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ABSTRACT

Excess volumes are reported at 298.15 K for trimethylphosphite and tributylphosphate
with n-alkanes (from n-hexane to n-hexadecane), and with two branched alkanes: 2,2,4-tri-
methylpentane and 2,2,4.4,6,8,8-heptamethylnonane. The positive contribution due to dis-
ordering of the longer alkanes increases with the presence of the (PO) group in the
tributylphosphate molecule.

INTRODUCTION

Continuing the study of excess molar volumes of globular molecules (like
tributylphosphite) with n-alkanes [1] to show the presence of short-range
orientational order in the liquid phase of long-chain n-alkanes and the loss
of this order when n-alkanes are mixed with a second component of more
globular shape [2,3], we report here the excess volumes of mixing at 298.15
K of trimethylphosphite and tributylphosphate with n-alkanes (from n-
hexane to n-hexadecane) and also with two branched alkanes: 2,2 4-trimeth-
ylpentane and 2,2,4,4,6,8,8-heptamethylnonane. Measurements with trimeth-
ylphosphate are not possible because the mixtures with n-alkanes are not
miscible at this temperature. Moreover the choice of this system shows the
influence of the size of methyl and butyl chains of phosphite molecules, and
also the possibility of correlation of n-alkanes between these chains. The
comparison of excess volumes of tributylphosphite [1] and tributylphosphate
with alkanes demonstrates a specific contribution due to the (PQ) group of
the tributylphosphate molecule.

EXPERIMENTAL

The solvents used in this work are trimethylphosphite (EGA Chemie,
> 97 mol%), tributylphosphate (Fluka, puriss > 99%), and the others are the
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same as those used in ref. 1. Excess molar volumes were calculated at 298.15
K from density measurements of pure liquids and their mixtures made with
a vibrating-tube densimeter DMA 60 (Anton Paar, Graz, Austria).

RESULTS

The experimental values of VX for the different systems are summarized
in Tables 1 and 2. The polynomial form

4 .
V.E (em® mol™') = x(1—x) AEOAj(2x—1)’ (1)
2

was fitted to each set of results by the least-squares method. The coefficient
A; and the standard deviation

o(VE) = |2V~ VE) /(N - p)]
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Fig. 1. Excess molar volumes V,F for {x[CH,O];P+(1— x)C,H,, >} at 298.15 K. a,
n-hexane; *, n-heptane; , n-octane; O, n-decane; M, n-hexadecane; O, 2,2 4-trimethylpen-
tane; @, 2,2,4,4,6,8,8-heptamethylnonane.
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Fig. 2. Excess molar volumes V,F for { x[CH;(CH,);0];PO +(1~ x)C,H,, ..} at 298.15 K.
A, n-hexane; *, n-heptane; ¢, n-octane; O, n-decane; 4, n-dodecane; B, n-hexadecane; O,
2,2,4-trimethylpentane; ®, 2,2.4,4,6,8.8-heptamethylnonane.

where N is the number of direct experimental values and M the number of
coefficients 4, which are listed in Tables 3 and 4. The smoothed representa-
tions and the experimental points are shown in Figs. 1 and 2.

In the two groups of mixtures the excess volumes become more symmetri-
cal with the longer alkanes and there are no large differences in symmetry
between systems containing hexadecane and the branched isomer. As in the
previous work [1] the values of V,F of mixing increase with the chain-length
of linear alkanes: this positive effect on V.F is due to the disruption of
correlation of molecular orientations existing in the long chains of pure
alkanes when these are mixed with a second component of more globular
shape. For branched alkanes, for example heptamethylnonane, which has a
globular shape covered with methyl groups, the orientational order is
absent; moreover, molecular models show that heptamethylnonane may be
considered as a cylinder with a length/diameter ratio of 1.9, while n-
hexadecane is chain-like with a length /diameter ratio of 5.0 [4]. Conse-



136

1.4

{max)/(cm3. mor?)

Vi
o
N
T

-0.4 1 1 | ¢ | 1

Fig. 3. ¥E(max) plotted against chain length » of alkanes at 298.15 K. [CH;0];P with: O,
n-alkanes; O, branched alkanes. [CH;(CH;);0];P with: @, n-alkanes; O, branched alkanes.
[CH;(CH,;);0];PO with: &, n-alkanes; a, branched alkanes.

quently the values of V,F of mixing for branched alkanes are smaller than
those of n-alkane isomers.

For trimethylphosphite mixtures, all the V.5 of mixing are positive and
large; because of the smallness of the methyl chains of trimethylphosphite,
no interstitial accommodation of molecules in mixtures with shorter alkanes
occurs, and this gives a least compact structure to this system, while in the
tributylphosphite or tributylphosphate mixtures with n-alkanes the shorter
alkane molecules can correlate their orientations with the butyl chains,
giving a packing effect, and the V,F of mixing can be negative with n-hexane
and 2,2 4-trimethylpentane.

A comparison of the VE of mixing of tributylphosphate and tri-
butylphosphite molecules with n-alkanes shows the influence of the (PO)
group of tributylphosphate molecules, since the other part of the molecule is
the same. In Fig. 3 one can see that the ¥} of mixing with n-hexane are
approximately equal in the two systems, but when the chain length of alkane
is greater the V,F of mixing is larger with tributylphosphate molecules;
moreover the differences between the V.X values of n-alkanes and of their
branched isomers with phosphate and phosphite molecules are larger with
tributylphosphate than with tributylphosphite. These measurements point
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out that perhaps the (PO) group of the tributylphosphate molecules in-
creases the disruption of molecular order existing in the pure n-alkanes.
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