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For binary systems of the type an arbitrary component + n-alkane we derived relations, on the 
basis of the Barker theory and on the basis of the group contribution concept, for predicting 
gE and hE from one system to another when the n-alkane length is changed. To carry out the pre­
diction it is not necessary to evaluate any adjustable parameters. The developed method was 
tested using a large number of different systems covering alcohols, amines, ketones, esters, 
chlorinated derivatives of hydrocarbons, aromatic hydrocarbons and n-alkanes from n-pentane 
to n-hexadecane. The results of predictions are in very good agreement with experimental data 
in the cases, when the n-alkanes involved are not longer than n-decane. Systematic regular 
deviations in hE in the cases, when at least one of n-alkanes involved is longer, can be explained 
by the presence of orientation effects in the pure longer n-alkanes. The correction suggested 
by us for these effects improves considerably results obtained. The developed method appears 
to be suitable for the systematic prediction of excess quantities of systems of the given type and 
represents an effective test of the Barker theory. 

In the recent development of thermodynamics of non-electrolyte liquid mixtures, 
strong tendencies have appeared aiming at the effective exploitation of existing experi­
mental information to predict properties of other systems. A typical example is the 
conceptually comprehensive UNIFAC method! for predicting activity coefficients . . 

With respect to its contribution approach and theoretical basis, the Barker quasi­
-lattice theory2 hides considerable predicting possibilities. A number of new possibili­
ties of its practical application follow from our analyses and calculations. One of them 
is brought in this work. 

Binary solutions of n-alkanes especially with strongly polar and associating sub­
stances have already been a traditional subject of interest of the non-electrolyte so­
lution thermodynamics. The behaviour of the systems mentioned is on the one hand 
to a considerable extent typical and extreme but on the other hand the chain mo­
notonous molecule of n-alkane represents indisputable simplification of their theo­
retical description. The inert behaviour of n-alkanes as solvents allows to focus our 
att~ntion to the behaviour of the second component, which is strongly utilized e.g. 
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in various association models for solutions of alcohols3 - 5 and amines6 in n-alkanes. 
The theory due to Brown, Fockand Smith7

,lo applied to the interpretation of be­
haviour of systems of n-alcohols with n-alkanes employs on the contrary the che­
mical similarity of aliphatic' chain of n-alcohols and that of n-alkanes. Interest in 
these systems results also from the fact that the interaction of methyl or methylene 
groups is practically the most frequent type of interaction in solutions of non­
-electrolytes. 

In this work we deal with binary systems whose one component is arbitrary and 
the second is formed by n-alkanes of changing length. For systems of this type we ob­
tained, on the basis of either the Barker quasi-lattice theory or the group contribution 
concept, the relations valid directly among their excess functions. 

THEORETICAL 

The Barker quasi-lattice theory2.s-1o considers a molecule of each component I 
as a chain of r. segments with overall number of zq. surface contact points. Each 
segment occupies one site on a z-coordinated lattice. It is assumed that the individual 
contact points of a molecule are not generally identical but that they belong to several 
different types. The contact points contained in molecules of different components 
are reckoned in different types. If we denote the number of contact points of the type 
i in a molecule I by Qi it must hold 

(1) 

The overall number of segments and overall number of surface contact points are 
usually bound by the simple relation 

(2) 

The interactions of molecules in a solution are modelled by binary interactions 
of their contact points. Energetically"these interactions of surface points are character­
ized by interchange free enthalpies g;j and interchange enthalpies hij . 

On the basis of these model conceptions it is possible to construct the partition 
function and, from it by a standard way, to derive thermodynamic functions2

•
s - 1o 

characterizing the solution 

hEjRT= 2[ I I I (X;Xj - x lx: 1X?)1l;jhij jRT+ I I,XiX/lijhijjRT] , 
I=A ,D iEi jEI iEA JED 

i>j 
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I " Q I Xi/xi I comb n 'YI = f..., i n ~ + n 'YI , 
iel XllX i 

(5) 

where XI is the mole fraction of component I in solution and 17ij denote the Boltzmann 
factors, 17ij = exp (-giJIRT). The activity coefficient 'YI consists of two parts - the 
purely combinatorial contribution which is independent of temperature and the 
residual term. The concrete form of the dependence of In 'Y~omb on composition is 
determined by the chosen relation for the athermal combinatorial factor g*. In its 
original version the Barker theory contains the Guggenheim relation for g* which 
leads to the following relation for the combinatorial contribution to the activity 
coefficient in binary solution 

The auxiliary quantities Xi characterizing the frequencies of contacts among cor­
responding contact points are defined by the relations 

(7,8) 

in terms of number of contacts Nij between contact points of the type i and j in a solu­
tion with overall number of N molecules. The superscript I1 denotes values of these 
quantities for pure component I; the asterisk is related to a random arrangement 
(all'1ij = 1). The values of quantities XI andX:1 can be obtained by solving numerical­
ly the system of n non-linear equations9 

LTX = b, 
where 

(9) 

(10) 

is the diagonal matrix, T == ['1ij] is the symmetrical matrix of Boltzmann's factors 
whose diagonal elements are unit. 
The columns vectors X and b are defined as follows 

b == QIXA/2 
Q2XA/2 

(11,12) 

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



Barker Quasi-Lattice Theory 1701 

The quantities xi and X:u corresponding to a random arrangement can be obtained 
easily by solving the system of Eqs (9) in an explicit form. 

Regardless of a number of relatively rough simplifications inherent in the model 
accepted, in a concrete application as main disadvantages come to the fore above 
all to a considerable extent arbitrary choice of types and number of surface contact 
points and with this connected large number of adjustable energy parameters. 
If more parameters are adjusted from the data of one system their values lose 
the predicting ability to related systems owing to the strong mutual compen­
sation. For this reason and with respect to the relatively considerable complexity 
of practical calculation the number of types of the surface contact points is often 
reduced which always entails the danger of oversimplification of the model. 
A partial solution of this situation is successive evaluation of energy parameters 
from anum ber of systems of increasing complexity, as it is used by some authors9 

- 11 . 

Since in molecules of organic substances a mutual intramolecular influencing of groups 
(especially if strongly polar groups are present) takes place naturally, the constancy 
of energy parameters assumed in this procedure when passing from a simpler system 
to a more complex one, is rather problematic. However, the constancy of energy 
parameters, on the contrary, can be assumed most justifiably in the case when the 
chemical nature of molecules does not change, i.e. for instance in the case that 
members of the same homologous series are included. Therefore we consider as the 
most hopeful the prediction of thermodynamic functions in terms of the Barker theory 
if both the predicted and basal systems contain the components of identical chemical 
nature and which, in addition to it, are not too remote in homologous series. The 
problem how to evaluate the adjustable parameters needed , however, remains. 

Realizing the above-mentioned situation, we investigated whether it would not be 
possible to dispense with the evaluation of the energy parameters and to find rela­
tions directly among thermodynamic functions of closely related systems at least 
for some cases. This requirement corresponds to finding a relation between the solu­
tion X of the system of Eqs (9) with the vector of right-hand sides b (basal system) 
and the solution X' of the system of Eqs (9) with the vector of right-hand sides b' 

(predicted system) if the matrix T == T/. 
The trivial case b' = b implicating X' = X makes sense, however, only sometimes 

meets with practical application. The case is more general when the vector b' is a 
multiple of the vector b: 

b' = cb, (13) 

from which follows 

X' = JcX. (14) 

Practical application of the relations offers especially for systems of the type 
arbitrary component A + n-alkane B, where n-alkane changes or for systems of two 

Collection Czechoslov. Chern. Commun. [Vol. 44] [19791 



1702 Dohnal, Holub, Pick: 

members of the same homologous series (e .g. mixture of two n-alcohols), where 
one of components changes within the range of a homologous series. Other possibili­
ties can be expected for predicting the behaviour of muiticomponent mixtures on the 
basis of binary data. In this paper we will only deal with the former possibility 
the latter will be the subject of some next work. 

Let us assume that molecules of n-alkanes are, from the point of view interactions 
with their environment, uniform molecules with monotonic surface, it means the 
surface contact points of n-alkanes are just of an only type and do not change their 
properties with prolongation of n-alkane. This assumption is strongly supported 
by recent research of Patterson and coworkers12 who found the interaction energy 
between methyl and methylene group in alkanes to be very low and not to be able 
to explain the heats of mixing of alkane solutions. Let us denote the number of surface 
contact points of n-alkane in predicted system by Q~ and in the basal system by Qn. 
The second component of the binary solution is an arbitrary molecule A containing 
n -1 types of contact points, where n is the overall numbet of types of contact 

n-1 
points in the mixture. The surface of molecule A contains altogether L Qi of surface 
contact points. The vectors b' and b take then the forms . i; 1 

b' = Q1x~!2 b= Q1 XA!2 (15,16) 
Q2x~!2 Q2XA!2 

Qn-1x~!2 Qn-1XA!2 
Q~(l - x~)!2 Qn(1 - xA)!2 

If the vector b' is to be a multiple of the vector b it must hold for the correspOftding 
compositions of the predicted and basal systems 

(17) 
or 

(18) 

The relation (18) represents a transformation relation which mutually uniquelly 
attaches a certain composition of the basal system to every chosen composition 
of predicted system so that the relations (13) and (14) may be fulfilled. Now if we write 
the relations for activity coefficient and heat of mixing for the predicted system at 
a composition x~ and for the basal system at a composition XA considering the rela­
tions (13) or (14), respectively, and (17) we easily attain the following relations 

hE'(X~) = ~ hE(XA) 
RT x A RT 

(19) 

Collection Czechos)ov. Chern. Commun. [Vol. 44] [19791 
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Eqs (19)-(21) make possible simple conversion of excess free enthalpy and heat 
of mixing of the systems A + B and A + B', where A is the arbitrary component 
and B, B' are two different n-alkanes. 

We derived analogous relations in terms of the group contribution concept. The 
group contribution concept can be summarized into the following general equations 
(e.gy,14) 

In YI = LVi(ln r i - In r:l) + In y~omb , (22) 
leA 

hE 1" "( 11) -=- ~ X'LviHj- Hi , 
RT RT I=A,B iel 

(23) 

where Vi denotes the number of groups of the type i in a given molecule. The activity 
coefficient of the group i, ri> and the partial enthalpy ofthe group i, Hi. are functions 
of temperature T and concentrations of all groups in the solution, Z l' ... , Zn: 

Hi = Hi(T, ZI' ... , Zn), 

Zi = ( L ViXI)!( L L VkXI) . 
I=A,B I=A,B kel 

Superscript 11 again denotes the values for pure component. 

(24) 

(25) 

(26) 

If, at constant temperature, the concentrations of all groups present do not change 
nor do the group contributions In ri and Hi' If we return to our type of system 
an arbitrary component A + n-alkanes the condition Z' = Z leads to the trans­
formation equation of composition similar to the relation (18): 

(27) 

where v~ and Vn are the numbers of carbon atoms of n-alkane in the predicted and 
basal system, respectively. The equations for conversion of thermodynamic functions 
are an analogy to Eqs (19)-(20) in the same sense. 
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The similarity of the results obtained on the basis of the Barker theory and the 
group contribution concept is in harmony with the fact that the Barker relations 
for thermodynamic functions can be rewritten into the form of Eqs (22) and (23) 
as it has been shown recently by Kehiaian 10 for activity coefficients. 

RESULTS AND DISCUSSION 

The quality of predicting ability of relations (19)-(21) was tested by using seventy 
binary systems which contained as the component A substances of the most dif­
ferent chemical types as alcohols, amines, ketone's, chlorinated derivatives of hydro­
carbons, aromatic hydrocarbons, esters of fatty and aromatic acids and as the second 
component B or B' n-alkanes from n-pentane to n-hexadecane. 

For the combinatorial contribution to activity coefficient, the relation (6) was 
chosen which corresponds to the Guggenheim equation for g*. The concrete cal­
culation requires further a choice of the lattice coordination number and a choice 
of the size (number of segments 1"A,1"B and 1"~) of molecules involved. Preliminary 
test calculations showed that the results of predictions are very slightly sensitive 
to the value of coordination number z as far as it lies within physically reasonable 
limits, i.e. z is in the range 4-12. For our calculations we chose z = 6; this choice 
showed to be best in preliminary calculations. The number of segments of the alkane 
molecule was determined according to the relation 

(28) 

where nc is the number of carbon atoms in molecule, whi~h means that the .. ~H3 
group occupies one lattice site and the CHz group only one half. This choice cor­
responds to the dependence of molar volume of n-alkanes on the number of carbon 
atoms 15. The number of segments 1'A of molecule A was determined by means of the 
following rules: 1) Only non-hydrogen atoms contribute to the value of 1'A • 2) Middle 
atoms of a molecule contribute with the value 1'm = 1/2, end atoms with the value' 
1'0 = L 3) In case that the middle atom is sterically very strongly hindered it does 
not contribute to the value of l' A' The choice of l' A according to the above-mentioned 
rules corresponds roughly in most cases to molar volumes. . 

The sources of the used experimental data on excess functions are given in Table I 
and II. Excess free enthalpy was calculated from direct data on vapour-liquid 
equilibrium by means of the technique described previously16 (the needed data 
on saturated vapor pressures17 and molar volumes18 of pure substances and the 
auxiliary quantities for estimating second virial coefficients by O'Connell and Praus­
nitz19 ,zO were taken over from the literature), 

Considering that for our calculations it is suitable to use smoothed dependences 
of excess functions on composition the respective data were correlated by the Red-
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TABLE I 

Comparison of Experimental and Predicted Results for Excess Free Enthalpy gE/RT 

°C SystemQ Ref. O"cor (Tpred (Tlnte, 

80 p-dioxane + n-heptane 23 0·005 0·015 0·016 
p-dioxane + n-hexane 23 0·012 0·012 0·015 

80 p-dioxane + n-nonane 23 0·012 0·008 0·007 
p-dioxane + n-heptane 23 0·005 0·007 0·006 

80 p-dioxane + n-hexane 23 0·012 0·010 0·013 
p-dioxane + n-nonane 23 0·012 0·012 0·013 

80 p-dioxane + n-octane 23 0·002 0·014 0·017 
p-dioxane + n-hexane 23 0·012 0·013 0·016 

80 p-dioxane + n-nonane 23 0·012 0·007 0·007 
p-dioxane + n-octane 23 0·002 0·006 0·006 

45 ethanol + n-hexane 24 0·013 0·009 0·008 
ethanol + n-octane 25 0·002 0·009 0·009 

30 ethanol + n-heptane 28 0·003 0·018 0·021 
ethanol + n-hexane 24c (0·008) 0·020 

40 ethanol + n-heptane 29 0·012 0·024 0·019 
ethanol + n-octane 2Sc (0·002) 0·019 

25 n-propanol + n-decane 26b 0·003 0·022 
n-propanol + n-hp.xane 26b 0·004 0·016 

30 n-pentanol + n-pentane 27d 0·010 0·011 
n-pentanol + n-hexane 27d 0·010 0·011 

-20 methylamine + n-nonane 30b 0·009 
methylamine + n-butane 30b 0·010 

-20 methylamine + n-butane 30b 0·006 
methylamine + n-hexane 31 b 0·006 

-20 methylamine + n-nonane 30b 0·004 
methylamine + n-hexane 31b 0·004 

0 ethylamine + n-butane 30b 0·011 
ethylamine + n-hexane 30b 0·012 

30 diethylamine + n-pentane 34b 0·017 
diethylamine + n-heptane 33b,c (0·002) 0·019 

30 diethylamine + n-pentane 34b 0·009 
diethylamine + n-hexane 32b 0·009 

30 n-butylamine + n-pentane 32b 0·018 
n-butylamine + n-heptane 33b ,c (0·002) 0·019 
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TABLE I 

Continued) 

°C Systema 

50 chloroform + n-hexane 
chloroform + n-heptane 

40 benzene + n-decane 
benzene + n-heptane 

40 acetone + n-dodecane 
acetone + n-decane 

40 acetone + tetradecane 
acetone + n-decane 

60 acetone + n-hexadecane 
acetone + n-tetradecane 

60 acetone + n-dodecane 
acetone + n-hexadecane 

65 acetone + n-heptane 
acetone + n-hexane 

Ref. 

35b•c 

36b 

37b 

37b 

3Sb 

3Sb 

3Sb 

3Sb 

3Sb 

3Sb 

3Sb 

3Sb 

39 
24 

(0 '002) 

0·010 

Dohnal, Holub, Pick: 

0'019 

0·010 
0·010 

O'OOS 
0·007 

0·009 
O·OOS 

0·034 
0·025 

0·011 
0·010 

0·029 
0·035 

0·018 
0·017 

" Systems are arranged in couples - predicted and basal and vice versa. b Constants of Redlich­
-Kister polynomial were taken over from literature cited. C Temperature-extrapolated or -inter­
polated data. d Static data. 

lich-Kister polynomial 

p-l 

ZE = XAXB L Ai(XA - XB)i , (29) 
1=0 

where ZE denotes gEjRTor hBjRT, respectively. The number of constants in the rela-' 
tion (29) was determined on the basis of the statistical criterion of significancy 
(F-test). In the cases when authors do not give direct experimental data but constants 
of correlation relationships or in the cases when the method of data processing 
by authors agrees fully with our method we used for calculating the values of con­
stants taken over (Table I and II). 

The quality of representation of experimental data with the Redlich-Kister poly­
nomial and the quality of predictions carried out was judged in terms of the standard 
deviations (1 

(30) 
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n 

U;rCd = I (Z~. prcd - z~.corYln , (31) 
i=1 

(32) 

where n is the number of experimental points and p the number of parameters in rela­
tion (29). The standard deviation Uintcg measures the distance of the predicted curve 
and the correlated one of ZE over the entire concentration range. It can be 
shown easily that in case of a uniform distribution of experimental points along the 
concentration range uprcd --+ Uintcg when n --+ 00. The values of standard deviations 
for correlation and prediction of a number of binary systems are given in Tables I 
and II. The results for several systems are illustrated in Figs 1 and 2. 

FIG.! 

Comparison of Experimental and Predicted 
Values of r/RT 
-'- Basal system A + B (Eq. (29», 

-- predicted system A + B' (Eq. (29», 
- - - predicted system (Eqs (20) and (21»; 
a A + B: ethanol + n-hexane24

, A + B' : 
ethanol + n-octane25

, 45°C; b A + B: ben­
zene + n-heptane37, A + B': benzene + n­
-decane37

, 40°C; c A + B: methylamine + 
+ n-nonane30, A + B'; methylamine + n­
-butane3o

, 20°C. e estimated experimental 
error. 
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TABLE II 

Comparison of Experimental and Predicted Results for Heat of Mixing hE/RT 

°C SystemO Ref. O"cor O"pred Ginteg alnteg 

25 ethanol + n-hexane 40 0·001 0·008 0·010 
ethanol + n-octane 41 0·005 0·013 0·011 

25 ethanol + n-hexane 40 0·001 0·008 0·011 
ethanol + n-heptane 41 0·015 0·012 0·012 

25 ethanol + n-heptane 41 0·015 0·008 0·009 
ethanol + n-octane 41 0·005 0·009 0·009 

25 n-propanol + n-hexane 40 0·001 0·004 0·014 
n-propanol + n-heptane 41 0·004 0·022 0·016 

25 n-propanol + n-hexane 40 0·001 0·004 0·013 
n-propanol + n-octane 41 0·004 0·022 0·017 

25 n-propanol + n-octane 41 0·004 0·004 0·004 
n-propanol + n-heptane 41 0·004 0·004 0·004 

45 ethanol + n-nonane 42 0·006 0·008 0·009 
ethanol + n-hexane 42 0·007 0·006 0·008 

25 n-propanol + n-tetradecane 41 0·002 0·022 0·019 0·022 
n-propanol + n-heptane 41 0·004 0·020 0·018 0·016 

25 n-propanol + n-tetradecane 41 0·002 0·018 0·015 
n-propanol + n-octane 41 0·004 0·016 0·015 

45 n-butanol + n-heptane 42 0·005 0·040 0·023 
n-butanol + n-hexane 40 0·001 0·010 0·020 

25 n-octanol + n-octane 41 0·012 0·010 0·012 
n-octanol + n-heptane 41 0·017 0·010 0·012 

25 n-octanol + n-decane 44 0·005 0·010 0·010 
n-octanol + n-octane 41 0·012 0·008 0 ·008 

25 n-octanol + n-decane 44 0·005 0·016 0·016 
n-octanol + n-heptane 41 0·017 0·013 0·012 

25 n-octanol + n-tetradecane 41 0·006 0·029 0·029 0·020 
n-octanol + n-heptane 41 0·017 0·022 0·022 0·013 

25 n-octanol + n-tetradecane 41 0·006 0·023 0·024 0·009 
n-octanol + n-decane 41 0·005 0·021 0·021 0·008 

25 n-octanol + n-tetradecane 41 0·006 0·025 0·025 0·013 
n-octanol + n-octane 41 0·012 0·020 0·020 0·009 

25 n-pentanol + n-tetradecane 41 0·003 0·027 0·028 0·014 
n-pentanol + n-octane 41 0·012 0·025 0·024 0·012 

25 n-pentanol + n-tetradecane 41 0·003 0·033 0·034 0·019 
n-pentanol + n-heptane 41 0·009 0·030 0·028 0·015 
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TABLE II 

(Continued) 

°C SystemO Ref. O'cor O"prcd O"inleg aintc& 

25 n-pentano) + n-octane 41 0·012 0·008 0·009 
n-pentanol + n-heptane 41 0·009 0·008 0·009 

25 acetone + n-decane 46 0·010 0·027 0·021 
acetone + n-hexadecane 46c 0·006 0·053 0·041 

acetone + n-pentane 45 0·001 0·002 0·003 
acetone + n-hexane 45 0·002 0·003 0·003 

25 chloroform + n-heptane 47 0·001 0·003 0·002 
chloroform + n-hexane 47 0·002 0·002 0·002 

25 dichloromethane + n-heptane 47 0·006 0·020 0·021 
dichloromethane + n-hexane 47 0·005 0·018 0·019 

25 1-chlorobutane + n-decane 48 0·004 0·004 0'005 0·002 
1-chlorobutane + n-heptane 48 0·003 0·004 0·005 0·002 

25 I-chlorobutane + n-hexadecane 48 0·004 0·036 0·037 0·006 
1-chlorobutane + n-heptane 48 0·003 0·023 0·027 0·005 

25 I-chlorobutane + n-hexadecane 48 0·004 0·030 0·031 0·005 
I-chlorobutane + n-decane 48 0·004 0·023 0·026 0·004 

25 cyclohexane + n-heptane 51 0·000 0·005 
cyclohexane + n-hexane 50 0·001 0·005 

25 cyclohexane + n-hexadecane 53 0·002 0·050 0·020 
cyclohexane + n-octane 52 0·001 0·038 0·016 

25 benzene + n-decane 37 0·003 O'OIl 0·012 
benzene + n-heptane 37 0·003 0·010 0·010 

25 benzene + n-tetradecane 54 0·002 0·016 0·007 
benzene + n-hexadecane 54 0-003 0·017 0·008 

25 benzene + n-hexadecane 54 0-003 0-038 0·009 
benzene + n-octane 54 0·001 0-030 0-009 

25 benzene + n-pentane 54 0-001 0-010 
benzene + n-octane 54 0-001 0-012 

25 methyl acetate + n-octane 49b 0·005 0-007 
methyl acetate + n-hexane 49b 0-006 0-007 

25 methyl acetate + n-dodecane 49b 0-008 0-022 0-015 
methyl acetate + n-octane 49b 0-005 0-021 0-014 

25 methyl acetate + n-hexane 49b 0-006 0·021 0-015 
methyl acetate + n-dodecane 49b 0-008 0-023 0-017 

25 ethyl acetate + n-hexane 49b 0-004 0'020 
ethyl acetate + n-octane 49b 0·005 0-021 
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TABLE II 

(Continued) 

°C Systema Ref. treor O'pred O'intell aintea 

25 ethyl acetate + n-dodecane 49b 0·009 0·016 0·008 
ethyl acetate + n-octane 49b 0'005 0'013 0·006 

25 ethyl acetate + n-hexane 49b 0·004 0·030 0·023 
ethyl acetate + n-dodecane 49b 0'009 0'036 0·026 

25 ethyl benzoate + n-decane 49b 0·004 0·015 
ethyl benzoate + n-hexane 49b 0'006 0'013 

25 ethyl benzoate + n-octane 49b 0·005 0·007 
ethyl benzoate + n-decane 49b 0·004 0'007 

25 CCl4 + n-hexane 55 0·000 0'006 0·006 
CCl4 + n-heptane 56 0·000 0·007 0·006 

25 CCI4 + n-hexane 55 0·000 0'015 0'014 
CCI4 + n-decane 56 0·000 0·019 0·016 

25 CCI4 + n-hexane 55 0·000 0'021 0·020 
CCI4 + dodecane 56 0·000 0·026 0·027 

25 CCI4 + n-dodecane 56 0·000 0·007 0·013 
CCI4 + n-decane 56 0'000 0·009 0·012 

" Systems are arranged in couples - predicted and basal and vice versa. b Constants of Redlich-
-Kister polynomial were taken over from the literature cited. C System with immiscibility. 

The results of the developed method should be judged from two points of view -
partly as an effective test of the Barker theory and of the group contribution concept, 
respectively, which is not complicated by secondary effects (numerical compensation 
of adjustable parameters) partly with respect to the applicability of the method 
proposed for systematic prediction of excess quantities of systems of the given 
type. 

Our calculations predict, in agreement with experiment, the shift of the height 
and position of maximum of excess function with a change in size of n-alkanes 
practically for all systems investigated. This fact supports strongly the suitability 
of the accepted model. Let us remark, however, that for hE according to Eqs (18) 
and (19) the value at maximum increases always with elongating the n-alkane chain. 
The Barker theory cannot consequently describe the systems exhibiting the opposite 
trend of this dependence (Wilhelm effect2 2

). Fortunately, as it seems, this pheno­
menon is anomalous and results probably from conformation or structural changes 
in system. 
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Barker Quasi-Lattice Theory 1711 

The calculated results are also in most cases very good in a quantitative way -
for many systems the deviation in prediction is comparable with experimental error 
or correlation deviation. Generally it can be said that the results are best when both 
alkanes (from basal and predicted system) are not too long (let us say not longer 
than n-decane). It can be seen as well the direction of prediction from a longer 
to a shorter n-alkane is generally better. This finding can be employed to advantage 
for predicting hE of rather volatile systems (containing n-pentane, n-butane, ... ) 
that are at usual temperatures accessible to experiment only with difficulty. 

FIG. 2 

Comparison of Experimental and Predicted 
Values of hE/RT 

- . - Basal system A + B (Eq. (29», 
- - - predicted system A + B' (Eq. (19», 
-- predicted system (Eq. (19) with cor-
rection for CMO), ...... predicted system 
(Eq. (29», 0 experimental points48

,41; 

a A + B: l-chlorobutane + n_heptane48
, 

A + B': l-chlorobutane + n-hexadecane48
, 

25°C; b A + B: n-pentanol + n-tetrad~ca­
ne41

, A + B': n-pentanol + n-octane41
, 

25°C; c A + B: methyl acetate + n-hexane49 

A + B': methyl acetate + n-octane49
, 25°C. 
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1712 Dohnal, Holub. Pick: 

In the cases when at least one of the systems predicted or basal - contains 
a longer n-alkane (let us say than n-decane) striking systematic deviations from 
experiment are to be observed when predicting heat of mixing. When predicting 
from a lower to a higher n-alkane, the predicted values of hE are systematically lower 
than experiment and vice versa (Fig. 2a,b). The disagreement increases with in­
creasing length of n-alkanes. 

The phenomenon mentioned cannot be explained by increasing flexibility of long 
alkane chains as this should appear only in the athermal combinatorial factor g* 
which does not enter the relation for heat of mixing. However, this phenomenon 
shows clearly to be a consequence of the so-called correlation of molecular orienta­
tions (CMO) described by Patterson and coworkersI2

•
21

• According to it the mole­
cules of higher n-alkanes in pure state are ordered in a certain way; the addition 
of another component results in destroying the structure and consequently brings 
a positive contribution to heat of mixing. With increasing length of n-alkane the 
degree of ordering increases and therefore the endothermic contribution on mixing 
increases, too. 

With the aim to arrive at a better agreement of the prediction and experiment 
for systems with longer n-alkanes we tried to express quantitatively this contribution 
at the very cost of certain simplifications. Let us assume that the destru'ction of the 
structure in long n-alkanes depends above all on the size and shape of the molecule 
of component added. Further let us assume that heats of mixing of longer n-alkanes 
with other alkanes originate mostly just in destroying the structure of longer n-alka­
nes. Then it is possible to approximate roughly the so-called "CMO contribution" 
to heat of mixing of a mixture arbitrary component A + long n-alkane by the heat 
of mixing of the homomorph of component A with the respective n-alkane~The 
prediction from one system to another one is then carried out generally in three 

TABLE III 
Constants of Redlich-Kister Polynomial for hEIRTof n-Alkanes I2 

n-Hexane + Ao Al A2 

n-Octane 0,0035 0,0021 
n-NonaneQ 0'009 
n-Decaneo 0·020 
n-Dodecane 0·0595 -0,0082 -0·0067 
n-TetradecaneQ 0'112 
n-Hexadecane 0'1789 -0,0086 -0'0434 

Q Interpolated. 
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steps: 1) From hE of the basal mixture A + B, hE is subtracted of the mixture homo­
morph A + B. 2) The relation (19) is applied. 3) hE of the mixture homomorph 
A + B' is added to the predicted hE. 

With respect to the lack of data on heats of mixing of n-alkanes we used for the 
description of "CMO contribution" only the heats of mixing of n-hexane with 
higher n-alkanes 12 (Table III). The improved version of prediction was applied 
to the systems with arbitrary component A in those cases when one of n-alkanes 
involved is higher than n-decane. (If both n-alkanes are lower then the corresponding 
correction for "CMO contribution" is low and often is covered by experimental 
errors.) The results are expressed by the deviation U;nleg in Table II. In all cases 
(except the systems with n-propanol) great improvement occurred. The best results 
were obtained with the systems where n-hexane is, as to its size and shape, a relatively 
good approximation of the molecule A (n-pentanol, l-chlorobutane). In these cases 
the deviations of predictions lie practically within the range of experimental errors. 
The results for the other systems prove that the correction for "CMO contribution" 
is suitable to take even in the cases when the molecule A is approximated very badly. 

In conclusion it is possible to say that the proposed method for predicting excess 
quantities of systems of the given type was found very useful. Its accuracy (when 
using the correction for "CMO contribution") is in most cases comparable with the 
accuracy of experimental data of an average quality. 
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