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ABSTRACT

The excess enthalpies of the series 2-butanone+ n-alkane, 2-pentanone+ n-alkane, 2-
hexanone + n-alkane and 2-hexanone+ n-alcohol at 298.15 K have been separately correlated
using DARC methods, with excellent fit.

INTRODUCTION

The thermodynamic properties of organic liquid mixtures depend on
various kinds of complex interaction among the molecules present, even
when all the components are non-electrolytes. Prediction of these properties
can be based not only on theories of the statistical mechanics of the liquid
state, but also, more phenomenologically, on the adaptation by Mulet and
co-workers [1,2] of the DARC system originally developed by Dubois and
co-workers for pure compounds {3-7], which distinguishes topologically
distinct positions within a graph [8] associated with a molecule or family of
molecules. The present work reports the results of applying Mulet and
co-workers” “topological analysis of mixtures” method io the excess enthal-
pies of ketone + alkane and ketone + alcohol mixtures.

DESCRIPTION OF THE METHOD

In the DARC (description, automatization, restitution, correlation) sys-
tem, a linear molecule is associated with a tree (in the graph-theoretical
sense) of which the nodes represent the non-H atoms of the molecule, the

branches represent bonds, and the root is an atom or group of atoms chosen
with a particular purpose in mind. When considering the structural depen-
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dence of physical properties within a family of molecules considered as
having the same root (from which the property in question is considered to
emanate), the family is associated with the union of the graphs of its
individual members, and the magnitude of the property is regarded as being
a linear function of node occupancy

I=1,+(T(E)|T"™) (1)
where [ is the value of a thermodynamic _property or a simple function of
this property. I, is the value of I when T(E)= I(’") is the information

vector (I, and the components of 1™ are characterlstlc coefficients esti-
mated from the relevant experimental data for m suitable members of the
family), and the “topological vector” T(E) is a vector listing the occupancy
of nodes in the environment E, E being a subset of non-root nodes selected
according to certain flexible rules. In calculating physical properties, the
DARC method thus seeks to take into account possible differences among
the contributions of molecular components with different topological rela-
tionships to the root. If the property in question is considered as being
generated by the molecule as a whole, rather than by a particular group,
then instead of the above “monofocal” approach, a “polyfocal” approach is
used, such that it is a kind of average graph that is associated with each
molecule. The topological vector becomes the sum of the topological vectors
of all the graphs obtained by taking each atom of the molecule in turn as
root.

When the DARC system is generalized for the analysis of liquid mixtures
{1,2], the topological vector T used is the sum of the topological vectors T of
the components of the mixture weighted by a characteristic factor ;.

T=-17Ts (2)

In the present work we use [2] S, =log X;, where X, is the mole fraction of
the component j in the liquid mixture.

For analysis of the composition-dependence of the properties of a single
mixture whose components have a single functional group or some other
special feature, it is also recommended [1,2] that each T vector be reduced
to just two components: T' is proportional to the average degree of
connection of the molecule’s atoms, and is obtained by counting, for each
atom in the molecule, the number of non-H atoms to which it is bound, and
summing the results; T, is the number of non-H atoms outside the special
feature.

APPLICATION TO KETONE + ALKANE AND KETONE+ ALCOHOL MIXTURES

This methodology was applied to the logarithmic excess enthalpies (/ = log
HE) of the series 2-butanone + n-alkane, 2-pentanone + n-alkane, 2-
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TABLE 1

Components of topological vectors

Compound T, T,
2-Butanone 8 2
2-Pentanone 10 3
2-Hexanone 12 0
n-Pentane 8 0
n-Hexane 10 0
n-Heptane 12 0
n-Octane 14 0
n-Decane 18 0
1-Hexanol 12 5
1-Heptanol 14 6
1-Octanol 16 7
1-Nonanol 18 8
1-Decanol 20 9

hexanone + n-alkane and 2-hexanone + n-alcohol at 298.15 K. For the first
two of these series we used the experimental data of Kiyohara and co-workers
[9,10], and for the others our own recently reported data [11]. In obtaining
’ijz, the terminal Me-CO-group was taken as the root of the graphs for the
ketones, and the terminal —~CH,OH group as the root for the alcohols. For
the alkanes, T 2 was taken as zero because these do not have a specific
functional group Table 1 lists the values of T 1 and T;, for each of the
compounds considered.

The I, parameters were estimated for each mixture by fitting eqn. (1) to
the experimental data for four compositions (x;, 1 — x;). The results are
listed in the columns headed “(a)” in Table 2. Table 2 also compares the
experimental values of HE for x =0.5 with those calculated using these
parameters, and lists the root mean square (r.m.s.) deviations between the
experimental values and both the present predictions and those obtained by
fitting Redlich—Kister equations to all the experimental data.

In view of the systematic variation of the I; parameters within each series
of mixtures, they were fitted with quadratic functions of the number of
carbon atoms » in the variable component of the series

I(n)= ;A,.jnf (3)

The values of 4,; estimated by fitting eqn. (3) to the I, data for all
members of the series are listed in Table 3. The new I, values calculated
from eqn. (3) using these A4, values, and the corresponding values of H*®
(x =10.5) and of the r.m.s. deviation from the experimental values are listed
in Table 2 in the columns headed “(b)”. The corresponding HE-x curves for
all the mixtures of the four series are shown in Fig. 1, together with the



I u 8  pLST  06ST 8891  9LIE0—  €IZ€0—  8L8T0  T68T'0  T6LE  €6LE Ol  OUOUEXIH-T

ve 11 § €791 8091 1191  #08T0—  LbLTO—  OELTO  €ILT'0  19L°€  19L€ 6 QUOUEXSH-T
0z €t 6 8SST  T9SL  SPST  8ZZT0—  OLIZO—  TIST'O  O6¥1'0  9eL'e 1€ 8 dUOUBXIH-T

€1 €1 8 T8yl T8I  8LPL  9¥PT0—  8LST'0—  ¥STI0  SIET0  LILE  STLE L QUOUBXIH-Z

L €1 8 LEVT  bEPT Il 6SPO0—  TOPOO—  LT6O0  €0600  €OL'E  OOLE 9 UOUEXIH-T
[oyoore-1-u

@ (® -4 Q) (®) dxg (Q) (®) (Q) (®) (Q) (®) n
s (_ow)go=x"‘H 7 7 °r u suoueyy

8T L 9  pSTL  S9TL  89TI 08500 6500 LVSO0  €ES00  T9YE  SS9E O  QUOUBXSH-T

8T 11 L €771 TOTL 8611  68£0°0 $9€0°0 pLSO'0 01900  8I9E  8€9E 6 3UOUEXSH-T

L 91 8 8€IT  6ZIT  TEIL  0T000 71000 TL900  SS900  v8SE 195 8 aUOUBXIH-T
81 11 8 80T  LSOT  SSOT  6CSO0—  T6VOO—  TvBO'0  O0€80°0  19S°€  +96°€ L QUOUBXSH-Z

I o1 9  LS6 6v6 6v6 LSTU0—  €LTI0—  €8010 66010  LYSE  8¥SE 9 QuOUBXIH-T

6 8 60  I€€L  8eE€l  SEEL  60TT0 §TTI'0 70500  L6VO0  9S9E  9S9€ QI  SUOUBIUJ-T
ST L 80  LITTT  SOTL  €0TL  €€90°0 08500 0S900 89900  919€ 919t 8 ououeludd-7

I8 'l 6211 8EIT  SEIT  SLOO'O 8000 66L0°0  0080°0  88S€  €6S€ L auOUTIUS -7

€1 01 0T 9€0L  €vOI  OvOL  T9900—  S$6500— L6600  TL600  95S°€  6¥SE 9 auourIUA]-T

or 8 90 U6 696 996 6LSTO—  9191°0—  SHZI'0  09TI'0  0TSE  €IE 6 suouRIUd]-Z
(A ST 6ESL  BYSL  SPST  86VT0 6¥vT 0 yLPO'O  OLKO'O  YOL'E  SOL'E 01  duouwng-g
€ 6 1 Levl  60VT  8OPT  69LT0 9691°0 €1900  L[€900  0L9C  699€ 8 suoueing-g

n o ST pEEL  OVEL  SEET  HTITO 9€IT0 9SLO'0  9YLO0  8Y9E  SK9E L suoueing-g

81 8 €1 8€TL  9STL  TSTL 89200 £9€0°0 6v60°0 86600  €29€  6Z9F 9 suoueing-7

91 0T TLIT 8911  6SIT  86L00—  0S800— 06610 66110  #65°€ 1656 S suouring-7
sueye-u

(@ (@& -9 () (¢) dxa (@ (®) (9) (®) (@ (®) +
s (j_tow £) g0 =% ‘H °r ' or u suouex[y

24

sonfea [RIUSWLIAdX3 3y} WOy S9AIND (q) PUE () ‘ISISTY —YOI[Pay JO SUONEBIAJP "S"W'I pue (q) pue
() spoyrowr £q pare[NoO[Ed SaneA Yim Joy1afol ‘¢’ = X Ioj sardeujus ssaoxe [ejuswiadxs ((q) pue () spoyiswr Aq paremored ' jo syuouodwo))

4d714vL



TABLE 3 25

Parameters 4;; of eqn. (3)

Series i Ao Ay A,
2-Butanone 0 3.3990 0.0473 —-0.0017
+ n-alkanes 1 0.3140 —-0.0513 0.0025
2 —0.9291 0.2225 —0.0105
2-Pentanone 0 3.2668 0.0623 —0.0023
+ n-alkanes 1 0.3231 —0.0521 0.0025
2 —0.8856 0.1904 —0.0090
2-Hexanone 0 3.6712 —0.0504 0.0049
+ n-alkanes 1 0.4039 —-0.0708 0.0036
2 —0.9389 0.1893 —0.0090
2-Hexanone 0 0.0976 —0.0212 0.0027
+ n-1-alcohol 1 —0.2289 0.0715 —0.0030
2 —0.9766 —0.2320 0.0102
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Fig. 1. Excess molar enthalpies HE at 298.15 K for mixtures of the series 2-butanone + n-
alkane (a), 2-pentanone + n-alkane (b), 2-hexanone + n-alkane (c) and 2-hexanone + r-alcchol
(d): o, experimental values; — — —, calculated curves.



26

experimental points. It can be seen that the fit achieved is very satisfactory
considering the small number of data upon which the curves are based.

CONCLUSIONS

The method sketched above appears to be very useful for the prediction
of excess functions over the whole range of compositions from a small
number of experimental data. We would nevertheless point out that if, as in
this study, it is logarithmic quantities that are to be predicted, the excess
function must be positive over the whole range of compositions; and that
the quadratics fitted using eqn. (3) allow interpolated prediction when data
are unavailable for intermediate members of a series, but do not allow
rehable extrapolation.
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