.4 792.2 1.4 
n.6366 0.'9115 

, 
. 171.6 f.6 \ 184.2 

0.6501 . 0.Q115 163.4 149.At 1.8 
0.66't0 0.90<)5 1'-2.3 126.0 1.2 
0.6183 0.9014 118.1 701.1 2.4 
0.6932 0.9051 692.7 614.8 2.6 
0.10A6 0.9028 664.9 646.7 2.1 
0.1249 0.9004 635.7 '616.1 1.0 
0.7416 0.8978 603.1 584.3 3.1 
0.1592 0.~951 t;6q.6 549.7 3.3 
0.1186 0.8922 521.8 510.6 1.1 
0.1986 0.8891 . 48~.6 469.2 ' 3.4 

, 0.81'6 O.@859 419.9 , ~4.6 1.5 • 0.R41l 0.8825 3<)'2.1 311.9 3.6 
0.8638 0.8190 33<).C; 321. ) 1.6 
0.8881 0."150 280.5 270.5 1.6 
0.9141 0.8110 

" 
211.6 210.6 3.2 

.0.9413 0.8666 1';0. ') 1"5.9 1.0 
.'. 0.9696 0.8611 11.9 16.4 2.0 

~MS OEVIATrON- 2.1 , 

/Jt. 



fi HEAT~~OF MIXtNG AT ~5 (lEG.t ~O~ !'THE .SYST.~. ,N-OCT.ANOl,+~-H~flTANE 
.. OElTA tt IN JOULES/MOLF. 

8(1'- R.,'j~'3'53 tH7 ,~ 0.00'i64' - . . 
~ CH· 0.004Cl3? 8(4'- 0.000t31 ~ ~ 

X XCft2 • 'V YP~E.o -
. 

DF.VP 
\ , - ~ 

.. 

• '28Q.1 .lQ).7 
, , 

,0.0170 0.9916 , -.4.2 
0.0116 0.99'i2 411.0 461 .. 1 -10.6 

~ 

O.06~7 0.9<l00. 61'>,,'l 634.3 O.? 
0.OCl71 0.98"5 . 710.1 111.2 -1.'5 . 
0.1216 0.9824 71.4.6 . 197.4 -2.3 ' 
0.1562 0.<)186 808.2 " 8'H.6 -2.Q 

.. 0.1825 0.<J7'52 87q.l 856.7 -3:3 
0.2019 0;'9720 A42.1 .87'3.2 -3.1 
0.2102 0 • .q6<l1 851.1 RA2.4 ' , -1.6 
C.2514 0.<)665 8S5.4 ~ 881.2 -3.7 
0.210lr 0.Cl642 81)11,,6 88R.7 -3.'5 ' 

. .. 
0.2,891 0.9618 8SR.Q', Sln.7 -3.": 

, 
, 

O. ".1'018 0.95q6 85-8,2 a~".) -3.1 
0.3263 0.9514 A5S.8 A7~"",,1. ' -2~8 
0.3413 0.9553 ~5l.5~ A71.5' -2.6 
0.1591 .0.9515 047.2 866.5 -2.1 

~, 0.3135 0.9518 842.2 85q.1 -2.0 
. , 0.3815 0.9502 836.4 

(;, 
851.9 -1.1 

0.4001 0.9481 1:',30.1 843.0 -1.5 
0.4120 0.9413 825.1 834.9 -1.2 
0.4231 0.9460 . 819.5 826.1 -0.8 
0.4354 0:9441 

, 
813.2 Rl1.'3 70.5 

0.4472 0.9414 l'06.-4 801.7 • -0.2 
0.4580 0.q421 800.1 198.5 0.2 
0.4613 0.9418 191~1 1q5.6 -0.5 

f 0.4.695 0.9409 192.5 78R.2 0.5 
0.4112 0.9401 784.1 186.1 -0.3 
0.4811 0.93<l5 111.7 116.9 . 0.1 
0.4819 0.9195 7~2.7 116.1 0.8 
0.4,918 0.9384 116.0 161.2 1.1 

, \ 0.4922 0.9384/ 1"8.1 166.8 0.2 
0.5016 0.CJ.373 76R.2 157.4 t 1.,. 
0.5036 0.<ljl1 151.5 155.4 0.3 
0.5103 0.9364 160.7 148.5 1.6 
0.5153 0.9358 141.0 743.3 0.5 
0.5178 0.93'56 154.1 740.1 1.8 
0.5256 0.Q341 741.8' 132.4 2.1 
0.5215 0.9345 135.8 130.3 0.1 
0.5402 " 0.,9,}'31 123.1 116.1 1.0 , 
0.5535 0.9311 109.8 . 101.2 ~,! :~ p.S615 0.9J01. "9'>.3 684.8 

1 
0.5821 0.9281 618.7 6h7.2 1.1 
0~.1)915 0.<l211 661.4 648.1 2.0 
0.6131 0.9254 642.01 621. ~ b 2.3 
0.6308 0.92'36 1 619 .-; 604.9 2.1 
0.6480 0.Q218 5C)6.8 'iP.0.6 2.1 
0.6680 . 0.QlQ9 511.1 51)3.9 3.1 
0.6885 0.9118, 542.8 524.6 1.4 -
0.1111 0.Q156 IjOq.1 "Ql.4 1.6 
0.1348 0.<)132 414.1 455.6" 3.9 

•• 0.1598 O.<l100 43-4.4 416.9 0 4.0 
0.1868 0.9082 389." 373-.? 4.1 

J 0.8146 O.Q056 341.6 11'1.5 4.4 
0.8462 0.<)021 281.2 \ 21~.-; 4.1 • 0.8191 0.8996 1226.8 " 217.'1 1.9 

iB1 ~.9165 0.8962 l'il.5 151.0 2.4J 
b.RCJ26 Bl.l 19.1 

p. 

.Q513 2.4 
~"S DEYIArIO,.. 2.8 



•.• y -A':/U -TABLf; A61z 
HEATS OF MIXING AT 55~OEG.C FOR THE SYSTEM N-OCTA~Ol+~-OCTANE 

DELTA H IN JCUlF.S/MOlE 
B(l'- 8.159353 (\(2'- 0.005642 

AC'3''Z 0.004932 8(4'- 0.000133 1 

X XCH? y VPREO , OEVP • .\ ., 
0.0189 0.9916 ·:no • ., 1":\8.0 -2 .. ~ 
0.0348 0.99.'i1 4«)4.9 4()1.0 -0.6 
0.069'3 0.991~ 616.8 691.8 -3.1 
0.1020 0.9'374 

... 
171.1 A05.7 -4.5 • 0.1324 0.98~7 821' .. 4 871.4 -'i.3 

0.1607 0.980'3 861.'l 913.8" -5.8 '\1\ - 0.1887 0.9710 88A.5 q4~,.O -6.1 
0.2149 0.9138 903.8 961.1) -6.4 
0.2184 0.9711 9 lit". 9 971.9 -6.2 
0.21)80 0.9688 918.9 916 .. () -~ 0.2750 0.9668 922.7 978.1 - .t 

... " {)~2920 0.96,48 924.1 978.4 -5.9 l, 
~,. 

0.3104 0.9626'/ 923.4 91'i.9 -5.1 
" .. 

0.3219 0.9606 J 921.9 911.5 -1).4 
0.3456 0.9586 (H8'~4 96C;.2 -5.1 
0.3613 0.95l)8 914.1 958.2 -4.8 
0.3766 0.9550 910.4 950.2 -4.4 
0.3918 0.9533 904.6 941.0 -4.0 
0.4059 0.9517 898.3 931.6 -1.7 
0.419-2 0.9502 8cH.6 921.8 -3.4 
0.4323 0.94e7 8q4.5 911.5 -3.1 
0.4"4'i3 0.9413 - 816.4 - 900.5. -2.8 
0.4568 0.9460 . 868.2 890.1 -2.5 
0.4619 0.9447 860.2 819.9 -2.~ 
0.4185 0.9436 852.4 869.5 -2.0 
{).48'8 0 .. 9430 845.6 864.2 -2.2 
0.4818 0.9425 846.2 860.1 - -1.6 
0.4935 1 0.9419 838.6 81)4.2 -1.9 
0.4984 0.9414 818.2 849.0 -1.3 
0.503.4 Q.9408 830"'1'0 843.6 -1.6 
0.1)084 0.9402 810.5 83A.1 -0.9 
0.5141 0.9396 821.1 631.8 -1.3 

\ . 0.5183 0.9392 822.4 ' 821. 1 -0.6 
0.5253 0.9384 810.4 . 819.0 -1.1 
0.5293 0.9319 811.1 014.4 -0.3 
0.5361 01.9311 ; 19,8.9 805.6· -0.8 
0 ... 5489 0.935~. ~ 786.9 790.8 -0.5 
0.5614 0.9344":-'-0- ./ 111.<} 715.1 -0.2 
0.5147 0.9330 11)9.2 758.0 0.2 
0.5884 0.9315 143.0 739.7 0.4 
0.6011 0.9299 725.5 719.6 0.8 
0.6183 0.9283 701).9 698.2 1.1 
0.6346 0.9265 684.3 674.1) 1.4 
0.651,1 0 0.9241 660.5 648.9 - 1.8 
0.6696 0.CJ22R 634.7 621.4 2.1 
0.6RR4 0.9208 6010..6 591.6 2.5 
0.7088 0.91 R6 575.2 558.5 2.·9 
0.1'l11 0.(H63 539.1) 521.? 3.4 
0.7780 0.9114 41)1.2 439.J 3.9 • 0.80'35 0.90A1 409 .• 9 '393.0 4.1 
0.8306 0.9059 15'\.5 142.5 - 4.5 

, 0.8596 0.90'30 300.a 2A7.l ,-1' 4.S 
0.8909 0.R998 217.2 125.7 4.R 
0."'49 0.9964 l65.8 157.2 5.2 
0.9608 0.8928 A 1-. 1 83.0 4,.6 '" ,816 RHS DEVIATIO,.. 3.6 

0., ) 



Il . ,~", " 
1 HEATS OF .. rXINti AT 55 OF.C.C fOR ,THF. SYSTE~ N-OCTANOL+~-~ONANe 
DELTA H IN JOULES/MOLE l 

.;) 

A'C 1)- 8.159)1)3 8(2'- 0.00564? Il 
8("41- 0.,00491? fH4)a 0.000131 

e. X XCH2 y 
0 

YPREO OEVP 
1-

,0.0221 
~ 0.9971) 314.5 392.1 -11.4 " \ 

0.0431 O.9-q52 542.6 1)89.5 -0.6 1 

0.Oê44 0.9906 144.8 806.1 -0.2 
9·12?3 ,9.9864 8'\9.5 916.6 -9.2 
0.1580 0".98'4 e95.q 982.5" -9.1 
0.1904 0.cH88 910~6 1021.8 -9.0 

0 
0.221) 0.911)4 953.) 1041).9 -9.1 

C' 0.2496 0.~121 967.8 1058.8 -9.4 
0.27"3 0.9691) 974.6 101.4.1 -9.2 
0.2959 0.9671 976.7 1064.7 -9.0 

il. o.3f75 0.9647 . 917.9 1061.8 -8.6 
0.33R4 0.9624 91,.q 1056.1 -8.0 ,-
0.358? 0.9602 976.8 /J 1048.2 -7.3 

c; 0.37,10 0.9581 972.1 . 1018.1) -6.8· 
0.3949 0.9561 966.3 . 1027.5 -6.3 
0.4113 0.9543 960.3 1016.0 -5.8 
0.4268 ,,0.9526 953.1 1003.Q -5.3 
0.4296 û 0.9523 965.) 1001.6 -3.8 
0.44;34 '0.9501 951.3 .,98«).1 ~ -3.4 1 • 

0.4513 0.9492 920.2 916.8 . -6.2 .. 
Q.4705 0.9477 939.7 963.8 -2.6 

? 0.4828 0.9464 930.6 951.1 -2.2 
0.4947 0.9450 9fl.1 938.1 -1.8 
0.5058 0.94'\8 912.4 92!f.5 -1.4 

\ 0.5115 0.94~2 , 900.3 918.8 -2.1 
0.516C; 0.9426 904~0 912.9 -1.0 
0.1)213 '0.9421 890.4 907.1 -1.9 
0.5276 0.9414 894.5 - 099.4, -0.5 
0.5315- 0.9409 .880.0 894~ 5 -1.6 

o ~ 

·0.5176 0.9403" 885.7 886.8 -0.1 ~ 

0.5420 0.9198 870.1 881.1 ';>-1.3 
0.5476 0.9392 876.0 873.8 0.2 

, 0.5529~ 0.9)86 858.3 8t,.6.8 -1.0 
0.5517 cO.Q160 86';.1 8bO .• 4 0.5 "-
0.5646 '" 0,.9313 844.9 8C; l'. O. -;,0.7 . 
0.561)8 0.91l1 

:i) 856.4 84q.4 0.8 ... 
"-

0.5763 " 0.9360 831.2 834.7 -0.4 
0.58~6 0.9346 816.3 811.1 -0.1 
0.6021 O.*~l 198.7 797.2 0.2 
0.6154' O. 16 180.1 , 771.0 0.4' 
0.6292 O. 301 161.5 155.5 0 0.8 
0.6444 0 .. 9284 ,.139.9 131.2 1.2 
0.6606 0 ... Q266 7.15.1 704.9 fj 1.6 
0.6770 0.9248 690.1 616.6 !? 2.0 

\ ,o.6C)42 O.,~22q 662.3 646.1 2.4 ( 

..... 
0.7129 0.'9208 610.4 613.2 2.7 , 

~ 

Oi73?1 0.9lR1 1)96.6 571.9 3.1 
(l.,75?1 0.9164 . "55t). 3 51,0. 1 3.4 

. 0.11l1 0.9141 519.i 499 .. 4 3.8 •• 0.19'54 J 0 0.'H16 '. 474.1 455.0 , 4.0 
0.01 CJ8 0.90A9 .42='.8 405.2 4.4 
O.84t;2 ,0.CJ061 36~.4 . 352.0 4.7 
O.87?7 0.9030 307.7 '292.8 4.9 
0.9011 O.8Q9O 240.0 - 22A.7 4.7 
0.9)'30 d.R963 166.2 151. a 5.0 

t01 V· 961)3, 0 
0.8927 61.2 82.1 '5.2 . RHS DEYI~'ION· S.S' 



------ ----- ro",_ 

HEATS OF MIXINr. AT 55 OEG.C FOR THE SYSTEM ~~OCT~~OL.~-DnnF.CA~E 
€) DELTA .. IN JOULES/MOLE , 

Re Ua 'l'.I'iCJ11)] . eCl'· 0~·00S61t? 
AC]'- 0.004931 fU4'a 0.00013J 

. .' X 
. , .. )(CH2 y YPREO OEVP 

0 • .&211 0.CJQ77 413.1 4PC).CJ -1.5 
0.0541 0.9954 112.<) 760.4 -3.7 
0.1031 0.'1911 9')2.1 10?4.2 -l.~r 
0.1,!01 0.9A17 10')1.1 1155.8 -9.3 
0.1885 0.9835 1111.0 1229. 1 -10.0 
0.2258 0.9801 1149.8 1211.1 ' -10.6 

..... 0.75'17 0.9169 ~ 1161.0 1293.1 -10.8 
0.7'112 0.9118 1116.5 1302.3 -10.7 
0.1190 O.<Hll 1111.4 , 1302.1 -10.6 
0.344CJ 0.Q685 1115.6 129".3 -10.4 

" " 0.3690 0.cJ6bO 1169.0 1281.3 -10.1 

( 0.3928 0.9611 1160.1 1214. 1 -9.8 
0.4142 0.9615 1150.R 1258.8 -CJ." 
0.4141 O.CJSCJ" . 1140.1 1241.9 -8.9 
0.4523 0.9'.i15 1129.1 1274." -8.4, 
0.4699 0.9S56 1116.2 120'.i.6 -0.0 
0.4865 O.Q538 110,1.7 11 t'6. 3 -7.1 

1. 0.5013 0.Q522 1087.2 1161.9 -7." 
O.51"CJ 0.9508 10ll.8 1149.9 -1.1 , , . 

j 0.5279 O.949"J 1060.CJ 1131.9 -6.1 

'------ " 
0.5403- 0.94RO 1048.7 1114.0 

, 
-6.2 

\ , 0.5523 0.9466 1035.A 10C)').1 -5.A 
, 0.5645 0.C)452 1021.5 1076.5 -5.4 
~r 0.5160 0.943Q 1001.1 1057.8 " -5.7 

( 0.5761 O. 9/ .. ~9 1007.1 1057.6 -~.O k..J , 
1 r- 0.5851 0.9,4Yl CJRq.5 "1042.5 -5." 

() ~-~ 0.5864 0.CJ427 - 9CJ3. CJ 1040.3 -4.1 
0.'5947 0.9418 q76.1 1026.0 -5.1 

~~U 0.5961 0.9416 q19.4 1022.1i -4." 
0.6047 0.9406 9~2.9 1008.4 -4.7 
0.6058 '0. (401) . CJ66.7 1006.4 -4.1 . < 

0.6145 0.9395 'J,)4.4 990. "' -3108 
0.6156 0.9)94 941.1 9P.0.6 -4.3 
0.6265 \ 0./9381 930.8 968.4 -4.0 
0.6319 0.9368 CJ12:6 946.6 -1.1 
0.6498 0.9353 aCJ4.1 . 923.1 -3.3 
0.6620 0.9')3CJ 813.1 898.8 -2.9. 
0.6148 1 0.<)324 8')1.1 612.4 . -2'.4 

il 0.681CJ 0.9308 827.9 . A44.1 -2.0 
l,' 0.1014 0.9291 802.1 el~.5 -1.7 

0.1150 0.CJ214 115.2 185.3 -1.3 
0.7190 0.9256 14Cj.JI 151.6 -0.8 
0.1449 0.9211 111.9 716.3 -0.1 
0.1615 0.9116 611.3" 676.5 0.1 
0.1191 0.9193 611.6 632.8 0.8 
0.7913 0 • .lJ110 'i~4.6 5A7.1 1.2 
0.8157 0.~146 548.6 539.1 1.6 
0.8353, 0.9120 -499.0 481.6 2.1 •• 0.R-;52 0.~Oq4 ~4C;.7 411.4 2.8 
0.8112 0.CJ064 lt' l.l 311.'l 1.0 . . 0.89<1,. o. Q033 • 319.<1 108.2 , 1.7 1 

0.9177 0.9001 749.1 21q.6 ·1.8 ,.;t. 

0.«)410 0.A966 "174." 166.1 4.9 
0.')11,. O.Aqzq Ql.t R7.6 3.1' 

iU4S DEVIAfloN- 6.1 
;R1 R 1 

~ -
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-A94-

,.~ , TABLE A65: ) 
Il 

.\ 

~EATS OF MIXI~G AT 10 OEG FOR SYSTEM E_HfA~Ol ~ONMjE 
X~MOl.FRACT. OF ~lCOHOl, OI\TA r:J F V A,'" ~ E S S 

Bfl}" 8.02q~68 A(2'2 0.00472-; 
IH'3'~ 0.00Z'H3, A(4)= 0.000075 

X XCHl y YPREO OF.VP 
" , 0 

0.0100 0.99A9 19'.7 lq1.1 1.1 
0.0200 0.9?11 291.3 302.0 -3.7 
0.0300 0.9966 349.5 317.8 -8.1 
0.0400 0.9954 3')4.0 415.6 -fO.6 
0.0500 0.Q941 410.8 4A?5 -1?O 
0.0150 Q.9912 498.1 573.5 -15.1 
0.1000 0.9RA1 541.6 64'.4 -18.4 
0.1250 0.Q848 581.0 101.0 -20.2 
0.1500 0.Q815 617.1 750.0 -21.5 
0.1750 O.cHAO 646.8 192.3 -22.5 
0.2000 0.9144 610.4 82P,,8 -2'.6 
0.3000 0.9583 130.8 ')27.4 -26,.9 
0.4000 0.9'394 746.4 960.1 -28.6 "" 
O. S()OO 0.'H61 130.0 933.2 -21.8 
0.6000 0.888'1 684.0 850.,.2 -24.3 
0.1000 0.81j42 606.9 113.5 -11.6 
0.8000 -0.8095 

} 
491.2 521).'0 -6.9 

O.qÇOO 0.1500 311.4 286.6 8.0 
RMS DEVIATION= Fi- 18.5 

1 L 

\ 

• 
, 

-~ --~ ------------~----------------------------------------



,'1' -A95-

• TABLE A6"6; 

'"' 

HEATS OF "fIXING " AT 10, OEr;. C fnr~ SYSTEM P.~OPANOl HEPTA~F 
X-MOl.FRACT. OF AlCOHOl. DATA OF VAN NCSS 

BC U- 8.07.9661' 6e2'= 0.004725 1 

" 'R(3)= 0.007.313 (\(4'= 0.00001e; 4' 
'1 

X XCH2 Y YPREO O(VP 

0.0100 0.9Qf)6 18f'.6 174.1 1.3. 
0.0200 0.Q911 2Al.5 265.!J 5.7 
O.O~OO 0.9Q,)1 311.9 17').6 3.6 
0.0400 0.9942 318.7 370.9 1.9 
0.0500 0.9921 411.1 401.1 0.9 
0.0750 0.9889 418.1 419.0 -0.1 
O.leoo 0.9851 529.2 533.8 -0.9 
0.1250 0.9811 569.8 e;18.5 -1.5 
9.1500 0.9171 601 .. 1 616.0 -2.1 
0.11S0 0.9110 630.9 641.5 -2.6 
0.2000 0.9688 654.4 613.9 -3.0 
0.3000 0.9508 101.1 717.1 -4.2 
0.4000 0.9310 708.0 14~.1 '-5.1 
0.5000' 0.9091 667.5 , 104.5 -5.5 
0.6000 0.8846 5".90.4 625.0 -5.9 
0.7000 0.8571 48').1 511.0 -S.3 
0.8COO ' o. A261 J5~.6 366.5 -1 .. 6 
0.9000 0.7901 lQ4.4 lQ5.2 -0.1t • RMS OEYIATION, 1.9 

o 

----===== 
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• TABLE A67: 

HEATS OF MIX ING OF SYSTEM AUTANOl HfPTiNE AT 30 OEG.C 
,x;aHOl.FRACr. OF AlCOHOl, ()~TA'OF VA~ ~E.SS 

lH 1 ,;a~ 8.029668 nl?'= 0.004125 , 
0.00'007t; • AC)'= 0.002371 8(4'= 

X XCH2 V VP'RED OEVP 
- \ . 

0.0100 0.99,86 lA2.l 172.1 1).5 
0.0200 0.9911 '1::\.6 260.4 ".8 
0.0100 0.9957 331.2 ' 318.1 J.9 
0.0400 0.9942 313.2 361.1 3.3 
0.0500 0.C)Q2R 406.6 391).6 2.7 
0.0150 0.9891 467.6 4~1.6 1.3 
0.1000 0.9853 514.8 511.1 0.1 , 
0.1250 - 0.9815 552.'3 550.9 0.3 
0.1500 0.9716 581.9 583.5 0.1 
0.1150 0.9131 610.1· bl0.li 0.0 
0.2000 0.9697 632.0 6'32.6 -0.1 
0.3000 0.9531 6R6.7 6At.6 0.1 

1 0.4000 0.9'355 686./t 619.6 1.0 
0.5000 0.9161 "42.5 616.'6 0.9 
0.6000 0.8966 559.2 55~.1 -0.1 
0-.1000 0."750 441.1 451.8 -1./t 
0.8000 0.85t9 )13.6 3'.3.1 -3.0 

" 0.9000 0.8269 162.9 110.9 -4.9 
, « RMS DEVIATION= 2.1 

. ~ 
o 

o 
, , 

, . 

• ' 
., 

.. 
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TABLE A68a , 1 

HEATS OF MIXING OF SYSTEM PENTANOL HF.~A~f. 
X-MOL. Fr:1 "C'~ • OF AlCOHOL. nATA nF VAN NESS 

. . 

611) -
nI3)· 

le 

0.0100. 
0.0200 
0.0)1)0 
0.0400 
0.0500 
0.0750 
0.1000 
0.1250 
0.1500 
~ .1150 
0.2000 
O.JOOO 
0.4000 
0.5000 
0.6000 
0.1000 
0.8000 
O.QOOO 

'A.02Q668 
0.002'l11 

XCH1 

0.qq83 
0.9961 
O.9QSO 
0.QcB1 
0.QQ11 
0 •. QA15 
0.9833 
O.Ql<J2 
0.Q750 
0.<J70A 
0.Q661 
0.9500 
O.Q333 
0.9161 
o. CJ.OOO 
0.883) 
0.8661 
O.ASOO 

ft(?)- 0.00411-; 
f\I'''· ' 0.00001-;, 
V VPAEO 

' 111.t 160.9' 
21)7.0 ,217.6 
304.1 186.1 
33a.7 3?2.8 
365. 7 ~ 151.8 
417.6 406 .. 1t 
456.3 441.1 
4A6.1 419.9 
512.5 505.1 

-"1)32.1 5?6.4 
5-;0.4 ')42.8 
590.1 513~3 
581).6 560.8 
540.0 516.2 
4'58.4 ' 4"'6.5 
351.0 356.1 
2't3.2 2~0.6 

.122.4 110.Q 
RMS 

AT \0 OFC.C 
\ 

OEV" 

q.2 
'7.5 
S.7 
4.1 

"- 'l.R 
2.6 

~ 
1.9 . [. -... 

1.4 
1.3 
1 .. 2 
1.4 
2.9 
4.2 
4.4 
2.6 
0.1 

~3.0 
-7.0 

OEVJATIO!i· 4.3 

n • 
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• TABLE A69a 

~EArS 'OF' MIXI'4G AT '30 OEG. C FOR SYSrF~ OCTA~Ol.HFPTANf 
X.f040l.~rUCT. OF AlCOUel, nA'r" OF VAN NESS 

~ o ( 1 ). 8.02Q6ftR 1\.'2'. 0.0041l~ 
A(1)- '.002'''' 8(4). 0.000015 

X XCH2 Y YPREO oevp 

0.0100 0.QQA6 1116.5 164.2 '7.0 
0.0200 0.9<)72 2~q.3 ?4S.1 ' 5.4 
0.0300 0.99-;8 106.4 l'l6.) ,1.3 
0.0400 0.Q944 )'\7.9 1'l2.CJ 1.5 
0.0500 0.9930 362.4 361.2 0.1 
0.O7~0 0.<)095 409.3 411.2 -0.1 
0.1000 0.986l J 442.8 441.6 -1.1 
0.1250 0.982A 4M~ •. 1 41't.O -1.3 

. 0.1500 0.cn95 4R7.0 't'l't.O. -1.4 
Q.1750 0.<)762 501.0 509.2 , -1.6 

\ 0.1000 0.<)710 511.0 520.1 -1.6 
0.3000 0.<)605 5,37.6 ~3't.4 0.6 
0 •. 4000 0.9487 510.4 512.6 'l.t. 
0.'5000 0.'l37~ \ 495.0 464.9 6.1 
0.6000 " O.926a 432.0 391.~ 8.0 
0.7000 0.9161 342.1 314.6 8.1 
0.8000 0.<)070 236.8 21<).3 1.4 
0.9000 0.13971 IIR.8 113.9 .4.2 

RHS OEVIATION. 4.4 

•• 
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••• TABLE A70, 

I,j."W' 

"'EATS OF ~I)ÇING OF OCTANOl+NONANF. AT 10 rEe. c 
X-MOL. Ffue T. OF AlCOHOl, DATA OF VAN NESS 

SC1)a A.02966A R(Z)- 0.004125 
8(31=- 0.002371 f\ fld- 0.000015 

X xeH2· y YPREO OfVP 
(!I-

0.0100 0.9989 184.2 11l.9 3.5 
0.0200 0.9918 281.5 27r;.) 2.2 
0.0300 0.9967 l'A.4 3'38.9 -0.1 
0.0400 1).9q56 319.8 3A4. q -1.4 
0.0500 0.1)944 Id O. 9 470.5 -2.3 
0.07liO 0.9917 466.9 4R4.0 -3.7 
O~lCOO 0.geeQ 505.8 571.4 -4.3 
0.1250 0.9861 '.nS.9 559.5 -4.4 
0.1500 0.9833 558.4 5R4. 1 " -4.6 
0.1150 0.9806 571.5 1,02.9 -4.4 
0.2000 0.9778 597.0 bl1.1 -4.2 
0.3000 0.9667 621.1 619. ) -2.5 
0.4000 0.9556 621.6 619.1 0.3 
0.5000 0.9444 587.5 568.4 3.3 
0.6000 0.93l3 511.2 4<>1.4 3.9 
0.7000 0.9222 411.7 vn.2 5.0 
0.8COO 0.9111 291.7 276. q 4.9 
0~9000 0.9000 150.3 145. 1 3.5 

RMS DEVIATION- 3.~ 

. . 

i .. 

• 
• 
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,e TABLE A71z 
" 

Q 

.' , , , ) 0 

.' .' HEATS OF ~~XI~G OF ETHA!\lOL+fIEX I\NE AT 4'j OF.G.' C' 
~.~OL.F~ACr •. OF AlCOHCl, nATA OF VAN r..fESS 

.' . 8(1)= 8.1041"9 8(1)= o. 00521)1 

~ 
Pf':\),. 0.00':\73? R(4):: 0.000101 

X XCH,2 y YPREO OEVP. 
.; ~ " 

0 .• 0100 0.99A'3 201.4 700.0 - 0.7 
" O.Q?OO 0.9966 321.2 '\[Q.1 '1.3 J, o.lnoo 0.9949 39 7.5 402.6' -l.:} 

0.,$)400 0.9Q'2 4C;1.0 46'7. 1 -3.3 
0.0500 . 0.9915 495.4 1)19.9 -4.9 
0.0150 0.9810 516.5 /lll.l -1.9 
0.1000·' 0.98?5 6l1.2 100.1 -9.9 ~ 

, . 0.1250 f' 0.9118 683.6 . 16? fi -11.6 
0.1500 ' 0.9110 727.9 . g14.S . -12.7 " 
0.1750 Q..9680 753.6 851.5 -13.,8 
0.2000 0.9630 119.2 R9'h 1 

, 
-14.6 

0.3000 0.9412 8)1.~ (nI) ~ 5 -11.~ 
ç 0.4000 0.9167 83".4 qeO.8 " -.,18.1 

• J 
b 0.5000 0.8889 790.0 924. l, -11.0 , . 

0.6000 0.R511 711.8 816.2 -14.5 .j 

, . 0.1000 0.8205 604.8 664.2 -9'.8 
0.8000 0.1118 459.7 474.4 -3~3 
0.9000 0.1?13.. 263.7 1-;1 • .6 4.6 

RMS 'OEVIATPON= 10.9-
, 
t' 

" ., . 
, .. 

.\ 1 1 

." 
, , 
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• 

•• 
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'l'l\tsLE A 12 : 
,,1 

>jJ 

~eATS OF Mlltl"lG OF SYSTEM F.THA~OL t HF.PTA~f AT 45 OEG. C 
X-MOl.FRACT. OF "lCOHCl, O~T" OF VAN NESS , ~ 

A( U- 8.104729 R(l'z 0.005281 
BI1'- 0.001111. , IH4'= 0.00010,1 

X XCH2 y YPREO OEVP 

0.0093 0.9987 194.0 ItJ6.5 • -1.:\ 
0.0150 0.9918 1R4.0 ?1fJ'. 1 1 • 1 
0.0199 0.9911 145.0 'H6.7 7.4 
0.0268 0.9961 401.0 40'3.1 0.8 ri' 
0.038', 0.9944 48'1.0 492.1 -1.9 
0.05:13 0.9921 5~O.0 ">18.9 -5.3 
0.0119 ' 0.9891 61Q.O 6'67.0 -7.8 

.1 0.0946 0.9f'57 678.0' 144.2 -9.8 
,0.1207 0.9815 133.0, RI9.,.() ~l.1 -----
0.1193 0.9715 819.0 942.0 -15.0 
0.2463 0.9591 All.0 10'\0.6 -17.5 
'0.,1569 0.9360 909.0 1088. 1 -19.7 
0.4695 0 •. 9083 8;h.o 1054.9 -19.7 
0.5155 0.8715 810.0 952. ~ -17~6 
0.6673 0.8459, 116.0 814.5 -11.8 
0.7019 0.8302 663.0 740.3 . -tl.7 

'0.7185 0.1997 557.0 593.) -6.5 
~ 0.8612. 0.,75~7 )96.0 388.9 1.8 

0.94'44 0.1069 . 185.0 v 166. '3 , 10.1 
RHS -DEVIATION-

- . 
/ 

, . 

. , 

• 

.. 

:) 
11.3 

.' 

, 
.> 
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'l'~BLE A 73 : 

H~A(S OF MIXl~G AT 4~ nEG. C FOR SYST~~ F.THA~nl + ~ONA~F. 
X~~Ol.~RACT. OF AlCOHnl. nAT~ OF VAN NESS 

8Cl)= A.I0~1?q 8(2'= 0.005'81 . 
RC 1)'=' O.o.Ol?12 1\(4';: O~COOI01 

X XCHZ y YP'REn OEVP 

0.0100 O.Q989 20A·.l 21Q.4 -5.4 
0.0200 0.9911 3~5~5' 167.4 -3.3 
0.0300 0.9966 450.8 416.8

0 -~. 8. 
0.0400 OJ0 99lj4 51Q.2 56'.8 -8.4 
0.0500 0;,1943 51J~8 611.5 -10.4 
0.7500 0.R333 ~ 1822.5\ 80Q.3 51j.6 
0.,1000 0.98R1 · 145.2 810.6 -16.8 
0.1250 0.9848 ' 8'00.6 q51.1 -1~.8 

0.1500 0.9811) 846.6 1017.9 -20.2 
0.1150 0.9180 , 882.1 .101:3.8 -21.1' 

R 

.0.2000 0.9744 · Q12.0 1l21.0 -22.9 
0~3000 0.95A3 Q80.1 1241.0 -26.5 
0.4000 0.9394 · 'IQ1.' 1212.0 -28.3 
0.1j000 0.Q161 ,Q1j5.0 1216.0 -28.4 
0.6000 0.P.8R9 880.8 1109.2 ~5.9 
0.1000 0.8542 166.5 )925.4 0.1 
0.8000 0.8095 601.6 617.6 -J2.~ 
0.9000 0.7500 368,1 36~.4 -0.1 

'i1 RHS OF.VIATfON= 
t 

~ 

0 

"-

1 

6 

'. 

22.3 

" 
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• TABLe A74: l' 

l-

MEATS OF MlxrNr. OF T~f SYSTfM PROPMWl + 'tEPTANE AT" It'j oer.. c 
X~MOl.FRACT. OF AlÇOHCl, DATA OF VA~: PiESS 

R Il'. 8.104729 A(2'* O.OO'i2Al 
IH 31. 0.003132 811t'= 0.000101 

X IXCH2 y YPRFO DEVP 

O.Olno . O.Q986 ( 201).5 203.8 0.8 
0.0200 0.9911 341.3 \ 3'i0.OI 5.0 
0.0300 0.99')1 't'3A.,) 419.'1 4.4 ' 
0.0400 o. Qq42 506. 1 4~7.1 3.6 
0.0500 0.9Q21 5';3.4 15 /.3.2 \.8 
0.0750 - 0.98A9 646.6 64R.1 -0.1 
0.1000 0.9851 720.0 726.6 -0.9 
O.l?SO. 0.9811 117.1 78~.0 -1.1 
0.1500 0.9111 8l 3. 6 '111.8 ':-1.1 

1 0.171)0 0.91'30 • 859.0 1J7".6 -1'.3 
0 

0.'1000 0.9688 
\ 

8A9.6 912.0 -2.5 
0.300Z 0.(1)08 9';1.6 986 •. 6 -3.0 
0.400 P.9310 957.6 986.8 -3.1 
0.5000 0.9091 QCO.O 927

Q
.6 -).1 

0".6000 0.R846 7'96.8 . 818.3 -2.7 
0.7000 0.8571 61)1.1 665.8 -1.3 • 1 

0.8000 0.8261 476.A 475.7 0.2 
0.9000 0.7907 , 25R.,) 252.5 \ , ?2 

RMS DEVI.TIONs 2.6 

, 1 

• 



. . ' 
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1. • • . TI\BtE 1\751 , 
1 HEJ\TS OF MJXINC AT 45 CEG. C Fn~ r.,.F. ~ YS Tft04 RUTANOl+HEPTANf 

D • X-MOL.FRACT. OF ALCOHOL, nATA OF VA'l NFSS 
'. ft ( 1'. A.l041l9 tH?'· o.OO!)?"t 

l ~ ( 3'· 0'.00313? R(4'- 0.000101 
X XCH2 V VP~EO OEVP 

\ 
0.0100 0.9906 20'.1 10U. 3 t.4 1 0.0200 0.<)«)71 lIf().6 '13.2 'S.l 
0.0300 O.<)Q-;7 410.4 40C).1 4.9 
0.0400 0.9941 4q1.1 47 / •• n 4.6 
0.0'>00' (}.'1q~~ 54 7'~ 2 521.5 3.6 • 
0.0150 0.99Q\ 6,45.2 616.1 '\.0 
'0.\000 0.98&;1 10\.1 "<)7.5 0.5 0.\250' 0.9815 747.0 752.7 -0.8 . 0.1500 0.<)116 181.9 1C)".6 -1.1 1 

\ 0.17'50 O. C)131 "22.9 o:n.o ·-1.1 
0.2000 0.<)-691 8C,4.4 AS9.C) -0.6 
0.3000 0.9S'H 921.9 «:1\7.2 ,0.5 

4- 0.4000 o. CJV;5 911.6 Q06.6 t.6 , 0.1)000 0.<)167 86-;.0 A43.6 1.5 
0.6000 0.Af)66 169.8 1 117.5 1.1 
0.7COO 0.A750 611.1 5C)IIj.l -2.6 
0.8QOO 0.A519 430.4 41l.3 1.9, c. qO~)'O ' 0.8269 225.0 112.1 1.0 

RM$ Of.V t.AT lm.,. 2.1 

• 

J 

• 



• 
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• 
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TABLE A76: 

.,HEI\TS OF MtXING OF SYStf'""" OCTA~Ol .+ HEPiA~E AT 45 OEG. C 
X=MOl.FRACT. OF AlCOHOl, DATA OF VAN ~ESS 

B(1)= 8.104129 ~(Z)= 0.OOS7Rl 
,8(3)= 0.001137. RC'd= 0.000101, ""--

X XCH2 y YPREO 'nEVP 
. 

0.0100 0.99~6 195.9 189018 3.1 
0.0200 0.9912 322.4' 102_9 6.1 
0.0300 0.9958 399.8 380.0 5.0 
0.0400 0.9«)44 4C;1.6 '.36. q '3.2 
0.0500 0.9930 ) 1 491.1 4Al.4 ·2.0 
0.0750 0.9895 562.6 ~5I>O.9 0.3 
0.1000 0.981>1, 610.2 614.4 -0.7 
0.1250 1 0.9828 64l.1 '\! 652.8 -1.~ 
0.1500 0.9195 (:66.8 681.0 -2.1 
0.1150 0.9162 6SC;.8 101.7 -2.3 
0.2000 ' 0.9730 69q.2 716.1 -2.4 
0.3000 0.9605 718.2 131.2 -1.8 
0.4000 0.9487 698.4 691.0 0.2 
0.5000 0.Q375 641.5 628.9 2.1 
O.6COO 0.9268 554.4 535.5 3.4 

"' 0.1000 0.9161 443.1 ~2.4 4.1 
0.8000 0.9010 301.2 93.;6 4.4 
0.9000 0.B971 156.6 152.0 2.9 

RMS r)EVIATION= 
, 0 

-
,~ 

J 

li 

3.1 
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• TABLE A77: 

HEATS OF MIX(NG OF SYSTE" OCTANOl+NONANE AT 4S Of:r.. C 
)(s"Ol.FRACT. OF AlCO~Cl,' O~TA pF VAN ~ESS 

6Cl'- p.I04729 13(2'= O.OOt;lRI 
nt:H= 0,.00313l f\(4'" 0.000107 

X XCHl y YPREO OEVP 
~ 

0.0100 0.99S9 200.1 lOI.2 -0.6 
0.0200 o. g en8 346.1 311.9 4.l 
0.0300 0.9Q67 439.1 425.0 '3. '3 
0.0400 0.QfJ56 500.4 1t95.'i 1.0 
0.0500 0.flg4/t 543.9 551.l :-1.4 
0.0750 0.9917 62R.5 651.'i -'\.6 
0.1000 0.98R9 6R7.6 11q.l -4.6 
0.1150 0.9861 7l'l.5 1~7.9 -5.1 
0.1'>00 0.9833 759.9 804.1 -5.8 
0.1750 0.9006 18/ .. 0 8'\1.0 -6.0 
0.2000 0.9178 801.6 850.1 -6.1 
0.3000 ' O.CJ661 831.6 811.5 -5.5 
0.4000 0.9556 Rlb.O 845.b -3.6 
0.5000 0.9444 16Zio5 17,1.1 -1.2 
0.6000 0.9333 676.8 663.1 1.9 
0.)000 J 0.9222 r;t;2.3 528.0 4.3 
0.8000 o. <H 11 )fJ7.0 111.0 S.') 
0.9COO O.9COO 20t;.Z 193.9 5.5, 

-RMS DEVIATION: 

.' 

4.1 .f 
" 

" , . 
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,.ABLE A18. 

, 
,l~Mf)A CH7/0H- 0.P00721) nt 
: l A",nA (''''C.'?- o. 1f' \0.' '1- <'1 

1 • 

t X AlC )( ("2 
0.0'05 n.{".bb 
0.04'j'l O!-qcJ24 
0.(H180 O.t)Q.,l 
0.1717 O.ql~l 

o. 1" 17 ' o. IH? 1 
0.lCJ"2 .0.<')"'), 
0.'7"9 0.t)h22 
O.}'iSI 0.'I'\1S 
O.7R 15 f'. c''i31 
0.JO'j8 O.~4qO 

O.ll'U 0.9 /.57 
0.1'i06 ,O.Q416 
0.1101 O.'HAl 
0.1"96 0.914)1 
0.4012 o. 'll21 ' 
0.4243 0.97fJ] 
0.4404 0.'1266 
0.45'14 (l.9741 
0.4100 0.<')711, 
0.4"15 O.'lI'}" 
0.49b1 0.9111 
0.5107 0.«114«) 
0.5124 O.'Ji29 
0.5318 0.9l14 
0.5125 0.911? 
0.-;410 0~?Oq8 
0.5,.23 0.'l096 
0.5504 0.90A1 
0.5-;27 _ O. 'l01,} 0 

'0.5595 0.«I06A 
0.';612 0.9061 
O. 574~ o. '11)4? 
0.5R58 0.CJ024 
O.-;CJSO 0.9001 
O.6tO~ O.q9~2 

0.6238 -O.SQhO 
0.6111 1 0.R938 
0.61j0Q 0.S«l15 
0.6~51 0.ft8CJl 

,0.6R05 O.C\S66 
0.6'}"" d.SR31 
0.1131 O.RAt2 
0.'10R~.818? 
0.1'.91 O •. 81'i 1 
O.76RQ .RT1CJ 
0.1R91 0.8h84 
OpRI01- 0.Rb,.1 
O.All'; 0.8".1 
0.R576 ~.8Cj7t 

0 .... '25 ,- 0.8'i79 
0.QI04, O.R,.A1 
0.9)7'; O~84)9 

O.~68R 0.8185 
( -

)'M OF.VIAtU1N s 

.JO , 

,;t '). t' 
'-' 1 1 • ~ 
,'P' •• '. 
'.11." 
Id,? ~ 'l 
l, 'li .. Il 
"UI.A 1 

'i l "} • n 
0:;, 1.'. 
r,?!). q 
';7<).('1 

'i;,q.l 
r, '} 1. '; 
"7

' 
•• e; 

., l '). 7 
')11).4 
r;oQ.t; 
50 '.1 
"'.6. Il 
1 • .nq.4 
4"2-.1 
413 41 s' 
4(Je;. b 
4'lR.R 
I.SS. , 
'.52. ? 
I.'il.6 
44!).7 
443.:\ 
1.39.0 
10'5.6 
4?".:\ 
.411.fl 
,406.7 

Vl6.1 
194.1 
'\72.0 
"\';9. t 
34'i.A 
':\'\1.0 
11 'i.~ 

-l'lft. , 
lflO.7 

7""-.0 
J 4 t. n 
7l'}.1 
tC)"., 
11'\.5 
14~.6 
Il7.Ci 
'1~.O 
(,5.4 
'7.4 

Il 

L,\~HM l''PH1F Ctt?/lltl- O.4I)/.1RD-02 
'l A~"A P~,,l.fF mt/r.H2"_ !).6~!.1C)()-n4 

- 7 F'. ,) 
• '\Of,. 1 

\ 1) 4. '. 
If ,? i) 

1. ()~'. , 

1. fl(,. ') 

'Y00.9 
51n.? 
~ t 5. 1 
f;P'.3 
'''t~.(, 
t)11.l 

#S 1' .. 4 
SUl.1 
1,0t.. ? 
'\01.0 
ft'l'i." 
ft PC),. 5 
~l-n.3 

_ 411.0 
410.1 
463.1 
't 5,.,. h 
4'H .1 
450.7 
44~.6 

444. ri 
4 \.q. R 
4)q .,3 : 
4l4.U 
4H.b 
424.'0 
1·16~ } 
401.b 
~'lR.? 

lSR.4 
17Q.'0 
'66.') 
~5S.1 

'42.0 
'21'.1 
311.1 
796.1 
;>1'1.1 
16°.0 
7'\:).0 
?t 1. 4 
pn. \ 
Ib7.1 
l ''l. 4 
t07.r; 
7'\.ti 

-1".'\ 

(:lr~11\ f f(1\J 
1 •• HO 
1.67' 
0.1'62 
-O.~61 
-0.'>1-; 
-<'.2!}') 

0.11C) 
('t.4C)ll 

1.0(\'5 
1.449 
t • 'lMl 
7.'lr;7 
2.4110 1 -

~.t"~1 
?'l'1~ 

2.1QO 
'}.7h'} < 
?'717 :> 

'J.666 
2.533 
?.3bl 
?lOl 
1 • 9 /.0 
1 .'674 
1.61)7 
1.45CJ 
.'.503 

1 1.121 
1.1l0 
1.144 
(\. 'lU. 
O.54~. 

\ o. l1h 
-0.7.7.0 
-0.531 
-l.lOf\ 
-1.601 

,-'7..16Q 
-?b18 
-).3'" 
-I,.OCJP 

-' •• 814 
-5.h9C) 
-6.i24 
-7.53'1 
-a.HO? 
-'1.62'. 

":ll.VH 
-17.451 
-11.1t4?' 
-1-;.6211 
-:15.940 
-lH.211 

o 

. ----~--------------------------
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TABLE 1\79. -AIQO· 

lAMOA CH?/mt. 0.A007?f' 01 
l ~ M lM Cllt / C te 2 11 O.? 0 10 'n - 0 '1 .. 

X ALC 
0.019" 
0.0'.50 
O.OR87 
0.1280 
0.16'44 
o. PHS 
0.2717 
0.7')59 
0.7020 _ 
O. )06'') 

_ ;- 0.12QR 
0.3')16 
0.3126 
0.'<)19 
(\.4110 
0.4281 
0.4442 
0.4S97 
0.4/738 
0.4~76 

0.5000 
0.";17':1 
O., "; 2 3 '\ 
o.s:uq 
0.5361 
0.547? 
0.')418 
0.')519 
0.5';14 
0.5622 
0.S732 
0.";844 
0.C;961 
0 .. 6085 
0.6217, 
O.61S':1 
0.64 Q l 
0.6637 
0.6194 
0.6954 
0.711Q 
O.12C)4 
0.1417 
0.~h72 

0.1Q7R 
0.ROc)7 
0.A"\20 
0.1I55R 
0.AA14 
O •. CJOfH 
O. tH6tï 
0.9671 

X CH? 
O. Q' 16 7 
0.9974 
O.t)l\')? 
0.'1787 
0'. Cl 726 
0.<)671 
0.91-71 
O.ClC;14 
fJ).C)C;30 
().C)4A9 
0.<)450 
O.Cl414 
0.ln19 
O. <)14 7 
O.')}15 
(\.C)lA7 
O.9?6{l 
0.Cl?34 
O.'l110 
O.l1A1 
0.9167 
0.<)146 
O.C)12A 
O.Cl114 

JO.-1105 
O.90~8 

0.9097 
O.<)OP.O 
0.'9011 
0.'1063 
O.QO!t'i 
0.9076 
0.9007 
(l.8q~6 

O.6Q64 
0.RQ41 

,0.8<')10 
O.R~q4 " 
0.8}l60 
O.8H41 
o.scnlt 
O.A1R4 
0.117')4 
o.rnZl 
0.'81,87 
0; All')l 
O.Rhl' 
0.6'174 
0.8'>31 
O. 8'.P 7 
O.P43q 
o. A ~A A 

.. 

-RM~ nEV' AT 1 O!\f • 10.'3'''7 
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'21. '• 
l04.'l 
176.1) 
41R.'l 
4411.0 
46'). ~ 
401.Q 
4'l4.'t 
"01.1 
505.'5 
1)07.5 
'l07.Çl 
sni, • q 
'>01.0 
4'lS.P. 
4 'JO. ~ 
4 H .... ,. 

47ft.f1 
41d.3 
467.1 
'.5' •• 1 
4'.1. 1 
411).1 
416." 
430.1 
'tl'3 .0 
474.7 
1,?7.1) 
41'i.h 
413.<') 
40';.h 
3lJ7.01 
lfJ1.1 
"\76."\ 
36'i.O 
1'j7.6 
140.4 
J76.R 
"11.11 
2l)f,.Q 

781.0 
164.1 
746.7 
1?7.0 
?O 7. n 
l~h."\ 

161.q 
1/.0. ?, 
1 14. b 
~~.n 

f,(l.q 

'1.4 

L .\ Mn ,\ p ~ t ~ r-' CH 2 1 0 H a 0 ';. 4 '}/. 1 A 0 - 02 
LAMnA pDIME OH/C~7~ ~.1,641qQ-n4 

21'). ~ 
10,>. Il 
3r\'l.4 
4".? 

- 4f,1).4 
I,R7.0 
flOt.? 
5tO.') 
r;t';.U 
'lIn.'} 
1)1 R. 6 

• 1 
'i17.1 
C:;)I •• 1 
'HO.l 
5"';.1 
4l)q.Ae 
4Q4.0' 
487.7 
Idll. Il 
'.75.0 
468.ti 
4b7.7 
41)6.1 
l.'il.1 
't4R.? 
441.R 
1.45.1 
4'3R.9' 
4J'i.~ 

437.2 
4~/ •• 9 
411 .. 2 
't()q.O 
lQ'-l.9 
3<fO.O 
37<').4 
16'\.4 
)'5".3 
14 !\. l)' 

~74.0 

31 'i. 7 
,2C)Q.O 
lRO .. 6 
7<>1.6 
741.0 
? l " •. ) 
lCl4.'l 
16C).1 
140.6 
110.2 

77.0 
'.0. '1 

IlfvlI\rto'l 
?140 

-0.110 
-l.Jf,4 
-'.'.4') 
-1.RA1 
-3.181 
-1.5 TQ 
-).246 
-~. 8~1 
-2.51') 
-2.11:\1 
-1.<JRl 
-t". ~21 
-L.874 
-l.HAI 
-1.92A 
-2. pu 
- 2. l'') 4 
-:,2.610 
-'l.1'}1 
-3~lA3 
-1. :\7" 
-'\.JJ61 
-~.27A 
-4.0tV.' 
-4. '.41 
-1.58A 
-:\".882 
-4.740 
-4.427 
""'4.763 
-5.0<)Q 
-5.64~ 

-6.215 
-1-.840 
-7.601 
-C\.217 
-'1.037 

-10.001 
-10.911 
-11.flO~ 
-12.754 
-ll.~Al) 

-1'1.24'" 
-16.411 
-17.'}l,) " 
-1~.~Q6 

-?O.S()P 
-77.701 
-?',.OAI) 
-21).44Q 
-211.177 

.' 
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TABLE ABOs -AI09- , 

HEATS OF MtXI~r. OF SysrfM 

lAMOA CH2/0H= O.RQ0720 O,J 
LAMOA OH/CH2= 0.70\011-02 

~-Ot~'A~~L - 2,1-01~fT~Yl~UTA~e 

~"OA "OIME-CH2/nH= ().41)"lSn-02 
L~~n~ Ipql~f nH/CH2: n.h~41Q~-04 

X ALe 
0.0;.11 7 
0.0452 
0.O~77 
0.1270 
0.lh27 
o .• l t) 5Cl 
0.72h8 
0.71)5":\ 
O.lAl'\ 
0.3070 

, 0.3141 
0.15')1 
0.3157 
o. 'lQ42 
0.4114 
0.477(') 
0.443'i 
0.4581 
0.4721 
0.4~51) 

0.491\4 
-o. "B 10 
0.5231 
0.1)321 
0.5142 
0.,423 
0.5'.39 
0.51)15 
0.5540 
0.5641 
0.571)9 
O.5f170 
0.5q8A 
0.6108 
O.673R 
0.6371 
0.6511 
0.b6')h 
0.be07 
0.695R 
0.7t21 
0.12Qil 
0.747A 
0.1681 
O.l~~O 

O.BOAQ 
0.8113 
0 •. AS5? 
0.P.P01 
0.Q017 
0.91'13 
0.966Q 

x Ctt2 
0.99"4 
0.9975 
0.'lA54 
0.9788 
0.9129 
0.Cl614 
0.9b22 
0.q"75 
0.9';10 
O.94AR 
0.9441 
O. C)/.08 
0.9314 
0.9143 
0.9~14 

0.97e.7 
0.9761 
0.9211 
0.9711 
0.91'1l 
0.9169 
O.Q140 
.0.9128 
0.9112 
0.'>110 
0.9096 
0.9094 
0.9081 
0.9071 
O.C)OI)') 
0.9040 
0.9022 
O.900? 
O.8gez 
O".R960 
a.R138 
0.891'5 
O.R~ql 

l'.'J tl 66 
O.~A'.O 
O.8Hl)' 
0.A1P4 
0.811)4 
0.Jl7?0 
O.fl6Pl 
0.A1>51 
0.8hl" 
0.At,7,) 
().'lS17 
0.8'.e7 
O.84lR 
o.!n~(f 

R.,.S nr-V,"TfO" • 

!40 

'n Fl " EXP 
213.h 
lO,,>. 'i 
l17.,) 
470.4 
~'.<J.fl 

'.11.5 
l,ph.4 
4 ln .f, 

')05.0 
C:;09.0 
'JOS.R 
~04.) 

5(~6. 1 
5')2.') 
491.q 
4q2.4 
4:\(,.1. 
479.R 
4 7 2.7 
46~.2, . 
451.7 
44 'l. 9 
441.C) 
414.R 
4 1 2.1 

• 4?'R.(\ 
42.,.7 
471.4 
417.9 

, 409.1 
400.P 
\<)I.b 
1'\1.!\ 
111.3 
15Q.Q 1 

34'1.0 
31').7 
321. Q' 

'\07. l 
793.4 
Z11.'/:. 
'? (,o. P 
74 \.7 
72'l.7 
'101.1 
1.~3.0 
160.1 
111.4 
Il,2.0 
~l). 6 
'iR.~ 

'0.1 

1 

('Cl H tJREO 
27.'5.1 
10lt.I. 
"3A4.0 
4~?7 

4b4.1 
4~~.1 
SOO.I) 

(lEVI" TI 0'4 
1.376 
0.314 

-1.709 
-7.814' 

. -1.161 
-1.0e'1 
-1.913 
-1.')'i1 
-~.137 

-1.83h 
-1.881 
-1 .. 44'i 
-1.34:) 
-1.4)1 
-1.4lA 
-1.')01 
-).b72 

'-1.1'14 
'-Z~I?~ 
-l".330 
-2.')97 
-7.8<n 
-3.229 
-~.b31 

-1.92~ 

-3.:)28 
-4.259, 
-4.198 
-4.692 
-1).091 
-S;.5b? 
-6.094 
-6.hS9 
-1.245 
-1.907 
-A.61't 
-q.242 

-10.197 

':>10.1 
515.~ 

"10.3 
'>1'\.4 
"16.7 
sn.5 
SO<).6 
505.0 
1.91." 
4'l4.2 
4RR.4 
4R7.2 
~76.0 
469.6 
462. '} 
456.2 
4')0.6 
449.1 
444,.8 
4'.3. ft 
4)l.1 
431.') 
4~O .. b 
4l1.i 
1,,1'>.1. 
407.0 
]QR.2 
,sn .'. 
11Fl.O 
366.7 
1')4.7 
::!41.C)' 
~Zq.6 

111.9 
797.~ 

2pf'.S' 
7',0.1 
740.R 
21 (). 3 
1?5.h 
16".1 
l'd .,. 

'~1,1. 2e4~ 
-11.014 

110.il 
76.1 
40.6 

-11.017 
-14.1Q'j 
-15.)->3 
-11.014, 
-1~.S4~ 

-lo.t'16 
-71.719 
-?1.')3S 
-21).5116 
-?'.711 
-10.019 
-14'.'121 

• 



TABLE ABla -AllO-• 

HEI\TS OF Ml,('~G CF SYSfEM ~-PHHA-"Ot - 2-rEr"YlPr.~r~"f 

lA~OA CHl/UH- 0.~00120 01 lA~Il" pq,,,,J: c ... ?/nH- O.4'l41Q()-O," 

• l",..nA ClH/CH'· 0.70')Olf'-ll? ll\M()\ p,U MF 1'~/C~t2. 0.66 1• l 'lf'-04 
~ 

)( ALC '( CH? l'f'!t. t l F,l( P flFt tf "RFO fi F. V lA r HP' -
0.01«)4 O.C}')6R Cl ?ll.6 114.) -O •. '2'i 
0.0446 0.')')16 7«)'\.1 lO?-J -2.-;q1 
0.OA6? O.flR~b lbH.\ lKI.t' . -'.10Q 
0.12 /t A 0.fl1tlZ 411.1 le7<J.q -4 ~021 
0.1612\ 0.9711 444.0 46'\.0 -4.212 
O. t<~41 0.<)677 4hb.'\ , 4Q'i.O -1.Q14 
0.22'41 0.<)"76 4P3.L SOCl.O -1.-;1)0 
t'f.2Ei31 O.Q')7R '."4. q 50'1.7 -~.Ot1 
0.7795 0.9~14 ... n2.4 Ij 1 c,. 4 -2.5'14 
0.3040 0.9 /.Q'l r,OA.O rqq.2 -2.002 
0.3713 0.<)4'i'i 510.4 51Q." -t."14 

'0.3487 0.9419 "'lO.h "11.3 -1.321 
0.1684 0.<J1P6 SC". ~ 'H4.R -1.0AO 
O.3A1Q 0.'llS4 506.1 ,'H 1.1 -0.H64 
0.4063 0.9123 ~(l2.'\ "(l6.') -0.A2e 
0.4237 0.97Q4 '.11.4 501.7 -0.161 
0.41<)7 0;fl267 '.Q 1. 8 '.CJ5.6 -O.lEtl 
0.4')57 0.974-1 4~5.7 4H9.6 -O.kO'l 
0.'.101 0.<{21b 41~." 463.2 -0.'16'i 
0.4R41 0.t}1<J' 1.11.1 416.1 -1.14t) 
0.',915 0.9l11 463.5 410.1 -1.413 
0.5096 0.91'il 4~6.l 461.1 -1.616 
0.')107 0.91J2 1.4 C).3 4!>1.Ei -1.832 

~~ -----0; 5114 ~- -0.9114 442.7 4-;1.4 -~.Ol1 
0.1)324 0.9113 441.4 1.50.R -0.757 
0;5421 0.9097 4").0 444.'1 -7.2~3 
0.5472 0.9096 440.6 444:9 -0.970 
0.5Ei16 O.Q!)PI 42H.ll 439.(l -2.511 

,O.5S24 Q~«)079 413.0 438.'5 -1.21& 
0.5630 0.9062 424.1 411.7 

; 
-1.6,.". 

O.S739 0.9044 416.0 424.4 -? .011 
0.';A55 0.9074 I.Oh. t. 41b.S ... 2.429" 
0.5914 0.9fl04 "\<)6.2 40".0 -7.'18" 
0.6098 0.AQA4 3~b.' )qq.'J -1.214 ' 
0.6130 O.Sl961 ;'14.6 ·3~q. 0 -~.831 

, 0.6363 0.A940 367-.'1 31".6 -".1))1 
0.650,. 0.1\916 ".4. S 167.1 '""15.09'1. 
(\.6650 O.S!\t)? . 335.<') 3!'5.'1 -5.1'\4 
0.6A03 ,0.8866 'Hl.? ~4'-.1 -6.1;41 
0.6961 o.sqt.o 10b.0 

..---) 

32 R .4 -'7.:H5 
~ 0.1129 0.8Rl? 2:19.4 )13.~ -8.2"" 

, 
0.1101 0.81A3 ?12.1 ?Q'7. " -Q:200 
0.11!8b 0.S1SZ 2'i:.\.6 171." -10.31'l 
0.1615 0.R1l1 714.1 761. ~ -11.l41 
0.7813 O.f\6t'A 714.7 '-41.t;, -17.477 
O.RORl 0.'36')7. l'~ '3. l, 21 Q .5 -1'.480 
O.R"l'i 0.1:'614 1(,9.6 l'lS.'' -11).21'i 
0.Hr;63 0.R573 1'.1).6 l''H.S -15.741 • 0.8Rl-; 0.8')31 llq.a; 140." -ll.SPI 
0.901A O.84P1 q?R 1l0.5 -l~IO 
0.9366 O.84~9 6'.) 76.9 -1' ,~ 

0.9"6" O.R'Al) 13.4 'tO.l --21.'153 

RM~ OEVtAT'O~ ~ 1.1111 

241. 
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TABLE A8~1 ,-Ali 1-

HE~TS OF MIXt~~ or SYST~M ~-P~~T~NOl - J-METHYlPE~rA~E 

(AMOA (HZ/OH- 0.A001?O 01 
Llt.\OA OH/CHl- '0. ?03010-U2 

,., 

. v 

• 

X ALe 
0"0,o6 
0.0446 
0.0~60 
0.1157 
0.1618,' 
0.lQ44 
0.~'51 0 

0.2I)J~ 

0.280Q " 
0.3061 
O. 3?(n " 
O.VHl 
0.3709 

r 
0.l9J1. 
0.4(01) 
·0.4214 
0.,4431 
0.4511, 
0.471l 
0.4842 
o. ','lb') 
0.';090 
0.5160 
0.")204 
0.5259 
0.'>315 • 
0.5161 
0.5421 
0.546" 
0.")515 
0.5-;7" 
0.56~q 

0.5RO~ 

0.5'l'J 
".60b4 
0.b.1QS 
0.6340 
0'.6410 
0.6646 
0 .• 6Al1 
0.~q82 

0.7163 
0.11')' 
0.1"49 
0.176') 
0.19R'4 
IO.~121~ 
,O.A461 

0.l'711) 
0 .. Q02' 
0.'Q133 
0.<1651 
v . 

X CH? 
O. 'l'Jh6 
0.9'l26 
0.9n57 
0.')791 
0.9"'30 
0.'1616 
0.9625 
0.9")17 
0.9517. 
0.1)/,90 

-0.Q451 
0.'l415 , 
o. ·HP 7.' 
0.')144 
0 .. '1116' '. 
0.'>'08 
0.4762 
0.9~31 
0.C)215 
0.')193 
O. C) 1 il 
o. 'H 5l 
0.C)140 
0.913'3 
0.9123 
0.(}114 
0.')}('\7 
O.90g6-
O. QOP9' 
0.9081 
0.9011 
O.Q052 
0.<)032 
0.t)f)11 
O.S'lA? 
O.8Q!'1 
0.8<)41 
O.RQ18 
0.8~Ql 

-"'O.8R"" 
o. R'n'6 
0.,~~06 

ll. R 11'5 
0.074i -
o. P 701 
0.H669 
O.fl.>10 
C'.Rr;fl9 
o. q &;'. 1) 
0.8496 
0.844" 
o. S'VJ2 

RM~ ()~V1ATln~ • . 

~42 . 

nEL •• F Xl' 
'Z6.t-
103. " 
) 75. C) 

(.21.l 
45?1 
474.3 
4R9.Q 
&;01.3 
50<).CJ 
SI / •• 1 
~1f-.6 
~15.·Q 

'514.5 
·~()C).4 

&;ns.q 
500.5 
4q4.1 
4~7.<) 

4 1l 0.Q 
411. p 

466.1 
459.1 
457.'" 
451. (J 

4.,1.;;-
, '.44.,4 
44~.7 

'.31>.6 
434.P 
42C).5 
42~.1 
417.h 
4nl.? 
l1b.4 
3!l4.Q 
1 7 2.C; 
·1~9. q 
l4 &; • 1 
'll.n 
lI".? 
11.)().O 
vn .1 
lb7.") 
7'. , ./t ' 

l?l.'\ 
II.)Q.I 
IfC,.1 
I r,".4 
174.4 

')'';. l 
b't.l 
'7.'1 

lA~OA PRtME"CH2/1H- o.4/41~O-O? 
LAM~A PRIf.'E nH/:: .. '. !"."!J41I.)O-~4 

f'Evt~TIO" 
';139 
".'21Q 

-1.41R 
-7:ZQ4 
-'2.506 
-:>.)C~ 
-7.0<)1 
-1.11" 
-1 .. 125 

(Ifl ... PRH' 
?7.0.4 
101.Q 
3Hl.C; 
410.Q 
1,(-1 .. 4 
4f1C;.2 
')00.7. 
50q.~ 

51-;.6 
"lA.3 
Sl~.6 

51 7 .1 ' 
514.4 
SOQ.A 
'l05 ... ] 
500.() 
494.4 
48P." 
4t\7.8 

..... 0.HI6 
-0.3P.4 

\.> 

41".1 
470.h 
464.0 
46n.1 
4&;7.1 
454.6 
451.3 

. !t4A.6 
444.9 
442.0 
.4Vl.l 
4J',).2 
1·21.Q " 
41(').7 
~11.0 t 

'1,,'01 • ~ 
3ql.4 
3110.4 
11)f\.4 
)t;;r;.6 
44' .4 
'326.' 
'ln.? 
11.)7.5 
711.1 
2 'i2 • 1) 

73'1.1 
'0" .. , 
lICl.O 
1-;1).3 
117.ll 
Jt:>.~ 

47. q 

-0.210 
'J 0.022 

-0.076 
0.104 
-fi. 102 

-0.016 
-0.147 
-0.41" 
-0.60'; 
-0.82" 
-1.0?1 
-0.4(1) 
-1. 15 t 
-0.745 
-1.551 
-1.09b 
-1.8(1) 
-1.664 
-1.231 
-7.111 
-7 iA459 
-1.01~ 

-:\. b 75 
-4.304 
-i;.Ol\C) 
-5.10~ 
-6.1". 

:!:~~j 
-Q.70 

-10.13 
-11.41 
-12.qO~ 
-14.2l,' 
-1:;.58~ 

1 

-17.?",1Ii 
-1 'l. oZ,'P 
-70.1QO 
-22.141 
-" •• ~b3 
-10.06'\ 



• 

• 

• 

rw· '-"J 

HEATS OF ~(KJN~ or SVS'E~ ,sorEN'4~Ol - ~-HEKA~E 

l1.-.flh CH1/0tt= O.Q007?,O 01 
lh~01. OH/CH7~ 0.20101~-02 .. 

le l.LC 
0.0217 
0.044'l 
0.OA6Q 
0.1251 
0.1611 

:< CH7 
0.C)'l61j' 
O.-J Q 75 
0.9Rsr; 
0.91Q l 
0.'1731 
0.9676 
fl.')f,7f, 
0.9'n9 
0.951') 
0.94Q3 
0.t)455 
0.<)419 
0.t))R6 

DEL H r-xr DEL ... !)RF.O l!F"'ATro~ 
h.441 

-O.1~J'1t1 
0.2241 
0.7'52Q 
0.7193 
0.'\04fl, 
0.326f) 
0.34H4 
0.3687 
0.'~1~ 
0.40')7 . 
0.427'5 
0.4384 
0.453ft 
O.',bAS 
0.4 R19 
0.4948 
0.506A 
0.5181 
0.5291 
0.5160 
0.5396 
0.'5456 
0.5499 
0.5S56 
0.5661 
0.5771 

'0.5A87 
'- 0.6Q07 

0 .. 6130 
O.6?58 
0.6390 
0.6'529 
0.6677 
0.6A31 
O.h9 cn 
0.7157 
0.7330 
0.T'i12 
0.7702 
0.7901 
0.Atl4 
0.8141 
0.8';A3 
0.AA2C) 
0.(1101 
0.')384 
0.9684 

o. <)1154 
_O.'l '2/. 
0.9'9!> 
0.926c) 
0.9244 
O.C)21C) 
O.C)191 
0.917'1 "-
0.9155 
o. CH 36 
0.911A 
0.<)107 
0.9101 
0.9091 
0.<)083 
0.9014 
O.QOIj7 
0.9038 
0.9019 
0.R99Q 
O.691P' 
0.89r;7 
O.P.93S 
0.8<112 
0.8~R7 

0.'1'!67 
0.8 c"5 
0.8R07 
O.A77A 
O.S\14A 
0.<\716 
o. Al,JI 3 
0.P64~ 

O.Qb10 
0.8r;b9 
O.RC\79 
0.1l4P~ 
C~843~ 
0.8386 

R"~ OFVIATION • 

243 . 

7.Hi.7 27'\.3 
116.~ 101.6 
1!)'). '\ 

44 '\. 1 "fi 1.0 
'.>06. ft 
~lf:.h 

547.1 
')51.1 
"61.'i 
SAn.Q 
'169.4 • 

51.0.3 
'l6Q.7 
r,(,7.4 
':\63.P 
559." 
'),1 •• <) 

548.4 
542.R 
536.3 
52'l.? 
')??b 
'i15.4 
')flft.A 
5(~ P. P 
SOO.O 
501.1 
492.8 
4~4.6 

. 475.7 
46A.O 
't55.ft 
444.1i 
437.1 
414.6 
4 (l6. 1 
)91.0 
115.4 
15Q.' 
)4fl.7 
12(l.C) 
?Q~.1 

7.1~.4 

'''il •• ') 
7? 1.4 
702.ft 
113. ? 
14'}~R 

10q.b 
15. ') 
1'.4 

49~.~ 

1)0C).6 
Ijt~.I+ 

51Q.2 
lil~.~ 
,17.4 
'>14.6 
C;ll.l 
506.(, 
'>01.6 
49b.l 

46'i.l 
't'iR.q 
457.7 
'440. ~ 
4

'
th. '.) 

442.~ 

440.1 
41&.5 
429.7 
47.l.3 
414.2 
405.6 
V}~.6 

'\P.6.~ 

376.,'> 
165.3 
31)1.0 
33C).P 
'\1'i.5 
''10.7 
2<14.6 
271.1 
7'>fl.6 
7.1~.4 

716. , 
Iq?h 
IMh l 
l '\ ft •• ) 
101.2 

4. l 'Jr, 
':\ .lb6 
J.?4? 
l.66q 
4.234 
5.0pn 
6.022 
6."111 
7.717 
J\.'H7. 
C). I1f. 
ll.140 

10.290 
10. 711 
11.037 

\... 11.174 
11.64<1 
11.1')6· 
11. 9B 1 

"12.096 
17.098 
Y2.197 

d" .164 
Il.47q 
17.253 
ll.44Ct 
12.208 

"11.421 
Il.317 
11.231 
ll.lOc) 
10.927 
lO.18~ 
10.bOit 
10.27Q 
tO.05~ 
9.12q 
Cl,.4A6 
<J.llt· 
H.671 
q.1R1 
1.Ct8" 
1.0'17 
,..4ft2 
5.'j')f, 

4."26 
1.lJ6'i 
1.11'-; 

- 7. 201t 
0.11 CJ 

-1.022 

.~ 

i 



• 

• ., 

r' TABLB A84a -11],,",1 

" HEATS OF MIX."'G OF SY~Tf:'" 1C;(lPE~TA'IOl - 1.7-f'I"'fp·.vlRtJT~~ 
, 1 

l~~OA CH2/0H- O.P0012n 01 
L~MOA nH/CH7- O.?Oln3n-o~ 

)( ~l C 
O.Ollft 
0.0467 
0.0881 
O.17 fH 
0.165R 
0.1 q'H 
0.219" 
0.2t;90 
0.2862 
0.310'5 
0.3111 
0.",)41 
0.31)C) 
b.,\q2t; 
0.409Q 
0.4264 
Û' .. 4424 
0.4'> 
O. 1 J 
0.4A44 
0.4911 
0.5094 
0.S213 

.. 0.S321 
0.')441 
0.S44A 
0.t;'>40 
0.'>'>5? 
0.S64' 
0.5150 
0.5A66 
0.5'HU 
0:6103" 
0.6234 
0.6'\6'\ 
0.6')19 
0.6611 
0.6All 
0.6')86 
0.1\49 
O. 7J2~ , 
O.1')OQ 
0.1"9,) 
O.7'l09 
Cl.Rl?' 
O.R'''I 
O,H1\11 
O.'4~31i 
O.Q096 
o .lnRt; 
0.Q6QO 

X CUl 
O. ·~qb4 
0.Qtl13 
O.QP'i? 
o.rH~1\ 

O. Q771, 
O.q,,(,~ 

0.Q611 
O.QSbfi 
,9· QS7 3 
0.9461 
0.QI.4'5 

0.941 ° 
0.'l)77 
0.9'4b 
o. ')''1 1 
O.97R9 
0.9263 
O.Clll7 
O.'l?\S 
0.91'p 
0.Q112 
0.91')\ 
0.9131 
0.')11' 
0.9091\ 
0.9092 
0.9077 
0.9015 
0.9060 
O.?042~ 
0.'1022 
0.9001 
0.8Q"3 
0.~Q61 

O. ~,)40 
0.Jl912 
0.aH~7 

0.81361 
O."P36 
0.8A09 
0.R779 
o. a 149 
0."717 o.,,',s, 
0.a646 
0.$\1)10 
0."-;11 
0.AC,7H 
0.R4P4 
O. Ait 16 
0.A1P., 

IH?L H f XP 
731.3 
'OQ." 
3rn. ) 
47A.6 
460.0 
1,r.2.~ 

"lh).' 
-;11.8 
')70." 
~76.7 
'51'l.P 
"'0.1') 
"'('1.4 
'>71.P 
,)14." 
'>70.6 
Illc:,.R 
'>09.P 
')('4.1 
4'l7.R 
't'H. 1 
4~4 .0 
47T.? 
',6fJ.6 
,. ',>7. Cl 
41)1.0 
',4 '1.-.3. 
4S).7 
441.1 
413. q 
't73.7 
1,14. , 
4(\).1 
VH.6 
Hl.7 
3"' •• :3 
'SO.7 
115.1\ 
HR. n 
11l7. , 
;» ~ '\. '. 
~b,.11 

244.0 
7?'l.b 
1 t, ~ • Il 
11').4 
V, (J. A 
12'.Ii " 

rJ't. q 

hl.?, 
\l.b 

RMS oevl A TI nN • 

~44 

LA,.U'A Prt1Mf CH7/flH. 0.41)411l:)-O? 
L A~i'h Plfi ~F OHI C ti? '.6-".1 CI ')-04 

nEL .' pQr-r 
775.'
,\Ol,.q, 

'"1\." 
434.4 
466.'> 
4H7.A 
C;O?O 
511.? 
~1".it 
r,lR.'3 
C;lR.'. 
516.8 
"\3.<} 
')10.0 
5(1).4 
'300.3 
494.6 
4~P.6 

487.1 
47b.6 
410.~ 
461.'1 
4'51.2 
4';0.'1 
44'.1 
443.3 
411.1) 
1,36. 1 
430.A 
421_7 
411).7 
401.5 
1'l~.6 

'RI'. 7 
'7fl.b 
36~.3 
J~l.O 
"\40.'> 
]2".2 
lll.4 
l~4.'" 

, 211. ~ 
25A •. ") 
7Jl.~ 

7\"'. 1 
1 c". (, 
1"7.0 
1 lt' • , 
10A." 
74.6 
114. 1 

, , 
[lEVI~TÙ1'1 
'.Olt} 
0.951) --
-0.~4A 

-1.'46 
-1.404 
-1.042 
-n.lftl 

0.101} 
('.ROl 
'.4~~ 
l.14,) 
2.660 
1.11~ 
1.173 
1.6AA 
).93' 

-4.107 
4.155 
4.7.4'.J 
4.26S 
4.244 
4.117 
4.191 
3.'171 
7.90Q 
3.A4'i 
1.62S 
1.1Jl 
2.324 
7.32B 
1 • SAl 
1.61f, 

1 1·. l 1? 
0.T'30 

-0.314 
-0.26? 
-0.64 /• 
-'.4~t:; 

-?309 
-1.07? 
-4.02P 
-S.17' 
:",1 •• l '} 1 
-".R'\6 
-~.611 
-'l.Rl~ 

-11.471 
-l?Rbl 
-14.2B'-
-lh.Aon 
-?0.4~' 
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'\, , ' , . 

V ' 1 l"~P" Ctl7lntt- (1 • n 00" l " (l' L Id.,,, " r'~ 1 tl.F CH"I""" 1)." 5'''' 'H)-O? 

~. 
l MU"" nH/CI4}- Cl • ~n'O H1- 0 7 ,l"MU", p~rMr: fH~/r.'t7;a O. M,I.l 110-\)/. 

) • • JS Al C )( r.H? (1 El 't FXr t,,~ 1 ., PI~ f" l''f'l r" Tf ll'J 
0.07.00 0.9'J61 n 7.-- ) 7.\ 1.4' -().O,o 
6.0/I,Q 0.'lt')7t; I~'d.') )(l'. il -;> • () ~i? 
C'.OJ\f,O O.9rp'l !l1.'i 'Ill.!, -1. MW , 
0.1')62 0.1) "1'»0 if 1 ". 1 '. ~ 1 • l" -:>.711 1• 

. ' ' . 0.161,4 .. 0. t.) 7 31' '. li 1 • 1\ '. 'd. 1 -7.'.>0-' 
~, 

'O.1't)41 o • tif, 7~ '."l'i.'l_ ',H".'. -2.0/(1 
0.7')51 f'.Cl"?,) l,l"'.1~ ~,O(l. ? -1.10" . 

-o. ) Cl '. , . . 0.2';\1 0.<I,)7H riO 1. 1- !l.fl'l. 1 • 
- .. P.,)1H" ().l) 'l·36 ,)1'.1 'i\').'l o. :"11 

0.'03') n. '14 'J') il')".') 'l1~.I" l.~l·' 
O. "\764' O.'>'.'i!l .~1;2t).O 'l1",7 1.')")'" 

'" 0.1'.76 O.~J/.,)1 " \ O. 1 'l17.'> 7 •. 3 H~ 
0.,3" 11). O.')'"U ,) '\ 1 • 1 ri 1' •• q '.0 /.7 
0.lA67 'JU.:\) 

~ 

O.91'i" '; 7. 1) • 1 '\.410 
.., 0.4 (r,. Il 0.'n7'> 571.1

" 'i0/ •• Cl ~ • n 7' • 
O.4?'.~ ~'~fl7QP~ ~ ,,;>t • " 1",0(1.9 ~. 9'/1 

" 010 1. 41 0 () • 'l? b '1 '-117.1 / '. t'l'i • 2 I, • 3 r; 3 
J . , 

--;--t.., Q. 4 54b 0.9l ',2 . '>17 .• 1 '+ R(). q 4.34 't . 
, 0 .. 46(11 0.<)71Q 1 'jOb.7 '. El 3. ij ' •• Ci 11 

1 0.481A o. (il tH "'00.':\ 417. fi ',.4'i'. <.,'>r 

, , '0.49')0. n. cH,75 1.')\.(, 411.3 ' • • 51 ':\ 
" 

. 
0'.506S 1 O.I')JI')6 4H 7. 1 '." r, • "3 4.467 
O.~177 0.9137 '{no. '. l, 'j cl. 2 4.4()f) , • 

·0.'l}86 O.'HIIJ 1,1,1. r; ',51.0 4.:l10 
0.';lI1 O.Cl1l4 ',77.7 " '5 \,.7 ' •• 5'n " 

p.518~ o .(HOl 1. id>." '.41.1 ft. f~,7 
0.5 /.15 0.909A '.I.>S.~ '.4,'').3 ' •• '.01 
O. 'i/.07 0.100h 4'lQ.A '.4 t .• 2 1 " .0'; '\ ,.. 

• . 0.551? O.~OHO ,.r,f.? 43ft.Et ' •• 22 r
• 

, " 
0.5h7~ 0.1)0'67 ','\0.0 ,1t31.H 4.03fl 
o. Ii 7'l6 0.9044 0 41.1.6 474.1 ,. A -.if! 

< 
'0.5850 'O.QO?" 431.Q 4(-6.~ '3.4<)1 .. ~ 

{) ~ 90_0'> {).S968 42.·1 • Cl 40n." .: 1. nb 0 ,,-' 
0.6097 O.,"1}"5 'do.n 1'9 1'.4 7.. 1 
0.67')7 ,;0.01}63 V.JI).O .Hll')'.6 ? 6~ 

q."~';7 0.,n941 .3 HtJ. 1 11'l.1 
, 

l.ni1 
0.6500 O.SQ17 117. J ' 161." 1.2'17' 
0.6641' O.Rql}? v)~. ? ,.,r,.,. ().783 

'-'1 '0.(s7fl,\ 40 • 8 fT''''' . 3'.' .f. v.,. 1 O.l~l ,. 
1 

12P.7 0.6QS1" O.A'l41 '\2h.A -0.'>41 
0.7124 0.B"11 10tJ.P lll.7 -1.2f.,l; 
0.7107 (\.n1A3 J'JO. H }Cl1.3 -" .• 271 
0.74Rh J .0.87'i7 711.'\ 71Cl.1I -l.04'> 

" . 0.7"60 0.0-120 ?'>o ~ 7, 760. a -4.245 
O.1~R1 o. A(\A6 ~ ??7.1 740:' -'l.6t7 
0.11101' O~Jt/'49 }Ol'. 1 717. l ~-b. 6" 7 
o. p '337 n • R6 t 1 1 1 Il. l _ 14'.1- -1.9h.7 
0.3')'15 0.A~11 l i, '} • '> ~ 67.1 -C)., 6'41 

·:e' 0.6'HO 0.0,;')1\ 1')1 •• 7 l1tl.iI -11.321 
01.90<) 7 0.84 P4 95.1 10".1 ":n.6flJ 
0.1)177 o. a'4l7 t>'>.S 1'>.6 '::'15.401 - ., 
0.1')67R O.R3R7 '\7.4 3'l.5 -71.1')7" 

RMS (!EV (AT ION = 'i.1,.,,9 V .. 
245 ..,. 

~ 



---- - --- ----- -- -, TABLE-:A8A:.- "1 ---------- ___ 10_ ... ." . -----.------

• 

"". , 

• 

, . " 

1 1 11 F.ATS Of MIXPJ~ flf SY}irr" 
. ,~ . --. lAMuA Ctll/OH= 0.AOO'170 01 L Mm " p Q t p.o F C H 71 PH = O. 4" 4 1 ~ f) ... Q? 

lAMOA nH/CH2= 0.703030-02 L Mil)" P Il t MEn Il 1 C t47 = (). h h '+1 q f) ... 0.4 

)( AlC' 
0.0711 
O.046? 
0.OR86 
0.1281 
0.164') 
0.1984 
0.7291 "' 
0.2'l78 

,l"~ 0.1f.\39 

0.3091 
0.311 7 

O. :3 5.,13 
0.3110 
0.3CJ11l 
0.4Q98 
0.47h5 
0.442) 
0.4"76 
l, 

0.4718 
O.4~47 
0.4971 

'0.5107 
0.5220 
0.5331 
0.5161 
0.541'l 
"0.545<) 
0 .• 'l543 
0.5560 
0.5666 
0.517<) 
0.5894 
0.6017 

. 0.6136 
0;626,7 
0.6401 
0.~C;40 
0.6688 
O.6R41 

- 0.1010 
0.1177 
0;715'i' 
0.7540 
0".7131 
0.19"31 

o 0.~14)'" 

0.8366 
0.8608 
0.P855 
0.CJ10fJ 
0.9190 
O:~68R 

IX CH? 
0:C)C)64 
0.9<)73 
0.-lr52 
0.')187 
Q.'l72!» 
0.96(}9 
o. <)(.1 0 
O.C)'no 
0.<)1)21 
0.9/tI\5 
0.?41.1 
o. 'li. 1'1 
O • .q:l7R" .. 

.().<)141 
0.9>111 
0.9?~Q 

r)"! ');>63 . 
0.9231 
0.9714 
0.91<)2 
0.91'11 
0.9150 
0.91~O 
0.9112 
0.9101 
O.C)OQ4 
O.90QO 
0.'l076 
0.9071 
0.9056 

. 0.')037 
O.CJ018 
0.8CJq~ 

0.8Q77 
O.RQS6 
0.~911 

0.P910 
0.88U5 
'0 ~ 881)·9 
O.SR1? ' 
0.61l04 
0.8114 
O.~741 

0.8112 
O.fl~18 

o. Hf,41 
0.01-.06 
o .~5'>5 
0:ÀS24 
0.84A2 
0.8435 
0.8185 

(' E L li F X fi (1 Ft H P R f n 
741.'1 27".1 
\1'1.4 JOb.fI 
":\q5.1 
1.4].2 
1."15.4 
'ttJR.7 
'l1"f.1 
SH.l 
'>40.2 
547.0 
_" '> 0.0 
'i51~" 
5')1.~ 

54q.8 
'l'.1.1 
54~.t 

1'\18.0 
532.1 
"2b." 
Cjl~.6 

513.1 
SOt..l 
'.9fi.':> 
4f}1.1 
4Rb.9 
4~4.{) 

41lJ. 'f' 

fltb.1. 
4,1. q 
'.63.5 
1tr;1..~ 

444.4 
4':\5.1 
42',. l 
417.~ 
,q'I. ]' 
ln';.3 
310.9 
15S.1 
33R .. ~ 
370.1 
301.1 
"2n 1. 1 
2"9.1 
711.7 
213.4 
1!l1.1 
l'lq.~ 

111." 
U11.7 

f.,t).6 

36.0 

ln!).) 
, 1.1':\. '} 

1.6'1.8 
l.f'7 .4' 

501.R 
':J t O. Cl 
5\6.1 
c:; 1 B_." 
".ilA.'> 
516. " 
514.0 
'110.7. 

"'l05.5 
'>00.\ 
4Cl4.7 
4Ml.il 
4J1?~ 

't 71- • 't 
'.6').9 
!tb3.3 
1.5fJe ~ 
41)0.4 
4',Q.6 
44'\.A 
447.6 
431.3 
1·36.7 
429.3 
421.7 
It·t'l • 1 
405.3 
396.1 
iHJb.1 
115.6 
364.4 
352.0 
llA.l, 

32 4 40 
_30R.9 

?<.J2.1 
274;5 
25"."fJ 
1'5.6 
21 '.6 
1 09. '1 

.163.6 
1'\6.0 
101.0 

14.0 

'".1 
RMS DEVIATION = ·~ • .ol<)'j 

fI-=;VI"rtrm 
6. b9t 

, 3. I):Hl 
7 .• 63 Cl 
7.007 
7.027 
7 • 7. 'rI-
7.'=l66 
J.7l)f., 
4.46\ 
'i.22n 
'l. 721 . 
6.2'-'6 
6.846 
7 • .7. 01 
1.b09 
1. f.l13-2 
H.O,)? 
~.;l1,) ), 
P.21·Q 
A.30Q 
8.410 
~.441 
8.36f, 
R.297 
1.873 
R.300 
1.~54 
A.7}Q4 
1.S5P' 
1. • Yf:Z 
1.712 
6.900 
6.ts,55 
6.6~'l 
6.35~ , 

5.aqO~ 
').431 ~ 
'i.ORS 
4.751 
4.1q) 
~. S 10 
7. f}'l1 
2.337 
1.51 A 
O.bR1 

-0.107 
-1.1c)V 
-7. .• 1)51 
-'.'.21 
-').165-
-6.3'JI 
-6.499 

", 



---- ----~ . --- ---; ----,.ABLE--AItfT.----.-,- . 
-~A.U-6----- -..:~ __ 1 , ./.-

~-~ ---- - -~---.-

~ HF.ATS OF MI,(I~G OF SVS rf~t (c:n"f~lrt\~Ul' - 1-METrfVI,.PF~rt\~E 
\' 1 1 

lAM'OA CH1/PH: O.A001?f' nt lA~"A PIf 1 t~E r.Ul/flHz o .'.'>41'lO-01 

• lA~OA OH/CH?..: O.10101n-P7 l;\~nA PfU'1E OIUr. 47~ O.blll.190-04 

1 
le Ale x CH? lIFl Jf f)'P IIEl ff P~fP) !)FVr"TlO~ 

'-
270.4' 2.r;;~ O.O?06" O.Q'lb6\ 775.," 

0.Oh33 0.91\f)') 344.3 343.'> fi. 7f> 
0.1036 0.91\?1 '.0' •• 1 40'i. '; '-0.3'.) " 
o. t 406 0.9166 1 4',4!'1 4'.'). ~ -0.21? 
0.1141 0 .. ,) f09 412. ft 477." 0.01 '. 
0.2060 0.91)57 '.,,~. l ',1)1.'", 0.11f, 
0.1 ::\44 0.9t,fI-J 'i12.1 r;Ol.p 1.66'J 

~ , 0.7611) 0.91)64 'i7' •• 6 'i ll. ') ?4l'l 
~ , 0.286'> O.tJJj7~ ~14.0 'r;lh.~ 1.28S 

o. 'HO.? 0.9',R3 '>40.7 'ilA.~ 4.019 
0.'\'\21 ' 0.9

"
'.1 1)44.0 ~n~.5 ' ' •• ,6<)0 ' 

a .'1'ih9 0.9',05 'i44.n 516.4 'i.06" 
1 

0.3761 o. (H73 541)'. '\ 'it3.~, " 'j.871 , . 
0.3942 ,'O.ft)4) . 544.0 1)09.6 h.12') 
0.4119 0.<f\13 .. '\41.3 5114.<) 6.73\ 
0.4-71~ o .1.J78 1 'i ... 1 ..... 4 .49<). ~ (l.99~ 

0.'4432 0.9261 532.1 ','l4.3 , 7.'13'6 
0.451R 0.'l?31 .52 7 .1 ...• , 4QQ.,> 1.35? 
0.4717 0.9?14 571.'\ 4'12.'> 1.'t 7'l. 1 

1 

0.4f350 0.91'n ~Iif.q 41~. 3 1.500 
0.4912 0 .. 9171 508.2 410.2 7.471 
0.5089 0.9152 'i02.2 464.1 1.5'16 ~ 

~ 0.')705 0.9133 495.0 It 51 •. 6. 7.546 ! • 

0.')26A 0.9172 481.4 '.5' •• 0 6.844 
0 .. 5314 0.9114 4R1.b--. . 4') 1.4' 1.433 
0.5']69 1 0.<H05 4Ho.a J, 't48. 1 h.H04' 
0.5420 0.90CJl 4'!O:~ , 4',«;.. ° 7.389' 
0.5472 o.qopq 411.5 441~O h.6'le 

,,0.1)1)22 0.90,10 413.11 .418. il 1.419 
0.5516 0.'1011 '.64.7 43').2 ' 6.24~ 
0.5684 "O.QO·5J 4'56.7 1,29.1" 6.152 
0~5191' 0.'l034 446.9 4~O.5 5.90:J 

" 0.591') • 0.9014 4l'7.0 ' .. 7.7 'i,.tJ64 
0,.603'l O.RQqt, , 426.2 401.i '>.1'17 

''l;' e ·0." 112 0.8971 414.4 )91.4 'i.Oh~ 

0.6306 O.8CJ~9 402.0 ",sn. 1 4 •. 10'. 
0.644q 0.8(21) -lRR.l' 311.1 4.243 
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