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The structural variation in the physical 

properties of alkene hydrocarbons is determined 
by the number and relative position of double 

bonds and side chains in the molecule. Owing 

to the presence and mutual influence of two 

different kinds of chemical bonds and side 

chains, correlation between properties and 

molecular structure is far more complicated 

than that in the case of isoparaffins, for which 

an elaborate set of structural parameters can 

be successfully used1,2). Although a few 

attempts were made to correlate the boiling 

point3, 4) or critical constants5,6) with the 
molecular structure of alkenes, no extensive 

method has been established at the present 

stage. 

 In this paper, an empirical relation between 

the physical properties of linear and branched 

alkenes and their molecular structure is proposed. 

The"effective carbon number"method which 

has been used for isoparaffins in the previous 

report2) is again adopted. As will be shown 

later, a characteristic constant called"effective 

carbon number"can be defined for all the 

alkene hydrocarbons. Thus, this effective 

carbon number is first calculated by the 

proposed equation and then, by the use of a 

previously presented nomogram2), the normal 
boiling point and other physical properties of

the alkenes can be estimated from the know-

ledge of the structural formula alone. 

 Effective Carbon Number 

When the boiling points of normal paraffins 

are plotted against the number of carbon 

atoms, a family of curves for different pressures 

is obtained. Then, reading the boiling points 

of a given alkene on these curves, one can 

obtain a set of values of an"effective number"

of carbon atoms, each corresponding to every 

different pressure. These sets of values for 

several alkenes obtained by this procedure are 

listed in Table I together with the used values 

of the boiling point7,8), where a reasonable 

constancy of the values is observed over a 

considerably wide range of pressure. This 

effective number of carbon atoms depending 

on the structural feature of each compound 

but not on the external condition is called the 
" effective carbon number" and hereafter 

denoted by n*. It is shown that the proper 

assignment of the n* value is advantageous not 

only for the estimation of the boiling point 

of the alkenes at various external pressures 

but also for that of other physical properties 

such as the critical constants, as in the case of 

isoparaffins2).

TABLE I. CONSTANCY OF EFFECTIVE CARBON NUMBER OF ALKENES AT VARIOUS EXTERNAL PRESSURES
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Structural Units 

 The molecular structure of alkenes can be 
specified by the number and the relative position 
of double bonds and those of branching units. 
Therefore, if the mutual influence among these 
units is properly estimated, the deviation of the 
effective carbon number from the real one may 
be expressed as a linear combination of several 
factors, each corresponding to a double bond 
or a branching unit. Although various kinds 
of methods for such factorization would be 
possible, only the linear factorization is used 
here because of its simplicity for practical 
purposes. 
 The following four groups of carbon atoms 

are adopted as the structural units of alkenes: i. 
e. (I) double bond existing in the linear 
portion of the molecule, (II) double bond 
attached to branching atoms, (III) trifunctional 
branching and (IV) tetrafunctional branching. 
Schematically, these are

For each of the four structural units, the 

following equation is obtained after some 

troublesome analysis of available boiling point 

data:

(1) 

(2) 

(3) 

(4)

The difference of the effective carbon number 

n* from the real carbon number n is then 

given by the sum of these contributions,

(5)

where the summation extends over all structural 

units of each type. The four parameters, b,, 

b2, c2 and c3, in Eqs. 1 to 4 are defined as 

follows:

 b1-the number of carbon-carbon bonds 
adjacent to the double bond. 

 b2-the number of carbon-carbon bonds 
(single and double) next but one to the 
double bond. 

 c2-the number of the second neighbor 
carbon atoms of the branching point 
 (tertiary or quaternary carbon atom). 

 C3-the number of the third neighbor carbon 
atoms of the branching point (tertiary 

 or quaternary carbon atom). 
As is easily seen, the intrinsic contribution of

the structural unit I, III and IV is represented 
by the first term of Eqs. 1, 3 and 4, respectively, 
while two other terms which represent the 
contribution of adjacent carbon atoms to each 
structural unit are introduced to take the 
mutual correlation of the structural units into 
account. The choice of type II as an indepen-
dent structural unit is also due to the fact 
that the correlation of the double bond with 
the branching is so strong that it can not be 
treated separately. 

 It is obvious from the definition that the 
effective carbon number of isoparaffins is given 
by

(6)

The accuracy of this equation is of the same 

degree as that of Eq. 41 in the previous paper2), 

which is expressed in terms of the Wiener 

parameters1).

 Example of Calculation 

 The present method consists of the following 
two procedures: 

(1) Effective carbon number n* is calculated 
by Eq. 5. Only the structural formula of 
alkene in question is required. 

(2) The vapor pressure-temperature relation-
ship, the critical constants and the heat of 
vaporization at normal boiling point can be 
read on nomogram2) by using the value of 
n* just obtained. 
 For clear understanding of the method, 

calculation of the normal boiling point of 3, 5 
5-trimethyl-l-hexene is presented as an example. 

3, 5, 5-Trimethyl-1-hexene

 This compound contains the aforementioned 

structural units of I, III and IV types. The 

unit of type I is attached to one carbon-carbon 

bond to be counted as b,, say C2-C3, and to 

two bonds to be counted as b2, say C3-Ca and 

C3-C7: hence

The structural unit of type III or tertiary 

carbon atom C3 has two second neighbors, say 

C1 and C5, and three third neighbors, say C6, 

C8 and C9, hence

Quaternary carbon atom C5 has one second 
neighbor, C3, and two third neighbors, C2 and. 
C7, and so
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TABLE II. NORMAL BOILING POINT OF MONOALKENES

n*ob,=Effective carbon number at normal boiling point (cf. Table I) 

n*ca led=Calculated value by Eq. 5

Thus, the summing up of the above three

Δnj's gives,

Then, using the nomogram2),118℃is obtained

for the normal boiling point which is to be

compared with the observed value 119.4℃9).

 Comparison with Experimental Data 

 A test of the present method by the 

procedure described in the last section was 
carried out for 188 monoalkenes and 46 dial-

kenes. 

 The average deviation of the calculated

values of normal boiling point of the monoaj-
kenes from the literature values9,10) was as
small as 2.5℃, with the maximum deviation

-17℃ for 2-tert-butyl-3
,3-dimethyl-1-butene.

Only ten percent of the tested compounds

showed an error higher than 5℃. Table II

shows about 30 examples of this test.

In the case of dialkenes with no"conjugat-

ed double bond", the average deviation of

the normal boiling point was found to be

about 2.4℃, the maximum deviation was

-11℃ for 1
,4-heptadiene, and the deviation

was less than 5℃ for 87 percent of the tested

compounds. Table III shows the results for 
typical examples. 

 In the presence of the conjugated double

 9) G. Egloff, "Physical Constants of Hydrocarbons" 
Vol. V, Reinhold Publishing Corporation, New York, 
(1953).

10) S. W. Ferris,"Handbook of Hydrocarbons ", Aca-
demic Press Inc., New York (1955).
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TABLE III. NORMAL BOILING POINT OF DIALKENES

n*cbs=Effective carbon number at normal boiling point (cf. Table I) 

n*calcd=Calculated value by Eq. 5

TABLE IV. COMPARISON OF CALCULATED CRITICAL CONSTANTS AND HEAT OF 

VAPORIZATION WITH LITERATURE VALUES

bond, Eq. 5 fails to express the difference of 
the effective carbon number of compounds 
from the real carbon number. However, the 
effective carbon number itself can also be 
defined for this type of compound (see Table 
I), and a conventional procedure is possible. 
That is, if one boiling point datum is available, 
n* can be obtained on nomogram without the 
aid of Eq. 5. 
 Table IV shows the comparison of the 

estimated values of critical temperature, critical 
pressure and heat of vaporization with the 
observed values7), where the critical constants 
estimated by the Thodos' method5,6) are also 
given for comparison. 
 The application of Eq. 6 to isoparaffins is 

also satisfactory, though the results are not 

given here*'. It is especially favorable for the

estimation of the heat of vaporization at normal 

boiling point and the critical temperature. 

 Summary 

A method of estimating the structural varia-

tion in the boiling point and other physical 

properties of alkenes is developed. By this 
method, all properties are expressed in terms 

of a structural constant called the"effective 

carbon number"which depends on the number 

and relative position of double bonds and those 

of side chains but not on external variables 

such as the temperature. An empirical equa-

tion is presented to correlate the effective 

carbon number with molecular structure. By 

combining the use with the previously pre-

sented nomogram*', it is proved to be quite

*3 Details of the results will be published elsewhere .

 *4 Copies of original drawing of the nomogram will be 

sent upon request.
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useful for rapid evaluation of various properties 

including the temperature-vapor pressure re-

lationship and the critical constants.
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