NEW REGULARITIES IN THE PHYSICOCHEMICAL
PROPERTIES OF HYDROCARBONS. II*

‘V. M. Tatevskil and V. A. Benderskii

~In precee_ding papers [1-3] we have shown that a series of hydrocarbon properties (those properties which as
a rule contain capacity factors, for example: molar volume V, molar refraction R, heat of formation from atoms
AH(at.) or elements AHe,), heat of combustion AH, .. 4, heat of vaporization L, logarithm of the vapor pres-
sure log p et al.), when converted to molar units are a linear function of the number (n) of carbon atoms in the
hydrocarbon molecule. According to the theoretical ideas previously developed by us [1, 3], this linearity should

bﬁ observed for specific hydrocarbon groups with the same structure in the branched sections of the hydrocarbon
chain, ‘ : ‘
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Fig. 1. Molar volumes v* as a function of the number of car-
bon atoms (n) in alkane molecules of various groups. ’
1) 2,2-Dimethylalkanes; 2) 2-methylalkanes; 3) n-alkanes;
4) 3-methylalkanes; 5) 3,3-dimethylalkanes; 6) 3,4-dimethyl-
alkanes; 7) 92,3,3-trimethylalkanes. ' :

*por communication I see [3}
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In the present work it is shown that theoretical predictions were actually borne out by experimentél data cover~
ing various physicochemical properties of paraffin hydrocarbons (alkanes). ‘

According to the theory [8], all the alkanes can be separated into groups on the basis of identical strﬁcture
in branched fragments of hydrocarbon chains. Examples of such groups are listed in the Table. Then, for each
(for example n~-th) alkane group some physicochemical dimension P (from among the ones listed above) should
be a linear function of the number of carbon atoms (n) in the alkane molecule of that group,

P™ 2P, — 3Py, + A™ 4 Py . g, | @
with a constant coefficient Py.

Equation (1) can be rewritten in a shorter form,
P —=a™ 4§ n, (2)

where: o™= constant for a given group, g = constant for all the groups. In Figs. 1-4 we have shown to what
degree is linear dependence (1), (2) of different physicochemical properties fulfilled in each alkane group. It

is evident from these figures that the agreement between theory and experiments is completely satisfactory. The
values of group constants o{mM) were calculated from experimental data and are listed in the Table; in going
from group to group we can see a change not only in o™ (as theoretically expected) but also an insignificant
one in g, although theoretically it should remain constant for all the groups. However, these variations in g are
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Fig. 3. OH'y)gasatT = 298,16°K as a function of
7400 7 N ik the number (n) of carbon atoms in alkane molecules of
(Cg) (Cy) ((g) Ly various groups.
1) 2,(n-1)-Dimethylalkanes; 2) 92,2-dimethylalkanes;
0 ‘ y 3- . - . -
Fig. 2. A0 = 4L575 as a function of the number ~8) 3-methylalkanes; 4) 2-methylalkanes; 5) n-alkanes,
of carbon atoms in alkane molecules of various
groups. ; ‘ negligible and its value is very close to constant (as the
1) n-Alkanes; 2) 3-methylalkanes; 3) 2-methyl- theory would require). ’
alkanes;'4) 2,3-dimethylalkanes; 5) 3r-.eﬂ,tl1y1a1kanes; For such factors as density and boiling point of hydro-
6) 2,2-dimethylalkanes; 7) 2,2(n-1)-trimethyl- carbons in each group we ‘derived [3] equations of the type:
alkanes. S ‘
Value of A" are in the interval 40-80°, ™ 4 p
gm e &2 3
" g™ +h-n
For calculations it is convenient to change it to this form:
B . B
(m) . oM 4 ———
~d” -—A ‘+ng")+n’. “4)
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Fig. 4. The logarithm of vapor pressure (at
constant temperature 60°) as a function of
the number of carbon atoms in alkane mole-
cules of various groups.

1) 2,2,(n-1)-Trimethylalkanes; 2) 2,2~di~
methylalkanes; 3) 2,(n-1)-dimethylalkanes;
4) 3,3-dimethylalkanes; 5) 3-methylalkanes;
6) 2-methylalkanes; T) n-alkanes,
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Fig. 6. Boiling point t as a function of the
number of carbon atoms (n) in alkane mole-
cules of various groups,

1) n-Alkanes; 2) 2-methylalkanes; 3) 2,2~
dimethylalkanes; 4) 3,3~dimethylalkanes;
5) 2,2,(n-1)-trimethylalkanes,
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Fig. 5. Density d42° as a function of the number
of carbon atoms in alkane molecules of various
groups.
1) n-Alkanes; 2) 2-methylalkanes; 3) 3-methyl-
alkanes; 4) 2,2-dimethylalkanes; 5) 2,3-dimethyl-
alkanes; 6) 6-ethylalkanes; 7) 3,4-dimethylalkanes.

where the new constant A(m), B, HSm) can easily be ex~
pressed through constants a(™), b, (M), and n. Similarly, for
the boiling point of m~-th group hydrocarbons the following
equation can be derived:

(5)

Comparisons of experimental data on d&° and tp,
(at 760 mm) (for some alkane groups) with results cal-
culated using Formulas (4) and (5) are shown in Figs. 5
and 6. The constants which enter these equations were
calculated from experimental data and are listed in the

Table.

It is evident from Fig. 4 that Equations (4) and (5)
for dfo and t, give & satisfactory description of regulari-
ties in each alkane group.

The above described regularities can readily be

" used to calculate physicochemical properties of as yet

unstudied hydrocarbons of a given group, if corresponding
experimental data is available for other hydrocarbons of
the same group; this undoubtedly is of substantial interest
in a number of practical casés. For example, we can use
the constants from the Table in Formulas (2), (4) and (5)
to calculate physicochemical properties of higher hydro-
carbons belonging to groups listed in thesame Table.
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