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The Wilson, the enthalpic Wilson and the Orye equations were used for the simultaneous cor
relation of extensive data sets on VLE and heats of mixing of eight binary systems hydrocarbon
-n-alcohol, viz. benzene-methanol, -ethanol, -n-propanol, -n-butanol, cyclohexane-ethanol, 
-n-propanol, -n-butanol and n-heptane-ethanol. The expected quadratic temperature depen-
dence of parameters of these equations makes a good simultaneous description possible of excess 
free enthalpy and heat of mixing as a function of temperature. The Wilson equation gives de
monstrably the best description of the experimental data. All the equations were as well used 
to predict excess heat capacities for the systems listed and the confidence intervals were estimated 
for the predicted results. The comparison with experimental data for four of these systems shows 
that the predicted excess heat capacities are in general in good agreement with the experiment; 
however, the Wilson equation yielded again the best results. 

The excess thermodynamic functions Gibbs free energy gE and heat of mixing hE are the pro
perties of liquid mixtures that are very important for the design of distillation equipments and 
for the purposes of the liquid solution theories. Precise description of the temperature dependence 
of both these functions also makes it possible to predict the excess heat capacity, C;, the quantity 
comparatively hard to determine experimentally. In this respect, binary mixtures of n-alcohols 
with benzene and cyclohexane have 'been studied experimentally in our laboratory recently. 
Especially a number of sets of equilibrium datal - 6, and several sets of heats of mixing 7 ,8 have 
been measured gradually. Their complete processing comprising in addition further literature 
data is given just only in this work. 

The problem of a good simultaneous representation of the gE and hE functions was investigated 
by a number of workers9 -10. The most significant results were presented in the paper series 
by Nagata and Yamada12 - 14 who ascertained these facts: a) The Wilson equation with a quadra
tic dependence of energy parameters on temperature represents the experimental data on gE 
and hE generally better than the NRTL or Heil ones. b) On the assumption that the constants 
were obtained by correlating data on gE and hE lying in the range of several tens of degrees, the 
Wilson equation enables good prediction of excess heat capacities. 

In addition to the widely well-known Wilson and NRTL equations there exist now a number 
of further correlation relations for excess free enthalpy whose basis is as well the local composition 
concept. Even if these relations are not often exploit in the literature they exhibit many good 
properties - they are very flexible, enable a reasonable estimate of ternary VLE from binary 
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dat a, most of them is able to describe limited miscibility and the like. To them pertain the Orye 
equation19 and the entha lpic Wilson equation (HMW)20. 

In our recent work21 which has dealt with the applicability of the HMW equation for cor
relat ing binary VLE we have found out that the HMW equation has in some respects even better 
properties than the Wilson one and gives comparable or even better results than the Wilson 
equation both in the binary VLE correlations and in estimating VLE from limiting activity 
coefficient s. Therefore in this work we use besides the Wilson equation also the HMW and Orye 
equations for simultaneous correlation of gE and hE and prediction of C~ ar.d compare mutually 
the results obtained with them. 

The main aim of our work is to present in a condensed fOl'm and in a consistent 
way the information on excess energy functions (gE, hE, C~) of some systems benzene
-n-a1cohols and cyclohexane-n-a1cohols (the cyclohexane-methanol system was not 
treated owing to the fact that at temperatures lower than 45°C, its splitting into two 
liquid phases takes place) in the temperature range approximately from ambient 
temperature to the normal boiling points. 

Correlation Equation s 

The equations of the local composition type, i.e. the Wilson , HMW and Orye ones 
can be summed up into the following unique form: 

st 
RT 

where 

Aij == --'. exp - _'_1 __ 11 , V· (A. . - A..) 
Vj RT 

(i 9= j); (2) 

Vi' Vj are the molar volumes of pure components and Aij - Ajj denote the adjustable 
energy parameter differences. The individual equations can be obtained on substitut
ing for p and q according to the foIIowing scheme: 

Equation 
Wilson 
HMW 
Orye 

p 
o 

q 

1 
o 

The relations for heats of mixing and excess heat capacities are not given here 
explicitly because of their complexity; however, they can be obtained by applying 
the well-known thermodynamic relations 
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810 Dohnal, Vins, Holub: 

~ = _T[a(gEJRT)] , 
RT aT "P 

(3) 

(4) 

to Eqs (1) and (2). As a matter of course it is necessary to specify the form of tempera
ture dependence of (Aij - Ajj). In this work we assume that the energy parameters 
are a quadratic function of temperature: 

(5) 

(6) 

The molar volume ratio of pure components vJVj is considered to be temperature 
independent. 

Experimental Data and Their Accuracy 

The activity coefficients were calculated from the data on the vapour-liquid equi-
librium (P-T-x-y) according to the Barker relation ' 

(7) 

where 

(8) 

and the excess free enthalpy 

G == gEJRT = Xl In 1'1 + X 2 In 1'2 . (9) 

To construct statistical weights in minimization criterion and to evaluate the signi
ficance of correlation deviations it is necessary to know the possible inaccuracy 
of correlated quantities. It can · be calculated by means of an approximate relation 
for the error propagation on the basis of the estimated errors of input quantities. 
On the assumption that the quantities x, y, P, po, B ll , B 22 , B12 are those exposed 
to an error and that these errors are independent and random, we can write for the 
variance 0"2(1n ")'i) 
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(10) 

The respective derivatives can be evaluated from Eq. (7). 

The errors cr(x), cr(y), and cr(p) may be estimated on the basis of accuracy of mea
surements of the respective quantities. For calculating saturated vapour pressures 
of pure components we used the Antoine equation. The error in saturated vapour 
pressures originates therefore partly from the inaccuracy of their constants AI, A2 , A3 
and partly from the error in the temperature measurement 

(11) 

For the Antoine constants taken over from the literature22 the error caused by their 
inaccuracy is mostly higher than that caused by the inaccuracy of temperature. 
Considering that we do not know the covariances Cov (Ai' Aj) we approximate 
this term by the standard deviation of saturated vapour pressure crw(pO) given in the 
literature22 as 

cr;(pO) = L (p~XP - p~alcY/(n - 3) . (12) 
k=l 

The virial coefficients were calculated from the relation proposed by O'Connell 
and Prausnitz. To determine the errors of single coefficients is practically impossible. 
Therefore we define an effective error in virial coefficients 

(13) 

whose value is chosen from experience. 

For the overall error in In 1'i holds 

(14) 

where the individual contributions are as follows 

(15) 
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812 Dohnal, Vins, Holub: 

(16) 

(17) 

(IS) 

The errors in the virial coefficient estimates and the error in p? induced by the vapour 
pressure equations are not in their character random ones but with respect to the 
significance of their part in the overall error they had to be inserted into the cal
culation. In Eqs (15)-(17) the terms considering the non-ideality of the vapour 
phase were neglected. According to an approximate relation for error propagation 
it holds for the error in G 

The errors of single input quantities were, for most experimental data, estimated 
as follows: 

o-(:x) = IT(Y) = 0·001 

IT(p) = 0·3 Torr 

IT(T) = o·Q2oe 
IT(B) = 300 cm3/mol . 

(21) 

Only some less accurate data required, however, to choose the error in pressure 
and especially in temperature higher: 

IT(p) = 0·5 Torr 

IT(T) = 0·03°e . 

(22) 

The error lTw(pO) differs considerably for individual substances; for some it reaches 
values higher than 1 Torr. 

It is very difficult to determine the effect of inaccuracies in composition and in 
temperature on the error of experimental value of heat of mixing. As well it is proble
matic to determine to what sort of error the measurement of calorimetric process 
proper is subjected. For these reasons we choose the same overall error equal to 1 per 
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cent of the maximum value of H == hE/RT for all measurements in the entire con
centration range: 

(J(H) = H mox/l00. (23) 

Simultaneous Correlation of gE and hE and Prediction of C; 
The best (in the statistical sense of the term) values of adjustable constants were 
found by minimizing the objective function S defined by the foIlowing way 

S == ~ Wk(G~xP - G~'IC)2 + I hl(H~XP _ H~81C)2 , (24) 
k=l 1= 1 

where Wk and hi are weights of single points 

(25) 

(26) 

and nG' nH is number of experimental points of VLE and heat of mixing, respectively. 
The first factor in Eqs (25) and (26) serves the purpose to reduce weights in case 
of unequal number of points of VLE and heats of mixing and the second one is the 
statistical weight determined on the basis of errors of experimental values. 

For calculating the best constants a program was made up based on a modified 
Marquardt algorithm23. This procedure combines the advantages of the second-order 
methods (rapidity of convergence) with a high security of convergence which is 
peculiar to the gradient method. The program evaluates as well the matrix of variances 
and covariances of constants V needed for the estimation of error of the calculated 
uncorrelated quantity (C;). To calculate the matrix of the variances and covariances, 
the matrix of the system of normal equations Ac and the value of criterion Se for the 
best constants are used: 

(27) 

(J2 = Se/(n - p) , (28) 

where A; 1 is the matrix inverse to the Ae one, p is the number of adjustable para
meters and n = nG + nH is the total number of point,. The dispersion (J2 is used 
as an overaIl measure of quality of the correlation carried out. 
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814 Dohnal, Vins, Holub: 

TABLE I 

Summary of Correlation Results 
Total deviation 0', mean absolute deviation D and deviation Sv of calculated values gEjRT or hE j R 

resp., from experimental values for single sets. 

Tempera- Deviations 
Function ture or Number Ref. 

pressure of points Dw Sy,W DH SY,H Do Sy,O 

benzene( 1 )-methanol(2) 

O'w = 2'66 O'H = 7'72 0'0 = 8'61 

gE 35°C 0·007 1'44 0·012 2'42 0·014 3·07 36 
gE 45°C 20 0·007 2'51 0·014 4' 30 0·018 5·24 2 
gE 55°C 14 0·006 1'43 0'012 2'59 0·014 3·23 36 
gE 740 Torr 20 0·012 3'08 0 '020 4'66 0 '022 5'28 
gE 521·2 Torr 20 0·007 2' 19 0·014 4·03 0·017 4·92 
gE 340 Torr 20 0'007 1'84 0·014 3·20 0·017 3'94 
gE 230'5 Torr 20 0 '006 1·17 0·013 2'44 0'016 3·05 
hE 25°C 10 0'004 1'28 0·019 6'40 0·021 6·90 33 
hE 35°C 10 0·004 1·46 0'019 6'59 0 '021 7'15 33 
hE 45°C 10 0'005 1·73 0·021 6'96 0'023 7·63 33 

benzene(1 )-ethanol(2) 

O'w = 2·42 O'H = 4'49 0'0 = 4·95 

gE 760 Torr 0·010 2·80 0·009 2·89 0·010 3'21 _ 45 
g E 400 Torr 10 0·005 1-61 0·010 2'47 0·011 2'77 34 
gE 180 Torr 10 0'005 0·87 0·009 1'31 0·010 1'49 34 
g E 60°C 12 0·010 2·77 0·009 2'58 0·008 2·43 41 
gE 55°C 9 0'013 3'26 0'015 3-69 0·017 4·16 29 
g Ti 50°C 11 0·007 1·71 0·006 1·64 0·006 1'66 41 
gE 45°C 12 0·002 0·43 0·006 1·37 0 '008 1'73 24 
g E 40°C 11 0·006 1'19 0'004 0·72 0·004 0 '78 41 
gE 25°C 9 0·006 0·59 0·011 1·15 0 '912 1·27 40 
g E 25°C 10 0·007 1'40 0'016 3-81 0 '018 4'15 33 
hE 35°C 10 0·007 1'40 0·016 3-81 0'019 4'22 33 
hE 45°C 10 0·006 1'27 0·017 3·84 0 '019 4'31 33 

benzene(1 )- propanoJ (2) 

O'w = 2'87 O'H = 4'46 0'0 = 4·88 

gE 760 Torr 13 0·014 3'60 0·012 3·17 0·012 3·02 42 
gE 521·2 Torr 20 0·009 2·26 0·011 2·92 0·013 3·36 4 
gE 340 Torr 20 0 '008 1·83 0'011 2·40 0·012 2·74 4 

Collection Czechoslov. Chern . Commun . . [Vol. 44) [1979) 



Benzene-n-A1cohols and eyclohexane-n-A1cohols 815 

TABLE I 

(Continued) 

Tempera-
Number 

Deviations 
Function ture or Ref. 

pressure of points 
Dw Sy,W DH SY,H Do Sy,O 

gE 230·5 Torr 20 0·005 0·88 O'OlD 1·52 0·012 1·78 4 
gE 65°C 20 0·007 2·44 0'012 3'18 0·014 3'44 4 

gE 55°C 20 0·008 2'10 0'007 2·11 0'009 2·25 " gE 45°C 20 0·007 1·17 0·011 1'47 0·013 1·63 4 
gE 35°C 20 0 '019 1-65 0·016 1'28 0'016 1·28 4 
hE 25°C 10 0·009 2'38 0·013 4'13 0·014 4·46 33 
hE 35°C 10 0·008 1-86 0·013 3-63 0·014 3'99 33 
hE 45°C lD 0'007 1-49 0'014 3'36 0'016 3·74 33 

benzene(I)-butanol(2) 

U w = 2'29 uH = 3-46 Uo = 3'73 

gE 760 Torr 18 0·005 l'36 0·012 2'56 0·014 2'86 46 
gE 521'2 Torr 19 0·007 1-65 0'01I 2·29 0·012 2·52 
gE 340 Torr 19 0'007 1·75 0·007 1'51 0·008 1·58 
gE 230'5 Torr 20 0·008 0'95 0·008 1·16 0·009 1'20 
gE 137' 1 Torr 20 0·008 0·61 0'010 0·68 O'OlD 0·71 
gE 65°C 20 0·009 1·22 O'OlD 1'16 0'012 1'36 
gE 55°C 20 0'016 1'54 O'OlD 0·89 O'OlD 0·88 
gE 45°C 20 0·008 0'55 0·007 0·52 0·008 0·60 5, 25 

hE 25°C 10 O'OlD 2'20 0·011 3·07 0·012 3·27 33 

hE 35°C lD 0·009 1-87 0·012 3·21 0·013 3·44 33 

hE 45°C 10 0·007 HI 0·013 2·88 0'014 3·14 33 

cyc!ohexane(l )-ethanol(2) 

U w = 2·99 uH = 4·32 Uo = 5·09 

gE 5°C 0·007 0 '21 O'OlD 0·34 0·012 0·40 37 

gE 20°C 0·006 0' 36 0·011 0,74 0·014 0·88 37 

gE 25°C 0,023 2'60 0·023 2'36 0·022 2·28 44 
gE 35°C 0'007 1-66 0·012 2'11 0'015 2·36 37 

gE 50°C 0·002 0·60 0·008 2·06 0'011 2·68 37 

gE 65°C 0·003 0'73 0·007 1·74 0·010 2 ·27 37 

gE 760 Torr 20 0·011 3·60 0·013 4'16 0·016 4·82 30 

hE 20°C 5 0·008 1'73 0·008 2·13 0·009 2·53 47 

hE 25°C 16 0·008 1-81 0·015 3'54 0·017 4·07 

hE 35°C 0·009 1·88 0·011 2'57 0'015 3·29 14 

hE 45°C 10 0·007 1'51 0·014 3'47 0·018 4·25 14 
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816 Dohnal, Vins, Holub: 

TABLE I 

(Continued) 

Tempera- Deviations 
Function lure or Number Ref. 

pressure of points 
Dw SV,w DH SV.H Do SV,o 

cyclohexane(1 )-propanol(2) 

Uw = 3'61 uH = 5'16 Uo = 5'66 

gE 49'86°e 15 0·010 1·86 0·008 1·63 0·008 1'70 26 
gE 55°C 11 0·013 2·75 0 '017 3·27 0·018 3'56 
gE 59' 81 °e 14 0'013 2'55 0·007 1-46 0·005 1'31 26 
gE 65°C 14 0·006 1-60 0'008 1·69 0·008 2·03 
gE 700 e 10 0'014 4'59 0·014 4·26 0·015 4'30 26 
gE 760 Torr 18 0·008 1·76 0·013 2·83 0·015 3'19 32 
hE 25°e 14 0·009 2·86 0·007 3·33 0·009 3'70 8 
hE 35°e 12 0·009 2·65 0·010 3·70 0·012 4·23 
hE 45°C 14 0·008 2·43 0·012 5·06 0·014 5·58 
hE 500 e 11 0·004 1·37 0·011 4·89 0·012 5'32 

cycIohexane(I)-butanol(2) 

Uw = 3'83 uH = 3'11 Uo = 3'38 

gE 25°e 14 0·038 0'70 0·045 0·70 0·049 o ·75 38 
gE 35°e 13 0·036 2'01 0·032 1·75 0·036 1·80 38 
gE 45°C 12 0·039 2'47 0'027 1·75 0·024 1'6.8 38 
gE 50°C 15 0'014 1-62 0·024 1'95 0·026 2·04 
gE 700 e 16 0·009 2·78 0'016 3·02 0·018 3·29 
hE 25°e 14 0 '008 3'58 0'003 1'21 0 '002 1·33 
hE 45°C 14 0·007 2'52 0·006 2·91 0·007 3·25 

n-heptane(1 )-ethanol(2) 

Uw = 7·07 uH = 13·72 ao = 14'67 

gE 700 e 17 0·023 7·05 0·022 6'57 0·024 6'65 39 
gE 500 e 12 0·025 6'91 0·028 7'50 0·032 8·25 39 
gE 300 e 15 0·035 3-87 0·038 4·26 0·042 4·61 39 
hE 10°C 20 0·007 4·23 0·018 11·34 0·020 12'31 43 
hE 30°C 19 0·009 3'62 0 '033 13'78 0·035 14·45 43 
hE 45°e 19 0·009 3·14 0·039 13-15 0·043 14'11 43 
hE 60°C 20 0·009 2'51 0·042 11'12 0·046 12'20 43 
hE 75°e Ii 0'009 2'18 0·044 9'52 0·048 10·10 43 
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TABLE II 

W 
[ 

Constants of Correlation Equations A j , B j , Cj ()'ij - Ajj = Aj + BjT + CjT 2). for Eight Binary Systems ::I 
~ 

gO ~ 
System Equation Al A2 BI B2 C 1 C2 

I 

I 
::I 

:> 
() 
0 

Benzene(I)-methanol(2) Wi lson 95 ·8 I 652·0 0·7580 5'5469 - 0000894 -0,015892 ;:r 

~ BMW 26·8 - 494·4 -1 ,2032 7·7467 0·001154 - 0,009513 ~ 

~ '" Orye 100'4 - 515·3 -2'3228 7·8283 0·002368 -0,010058 ::I 
0-

3 (') 

b' 
Benzene(l )- ethanol(2) Wilson 96·4 2416·8 1-8135 0·2976 -0·002951 -0'010033 'r3 

3 BMW 54'7 - 591·3 -0'2196 7·9985 0·000323 -0·011609 0-

~ Orye 60·8 - 599·6 -1 '6300 8·0250 0·002136 -0,012069 [ 
~ 

Benzene(I)-propanol(2) Wi lson - 77-5 3049'9 2'0538 -4'5497 -0,003961 -0,003267 ::I 

'r 
BMW -198'9 - 495·4 1·2287 7·0379 -0002152 -0,010821 ::I 

Orye - 99·1 - 440·6 - 0,0665 6'6163 -0·000604 - 0'010241 :> 
() 
0 

Benzene(l )- butanol(2) ~ Wilson 110·5 3231 ·2 0·9452 -6,4072 - 0002324 -0,000776 ;:r 

BMW -218'5 - 445·7 1'7616 6·3675 - 0'003082 -0·010278 ~ 
Orye -116,2 - 363-2 0·4481 5'7353 -0,001460 -0,009173 

Cyclohexane( 1 )-ethanol(2) Wi lsc n 180·0 1078·0 2'6914 25·1768 - 0,006454 -0,047290 
BMW 121·1 645·0 - 0·8819 7·8412 0·000422 -0,009144 
Orye 217·4 710'2 - 20477 8·0313 0·001723 -0'009836 

Cyclohexyne(1 )- propanol(2) Wil son -115,4 722·8 2'6545 21'5824 - 0005321 - 0·041995 
Bl'vfW 113·4 693 '4 - 0,9307 8·0007 0·000892 -0'010271 
Orye 191 ·9 729·0 -2·0235 8·1225 0·001994 -0·010662 

Cyclohexane( I )-butanol(2) Wilson - 0·8 204'1 2·0723 14-4060 - 0·004112 -0,030217 
BMW 93·9 622·5 - 0-4926 7'1804 0·000234 -0'009170 
Orye 137'5 639·0 - 1'3691 7' 1968 0·000909 -0009193 

n-Beptane(l)-ethanol(2) Wi lson 312'9 827'4 1·2866 16'3848 -0,004500 -0·035944 
BMW 373 '3 989·3 -3,2672 10·9576 0·003854 -0·013778 
Orye 536-4 -1129,9 - 4,9242 11·7056 0·006004 -0,015458 

• (Ai j - Ajj) is expressed in cal /mol. I~ 



818 Dohnal, Vins, Holub: 

The survey of experimental data sets used for correlating and the comparison 
of results of correlations by single equations is given in Table I. To judge the quality 
of description of the whole system the deviation (J (Eq_ (28)) is always presented_ 
The description of single data sets can be judged partly by the mean absolute devia
tions in the sets given and partly by the deviations Sv defined as 

1 m 

Sv=- L 
m k=l 

(F~XP _ F~'IC)2 

(J2(F~XP) 
(29) 

where F~xp denotes G~xp or H~xp and m is the number of points in the set. The quan
tity mS; has distribution X2 and if the data are described with experimental accuracy 
then the mean value of S~ is equal to unity_ It can be seen in the table than even in the 

TABLE III 

Calculated Excess Heat Capacities (x = 0-5) with Estimated 95 per cent Confidence Interval 

Equation 
C~/R 

Wilson 
HMW 
Orye 

Wilson 
HMW 
Orye 

Wilson 
HMW 
Orye 

Wilson 
HMW 
Orye 

benzene(I)-methanol(2) 

1-24 ± 0-10 1-63 ± 0-14 
1-40 ± 0-24 1-47 ± 0-24 
1-39 ± 0-26 I-51 ± 0-26 

benzene(l )-ethanol(2) 

1-5S±0-10 1-9S±0-20 
1-76 ± 0-25 I -S1 ± 0-25 
1-73 ± 0-26 I -S6 ± 0-24 

benzene(1 )-propanol(2) 

1-74 ± 0-12 2-05 ± 0-14 
I-S7 ± 0-16 1-87 ± 0-16 
I -S3 ± 0-20 1-92 ± 0-IS 

benzene( I )-butanol(2) 

1-66 ± 0-10 1-90 ± 0 -1 5 
1-77 ± 0-14 1-75 ± 0-15 
1-72 ± 0-16 1-79 ± 0-16 

Equation 

cyclohexane(I)-ethanol(2) 

Wilson 
HMW 
Orye 

1-19 ± 0-15 1-79 ± 0-20 
I-50 ± 0-25 I -55 ± 0-20 
I-50 ± 0-24 I-59 ± O~25 

cyclohexane( 1 )-propanol(2) 

Wilson 
HMW 
Orye 

1-21 ± 0-14 1-7S ± 0-10 
1-44±0-151-50±0-14 
1-40 ± 0-16 I-50 ± 0-14 

cyclohexane(I)-butanol(2) 

Wilson 1-09 ± O-OS I-53 ± 0-16 
HMW 1-30 ± 0-10 1-35 ± 0-10 
Orye 1-2S ± 0-10 1-36 ± 0-10 

n-heptane(I)-ethanol(2) 

Wilson 1-20 ± O-OS I -S4 ± 0-10 
HMW 1-71 ± 0-21 1-79 ± 0-19 
Orye 1-6S±0-20 I-S3 ± 0-IS 
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TABLE IV 

Comparison of Calculated Excess Heat Capacities with Experimental Data 

Temperature 
°C/number 
of points 

Mean absolute deviation in C:/R 

Wilson HMW Orye 

benzene(l )-propanol(2), ref. 3 5 

25 /5 0·10 0·18 0·16 
30/5 0·09 0·10 0·10 
35 /5 0·11 0·10 0·11 
40/5 0·19 0·14 0·16 

cyclohexane(l )-propanol(2), ref. 35 

25 /5 0·11 0·17 0·13 
30/5 0·10 0·13 0·10 
35 /5 0·10 0·06 0·05 
40/5 0·12 0·11 0·12 

cyclohexane(l )-ethanol(2), ref. 31 

20/4 0·11 0·33 0·32 
25 /4 0·15 0·29 0·29 
30/4 0·14 0·25 0·24 

35 /4 0·15 0·20 0·20 
40/4 0·17 0·19 0·20 
45 /4 0·19 0·20 0·21 

50/4 0·21 0·29 0·29 
55 /4 0·24 0·40 0·39 

60/4 0·27 0·52 0·49 

65/4 0·32 0·64 0·61 

70/4 0·36 0·76 0·71 

n-heptane(l)-ethanol(2) first data ref. 2 8
, the others ref.3l 

25 /15 0·07 0·28 0·26 

20/4 0·11 0·44 0·40 

25 /4 0·10 0·34 0·31 

30 /4 0·09 0·29 0·23 

35 /4 0·08 0·16 0·17 

40/4 0·07 0·11 0·12 

45/4 0·07 0·12 0·11 

50/4 0·07 0·24 0·22 

55 /4 0·08 0·37 0·33 

60/4 0·12 0·50 0·45 

65/4 0·17 0·64 0·57 

70/4 0·24 0·76 0·69 
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best cases the data are not represented with the experimental accuracy. Further, 
Table I shows that with the exception of the only system the Wilson equation yielded 
the markedly best results and that in all the cases the BMW equation was better 
than the Orye one. The values of the calculated constants of single equations for 
individual systems are summarized as miniprint in Table II. These values of para
meters were used for predicting the excess heat capacities. The computation was 
carried out for all the systems and for all three equations at temperatures of 25°C 
and 45°C. Table III presents the predicted C~/R values at the point Xl = 0·5 together 
with the estimated 95 per cent confidence interval of the value predicted (predicted 
value ± 20)' The estimation of the confidence interval was carriec out according to the 

FlO. 1 

c~ 
R 

0·4 

I 
/ 

/', 
I \ 

/ I. 

/ \ 
Ii 0 

it' 0 -' 
II 

/1 0 

x, to 

Comparison of Measured and Calculated Values of Excess Heat Capacities at 25°C 
Equation: -- Wilson, --- Orye, _._. HMW, circles experimental data. a Cyclo

hexane(l)-ethanol(2), b cyclohexane(l)-propanol(2), c benzene(l)-propanol(2), d n-heptane(l)
-ethanol(2). 
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approximate formula for error propagation 

(30) 

whereK j are the adjustable parameters, Cov (Kj' K j ) the matrix elements of variances 
and covariances of adjustable parameters V and p the number of adjustable para
meters, F denotes the functional relationship for C;!R. 

For the four systems for which we found experimental data on excess heat capaci
ties in the literature, we give in addition the comparison of the experimental and 
calculated values in Table IV and in Fig. 1. In the temperature range of experimental 
data on heats of mixing (usually 25 - 45°C) the predicted excess heat capacities are 
in fairly good agreement with experiment. The agreement becomes rapidly worse 
with increasing temperature. The best results were again reached with the Wilson 
equation, even though, as it can be seen from Table III, in a number of cases the 
results predicted in terms of single equations within the range of approximately 
25°C to 45° differ practically insignificantly from the statistical point of view. 

REFERENCES 

1. Strubl K., Svoboda V., Holub R ., Pick J. : This Journal 35,3004 (1970). 
2. Strubl K., Svoboda V., Holub R.: This Journal 37, 3522 (J 972). 
3. Strubl K., Vonka P., Svoboda V., Holub R .: This Journal 38, 468 (1973). 
4. Strubl K., Svoboda Y., Holub R., Pick J.: This Journal 40,1647 (1975). 
5. Strubl K., Svoboda V., Holub R.: Thi s Journal, in press. 
6. Vonka P., Svoboda V., StrubI K., Holub R.: This Journal 36, 18 (1971). 
7. Vesely F., Pick J .: This Journal 34, 1854 (1969). 
8. Vesely F.: Private communication. 
9. Asselineau L., Renon H. : Chern. Eng. Sci. 25,1211 (1970). 

10. Duran J. L., KaIiaguine S.: Can. J. Chern. Eng. 49, 278 (1971). 
11. Kaliaguine S., Ramalho R. S.: Can. J . Chern. Eng. 50, 139 (1972). 
12. Nagata I., Yamada T. : Ind. Eng. Chern. , Process Des. Develop. 11, 574 (1972). 
13. Nagata I., Yamada T.: J. Chern. Eng. Data 18, 87 (1973). 
14. Nagata I., Yamada T.: Ind. Eng. Chern., Process Des. Develop. 13, 47 (1974). 
15. Ratkovics F .: Acta Chim. (Budapest) 65, 81 (1970). 
16. Ratkovics F., Rehim S. S. A. E.: Acta Chim. (Budapest) 65, 135 (1970). 
17. Trinh B. T., RamaIho R. S., KaIiaguine S.: Can. J. Chern. Eng. 50, 771 (1972). 
18. Wolfbauer 0.: Verfahrenstechnik 6,157 (1972). 
19. Orye R. V.: Th esis. University of California, Berkeley, California 1965. 
20. Bruin S.: Ind. Eng. Chern., Fundam. 9, 305 (1970). 
21. Dohnal Y., Holub R., Pick J.: Unpublished results. 
22. Wichterle I., Linek J.: Antoine Vapor Pressure Constants of Pure Compounds. Academia, 

Prague 1971. 
23. Marquardt D . W.: J. Soc. Ind. App\. Math. 11, 431 (1963). 
24. Brown I., Smith F.: Aust. J. Chern. 7, 264 (1954). 

Collection Czechoslov. Chern . Commun. [Vol. 441 [19791 



822 Dohnal, Vins, Holub 

25. Brown I., Smith F.: Aust. J. Chern. 12, 407 (1959). 
26. Brzostowski W., Warycha S.: Bull. Acad . Pol. Sci., Ser. Sci. Chirn. lJ, 539 (1963). 
27. Dohnal V., Holub R., Pick J.: This Journal 42, 1445 (1977). 
28. Fortier J ., Benson G. c.: J. Chern. Therrnodyn. 8, 411 (1976). 
29. Ho J. C. K., Lu B. c.-y.: J. Chern. Eng. Data 8, 549 (1963). 
30. Keshpande A. K., Lu B. C.-Y.: J. Chern. Eng. Data 8,549 (1963). 
31. Klesper 1.: Z. Phys. Chern. (Frankfurt am Main) 51,1 (1966). 
32. Morachevskii A. G., Chen-Chazin-Cin: Zh. Fiz. Khirn. 35, 2335 (1961). 
33. Mrazek R. V., Van Ness H. c.: AIChE J. 7, 190 (1961). 
34. Nielsen R. L., Weber J. H.: J. Chern. Eng. Data 4,145 (1959). 
35. Recko W. M.: Bull Acad. Pol. Sci., Ser. Sci. Chirn. 16, 549 (1968). 
36. Scatchard G., Wood S. E., Mochel J. M.: J. Arner. Chern. Soc. 68,1960 (1946). 
37. Scatchard G., Satkiewicz F. G.: J. Arner. Chern. Soc. 86, 130 (1964). 
38. Srnirnova N. A., Kurtynina L. M.: Zh. Fiz. Khirn. 43, 1883 tI969). 
39. Smith C. P., Engel E. W.: J . Arner. Chern . Soc. 51, 2660 (1929). 
40. Smith V. C., Robinson R. L. jr: J. Chern. Eng. Data 15,391 (1970). 
41. Udovenko V. V., Fatkulina L. G.: Zh. Fiz. Khirn. 26, 719 (1952). 
42. Udovenko V. V., Mazanko F. F., Plyngeu V. Ya.: Zh. Fiz. Khirn. 46, 218 (1972). 
43. Van Ness H. C., Soczek C. A., Kochar N. K.: J. Chern. Eng. Data 12, 346 (1967). 
44. Washburn E. R., Handorf B. H.: J. Arner. Chern. Soc. 57, 441 (1935). 
45. Wehe A. H., Coates J.: AIChE J. 1,241 (1955). 
46. Yerazunis S., Plowright J. D., Smola F. M.: AIChE J. 10, 660 (1964). 
47. Grosse-Wortman H., Jost W., Wagner H. G.: Z. Phys. Chern. (Frankfurt am Main) 49, 74 

(J 966). 

Translated by J. Linek. 

Collection Czechoslov. Chern. Commun. [Vol. 441 [19791 




